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Adiabatic quantum search with atoms in a
cavity driven by lasers
500-word chunks · generated

Source authors: D Daems; S Guérin

KU document title: Adiabatic quantum search with atoms in a cavity driven by lasers
KU document author field: not populated

KU 1: source words 1–487
The text proposes an adiabatic quantum search algorithm using atoms in a cavity driven by lasers to find a
marked item in an unsorted list. It describes the system's configuration, the role of time delays in populating
the marked state, and the resulting Grover speedup. The passage also reviews existing quantum search
implementations and the time-continuous version of the Grover algorithm.

Adiabatic quantum search with atoms in a cavity driven by lasers
Type: other · ID: adiabatic_quantum_search_with_atoms_in_a_cavity_driven_by_lasers

authors: D Daems, S Guérin

affiliations: Université Libre de Bruxelles, Université de Bourgogne

model_entity_type: research_paper

proposes → quantum search algorithm implementation

quantum search algorithm implementation
Type: method · ID: quantum_search_algorithm_implementation

mechanism: adiabatic passage

system_components: cavity-laser-atom system

database_size: N items

uses → ensemble of N identical three-level atoms

uses → single-mode cavity

uses → two lasers

achieves → Grover speedup

ensemble of N identical three-level atoms
Type: other · ID: ensemble_of_n_identical_three_level_atoms

atom_type: three-level

count: N

model_entity_type: physical_system

trapped_in → single-mode cavity

driven_by → two lasers

contains → marked atom

marked atom
Type: other · ID: marked_atom

distinguishing_feature: energy gap between two ground states

model_entity_type: physical_system

part_of → ensemble of N identical three-level atoms
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Grover speedup
Type: concept · ID: grover_speedup

scaling: √N

nature: quadratic

exhibited_by → time to achieve marked state population

Grover algorithm
Type: other · ID: grover_algorithm

task: search marked entry in unsorted database

speedup: quadratically faster than classical

implementation: series of quantum gates on qubits

model_entity_type: algorithm

requires_steps → N^1/2

classical_requires_calls → N/2

tested_experimentally_for → two qubits (N=4)

time continuous version of the Grover algorithm
Type: other · ID: time_continuous_version_of_the_grover_algorithm

proposers: Fahri and Gutmann

mechanism: driving Hamiltonian leads continuously from initial to marked state

marked_state_energy: E

other_states_energy: 0

model_entity_type: algorithm

achieves_target_state_in_time → N^1/2 / E

experimental_realization_performed_by → NMR

NMR
Type: method · ID: nmr

application: experimental realization of analog Grover algorithm

system: spin 3/2 nucleus as two-qubit system (N=4)

uses → quadrupolar coupling

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 487, "word_count": 487, "sha256":
"2fe2f147088d2ecc4d9105dcc4fb98fc7180921de9e40d18742e4f96ee2b2ca0", "sentence_minhash":
[263028013817966839, 18551641988871988, 89450601222235340, 77271604055623615, 148925132169520149,
102418582303913369, 23718652799488495, 4794006452684686, 228439795799410229, 9462436175016187,
67831053780325945, 234349511557149977, 114868053127623008, 58558631451210278, 47189708136034628,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'research_paper' for 'Adiabatic quantum search with atoms in a
cavity driven by lasers'", "normalized unsupported entity type 'physical_system' for 'ensemble of N identical three-level
atoms'", "normalized unsupported entity type 'physical_system' for 'marked atom'", "normalized unsupported entity type
'algorithm' for 'Grover algorithm'", "normalized unsupported entity type 'algorithm' for 'time continuous version of the
Grover algorithm'"]

KU 2: source words 488–967
The paper presents the first proposed physical implementation of the adiabatic Grover algorithm using an
ensemble of three-level atoms in a cavity. The system utilizes an inverse fractional stimulated Raman
adiabatic passage (if-STIRAP) to transition from an entangled superposition to a single marked state. The
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implementation is described as scalable and relies on specific laser and cavity field configurations.

adiabatic Grover algorithm
Type: method · ID: adiabatic_grover_algorithm

scalability: in principle scalable

novelty: first proposed implementation of the adiabatic Grover algorithm

formulated_with → Hamiltonian H = H0 + V(t)

implemented_by → inverse fractional stimulated Raman adiabatic passage (if-STIRAP)

Hamiltonian H = H0 + V(t)
Type: concept · ID: hamiltonian_h_h0_v_t

H0_role: oracle

V(t)_property: slowly varying in time

connects → initial superposition |w to marked state |m

ensemble of N identical three-level atoms
Type: other · ID: ensemble_of_n_identical_three_level_atoms

configuration: Λ configuration

trapping_environment: single-mode cavity

coupling_frequency: G

driving_lasers: two lasers with Rabi frequencies Ω and Ω′

model_entity_type: physical_system

contains → marked atom

contains → unmarked atoms

marked atom
Type: other · ID: marked_atom

tag: N

energy_shift: δ

model_entity_type: entity

state_label → |g′N, 0>

unmarked atoms
Type: other · ID: unmarked_atoms

energy_shift: zero

model_entity_type: entity

state_label → |g′u, 0>

initial state |w>
Type: other · ID: initial_state_w

definition: (1/√N) Σ |g′j, 0>

feature: collective single-photon atomic excitation

model_entity_type: quantum_state

prepared_by → stimulated Raman adiabatic passage (STIRAP)

corresponds_to → superposition of marked state |m> and unmarked collective state |g′u, 0>
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inverse fractional stimulated Raman adiabatic passage (if-STIRAP)
Type: method · ID: inverse_fractional_stimulated_raman_adiabatic_passage_if_stirap

definition: time inversion of fractional STIRAP (f-STIRAP)

function: drives population from entangled state |w> to single marked state |g′N, 0>

implemented_by → switching on Ω and Ω′ together, then switching off Ω′ before Ω

fractional STIRAP (f-STIRAP)
Type: method · ID: fractional_stirap_f_stirap

function: transfers population from a single state to a superposition of states

time_inverted_by → inverse fractional stimulated Raman adiabatic passage (if-STIRAP)

Source reference: {"chunk_index": 1, "start_word": 487, "end_word": 967, "word_count": 480, "sha256":
"68d0e0291aa6585aba0bd593a3265ea2af84fd25ee579a5bb62063c158170d0e", "sentence_minhash":
[115938774645118459, 1306423125707224, 89450601222235340, 36933355719166269, 19381575336107373,
20257807012622824, 108181934044425938, 3589767170616667, 64333332902950267, 53218444842501593,
67831053780325945, 199161640674279394, 11381971713110011, 132529644835130180, 47189708136034628,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'physical_system' for 'ensemble of N identical three-level
atoms'", "normalized unsupported entity type 'entity' for 'marked atom'", "normalized unsupported entity type 'entity' for
'unmarked atoms'", "normalized unsupported entity type 'quantum_state' for 'initial state |w>'"]

KU 3: source words 968–1392
The adiabatic process time scales with the square root of the number of atoms to maintain adiabaticity. The
system Hamiltonian is block-diagonal, with each block corresponding to a specific number of cavity photons.
The analysis focuses on the single-photon block, which connects the ground state to two families of excited
states via cavity photon absorption or laser photon absorption.

adiabatic process time
Type: measurement · ID: adiabatic_process_time

scaling: proportional to √N

purpose: satisfy adiabaticity

depends_on → number of atoms N

system Hamiltonian
Type: concept · ID: system_hamiltonian

structure: photonic block diagonal

components: H = H0 + V

decomposes_into → blocks HPk

focuses_on → block HP1

cavity mode
Type: measurement · ID: cavity_mode

frequency: ω

coupling_strength: G

part_of → atoms-cavity-laser system



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 6

lasers
Type: measurement · ID: lasers

frequencies: ω, ω-δ

pulse_shapes: Ω(t), Ω′(t)

scaling: do not grow with N

part_of → atoms-cavity-laser system

atoms-cavity-laser system
Type: concept · ID: atoms_cavity_laser_system

function: provides resonant driving

describes_by → Hamiltonian H

block HP1
Type: concept · ID: block_hp1

photon_count: 1

associated_state: |g, 1>

enables → adiabatic Grover search algorithm

connects_to → two families of states

state |g, 1>
Type: concept · ID: state_g_1

description: multipartite state with one photon in cavity and atoms in ground state

connected_to → state |ej, 0>

connected_to → state |g′j, 0>

state |ej, 0>
Type: concept · ID: state_ej_0

description: excited state of atom j with others in ground state and zero cavity photons

reached_by → absorption of cavity photon

state |g′j, 0>
Type: concept · ID: state_gj_0

description: atom j in ground state g′ with others in ground state g and zero cavity photons

reached_by → absorption of one laser photon

Source reference: {"chunk_index": 2, "start_word": 967, "end_word": 1392, "word_count": 425, "sha256":
"134196bed8b6318bc09cb567742280c281349a9291cf16fd7caa2578735d94d3", "sentence_minhash":
[214653561790682195, 18551641988871988, 89450601222235340, 77271604055623615, 148925132169520149,
20257807012622824, 175774020269814206, 152326886699586849, 228439795799410229, 104074491380294736,
78280491562202942, 7735249562228291, 164575269931903557, 132529644835130180, 98254322503569589,
778033808000220760]}

KU 4: source words 1393–1861
The text describes a unitary transformation to remove oscillatory time dependence by using dressed atomic
states. It defines a new basis where unmarked and marked states are grouped into uniform superpositions,
decoupling a specific subspace from the rest of the Hamiltonian. The resulting Hamiltonian is diagonalized to
find eigenvalues and eigenvectors, revealing that non-resonant components evolve much faster than the
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primary parameters.

resonant transformation R
Type: method · ID: resonant_transformation_r

purpose: remove oscillatory time dependence

basis: dressed atomic states

defines → dressed atomic states

dressed atomic states
Type: concept · ID: dressed_atomic_states

composition: atomic states dressed by laser and cavity photons

used_in → resonant transformation R

unitary transformation W
Type: method · ID: unitary_transformation_w

purpose: rewrite Hamiltonian in a new basis

basis_features: uniform superposition of unmarked ground states and excited states

decouples → subspace spanned by |g'u, 0>, |g'N, 0>, |g, 1>, |e_u, 0>, |e_N, 0>

subspace Hamiltonian
Type: concept · ID: subspace_hamiltonian

derivation: exact

representation: Fig. 2b

contains → block V_c

diagonalized_by → unitary transformation T

unitary transformation T
Type: method · ID: unitary_transformation_t

purpose: diagonalize block V_c

produces_eigenvalues → gamma_0, gamma_plus, gamma_minus

eigenvalues gamma_0, gamma_plus, gamma_minus
Type: measurement · ID: eigenvalues_gamma_0_gamma_plus_gamma_minus

gamma_0: 0

gamma_plus: sqrt(N)G

gamma_minus: -sqrt(N)G

associated_with → eigenvectors of block V_c

non-resonant components
Type: concept · ID: non_resonant_components

evolution_speed: much faster than evolution of Omega and Omega_prime

contained_in → Sigma and Sigma_prime

Omega and Omega_prime
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Type: measurement · ID: omega_and_omega_prime

evolution_timescale: T >> delta^-1

part_of → Hamiltonian

Source reference: {"chunk_index": 3, "start_word": 1392, "end_word": 1861, "word_count": 469, "sha256":
"655aee2c7d42002fd0f6f1aa1eeb2d70ef991995cd962a4574da00a8578cbdf4", "sentence_minhash":
[87042938965968753, 23767367959113256, 23103724853578534, 53442166147602330, 495175862572083729,
20257807012622824, 175774020269814206, 63183425104977485, 96635883400075078, 104074491380294736,
53901033911654042, 177343633896795225, 11610845633202285, 464454797224396012, 98254322503569589,
1310915994553565287]}

KU 5: source words 1862–2341
The resonant approximation replaces fast-oscillating terms with their average values, allowing for the
derivation of an effective Hamiltonian via adiabatic elimination. The system aims to transfer population from
a uniform superposition to a marked state in time scaling as the square root of the number of atoms. To
ensure adiabaticity and control duration, the ratio between the mixing angle and the energy gap is kept
constant.

resonant approximation
Type: method · ID: resonant_approximation

condition: δ -1 � τ � T

replacement_rule: replace contributions by vanishing average values

defines → Σ ≃ Ω and Σ ′ ≃ Ω ′

effective Hamiltonian H eff
Type: concept · ID: effective_hamiltonian_h_eff

derivation_method: adiabatic elimination

form: A - B C -1 B †

accuracy_order: up to (Ω peak /N G) 4

contains → all contributions up to order (Ω peak /N G) 4

population transfer
Type: other · ID: population_transfer

initial_state: |g ′ , 0|

final_state: |g ′ N , 0|

time_scaling: √ N

model_entity_type: process

transfers_from → uniform superposition of N states

transfers_to → marked state

instantaneous eigenstates |± (t)
Type: concept · ID: instantaneous_eigenstates_t

definition: 1/sqrt(2) * (sin θ(t) |g ′ N , 0 + cos θ(t) |g ′ u , 0 ± |γ 0 )

eigenvalues: 0 and ±Λ(t)

defined_by → H eff (t)

adiabatic condition
Type: concept · ID: adiabatic_condition
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requirement: θ � Λ

control_strategy: constant ratio ε between θ and Λ

ensures → negligible transitions between instantaneous eigenstates

determines → time scaling as √ N

pulse timing constraints
Type: concept · ID: pulse_timing_constraints

simultaneous_start: Ω ′ (t i ) = Ω(t i )

turn_off_order: Ω ′ turned off before Ω

required_for → initial and final state alignment

Source reference: {"chunk_index": 4, "start_word": 1861, "end_word": 2341, "word_count": 480, "sha256":
"8bd0445b05afba9278076ad99b306100f9128272831eb9017ac89356f96b56c3", "sentence_minhash":
[102678405439059924, 1306423125707224, 89450601222235340, 201948566748835051, 50154285776315358,
20257807012622824, 108181934044425938, 1125529973969978, 64333332902950267, 92715222163426349,
72067118342250724, 34538575912147783, 11610845633202285, 84690670495521798, 139254418913316130,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'process' for 'population transfer'"]

KU 6: source words 2342–2832
The text derives the pulse height required to maintain adiabatic conditions during a quantum search, and
demonstrates that the duration of the process scales with the square root of the number of atoms.
Numerical simulations confirm that the transition to the marked state is efficient and robust for various
system sizes. The authors conclude that this system, consisting of a laser cavity and atoms, represents the
first physical realization of the adiabatic Grover search.

laser pulse Ω
Type: measurement · ID: laser_pulse

role: input pulse

average_amplitude_relation: A(T) = ΩT

determines → laser pulse Ω′

scales_with → √N

laser pulse Ω′
Type: measurement · ID: laser_pulse

role: required pulse for adiabaticity

peak_area_scaling: O(N^0)

maintains_state → instantaneous eigenstate |0(t)

probability_threshold → 1 - ε²

instantaneous eigenstate |0(t)
Type: concept · ID: instantaneous_eigenstate_0_t

initial_state: |w>

final_state: |g′N, 0>

decoherence_free → true

duration → T = tf - ti

process duration T
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Type: measurement · ID: process_duration_t

scaling_law: √N

determined_by → vanishing ratio in equation (17)

adiabatic Grover search
Type: method · ID: adiabatic_grover_search

implementation_type: physical

system_components: cavity-laser-atom

uses_process → STIRAP-related processes

scaling_proven_by → constraint (16)

N. J. Cerf
Type: person · ID: n_j_cerf

role: discussion participant

H.-R. Jauslin
Type: person · ID: h_r_jauslin

role: discussion participant

COVAQIAL
Type: organization · ID: covaqial

role: funding project

QAP
Type: organization · ID: qap

role: funding project

IUAP
Type: organization · ID: iuap

role: funding programme

grant_number: V-18

Conseil Régional de Bourgogne
Type: organization · ID: conseil_regional_de_bourgogne

role: funding body

Source reference: {"chunk_index": 5, "start_word": 2341, "end_word": 2832, "word_count": 491, "sha256":
"ba7b703cc35ae58a7c6a74454fb5c1f4909b9ce3908cc3c32b4718480d0e615a", "sentence_minhash":
[255494821542092551, 119067626771263321, 40863640610520970, 131409577653329195, 10333787564937573,
20257807012622824, 23718652799488495, 96292850158067112, 96635883400075078, 149947704888105950,
78280491562202942, 133005953965870864, 21933493368060407, 906306679132868, 37122965930226008,
69242845566341429]}
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Adiabatic quantum search with atoms in a
cavity driven by lasers
1,000-word chunks · generated

Source authors: D Daems; S Guérin

KU document title: Adiabatic quantum search with atoms in a cavity driven by lasers
KU document author field: not populated

KU 1: source words 1–988
The paper proposes an adiabatic quantum search algorithm using an ensemble of three-level atoms in a
single-mode cavity driven by two lasers. The method utilizes an inverse fractional stimulated Raman
adiabatic passage (if-STIRAP) to transition from an entangled initial state to a marked state. This process
enables Grover's speedup, where the required time scales proportionally to the square root of the database
size.

Adiabatic quantum search with atoms in a cavity driven by lasers
Type: method · ID: adiabatic_quantum_search_with_atoms_in_a_cavity_driven_by_lasers

authors: D Daems, S Guérin

implementation_type: adiabatic passage

system_components: cavity-laser-atom system

database_size: N

time_scaling: √N

novelty: first proposed implementation of the adiabatic Grover algorithm

uses_system → ensemble of N identical three-level atoms

uses_system → single-mode cavity

uses_system → two lasers

achieves_speedup → Grover speedup

employs_technique → inverse fractional stimulated Raman adiabatic passage (if-STIRAP)

ensemble of N identical three-level atoms
Type: other · ID: ensemble_of_n_identical_three_level_atoms

atomic_configuration: Λ configuration

ground_states: |g>, |g'>

excited_state: |e>

coupling_mechanism: Exchanging a single photon with the chamber

database_entry_representation: state |g'>

model_entity_type: physical_system

trapped_in → single-mode cavity

driven_by → two lasers

contains_marked_atom → atom with tag N

single-mode cavity
Type: other · ID: single_mode_cavity

coupling_frequency: G

model_entity_type: physical_system

traps → ensemble of N identical three-level atoms



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 12

two lasers
Type: other · ID: two_lasers

rabi_frequencies: Ω, Ω'

polarization: appropriate polarizations

model_entity_type: physical_system

drives → ensemble of N identical three-level atoms

marked atom
Type: other · ID: marked_atom

tag: N

energy_gap: shifted by δ

unmarked_atom_energy: zero

model_entity_type: physical_system

part_of → ensemble of N identical three-level atoms

initial entangled state |w>
Type: other · ID: initial_entangled_state_w

definition: (1/√N) Σ |g'j, 0>

feature: collective single-photon atomic excitation

preparation_technique: stimulated Raman adiabatic passage (STIRAP)

model_entity_type: quantum_state

belongs_to → decoherence-free adiabatic subspace

is_superposition_of → marked state |m> and unmarked collective state |g'u, 0>

marked state |m>
Type: other · ID: marked_state_m

definition: |g'N, 0>

energy_shift: δ

model_entity_type: quantum_state

is_target_of → inverse fractional stimulated Raman adiabatic passage (if-STIRAP)

inverse fractional stimulated Raman adiabatic passage (if-STIRAP)
Type: method · ID: inverse_fractional_stimulated_raman_adiabatic_passage_if_stirap

definition: time inversion of fractional STIRAP

operation: switches on Ω and Ω' together, then switches off Ω' before Ω

time_scaling: √N

drives_population_to → marked state |m>

starts_from → initial entangled state |w>

Grover algorithm
Type: other · ID: grover_algorithm

task: search of a marked entry in an unsorted database

speedup: quadratic

classical_average_calls: N/2
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quantum_steps: N^1/2

experimental_tests: NMR, optics, trapped ions

model_entity_type: algorithm

formulated_with → quantum gates

uses_oracle → oracle function

time continuous Grover algorithm
Type: other · ID: time_continuous_grover_algorithm

proposers: Fahri and Gutmann

mechanism: driving Hamiltonian leads continuously initial state to marked one

time_scaling: N^1/2 / E

experimental_realization: NMR with quadrupolar coupling

model_entity_type: algorithm

uses_hamiltonian → V = E|w><w| and H0 = E|m><m|

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 988, "word_count": 988, "sha256":
"b84f557aa8aebda25163bae0bcef3c058f26ff9e8b0cdc801d37aa7fca62a025", "sentence_minhash":
[115938774645118459, 1306423125707224, 89450601222235340, 36933355719166269, 19381575336107373,
20257807012622824, 23718652799488495, 3589767170616667, 64333332902950267, 9462436175016187,
67831053780325945, 199161640674279394, 11381971713110011, 58558631451210278, 47189708136034628,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'physical_system' for 'ensemble of N identical three-level
atoms'", "normalized unsupported entity type 'physical_system' for 'single-mode cavity'", "normalized unsupported entity
type 'physical_system' for 'two lasers'", "normalized unsupported entity type 'physical_system' for 'marked atom'",
"normalized unsupported entity type 'quantum_state' for 'initial entangled state |w>'", "normalized unsupported entity
type 'quantum_state' for 'marked state |m>'", "normalized unsupported entity type 'algorithm' for 'Grover algorithm'",
"normalized unsupported entity type 'algorithm' for 'time continuous Grover algorithm'"]

KU 2: source words 989–1986
The system Hamiltonian for N atoms in a cavity is block-diagonalized by the number of photons, with the
single-photon block supporting the Grover search. A unitary transformation maps the system to a basis of
uniform superpositions of unmarked and marked states, allowing for the derivation of an effective
Hamiltonian. The resonant approximation and adiabatic elimination are applied to simplify the dynamics,
resulting in an effective Hamiltonian valid when the pulse amplitude is small relative to the coupling
strength.

system Hamiltonian
Type: concept · ID: system_hamiltonian

structure: photonic block diagonal

blocks_labeled_by: number of photons k in cavity when atoms are in ground state |g>

derivation: exact

decomposed_into → block P_1 H_P_1

block P_1 H_P_1
Type: concept · ID: block_p_1_h_p_1

associated_with: single photon in the cavity

function: implements adiabatic Grover search algorithm

connected_to → two families of states

state |g, 1>
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Type: concept · ID: state_g_1

description: multipartite state with one photon in cavity and atoms in ground state

connected_to → excited states |e_j, 0>

connected_to → states |g'_j, 0>

state |e_j, 0>
Type: concept · ID: state_e_j_0

description: excited state of atom j with others in ground state |g>

reached_by: absorption of cavity photon

state |g'_j, 0>
Type: concept · ID: state_g_j_0

description: atom j in ground state |g'> with others in ground state |g>

reached_by: absorption of one laser photon

status: unmarked

state |g'_N, 0>
Type: concept · ID: state_g_n_0

status: marked

unitary transformation W
Type: method · ID: unitary_transformation_w

function: maps Hamiltonian to basis of uniform superpositions

basis_states: |g'_u, 0>, |g'_N, 0>, |g, 1>, |e_u, 0>, |e_N, 0>

decouples → subspace of Grover search states

unitary transformation T
Type: method · ID: unitary_transformation_t

function: diagonalizes block V_c

eigenvalues: gamma_0 = 0, gamma_plus/minus = +/- sqrt(N)G

resonant approximation
Type: method · ID: resonant_approximation

condition: time scale T >> delta^-1

replacement: Sigma ~ Omega, Sigma' ~ Omega'

removes → oscillatory time dependence from laser

adiabatic elimination
Type: method · ID: adiabatic_elimination

condition: Omega_peak / (N G) << 1

result: effective Hamiltonian H_eff

produces → H_eff = A - B C^-1 B^dagger

valid_up_to_order → (Omega_peak / N G)^4

Source reference: {"chunk_index": 1, "start_word": 988, "end_word": 1986, "word_count": 998, "sha256":
"b0c8218e6b7b3263e16c713ad59bab45edb0b991f4734a384ba52bff6d39a42e", "sentence_minhash":
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[87042938965968753, 18551641988871988, 23103724853578534, 53442166147602330, 148925132169520149,
20257807012622824, 175774020269814206, 63183425104977485, 96635883400075078, 104074491380294736,
53901033911654042, 7735249562228291, 11610845633202285, 84690670495521798, 98254322503569589,
778033808000220760]}

KU 3: source words 1987–2832
The effective Hamiltonian for the cavity-laser-atom system is analyzed in a basis that facilitates adiabatic
population transfer from a uniform superposition to a marked state. The process requires simultaneous pulse
activation and specific pulse shaping to maintain a constant ratio between the adiabatic parameter and the
energy gap. Analytical and numerical results confirm that the process duration scales as the square root of
the database size while maintaining high transfer efficiency.

effective Hamiltonian
Type: concept · ID: effective_hamiltonian

basis: |g'N, 0>, |gamma_0>, |g'u, 0>

governs_transfer_from → initial state |g'u, 0>

governs_transfer_to → marked state |g'N, 0>

requires_time_scaling → sqrt(N)

initial state |g'u, 0>
Type: other · ID: initial_state_g_u_0

role: not playing a significant role for any of the N-states

model_entity_type: state

is_uniform_superposition → true

marked state |g'N, 0>
Type: other · ID: marked_state_g_n_0

role: final state

model_entity_type: state

instantaneous eigenstates
Type: concept · ID: instantaneous_eigenstates

eigenvalues: 0 and +/- Lambda(t)

defined_by_angle → theta(t)

adiabatic condition
Type: method · ID: adiabatic_condition

constraint: theta << Lambda

ratio_constraint: theta and Lambda in constant small ratio epsilon

ensures_negligible_transitions → between instantaneous eigenstates

leads_to_scaling → sqrt(N)

pulse requirements
Type: method · ID: pulse_requirements

initial_condition: Omega'(ti) = Omega(ti)



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 16

turn_off_order: Omega' turned off before Omega

enables_transfer_to → marked state |g'N, 0>

pulse area A(T)
Type: measurement · ID: pulse_area_a_t

definition: Omega * T

scaling: sqrt(N) for constant average amplitude

numerical simulation
Type: method · ID: numerical_simulation

parameters: N=8, epsilon=0.05, Gaussian pulse Omega

result: efficient transfer to marked state, low transient population in excited states

verifies_scaling → sqrt(N)

adiabatic Grover search
Type: concept · ID: adiabatic_grover_search

implementation: cavity-laser-atom system

robustness: related to STIRAP

first_physical_implementation → true

Source reference: {"chunk_index": 2, "start_word": 1986, "end_word": 2832, "word_count": 846, "sha256":
"284e8e2a73b1cec33f97bad7cc827248088cb34c3fa5d61feb36b2f31c056cac", "sentence_minhash":
[175406989424540837, 1306423125707224, 40863640610520970, 131409577653329195, 10333787564937573,
20257807012622824, 23718652799488495, 1125529973969978, 64333332902950267, 92715222163426349,
72067118342250724, 34538575912147783, 21933493368060407, 906306679132868, 37122965930226008,
69242845566341429]}

