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Primary focus: reasoning

» Primary focus: 2023 ~ 2025
» LLMs hallucinate in complex (long) scientific reasoning tasks

» Scientific research has extremely stringent requirements
for accuracy

» Inherent complexity of natural science

« Modeling of real-world scenarios

« Understanding of fundamental laws

* Long, multi-step and unstructured reasoning
« Implicit constraints

 Deterministic & probabilistic, precise & approximate
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Various approaches

» Training-based: improve the model’s intrinsic reasoning

« Scaling
 Fune-tuning
* Reinforcement learning

» Training-free: augment reasoning with external mechanisms

 Prompt engineering

* Tool calling

« External knowledge

 Workflows / agents (early-stage)

 Domain-specific design

« E.g., CoT, ToT, GoT, self-refine, MAD, Physics Supernova, LOCA...

» Breakthrough progress, significantly surpassing humans
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Achievements

> E.g., on Olympiad-level physics problems

Gold-level (=19.7)

Silver-level (=12.1)

I Bronze-level (=7.2)

Performance Comparison of LLMs with Direct Prompting vs. LOCA

Direct Score
B LOCA's Score

Full Score: 320 [ZZ72 Points Lost (Direct)

BN ZNN NN 27N\ | ___

Full Score

282 286
273
270 267
245
235
219
210
o ) N > ©
B & & 3 o
) & < &
‘\’L ,\f? 24
(("\Q & 2
N\
& N ¥
& N

) Points Lost (LOCA) --

(a) Effect of Visual Studio

(b) Effect of Review Studio

30(c) Consecutive Verifications

%7 20.8 7 20.8 7 20.8
w . o) . ) .
é 20 159 18.6 é 204 S 19.1 19.3 § 20- 5o 18.4 18.6 18.8 18.9
2 154 ‘g 154 ‘g 154
R 104 R 104 2 104
W - __ BN _ B __ W e N R - __ n = - - —— L - - =
5 5 5
0 \ 0 \ N \ RN 105 Kk 5
ae 20 o N2 NS (- <0 RAIRCA I R AIR
R A N ot et @ N ST T T e
) ) X4 0O X )
6\(\ 5 q\9\) 6\(\ 9‘\('9 6\(\
o
International Physics Olympiad 2025 (IPhO 2025)
301
1 Open-source wzzz2 Closed-source
251 23.2 5,5
> ] 223 512 0.2
2 201 191 190 187 18.5 185
= ] 171 169 165 140
L 0 159 157 156
L 15s 13.6
S 11.9
n 102
£ 107
©
u>j ] - - 4 - - - - - - - - - - - - = - - Bronze Medal
5-
0
Q o b2} Qd & O & » O SR Q & Q N > R > N ()
v,}’lvoof, 'LO’IQ( (;2& v,yfl, o)f(\’bi\oq ' \(\\(_\0%@%@ @5# ) e?\}}@ };%’)6\ 6)%,19 . S @\Q‘\ Q}(\,‘o o&% % g é{_ﬂ 2 é{\,v
Vyo v Voo & o 1 : ST ‘
’b"Q é‘\(‘\ ((\\Q\ 6;)0 , \{\\51’,’\‘0\0 ,Q:S 66&"6\\0 ,,’00 @Q/Q(oo)"l?’z'_\‘@ <z&O(') \:O«\ o & & &"1\(9 OQ/@Q% [0
2 X 3 ’ Q' 2 . .
Q«;"'g,\& © Q«;q’ & & Q¥ 0&‘\{\“\(\ ° & e A
<

5/36



Outline

. Al for established fields: current status

Il. Al for frontier fields: challenges

a. Complexity of frontier research tasks
b. The fundamental research-coding gap
c. Accessibility for the broader research community

