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Key Concepts in Al Community

Context (Temporary Memory)
Context Window

Prompt

Precise and Concise Prompt
(Prompt Engineering)

Tool

Save Context

User Prompt

System Prompt

MCP (Model Context Protocol)

RAG (Retrieval Augmented Generation)



Key Concepts in Al Community

Agent API (Application Programming Interface)

Skills Headless mode



Evolution of Human-Al Collaboration
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Strengths of Human / PC / Al
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Project Folder Structure

3. Workspace Architecture

The repository default workspace layout is strictly restricted to the following directories.

Anti-proliferation rule: do not create 02_execution , @3_scripts , or any other legacy top-level folders. Do

not operate outside of the allowed directories unless the human explicitly changes the architecture.

00_main/ (Global State)
01_task_folder

task_01
task_02

Strictly contains only:

« main_dashboard.md : the global ledger; read this first every session.
¢ system_prompt.md : the master operating instructions.
e history/ : historic, timestamped versions of main_dashboard.md and prompt files.

Other optional files only if explicitly requested by the human.

task_04

01_task_folder/ (Execution Zone)

i task_OG Contains self-contained task folders such as task_11/ . Every task or subtask should contain:

> task_07 o task_X_dashboard.md
o 7 e script/
e script/output/
lucien-notebook + history/
¢ Task-local generated outputs written under script/output/ by default

AGENTS.md 9+ 02_recycle/ (Archive / Graveyard)

Contains failed, deprecated, or archived task folders moved out of the active workspace.




System Prompt
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Project Folder Structure

3. Workspace Architecture

The repository default workspace layout is strictly restricted to the following directories.

Anti-proliferation rule: do not create 02_execution , @3_scripts , or any other legacy top-level folders. Do

not operate outside of the allowed directories unless the human explicitly changes the architecture.

L 00_main/ (Global State)

Strictly contains only:

01_task_folder
task_01
task_02

« main_dashboard.md : the global ledger; read this first every session.

¢ system_prompt.md : the master operating instructions.

e history/ : historic, timestamped versions of main_dashboard.md and prompt files.
« Other optional files only if explicitly requested by the human.

ﬁ 01_task_folder/ (Execution Zone)

i task_OG Contains self-contained task folders such as task_11/ . Every task or subtask should contain:

task_04

task_07 o task_X_dashboard.md
: e script/
e script/output/

lucien-notebook * history/
¢ Task-local generated outputs written under script/output/ by default

AGENTS.md 9+ 02_recycle/ (Archive / Graveyard)

—& Contains failed, deprecated, or archived task folders moved out of the active workspace.




Main Dashboard

[9_dashboard.md 4 ¥ main_dashboard.md X system_prompt.md 9+ E. revie! jashboa
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# Main Dashboard

- Last Updated: 2026-04-02 15:00 EDT

— Workspace Status: Ready

- Active Task: task_00

- Repository Objective: Calculate shift conductivity

## Task Ledger

| Task | Objective | Status | Last Updated |

=== l== [ == [

| task_@0 | Literature research on paper focusing on building MoS2 tight-binding models | ® Finished |
2026-04-02 |

| task_@1 | Reproduce Rice-Mele 1D o(w) with physical units (analytic/sum-rule/Wilson loop, e3/h
prefactor) | ® Finished | 2026-03-31 |

| task_02 | Construct the tight-binding model of MoS2 from PhysRevB.92.205108 | @ Ongoing | 2026-03-30
23:13 EDT |

| task_@3 | Literature Review on MoS2 Shift Conductivity via Tight-Binding models | ® Finished |
2026-03-31 |

| task_@4 | Reproduce Fig. 2 of Phys. Rev. B 111, 125203 using the Task 2 MoS2 tight-binding model and
the arXiv:2409.15673 formalism | ® Finished | 2026-03-31 |

| task_@5 | Continue Fig. 2 Reproduction & Improvement Plan | ® Finished | 2026-03-31 |

| task_06 | General gauge-stable shift-conductivity engine for arbitrary tight-binding Hamiltonians | @
Ongoing | 2026-04-01 03:18 UTC |

| task_07 | Find paper with 1D 2D 3D toy model with calculated shift conductivity for future tasks
benchmark | ® Finished | 2026-04-01 02:51 UTC |

| task_08 | Shift Conductivity Benchmarks for 1D, 2D, 3D Models | @ Ongoing | 2026-04-02 15:00 EDT |

| task_@9 | Calculate MoS2 shift conductivity using the task_02 11-band model and task_@6 solver in an
isolated task workspace | @ Ongoing | 2026-04-02 14:22 EDT |

| task_10 | Extract Wannier/TB setup for bulk GaAs and monolayer GeS from PRB 97, 245143 and prepare
shift-current reproduction workflow | @ Ongoing | 2026-04-02 15:00 EDT |

## Global Log

- 2026-03-30: Initialized task-centric workspace structure and synchronized prompt files.