Extraction warnings: ["normalized unsupported entity type 'state' for \"initial state |g'u, 0>\"", "normalized unsupported
entity type 'state' for \"marked state |g'N, 0>\""]
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Evidence for contact delocalization in atomic
scale friction
500-word chunks · generated

Source authors: D Abel; S Yu Krylov; J W M Frenken

KU document title: Evidence for contact delocalization in atomic scale friction
KU document author field: not populated

KU 1: source words 1–500
The text analyzes a two-spring model to explain fine structure in atomic stick-slip motion during Friction
Force Microscopy. It demonstrates that tip apex delocalization occurs when the effective tip mass is
sufficiently low, causing rapid thermally activated motion. This behavior contrasts with the traditional
single-spring model and provides insights into macroscopic friction origins.

two-spring model
Type: method · ID: two_spring_model

components: one real mass (M) and one effective mass (m)

mass_M_definition: combined cantilever and tip inertia

mass_m_definition: bending motion of the tip

purpose: predict nontrivial fine structure in atomic stick-slip motion

replaces → single-spring (Tomlinson) model

predicts → fine structure in atomic stick-slip motion

Friction Force Microscopy (FFM)
Type: method · ID: friction_force_microscopy_ffm

sensitivity: nN or pN

tool_status: essential tool for nanotribology

mechanism: atomically sharp tip dragged along surface by external spring

models → single asperity behavior

demonstrates → periodic stick-slip behavior

single-spring (Tomlinson) model
Type: method · ID: single_spring_tomlinson_model

effective_mass: close to cantilever mass

effective_spring: accounts for cantilever and tip flexibility

traditionally_describes → FFM

fails_in → recent experiments

contact delocalization
Type: concept · ID: contact_delocalization

cause: rapid, thermally activated motion of tip apex between surface potential wells

condition: effective mass m is low enough that jump rate exceeds cantilever-tip characteristic
frequency

occurs_in → two-mass-two-spring system

results_in → stuck in slipperiness
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stuck in slipperiness
Type: concept · ID: stuck_in_slipperiness

cantilever_behavior: usual atomic stick-slip

tip_surface_contact: completely delocalized

exhibited_by → two-mass-two-spring system

FFM tip
Type: other · ID: ffm_tip

rigidity: softer than most cantilevers

function: models single asperity

part_of → Friction Force Microscopy (FFM)

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 500, "word_count": 500, "sha256":
"006187bfb8e6e4f27a06092b540426e60024d680c3ffdb8c45e56ccafa46161f", "sentence_minhash":
[138742571471211904, 132024682887321555, 259197737023610255, 37498130448765965, 42052357859457007,
234874774536143700, 149017575652778032, 22384502142726101, 193468123599729578, 107048872566759164,
78280491562202942, 77272953743708039, 157018458019500101, 132529644835130180, 303264414993015767,
658790404649858]}

KU 2: source words 501–992
The text analyzes a two-mass-two-spring system where an ultra-low tip mass leads to contact delocalization
and complex slip dynamics. A hybrid Langevin-Monte-Carlo scheme reveals that rapid tip motion is not
averaged out by the cantilever, creating distinct observable regimes. These findings explain the 'fine
structure' of slip events observed in high-resolution experiments, contradicting the 'multiple nanotips'
hypothesis.

two-mass-two-spring system
Type: other · ID: two_mass_two_spring_system

components: cantilever (M) and tip apex (m)

mass_ratio: m is about 9 to 12 times smaller than M.

model_entity_type: model

explains → fine structure of slip events

analyzed_by → hybrid computational scheme

tip apex mass (m)
Type: measurement · ID: tip_apex_mass_m

estimated_value: 10^-20 kg

physical_basis: bending deformation of atomically sharp conical or pyramidal tip associated with few
hundred atomic layers

exhibits → ultra-fast dynamics

leads_to → contact delocalization

cantilever mass (M)
Type: measurement · ID: cantilever_mass_m

relative_magnitude: 9 to 12 times larger than m

reflects → average of ultra-fast dynamics of tip apex

hybrid computational scheme
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Type: method · ID: hybrid_computational_scheme

components: numerical Langevin description of cantilever+tip motion and Monte-Carlo treatment of
thermally activated motion of tip apex

enables → following dynamic interplay between rapid motion of m and slow motion of M

identifies → several different observable regimes

contact delocalization
Type: concept · ID: contact_delocalization

cause: ultra-low effective mass m

effect: unusual slip events with nontrivial fine structure

confirmed_by → recent observations [9]

recent observations [9]
Type: event · ID: recent_observations_9

description: high-resolution experiment resolving durations of slip events

previous_explanation: simultaneous contact via several nanotips

explained_by → contact delocalization

Source reference: {"chunk_index": 1, "start_word": 500, "end_word": 992, "word_count": 492, "sha256":
"fcc193ed6c49d818ce71582b549922761820fff155851f07e4fa22a3df38a51c", "sentence_minhash":
[14279474218976588, 1306423125707224, 102643128469009747, 89647839879950313, 2812407903185919,
37671122015440682, 76197433036625096, 50347065011191293, 21579496338166870, 3380668174306445,
33732523426331811, 135913608210607781, 164575269931903557, 42163599542804245, 92317792821805150,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'model' for 'two-mass-two-spring system'"]

KU 3: source words 993–1447
The text defines a one-dimensional two-mass-two-spring system where the tip apex moves rapidly relative
to the cantilever. It establishes a hierarchy of frequencies and uses a Langevin-Monte-Carlo scheme to
model cantilever motion and thermally activated tip jumps. The model assumes a sinusoidal tip-surface
interaction and neglects direct cantilever damping.

one-dimensional geometry system
Type: other · ID: one_dimensional_geometry_system

potential_energy_components: cantilever coordinate X, tip apex coordinate x, support position Vt,
cantilever stiffness K, tip stiffness k

tip_surface_interaction: sinusoidal

interaction_amplitude: U0

interaction_period: a

interaction_potential_formula: Us = U0/2 [1 - cos(2πx/a)]

model_entity_type: physical_model

described_by → two coupled equations of motion

cantilever+tip combination
Type: other · ID: cantilever_tip_combination

position: X

mass: M

model_entity_type: subsystem

governed_by → Langevin-type equation
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coupled_to → tip apex

tip apex
Type: other · ID: tip_apex

position: x

effective_mass: m

characteristic_frequency: νt

model_entity_type: subsystem

moves_relative_to → cantilever

moves_relative_to → surface

frequency_hierarchy → νt � νc

Tomlinson parameter
Type: measurement · ID: tomlinson_parameter

symbol: γ

formula: 2π^2 U0 k a^2 / K

determines → number of wells available to the apex

condition_for_multiple_wells → γ > 1

transition state theory approximation
Type: method · ID: transition_state_theory_approximation

jump_rate_formula: rij = νt exp(-Uij / kBT)

describes → thermally activated jumps of the tip apex between wells

Langevin-type equation
Type: other · ID: langevin_type_equation

formula: M••X = -k[X - xi(X)] - K(X - Vt) - Mη•X + ξ

model_entity_type: equation

describes_motion_of → cantilever

combined_with → Monte-Carlo algorithm

random force
Type: other · ID: random_force

symbol: ξ

normalization: ξ(t)ξ(t') = 2Mηn kBT δ(t-t')

model_entity_type: variable

governed_by → fluctuation-dissipation theorem

damping
Type: other · ID: damping

cantilever_damping: neglected

coupling_mechanism: indirect via tip apex motion

model_entity_type: physical_property

varied_in_calculations → η and ηn
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Source reference: {"chunk_index": 2, "start_word": 992, "end_word": 1447, "word_count": 455, "sha256":
"c188fe3ee3ae3bb56a1cb6e667987d7d78d393b724bf3acefa89088154037bbe", "sentence_minhash":
[82316180561614159, 1306423125707224, 4901304760856621, 148613333131239159, 99441767708229822,
120624748091028973, 164480005983286773, 1125529973969978, 19874090017850400, 3380668174306445,
67831053780325945, 7578552932006974, 11610845633202285, 14638101201935915, 159289067325148646,
382712784620362330]}

Extraction warnings: ["normalized unsupported entity type 'physical_model' for 'one-dimensional geometry system'",
"normalized unsupported entity type 'subsystem' for 'cantilever+tip combination'", "normalized unsupported entity type
'subsystem' for 'tip apex'", "normalized unsupported entity type 'equation' for 'Langevin-type equation'", "normalized
unsupported entity type 'variable' for 'random force'", "normalized unsupported entity type 'physical_property' for
'damping'"]

KU 4: source words 1448–1922
The study uses a two-mass-two-spring model with specific parameters to simulate atomic-scale friction,
including a tip mass of 10^-20 kg and a cantilever mass of 5.5*10^-11 kg. It identifies distinct slip regimes
based on surface corrugation, ranging from trivial slips at high corrugation to smoothened stochastic
behavior at low corrugation. The model reveals that at intermediate corrugations, the tip apex experiences a
double-well potential, leading to complex slip dynamics.

slightly overdamped motion case
Type: measurement · ID: slightly_overdamped_motion_case

damping_coefficient_eta: 5*nu_c

noise_reduction_factor: sqrt(10)

noise_amplitude_eta_n: 0.5*nu_c

visualizes → fine structure of slip events

qualitatively_consistent_in_range → 0.1*nu_c < eta < 10*nu_c

tip apex mass (m)
Type: measurement · ID: tip_apex_mass_m

value: 1 * 10^-20 kg

source: Ref. [10]

used_in → Fig. 1 calculations

experimental parameters from Ref. [9]
Type: measurement · ID: experimental_parameters_from_ref_9

lattice_constant_a: 0.66 nm

cantilever_stiffness_K: 62 N/m

velocity_V: 25 nm/s

temperature_T: 300 K

cantilever_mass_M: 5.5 * 10^-11 kg

used_in → Fig. 1 calculations

tip stiffness (k)
Type: measurement · ID: tip_stiffness_k

value: 3 N/m

source: best fit to experimental stick-slip patterns at high corrugations

typical_range: several N/m

used_in → Fig. 1 calculations
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surface corrugation (U0)
Type: measurement · ID: surface_corrugation_u0

corresponds_to: changing scan lines in experiment

determines → slip regimes

high surface corrugation regime
Type: concept · ID: high_surface_corrugation_regime

jump_probability: low

exhibits → trivial slips

slip_time_scale → nu^-1_c

somewhat lower corrugation regime
Type: concept · ID: somewhat_lower_corrugation_regime

jump_rate: larger

exhibits → apex jumps back and forth between wells

exhibits → cantilever jumps

lower corrugation regime
Type: concept · ID: lower_corrugation_regime

cantilever_response: cannot follow rapid jumps of tip apex

exhibits → smoothened stochastic behavior

intermediate corrugation regime
Type: concept · ID: intermediate_corrugation_regime

gamma_value: near unity

exhibits → gradual slips

exhibits → slips with intermediate state

involves → double-well potential

double-well potential
Type: concept · ID: double_well_potential

condition: a cantilever that is located in the middle between the grid points (X = a/2, 3a/2, ...)

barrier_height: considerably lower than surface corrugation U0

causes → very high rate of thermally activated jumps

Source reference: {"chunk_index": 3, "start_word": 1447, "end_word": 1922, "word_count": 475, "sha256":
"9f05a20d8ad93fa1ad8bce5ec8916575070352077b028c28e64b6b59ba624506", "sentence_minhash":
[82316180561614159, 232593725413697090, 110182565901905120, 61919449716151556, 99441767708229822,
62667647458868521, 164480005983286773, 41678443202000680, 228439795799410229, 67286569826781287,
78280491562202942, 142723333974471510, 91759520063933247, 14638101201935915, 37122965930226008,
117472307714712089]}

KU 5: source words 1923–2384
In the two-well regime, the tip apex delocalizes due to rapid thermal jumps, causing the cantilever to
experience an effective potential based on the mean apex position. This effective potential is flattened and
the mean force is reduced because rapid oscillations of the instantaneous force average out. The transition
from one to two potential states occurs smoothly over a period of time that is related to the jump rate and



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 23

influences the observed sliding dynamics.

two-well interval
Type: other · ID: two_well_interval

mean_jump_rate: > 0.5 * 10^9 Hz

characteristic_frequency_comparison: high above cantilever frequency νc

model_entity_type: regime

causes → tip apex delocalization

results_in → flattened effective potential

results_in → reduced mean surface force

tip apex
Type: other · ID: tip_apex

motion_type: rapid jumps back and forth between two wells

delocalization_cause: high jump rate

model_entity_type: component

delocalized_by → rapid thermal motion

mean_position_defined_as → x(X) = x1p1 + x2p2

cantilever
Type: other · ID: cantilever

perceived_motion: moves in effective potential formed by mean tip apex position

model_entity_type: component

experiences → effective potential Ueff(X)

experiences → mean surface force Fs(X)

effective potential Ueff(X)
Type: concept · ID: effective_potential_ueff_x

calculation_method: integral of mean force Fs(X)

shape_in_two_well_regime: flattened at top, may have shallow minimum

flattening_cause → competition between potential energy increase and entropy increase

mean surface force Fs(X)
Type: measurement · ID: mean_surface_force_fs_x

definition: mean force exerted on cantilever by bending tip

behavior_in_two_well_regime: essentially reduced

reduction_cause → rapid oscillations of instantaneous force

exhibits → discontinuities at one-well to two-well transitions

one-well to two-well transition
Type: event · ID: one_well_to_two_well_transition

temporal_scale: smooth over time of order r^-1

physical_cause: establishing equilibrium population of two wells

causes → discontinuities in mean surface force
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slip dynamics
Type: other · ID: slip_dynamics

gradual_slip_cause: gradual change in mean surface force

step_like_slip_cause: nearly zero mean surface force in intermediate state

model_entity_type: phenomenon

observed_in → Fig. 1-h and Fig. 1-i

Source reference: {"chunk_index": 4, "start_word": 1922, "end_word": 2384, "word_count": 462, "sha256":
"3d5d872561fa4c681ad071808e560309cf2e30e563f3305fe07e80f1dbb57b09", "sentence_minhash":
[542989839357426248, 18551641988871988, 6687337363432560, 139282502133510779, 99441767708229822,
99436724310786061, 149017575652778032, 50347065011191293, 25627064558161218, 92715222163426349,
67831053780325945, 30828592349773787, 51125582506972287, 62445563022006556, 98254322503569589,
205893516960207536]}

Extraction warnings: ["normalized unsupported entity type 'regime' for 'two-well interval'", "normalized unsupported
entity type 'component' for 'tip apex'", "normalized unsupported entity type 'component' for 'cantilever'", "normalized
unsupported entity type 'phenomenon' for 'slip dynamics'"]

KU 6: source words 2385–2866
The study identifies that single-slip behavior occurs at both high and very low surface corrugations due to
the narrowness of the two-well interval. Comparison with experimental data confirms the predicted fine
structure and lateral force ranges, though experimental slip durations are longer, suggesting non-sinusoidal
surface potentials. Simulations indicate the effective tip mass is less than 10^-18 kg, as larger masses
suppress the intermediate states characteristic of contact delocalization.

single-slip behavior
Type: other · ID: single_slip_behavior

occurrence_conditions: high surface corrugation and very low surface corrugation

cause_at_low_corrugation: narrow interval of cantilever positions for two surface wells

model_entity_type: phenomenon

reproduced_in → recent observations Ref. [9]

recent observations Ref. [9]
Type: other · ID: recent_observations_ref_9

data_reproduction: one-to-one reproduction of fine structure in slip events

lateral_force_range: remarkably good correspondence with simulations

model_entity_type: experiment

discrepancy_with → simulated slip durations

nature: experimental durations are larger

simulated slip durations
Type: measurement · ID: simulated_slip_durations

comparison_to_experiment: shorter than experimental durations

suggests → non-sinusoidal surface potential

non-sinusoidal surface potential
Type: concept · ID: non_sinusoidal_surface_potential

characteristics: wider barriers and narrower wells

effect_on_slip: increased slip duration
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effect_on_force: increased maximum lateral force for same corrugation

encountered_in → Ref. [14]

effective tip mass (m)
Type: measurement · ID: effective_tip_mass_m

upper_estimate: < 10^-18 kg

sensitivity: slips with intermediate state disappear if m increases by two orders of magnitude

contrasts → earlier expectations [7, 9]

agrees_with → recent calculations [10]

slips with intermediate state
Type: other · ID: slips_with_intermediate_state

significance: most specific slips

relation_to_delocalization: directly related with complete delocalization of contact

model_entity_type: phenomenon

criterion_for → very small effective mass

stuck-in-slipperiness
Type: other · ID: stuck_in_slipperiness

predicted_in: Ref. [10]

condition: soft cantilever

model_entity_type: friction_regime

part_of → variety of different regimes of friction

Source reference: {"chunk_index": 5, "start_word": 2384, "end_word": 2866, "word_count": 482, "sha256":
"c56e239be856df14ed7561630fa704c51bca57bdfb6aa8ce53c76f9799ca4d2e", "sentence_minhash":
[181103902342795345, 1306423125707224, 152402704048383776, 89647839879950313, 72424486488803959,
62667647458868521, 23718652799488495, 65918950900603172, 96635883400075078, 92715222163426349,
78280491562202942, 142723333974471510, 157018458019500101, 906306679132868, 92317792821805150,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'phenomenon' for 'single-slip behavior'", "normalized
unsupported entity type 'experiment' for 'recent observations Ref. [9]'", "normalized unsupported entity type
'phenomenon' for 'slips with intermediate state'", "normalized unsupported entity type 'friction_regime' for
'stuck-in-slipperiness'"]

KU 7: source words 2867–3254
The text describes how contact delocalization can occur at any cantilever position, necessitating a
reconsideration of lateral force amplitude, slip times, and thermal noise in FFM measurements. It identifies
rapid tip apex motion in the GHz range as the key element for energy dissipation, which occurs via intratip
vibration damping or apex-substrate motion damping. The findings suggest that thermally driven dynamics
from local surface compliance may influence macroscopic sliding friction.

contact delocalization
Type: concept · ID: contact_delocalization

occurrence: can occur at any cantilever position

implication: requires reconsideration of lateral force amplitude, slip times, and thermal noise

affects → FFM measurements

tip apex motion
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Type: other · ID: tip_apex_motion

characteristic_frequency: GHz range

role: key element in energy dissipation

model_entity_type: physical_process

dissipates_energy_via → damping of intratip vibrations

dissipates_energy_via → damping of apex motion with respect to substrate

damping of intratip vibrations
Type: other · ID: damping_of_intratip_vibrations

consequence: creation of phonons inside the tip

model_entity_type: physical_process

damping of apex motion with respect to substrate
Type: other · ID: damping_of_apex_motion_with_respect_to_substrate

consequence: creation of phonons in substrate and tip

model_entity_type: physical_process

macroscopic sliding
Type: other · ID: macroscopic_sliding

mechanism: thermally driven dynamics due to local compliance of contacting surfaces

model_entity_type: physical_process

influenced_by → contact delocalization

atomic stick-slip
Type: other · ID: atomic_stick_slip

regime: high and moderate surface corrugation

model_entity_type: physical_process

continuous sliding
Type: other · ID: continuous_sliding

regime: low corrugation

model_entity_type: physical_process

surface corrugation values
Type: measurement · ID: surface_corrugation_values

stick_slip_values: 1.2, 0.48, 0.3 eV

slip_event_values: 1.2, 1.0, 0.9, 0.7, 0.52, 0.48, 0.43, 0.42 eV

simulation parameters
Type: measurement · ID: simulation_parameters

tip_mass_m: 10^-20 kg

thermal_noise_eta_n: 0 in case (j)

source → Ref. [9]

Source reference: {"chunk_index": 6, "start_word": 2866, "end_word": 3254, "word_count": 388, "sha256":
"370f10e1689b59f0611853922a8207ea8260adb6f38bed183de61cffee25718e", "sentence_minhash":
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[181103902342795345, 1306423125707224, 61896554882702054, 159448631219318875, 50154285776315358,
62667647458868521, 175774020269814206, 50347065011191293, 64333332902950267, 92715222163426349,
59581572940983686, 127332288920535677, 164575269931903557, 14638101201935915, 423009623579688101,
91498461405850096]}

Extraction warnings: ["normalized unsupported entity type 'physical_process' for 'tip apex motion'", "normalized
unsupported entity type 'physical_process' for 'damping of intratip vibrations'", "normalized unsupported entity type
'physical_process' for 'damping of apex motion with respect to substrate'", "normalized unsupported entity type
'physical_process' for 'macroscopic sliding'", "normalized unsupported entity type 'physical_process' for 'atomic
stick-slip'", "normalized unsupported entity type 'physical_process' for 'continuous sliding'"]
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Evidence for contact delocalization in atomic
scale friction
1,000-word chunks · generated

Source authors: D Abel; S Yu Krylov; J W M Frenken

KU document title: Evidence for contact delocalization in atomic scale friction
KU document author field: not populated

KU 1: source words 1–992
The paper analyzes a two-mass-two-spring model to explain 'fine structure' in atomic stick-slip motion
observed in Friction Force Microscopy. It demonstrates that an ultra-low effective tip mass leads to contact
delocalization, where the tip apex moves rapidly between surface potential wells. This model provides a
theoretical basis for recent experimental findings that were previously attributed to improbable multi-tip
contact configurations.

two-mass-two-spring model
Type: method · ID: two_mass_two_spring_model

components: one real mass (M) for cantilever+tip inertia, one effective mass (m) for tip bending motion

mass_ratio: M is about 9 to 12 times larger than m.

effective_mass_m_estimate: 10^-20 kg

computational_approach: hybrid scheme combining numerical Langevin description and Monte-Carlo
treatment

predicts → fine structure in atomic stick-slip motion

explains → recent puzzling experiments in FFM

demonstrates → contact delocalization

Friction Force Microscopy (FFM)
Type: method · ID: friction_force_microscopy_ffm

tool_status: essential tool for nanotribology

sensitivity: nN or pN

mechanism: atomically sharp tip dragged by external spring (cantilever) along a surface

models → behavior of a single asperity

records → lateral force

contact delocalization
Type: concept · ID: contact_delocalization

mechanism: rapid, thermally activated motion of tip apex between surface potential wells

condition: effective mass m is low enough that jump rate is high relative to cantilever-tip
characteristic frequency

causes → fine structure in slip events

sheds_light_on → asperities in macroscopic sliding bodies

fine structure in slip events
Type: measurement · ID: fine_structure_in_slip_events

description: nontrivial and physically rich features in atomic stick-slip motion

experimental_status: recently observed in typical systems with hard cantilevers
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reflects → delocalization of tip-surface contact

previously_attributed_to → simultaneous contact via several nanotips

Tomlinson model
Type: method · ID: tomlinson_model

description: single-spring model

components: effective mass close to cantilever mass dragged by effective spring accounting for
cantilever and tip flexibility

traditionally_describes → FFM

fails_in → recent experiments showing fine structure

D Abel
Type: person · ID: d_abel

authored → Evidence for contact delocalization in atomic scale friction

S Yu Krylov
Type: person · ID: s_yu_krylov

authored → Evidence for contact delocalization in atomic scale friction

J W M Frenken
Type: person · ID: j_w_m_frenken

authored → Evidence for contact delocalization in atomic scale friction

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 992, "word_count": 992, "sha256":
"d85f1b8d899ab3618357658b50cbe132cc31b26c4ae2952d021385c4e26bc4fd", "sentence_minhash":
[14279474218976588, 1306423125707224, 102643128469009747, 37498130448765965, 2812407903185919,
37671122015440682, 76197433036625096, 22384502142726101, 21579496338166870, 3380668174306445,
33732523426331811, 77272953743708039, 157018458019500101, 42163599542804245, 92317792821805150,
658790404649858]}

KU 2: source words 993–1981
The text describes a two-mass-two-spring model for atomic-scale friction where a light tip apex moves
rapidly between surface potential wells, causing contact delocalization. The model simplifies the system to a
single Langevin equation for the cantilever combined with a Monte-Carlo algorithm for tip apex jumps. This
approach explains 'fine structure' in slip events as a result of the cantilever responding to the mean position
of a delocalized tip apex.

two-mass-two-spring model
Type: method · ID: two_mass_two_spring_model

geometry: one-dimensional

components: cantilever and tip apex

tip_mass_condition: m << M

frequency_hierarchy: nu_t >> nu_c

simplifies_to → single Langevin equation

uses_algorithm → Monte-Carlo algorithm

explains → contact delocalization
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cantilever
Type: other · ID: cantilever

coordinate: X

mass: M

stiffness: K

damping_coefficient: eta

characteristic_frequency: nu_c

model_entity_type: component

coupled_to → tip apex

moves_with → scanning velocity V

responds_to → mean tip apex position

tip apex
Type: other · ID: tip_apex

coordinate: x

effective_mass: m

stiffness: k

characteristic_frequency: nu_t

model_entity_type: component

coupled_to → cantilever

interacts_with → surface potential

undergoes → thermally activated jumps

surface potential
Type: concept · ID: surface_potential

form: sinusoidal

amplitude: U0

period: a

equation: Us = U0/2 * [1 - cos(2*pi*x/a)]

determines → local minima xi(X)

Tomlinson parameter
Type: measurement · ID: tomlinson_parameter

symbol: gamma

formula: 2*pi^2 * U0 * k * a^2

threshold_for_multiple_wells: gamma > 1

determines → number of wells

origin_of → stick-slip motion

jump rate
Type: measurement · ID: jump_rate

symbol: rij

approximation: transition state theory

formula: nu_t * exp(-Uij / kBT)

depends_on → potential barrier Uij

governs → Monte-Carlo transitions
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contact delocalization
Type: concept · ID: contact_delocalization

cause: rapid jumps between wells

condition: jump rate exceeds nu_c

results_in → smoothened stochastic behavior of cantilever

Langevin equation
Type: method · ID: langevin_equation

equation: M*X'' = -k[X - xi(X)] - K(X - Vt) - M*eta*X' + xi

random_force_normalization: xi(t)xi(t') = 2*M*eta*nkBT*delta(t-t')

damping_condition: eta = 5*nu_c

noise_reduction_factor: sqrt(10)

describes → cantilever motion

experimental parameters
Type: measurement · ID: experimental_parameters

m: 1e-20 kg

a: 0.66 nm

K: 62 N/m

V: 25 nm/s

T: 300 K

M: 5.5e-11 kg

k: 3 N/m

used_in → calculations

Source reference: {"chunk_index": 1, "start_word": 992, "end_word": 1981, "word_count": 989, "sha256":
"236dd00edabdfce3ffb5fc72f5dce4ee647450a1e5c9d230e768a350f41c962d", "sentence_minhash":
[82316180561614159, 1306423125707224, 4901304760856621, 61919449716151556, 99441767708229822,
62667647458868521, 164480005983286773, 1125529973969978, 19874090017850400, 3380668174306445,
67831053780325945, 7578552932006974, 11610845633202285, 14638101201935915, 37122965930226008,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'component' for 'cantilever'", "normalized unsupported entity
type 'component' for 'tip apex'"]