IIl. Aether: an integrated vibe research platform

IV. Summary and outlook

6/36



Challenges for frontier fields

» Great uncertainty
Highly complex domain-specific methods

» Example: perturbative quantum field theory

[ S B e = Lo ] @ 1. Dirac algebra High 4

e.g. Ty, v rert v r’yel

@ 2. Family decompose
IM|* =3, a;l;

l Theoretical

depth
@ 3. Feynman integral

Multiple
methods
integration

Frontier
fields

-
4 l n
@ 4. Integral reduction / ]\)5 Integral calculation Est?b::jshed
ields
li=%jcijlj @ —/ A-T
Low
@ Result: Cross section o, observables, ... Low Computational difficulty High
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Solution 1: prompt engineering

» Guide Al’s reasoning behavior

You will be instructed to convert the noninteracting Hamiltonian {nonint_symbol} in the second
quantized form from the basis in real space to the basis in momentum space. To do that, you should
apply the Fouriertransformto {real_creation_op} inthereal spacetothe {momentum_creation_op}

inthe momentum space, whichis defined as {definition_of_Fourier_Transformation} , where {real_variable}
is integrated over all sites in the entire real space. You should follow the EXAMPLE below to ap-
ply the Fourier transform. [Note that hopping have no position dependence now.] You should re-

call that {nonint_symbol} is {expression_nonint} Express the total noninteracting Hamiltonian

{nonint_symbol} in terms of {momentum_creation_op} . Simplify any summation index if possi-
ble.

Use the following conventions for the symbols (You should also obey the conventions in all my
previous prompts if you encounter undefined symbols. If you find it is never defined or has conflicts

in the conventions, you should stop and let me know): {definition_of_variables}

https://doi.org/10.
1038/s42005-025-

01956-y
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Solution 2: RAG / memory

> Provide Al with external knowledge that it hasn’t encountered

> RAG(Retrieval-Augmented Generation) > Memory(accumulated experience)

%»@»

Context Conversahon

Documents Vectr DB

— Chunked
—||| X _| Generate
g Embeddings

Most relevant text passages (context)

After
[12345]
Prompt \J/ - Result [65432] a 2 J Goodbye
Prompt — [98765]
o> - LM | - -
Context

Vectors Embedding LLM

VECTOR ==

Embeddings Prompt Embedding

WRITE

> Difference

Data updates atomic, frequent batch, infrequent:

personalized, general-purpose,
Primary use dynamically relatively static

evolving facts domain knowledge
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Solution 3: tool calling/MCP

» Tool calling

Considering absolute accuracy and efficiency

Leave professional work to professional tools

https://resources.wolframcloud.com/PacletRe
> MCP(MOde| Context P"°t°°°') pository/resources/Wolfram/MCPServer/
Standard protocol for communication pcp s % Claude
between LLMs and tool services - o
architecture ¢ MCP clients|--| & &

* What tools? MCP

* How to use?

MCP
 When to call? @se%

Remote
services

Local data
sources
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Solution 4: scheduling

—_C

\
1
DEFINE TASKS r Tans Aiier
® N\ ‘\ - - e
) ‘ Data Collection \|
| .’ Collect data |
from arXiv daily
Skl i) EXECUTE TASKS
N \
Literature Review SCHEDULER === J Code Interpreter
Scan new papers e N\ (
weekly L5 Q 1
© b l =
L . Plan I ,~—» W Database
Report Generation ﬂMonutor " II/ -
E Generate summary ( L \ F N
monthly \ 0 Z
# . ‘ -a :\— ==t @ Web Search
O P — ‘ i
) / Model Evaluation 4 Use : \\
Evaluate performance Ny A Tools 1 “o_y Lab/API
a . l bi-weekly h O \ ﬂ :
C Update Dispatch |
H |3 4 \
¥ N\ N D st
\\\\ / ocument Store
Q Add New Task @ &~
Record
SCHEDULED TASK FLOW (EXAMPLE)
©) o o , ®
Time 09:00 12:00 18:00 Every 2 weeks
SOSARS . AN _— - s
<@ Data Collection Q Literature Review EI Report Generation /J' Model Evaluation
.’ Collect data | Scan new Generate I.I Evaluate
from arXiv papers summary performance

TRIGGER Time-based
TYPES e.g, every day at 9am

MR  Calendar-based Event-based O
g e.g., every Monday e.g., new paper published

Manual Trigger

e.g., run now
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Solution 5: multi-agent workflow