— 2026-03-30: Updated synchronized prompt family with repository-level objective to calculate shift
conductivity.

— 2026-03-30 22:07 EDT: Created task_01 for reproducing the Rice-Mele benchmarks from arXiv:2206.04560
and initialized the task dashboard and script workspace.

- 2026-03-31: Created task_02 to construct the tight-binding model of MoS2 from Fang et al. (PhysRevB.92.

205108) . Replicated band structure.

- 2026-03-31: Created task_03 to compile a list of literature that calculated MoS2's shift conductivity
using tight-binding models. Found papers and logged arXiv links.

- 2026-03-30 23:59 EDT: Reopened task_02 and set it as the active task for the current session per user
instruction.

- 2026-03-31 00:10 EDT: Extended task_02 with a generalized TMDC script and documented the WSe2
band-structure reproduction workflow in the task canvas.

- 2026-03-30 23:13 EDT: Generated WSe2 and refreshed MoS2 ‘v2' band figures for task_02, embedded the
WSe2 figure in the task canvas, updated the synchronized prompt rule to always place the most important
output figure in the canvas, and added the strict audit skill '.lucien/skills/check/SKILL.md" .

— 2026-03-31: Verified and completed task_01 (session 1). Shift vector benchmarks in reduced units
confirmed.

main_dashboard.md

» Repository Objective: Calculate shift conductivity

Task Ledger

Task

task_00

task_01

task_02

task_03

task_04

task_05

task_06

task_07

task_08

task_09

task_10

10 min raad

Objective
Literature research on paper focusing on building MoS2 tight-
binding models

Reproduce Rice-Mele 1D o(w) with physical units
(analytic/sum-rule/Wilson loop, e3/# prefactor)

Construct the tight-binding model of MoS2 from
PhysRevB.92.205108

Literature Review on MoS2 Shift Conductivity via Tight-
Binding models

Reproduce Fig. 2 of Phys. Rev. B 111, 125203 using the Task
2 MoS2 tight-binding model and the arXiv:2409.15673
formalism

Continue Fig. 2 Reproduction & Improvement Plan

General gauge-stable shift-conductivity engine for arbitrary
tight-binding Hamiltonians

Find paper with 1D 2D 3D toy model with calculated shift
conductivity for future tasks benchmark

Shift Conductivity Benchmarks for 1D, 2D, 3D Models
Calculate MoS2 shift conductivity using the task_02 11-band
model and task_06 solver in an isolated task workspace

Extract Wannier/TB setup for bulk GaAs and monolayer GeS
from PRB 97, 245143 and prepare shift-current reproduction
workflow
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Task Dashboard
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# Task 02: Construct Tight-Binding Model for MoS2
— skMain Outputs:sk "01_task_folder/task_02/script/output/band_structure_soc.png’, "@1_task_folder/task_02/script/output/spin_splitting_v2.png"

paobjectine
Construct the tight-binding model of MoS2 from the paper PhysRevB.92.205108 (arXiv:1506.08860). Specifically, reproduce the paper's band structure and spin
splitting due to spin-orbit coupling (SOC), and provide a side-by-side comparison.

42026~ 4% Extr ding parameters and constructed the 11-band spinless tight-binding Hamiltonian ('mos2_tb.py'). Replicated the spinless
band structure.

— %k2026-03-31:%k Extended the script to include the spin-orbit coupling terms ('mos2_tb_soc.py') based on the angular momentum operations and lambda
coefficients ($\lambda_{Mo}=0.0836%, $\lambda_S=0.0556%).

— %£2026-03-31:%k Computed the spin splitting for the highest valence band along the $\Gamma-K$ path to reproduce Figure 4(a) from the paper.

— %k2026-03-31:%* Diagnosed "kink" artefact in the original spin-splitting plot. Root cause: 50 k-points too coarse to resolve the smooth sigmoid profile. Full
audit confirmed: (a) H_SOC is exactly Hermitian; (b) no band crossings — band indices 12 and 13 are verified as the correct HOMO pair throughout the path via
$\langle S_z \rangle$ expectation values; (c) splitting at K = 145 meV vs paper 148 meV (2%); (d) L_x/L_y terms contribute <5 meV and are not the source of any
discrepancy. Rewrote the plotting script with 500 k-points (" plot_soc_splitting_v2.py'); the curve is now smooth and the sigmoid shape is confirmed to be
intrinsic physics (spin character evolves from zero at I to pure #% at K).