KU 3: source words 1982–2971
The cantilever moves in an effective potential shaped by the rapid thermal motion of the tip apex, which can
cause the mean surface force to exhibit discontinuities or reductions. The model predicts that slip events
with intermediate states occur when the tip apex is delocalized between two wells, a phenomenon observed
in experiments with very low effective tip masses. The study concludes that the actual effective mass of the
contact is less than 10^-18 kg, and that the rapid motion of the tip apex in the GHz range is a key factor in
energy dissipation.

cantilever
Type: other · ID: cantilever

motion_driver: effective potential formed by rapid thermal motion of tip apex

model_entity_type: component

moves_in → effective potential

exhibits_slip_via → intermediate state
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condition: step-like change in mean surface force

effective potential
Type: concept · ID: effective_potential

formula: U_eff(X) = X_0 F_s(X') dX'

feature: flattened at top or has shallow minimum in two-well interval

formed_by → rapid thermal motion of tip apex

influenced_by → competition between potential energy increase and entropy increase

tip apex
Type: other · ID: tip_apex

motion_type: rapid thermal motion

mean_position_formula: x(X) = x_1 p_1 + x_2 p_2

model_entity_type: component

determines → mean surface force

delocalized_in → two-well interval

mean surface force
Type: measurement · ID: mean_surface_force

formula: F_s(X) = -k(X - x)

behavior: exhibits discontinuities at sudden transitions of tip apex potential

reduced_in → two-well interval

caused_by → rapid oscillations of instantaneous force

intermediate state
Type: other · ID: intermediate_state

characteristic: nearly zero mean surface force

relation_to_mass: disappears if effective mass m exceeds 10^-18 kg

model_entity_type: phenomenon

reflects → complete delocalization of contact

observed_in → slip events with step-like change

effective mass of contact
Type: measurement · ID: effective_mass_of_contact

upper_estimate: < 10^-18 kg

evidence: occurrence of slips with intermediate state

contrasts → earlier expectations

agrees_with → recent calculations

surface corrugation
Type: concept · ID: surface_corrugation

actual_shape: wider barriers and narrower wells

model_assumption: simple sinusoidal potential

causes_discrepancy_in → slip durations

direction: experimental durations are larger than simulated
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increases → maximum lateral force

energy dissipation
Type: concept · ID: energy_dissipation

key_element: rapid motion of tip apex

characteristic_frequency: GHz range

depends_on → friction regime

Source reference: {"chunk_index": 2, "start_word": 1981, "end_word": 2971, "word_count": 990, "sha256":
"6524ccf6bbb179c5d0bc146c31a8e44bed8ac0c36e095569cedd9a034eb6eafb", "sentence_minhash":
[181103902342795345, 1306423125707224, 6687337363432560, 89647839879950313, 72424486488803959,
62667647458868521, 23718652799488495, 50347065011191293, 25627064558161218, 92715222163426349,
67831053780325945, 30828592349773787, 51125582506972287, 906306679132868, 92317792821805150,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'component' for 'cantilever'", "normalized unsupported entity
type 'component' for 'tip apex'", "normalized unsupported entity type 'phenomenon' for 'intermediate state'"]

KU 4: source words 2972–3254
The text identifies two mechanisms for energy relaxation in the tip-substrate system: intratip vibration
damping and apex motion damping. It suggests that contact delocalization effects may extend to
macroscopic sliding dynamics. Specific simulation parameters and examples of slip events are provided for
various surface corrugations.

energy relaxation mechanisms
Type: concept · ID: energy_relaxation_mechanisms

mechanism_1: damping of intratip vibrations

mechanism_2: damping of apex motion with respect to substrate

status: relative importance unresolved

produces → phonons inside the tip

associated_with: mechanism_1

produces → phonons in the substrate and tip

associated_with: mechanism_2

macroscopic sliding
Type: concept · ID: macroscopic_sliding

potential_dynamics: thermally driven

cause: local compliance of contacting surfaces

influenced_by → contact delocalization effects

surface corrugation examples
Type: measurement · ID: surface_corrugation_examples

atomic_stick_slip_range: high and moderate

continuous_sliding_range: low

values: U0 = 1.2, 0.48, 0.3 eV

slip event examples
Type: measurement · ID: slip_event_examples

corrugation_values: 1.2, 1.0, 0.9, 0.7, 0.52, 0.48, 0.43, 0.42 eV
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simulation parameters
Type: measurement · ID: simulation_parameters

effective_mass_m: 10^-20 kg

source: Ref. [9]

thermal noise
Type: measurement · ID: thermal_noise

value: ηn = 0

purpose: visualize intermediate state accompanying contact delocalization

effective tip-surface interaction
Type: measurement · ID: effective_tip_surface_interaction

corrugation_values: 0.52, 0.48, 0.44 eV

plotted_against → cantilever position

mean surface force
Type: measurement · ID: mean_surface_force

corrugation_values: 0.52, 0.48, 0.44 eV

plotted_against → cantilever position

Source reference: {"chunk_index": 3, "start_word": 2971, "end_word": 3254, "word_count": 283, "sha256":
"796bca4777472eaa29146bac106fc76c4a1f2d11129467ee1d9e80f185159464", "sentence_minhash":
[181103902342795345, 18551641988871988, 61896554882702054, 159448631219318875, 50154285776315358,
62667647458868521, 175774020269814206, 418821805197748160, 64333332902950267, 92715222163426349,
59581572940983686, 356631250106938027, 164575269931903557, 14638101201935915, 423009623579688101,
91498461405850096]}
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THE 2-ADIC VALUATION OF STIRLING NUMBERS
500-word chunks · generated

Source authors: Tewodros Amdeberhan; Dante V Manna; Victor H Moll

KU document title: THE 2-ADIC VALUATION OF STIRLING NUMBERS
KU document author field: not populated

KU 1: source words 1–463
The text defines p-adic valuations and metrics, specifically focusing on the 2-adic valuation of factorials and
binomial coefficients. It introduces the field of p-adic numbers and the ring of p-adic integers as completions
of the rationals. The authors establish the foundation for analyzing the 2-adic valuation of Stirling numbers of
the second kind.

Tewodros Amdeberhan
Type: person · ID: tewodros_amdeberhan

role: author

authored → THE 2-ADIC VALUATION OF STIRLING NUMBERS

Dante V Manna
Type: person · ID: dante_v_manna

role: author

authored → THE 2-ADIC VALUATION OF STIRLING NUMBERS

Victor H Moll
Type: person · ID: victor_h_moll

role: author

authored → THE 2-ADIC VALUATION OF STIRLING NUMBERS

THE 2-ADIC VALUATION OF STIRLING NUMBERS
Type: other · ID: the_2_adic_valuation_of_stirling_numbers

subject: 2-adic valuations of Stirling numbers of the second kind

p-adic valuation
Type: concept · ID: p_adic_valuation

symbol: ν_p(m)

definition: highest power of p that divides m

defined_for → positive integer m

requires → prime p

extended_to → rational numbers Q

Legendre's identity
Type: method · ID: legendre_s_identity

formula: ν_p(m!) = (m - s_p(m)) / (p - 1)

s_p(m): sum of base p digits of m
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special_case_for_p_2 → ν_2(m!) = m - s_2(m)

proves → Kummer's identity

Kummer's identity
Type: concept · ID: kummer_s_identity

formula: ν_2(m choose k) = s_2(k) + s_2(m-k) - s_2(m)

proven_by → Legendre's identity

p-adic metric
Type: concept · ID: p_adic_metric

formula: |r|_p = p^(-ν_p(r))

property: satisfies ultrametric inequality

defined_on → rational numbers Q

p-adic numbers
Type: concept · ID: p_adic_numbers

symbol: Q_p

definition: completion of Q under p-adic metric

contains → ring of p-adic integers

ring of p-adic integers
Type: concept · ID: ring_of_p_adic_integers

symbol: Z_p

definition: {x ∈ Q_p : |x|_p ≤ 1}

analogous_to → integers Z inside Q_p

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 463, "word_count": 463, "sha256":
"c35c92e822cd250557259c581851ba10ffdafb280f6d76455dc8c45b987b38e6", "sentence_minhash":
[84989070151237717, 232593725413697090, 132898077708225042, 139222975235943620, 148925132169520149,
191301892190423406, 278146122074282937, 34584616103928807, 168666786016392573, 462224056308245964,
78280491562202942, 171596837418463449, 12488864069851856, 58558631451210278, 303264414993015767,
658790404649858]}

KU 2: source words 464–950
The text introduces the 2-adic valuation of coefficients derived from a specific definite integral and cites
results on polylogarithmic series sums. It defines Stirling numbers of the second kind and presents a
conjecture regarding their 2-adic valuation. The authors describe an algorithm for determining this valuation
and provide visual evidence of its complexity.

b_{l,m}
Type: other · ID: b_l_m

definition: m ∑_{k=l}^m 2^k 2^{2m-2k} m^{-k} m^{k-l} m^{k-l}

constraints: m ∈ N, 0 ≤ l ≤ m

model_entity_type: sequence

appears_in → definite integral (1.8)

related_to → A_{l,m}
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definite integral (1.8)
Type: other · ID: definite_integral_1_8

formula: ∑_{0,4}(a;m) = ∛_{0}^∞ dx (x^4 + 2ax^2 + 1)^{m+1}

model_entity_type: mathematical_expression

contains → b_{l,m}

A_{l,m}
Type: other · ID: a_l_m

definition: l! m! 2^{m-l} b_{l,m}

decomposition: A_{l,m} = α_l(m) ∑_{k=1}^m (4k-1) - β_l(m) ∑_{k=1}^m (4k+1)

model_entity_type: coefficient

has_2_adic_valuation → 3l - s_2(m+l) + s_2(m-l)

uses_polynomials → alpha_l, beta_l

alpha_l, beta_l
Type: other · ID: alpha_l_beta_l

coefficients: integer

degree_alpha: l

degree_beta: l-1

model_entity_type: polynomial

defines → A_{l,m}

J. Little
Type: person · ID: j_little

established → Corollary 1.3

Corollary 1.3
Type: other · ID: corollary_1_3

formula: ν_2(A_{l,m}) = 3l - s_2(m+l) + s_2(m-l)

model_entity_type: mathematical_result

describes_valuation_of → A_{l,m}

H. Cohen
Type: person · ID: h_cohen

proved_results_on → partial sums of polylogarithmic series

polylogarithmic series (1.16)
Type: other · ID: polylogarithmic_series_1_16

formula: Li_k(x) := ∛_{j=1}^∞ x^j / j^k

model_entity_type: mathematical_series

summed_by → L_k(n)

L_k(n)
Type: other · ID: l_k_n
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formula: L_k(n) := ∑_{j=1}^n (2^j / j)^k

model_entity_type: mathematical_sum

has_2_adic_valuation_for_L1 → 2m + 2m - 4

condition: m ≥ 4, n=2m

has_2_adic_valuation_for_L2 → 2m + m - 1

condition: m ≥ 4, n=2m

Stirling numbers of the second kind S(n, k)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_k

definition: number of ways to partition a set of n elements into exactly k nonempty subsets

constraints: n ∈ N, 0 ≤ k ≤ n

model_entity_type: mathematical_concept

analyzed_for → 2-adic valuation

Main conjecture
Type: other · ID: main_conjecture

description: description of the function ν_2(S(n, k))

model_entity_type: mathematical_conjecture

established_for_case → k = 5

visualized_for_cases → k = 75, k = 126

C_{m,j}
Type: other · ID: c_m_j

definition: {2^m i + j : for i ∈ N such that 2^m i + j ≥ k}

model_entity_type: set

Source reference: {"chunk_index": 1, "start_word": 463, "end_word": 950, "word_count": 487, "sha256":
"b044b78580005b2faa3551cfb25dbb62894399910f46864a90d4b6808bcbfc1d", "sentence_minhash":
[167200217492106239, 1306423125707224, 151260943597763167, 53442166147602330, 148925132169520149,
139865850146007968, 149017575652778032, 141533163731829282, 21579496338166870, 76931577636070685,
78280491562202942, 565084831203707131, 51125582506972287, 58558631451210278, 303264414993015767,
200787641028370587]}

Extraction warnings: ["normalized unsupported entity type 'sequence' for 'b_{l,m}'", "normalized unsupported entity type
'mathematical_expression' for 'definite integral (1.8)'", "normalized unsupported entity type 'coefficient' for 'A_{l,m}'",
"normalized unsupported entity type 'polynomial' for 'alpha_l, beta_l'", "normalized unsupported entity type
'mathematical_result' for 'Corollary 1.3'", "normalized unsupported entity type 'mathematical_series' for 'polylogarithmic
series (1.16)'", "normalized unsupported entity type 'mathematical_sum' for 'L_k(n)'", "normalized unsupported entity type
'mathematical_concept' for 'Stirling numbers of the second kind S(n, k)'", "normalized unsupported entity type
'mathematical_conjecture' for 'Main conjecture'", "normalized unsupported entity type 'set' for 'C_{m,j}'"]

KU 3: source words 951–1433
The text defines the classes C_{m,j} as a partition of integers greater than or equal to k into classes modulo
2^m. It introduces the concept of constant classes where the 2-adic valuation of Stirling numbers is
invariant, and defines the m-level structure. The main hypothesis states that the initial constant classes
appear on the m_0-1 level, and that subsequent levels have a constant number of classes.

C_{m,j}
Type: other · ID: c_m_j

definition: {2^m i + j : i >= 0}

partition_of: {n in N : n >= k}



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 39

modulus: 2^m

model_entity_type: set

defines_valuation_sequence → v_2(C_{m,j})

v_2(C_{m,j})
Type: other · ID: v_2_c_m_j

definition: {v_2(S(2^m i + j, k)) : i in N and 2^m i + j >= k}

model_entity_type: sequence

depends_on → Stirling numbers of the second kind S(n, k)

constant class
Type: concept · ID: constant_class

condition: v_2(C_{m,j}) consists of a single value

constant_value_name: constant of the class C_{m,j}

example_of → C_{2,1}

example_of → C_{2,2}

m-level
Type: other · ID: m_level

base_case: 1-level consists of C_{1,0} and C_{1,1}

inductive_step: Each class C_{m-1,j} splits into two classes modulo 2^m

model_entity_type: structure

contains → classes C_{m,j}

Conjecture 1.5
Type: other · ID: conjecture_1_5

m_0_definition: 2^{m_0-1} < k <= 2^{m_0}

first_constant_level: m_0-1

classes_per_level_for_m_ge_m_0: 2^{m_0-2}

model_entity_type: conjecture

predicts_first_constant_level → m_0-1

predicts_constant_class_count → 2^{m_0-2}

S(n, 11)
Type: other · ID: s_n_11

k_value: 11

m_0_value: 4

model_entity_type: Stirling number

first_constant_level_prediction → 3-level

classes_per_level_prediction → 4

Source reference: {"chunk_index": 2, "start_word": 950, "end_word": 1433, "word_count": 483, "sha256":
"5c34c5f8eeb9668334091afa9e3626c620a7bed48e80e97edfd7e2a7fa4e1a92", "sentence_minhash":
[315931021563575867, 1306423125707224, 23103724853578534, 141557533923110381, 146627570953161212,
428209587723997907, 627545230825494436, 152326886699586849, 228439795799410229, 76931577636070685,
78280491562202942, 139309872259060027, 164575269931903557, 906306679132868, 303264414993015767,
69242845566341429]}
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Extraction warnings: ["normalized unsupported entity type 'set' for 'C_{m,j}'", "normalized unsupported entity type
'sequence' for 'v_2(C_{m,j})'", "normalized unsupported entity type 'structure' for 'm-level'", "normalized unsupported
entity type 'conjecture' for 'Conjecture 1.5'", "normalized unsupported entity type 'Stirling number' for 'S(n, 11)'"]

KU 4: source words 1434–1927
The text identifies the 2-level as the set of classes with non-constant 2-adic valuations and describes the
3-level structure. It presents explicit formulas, generating functions, and recurrences for Stirling numbers of
the second kind. This section contains detailed results regarding the 2-adic valuation of $S(2n, k)$ and
$S(2n+1, k+1)$, including an inequality with a lower bound and simpler cases for small values of $k$.

2-level
Type: concept · ID: 2_level

composition: classes C_{2,0}, C_{2,1}, C_{2,2}, C_{2,3}

property: non-constant 2-adic valuation

contains → C_{2,0}

contains → C_{2,1}

contains → C_{2,2}

contains → C_{2,3}

3-level
Type: concept · ID: 3_level

valuation_C_{3,3}: 0

valuation_C_{3,5}: 0

valuation_C_{3,4}: 1

valuation_C_{3,6}: 1

illustrated_by → Figure 5

Stirling numbers of the second kind S(n, k)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_k

explicit_formula: S(n, k) = 1/k! * sum_{i=0}^{k-1} (-1)^i * (k choose i) * (k-i)^n

generating_function: sum_{n=1}^infinity S(n, k) * x^n = (1 - x)(1 - 2x)...(1 - kx) / (1 - x)

recurrence_relation: S(n, k) = S(n-1, k-1) + k * S(n-1, k)

model_entity_type: mathematical_object

valuation_for_even_n → v_2(S(2n, k)) = s_2(k) - 1

valuation_for_odd_n_plus_one → v_2(S(2n+1, k+1)) = s_2(k) - 1

lower_bound → v_2(S(n, k)) >= s_2(k) - s_2(n)

Lengyel's conjecture
Type: other · ID: lengyel_s_conjecture

status: proved by De Wannemacker

statement: v_2(S(2n, k)) = s_2(k) - 1 independently of n

model_entity_type: mathematical_conjecture

proved_by → De Wannemacker

De Wannemacker's inequality
Type: other · ID: de_wannemacker_s_inequality



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 41

statement: v_2(S(n, k)) >= s_2(k) - s_2(n) for 0 <= k <= n

model_entity_type: mathematical_theorem

established_by → De Wannemacker

Stirling numbers of order 1
Type: other · ID: stirling_numbers_of_order_1

value: S(n, 1) = 1 for all n in N

model_entity_type: mathematical_object

defined_in → Lemma 2.1

Stirling numbers of order 3
Type: other · ID: stirling_numbers_of_order_3

formula: S(n, 3) = 1/2 * (3^(n-1) - 2^n + 1)

valuation_odd_n: 0

valuation_even_n: 1

model_entity_type: mathematical_object

valuation_determined_by → parity of n

Source reference: {"chunk_index": 3, "start_word": 1433, "end_word": 1927, "word_count": 494, "sha256":
"417ed48daae628ad76041e514fe3b418ff8253a109f600db6b6d8df52732fdfa", "sentence_minhash":
[400955583959429622, 232593725413697090, 132898077708225042, 524444266118806316, 158278186834940345,
428209587723997907, 149017575652778032, 113181735942458166, 266927695903760850, 92715222163426349,
78280491562202942, 216759334017540668, 154708990195788138, 58558631451210278, 139254418913316130,
37319280976767778]}

Extraction warnings: ["normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second kind
S(n, k)'", "normalized unsupported entity type 'mathematical_conjecture' for \"Lengyel's conjecture\"", "normalized
unsupported entity type 'mathematical_theorem' for \"De Wannemacker's inequality\"", "normalized unsupported entity
type 'mathematical_object' for 'Stirling numbers of order 1'", "normalized unsupported entity type 'mathematical_object'
for 'Stirling numbers of order 3'"]

KU 5: source words 1928–2426
The text derives explicit formulas and 2-adic valuations for Stirling numbers of the second kind of order 3
and 4. It uses recurrence relations, induction, and the ultrametric inequality to prove that the valuation of
S(n, 3) is 0 for odd n and 1 for even n. It also establishes that S(n, 4) is odd for even n and even for odd n.

Stirling numbers of the second kind S(n, 3)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_3

order: 3

formula_odd_n: S(n, 3) is odd

formula_even_n: S(n, 3) = 2^{n-1} + 3 * 2^{n-2} - 4 + 3 * 2^{n-2} * S(n-2, 3) / 2^{n-2}

model_entity_type: mathematical_object

has_valuation_0_if_n_is_odd → v_2(S(n, 3)) = 0

has_valuation_1_if_n_is_even → v_2(S(n, 3)) = 1

derived_from_recurrence → recurrence (1.29)

Stirling numbers of the second kind S(n, 4)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_4

order: 4

formula: S(n, 4) = 1/6 * (4^{n-1} - 3^n - 3 * 2^{n+1} - 1)
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parity_even_n: odd

parity_odd_n: even

model_entity_type: mathematical_object

has_valuation_0_if_n_is_even → v_2(S(n, 4)) = 0

has_valuation_1_if_n_is_odd → v_2(S(n, 4)) = 1

derived_from_recurrence → recurrence (1.29) with k=4

ultrametric inequality
Type: other · ID: ultrametric_inequality

formula: v_2(x_1 + x_2) >= min{v_2(x_1), v_2(x_2)}

strictness_condition: strict unless v_2(x_1) = v_2(x_2)

model_entity_type: mathematical_principle

used_to_prove → v_2(S(n, 3))

Lemma 2.3
Type: other · ID: lemma_2_3

content: v_2(S(n, 3)) = 0 if n is odd, 1 if n is even

model_entity_type: mathematical_result

follows_from → v_2(3^{n-1} + 1)

Lemma 2.4
Type: other · ID: lemma_2_4

content: v_2(S(n, 4)) = 1 if n is odd, 0 if n is even

model_entity_type: mathematical_result

derived_from → recurrence (1.29) for k=4

Source reference: {"chunk_index": 4, "start_word": 1927, "end_word": 2426, "word_count": 499, "sha256":
"cd4964de3a924617672e36503a9171a4eb8cd5057189c7efde75779b299dafbf", "sentence_minhash":
[400955583959429622, 232593725413697090, 132898077708225042, 524444266118806316, 148925132169520149,
428209587723997907, 149017575652778032, 113181735942458166, 266927695903760850, 92715222163426349,
78280491562202942, 221655330234976794, 164575269931903557, 161945415629665627, 303264414993015767,
112183611702210919]}

Extraction warnings: ["normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second kind
S(n, 3)'", "normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second kind S(n, 4)'",
"normalized unsupported entity type 'mathematical_principle' for 'ultrametric inequality'", "normalized unsupported entity
type 'mathematical_result' for 'Lemma 2.3'", "normalized unsupported entity type 'mathematical_result' for 'Lemma 2.4'"]

KU 6: source words 2427–2922
The text derives the 2-adic valuation of Stirling numbers of the second kind for order 4 and 5, identifying the
2-level structure and exceptional indices. It establishes that the valuation of S(8i, 5) is 1 for all i ≥ 1 using
modular arithmetic. The analysis confirms a portion of the main hypothesis regarding the first level of
constant classes.

Stirling numbers of the second kind S(n, 4)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_4

valuation_condition: v_2(S(n, 4)) = 1 when v_2(S(n-1, 3)) = 1

model_entity_type: mathematical_object

defined_by_recurrence → S(n, 4) = 1/2 S(n-1, 3) + 2 S(n-1, 4)
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Stirling numbers of the second kind S(n, 5)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_5

explicit_formula: S(n, 5) = 1/24 (5^{n-1} - 4^n + 2 * 3^{n-2} - 2^{n+1} + 1)

model_entity_type: mathematical_object

valuation_at_8i → 1

2-level
Type: other · ID: 2_level

composition: {C_{2,0}, C_{2,3}}

model_entity_type: mathematical_structure

contains_non_constant_classes → C_{2,0}, C_{2,3}

confirms_main_conjecture → m_0 = 3

exceptional index
Type: concept · ID: exceptional_index

definition: index i where q_{4i} = q_{4i+3}

first_instance → i = 7

sequence_of_indices → {7, 39, 71, 103, ...}

Proposition 3.5
Type: other · ID: proposition_3_5

statement: v_2(S(8i, 5)) = 1 for all i ≥ 1

model_entity_type: theorem

proven_by → modular arithmetic analysis of 24S(8i, 5) modulo 32

q_n
Type: other · ID: q_n

definition: v_2(S(n, 5))

model_entity_type: notation

observed_pattern → q_{4i} = q_{4i+3} for most indices

Source reference: {"chunk_index": 5, "start_word": 2426, "end_word": 2922, "word_count": 496, "sha256":
"0d62496118b4199595c37b0589956a6aef4a10dcfa50579d8d304cf08c0685ad", "sentence_minhash":
[21703368277289870, 18551641988871988, 69729176314767099, 208823991573236229, 177359358208975170,
428209587723997907, 84576184460003765, 63183425104977485, 113198931733945138, 76931577636070685,
78280491562202942, 290193957775112232, 12488864069851856, 906306679132868, 303264414993015767,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second kind
S(n, 4)'", "normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second kind S(n, 5)'",
"normalized unsupported entity type 'mathematical_structure' for '2-level'", "normalized unsupported entity type
'theorem' for 'Proposition 3.5'", "normalized unsupported entity type 'notation' for 'q_n'"]

KU 7: source words 2923–3404
The text establishes that the 2-adic valuation of Stirling numbers of the second kind for order 5 is 1 for
indices of the form 8i and 8i+3, and at least 2 for indices of the form 8i+4 and 8i+7. It identifies the 3-level
structure as consisting of classes C_{3,4} and C_{3,7}, supporting the main conjecture that 2-level classes
split into constant classes. The passage also references Lengyel's result on valuations of Stirling numbers
and introduces Stirling-like numbers T_p(n, k) with a related conjecture by Clarke.
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Stirling numbers of the second kind S(n, 5)
Type: other · ID: stirling_numbers_of_the_second_kind_s_n_5

order: 5

valuation_8i: 1

valuation_8i_plus_3: 1

valuation_8i_plus_4: >= 2

valuation_8i_plus_7: >= 2

model_entity_type: mathematical_object

valuation_at_8i_is → 1

valuation_at_8i_plus_3_is → 1

valuation_at_8i_plus_4_is_at_least → 2

valuation_at_8i_plus_7_is_at_least → 2

3-level
Type: other · ID: 3_level

composition: C_{3,4}, C_{3,7}

model_entity_type: mathematical_structure

illustrates → main conjecture

main conjecture
Type: other · ID: main_conjecture

statement: each class of the 2-level produces a constant class and a second one in the 3-level

splitting_property: The number of elements at the m-level is always constant.

model_entity_type: mathematical_conjecture

supported_by → 3-level structure

Lengyel's result
Type: other · ID: lengyel_s_result

formula: v_2(k! S(n, k)) = k - 1

condition: n = a^2 q, a odd, q >= k - 2

model_entity_type: mathematical_theorem

implies_for_k_5 → v_2(S(n, 5)) = 1 for n = a^2 q and q >= 3

Stirling-like numbers T_p(n, k)
Type: other · ID: stirling_like_numbers_t_p_n_k

definition: sum over j from 0 to k of (-1)^{k-j} * (k choose j) * j^n

sum_condition: index j is omitted if divisible by prime p

model_entity_type: mathematical_object

studied_by → Lundell

Clarke's conjecture
Type: other · ID: clarke_s_conjecture

formula: v_p(k! S(n, k)) = v_p(T_p(n, k))

model_entity_type: mathematical_conjecture

relates → Stirling numbers of the second kind
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relates → Stirling-like numbers T_p(n, k)

Source reference: {"chunk_index": 6, "start_word": 2922, "end_word": 3404, "word_count": 482, "sha256":
"682ff048a0604fbdfc038ce8a750d422cb2b72cde6e31f8dc32eecbbac7d0572", "sentence_minhash":
[21703368277289870, 1306423125707224, 229329608839330056, 53442166147602330, 148925132169520149,
62667647458868521, 84576184460003765, 96292850158067112, 250103587932991025, 92715222163426349,
78280491562202942, 171596837418463449, 12488864069851856, 161945415629665627, 194885768149381016,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second kind
S(n, 5)'", "normalized unsupported entity type 'mathematical_structure' for '3-level'", "normalized unsupported entity type
'mathematical_conjecture' for 'main conjecture'", "normalized unsupported entity type 'mathematical_theorem' for
\"Lengyel's result\"", "normalized unsupported entity type 'mathematical_object' for 'Stirling-like numbers T_p(n, k)'",
"normalized unsupported entity type 'mathematical_conjecture' for \"Clarke's conjecture\""]

KU 8: source words 3405–3892
The text presents expressions for the 2-adic valuation of Stirling numbers of the second kind for orders 5, 6,
and 7 based on zeros of specific functions in the ring of 2-adic integers. It initiates the proof of the main
conjecture for k=5, identifying the first level of constant classes and providing empirical approximations for
the valuation function. The section also describes visual data that illustrates the complex behavior of these
ratings, including areas with no data and fluctuations.