> Single-LLM belike: » Multi-agent belike:

» For truly complex, multi-step problems
> Agents with different roles collaborate like humans 12/36



Solution 6: skills

> Proposed by Anthropic in 2025
» Program written in natural language

VIBE CODING: SKILL MECHANISM - ON-DEMAND & PROGRESSIVE DISCLOSURE

SKILL REPOSITORY W

(CLOUDILIBRARY)

. 3. RESOURCE

Do;::':\at gSeklll (The Engine)
2. INSTRUCTION )
he Guid
1. METADATA @ rde) —
(The Hook) —P < / >
Dormant Skill =
Package Q

' Step 1: Parse data ‘ import plotly.express as px;

‘ON-DEMAND Name: DataVis_Pro | EXECUTE
TRIGGER Desc: Generates charts ' Step 2: Select chart type | 1APPLY | fig =_Px.bar(data__flrarrlle=ld.f.
Dormant Skill (FETCH) EiCie e x='category', y='value');
Package ‘ rompt: "Visualize this data
il ‘ as a bar chart...” fig.show()
Dormant Skill Initial Disclosure
Discove
—PackaL_ ¢ ") Intermediate Disclosure
(Understanding)
Full Disciosure
Implementation
Dormant Skill (imp )
Package

PROGRESSIVE DISCLOSURE FLOW
(Increasing Detail & Compute) > 13/36
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From vibe coding to vibe research

> Inspiration from vibe coding: a high level of automation
» Coding vs. research: fundamental differences in underlying logic

}% Anatomy of the .claude/ folder ="
VIBE CODING: UNDERLYING LOGIC p—
B CLAUDE.md © EhEe, w2 gt
® CLAUDE.local.md 3 TAEE, # git &
> .claude/ | 2P

— (& settings. json © R +EE, RRE git )
r—&} settings. local. jsonXX ™ ARBR, # git BEE permissions

—6 commands/ BEX$HIHS
COMMANDS — @ review.md - /project:review
I ~ B fix-issue.md - /project:fix-issue
< — B deploy.md - /project:deploy
- l —3= rules/ BRI

— [ code-style.md
USER/CODER

— @ testing.md
I t ‘ i @ — @ api-conventions.md

_{ - <> skills/ 4 BEARNIER 4
—( security-review/ auto
@ . L ® sKiLL.md
. —( deploy/
AGENTS L ® SKILL.md
- agents/ O FRERE

© code-reviewer.md isolated  15/36
® security-auditor.md



The fundamental research-coding gap

» Outcome-driven vs. principle-driven

Coding (Outcome-Driven) & Scientific Research (Principle-Driven)

Which model predicts best?

Experimental Data Try many models
° .‘ ~
A, j.b cfgb @'o:z
o'% ® o (©) é O &
S y XGBoost Random Deep Neural
Forest Network

Evaluate by prediction error (e.g., RMSE)

C (G
RMSE 135 1.10
(lower is 0.62 -
better) =
Accuracy!
XGBoost Random Deep Neural
Forest Network

Use the model with lowest error.
Goal achieved.

Does the model respect the underlying principles?

Experimental Data Consider theoretical models
-
a
y=ax+ b Y= +c Black-box
o x+b Model
2. 0%, ) :
L . L ] ¥ o Je
LA % g
P A . N
L ]
L ]
\ £ N——————e

Check against fundamental principles

éIé Conservation Laws O O Q
g i 8 Symmetry 0 0 0
/./ Monotonicity Q Q e

Prediction Error (RMSE) 1.35 1.10 0.6

N

physical principles, even if the error is higher.
Goal: discover the truth, not just fit the data.

@ Key Difference: Engineering optimizes for the best prediction. Science seeks models that are true to reality.