## Canvas

! [Reproduced Band Structurel(script/output/band_structure.png)
! [Paper Fig 3al(script/output/paper_fig3.png)

### 2. Band Structure with SOC
! [Reproduced SOC Band Structurel(script/output/band_structure_soc.png)

### 3. Spin Splitting along $\Gamma - K$ (corrected, 500 k-points)
Code output vs Paper Figure 4a (the spin splitting of the highest valence band pair)

! [Reproduced Spin Splitting — corrected v2](script/output/spin_splitting_v2.png)
! [Paper Fig 4](script/output/paper_fig4.png)

*+Audit findings (2026-03-31):xk

The original 5@-point plot showed an apparent "kink" near $k/|K| \approx 0.4$. Investigation showed this was a sampling artefact, not a band-crossing or SOC
error. Key verified facts:

— »kBand tracking#k: indices 12 and 13 are unambiguously the HOMO pair throughout the path. The gap between bands 11 and 12 is always > 200 meV; no crossing
occurs. Confirmed by $\langle S_z \rangle$: band 13 transitions from @ at $\Gamma$ to $-\tfrac{1}{2}$ at K, band 12 from @ to $+\tfrac{1}{2}s.

- sokHermiticitysek: $\|H_{SOC} - H_{SOC}*\dagger\|_\infty = 0% exactly.

- skMagnitudexx: 145 meV at K vs. paper's $\sim$148 meV (2% agreement).

— *xShapex*: The smooth sigmoid (slow start, fast middle, levelling near K) is intrinsic — it reflects the gradual development of spin character from the
time-reversal-degenerate $\Gamma$ point to the spin-split K valley. The $L_x/L_y$ terms contribute < 5 meV and are not responsible for the shape.

The 500-point corrected plot (left panel below) and the $\langle S_z \rangle$ diagnostic (right panel) are the canonical outputs for this task.

task XX dashboard.md

1. Spinless Band Structure

Code output vs Paper Figure 3a

MoS2 Tight-Binding Band Structure

-

Energy (eV)
°

Energy (eV)

3 min read

preview
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Art of Prompt: Precise & Concise
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Coding v.s. Prompting

def get_k_path():

Gamma = np.array([0.0, 0.0])
M = np.array([np.pi, np.pi/np.sqrt(3)])
K = np.array( [4*np.pi/3, 0.0])

nodes = [Gamma, M, K, Gamma]
labels = [r'$\Gammas$', r'$M$', r'$K$', r's

n_points = 100
k_path [1
k_dist [
ticks = [0]
current_dist = 0

for i in range(len(nodes)-1):
start = nodes[i]
end = nodes[i+1]
length = np.linalg.norm(end - start)

for t in np.linspace(@, 1, n_points, e

Coding
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- “Get {Bi2Se3} band structure from
arXiv: XXXXXXXXX”

“Band structure in Fig. X (x)”

- “Generate {Bi2Se3} band
structure with code”

[Generated Figure.jpg]

- “Compare your band structure
with Bi2Se3 band structure”

“Similarity 99.9%” -

LLM Workflow

generate band structure of Bi2Se3

Thought for 13s >
Bi$_2%$Se$_3$ bulk band structure (illustra... B3

Bi,Ses bulk band structure (illustrative k-p model near I')

Here is an illustrative Bi2Se3 bulk band structure generated

from a standard near-I" £ - P model:

Prompt

Precise

Vague



Further Automization

Automized Workflow Massive Test

Check the Plan

Task N
Check the Plan
(@ Task N H ( \

Approved @
— Implementation é. @ @ @ @

No User User EXRE EXHB =XREB =EXB
/ Agent1 Agent2 Agent3 Agent4
— Complete’P
Approved | Check the Result l

\ Task N+1 / Best Result

Check the Result J
Task N+1




Further Automization

1 new message since 12:35 PM

arbitrarily wea

/ Server Boosts
A Truncated
x .
a arXiv Daily Digest (APP
PR o] Research Digest — 2026-07-06 (ET)
< NG Now | have enough data. Let me compile the final scored results. | have all
abstracts from the search results. Let me do the final scoring and output.
Al Al
Based on my systematic scoring of all 36 unique papers against all 20 topics, here
—_— are the results:

Research Digest — 2026-07-02 (ET)

Agent 1: Browsing Agent 2: Grading
Score: 11| Quantum-geometric shift of
quasiequilibrium: Origin of nonreciprocal current
driven by quantum-metric dipole — Sota Kitamura,
Takahiro Anan, Takahiro Morimoto

o arXiv: 2607.02100 | cond-mat.mes-hall

e Matches: Nonreciprocal Thermal(1), BCD/QMD(3), Nonlinear Response(3), QG
x SC(1), QM Transport(3)

e Combines adiabatic perturbation theory with NEGF to derive a longitudinal
nonreciprocal current governed by the quantum-metric dipole, identifying
"shifted quasiequilibrium" as the physical origin. Directly treats DC fields in the
velocity gauge, bridging to the length gauge formulation.

User Discord