Clarke
Type: person · ID: clarke

contribution: derived expressions for 2-adic valuations of Stirling numbers of order 6 and 7

derived_expression_for → v_2(S(n, 6))

derived_expression_for → v_2(S(n, 7))

v_2(S(n, 5))
Type: measurement · ID: v_2_s_n_5

definition: 2-adic valuation of Stirling numbers of the second kind of order 5

expressed_in_terms_of → zeros of f_0,5(x)

approximated_by → v_2(f_1(m))

f_0,5(x)
Type: other · ID: f_0_5_x

expression: 5 + 10 * 3^x + 5 * 5^x

domain: ring of 2-adic integers Z_2

model_entity_type: function

has_zero → u_0

has_zero → u_1

u_0
Type: measurement · ID: u_0

property: unique zero of f_0,5 satisfying u_0 in 2Z_2

used_in_formula_for → v_2(S(n, 5))

u_1
Type: measurement · ID: u_1

property: zero of f_0,5 satisfying u_1 in 1 + 2Z_2
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used_in_formula_for → v_2(S(n, 5))

f_0,6
Type: other · ID: f_0_6

expression: -6 - 20 * 3^x - 6 * 5^x

model_entity_type: function

used_to_express → v_2(S(n, 6))

f_0,7
Type: other · ID: f_0_7

expression: 7 + 35 * 3^x + 21 * 5^x + 7 * 7^x

model_entity_type: function

used_to_express → v_2(S(n, 7))

main conjecture for k=5
Type: concept · ID: main_conjecture_for_k_5

status: proof initiated in this section

m_0_value: 3

verified_first_level → m_0-1 = 2

I_1
Type: other · ID: i_1

definition: set of exceptions for the approximation of v_2(S(m, 5))

model_entity_type: set

contains_indices_where → v_2(S(m, 5)) != v_2(f_1(m))

even_indices_on_progression → 256m + 156

v_2(S(n, 126))
Type: measurement · ID: v_2_s_n_126

visual_feature: shows basic function v_2(n) in interior

v_2(S(n, 195))
Type: measurement · ID: v_2_s_n_195

visual_feature: dark objects correspond to oscillation between two consecutive values

v_2(S(n, 260))
Type: measurement · ID: v_2_s_n_260

visual_feature: dark objects correspond to oscillation between two consecutive values

Source reference: {"chunk_index": 7, "start_word": 3404, "end_word": 3892, "word_count": 488, "sha256":
"93b667b2027ce5554816d7d790bacf0e0d0983c24f82f71efcc86bc129e5c8ec", "sentence_minhash":
[315931021563575867, 1306423125707224, 365220491043541866, 141557533923110381, 148925132169520149,
62667647458868521, 12025634198112669, 152326886699586849, 121868570449012213, 92715222163426349,
78280491562202942, 139309872259060027, 8649321992247620, 58558631451210278, 213007863687822379,
69242845566341429]}

Extraction warnings: ["normalized unsupported entity type 'function' for 'f_0,5(x)'", "normalized unsupported entity type
'function' for 'f_0,6'", "normalized unsupported entity type 'function' for 'f_0,7'", "normalized unsupported entity type 'set'



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 47

for 'I_1'"]

KU 9: source words 3893–3926
The authors state that an explanation for certain features of the 2-adic valuation of Stirling numbers is
currently missing. They conclude by noting that the main conjecture regarding these valuations has been
established for the case where k equals 5.

main conjecture
Type: concept · ID: main_conjecture

description: describes the 2-adic valuation of Stirling numbers S(n, k)

status: established for k = 5

describes → 2-adic valuation of Stirling numbers S(n, k)

established_for → k = 5

Stirling numbers S(n, k)
Type: other · ID: stirling_numbers_s_n_k

model_entity_type: mathematical_object

has_valuation → 2-adic valuation

2-adic valuation of Stirling numbers S(n, k)
Type: other · ID: 2_adic_valuation_of_stirling_numbers_s_n_k

status: lacking explanation for certain features

model_entity_type: mathematical_concept

described_by → main conjecture

Source reference: {"chunk_index": 8, "start_word": 3892, "end_word": 3926, "word_count": 34, "sha256":
"9c6c78245db4d0d49749fb99cdf7e47d348e153cc310dbd361faac5c22f62e8c", "sentence_minhash":
[1186993754061830951, 252963467709525922, 427846247254264662, 839972970238381384, 248181445042138913,
428209587723997907, 510041251351664276, 432606846409385059, 671633213597356161, 2401279320804024734,
78280491562202942, 1060340779092222405, 66824309535235066, 909713818676360156, 1844043544238636957,
296703126451676242]}

Extraction warnings: ["normalized unsupported entity type 'mathematical_object' for 'Stirling numbers S(n, k)'",
"normalized unsupported entity type 'mathematical_concept' for '2-adic valuation of Stirling numbers S(n, k)'"]
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THE 2-ADIC VALUATION OF STIRLING NUMBERS
1,000-word chunks · generated

Source authors: Tewodros Amdeberhan; Dante V Manna; Victor H Moll

KU document title: THE 2-ADIC VALUATION OF STIRLING NUMBERS
KU document author field: not populated

KU 1: source words 1–978
The text introduces the 2-adic valuation of Stirling numbers of the second kind and reviews related results in
p-adic analysis. It defines the p-adic valuation, the p-adic metric, and the ring of p-adic integers. The authors
present a conjecture regarding the 2-adic valuation of Stirling numbers based on an algorithm involving
specific sets of integers.

Tewodros Amdeberhan
Type: person · ID: tewodros_amdeberhan

role: author

co_authored → Dante V Manna

co_authored → Victor H Moll

Dante V Manna
Type: person · ID: dante_v_manna

role: author

co_authored → Tewodros Amdeberhan

co_authored → Victor H Moll

Victor H Moll
Type: person · ID: victor_h_moll

role: author

co_authored → Tewodros Amdeberhan

co_authored → Dante V Manna

p-adic valuation
Type: concept · ID: p_adic_valuation

notation: ν_p(m)

definition: highest power of p that divides m

applied_to → Stirling numbers of the second kind

extended_to → Rational numbers (Q)

Stirling numbers of the second kind
Type: concept · ID: stirling_numbers_of_the_second_kind

notation: S(n, k)

definition: number of ways to partition a set of n elements into exactly k nonempty subsets

subject_of_analysis → 2-adic valuation

Legendre's identity
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Type: method · ID: legendre_s_identity

formula: ν_p(m!) = (m - s_p(m)) / (p - 1)

s_p(m): sum of base p digits of m

provides_proof_for → Kummer's identity

Kummer's identity
Type: method · ID: kummer_s_identity

formula: ν_2(m choose k) = s_2(k) + s_2(m - k) - s_2(m)

proven_by → Legendre's identity

p-adic metric
Type: measurement · ID: p_adic_metric

formula: |r|_p = p^(-ν_p(r))

property: satisfies ultrametric inequality

defines → p-adic numbers (Q_p)

ring of p-adic integers
Type: concept · ID: ring_of_p_adic_integers

notation: Z_p

definition: set of x in Q_p such that |x|_p <= 1

analogous_to → integers (Z) inside rational numbers (Q)

J. Little
Type: person · ID: j_little

role: researcher

established → Corollary 1.3

Corollary 1.3
Type: other · ID: corollary_1_3

formula: ν_2(A_{l,m}) = 3l - s_2(m + l) + s_2(m - l)

model_entity_type: finding

describes_valuation_of → A_{l,m}

H. Cohen
Type: person · ID: h_cohen

role: researcher

proved_results_on → partial sums of polylogarithmic series

polylogarithmic series
Type: concept · ID: polylogarithmic_series

notation: Li_k(x)

formula: sum_{j=1}^infinity x^j / j^k

partial_sum_valuation_studied_by → H. Cohen
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Main conjecture
Type: concept · ID: main_conjecture

description: description of the function ν_2(S(n, k)) based on an algorithm

special_case_established_for → k = 5

C_{m,j}
Type: concept · ID: c_m_j

definition: set of integers {2^m * i + j : i in N such that 2^m * i + j >= k}

used_in → Main conjecture

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 978, "word_count": 978, "sha256":
"6b838938ab71be91ad1bea519883c0a2d6d010303c1059bcbbde3463e8a04736", "sentence_minhash":
[84989070151237717, 1306423125707224, 132898077708225042, 53442166147602330, 148925132169520149,
139865850146007968, 149017575652778032, 34584616103928807, 21579496338166870, 76931577636070685,
78280491562202942, 171596837418463449, 12488864069851856, 58558631451210278, 303264414993015767,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'finding' for 'Corollary 1.3'"]

KU 2: source words 979–1977
The text defines the 2-adic valuation of Stirling numbers of the second kind using classes modulo $2^m$
and introduces the concept of $m$-levels. It presents a main conjecture regarding the first level with
constant classes and the subsequent behavior of class splitting. The passage also reviews specific formulas,
recurrences, and known results for small $k$ and special cases of $n$.

Stirling numbers of the second kind
Type: other · ID: stirling_numbers_of_the_second_kind

notation: S(n, k)

recurrence: S(n, k) = S(n-1, k-1) + kS(n-1, k)

explicit_formula: S(n, k) = (1/k!) * sum_{i=0}^{k-1} (-1)^i * (k choose i) * (k-i)^n

generating_function: sum_{n=1}^infinity S(n, k)x^n = (1/(1-x)(1-2x)...(1-kx))

model_entity_type: mathematical_object

has_valuation → 2-adic valuation

2-adic valuation
Type: other · ID: 2_adic_valuation

notation: nu_2

domain: Stirling numbers of the second kind

model_entity_type: mathematical_function

defined_on → classes C_{m,j}

classes C_{m,j}
Type: other · ID: classes_c_m_j

definition: partition of {n in N : n >= k} into classes modulo 2^m

constant_condition: nu_2(C_{m,j}) consists of a single value

model_entity_type: mathematical_set

splits_into → C_{m,ij} and C_{m,ij+2^{m-1}}
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m-level
Type: other · ID: m_level

definition: inductive concept where 1-level consists of even and odd integers >= k

splitting_rule: each class in (m-1)-level splits into two classes modulo 2^m

model_entity_type: mathematical_concept

contains → classes C_{m,j}

Main Conjecture
Type: other · ID: main_conjecture

m0_definition: m0 is the smallest integer such that 2^{m0-1} < k <= 2^{m0}

first_constant_level: m0-1

subsequent_level_size: 2^{m0-2} classes for m >= m0

model_entity_type: mathematical_conjecture

predicts → 2-adic valuation of Stirling numbers of the second kind

De Wannemacker's result
Type: other · ID: de_wannemacker_s_result

inequality: nu_2(S(n, k)) >= s_2(k) - s_2(n)

special_case: nu_2(S(2^n, k)) = s_2(k) - 1

model_entity_type: mathematical_theorem

proved_by → De Wannemacker

Legendre's identity
Type: other · ID: legendre_s_identity

formula: nu_2(S(2^n, k)) = nu_2((2^k-1)/k!)

model_entity_type: mathematical_identity

relates_to → 2-adic valuation of Stirling numbers of the second kind

s_2(k)
Type: other · ID: s_2_k

definition: sum of the binary digits of k

model_entity_type: mathematical_function

used_in → De Wannemacker's result

Stirling numbers of order 1
Type: other · ID: stirling_numbers_of_order_1

value: S(n, 1) = 1 for all n in N

model_entity_type: mathematical_object

used_in → Lemma 2.1

Lemma 2.1
Type: other · ID: lemma_2_1

content: nu_2(S(n, 3)) = 0 if n is odd, 1 if n is even

model_entity_type: mathematical_lemma

applies_to → Stirling numbers of the second kind
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Source reference: {"chunk_index": 1, "start_word": 978, "end_word": 1977, "word_count": 999, "sha256":
"662c917d0dcd810271149f29681749e3f16fc7e8e9ea6278305ee9fb43f8b06b", "sentence_minhash":
[315931021563575867, 1306423125707224, 23103724853578534, 141557533923110381, 146627570953161212,
428209587723997907, 149017575652778032, 113181735942458166, 228439795799410229, 76931577636070685,
78280491562202942, 139309872259060027, 154708990195788138, 906306679132868, 139254418913316130,
37319280976767778]}

Extraction warnings: ["normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of the second
kind'", "normalized unsupported entity type 'mathematical_function' for '2-adic valuation'", "normalized unsupported
entity type 'mathematical_set' for 'classes C_{m,j}'", "normalized unsupported entity type 'mathematical_concept' for
'm-level'", "normalized unsupported entity type 'mathematical_conjecture' for 'Main Conjecture'", "normalized
unsupported entity type 'mathematical_theorem' for \"De Wannemacker's result\"", "normalized unsupported entity type
'mathematical_identity' for \"Legendre's identity\"", "normalized unsupported entity type 'mathematical_function' for
's_2(k)'", "normalized unsupported entity type 'mathematical_object' for 'Stirling numbers of order 1'", "normalized
unsupported entity type 'mathematical_lemma' for 'Lemma 2.1'"]

KU 3: source words 1978–2971
The text provides proofs for the 2-adic valuation of Stirling numbers of the second kind for orders 3, 4, and 5.
It establishes specific formulas and inductive steps to determine these valuations based on the parity of n.
For order 5, it introduces the concept of exceptional indices and proves a specific valuation for multiples of
8.

Stirling numbers of the second kind
Type: concept · ID: stirling_numbers_of_the_second_kind

notation: S(n, k)

has_valuation_for_order_3 → S(n, 3)

has_valuation_for_order_4 → S(n, 4)

has_valuation_for_order_5 → S(n, 5)

S(n, 3)
Type: measurement · ID: s_n_3

valuation_if_n_odd: 0

valuation_if_n_even: 1

defined_by_recurrence → S(n, 3) = 2^{n-1} + 3 * 2^{n-2} - 4 + 3/2 * S(n-2, 3)

valuation_derived_from → ultrametric inequality

S(n, 4)
Type: measurement · ID: s_n_4

valuation_if_n_odd: 1

valuation_if_n_even: 0

defined_by_formula → S(n, 4) = 1/6 * (4^n - 3^n - 3 * 2^{n+1} - 1)

defined_by_recurrence → S(n, 4) = S(n-1, 3) + 4 * S(n-1, 4)

S(n, 5)
Type: measurement · ID: s_n_5

valuation_for_8i: 1

defined_by_formula → S(n, 5) = 1/24 * (5^n - 4^n + 2 * 3^n - 2^{n+1} + 1)

valuation_determined_by → m-levels
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ultrametric inequality
Type: method · ID: ultrametric_inequality

formula: v_2(x_1 + x_2) >= min{v_2(x_1), v_2(x_2)}

strictness_condition: strict unless v_2(x_1) = v_2(x_2)

used_to_prove → v_2(S(n, 3))

exceptional index
Type: concept · ID: exceptional_index

definition: index i where q_{4i} = q_{4i+3}

first_index: 7

sequence: {7, 39, 71, 103, ...}

related_to → v_2(S(n, 5))

m-levels
Type: concept · ID: m_levels

1-level_classes: {C_{1,0}, C_{1,1}}

2-level_classes: {C_{2,0}, C_{2,3}}

m_0: 3

used_to_analyze → v_2(S(n, 5))

Source reference: {"chunk_index": 2, "start_word": 1977, "end_word": 2971, "word_count": 994, "sha256":
"a7cfe97cca0170a66906ec3b15975b627583225344bbe3e9c875ea5c29b75502", "sentence_minhash":
[21703368277289870, 18551641988871988, 69729176314767099, 208823991573236229, 148925132169520149,
428209587723997907, 84576184460003765, 63183425104977485, 113198931733945138, 76931577636070685,
78280491562202942, 221655330234976794, 12488864069851856, 906306679132868, 303264414993015767,
112183611702210919]}

KU 4: source words 2972–3926
The text proves that the 2-adic valuation of Stirling numbers of order 5 for specific indices is at least 2, using
modular arithmetic and identities. It discusses the splitting of classes in the 2-adic valuation and introduces
a conjecture by Clarke relating these valuations to the zeros of specific functions in the ring of 2-adic
integers. The section concludes with empirical estimates and visual data that illustrate the behavior of these
assessments for larger orders.

Proposition 3.6
Type: other · ID: proposition_3_6

statement: The Stirling numbers of order 5 satisfy ν_2(S(8i + 4, 5)) ≥ 2 for all i ≥ 1.

model_entity_type: theorem

proves → ν_2(S(8i + 4, 5)) ≥ 2

Stirling numbers of order 5
Type: other · ID: stirling_numbers_of_order_5

notation: S(n, 5)

model_entity_type: mathematical_object

satisfies → Proposition 3.6

valuation_at_8i+4_is_at_least → 2
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Lengyel's result
Type: other · ID: lengyel_s_result

formula: ν_2(k!S(n, k)) = k - 1

conditions: n = a^2 q, a odd, q ≥ k - 2

model_entity_type: theorem

implies_for_k_5 → ν_2(S(n, 5)) = 1 for n = a^2 q and q ≥ 3

Main Conjecture
Type: other · ID: main_conjecture

description: Each class of the 2-level produces a constant class and a second one in the 3-level.

model_entity_type: conjecture

illustrated_by → 3-level: {C_{3,4}, C_{3,7}}

verified_for → k = 5

Clarke's Conjecture
Type: other · ID: clarke_s_conjecture

formula: ν_p(k!S(n, k)) = ν_p(T(n, k))

model_entity_type: conjecture

derives → Theorem 3.8

Theorem 3.8
Type: other · ID: theorem_3_8

condition: Assumes Clarke's Conjecture holds

formula_even: ν_2(S(n, 5)) = -1 + ν_2(n - u_0) if n is even

formula_odd: ν_2(S(n, 5)) = -1 + ν_2(n - u_1) if n is odd

model_entity_type: theorem

defines_zeros → u_0, u_1

u_0
Type: other · ID: u_0

definition: Unique zero of f_{0,5} satisfying u_0 ∈ 2Z_2

model_entity_type: mathematical_object

used_in → Theorem 3.8

u_1
Type: other · ID: u_1

definition: Other zero of f_{0,5} satisfying u_1 ∈ 1 + 2Z_2

model_entity_type: mathematical_object

used_in → Theorem 3.8

f_{0,5}
Type: other · ID: f_0_5

expression: 5 + 10 * 3^x + 5 * 5^x

model_entity_type: function

has_zeros → u_0, u_1
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Lundell
Type: person · ID: lundell

reference: [11]

studied → Stirling-like numbers T_p(n, k)

Clarke
Type: person · ID: clarke

reference: [5]

conjectured → Clarke's Conjecture

obtained_expressions_for → ν_2(S(n, 6)) and ν_2(S(n, 7))

I_1
Type: other · ID: i_1

definition: {x_1(m) : m ≥ 0}

model_entity_type: set

contains_exceptions_for → ν_2(S(m, 5)) = ν_2(f_1(m))

even_indices_on_progression → 256m + 156

Stirling-like numbers
Type: other · ID: stirling_like_numbers

notation: T_p(n, k)

definition: k * sum_{j=0}^k (-1)^{k-j} (k choose j) j^n, where j is omitted if divisible by p

model_entity_type: mathematical_object

studied_by → Lundell

Source reference: {"chunk_index": 3, "start_word": 2971, "end_word": 3926, "word_count": 955, "sha256":
"f93cd1e57deb21c5150220aa5b7975014fa38823c9e286f9d55725340a234e4b", "sentence_minhash":
[21703368277289870, 1306423125707224, 229329608839330056, 53442166147602330, 148925132169520149,
62667647458868521, 12025634198112669, 96292850158067112, 121868570449012213, 92715222163426349,
78280491562202942, 139309872259060027, 8649321992247620, 58558631451210278, 194885768149381016,
69242845566341429]}

Extraction warnings: ["normalized unsupported entity type 'theorem' for 'Proposition 3.6'", "normalized unsupported entity
type 'mathematical_object' for 'Stirling numbers of order 5'", "normalized unsupported entity type 'theorem' for
\"Lengyel's result\"", "normalized unsupported entity type 'conjecture' for 'Main Conjecture'", "normalized unsupported
entity type 'conjecture' for \"Clarke's Conjecture\"", "normalized unsupported entity type 'theorem' for 'Theorem 3.8'",
"normalized unsupported entity type 'mathematical_object' for 'u_0'", "normalized unsupported entity type
'mathematical_object' for 'u_1'", "normalized unsupported entity type 'function' for 'f_{0,5}'", "normalized unsupported
entity type 'set' for 'I_1'", "normalized unsupported entity type 'mathematical_object' for 'Stirling-like numbers'"]
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A six-month periodic fasting reduces
microalbuminuria and improves metabolic
control in patients with type 2 diabetes and
diabetic nephropathy: a randomized controlled
study
500-word chunks · generated

Source authors: Alba Sulaj; Stefan Kopf; Ekaterina Von Rauchhaupt; Elisabeth Kliemank; Maik Brune; Zoltan
Kender; Hannelore Bartl; Fabiola Garcia Cortizo; Katarina Klepac; Zhe Han; Varun Kumar; Valter Longo;
Aurelio Teleman; Jürgen G Okun; Jakob Morgenstern; Thomas Fleming; Julia Szendroedi; Stephan Herzig;
Peter P Nawroth

KU document title: A six-month periodic fasting reduces microalbuminuria and improves metabolic control in
patients with type 2 diabetes and diabetic nephropathy: a randomized controlled study
KU document author field: not populated

KU 1: source words 1–493
A randomized controlled study evaluated the effects of a six-month fasting-mimicking diet versus a
Mediterranean diet on patients with type 2 diabetes and diabetic nephropathy. The intervention significantly
reduced microalbuminuria and improved metabolic markers like HOMA-IR and suPAR in the
fasting-mimicking group. However, these improvements were not sustained at the three-month follow-up,
potentially due to a lack of change in dicarbonyl detoxification and DNA-damage markers.