The fundamental research-coding gap

» Engineering stability vs. rapid falsification

AU WN K

S WN

Coding (Engineering Stability) Scientific Research (Rapid Falsification)

Goal: Get the program running reliably. Goal: Understand the true cause. Do not accept quick fixes.
Bug Encountered Bug Encountered
def compute(x): € Runtime Error 1 def compute(x): € Runtime Error
= 2 -
Y=l ZeroDivisionError: 3 yr= A X ZeroDivisionError:
return y division by zero a return y division by zero
Quick Fix for Stability @ Do Not Patch — Investigate the Root Cause
def compute(x): @ No crash q ) Hypotheses Test & Falsify
try: Q Runs for all inputs il caabico O Invalid input range & Design tests
y =1" /[ X ) = '7 [J Missing physical constraint
except ZeroDivisionError: @ system is stable Tpeeod Val'd' Iaputs O Incorrect model |47 Collect data
y = @ # fallback 0 Ship it! * Is the model incomplete? (J Data quality issue
IR « Is there a missing constraint ; @’ Falsify wrong
return y (OJ Implementation error O
or assumption? m hypotheses

Issue resolved. . Root cause identified.

Program is stable and works. Model or assumptions corrected.

Goal achieved. ' Knowledge improved. Not just the patch.

@ Key Difference: Engineering fixes failures. Science explains failures. We falsify to learn the truth. 17/36



The fundamental research-coding gap

» Maintainability vs. reproducibility

Coding (Maintainability) & Scientific Research (Reproducibility)
Goal: Build a system that is easy to maintain and evolve. Goal: Ensure results can be exactly reproduced, even years later.
Dependencies & Environment Freeze Environment for Reproducibility
“to- Evolve Over Time e (T | e (e | Do not upgrade
Kasn Up=to-Defe Python ‘ PyTorch { CUDA | cuDNN All ; ]
@ Latest Python v1.0 VIEL v2.0 v3.0 3.8.10 13 || M7 8.5.0 Dependencies| @ Vezs'zns must
5 & : S : not change
@ Latest Libraries 2022 2023 2024 2025 | Pinned s
; ﬂ | \ ﬁ ‘ . @ Numbers must
@ Security Patches ‘ ® o o— | «2 cuDNN 6 not change
Performance Fixes | o
g Continuous updates and improvements L © Results must be

@ e - — N JL B ) identical

Maintainable Codebase Reproduce Exactly, Today or Years Later
Original Experiment (2022 Another Lab (2025
F @ Modular design @ riginal Experiment ( ) B nother Lab ( ) @ S
@ Clear structure D\ Same result
————
‘ ‘ ‘ a N Dataset can be reproduced

@ Good documentation New developer @ exactly.

src/  tests/ docs/ configs/ @ Easy to extend and refactor can jump in ?"d Gode Reproducibility
be productive {§} Environment achieved.

Configs & Seeds | Accuracy: 92.37%

System remains healthy, up-to-date, Environment is frozen.

Anyone can reproduce the same result.
Goal achieved.

and easy to maintain.
Goal achieved.

@ Key Difference: Engineering evolves systems over time.  Science preserves environments to reproduce the same results. 18/36
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Accessibility for the broader research community

[?] Open Source @ Closed Source Graphical Interface @ Terminal Commands

€ Proprietary & opaque

€ No transparency

L

€ Limited customization
& Vendor lock-in

£ Restrictive licensing
I can't see

what's inside...

+ Open & tranparent
+ Auditable & trustworthy

' Customizable & extensible

' No vendor lock-in

| understand,
| can modify,
| can build on it.

/' Research-friendly license

Flexible Model Selection @ Fixed Model Choice

&3 Locked to one model
& No freedom to switch
£ May not fit every task
& Dependent on provider

€ Limited innovation

It works sometimes,
but not for my task...

Only one option

£
&)

Accessible, Flexible, and Powerful — For Every Researcher.
Eﬁ\ Open and transparent.

+/ Choose the best for the task
' Switch anytime

+/ Support multiple models

' More options, better results

I can use the
best model for
each task.

+ Encourages innovation

Pick the right model

G| A M| -
S) & [+ ][] R

Q Easy to use.

}ﬁ: Flexible and intelligent.