A six-month periodic fasting reduces microalbuminuria and improves
metabolic control in patients with type 2 diabetes and diabetic
nephropathy: a randomized controlled study
Type: event · ID: a_six_month_periodic_fasting_reduces_microalbuminuria_and_improves_metabolic_control_in_patients_w
ith_type_2_diabetes_and_diabetic_nephropathy_a_randomized_controlled_study

study_type: randomized controlled study

duration: 6 months

follow_up: 3 months

conducted_by → Alba Sulaj

conducted_by → Stefan Kopf

conducted_by → Ekaterina Von Rauchhaupt

conducted_by → Elisabeth Kliemank

conducted_by → Maik Brune

conducted_by → Zoltan Kender

conducted_by → Hannelore Bartl

conducted_by → Fabiola Garcia Cortizo

conducted_by → Katarina Klepac

conducted_by → Zhe Han

conducted_by → Varun Kumar

conducted_by → Valter Longo

conducted_by → Aurelio Teleman

conducted_by → Jürgen G Okun

conducted_by → Jakob Morgenstern

conducted_by → Thomas Fleming

conducted_by → Julia Szendroedi
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conducted_by → Stephan Herzig

conducted_by → Peter P Nawroth

fasting-mimicking diet
Type: method · ID: fasting_mimicking_diet

abbreviation: FMD

sample_size: 21

assigned_to → patients with type 2 diabetes and diabetic nephropathy

resulted_in_change_in_acr → 110.3mg/g (95% CI 99.2, 121.5mg/g; P=0.45)

resulted_in_change_in_acr_microalbuminuria → -30.3mg/g (95% CI -35.7, -24.9mg/g; P≤0.05)

resulted_in_change_in_acr_macroalbuminuria → 434.0mg/g (95% CI 404.7, 463.4mg/g; P=0.23)

resulted_in_change_in_homa_ir → -3,8 (95% CI -5,6, -2.0; P≤0.05)

resulted_in_change_in_supar → -156.6pg/ml (95% CI -172.9, -140.4pg/ml; P≤0.05)

resulted_in_no_change_in → markers of dicarbonyl detoxification or DNA-damage/repair

Mediterranean diet
Type: method · ID: mediterranean_diet

sample_size: 19

assigned_to → patients with type 2 diabetes and diabetic nephropathy

patients with type 2 diabetes and diabetic nephropathy
Type: other · ID: patients_with_type_2_diabetes_and_diabetic_nephropathy

total_sample_size: 40

hba1c: 7.8±0.2% [62.1±2.3 mmol/mol]

condition: increased albumin-to-creatinine ratio (ACR)

model_entity_type: population

randomized_to → fasting-mimicking diet

randomized_to → Mediterranean diet

albuminuria
Type: measurement · ID: albuminuria

subtypes: ["microalbuminuria", "macroalbuminuria"]

reduced_by → fasting-mimicking diet

relapse_at_follow_up_explained_by → lack of changes in markers of dicarbonyl detoxification and
DNA-damage/repair

HOMA-IR
Type: measurement · ID: homa_ir

description: insulin resistance marker

reduced_by → fasting-mimicking diet

sustained_reduction_at_follow_up → -1.9 [95% CI -3.7, -0.1], P≤0.05

suPAR
Type: measurement · ID: supar

description: senescence marker
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reduced_by → fasting-mimicking diet

markers of dicarbonyl detoxification
Type: measurement · ID: markers_of_dicarbonyl_detoxification

components: ["MG-H1", "glyoxalase-1", "hydroxyacetone"]

no_change_observed_in → fasting-mimicking diet

DNA-damage/repair
Type: measurement · ID: dna_damage_repair

marker: (yH2Ax)

no_change_observed_in → fasting-mimicking diet

lipid oxidation
Type: measurement · ID: lipid_oxidation

marker: acylcarnitines

change_in_profile_related_to → patient responsiveness to ACR improvement

diabetic nephropathy
Type: other · ID: diabetic_nephropathy

prevalence: The most common cause of terminal kidney disease

model_entity_type: condition

therapeutic_options_limited_to → control of glycemia, lipidemia and blood pressure

nephroprotection_exerted_by → sodium-glucose cotransporter-2 (SGLT2) inhibitors

nephroprotection_exerted_by → ACE inhibitors

sodium-glucose cotransporter-2 (SGLT2) inhibitors
Type: other · ID: sodium_glucose_cotransporter_2_sglt2_inhibitors

model_entity_type: treatment

exert_nephroprotection_in → diabetic nephropathy

renal_benefits_not_explained_by → modest improvements in glycemic, blood pressure and lipid control

ACE inhibitors
Type: other · ID: ace_inhibitors

model_entity_type: treatment

exert_nephroprotection_in → diabetic nephropathy

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 493, "word_count": 493, "sha256":
"e46273c5dcc068c6e94680280cec983098372c485a7786046a95e278ea16ecbf", "sentence_minhash":
[6510041791773535, 211045936105277080, 12309405932600981, 201948566748835051, 31941388625203915,
99098051124777616, 110722415692105071, 84916492449827032, 164501479184262938, 2607707833378508,
6226213327830117, 95656761971753031, 21933493368060407, 906306679132868, 192943377640405015,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'population' for 'patients with type 2 diabetes and diabetic
nephropathy'", "normalized unsupported entity type 'condition' for 'diabetic nephropathy'", "normalized unsupported
entity type 'treatment' for 'sodium-glucose cotransporter-2 (SGLT2) inhibitors'", "normalized unsupported entity type
'treatment' for 'ACE inhibitors'"]
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KU 2: source words 494–987
The study investigates the impact of a periodic fasting-mimicking diet on albumin-to-creatinine ratio and
metabolic markers in patients with type 2 diabetes. It highlights the role of hyperglycemia, dicarbonyl stress,
and DNA damage in diabetic kidney disease progression. The research design involves a randomized,
controlled, open study at the University Hospital in Heidelberg, which includes specific inclusion criteria and
monitoring protocols.

diabetic kidney disease
Type: other · ID: diabetic_kidney_disease

progression_status: slowable once established

remission_therapy_status: lacking

model_entity_type: condition

caused_by → hyperglycemia

associated_with → dicarbonyl stress

associated_with → AGE

hyperglycemia
Type: other · ID: hyperglycemia

model_entity_type: condition

causes_decline_in → renal function

activates → sorbitol pathway

activates → hexosamine pathway

increases → oxidative stress

oxidative stress
Type: other · ID: oxidative_stress

model_entity_type: biological_process

results_in → fibrosis

dicarbonyl stress
Type: other · ID: dicarbonyl_stress

model_entity_type: biological_process

implicated_in → diabetic complications

implicated_in → diabetic kidney disease

AGE
Type: other · ID: age

model_entity_type: biological_process

implicated_in → diabetic complications

implicated_in → diabetic kidney disease

DNA-damage
Type: other · ID: dna_damage

model_entity_type: biological_process

described_in → type 2 diabetes
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periodic fasting
Type: other · ID: periodic_fasting

model_entity_type: intervention

reduces → oxidative damage

reduces → inflammation

supports → cellular protection

might_activate → lipolysis

SGLT-2 inhibitors
Type: other · ID: sglt_2_inhibitors

model_entity_type: medication

postulated_benefit_mechanism → enhanced ketogenesis

shifts_fuel_metabolism_from → glucose oxidation

shifts_fuel_metabolism_to → fat

shifts_energy_metabolism_to → ketolysis

periodic fasting-mimicking diet
Type: other · ID: periodic_fasting_mimicking_diet

model_entity_type: intervention

aim_to_reduce → ACR

aim_to_relate_to_changes_in → markers of dicarbonyl detoxification

aim_to_relate_to_changes_in → fatty acid oxidation

aim_to_relate_to_changes_in → DNA-damage/repair

aim_to_relate_to_changes_in → senescence

University Hospital of Heidelberg
Type: organization · ID: university_hospital_of_heidelberg

department: Clinics of Endocrinology, Diabetology, Metabolism and Clinical Chemistry

conducted_study_at → randomized controlled open study

approved_study_procedures → Ethic-Nr. S-682/2016

randomized controlled open study
Type: event · ID: randomized_controlled_open_study

registration_id: DRKS00014287

registration_body: German Clinical Trial Register (DRKS)

recruited_patients_with → type 2 diabetes

recruited_patients_with → good glycemic and blood pressure control

recruited_patients_with → increased albumin-to-creatinine ratio

adherence_assessed_by → dietary protocols

adherence_assessed_by → measurement of ketone bodies

albumin-to-creatinine ratio
Type: measurement · ID: albumin_to_creatinine_ratio

abbreviation: ACR
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assessment_guideline: KDIGO guidelines

assessed_from → two consecutive spot urine samples

American Diabetes Association
Type: organization · ID: american_diabetes_association

provided_recommendations_for → individual dietary counseling

Source reference: {"chunk_index": 1, "start_word": 493, "end_word": 987, "word_count": 494, "sha256":
"3ccf13bd243f38dd2c5b30e398ee2fd220ea214699f1caa9ce7a147a59705b05", "sentence_minhash":
[103524869278618013, 7605519510423274, 14512286676696481, 61919449716151556, 133839408494452977,
62667647458868521, 23718652799488495, 83575544965282909, 130591936822558120, 243945572124720763,
10770288728711951, 95656761971753031, 38129318889309710, 906306679132868, 73860429008392155,
4555549854558376]}

Extraction warnings: ["normalized unsupported entity type 'condition' for 'diabetic kidney disease'", "normalized
unsupported entity type 'condition' for 'hyperglycemia'", "normalized unsupported entity type 'biological_process' for
'oxidative stress'", "normalized unsupported entity type 'biological_process' for 'dicarbonyl stress'", "normalized
unsupported entity type 'biological_process' for 'AGE'", "normalized unsupported entity type 'biological_process' for
'DNA-damage'", "normalized unsupported entity type 'intervention' for 'periodic fasting'", "normalized unsupported entity
type 'medication' for 'SGLT-2 inhibitors'", "normalized unsupported entity type 'intervention' for 'periodic
fasting-mimicking diet'"]

KU 3: source words 988–1439
The study utilized a stratified randomization procedure based on BMI and HbA1c to assign participants to
either a fasting-mimicking diet or a Mediterranean diet. The intervention consisted of five consecutive days
with specific dietary guidelines each month, during which the insulin dosage and oral antidiabetic
medications were adjusted during the fasting period. Monitoring included self-reported blood sugar levels,
blood pressure, and physical activity, with blood chemistry analysis performed at the University Hospital in
Heidelberg.

Randomizer Version 2.0.3
Type: method · ID: randomizer_version_2_0_3

owner: Institute for Medical Informatics, Statistics and Documentation, Medical University of Graz

function: stratified computed randomization

stratified_by → BMI

cut_off: 30.0 kg/m²

stratified_by → HbA1c

cut_off: 7.0%

Fasting-Mimicking Diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

type: plant-based

duration: 5 consecutive days each month

cycle_gap: about 25 days

day_1_energy: 4600 kJ

day_1_macronutrients: 11% protein, 46% fat, 43% carbohydrates

day_2_to_5_energy: 3000 kJ

day_2_to_5_macronutrients: 9% protein, 44% fat, 47% carbohydrate

mimics → fasting-like effects on glucose and ketone bodies

requires_insulin_adjustment → discontinue short-acting insulin, reduce long-acting insulin by 50%

requires_medication_discontinuation → oral antidiabetic therapy
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Mediterranean Diet (M-Diet)
Type: method · ID: mediterranean_diet_m_diet

duration: 5 consecutive days each month

cycle_gap: about 25 days

caloric_change: no change compared to pre-study diet

adaptation_standard: Mediterranean Diet Score (MDS)

assigned_to → control group

Glycemic Monitoring
Type: method · ID: glycemic_monitoring

frequency: at least 4 measurements daily

types: fasting and 2-hour postprandial

device: Accu-Check Guide, Roche

reporting_platform: 24-hour telephone platform

triggers_medication_reduction → antihyperglycemic medication

condition: Reducing blood sugar levels by more than 20% in a fasting state

Antihypertensive Medication Adjustment
Type: method · ID: antihypertensive_medication_adjustment

condition: hypotension

systolic_threshold: lower than 100 mmHg

diastolic_threshold: lower than 60 mmHg

action → medication reduced

SF-12 Questionnaire
Type: measurement · ID: sf_12_questionnaire

items: 12

purpose: Assess the quality of life in relation to health and physical well-being.

Patient Health Questionnaire (PHQ)
Type: measurement · ID: patient_health_questionnaire_phq

purpose: evaluate somatic and depression symptoms

Central Laboratory of the University Hospital of Heidelberg
Type: place · ID: central_laboratory_of_the_university_hospital_of_heidelberg

function: blood sample processing

conditions: standardized

measures → Beta-hydroxybutyrate

Beta-hydroxybutyrate
Type: measurement · ID: beta_hydroxybutyrate

measurement_device: StatStrip glucose/ketone measurement system, by Nova Biomedical

sample_type: venous blood

measured_at → each visit
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Source reference: {"chunk_index": 2, "start_word": 987, "end_word": 1439, "word_count": 452, "sha256":
"5470261db13a29a53beed762cbe5a0102549c991fec870ca5448ea4d18d6edf1", "sentence_minhash":
[78394354238995921, 18551641988871988, 298143106562491488, 61919449716151556, 50154285776315358,
62667647458868521, 22742697865333914, 83575544965282909, 64333332902950267, 9462436175016187,
10770288728711951, 95656761971753031, 79488634481212582, 906306679132868, 161357415568664162,
3126852891561233]}

KU 4: source words 1440–1932
The study defined primary and secondary endpoints, including ACR changes and metabolic markers, and
detailed the statistical methods and power calculations. A sample size of 40 was determined to detect a 30%
reduction in ACR, with 38 patients completing three cycles and 33 completing the full study. Analysis was
conducted on an intention-to-treat basis using ANCOVA and hierarchical testing in R.

Primary endpoint
Type: measurement · ID: primary_endpoint

definition: absolute difference of change of ACR from baseline to after six diet cycles between FMD and
M-Diet group

includes_subgroup_analysis → micro-versus macroalbuminuria levels at baseline

Secondary endpoints
Type: measurement · ID: secondary_endpoints

components: ["absolute difference of change of ACR after three diet cycles", "absolute difference of
change after three and after six diet cycles of HOMA-IR", "plasma MG-H1", "plasma MG", "Glo-1
activity", "expression of pGlo-1 in WBC", "hydroxyacetone in RBC", "plasma AC profile", "yH2Ax
expression in WBC", "soluble urokinase plasminogen activator receptor (suPAR)"]

uses_hierarchical_test → multiple testing adjustment

Power Calculation
Type: method · ID: power_calculation

clinically_relevant_reduction: 30%

required_sample_size: 34

assumed_standard_deviation: 30%

significance_level: alpha=5%

power: at least 80%

estimated_dropout_rate: 15%

final_sample_size: 40

software: PASS 16.0.12

Statistical Analysis
Type: method · ID: statistical_analysis

population: intention-to-treat

missing_value_handling: not imputed

analysis_type: available-case analysis

comparison_method: ANCOVA was adjusted to account for age, gender, weight loss, and the initial value.

software: R (version 3.6.1 2019-07-05)

visualization_tools: R core packages, tiduverse, pheatmap, GraphPad Prism version 5.00

Patient characteristics
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Type: event · ID: patient_characteristics

study_period: March 2018 to May 2020

total_randomized: 41

fmd_group_size: 21

m_diet_group_size: 20

discontinued_m_diet: 1

discontinued_reason: erysipelas

completed_three_cycles: 38

completion_rate_three_cycles: 95%

completed_study: 33

completion_rate_study: 83%

follow_up_count: 31

follow_up_rate: 78%

follow_up_time: 112±31 days

Source reference: {"chunk_index": 3, "start_word": 1439, "end_word": 1932, "word_count": 493, "sha256":
"0635085d24fe345380e5f09e70331157570e5370693183d6494a604ae7ea3ce8", "sentence_minhash":
[143470254565919416, 60625189416255572, 13745959893517690, 148613333131239159, 31941388625203915,
62667647458868521, 99359698575653691, 40361113771795953, 166844233492045914, 9462436175016187,
42389510456722272, 95656761971753031, 38129318889309710, 906306679132868, 29116561381011342,
489599467541456454]}

KU 5: source words 1933–2387
The study attributes participant withdrawal to Covid-19 pandemic restrictions and notes comparable
baseline anthropometric and metabolic measures between groups. The fasting-mimicking diet (FMD)
significantly reduced albumin-to-creatinine ratio (ACR) in patients with microalbuminuria after three and six
cycles, while showing no significant difference in the macroalbuminuria subgroup. FMD also improved urea
levels, cystatin C-based eGFR, suPAR, and HbA1c compared to the Mediterranean diet, though fasting
plasma glucose and lipid levels remained unchanged.

Covid-19 pandemic restrictions
Type: event · ID: covid_19_pandemic_restrictions

impact: The main reason for a break after the third dietary cycle and during the follow-up period was

caused_withdrawal_from → study

Fasting-Mimicking Diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

intervention_type: dietary

reduced_acr_in_microalbuminuria_group_after_3_cycles → 37% reduction

difference_of_change: -23.7mg/g

p_value: ≤0.05

reduced_acr_in_microalbuminuria_group_after_6_cycles → 54% reduction

difference_of_change: -30.3mg/g

p_value: ≤0.05

reduced_urea_after_3_cycles → -11.8mg/dl

p_value: ≤0.01

reduced_urea_after_6_cycles → -17.9mg/dl

p_value: ≤0.05

reduced_decline_in_egfr_after_6_cycles → 8.3ml/min/1,73m²

p_value: ≤0.05
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reduced_supar_after_3_cycles → -214.8pg/ml

p_value: ≤0.05

reduced_supar_after_6_cycles → -156.6pg/ml

p_value: ≤0.05

reduced_hba1c_after_6_cycles → 17% reduction

difference_of_change: -1.1%

p_value: ≤0.05

reduced_homa_ir_after_6_cycles → 60% reduction

difference_of_change: -3.8

p_value: ≤0.05

population: non-insulin treated participants

Mediterranean Diet (M-Diet)
Type: method · ID: mediterranean_diet_m_diet

intervention_type: dietary

compared_to_in_acr_change_all_patients_6_cycles → 110.3mg/g

p_value: 0.45

compared_to_in_acr_change_macroalbuminuria_6_cycles → 434.0mg/g

p_value: 0.23

compared_to_in_acr_change_all_patients_3_cycles → -62.5mg/g

p_value: 0.45

compared_to_in_acr_change_macroalbuminuria_3_cycles → -176.2mg/g

p_value: 0.47

compared_to_in_egfr_change_3_cycles → 2.4ml/min/1,73m²

p_value: 0.06

Albumin-to-Creatinine Ratio (ACR)
Type: measurement · ID: albumin_to_creatinine_ratio_acr

subgroups: all patients, microalbuminuria, macroalbuminuria

difference_of_change_all_patients_6_cycles → 110.3mg/g

p_value: 0.45

difference_of_change_microalbuminuria_6_cycles → -30.3mg/g

p_value: ≤0.05

difference_of_change_macroalbuminuria_6_cycles → 434.0mg/g

p_value: 0.23

difference_of_change_all_patients_3_cycles → -62.5mg/g

p_value: 0.45

difference_of_change_microalbuminuria_3_cycles → -23.7mg/g

p_value: ≤0.05

difference_of_change_macroalbuminuria_3_cycles → -176.2mg/g

p_value: 0.47

eGFR based on cystatin C
Type: measurement · ID: egfr_based_on_cystatin_c

unit: ml/min/1,73m²

difference_of_change_after_6_cycles → 8.3ml/min/1,73m²

p_value: ≤0.05
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difference_of_change_after_3_cycles → 2.4ml/min/1,73m²

p_value: 0.06

HbA1c
Type: measurement · ID: hba1c

unit: %

reduction_after_6_cycles → 17%

difference_of_change: -1.1%

p_value: ≤0.05

change_after_3_cycles → no change

Fasting Plasma Glucose (FPG)
Type: measurement · ID: fasting_plasma_glucose_fpg

change_after_6_cycles → comparable and did not change between study groups

Lipid levels (LDL, HDL, Triglycerides)
Type: measurement · ID: lipid_levels_ldl_hdl_triglycerides

change_throughout_study → no change observed in FMD group compared to M-Diet group and baseline

Source reference: {"chunk_index": 4, "start_word": 1932, "end_word": 2387, "word_count": 455, "sha256":
"e1d37a9a844d3015c7d18e20b7f3373ad64aa9a97ed85d08a19568155cf6265d", "sentence_minhash":
[6919897742352966, 60625189416255572, 40863640610520970, 22894168227513268, 117184690827267154,
39127440086368283, 99359698575653691, 341714292460901511, 149650309763788182, 2607707833378508,
104535835787444099, 95656761971753031, 38129318889309710, 906306679132868, 98254322503569589,
240807075185782334]}

KU 6: source words 2388–2864
The fasting-mimicking diet group experienced significantly greater weight loss than the Mediterranean diet
group over six cycles, though body composition remained unchanged. Responders to the diet showed
distinct acetylcarnitine levels and lower baseline ACR, while metabolic improvements like HOMA-IR reduction
were sustained at follow-up. No significant changes were observed in dicarbonyl stress markers or DNA
damage indicators.

Fasting-Mimicking Diet (FMD) group
Type: other · ID: fasting_mimicking_diet_fmd_group

weight_loss_3_cycles: -5.6kg (-5.9%)

weight_loss_6_cycles: -7.2kg (-7.5%)

male_proportion: 71%

model_entity_type: group

compared_to → Mediterranean Diet (M-diet) group

weight_loss_3_cycles_diff: significant

weight_loss_6_cycles_diff: significant

showed_no_change_in → body composition

adjustment: adjusted for weight loss

Mediterranean Diet (M-diet) group
Type: other · ID: mediterranean_diet_m_diet_group

weight_loss_3_cycles: -0.7kg (-0.8%)
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weight_loss_6_cycles: -1.1kg (-1.2%)

male_proportion: 74%

model_entity_type: group

showed_no_change_in → body composition

adjustment: adjusted for weight loss

FMD responders
Type: other · ID: fmd_responders

definition: at least 30% improvement in ACR

baseline_acr: 85.7mg/g

acetylcarnitine_change: increased after three diet cycles

model_entity_type: subgroup

compared_to → FMD non-responders

baseline_acr_diff: significant

showed_no_difference_in → anthropometric and metabolic parameters

showed_no_difference_in → medication at baseline and throughout study

FMD non-responders
Type: other · ID: fmd_non_responders

baseline_acr: 271mg/g

model_entity_type: subgroup

M-Diet responders
Type: other · ID: m_diet_responders

baseline_acr: 55.5mg/g

model_entity_type: subgroup

M-Diet non-responders
Type: other · ID: m_diet_non_responders

baseline_acr: 563.0mg/g

model_entity_type: subgroup

plasma MG-H1
Type: other · ID: plasma_mg_h1

reduction_3_cycles: 62%

model_entity_type: biomarker

not_associated_with → change in ACR

HOMA-IR
Type: other · ID: homa_ir

follow_up_change: -1.9 [-3.7, -0.1]

follow_up_significance: P≤0.05

model_entity_type: biomarker

sustained_at → follow-up



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 68

body weight
Type: measurement · ID: body_weight

follow_up_change: no change compared to baseline

antihyperglycemic medication
Type: other · ID: antihyperglycemic_medication

follow_up_status: increased for all but three FMD participants

model_entity_type: treatment

Source reference: {"chunk_index": 5, "start_word": 2387, "end_word": 2864, "word_count": 477, "sha256":
"ac7403a5bc713946b85e663e8b2362b98033e2fc0998eaeb4af1e7a98ef0e4c9", "sentence_minhash":
[123739674064968645, 76987600409896885, 153262400589127199, 10004148275772588, 31941388625203915,
62667647458868521, 89633613770379075, 85390325476433150, 34383880606747972, 2607707833378508,
104535835787444099, 95656761971753031, 38129318889309710, 906306679132868, 95169533629451962,
109206766937244242]}

Extraction warnings: ["normalized unsupported entity type 'group' for 'Fasting-Mimicking Diet (FMD) group'", "normalized
unsupported entity type 'group' for 'Mediterranean Diet (M-diet) group'", "normalized unsupported entity type 'subgroup'
for 'FMD responders'", "normalized unsupported entity type 'subgroup' for 'FMD non-responders'", "normalized
unsupported entity type 'subgroup' for 'M-Diet responders'", "normalized unsupported entity type 'subgroup' for 'M-Diet
non-responders'", "normalized unsupported entity type 'biomarker' for 'plasma MG-H1'", "normalized unsupported entity
type 'biomarker' for 'HOMA-IR'", "normalized unsupported entity type 'treatment' for 'antihyperglycemic medication'"]

KU 7: source words 2865–3363
The fasting-mimicking diet was well tolerated with no severe adverse effects and comparable hypoglycemic
rates to the Mediterranean diet. The intervention allowed for significant reductions in antihyperglycemic and
antihypertensive medications in the FMD group, while the M-Diet group required medication increases. Blood
ketones increased three-fold in the FMD group, while the M-Diet group maintained high compliance scores.

fasting-mimicking diet
Type: method · ID: fasting_mimicking_diet

tolerability: well tolerated

adverse_effect_rate: 71% to 95% reported no effects

common_symptoms: weakness, muscle pain, dizziness, headache

severe_adverse_effects: none reported

causes_ketone_increase → blood ketones

fold_increase: 3-fold

p_value: P≤0.001

enables_medication_reduction → antihyperglycemic medication

reduction_rate_3_cycles: 57%

reduction_rate_6_cycles: 67%

enables_medication_reduction → antihypertensive medication

reduction_rate_3_cycles: 10%

reduction_rate_6_cycles: 10%

mediterranean diet
Type: method · ID: mediterranean_diet

compliance_score: 6.1 MDS

requires_medication_increase → antihyperglycemic medication

increase_rate_3_cycles: 5%

increase_rate_6_cycles: 21%
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requires_medication_increase → antihypertensive medication

increase_rate_3_cycles: 5%

increase_rate_6_cycles: 10%

blood ketones
Type: measurement · ID: blood_ketones

fmd_3_cycles: 0.50 mmol [0.32, 0.68]

fmd_6_cycles: 0.50 mmol [0.25, 0.75]

increased_by → fasting-mimicking diet

hypoglycemic episodes
Type: event · ID: hypoglycemic_episodes

fmd_grade_1: 10%

m_diet_grade_1: 11%

fmd_grade_2: 5%

m_diet_grade_2: 11%

comparable_between → fasting-mimicking diet and mediterranean diet

albumin-to-creatinine ratio
Type: measurement · ID: albumin_to_creatinine_ratio

reversed_to_baseline_at_follow_up → fasting-mimicking diet

MG-H1 plasma levels
Type: measurement · ID: mg_h1_plasma_levels

reversed_to_baseline_at_follow_up → fasting-mimicking diet

transient_reduction_observed → fasting-mimicking diet

suPAR
Type: measurement · ID: supar

transient_reduction_observed → fasting-mimicking diet

HOMA-IR
Type: measurement · ID: homa_ir

sustained_improvement_observed → fasting-mimicking diet

Source reference: {"chunk_index": 6, "start_word": 2864, "end_word": 3363, "word_count": 499, "sha256":
"d7704b202ad10d8b841117183b3a73ade4e887ce7803ccd67b62181f560ab0e2", "sentence_minhash":
[228487063155910791, 18551641988871988, 153262400589127199, 61919449716151556, 439990425904285965,
99436724310786061, 134854053530791596, 84916492449827032, 149650309763788182, 316267458192039586,
128047967744972732, 95656761971753031, 38129318889309710, 906306679132868, 161357415568664162,
187819574551997385]}

KU 8: source words 3364–3841
FMD-induced reductions in microalbuminuria were reversed after refeeding and did not affect patients with
macroalbuminuria, unlike SGLT-2 inhibitors. Improved metabolic control was achieved through reduced
medication requirements, though weight loss and glycemic control alone do not fully explain the
antialbuminuric effect. Responders were distinguished by specific acylcarnitine and amino acid profiles, with
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glycine potentially offering renal protection.

fasting-mimicking diet
Type: method · ID: fasting_mimicking_diet

effect_on_microalbuminuria: reduces ACR levels

effect_on_macroalbuminuria: no change in ACR levels

effect_on_medication: Significant reduction in the use of medications to lower blood sugar and blood
pressure.

effect_on_metabolic_control: improved

effect_on_albuminuria_persistence: not sustained after refeeding

comparable_to → SGLT-2 inhibitors

context: reduction in microalbuminuria

contrasted_with → SGLT-2 inhibitors

context: lack of effect in macroalbuminuria

SGLT-2 inhibitors
Type: method · ID: sglt_2_inhibitors

effect_on_microalbuminuria: reduces ACR levels

effect_on_macroalbuminuria: reduces ACR levels

microalbuminuria
Type: other · ID: microalbuminuria

pathogenesis: pathogenic events targeting vasculature, glomerulus, and tubular cells

model_entity_type: condition

affected_by → fasting-mimicking diet

macroalbuminuria
Type: other · ID: macroalbuminuria

pathogenesis: Fibrosis and loss of the normal structure of the kidneys have been observed.

model_entity_type: condition

not_affected_by → fasting-mimicking diet

acetylcarnitine
Type: measurement · ID: acetylcarnitine

source: Strong activation of lipolysis during a prolonged fasting period

role: marker of high compliance or substrate for renal metabolism

discriminates → FMD responders and non-responders

glycine
Type: measurement · ID: glycine

source: increased concentration in responders

protective_effect: protects against renal tubular injury

discriminates → FMD responders and non-responders

potentially_enhances → Glo-1 activity
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Glo-1 activity
Type: measurement · ID: glo_1_activity

status_in_study: no change observed in WBC

potentially_enhanced_by → glycine

ketogenesis
Type: other · ID: ketogenesis

role: orchestrates nephroprotective effects of SGLT-2 inhibitors

mechanism: shifts energy metabolism to ketolysis

model_entity_type: biological_process

induced_by → SGLT-2 inhibitors

fatty acid oxidation
Type: other · ID: fatty_acid_oxidation

role: nephroprotective effect

model_entity_type: biological_process

explained_by → kidney metabolism reliance on lipolysis and ketone bodies

Source reference: {"chunk_index": 7, "start_word": 3363, "end_word": 3841, "word_count": 478, "sha256":
"8c2e53af3f854057bb85e4f6276b64f7bcff92197731782168ab54778ab415ec", "sentence_minhash":
[14279474218976588, 18551641988871988, 12309405932600981, 78327297244480524, 117184690827267154,
276121774265279552, 23718652799488495, 83575544965282909, 96635883400075078, 341344229639597412,
19416574622547768, 95656761971753031, 38129318889309710, 906306679132868, 95169533629451962,
109206766937244242]}