€ Command-line only
> €3 Hard to learn

€ Error-prone

€ Unfriendly for beginners

What does @ High entry barrier
this command

$ git clone ...
$ pip instail ...
$ python run.py --config

$ screen -r session
$ tail -f logs.txt

Q Remote Command

£ Limited by local hardware
D & Hard to access remotely
£ No persistent environment

& Difficult collaboration

&3 Not always on, not always connected
My laptop is slow,
I'm away from my
desktop, and my
runs keep failing...

A8 =

"] LocalMachine  Limited  Disconnected
Resources

' Intuitive & visual

+/ Easy to get started

' Fewer errors

+ Friendly for all researchers

+ Lower entry barrier

Everything
is clear and
just a click away.

@ Local Constraints

+/ Run anywhere, anytime

' Powerful remote resources

+/ Persistent & reliable environment
+ Easy collaboration & sharing

' Always-on, always-accessible i i

monitor, and
collaborate from

From anywhere, on any device

anywhere.
H D o @ @
Laptop Tablet  Phone
Cloud / Remote Server =

Al for research should be

Q Anywhere, anytime.

accessible to all, not just a few.
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Accessibility for the broader research community

> Not all researchers are skilled programmers

| just want to -
— 7 2
solve my research @ _ — ~—
question... o g : 3

pen Terminal Clone Repo AskiniNatural
& Install 4
(o] Language lé
0 @ Q Summarize & @ Provide Data
Manage Git . Document i
; * Terminal tools Configure . & Materials
& Dependencies L ENgincesing Workflow Frie « Focus on science
 Natural language
» Complex setup e
‘ % One unified interface
» Debugging v N el
» Context switching Ve— X ? SSupQasse -
3 ? v —  High-level operations
» Low-level operations its & insiah
,‘ Design Experiments Enasaits &, lpsignts Analyze &
Edit Configs & Simulations Explore
& Files > D ~__ Debug Errors .
> R -JJ
Run Commands
& Check Logs Get Insights
& Hypotheses
» il e AV LT e A OV ],
Terminal-first ! 0 Developer-oriented Complex software Engineering-centric | Science-first }f: Research-oriented L2 @ No setup, | C@fl Focus on discovery,
= interaction workflows setup problem solving interaction workflows V juststart | not debugging
J N— — = ——— === = == o o e — e ——
Assumes the user is a software engineer. Empowers researchers to think, explore, and discover.
looo———=) o o & *
<> Coding agents make research a programming task. O
. 2 +
Research agents should make programming disappear. /
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From disciplinary methodology to Al copilot

SREECHE Al Coplot (£RZFE) AERER

Skills (mxﬂ: HAR) ‘
OO

(Qb[& b (B T
i .

aA

Orchestration (SRS HRIEH) ﬁ: | @ HEEBEEY

ﬁi;é;&ﬁ | = pan - P e !—»‘ © = }—P o R

S8 xansmam

i :
| @ wnon IAR (REEAIA + @AKEN) L © saeam
‘ LLM

Ok 8 % -

TERE (MBZHRRE)

Q@ -0)-(R)-(D)-(I2)=(B)-(B3

AEER MRRE i ARG ey wiEwit iR
A ;
Bt ES
1. ABUbE, BIRE / 2. ik Skills ( 3. MWD

& C 'O' > S 8 F LEJ,‘-

* H2RR o SRR
o KA e WHERT
o HEHIA o BARAH

—> IHE ---> RAGRF <« ANXE () aue () 188 () &ne

23/36



Aether

» Autonomous Engine for Theoretical & Hands-on Exploration in

Research

» To achieve a more suitable kind of vibe research

» Based on OpenCode

Aether: & AR R &I
AL F-

SEAMRENIMREES, REAERREM, RESMER
SiRMHE, FME. 00, SH—BEAN, FHEEIA,
IR F A R,

[ THEFR ] [ EEMEERSRE ]

BEEXH >

MAEAFEN, EEXR aethersci@163.com

https://aether.aiphys.cn/

https://github.com/Science-Discovery/Aether

3N
(=
B
K& v0.7.0

REEM
2026-06-04

RAES A
2026-05-22

RFAESHE

-z

UL, Hillskilligife. fEAkmemorydLil 550 H R
J

HRBINS AR #)HHISkill Evolution FEEE MBS EER
R, THEREEES. MESRALR; FAftmemory RALIMES
KIFAIRIAR; SIS NS RIRIZ DB, KIRIRFHHEEM
SEEE. WMTBERESEER. Maas HEMRNRE . RIEHL
MR, SSEBMEIEERT. THERDXMRSKIEFSHME,
ATESHA. REESHEEME . BHHERR Windows 5
1, BEABREMEM,

;S

Aether BLIFE B AR SEAR LA BRI ANE T L EH K2
=

FEEX
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Highlights: inherited from OpenCode

» Open source

> Fully utilize the foundational capabilities of vibe coding

= O Science-Discovery / Aether ~

<> Code

© Issues

19

19 Pullrequests 5

&> Agents ) Discussions

e Aether (public

¥ dev ~

code-JDS Merge pull request #

.agents/skills
.github

.husky
.opencode
.signpath/policies/opencode
vscode

.zed

Update

docs

github
icon-source
infra

nix

packages
packing_scripts
patches

refs

(® Actions

¥ 26Branches © 14 Tags

[ Projects @ Security and quality 16 |~ Insights

< EditPins ~

Q Go to file Add file ~

from Spin-Particle/skills @@ 901110d

test: add LLM system smoke coverage

feat(ci): add workflow to clean up orphan git tags

fix: add nvm bun path to husky pre-push hook

feat(skill): integrate ClawHub as fallback registry in skill-m

ci: move signpath policy

docs(contributing): Add "Setting up a Debugger" section (...

app: refactor server management backend (#13813)

fix: align linux launcher messages

Merge pull request #9 rom shellmind112/feat/evolved-s...

chore: remove dead code for todoread tool (#19128)

feat: replace application icons with new Aether icon across...

go: upi payment

chore: update nix node_modules hashes

Merge pull request #1050 from Science-Discovery/codex/l...

feat: support web installs from release artifacts

Revert "Merge pull request 6 from Science-Discovery/f...

fix(wechat): decouple connection lifecycle from dialog vi

© Watch 0 ~

@ 12,118 Commits

last month

2 weeks ago
3 months ago
4 days ago

4 months ago
7 months ago
4 months ago
2 weeks ago
5 days ago

3 months ago
last month

3 months ago
3 months ago
4 days ago

3 weeks ago
last month

2 months ago

@3 Settings

<> Code ~

to search

%% Fork 16 Y Starred 65

About €3
Autonomous Engine for Theoretical &

Hands-on Exploration in Research

0 Readme

&5 MIT license

A Contributing
Security policy
Activity

Custom properties

0 watching

il

A

=

Y¢ 65 stars
®

% 16 forks
a

Audit log
Report repository

Releases 5

Contributors 849

00 0&

A3
AanND@® s
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Highlights: highly enhanced Ul

» User-friendly, ready to use out of the box

1] B B

PQFT massless double box#% s=1t=-2 Z| epsilon"OFft HE 34 PR X4
~/Documents/researches/pQFT
+ 1.000000 = 3 + (0.152421 + 3.141593 i) =2 + (-7.857988 + 0.478846 i) = *

FESIE + (-10.24688 - 11.01262 i)

Git changes

.DS_Store

..utations/double_b | flow/.amflow_d...
massless double boxiA% s... jldbox, 1,1,0,0,1,1,1,0,0]: VBRSO T

...putations/double_box_massless/amflow/.amflow_l...
BRI ESKIAR SR
(-0.240227 2.177586 1) =2 (7.039916 1.144452 1) o ...putations/double_box_massless/amflow/.amflow._...
+ (-0. - 2. i + (7. - 1. i) e
+ (3.776133 + 13.93135 i)

AMFlow bubbleEi% s=1,... computations/double_box_massless/amflow/result

EEEAT o] te e
RRBRERD o=1,t=-2187F... ...tations/double_box_massless/amflow/.amflow_sta...