Extraction warnings: ["normalized unsupported entity type 'condition' for 'microalbuminuria'", "normalized unsupported
entity type 'condition' for 'macroalbuminuria'", "normalized unsupported entity type 'biological_process' for 'ketogenesis'",
"normalized unsupported entity type 'biological_process' for 'fatty acid oxidation'"]

KU 9: source words 3842–4333
The study found that fasting-mimicking diet did not activate key dicarbonyl detoxification pathways or repair
DNA damage, potentially explaining the rapid return of albuminuria after the intervention. The lack of
change in methylglyoxal and hydroxyacetone suggests that metabolic shifts were more complex than simple
caloric restriction. The study highlights the clinical importance of fasting in type 2 diabetes while noting
limitations such as the isocaloric control diet and the need for longer intervention periods.

plasma methylglyoxal
Type: measurement · ID: plasma_methylglyoxal

change_status: no change

evidenced_by → lack of increase in Glo-1 activity or pGlo-1 expression in WBC

dicarbonyl detoxification
Type: other · ID: dicarbonyl_detoxification

improvement_status: no improvement

model_entity_type: biological_process

evidenced_by → lack of increase in Glo-1 activity or pGlo-1 expression in WBC

Glo-1 activity
Type: measurement · ID: glo_1_activity
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change_status: no increase

measured_in → WBC

pGlo-1 expression
Type: measurement · ID: pglo_1_expression

change_status: no increase

measured_in → WBC

hydroxyacetone
Type: measurement · ID: hydroxyacetone

change_status: no change

reflects → alternative MG detoxification pathways

measured_in → RBC

aldo-keto reductase
Type: other · ID: aldo_keto_reductase

model_entity_type: enzyme

part_of → alternative MG detoxification pathways

DNA-damage/repair
Type: other · ID: dna_damage_repair

reconstitution_status: no reconstitution

model_entity_type: biological_process

potential_explanation_for → rapid increase of ACR after termination of FMD

suPAR
Type: measurement · ID: supar

change_status: fast increase after FMD

marker_of → accelerated aging and senescence

supports_explanation_for → rapid increase of ACR after termination of FMD

Fasting-Mimicking Diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

duration_requirement: A longer treatment period may be necessary to reverse the kidney damage.

did_not_activate → defense pathways to control nephropathy

showed_different_response_in → MG-H1 reduction after three but not after six cycles

MG-H1 reduction
Type: measurement · ID: mg_h1_reduction

response_pattern: Different depending on three, but not on six, FMD cycles.

suggests → sustained redirection of metabolism during FMD

unlikely_due_to → reduced energy intake during FMD

randomized controlled design
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Type: method · ID: randomized_controlled_design

novelty: first time exploring clinical importance of fasting in type 2 diabetes patients

hypoglycemia
Type: event · ID: hypoglycemia

severity: no episodes of severe

hypotension
Type: event · ID: hypotension

severity: no episodes of severe

isocaloric diet
Type: method · ID: isocaloric_diet

group: control group

contrasts_with → caloric restriction of the FMD

showed → mild weight loss

weight loss
Type: measurement · ID: weight_loss

FMD_group_status: higher and significant compared to baseline and control group

persistent_at → refeeding (one week after FMD)

less_likely_to_affect → reduction of albuminuria

glycemia
Type: measurement · ID: glycemia

control_status: strictly controlled

comparable_between → study groups throughout the study

blood pressure
Type: measurement · ID: blood_pressure

control_status: strictly controlled

comparable_between → study groups throughout the study

albuminuria
Type: measurement · ID: albuminuria

overall_group_change: no significant change after FMD treatment

significant_reduction_in → subgroup analysis of patients with microalbuminuria

baseline_levels_predict → development of diabetic nephropathy in type 2 diabetes

Source reference: {"chunk_index": 8, "start_word": 3841, "end_word": 4333, "word_count": 492, "sha256":
"08156e3519dadfe820ed0612bab0b444df52b71928cb959c74ffbc6573a9d23b", "sentence_minhash":
[147519523736366927, 1306423125707224, 153262400589127199, 125075598868273132, 26384097017582652,
99436724310786061, 23718652799488495, 85390325476433150, 96635883400075078, 17444917348060025,
67831053780325945, 53801230756016856, 38129318889309710, 906306679132868, 95169533629451962,
285412106277652386]}

Extraction warnings: ["normalized unsupported entity type 'biological_process' for 'dicarbonyl detoxification'", "normalized
unsupported entity type 'enzyme' for 'aldo-keto reductase'", "normalized unsupported entity type 'biological_process' for
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'DNA-damage/repair'"]

KU 10: source words 4334–4701
The study acknowledges limitations including a small sample size and the absence of kidney biopsies to
assess renal cell metabolism. It concludes that fasting-mimicking diet cycles can be integrated into clinical
practice to reduce albuminuria and improve metabolic control in type 2 diabetes patients. The lack of
change in dicarbonyl detoxification and DNA-damage markers suggests that longer intervention periods may
be necessary to prevent albuminuria relapse.

small sample size
Type: other · ID: small_sample_size

impact: may play a role in study results

model_entity_type: limitation

requires_future_study_in → larger cohorts

fasting-mimicking diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

status: proof-of-concept-study

integrated_into → clinical practice

complementary_to → current guidelines

leads_to_reduction_in → ACR in type 2 diabetes patients with microalbuminuria

leads_to_improvement_in → glycemic and blood pressure control

leads_to_sustained_reduction_in → insulin resistance

condition: adjusted for weight loss

dicarbonyl detoxification and DNA-damage/repair markers
Type: measurement · ID: dicarbonyl_detoxification_and_dna_damage_repair_markers

change_status: lack of changes

explains → relapse of albuminuria after six FMD cycles

suggests_need_for → longer intervention periods

markers of incomplete lipid oxidation
Type: measurement · ID: markers_of_incomplete_lipid_oxidation

effect_status: distinct effects

observed_in → patients showing improvement of albuminuria

may_help_develop → new therapeutic strategies

kidney biopsies
Type: other · ID: kidney_biopsies

collection_status: not collected

model_entity_type: procedure

limits_exploration_of → renal cell metabolism

Source reference: {"chunk_index": 9, "start_word": 4333, "end_word": 4701, "word_count": 368, "sha256":
"0271f0dbe51e1cd1447c560755caaba3232fe41cbdfc9f6cbf72b3d916959a18", "sentence_minhash":
[147519523736366927, 1306423125707224, 263266681512727230, 37498130448765965, 60043449279178472,
99436724310786061, 134854053530791596, 47615437990415314, 266927695903760850, 67885135535576213,
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141479479946104613, 95656761971753031, 38129318889309710, 906306679132868, 320556702413602850,
285412106277652386]}

Extraction warnings: ["normalized unsupported entity type 'limitation' for 'small sample size'", "normalized unsupported
entity type 'procedure' for 'kidney biopsies'"]
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A six-month periodic fasting reduces
microalbuminuria and improves metabolic
control in patients with type 2 diabetes and
diabetic nephropathy: a randomized controlled
study
1,000-word chunks · generated

Source authors: Alba Sulaj; Stefan Kopf; Ekaterina Von Rauchhaupt; Elisabeth Kliemank; Maik Brune; Zoltan
Kender; Hannelore Bartl; Fabiola Garcia Cortizo; Katarina Klepac; Zhe Han; Varun Kumar; Valter Longo;
Aurelio Teleman; Jürgen G Okun; Jakob Morgenstern; Thomas Fleming; Julia Szendroedi; Stephan Herzig;
Peter P Nawroth

KU document title: A six-month periodic fasting reduces microalbuminuria and improves metabolic control in
patients with type 2 diabetes and diabetic nephropathy: a randomized controlled study
KU document author field: not populated

KU 1: source words 1–995
A randomized controlled study evaluated the effects of a fasting-mimicking diet on patients with type 2
diabetes and diabetic nephropathy. The intervention aimed to reduce albuminuria and assess changes in
metabolic markers like HOMA-IR and senescence indicators. Results showed significant improvements in
microalbuminuria and HOMA-IR, though these effects were not sustained at the three-month follow-up.

fasting-mimicking diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

duration: six months

cycle_structure: five-day diet intervention followed by refeeding

adherence_monitoring: dietary protocols and ketone body measurements

reduced → microalbuminuria

magnitude: -30.3 mg/g

significance: P ≤ 0.05

reduced → HOMA-IR

magnitude: -3.8

significance: P ≤ 0.05

reduced → suPAR

magnitude: -156.6 pg/ml

significance: P ≤ 0.05

did_not_change → markers of dicarbonyl detoxification

did_not_change → DNA-damage/repair markers

Mediterranean diet
Type: method · ID: mediterranean_diet

role: control group

duration: six months

compared_to → fasting-mimicking diet (FMD)

type 2 diabetes and diabetic nephropathy patients
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Type: other · ID: type_2_diabetes_and_diabetic_nephropathy_patients

sample_size: 40

baseline_HbA1c: 7.8±0.2% [62.1±2.3 mmol/mol]

inclusion_criteria: Increased albumin-to-creatinine ratio (ACR), good blood sugar control, and blood
pressure control

randomization: 21 to FMD, 19 to Mediterranean diet

model_entity_type: population

underwent → randomized controlled study

albuminuria reduction
Type: other · ID: albuminuria_reduction

primary_endpoint: difference of change in ACR from baseline to six months

microalbuminuria_change: -30.3 mg/g

macroalbuminuria_change: 434.0 mg/g

overall_change_difference: 110.3 mg/g

model_entity_type: outcome

sustained_at_follow_up → false

reason: lack of changes in markers of dicarbonyl detoxification and DNA-damage/repair

HOMA-IR reduction
Type: other · ID: homa_ir_reduction

magnitude: -3.8

significance: P ≤ 0.05

model_entity_type: outcome

sustained_at_follow_up → true

magnitude: -1.9

significance: P ≤ 0.05

suPAR
Type: measurement · ID: supar

description: marker of senescence

change_magnitude: -156.6 pg/ml

significance: P ≤ 0.05

affected_by → fasting-mimicking diet (FMD)

dicarbonyl detoxification markers
Type: measurement · ID: dicarbonyl_detoxification_markers

components: MG-H1, glyoxalase-1, hydroxyacetone

change: no change observed

associated_with → relapse of albuminuria at follow-up

DNA-damage/repair markers
Type: measurement · ID: dna_damage_repair_markers

components: (yH2Ax)

change: no change observed

associated_with → relapse of albuminuria at follow-up
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acylcarnitines
Type: measurement · ID: acylcarnitines

description: markers of lipid oxidation

finding: change in profile related to patient responsiveness to ACR improvement

correlated_with → ACR improvement

University Hospital of Heidelberg
Type: organization · ID: university_hospital_of_heidelberg

location: Germany

ethics_approval: Ethic-Nr. S-682/2016

registration: DRKS-ID: DRKS00014287

conducted → randomized controlled study

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 995, "word_count": 995, "sha256":
"774d4d1f3bd8c4b93cef6c482e941d8ff21d509d4580a2017016ad70414abe37", "sentence_minhash":
[6510041791773535, 7605519510423274, 12309405932600981, 61919449716151556, 31941388625203915,
62667647458868521, 23718652799488495, 83575544965282909, 130591936822558120, 2607707833378508,
6226213327830117, 95656761971753031, 21933493368060407, 906306679132868, 73860429008392155,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'population' for 'type 2 diabetes and diabetic nephropathy
patients'", "normalized unsupported entity type 'outcome' for 'albuminuria reduction'", "normalized unsupported entity
type 'outcome' for 'HOMA-IR reduction'"]

KU 2: source words 996–1975
The study utilized a stratified randomization procedure to assign patients to either a fasting-mimicking diet
or a Mediterranean diet intervention. Participants followed the prescribed diets for five days each month,
with specific caloric and macronutrient targets for the fasting-mimicking diet. The primary endpoint was the
absolute difference in change of ACR from baseline to after six diet cycles between the two groups.

stratified computed randomization procedure
Type: method · ID: stratified_computed_randomization_procedure

software_version: 2.0.3

institution: Institute for Medical Informatics, Statistics and Documentation, Medical University of
Graz

stratification_factors: BMI (cut-off 30.0 kg/m²) and HbA1c (cut-off 7.0%)

assigned_participants_to → intervention or control group

fasting-mimicking diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

type: plant-based

day_1_energy: 4600 kJ

day_1_macronutrients: 11% protein, 46% fat, 43% carbohydrates

days_2_to_5_energy: 3000 kJ

days_2_to_5_macronutrients: 9% protein, 44% fat, 47% carbohydrate

mimics_effects_on → glucose and ketone bodies

requires_discontinuation_of → short-acting insulin

requires_reduction_of → long-acting insulin by 50%

requires_discontinuation_of → oral antidiabetic therapy
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Mediterranean Diet (M-Diet)
Type: method · ID: mediterranean_diet_m_diet

caloric_change: no change compared to baseline

adaptation_standard: Mediterranean Diet Score (MDS)

assigned_to → control group

primary endpoint
Type: measurement · ID: primary_endpoint

definition: absolute difference of change of ACR from baseline to after six diet cycles between FMD and
M-Diet group

includes_subgroup_analysis_for → micro-versus macroalbuminuria levels at baseline

secondary endpoints
Type: measurement · ID: secondary_endpoints

time_points: after three diet cycles and after six diet cycles

markers: HOMA-IR, plasma MG-H1, plasma MG, Glo-1 activity, expression of pGlo-1 in WBC, hydroxyacetone
in RBC, plasma AC profile, yH2Ax expression in WBC, suPAR

uses_hierarchical_test_procedure_to_account_for → multiple testing

sample size calculation
Type: method · ID: sample_size_calculation

software: PASS 16.0.12

required_n: 34

estimated_dropout_rate: 15%

final_n: 40

significance_level: alpha=5%

power: at least 80%

standard_deviation_assumption: 30% for both groups

based_on_clinically_relevant_reduction_of → albuminuria by at least 30%

statistical analysis
Type: method · ID: statistical_analysis

population: intention-to-treat

missing_value_handling: not imputed

analysis_type: available-case analysis

comparison_method: ANCOVA was adjusted to account for age, gender, weight loss, and the initial value.

software: R (version 3.6.1 2019-07-05)

visualization_tools: R core packages, tiduverse, pheatmap, GraphPad Prism version 5.00

patient characteristics
Type: event · ID: patient_characteristics

study_period: March 2018 to May 2020

total_randomized: 41

fmd_group_n: 21

m_diet_group_n: 20
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discontinued_immediately: 1

reason_for_discontinuation: erysipelas

completed_three_cycles: 38

completed_study: 33

seen_at_follow_up: 31

follow_up_time: 112±31 days

main_reason_for_withdrawal: Covid-19 pandemic restrictions

baseline_measures_comparable_between → study groups

Source reference: {"chunk_index": 1, "start_word": 995, "end_word": 1975, "word_count": 980, "sha256":
"fb3400d72cb091e8e4496d43483baa8fbffcf160f6a9c4938c617dfebaae5dc8", "sentence_minhash":
[78394354238995921, 18551641988871988, 13745959893517690, 61919449716151556, 31941388625203915,
62667647458868521, 22742697865333914, 40361113771795953, 64333332902950267, 9462436175016187,
10770288728711951, 95656761971753031, 38129318889309710, 906306679132868, 29116561381011342,
3126852891561233]}

KU 3: source words 1976–2958
The study compared a fasting-mimicking diet (FMD) to a Mediterranean diet (M-Diet) in patients with type 2
diabetes and diabetic nephropathy, finding significant reductions in microalbuminuria, HOMA-IR, and suPAR
levels. Weight loss was greater in the FMD group, but body composition remained unchanged between
groups when adjusted for weight. Most metabolic improvements, including ACR reduction and MG-H1
changes, reversed at follow-up, while HOMA-IR reduction was sustained.

fasting-mimicking diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

tolerance: well tolerated

adverse_effects: 71-95% reported no adverse effects

common_symptoms: weakness, muscle pain, dizziness, headache

severe_adverse_effects: none reported

reduced_acr_in_microalbuminuria_patients → 54% reduction after six cycles

p_value: <=0.05

reduced_acr_in_macroalbuminuria_patients → 434.0 mg/g difference after six cycles

p_value: 0.23

reduced_urea_levels → 11.8 mg/dl after three cycles; 17.9 mg/dl after six cycles

p_value: <=0.01 for three cycles; <=0.05 for six cycles

preserved_egfr_more_than_m_diet → 8.3 ml/min/1.73m² difference after six cycles

p_value: <=0.05

reduced_supar_levels → 214.8 pg/ml after three cycles; 156.6 pg/ml after six cycles

p_value: <=0.05 for both

reduced_hba1c_levels → 17% reduction after six cycles

p_value: <=0.05

reduced_homa_ir_in_non_insulin_treated → 60% reduction after six cycles

p_value: <=0.05

caused_weight_loss → 5.6 kg after three cycles; 7.2 kg after six cycles

p_value: <=0.001

reduced_mg_h1_levels → 62% reduction after three cycles

Mediterranean diet (M-Diet)
Type: method · ID: mediterranean_diet_m_diet

caused_weight_loss → 0.7 kg after three cycles; 1.1 kg after six cycles
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p_value: <=0.001

ACR (Albumin-to-Creatinine Ratio)
Type: measurement · ID: acr_albumin_to_creatinine_ratio

baseline_fmd_responders: 85.7 mg/g

baseline_fmd_non_responders: 271 mg/g

baseline_m_diet_responders: 55.5 mg/g

baseline_m_diet_non_responders: 563.0 mg/g

difference_in_change_after_six_cycles_all_patients → 110.3 mg/g

p_value: 0.45

difference_in_change_after_three_cycles_all_patients → -62.5 mg/g

p_value: 0.45

reversed_at_follow_up → baseline values

HOMA-IR
Type: measurement · ID: homa_ir

sustained_reduction_at_follow_up → -1.9

p_value: <=0.05

HbA1c
Type: measurement · ID: hba1c

no_change_after_three_cycles → FMD group

reversed_at_follow_up → baseline values

FPG (Fasting Plasma Glucose)
Type: measurement · ID: fpg_fasting_plasma_glucose

no_change_after_six_cycles → between study groups

LDL, HDL, Triglycerides
Type: measurement · ID: ldl_hdl_triglycerides

no_change_throughout_study → FMD group compared to M-Diet and baseline

Body Composition
Type: measurement · ID: body_composition

fat_mass: no change

fat_free_mass: no change

no_change_between_groups → when adjusted for weight loss

MG-H1
Type: measurement · ID: mg_h1

no_association_with_acr_change → in both M-Diet and FMD groups

reversed_at_follow_up → baseline values

AC Profile (Acetylcarnitine)
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Type: measurement · ID: ac_profile_acetylcarnitine

C2_level_change: increased after three cycles in responders

distinct_response_in_responders → compared to non-responders

reversed_at_follow_up → baseline values

Study Participants
Type: person · ID: study_participants

gender_distribution: 74% male in M-Diet, 71% male in FMD

medication_change: most increased antihyperglycemic medication except three FMD participants

no_difference_in_endpoints_by_gender → female and male participants

Source reference: {"chunk_index": 2, "start_word": 1975, "end_word": 2958, "word_count": 983, "sha256":
"87b01caf118dbbec19a066af33c8354f121c997f8ce6ad6d776f9261a7323b00", "sentence_minhash":
[6919897742352966, 60625189416255572, 40863640610520970, 10004148275772588, 31941388625203915,
39127440086368283, 89633613770379075, 85390325476433150, 34383880606747972, 2607707833378508,
104535835787444099, 95656761971753031, 38129318889309710, 906306679132868, 95169533629451962,
109206766937244242]}

KU 4: source words 2959–3938
The study found that fasting-mimicking diet (FMD) cycles significantly reduced antihyperglycemic and
antihypertensive medications compared to the Mediterranean diet (M-Diet). Blood ketones increased
three-fold in the FMD group, while high MDS scores in the M-Diet group indicated good compliance. The
intervention improved microalbuminuria and HOMA-IR, but these effects were largely transient and reversed
after refeeding.

fasting-mimicking diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

safety: safe and well tolerated

effect_on_medication: reduced antihyperglycemic and antihypertensive medications

effect_on_ketones: increased 3-fold after three and six cycles

effect_on_albuminuria: reduced ACR in patients with microalbuminuria, no effect in macroalbuminuria

effect_on_homa_ir: sustained improvement

effect_on_mg_h1: transient reduction

effect_on_supar: transient reduction

effect_on_dna_damage_repair: no change

effect_on_dicarbonyl_detoxification: no change

effect_on_glycine: increased in responders

effect_on_acetylcarnitine: increased in responders

effect_on_glo_1: no change in activity or expression

compared_to → Mediterranean diet (M-Diet)

induced_by → prolonged fasting periods

Mediterranean diet (M-Diet)
Type: method · ID: mediterranean_diet_m_diet

compliance_indicator: high MDS score (6.1)

effect_on_medication: increased antihyperglycemic and antihypertensive medications in some
participants

effect_on_ketones: not reported as increased

effect_on_albuminuria: no reduction in ACR
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compared_to → fasting-mimicking diet (FMD)

hypoglycemic episodes
Type: measurement · ID: hypoglycemic_episodes

grade_1_fmd: 10%

grade_1_m_diet: 11%

grade_2_fmd: 5%

grade_2_m_diet: 11%

difference_between_groups: did not differ

occurred_during → diet intervention

antihyperglycemic medication
Type: measurement · ID: antihyperglycemic_medication

fmd_reduction_3_cycles: 57%

m_diet_reduction_3_cycles: 32%

m_diet_increase_3_cycles: 5%

fmd_reduction_6_cycles: 67%

m_diet_increase_6_cycles: 21%

reduced_by → fasting-mimicking diet (FMD)

antihypertensive medication
Type: measurement · ID: antihypertensive_medication

fmd_reduction_3_cycles: 10%

m_diet_reduction_3_cycles: 5%

m_diet_increase_3_cycles: 5%

fmd_reduction_6_cycles: 10%

m_diet_increase_6_cycles: 10%

reduced_by → fasting-mimicking diet (FMD)

blood ketones
Type: measurement · ID: blood_ketones

fmd_increase_3_cycles: 3-fold (0.50 mmol)

fmd_increase_6_cycles: 3-fold (0.50 mmol)

p_value: P≤0.001

increased_in → fasting-mimicking diet (FMD) group

MDS score
Type: measurement · ID: mds_score

m_diet_3_cycles: 6.1

m_diet_6_cycles: 6.1

interpretation: sign of good compliance

reported_in → Mediterranean diet (M-Diet) group

microalbuminuria
Type: concept · ID: microalbuminuria
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pathogenesis: pathogenic events targeting vasculature, glomerulus, and tubular cells

fmd_effect: reduced ACR levels

fmd_effect_macroalbuminuria: no change in ACR levels

comparison: comparable to reduction in SGLT-2 inhibitors

refeeding_effect: rapid increase at refeeding points

reduced_by → fasting-mimicking diet (FMD)

HOMA-IR
Type: measurement · ID: homa_ir

fmd_effect: sustained improvement

adjustment: even if weight loss is taken into account

improved_by → fasting-mimicking diet (FMD)

acetylcarnitine
Type: measurement · ID: acetylcarnitine

fmd_effect: increased in responders

cause: Strong activation of lipolysis during a prolonged fasting period

uncertainty: unclear if marker of compliance or substrate for renal metabolism

discriminates → responders and non-responders with respect to ACR improvement

glycine
Type: measurement · ID: glycine

fmd_effect: increased in responders

protective_effect: protective effects on renal tubular injury

mechanism: might enhance Glo-1 function and restore antioxidant defense

discriminates → responders and non-responders with respect to ACR improvement

suPAR
Type: measurement · ID: supar

fmd_effect: transient reduction

definition: Indicator of accelerated aging and senescence

post_fmd_increase: fast increase after FMD

reduced_by → fasting-mimicking diet (FMD)

SGLT-2 inhibitors
Type: method · ID: sglt_2_inhibitors

effect_on_albuminuria: reduction in microalbuminuria

mechanism: induction of mild ketogenesis shifting energy metabolism to ketolysis

compared_to → fasting-mimicking diet (FMD)

Source reference: {"chunk_index": 3, "start_word": 2958, "end_word": 3938, "word_count": 980, "sha256":
"b12b4a0b1ffe140fe04f24bcf1429f31e74241bb588853abea05b6c6fe51e3de", "sentence_minhash":
[14279474218976588, 18551641988871988, 12309405932600981, 61919449716151556, 31941388625203915,
99436724310786061, 23718652799488495, 83575544965282909, 96635883400075078, 316267458192039586,
19416574622547768, 53801230756016856, 38129318889309710, 906306679132868, 95169533629451962,
109206766937244242]}
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KU 5: source words 3939–4701
The study concludes that fasting-mimicking diet cycles can be integrated into clinical practice to reduce
albuminuria and insulin resistance in type 2 diabetes patients with microalbuminuria. It notes that the lack of
activation in specific nephropathy defense pathways and absence of changes in dicarbonyl detoxification
markers may explain the relapse of albuminuria after six cycles. The study shows that a significant weight
loss was achieved, but the reduction in albuminuria was likely independent of the weight loss, as it continued
even after re-feeding.

fasting-mimicking diet (FMD)
Type: method · ID: fasting_mimicking_diet_fmd

clinical_integration: complementary to current guidelines

effect_on_insulin_resistance: sustained reduction even when adjusted for weight loss

effect_on_albuminuria: reduction in patients with microalbuminuria

effect_on_metabolism: sustained redirection of metabolism

requires_longer_period_for → nephropathy reversal

shows_different_response_in → MG-H1 reduction after three vs six cycles

nephropathy defense pathways
Type: concept · ID: nephropathy_defense_pathways

activation_status: not activated or newly combined in this study

control → nephropathy

MG-H1 reduction
Type: measurement · ID: mg_h1_reduction

response_pattern: Different depending on three, but not on six, FMD cycles.

suggests_not_due_to → reduced energy intake during FMD

study limitations
Type: concept · ID: study_limitations

control_group_diet: isocaloric

fmd_group_diet: caloric restriction

sample_size: small

renal_cell_metabolism_exploration: limited due to lack of kidney biopsies

adjusted_for → weight loss

albuminuria reduction
Type: measurement · ID: albuminuria_reduction

significance: significant in subgroup analysis of patients with microalbuminuria

independence_from_weight_loss: likely independent as weight loss persists at refeeding while
albuminuria increases

predictor_of → development of diabetic nephropathy

dicarbonyl detoxification markers
Type: measurement · ID: dicarbonyl_detoxification_markers

change_status: no significant change

may_explain → relapse of albuminuria after six FMD cycles
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DNA-damage/repair markers
Type: measurement · ID: dna_damage_repair_markers

change_status: no significant change

may_explain → relapse of albuminuria after six FMD cycles

incomplete lipid oxidation markers
Type: measurement · ID: incomplete_lipid_oxidation_markers

effect_on_albuminuria: distinct effects in patients showing improvement

may_help_develop → new therapeutic strategies

Source reference: {"chunk_index": 4, "start_word": 3938, "end_word": 4701, "word_count": 763, "sha256":
"b66eb15556527f1d76e96d9703cb14bd56b4aa61742a03013ebd4efa05d7ef23", "sentence_minhash":
[147519523736366927, 1306423125707224, 153262400589127199, 37498130448765965, 26384097017582652,
99436724310786061, 23718652799488495, 47615437990415314, 96635883400075078, 17444917348060025,
67831053780325945, 95656761971753031, 38129318889309710, 906306679132868, 196881419005778658,
285412106277652386]}
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Intact finger representation within primary
sensorimotor cortex of Musician's Dystonia
500-word chunks · generated

Source authors: Anna Sadnicka; T Wiestler; K Butler; E Altenmüller; M J Edwards; N Ejaz; J Diedrichsen

KU document title: Intact finger representation within primary sensorimotor cortex of Musician's Dystonia
KU document author field: not populated

KU 1: source words 1–492
The study investigated whether Musician's Dystonia involves maladaptive neural changes to finger
representations in the primary sensorimotor cortex. Using fMRI on musicians with and without the condition,
the researchers found that digit representations remain intact and similar between groups. These findings
suggest that the disorder arises from higher-order skill encoding disruptions rather than distorted
somatotopy.