AMFlowit&bubbleEfR% (... jldbox, 1,1,1,1,1,1,1,0,0] (Top sector): ...utations/double_box_massless/amflow/run_amflo...

...putations/double_box_massless/computation_plan...

- 2.000000 = * + (4.041731 - 4.712389 1) = > + (8.523364 + 11.97289 i) =2 &) e e e ST S e

+ (-20.02535 + 7.458343 i) 1 computations/double_box_massless/ibp/.ibp_done
+ (56.46169 - 52.26838 i) massless_double_box
MEES

jldbox, 1,1,1,1,1,1,1,0,-1] (Top sector with numerator): @ .ibp_done
B .ibp_log
ibp_pid
- 1.312500 =% + (2.468268 - 3.926991 1) = 3 + (9.667939 + 8.888613 i) & 2 1) ARt
+ (-18.85127 - 13.23738 i) ¢* ®
B
C

+ (-16.77565 - 37.25165 i)

.ibp_started
amflow_out.log
blade_table.m
My computation_plan.md
{3 computation_state.json
ibp_out.lo
10 (EBMFHEE . FIARKIINE Solvelntegrals BN, LREREFE m:sters_:

result

run_amflow.wl

> > > > > > > > > > > > >

=
C
massless_double_box/result, B
B
B

run_ibp.wl

eg® 13 i

package

amflow-master

DeepSeek V4 Pro




Highlights: mobile devices integration

» WeChat, QQ and FeiShu integrated, supporting remote work

and voice input

5:41 =a --- oZe Sl Sl = @D #

< 5 aether-2 EA »

OiHER X+

/home: = aca/DSE_test
(BHREANZRBERHASIE: $PX
i& 5cecc5)

o =P md XHREFK.

@ C Mk B— P md X R AT
DSE_test
¢ ¥H3FiF 5cecch

‘/home s »'code/DSE_test/
docs/derivations/1D_models/
derivation_1D_positivity_K3.md"

L IB— P md X R A,

 derivation_1D_positivity_K3.
md

© @ ¢ M A O

2140 0@RH@ B30t = Sl il @D

{5 ClawBot
/projectn  DIIREZRS N HYLRE
/project hide n [REINE (EEMEIHH
SiREFEREBIRE)
/session EBEEFHRIE THRAERIE
/session list B& ZHpINE T2HEIE
/sessionn PIREZHEIIRE THS n NS
&
/help ERIEER

lambda_space - #3Zj@f% - Build -
openai/gpt-5.4

W IE5R:
1. lambda_space «

/User s/researches/
Aether_tests/lambda_space

® /project n $1# | /project list EF L EB
| /project hide n B2

lambda_space - F3Z[@{& - Build -
openai/gpt-5.4

RYF, BHAKTTLAFIRILIEAT?

®
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Highlights: research adaptation

» Integrated professional skills/tools for scientific discovery
general & domain-specific)

A Skill Market & He skill XAy

SKILL MARKET / EXPLORE

AMAE T, A& Agent Skill

EEFRERN Skl B, BR, HEANEERNSTEH THEMR.

46 results

RATE

scientific-brainstorming () academic-plotting (D) academic-verify (1D

ID: scientific-brainstorming ID: academic-plotting ID: academic-verify

Research ideation partner. Generate hypotheses, Generates publication-quality figures for ML papers Verify a research claim or academic citation by tracing it

explore interdisciplinary connections, challenge...

2 sanzhang &, 7 15 K@i EEIFE >

scientific-critical-thinking (1)
ID: scientific-critical-thinking
Evaluate scientific claims and evidence quality. Use for

assessing experimental design validity, identifying...

2 san zhang 3 15 KAl EEI¥IE >

scientific-slides (1)
ID: scientific-slides

Build slide decks and presentations for

from research context. Given a paper section or...

2 sanzhang &, 8 15 KAij

citation-management (1)
ID: citation-management

Comprehensive citation management for academic
research. Search Google Scholar and PubMed for...

R sanzhang &, 15 Kl EEIFE >

web-research (15D

ID: web-research

Searches multiple web sources, synthesizes findings,

through publication — methodology — raw data —...