Musician's Dystonia
Type: other · ID: musician_s_dystonia

symptom: Persistent decline in motor skills during the musical performance

prevalence_in_professional_musicians: 1-2%

impact: end of performance careers

model_entity_type: medical_condition

presents_with → normal use of fingers for writing or typing

presents_with → inability to fluently coordinate fingers during musical performance

hypothesized_cause → maladaptive neural changes to somatotopic organisation of finger representations

study_finding → neural representation of generic finger maps is intact

study_finding → dissimilarity architecture is equivalent for musicians with and without dystonia

study_finding → no expansion or spatial shift of digit representation maps in symptomatic group

suggested_cause → higher order disruption of skill encoding

primary somatosensory and motor cortex
Type: other · ID: primary_somatosensory_and_motor_cortex

function: somatotopic organisation of finger representations

model_entity_type: brain_region

site_of_investigation → finger-specific activity patterns

site_of_finding → intact neural representation of generic finger maps

functional MRI
Type: other · ID: functional_mri

use_case: Characterization of the activity patterns observed during passive stretching and active
finger presses.

model_entity_type: imaging_method

used_on → nine musicians with dystonia and nine healthy musicians

purpose-built keyboard device
Type: other · ID: purpose_built_keyboard_device

function: allows for the functional MRI characterization of activity patterns
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model_entity_type: experimental_apparatus

elicits → passive extension and active finger presses of individual fingers

traditional spatial analysis
Type: other · ID: traditional_spatial_analysis

performance: poorly captured digit representations in musicians

model_entity_type: analytical_method

compared_to → optimised spatial metric

compared_to → representational similarity analysis

optimised spatial metric
Type: other · ID: optimised_spatial_metric

finding: The physical representation is clear, but there are no differences in the spatial geometry
between the fingers.

model_entity_type: analytical_method

compared_to → traditional spatial analysis

representational similarity analysis
Type: other · ID: representational_similarity_analysis

reliability: highly reliable

consistency: more consistent than all previously studied spatial metrics

model_entity_type: analytical_method

confirmed → dissimilarity architecture is equivalent for musicians with and without dystonia

animal model of task-specific dystonia
Type: other · ID: animal_model_of_task_specific_dystonia

subject: monkeys

training: Rapid, repetitive, highly stereotypical grasping movements

outcome: painful forearm syndrome and significant motor performance deterioration

model_entity_type: experimental_model

finding → 10-20 fold increase in size of sensory receptive fields of neurons

finding → breakdown of normally segregated areas

finding → overlapping representation of dorsal and palmar aspects of hand

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 492, "word_count": 492, "sha256":
"33f7d94ae9c72352231c583cbe2d8530acf36ff319f7a4250f385647d1d3f2b5", "sentence_minhash":
[84989070151237717, 1306423125707224, 140583634530242717, 66655718784952673, 92046595192529395,
62667647458868521, 23718652799488495, 67257714571907172, 227817566560828482, 107048872566759164,
13716948551998784, 71802293086670344, 49568730582519212, 47412694742625906, 21633903934502347,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'medical_condition' for \"Musician's Dystonia\"", "normalized
unsupported entity type 'brain_region' for 'primary somatosensory and motor cortex'", "normalized unsupported entity
type 'imaging_method' for 'functional MRI'", "normalized unsupported entity type 'experimental_apparatus' for
'purpose-built keyboard device'", "normalized unsupported entity type 'analytical_method' for 'traditional spatial
analysis'", "normalized unsupported entity type 'analytical_method' for 'optimised spatial metric'", "normalized
unsupported entity type 'analytical_method' for 'representational similarity analysis'", "normalized unsupported entity
type 'experimental_model' for 'animal model of task-specific dystonia'"]

KU 2: source words 493–943
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The text discusses the hypothesis that task-specific dystonia is caused by distorted somatotopy in the
primary somatosensory cortex, while noting that such a model fails to explain task-specificity. It contrasts
traditional views of discrete cortical mapping with modern fMRI findings showing overlapping, variable, yet
structurally similar representations. The authors propose that these representations arise from everyday
action statistics rather than a fixed spatial layout.

task-specific dystonia
Type: other · ID: task_specific_dystonia

pathophysiology_hypothesis: Distorted somatotopic representation of the hand in the S1 area

clinical_limitation: cannot explain task-specificity

model_entity_type: condition

manifests_as → varied deficits within affected tasks

associated_with → complex and abstract movement features

primary somatosensory cortex (S1)
Type: other · ID: primary_somatosensory_cortex_s1

role: lowest level of sensory information encoding

model_entity_type: brain_region

contains → finger representations

hypothesized_distortion_in → task-specific dystonia

traditional spatial analysis
Type: method · ID: traditional_spatial_analysis

focus: A structured presentation of the body parts

concept: iconic homunculus

contrasted_with → functional MRI studies in healthy individuals

functional MRI (fMRI)
Type: method · ID: functional_mri_fmri

finding: There is a significant overlap in the cortical areas that are activated by different parts of
the body.

pattern: Complex layouts with multiple peak activity periods in the M1 and S1 areas.

shows_variability_in → healthy individuals

representational similarity analysis
Type: method · ID: representational_similarity_analysis

finding: A high degree of overlap or similarity remains even when the spatial arrangements are
different.

invariant_organization: thumb has most unique representation, most distinct from ring finger

explains_via → statistics of finger movements in everyday activities

higher order control regions
Type: other · ID: higher_order_control_regions

examples: premotor and parietal cortices

function: encode complex and abstract features of movement

model_entity_type: brain_region
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encodes → task-specific deficits

neocortex
Type: other · ID: neocortex

mapping_process: Depicting everyday actions on a surface

model_entity_type: brain_region

hosts → sensorimotor cortex representations

Source reference: {"chunk_index": 1, "start_word": 492, "end_word": 943, "word_count": 451, "sha256":
"35f2bc59aa1f058533ee60fb19937069244e19a8aba5c4d7f06e7a1c46d8bba7", "sentence_minhash":
[181534865310160414, 7605519510423274, 114472042057979973, 66655718784952673, 5043051019624353,
284760414751052966, 99359698575653691, 96292850158067112, 149650309763788182, 7649729463600173,
78280491562202942, 36192083373329381, 66824309535235066, 118151843130073762, 161357415568664162,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'condition' for 'task-specific dystonia'", "normalized
unsupported entity type 'brain_region' for 'primary somatosensory cortex (S1)'", "normalized unsupported entity type
'brain_region' for 'higher order control regions'", "normalized unsupported entity type 'brain_region' for 'neocortex'"]

KU 3: source words 944–1426
The study utilized a robotic device to compare fMRI activity patterns during passive and active finger
movements in musicians with and without Musician's Dystonia. Researchers found that representation
similarity analysis (RSA) was more reliable than traditional spatial metrics for assessing finger
representations. The results suggest that basic finger representations in the primary somatosensory and
motor cortex remain intact, pointing toward higher-order neural alterations as the cause of the disorder.

robotic device
Type: method · ID: robotic_device

function: fMRI characterisation of activity patterns

mechanism: pneumatic pistons within keys

elicits → passive condition

elicits → active condition

passive condition
Type: method · ID: passive_condition

action: individual fingers passively lifted

performed_by → robotic device

active condition
Type: method · ID: active_condition

action: individual fingers pressed down on piano-like keys

performed_by → robotic device

patient group
Type: person · ID: patient_group

count: 11

gender_distribution: 10 male

mean_age: 49.9

age_standard_deviation: 7.85
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recruitment_sources: National Hospital for Neurology and Neurosurgery, London Hand Therapy

diagnosis_confirmed_by: Two neurologists (MJE and AS)

symptomatic_fingers_definition: reported by patients and objective motor control deficit

symptom_location: right-hand whist playing

bimanual_symptoms_count: 2

impairment_scale: Tubiana and Chamagne scale

condition → Musician's Dystonia

control group
Type: person · ID: control_group

count: 9

gender_distribution: all male

mean_age: 41.0

age_standard_deviation: 14.54

exclusion_criteria: No prior history of musculoskeletal or functional limitations in the upper
extremities.

matched_for_age_with → patient group

t_statistic: 1.75

p_value: 0.097

test_type: unpaired t-test

representation similarity analysis (RSA)
Type: method · ID: representation_similarity_analysis_rsa

purpose: Assess the similarity between the activity patterns for different fingers.

reliability_S1: >0.8

reliability_comparison: more consistent than all previously studied spatial metrics

uses_metric → cross-validated Mahalanobis distance

cross-validated Mahalanobis distance
Type: measurement · ID: cross_validated_mahalanobis_distance

purpose: compute dissimilarity between each finger pair

used_by → representation similarity analysis (RSA)

Source reference: {"chunk_index": 2, "start_word": 943, "end_word": 1426, "word_count": 483, "sha256":
"ed633e015bb8769f1d72b380af253236e4f87f8ee918f42ac3c066ba951c4448", "sentence_minhash":
[103524869278618013, 1306423125707224, 110182565901905120, 66655718784952673, 100766811369295027,
62667647458868521, 99359698575653691, 67257714571907172, 113198931733945138, 71236713388541700,
120833680685463289, 62546183844771624, 8649321992247620, 131714332375868301, 73860429008392155,
198340007471895508]}

KU 4: source words 1427–1882
The study compared fMRI-measured BOLD responses in musicians with and without Musician's Dystonia
during passive and active finger movements. Data were collected from nine patients and nine controls using
a custom pneumatic device to lift fingertips. The passive condition was prioritized for analysis to eliminate
motor behavioral confounds.

Musician's Dystonia study
Type: event · ID: musician_s_dystonia_study
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total_participants_analyzed: 18

patient_count: 9

control_count: 9

scanner_type: Siemens 3T TRIO MRI

coil_type: 32-channel head coil

excluded_participants → 2 patients

reason: anxiety/claustrophobia

measured_response → blood-oxygen-level dependent (BOLD) responses

fMRI compatible device
Type: method · ID: fmri_compatible_device

key_count: 5

key_style: piano-style

mechanism: pneumatic piston

platform_type: grooved circular

used_in → passive condition

used_in → active condition

passive condition
Type: method · ID: passive_condition

extension_distance: ~15mm

lift_count: 6

lift_duration: 1 sec

total_trial_length: 10.5s

visual_cue: red star

analysis_priority: high (no motor behavioral confounds)

performed_by → right hand fingers

compared_with → active condition

active condition
Type: method · ID: active_condition

visual_cue: green star

go_cue: green letter 'p'

press_force_requirement: 2.3N

press_repetition_count: 6

total_trial_length: approximately 10.68s

inter_press_interval: 1.5s

performed_by → left and right hands

showed_no_difference_in → patient and control groups

rest condition
Type: method · ID: rest_condition

visual_cue: white star

cue_duration: 1.36s

instruction: relax fingers in both hands
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fixation star
Type: other · ID: fixation_star

location: center of screen

color_change_duration: 1.36s

indicates_condition → rest, active, or passive

Source reference: {"chunk_index": 3, "start_word": 1426, "end_word": 1882, "word_count": 456, "sha256":
"c9dd243c0af1e3a76ad4320d6497215dfb36c66497fcf24b3e095b7a570412b5", "sentence_minhash":
[238135178774097567, 18551641988871988, 116314400368988978, 66655718784952673, 34249088398280546,
224593560600374663, 7726835522131242, 259895811711960829, 74462327042166113, 35062189116939919,
128047967744972732, 77272953743708039, 63656278488967776, 906306679132868, 84258266176112060,
117472307714712089]}

KU 5: source words 1883–2377
The study employed a pseudo-randomized trial design with active, passive, and rest conditions, using fMRI
data with specific spatial and temporal parameters. Data analysis involved slice timing correction,
realignment, and co-registration, followed by a generalized linear model to derive t-values for condition-rest
contrasts. Anatomical surfaces were reconstructed and registered to a common template, with specific
regions of interest defined in the primary motor and somatosensory cortices.

trial design
Type: method · ID: trial_design

order: pseudo-random

active_conditions: 10 combinations of 2 hands and 5 fingers

passive_conditions: 5 conditions for right hand fingers

rest_conditions: 3-5 conditions of 14.9s, 25.5s, or 36.1s

tested_twice_per_run → all possible combinations

functional MRI acquisition
Type: measurement · ID: functional_mri_acquisition

images_per_run: 126

inplane_resolution: 2.3mm x 2.3mm

sequence: 2D echo-planar

repetition_time: 2.72s

slices: 32 interleave

slice_thickness: 2.15mm

slice_gap: 0.15mm

matrix_size: 96x96

discarded_images: first three

correction_method: field maps for inhomogeneities

T1-weighted anatomical scan
Type: measurement · ID: t1_weighted_anatomical_scan

sequence: 3D gradient echo

resolution: 1 mm isotropic

field_of_view: 240 x 256 x 176mm

imaging analysis
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Type: method · ID: imaging_analysis

software: SPM tools

corrections: slice timing, head motion realignment, co-registration to T1

statistical_model: generalized linear model

regressor_structure: separate for each trial condition/finger/run

activation_modeling: boxcar function (8.7s) convolved with standard hemodynamic response

contrast_metric: t-value (condition > rest)

surface reconstruction
Type: method · ID: surface_reconstruction

software: Freesurfer

inflation_method: inflated to a sphere

registration_template: fsaverage

minimization_criteria: sulcal-depth map and local curvature

primary motor cortex (M1) hand area
Type: other · ID: primary_motor_cortex_m1_hand_area

definition: Brodmann area 4, 1.5cm above and below hand-knob

selection_method: probabilistic cyto-architectonic maps

model_entity_type: region_of_interest

primary somatosensory cortex (S1) hand area
Type: other · ID: primary_somatosensory_cortex_s1_hand_area

definition: Brodmann area 3a and 3b, 1.5cm above and below hand-knob

selection_method: probabilistic cyto-architectonic maps

model_entity_type: region_of_interest

exclusion criteria
Type: method · ID: exclusion_criteria

excluded_areas: Brodmann area 1 and 2

reason_for_exclusion: overlapping and less clearly organized finger representations

sulcal_contamination_threshold: voxels with >25% volume on opposite side of central sulcus

Source reference: {"chunk_index": 4, "start_word": 1882, "end_word": 2377, "word_count": 495, "sha256":
"5bf1696ccd13c4701675d85c43f3db771995ad01b6e249917c427a7b9277570d", "sentence_minhash":
[78394354238995921, 24905490170095690, 69729176314767099, 61919449716151556, 73459400946278211,
6742049205051262, 46992937528651961, 96292850158067112, 74462327042166113, 59300684974747015,
78280491562202942, 165121444977496021, 63656278488967776, 47412694742625906, 28143888679166800,
2988186798456605]}

Extraction warnings: ["normalized unsupported entity type 'region_of_interest' for 'primary motor cortex (M1) hand area'",
"normalized unsupported entity type 'region_of_interest' for 'primary somatosensory cortex (S1) hand area'"]

KU 6: source words 2378–2837
The study investigated whether Musician's Dystonia alters the spatial layout of finger representations in the
primary somatosensory and motor cortices. Researchers compared three methods for defining finger
representation centers: maximal activity location, center of gravity (COG), and a weighted softmax COG.
Group differences were assessed using MANOVA and Student's t-tests on Euclidean distances between finger
pairs.
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Musician's Dystonia study
Type: event · ID: musician_s_dystonia_study

focus: spatial layout of finger representations

target_regions: S1 (BA3a, BA3b) and M1 (BA4)

condition: Passive finger movements with the right hand

motivated_by → previous studies reporting reduced spatial distances in dystonia

uses_method → maximal activity location

uses_method → center of gravity (COG)

uses_method → weighted softmax COG

uses_statistical_test → MANOVA

uses_statistical_test → Student's t-test

maximal activity location
Type: method · ID: maximal_activity_location

definition: location of maximal activity for each finger within predefined ROI

part_of → Musician's Dystonia study

center of gravity (COG)
Type: method · ID: center_of_gravity_cog

definition: Average x and y coordinates of the surface points, weighted according to the t-values.

weighting_rule: t-value for positive activations, 0 for negative activations

part_of → Musician's Dystonia study

weighted softmax COG
Type: method · ID: weighted_softmax_cog

definition: Using a weighted Softmax function for the t-values

softmax_parameter_k: varied over 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2

k_limit_0: COG of entire ROI

k_limit_infinity: location of maximal activation

part_of → Musician's Dystonia study

MANOVA
Type: method · ID: manova

dependent_measures: x and y coordinates for each finger

purpose: test for systematic differences between spatial locations of any pair of fingers

applied_to → each group

Student's t-test
Type: method · ID: student_s_t_test

type: independent samples

purpose: compare average Euclidean distance between groups

applied_to → Euclidean distance between 10 possible pairs of digits

Euclidean distance
Type: measurement · ID: euclidean_distance
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calculation: distance between 10 possible pairs of digits

compared_by → Student's t-test

Source reference: {"chunk_index": 5, "start_word": 2377, "end_word": 2837, "word_count": 460, "sha256":
"0d1afaeec93ae32ceb294cf54e8ae8941e3d5a37d4c4d6bd635368e3508ee678", "sentence_minhash":
[84989070151237717, 18551641988871988, 140583634530242717, 64513941377847126, 117184690827267154,
120624748091028973, 99359698575653691, 125414594280765941, 96635883400075078, 9462436175016187,
19416574622547768, 49775578613387123, 21933493368060407, 58558631451210278, 205103167876338220,
575522937917065544]}

KU 7: source words 2838–3319
The study employed representational similarity analysis (RSA) using cross-validated Mahalanobis distance to
assess finger representation similarity independent of spatial layout. A surface-based searchlight analysis
was conducted to map digit information across the cortex, comparing groups using t-tests and Gaussian
Field map correction. The primary objective was to determine if Musician's Dystonia causes measurable
alterations in finger representations within the sensorimotor cortices.

representational similarity analysis (RSA)
Type: method · ID: representational_similarity_analysis_rsa

purpose: assesses similarity between activity patterns while ignoring spatial arrangement

input: beta-weights from generalized linear model

uses → cross-validated Mahalanobis distance

applied_to → 10 pairwise combinations of fingers

visualized_via → classical multi-dimensional scaling

cross-validated Mahalanobis distance
Type: measurement · ID: cross_validated_mahalanobis_distance

purpose: unbiased estimate of dissimilarity between activation patterns

procedure: estimated from residual of first-level model, regularized by shrinking off-diagonal
elements

ensures → expected value of distance is zero if patterns are not different

surface-based searchlight analysis
Type: method · ID: surface_based_searchlight_analysis

purpose: detect overall differences in location or spatial extent of digit representation

searchlight_size: circle containing 60 voxels between pial and white-matter surface

computes → average cross-validated Mahalanobis distance across 10 finger pairs

maps_to → node in center of searchlight

compared_using → t-test for independent samples

corrected_by → Gaussian Field map correction

Musician's Dystonia study
Type: event · ID: musician_s_dystonia_study

objective: determine if finger representations in sensorimotor cortices are altered

modality: high-resolution fMRI

measurement: evoked-BOLD responses in S1 and M1

includes → passive stimulation

includes → active finger presses
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repeated measures ANOVA
Type: method · ID: repeated_measures_anova

purpose: assess differences in relative spatial layout

input → 10 distances

interaction_tested_by → F-test

Source reference: {"chunk_index": 6, "start_word": 2837, "end_word": 3319, "word_count": 482, "sha256":
"1fee82fcf8bbd413cdd7c2e37228261c00ff01ddb8d97c86d9dcf4ebcd82250a", "sentence_minhash":
[255494821542092551, 1306423125707224, 41776060060441492, 34103808509324220, 50154285776315358,
224573928210932895, 99359698575653691, 152326886699586849, 14843078887968375, 107048872566759164,
19416574622547768, 49775578613387123, 21933493368060407, 132529644835130180, 162504846606578453,
2988186798456605]}

KU 8: source words 3320–3797
The study analyzed finger representation activity patterns, finding substantial overlap and individual
variability in both healthy musicians and patients. Spatial metrics like maximal activation and center of
gravity showed poor reliability, whereas a softmax-weighted center of gravity with k=0.8 was selected as
the best spatial metric. Representational similarity analysis using cross-validated Mahalanobis distances
yielded significantly higher reliability than spatial measures, revealing typical finger dissimilarity structures.

finger representation activity patterns
Type: measurement · ID: finger_representation_activity_patterns

distribution: substantial overlap between fingers

location: pre- and post-central gyrus

variability: substantial across individuals

observed_in → healthy musicians

observed_in → patients

maximal activation location
Type: method · ID: maximal_activation_location

description: location of maximal activation

reliability: mediocre within-subject reliability

split_half_correlation_S1: 0.4

split_half_correlation_M1: 0.3

used_to_characterize → digit representations in S1 and M1

center of gravity (COG)
Type: method · ID: center_of_gravity_cog

description: center of gravity of activated vertices weighted by activation size

reliability: mediocre within-subject reliability

split_half_correlation_S1: 0.4

split_half_correlation_M1: 0.3

used_to_characterize → digit representations in S1 and M1

softmax approach
Type: method · ID: softmax_approach

parameter_k_range: 0 to infinity

k_0_effect: weights each positively activated vertex equally
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k_infinity_effect: uses only the most highly activated vertex

optimal_k_value: 0.8

reliability: best performance among spatial methods

used_to_characterize → digit representations in S1 and M1

selected_for → subsequent spatial analyses

Euclidean distances
Type: measurement · ID: euclidean_distances

count: 10

basis: five COG estimates for different fingers

purpose: quantify spatial geometry of finger representations in the hand-knob

derived_from → COG method

multivariate pattern analysis
Type: method · ID: multivariate_pattern_analysis

purpose: quantify finger representations to overcome spatial metric limitations

used_in → second analysis

cross-validated Mahalanobis distances
Type: measurement · ID: cross_validated_mahalanobis_distances

reliability: above 0.8

comparison: significantly higher than spatial measures in S1 and M1

estimated_between → evoked-activity patterns during passive stimulation of right hand fingers

used_in → representational similarity analysis

finger dissimilarity structure
Type: other · ID: finger_dissimilarity_structure

largest_dissimilarity: thumb and ring fingers

smallest_dissimilarity: middle and ring fingers

model_entity_type: finding

illustrated_by → vector plots

illustrated_by → multidimensional scaling plots

Source reference: {"chunk_index": 7, "start_word": 3319, "end_word": 3797, "word_count": 478, "sha256":
"d9a3e5b278ea554b0de652347819313850c3195f9851718132002b5938b30bca", "sentence_minhash":
[78394354238995921, 1306423125707224, 115461717461310760, 64513941377847126, 50154285776315358,
143618200413190815, 46992937528651961, 125414594280765941, 64333332902950267, 76931577636070685,
83948604433947092, 62546183844771624, 21933493368060407, 81814836679824133, 169401128176801393,
29303900541918447]}

Extraction warnings: ["normalized unsupported entity type 'finding' for 'finger dissimilarity structure'"]

KU 9: source words 3798–4274
The study found no significant differences in finger representation patterns or spatial organization between
musicians with and without Musician's Dystonia using RSA or searchlight analysis. These findings contradict
previous reports that attributed the disturbance to a distorted somatotopic map in the primary sensorimotor
cortex. The authors suggest that the disturbance is instead encoded in a hierarchical network of skills. They
point out that animal experiments involving the complete use of the hand may not accurately reflect the
fragmented finger movements involved in musical performance.
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Musician's Dystonia study
Type: event · ID: musician_s_dystonia_study

finding: no significant difference in finger representation patterns between groups

methodology: RSA and surface-based searchlight analysis

conclusion: Contradicts reports about unusual representations of fingers in the primary sensorimotor
cortex.

challenges_hypothesis → somatotopic disruption model

proposes_alternative → hierarchical skill network encoding

RSA dissimilarities
Type: measurement · ID: rsa_dissimilarities

result: no significant difference in average dissimilarity between groups

used_to_assess → finger-specific activity patterns

surface-based searchlight map
Type: method · ID: surface_based_searchlight_map

location: lateral hemisphere

result: There were no significant clusters of increases or decreases in distances within the patient
group.

visualizes → hand area of M1 and S1

primary somatosensory and motor cortex
Type: place · ID: primary_somatosensory_and_motor_cortex

status: hand area clearly visible in both groups

contains → digit representation

hierarchical skill network
Type: concept · ID: hierarchical_skill_network

role: proposed site of dystonia encoding

implies → rehabilitation strategy design

primate model of task-specific dystonia
Type: method · ID: primate_model_of_task_specific_dystonia

limitation: monkeys that have been trained to perform repeated movements using their entire hand

contrast: different from fractionated finger movements in musical performance

provided_evidence_for → somatotopic disruption

somatotopic disruption model
Type: concept · ID: somatotopic_disruption_model

claim: Abnormal representations of fingers in the primary sensorimotor cortex lead to a loss of finger
control.

contradicted_by → Musician's Dystonia study

Source reference: {"chunk_index": 8, "start_word": 3797, "end_word": 4274, "word_count": 477, "sha256":
"46668f87f6ce722ec368436aad7be7b1badf2e576f340090a7e70f58e9216d96", "sentence_minhash":
[10893342914538609, 1306423125707224, 140583634530242717, 66655718784952673, 5648917133444430,
99436724310786061, 23718652799488495, 180608800321290621, 90642800655838184, 17444917348060025,
19416574622547768, 11317338413054220, 8649321992247620, 47412694742625906, 98254322503569589,
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69242845566341429]}

KU 10: source words 4275–4752
The study concludes that spatial metrics like center-of-gravity and maximal activation are unreliable for
defining finger maps, whereas representational similarity analysis reveals robust, intact digit representations
in the primary sensorimotor cortex of musicians with dystonia. The authors argue that the disorder's
task-specificity arises from disruptions in higher-order skill networks, such as premotor and parietal areas,
rather than primary somatotopy. They suggest that over-trained skills may create unique neural
vulnerabilities, necessitating future research into these higher-order regions.

spatial centre-of-gravity and location-of-maximal-activation metrics
Type: measurement · ID: spatial_centre_of_gravity_and_location_of_maximal_activation_metrics

reliability: low

applicability: failed to reveal invariant organization of finger maps

used_to_assess → finger maps

unreliable_for → detecting systematic deviations in task-specific dystonia

representational similarity analysis
Type: method · ID: representational_similarity_analysis

robustness: very resilient, both within and between individuals

uncovers → finger representations

passive finger lift condition
Type: other · ID: passive_finger_lift_condition

focus: Proprioceptive information related to finger movements

model_entity_type: experimental_condition

elicits_activity_in → S1 and M1

active finger press condition
Type: other · ID: active_finger_press_condition

focus: Muscle activation patterns that occur during finger presses near the isometric point.

model_entity_type: experimental_condition

elicits_activity_in → S1 and M1

S1 and M1
Type: other · ID: s1_and_m1

description: primary somatosensory and motor cortices

model_entity_type: brain_region

show_similar_activity_patterns_in → passive and active finger conditions

contain_intact → neural architecture of basic digit representation

higher-order areas
Type: other · ID: higher_order_areas

examples: premotor and parietal cortices

model_entity_type: brain_region
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site_of_disruption → representations in task-specific dystonia

encode → movement sequences as chunks or longer sequences

over-trained skills
Type: concept · ID: over_trained_skills

features: extended planning horizons/sequences, narrow capacity to generalize

associated_with → shared neural vulnerabilities at a group level

task-specific dystonia
Type: other · ID: task_specific_dystonia

phenomenology: task-specificity

model_entity_type: condition

explained_by → features of higher order task-specific networks

neural_correlates_located_away_from → generic digit maps in primary sensorimotor cortex

Source reference: {"chunk_index": 9, "start_word": 4274, "end_word": 4752, "word_count": 478, "sha256":
"07c85191206aaa5ced9c5c9ad2e1d25b504e47634cc22e2f1add62165ec82044", "sentence_minhash":
[238135178774097567, 1306423125707224, 114472042057979973, 53442166147602330, 60043449279178472,
99436724310786061, 99359698575653691, 85939067702942344, 226229641291464106, 42586453371797899,
28738078860773612, 78971741699059804, 8649321992247620, 132529644835130180, 320683728421291519,
75920472621232901]}

Extraction warnings: ["normalized unsupported entity type 'experimental_condition' for 'passive finger lift condition'",
"normalized unsupported entity type 'experimental_condition' for 'active finger press condition'", "normalized unsupported
entity type 'brain_region' for 'S1 and M1'", "normalized unsupported entity type 'brain_region' for 'higher-order areas'",
"normalized unsupported entity type 'condition' for 'task-specific dystonia'"]

KU 11: source words 4753–5247
The text argues that task-specific dystonia involves a broad network including premotor and parietal regions,
rather than just primary somatosensory areas. It proposes that hierarchical chunking of movements explains
task-specificity and suggests that intact primary finger representations support sensorimotor retraining over
sensory super-training. The authors acknowledge limitations regarding sample size and the null-result nature
of the findings.

task-specific dystonia
Type: other · ID: task_specific_dystonia

neural_involvement: broad network

cortical_areas: premotor and parietal cortex

comparison_to_other_dystonias: Greater involvement of the sensorimotor cortical areas

model_entity_type: condition

associated_with → premotor and parietal cortex

potential_mechanism → hierarchical chunking of movements

hierarchical movement representation
Type: concept · ID: hierarchical_movement_representation

components: sequences and chunks

activation_order: chunks activate elementary movement components

explains → task-specificity

example_piano_task → grouped 4-2-3

example_typing_task → grouped 3-3-3
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fMRI study in normal controls
Type: other · ID: fmri_study_in_normal_controls

findings: single fingers in M1 and S1; complex chunks and sequences in premotor and parietal cortex

model_entity_type: study

shows_representation_of → single fingers

shows_representation_of → complex chunks and sequences

sensory super-training
Type: other · ID: sensory_super_training

example: learning braille

theoretical_basis: distorted somatotopy hypothesis

clinical_status: not widely used, not reliably effective

model_entity_type: therapy

aims_to_improve → sensory discrimination

expected_outcome → remapping and normalization of dystonic digit maps

sensorimotor retraining
Type: other · ID: sensorimotor_retraining

type: task-specific sensorimotor intervention

example: differential learning

model_entity_type: therapy

encouraged_by → intact primary finger representations

study limitations
Type: concept · ID: study_limitations

primary_issue: null-result

potential_causes: insufficient sample size, fMRI insensitivity to basic finger representation
alterations

hinders → Bayesian analysis or equivalence testing

robust neuronal population activity assessment
Type: method · ID: robust_neuronal_population_activity_assessment

reliability: high

finding: basic structure of finger representations is normal in dystonia patients

contrasts_with → unreliable previous methodologies

clinical manifestation hypothesis
Type: concept · ID: clinical_manifestation_hypothesis

reasoning: abnormal skill network may only activate when dystonia is clinically manifest

explains → potential lack of neural differences in current task

Source reference: {"chunk_index": 10, "start_word": 4752, "end_word": 5247, "word_count": 495, "sha256":
"ab18f60fb34d5b983d9857983c516f19d4f521ded3a825d4de5581596b6eda72", "sentence_minhash":
[138742571471211904, 1306423125707224, 126934127144801416, 53442166147602330, 92046595192529395,
43416815952622393, 99359698575653691, 43263063838171275, 73319139196083834, 43671598575492101,
78280491562202942, 11317338413054220, 8649321992247620, 47412694742625906, 39604032099602259,
169349085265771733]}
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Extraction warnings: ["normalized unsupported entity type 'condition' for 'task-specific dystonia'", "normalized
unsupported entity type 'study' for 'fMRI study in normal controls'", "normalized unsupported entity type 'therapy' for
'sensory super-training'", "normalized unsupported entity type 'therapy' for 'sensorimotor retraining'"]

KU 12: source words 5248–5364
The authors argue that previous studies reporting altered finger representations did not use tasks that
actually induced dystonia, validating the limitations of the distorted somatotopy model. The study found no
evidence of abnormal finger representations in the primary sensorimotor cortex using fMRI and multivariate
pattern analysis. These findings support alternative models for studying diseases, which aim to develop new
therapeutic approaches.

distorted somatotopy model
Type: concept · ID: distorted_somatotopy_model

status: identified shortfalls

validity: significant and valid

critiqued_by → current study

current study
Type: event · ID: current_study

methodology: fMRI and multivariate pattern analysis

finding: No indications of unusual finger shapes.

location: primary sensorimotor cortex

supports → alternative disease models

critiques → distorted somatotopy model

previous studies
Type: other · ID: previous_studies

reported_finding: altered somatic finger representations

limitation: did not use a task that generated dystonia

cited_in → current study

alternative disease models
Type: concept · ID: alternative_disease_models

goal: advancement of novel therapeutic interventions

supported_by → current study

primary sensorimotor cortex
Type: place · ID: primary_sensorimotor_cortex

finding_location: no abnormal finger representations

analyzed_in → current study

Source reference: {"chunk_index": 11, "start_word": 5247, "end_word": 5364, "word_count": 117, "sha256":
"a9cb76762eefec976a323b6540ce30462bb7ad1ba420de2c4e98c7460e8f53f1", "sentence_minhash":
[181534865310160414, 1306423125707224, 434926524258369661, 66655718784952673, 43714454960919411,
375058714850574244, 149017575652778032, 295906451915772505, 266927695903760850, 107048872566759164,
78280491562202942, 78971741699059804, 157018458019500101, 707044337599109521, 320556702413602850,
4555549854558376]}
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Intact finger representation within primary
sensorimotor cortex of Musician's Dystonia
1,000-word chunks · generated

Source authors: Anna Sadnicka; T Wiestler; K Butler; E Altenmüller; M J Edwards; N Ejaz; J Diedrichsen

KU document title: Intact finger representation within primary sensorimotor cortex of Musician's Dystonia
KU document author field: not populated

KU 1: source words 1–995
The study investigated whether Musician's Dystonia is caused by distorted finger representations in the
primary somatosensory cortex using fMRI and multivariate analysis. Results showed that finger
representations remain intact and similar to healthy controls, suggesting the disorder arises from
higher-order skill encoding disruptions. The research challenges the hypothesis that task-specific dystonia is
rooted in primary somatotopic reorganization.

Musician's Dystonia
Type: other · ID: musician_s_dystonia

symptom: Persistent decline in motor skills during the musical performance

prevalence_in_professional_musicians: 1-2%

impact: end of performance careers, devastating impact on individual and culture

model_entity_type: condition

characterized_by → selective motor impairment during specific skill performance

hypothesized_cause → maladaptive neural changes to somatotopic organisation of finger representations
in primary somatosensory cortex

alternative_cause → higher order disruption of skill encoding

primary somatosensory cortex
Type: other · ID: primary_somatosensory_cortex

abbreviation: S1

model_entity_type: brain_region

contains → finger representations

studied_in → Musician's Dystonia

primary motor cortex
Type: other · ID: primary_motor_cortex

abbreviation: M1

model_entity_type: brain_region

contains → finger representations

studied_in → Musician's Dystonia

functional MRI
Type: method · ID: functional_mri

abbreviation: fMRI

used_to_characterise → activity patterns elicited during passive extension and active finger presses



Project Alexandria · KU back-translation · 20 papers · 10 October 2026 105

representational similarity analysis
Type: method · ID: representational_similarity_analysis

reliability: highly reliable

consistency: more consistent than all previously studied spatial metrics

revealed → invariant organisation of finger representations

found_equivalent_dissimilarity_architecture_for → musicians with and without dystonia

spatial analysis
Type: method · ID: spatial_analysis

performance: poorly captured digit representations in musicians

found_clear_somatotopy_with_optimised_metric → no difference in spatial geometry between fingers

robotic keyboard device
Type: other · ID: robotic_keyboard_device

function: allowed fMRI characterisation of activity patterns elicited during passive extension and
active finger presses

model_entity_type: tool

used_in → study of Musician's Dystonia

task-specific dystonia
Type: other · ID: task_specific_dystonia

definition: isolated dystonia presenting with selective motor impairment during performance of a
specific skill

model_entity_type: condition

example_of → Musician's Dystonia

animal_model_shows → 10-20 fold increase in size of sensory receptive fields of neurons

animal_model_shows → breakdown of normally segregated areas

homunculus
Type: concept · ID: homunculus

description: Iconic representation of body parts mapped onto different areas of the brain.

contrasted_with → fMRI studies showing substantial overlap between cortical areas activated by
different body parts

higher order control regions
Type: other · ID: higher_order_control_regions

examples: premotor and parietal cortices

model_entity_type: brain_region

encode → complex and more abstract features of movement

Source reference: {"chunk_index": 0, "start_word": 0, "end_word": 995, "word_count": 995, "sha256":
"59d858f78d17cc9c96aba0098f52506529d221696ddd1b5768fd6dfcd228ba8b", "sentence_minhash":
[84989070151237717, 1306423125707224, 114472042057979973, 66655718784952673, 5043051019624353,
62667647458868521, 23718652799488495, 67257714571907172, 149650309763788182, 7649729463600173,
13716948551998784, 36192083373329381, 49568730582519212, 47412694742625906, 21633903934502347,
658790404649858]}

Extraction warnings: ["normalized unsupported entity type 'condition' for \"Musician's Dystonia\"", "normalized
unsupported entity type 'brain_region' for 'primary somatosensory cortex'", "normalized unsupported entity type
'brain_region' for 'primary motor cortex'", "normalized unsupported entity type 'tool' for 'robotic keyboard device'",
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"normalized unsupported entity type 'condition' for 'task-specific dystonia'", "normalized unsupported entity type
'brain_region' for 'higher order control regions'"]

KU 2: source words 996–1990
The study compared spatial and pattern-similarity metrics to assess finger representations in Musician's
Dystonia, finding that representation similarity analysis (RSA) was more reliable than spatial metrics. A
group of 11 patients with task-specific dystonia was compared to 9 healthy controls, with data from 9
patients and 9 controls included in the final analysis. The fMRI experiment utilized a custom pneumatic
device to measure BOLD responses during passive finger extension, revealing no significant difference in
dissimilarity architecture between groups.

Musician's Dystonia
Type: other · ID: musician_s_dystonia

symptom_location: right-hand whist playing

bimanual_symptoms: 2 patients

model_entity_type: condition

diagnosed_by → Two neurologists (MJE and AS)

measured_by → Tubiana and Chamagne scale

Patient Group
Type: other · ID: patient_group

count: 11

gender: 10 male

mean_age: 49.9

age_sd: 7.85

recruitment_sites: National Hospital for Neurology and Neurosurgery, London Hand Therapy

inclusion_criteria: postgraduate musical training, soloist or ensemble player, musicianship as primary
income

model_entity_type: group

analyzed_count → 9

compared_to → Control Group

Control Group
Type: other · ID: control_group

count: 9

gender: all male

mean_age: 41.0

age_sd: 14.54

exclusion_criteria: No prior history of musculoskeletal or functional limitations in the upper
extremities.

model_entity_type: group

analyzed_count → 9

matched_for → age

Representation Similarity Analysis (RSA)
Type: method · ID: representation_similarity_analysis_rsa

reliability_s1: >0.8
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comparison: more consistent than spatial metrics

assesses → similarity between activity patterns for different fingers

result_s1 → Dissimilarity architecture equivalent for patient and controls

fMRI Experiment
Type: method · ID: fmri_experiment

scanner: Siemens 3T TRIO MRI

coil: 32-channel head coil

resolution: 2.3mm x 2.3mm

sequence: 2D echo-planar sequence

tr: 2.72s

slices: 32 interleave slices

slice_thickness: 2.15mm

gap: 0.15mm

matrix_size: 96x96

measures → BOLD responses

conditions → passive and active movement

reports_only → passive movement condition

Passive Movement Condition
Type: other · ID: passive_movement_condition

device: fMRI compatible device with five piano-style keys

mechanism: pneumatic piston

extension_distance: ~15mm

trial_length: 10.5s

repetition: 6 times

fixation: star in center of screen

cue_color: red

cue_duration: 1.36s

model_entity_type: experimental_condition

excludes → motor behavioural confounds

result → No difference between patients and controls

Active Movement Condition
Type: other · ID: active_movement_condition

task: individuated finger presses

force_required: 2.3N

trial_length: 10.68s

cue_color: green

cue_duration: 1.36s

model_entity_type: experimental_condition

result → No difference between patients and controls

Spatial Metrics
Type: measurement · ID: spatial_metrics

reliability: less consistent than RSA
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compared_to → Representation Similarity Analysis (RSA)

Source reference: {"chunk_index": 1, "start_word": 995, "end_word": 1990, "word_count": 995, "sha256":
"c44b6c9d1dacdc07cbbd32272027c049a45a928cfaefad727b8bb21c69bc8288", "sentence_minhash":
[103524869278618013, 1306423125707224, 110182565901905120, 61919449716151556, 34249088398280546,
6742049205051262, 7726835522131242, 67257714571907172, 74462327042166113, 35062189116939919,
120833680685463289, 62546183844771624, 8649321992247620, 906306679132868, 73860429008392155,
117472307714712089]}

Extraction warnings: ["normalized unsupported entity type 'condition' for \"Musician's Dystonia\"", "normalized
unsupported entity type 'group' for 'Patient Group'", "normalized unsupported entity type 'group' for 'Control Group'",
"normalized unsupported entity type 'experimental_condition' for 'Passive Movement Condition'", "normalized
unsupported entity type 'experimental_condition' for 'Active Movement Condition'"]

KU 3: source words 1991–2971
The study details the fMRI preprocessing pipeline, including T1-weighted anatomical scan acquisition and
surface reconstruction using Freesurfer. It defines specific regions of interest in the primary motor and
somatosensory cortices, excluding voxels near the central sulcus. The analysis employs spatial metrics,
including maximal activity and center of gravity with varying weights, alongside representational similarity
analysis using Mahalanobis distance.

T1-weighted anatomical scan
Type: measurement · ID: t1_weighted_anatomical_scan

sequence: 3D gradient echo

resolution: 1 mm isotropic

field_of_view: 240 x 256 x 176 mm

used_for → surface reconstruction

SPM tools
Type: method · ID: spm_tools

function: minimal preprocessing

processes → functional imaging data

Freesurfer
Type: method · ID: freesurfer

function: surface reconstruction

reconstructs → pial and white-grey matter surfaces

fsaverage
Type: concept · ID: fsaverage

type: common template

used_for → surface registration

hand area of primary motor cortex (M1)
Type: place · ID: hand_area_of_primary_motor_cortex_m1

Brodmann_area: 4

spatial_extent: 1.5 cm above and below hand-knob

defined_by → probabilistic cyto-architectonic maps
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hand area of primary somatosensory cortex (S1)
Type: place · ID: hand_area_of_primary_somatosensory_cortex_s1

Brodmann_area: 3a and 3b

spatial_extent: 1.5 cm above and below hand-knob

defined_by → probabilistic cyto-architectonic maps

central sulcus exclusion
Type: method · ID: central_sulcus_exclusion

threshold: 25% volume on opposite side

prevents → signal contamination

maximal activity location
Type: measurement · ID: maximal_activity_location

definition: location of maximal activity for each finger

used_in → spatial analysis

center of gravity (COG)
Type: measurement · ID: center_of_gravity_cog

definition: Average x and y coordinates of the surface points, weighted according to the t-values.

used_in → spatial analysis

weighted softmax function
Type: method · ID: weighted_softmax_function

parameter_k_values: [0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2]

used_for → COG weighting

MANOVA
Type: method · ID: manova

dependent_measures: x and y coordinates for each finger

tests → systematic differences in spatial locations

Euclidian distance
Type: measurement · ID: euclidian_distance

pairs: 10 possible pairs of digits

compared_by → Student t-test

representational similarity analysis (RSA)
Type: method · ID: representational_similarity_analysis_rsa

metric: cross-validated Mahalanobis distance

assesses → similarity between activity patterns

ignores → spatial arrangement

Source reference: {"chunk_index": 2, "start_word": 1990, "end_word": 2971, "word_count": 981, "sha256":
"0c93b7f42ecdc9b21d47b57b6a45a82822d7effe674dbb00955f39fe5bcee06c", "sentence_minhash":
[78394354238995921, 18551641988871988, 41776060060441492, 34103808509324220, 50154285776315358,
120624748091028973, 46992937528651961, 96292850158067112, 64333332902950267, 9462436175016187,
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19416574622547768, 49775578613387123, 21933493368060407, 47412694742625906, 28143888679166800,
2988186798456605]}

KU 4: source words 2972–3971
The study utilized cross-validated Mahalanobis distances and surface-based searchlight analysis to evaluate
finger representations in the primary sensorimotor cortex. Spatial metrics, including center of gravity and
softmax-weighted activation, showed low reliability, whereas representational similarity analysis (RSA)
demonstrated high reliability. No significant differences in finger representation location, extent, or pattern
arrangement were found between musicians with dystonia and healthy controls.

cross-validated Mahalanobis distance
Type: measurement · ID: cross_validated_mahalanobis_distance

purpose: unbiased estimate of squared distance between patterns

procedure: estimated from data of current run or all other runs

used_to_calculate → dissimilarity between finger patterns

surface-based searchlight analysis
Type: method · ID: surface_based_searchlight_analysis

searchlight_size: 60 voxels

searchlight_location: between pial and white-matter surface

statistical_threshold: t15 = 3.2860, p < 0.005

correction_method: Gaussian Field map correction

detects → overall differences in location or spatial extent of digit representation

maps → cortical regions containing digit information

softmax approach
Type: method · ID: softmax_approach

parameter: k

k_values: k=0 (equal weight), k=infinity (most active vertex only)

optimal_k: 0.8

used_for → characterizing spatial layout of finger representations

outperformed → maximal activation location and center of gravity

split-half reliability
Type: measurement · ID: split_half_reliability

COG_S1_correlation: 0.4

COG_M1_correlation: 0.3

RSA_correlation: >0.8

evaluated → spatial metrics and RSA measures

multidimensional scaling
Type: method · ID: multidimensional_scaling

dimensionality: two-dimensional

visualizes → relative arrangement of digits
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Musician's Dystonia
Type: other · ID: musician_s_dystonia

finding: no significant difference in finger representation location, extent, or pattern arrangement

model_entity_type: condition

compared_to → healthy control musicians

healthy control musicians
Type: other · ID: healthy_control_musicians

finding: The fingerprints on S1 and M1 are clearly visible.

model_entity_type: group

compared_to → Musician's Dystonia

Source reference: {"chunk_index": 3, "start_word": 2971, "end_word": 3971, "word_count": 1000, "sha256":
"2d19f1c5401d112992d9adb9d0a9990ecaaf48e2e0154a8710ce1bf25924e04b", "sentence_minhash":
[10893342914538609, 1306423125707224, 115461717461310760, 64513941377847126, 5648917133444430,
99436724310786061, 23718652799488495, 125414594280765941, 14843078887968375, 76931577636070685,
19416574622547768, 49775578613387123, 8649321992247620, 81814836679824133, 162504846606578453,
29303900541918447]}

Extraction warnings: ["normalized unsupported entity type 'condition' for \"Musician's Dystonia\"", "normalized
unsupported entity type 'group' for 'healthy control musicians'"]

KU 5: source words 3972–4957
The study contradicts previous reports by finding no evidence of distorted finger representations in the
primary sensorimotor cortex of musicians with dystonia. It proposes that the disorder is encoded in
higher-order skill networks rather than primary somatotopic maps. The findings suggest that rehabilitation
should focus on these higher-order regions rather than primary motor or sensory areas.

Musician's Dystonia
Type: other · ID: musician_s_dystonia

symptom: loss of finger control

proposed_mechanism: disruption in hierarchical skill network

primary_cortex_status: intact

model_entity_type: condition

contradicts_report → abnormal finger representations in primary sensorimotor cortex

associated_with → premotor and parietal cortex

primary sensorimotor cortex
Type: other · ID: primary_sensorimotor_cortex

components: primary somatosensory (S1) and primary motor (M1) cortices

function: basic digit representation

model_entity_type: brain_region

contains_intact_representations → Musician's Dystonia

excludes_task_specific_encoding → movement sequences

hierarchical skill network
Type: concept · ID: hierarchical_skill_network

location: premotor and parietal cortices

function: encodes movement sequences as chunks or longer sequences
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proposed_site_of_disruption → Musician's Dystonia

recruits → higher order regions

spatial centre-of-gravity and location-of-maximal-activation metrics
Type: method · ID: spatial_centre_of_gravity_and_location_of_maximal_activation_metrics

reliability: low

applicability: failed to reveal invariant organisation in healthy musicians

unsuitable_for_detecting_deviations → task-specific dystonia

Representational similarity analysis (RSA)
Type: method · ID: representational_similarity_analysis_rsa

reliability: high

robustness: within and between individuals

uncovers_robust_representations → finger maps

passive finger lift condition
Type: other · ID: passive_finger_lift_condition

focus: Proprioceptive information related to finger movements

model_entity_type: experimental_condition

elicits_similar_activity_to → active finger press condition

reveals_no_changes_in → representational architecture

active finger press condition
Type: other · ID: active_finger_press_condition

focus: Muscle activation patterns that occur during finger presses near the isometric point.

model_entity_type: experimental_condition

elicits_similar_activity_to → passive finger lift condition

reveals_no_changes_in → representational architecture

over-trained skills
Type: concept · ID: over_trained_skills

features: extended planning horizons/sequences, narrow capacity to generalise

suggests_shared_neural_vulnerabilities → task-specific dystonia

chunking
Type: concept · ID: chunking

definition: grouped elements (e.g., 4-2-3)

function: activates elementary movement components

requires_different_higher_order_control → task-specific deficit

Source reference: {"chunk_index": 4, "start_word": 3971, "end_word": 4957, "word_count": 986, "sha256":
"2c1488c0ce4057762c3dd037d0a3b1bcef9e63a548bab2592ce1eb21eefe2928", "sentence_minhash":
[57808424966880475, 1306423125707224, 114472042057979973, 53442166147602330, 5648917133444430,
43416815952622393, 53559835114525303, 85939067702942344, 90642800655838184, 17444917348060025,
28738078860773612, 11317338413054220, 8649321992247620, 47412694742625906, 40708664600011167,
69242845566341429]}

Extraction warnings: ["normalized unsupported entity type 'condition' for \"Musician's Dystonia\"", "normalized
unsupported entity type 'brain_region' for 'primary sensorimotor cortex'", "normalized unsupported entity type
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'experimental_condition' for 'passive finger lift condition'", "normalized unsupported entity type 'experimental_condition'
for 'active finger press condition'"]

KU 6: source words 4958–5364
The study critiques early retraining methods based on the distorted somatotopy hypothesis, noting their lack
of clinical efficacy. It proposes that intact primary finger representations support task-specific sensorimotor
interventions like differential learning. The authors acknowledge limitations regarding sample size and fMRI
sensitivity while defending their findings against previous reports of altered somatotopy.

distorted somatotopy hypothesis
Type: concept · ID: distorted_somatotopy_hypothesis

basis: distorted finger representations in somatosensory cortex

proposed_intervention: sensory super-training (e.g., learning braille)

critiqued_by → current study findings

associated_with → early retraining methods

sensory super-training
Type: method · ID: sensory_super_training

example: learning braille

goal: improving sensory discrimination to remap dystonic digit maps

clinical_status: not widely used, not reliably effective

developed_under → distorted somatotopy hypothesis

task-specific sensorimotor interventions
Type: method · ID: task_specific_sensorimotor_interventions

examples: ["sensorimotor retraining", "differential learning"]

rationale: intact neural representation of sensory and execution information

encouraged_by → current study findings

current study findings
Type: event · ID: current_study_findings

primary_result: No indications of unusual finger representations in the primary sensorimotor cortex.

methodology: fMRI and multivariate pattern analysis

limitation: A result of zero could be caused by an insufficient sample size or a low sensitivity of the
fMRI measurement.

methodological_defense: previous techniques for showing alterations were found unreliable

supports → alternative disease models

contradicts → previous reports of altered somatic finger representations

previous reports of altered somatic finger representations
Type: event · ID: previous_reports_of_altered_somatic_finger_representations

critique: did not use tasks that generated dystonia

challenged_by → current study findings

Source reference: {"chunk_index": 5, "start_word": 4957, "end_word": 5364, "word_count": 407, "sha256":
"68dd150a182acae4618da73a227489aed5bf346c942f621db8d340c5f378eacc", "sentence_minhash":
[138742571471211904, 1306423125707224, 140583634530242717, 66655718784952673, 43714454960919411,
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224593560600374663, 99359698575653691, 43263063838171275, 73319139196083834, 43671598575492101,
78280491562202942, 11317338413054220, 8649321992247620, 388493164647943575, 39604032099602259,
4555549854558376]}