S sanzhang & 4 15 K@i EEIFE >

skill-creator
ID: skill-creator

Create, edit, improve, or audit AgentSkills. Use when
creating a new skill from scratch or when asked to...

8 sanzhang & 14 15 K@ EE¥E >

read-arxiv-paper (19
ID: read-arxiv-paper 28/36

Use this skill when when asked to read an arxiv paper



Highlights: research adaptation

» User-level memory mechanism; the Cron scheduler

£J5 Cron 117

BITH

IR ERIESS

Daily memory reflection
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Highlights: research adaptation

» Self-evolving scientific research skills

1. Do Research ‘

SkillE#1t

Skill Bt

6. Reuse & Compose

(] ‘/
2 b
A
9

Use alone or combine
for new tasks.

| get better
at research.
© What worked?

‘ \\ @ What didn't?

© How to improve?

RARZAE

3. Create / Refine Skills BEHFHLR
Skills Evolve. @

5. Store & Organize
Research Accelerates. = o9 (1

3 N
evl
Build a growing ‘ 4. Evaluate Turn experience into
[ skill library. [ better skills.
Rl OIS 2 R {} &
Nl [
Is it useful?
Is it better?
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Highlights: research adaptation

» Research agent mode (upcoming public release)

Research Agent Mode

Autonomous End-to-End Research

' =
o Analyze Problem e Discover Research Gap 6 Design Approach o Execute & Validate
‘ N a ﬁ
| - &2 ;
i | =
9 You . Survey literature and Propf)se hypothest-es and
e Understand the problem identify gaps. dasigrt contnputatlonal Run simulations / experiments
Set Research Direction and key challenges. e and collect data.
+ Research Goal < ’ *
« Background / Prior Work \
+ Constraints / Preferences
~ ‘ STtk
|
| — J — —
@ Write Paper @ Plan & Reason o Iterate & Optimize e Analyze Results

@& Use Tools & Resources ;&
‘_\' @ Learn & Iterate A 5 % Q
\ @ Deliver High-Quality Results V ( oo .

| ee—
; f Interpret results and
Organize findings and Refine ideas, improve - -
: . methods, and repeat. aw conclusions.
write the manuscript.
1
t I
1 2 ]
1 Human-in-the-Loop :
! You stay in control of key milestones. ‘@ 7
: ey chg O O © o
1
1

Review & Approve @)

S S > Research PlanK e > * Gap & Idea S Approach & Results 5 » Paper o
Review W Validation Approval Checkpoint Final Review

From idea to paper,

@ Agent drives the research. You set the direction and make the decisions. P 31/36



E.g.1: pQFT skills for high-energy physics

Skillix®%: MESHHEES

( il

s @ 1. BigEE 1 2. it ‘ AV ¢ 7, aEme ' G} 5. AR#EN

i I - Il | |

L * OED.QCD (SMQQD) | | « RAN. MHME, || - Lo tam) > || am e wa. s,

* o BARRE (SM) = FHREBHM LB

% « MSSM, THDM o REF (F,, F, %), e NLO (@) ( )

n IR ARl . ERER. " Clade/ion

. AR « NNLO (IRE) BREHF

i% . BR5BIPEER RN R _CC>_' FIRE/NeatIBP)

33 L o REFAH. TR &

1 = : © ENAN . WHHE . B RRE

= . BiEfEET © HEZERS o BBE. REH. (RE. P %)

B (HQET/SCET) (REAEE) T-ERE o HEHEITEIE
+ @ pertqft-orchestrator (£3&1%) ‘
8 HigmEQE — MEHY — HEARGT o BRER
= |
& I v - v - v - v v .
J feynarts- calcloop- ibp- amflow- | desolver-
% ‘ 0 amplitudes 9 compute e reduction o compute e compute
| @ E1S
E X cee P »—Q—A —> — —_— I//’_/)’
£
i 4ReBESEE R 1BP 94k ERS DE R#8 +
{ii RORTEESR B A HE R FF
& ) L ) :
L -] WA HEEN + BB FAs X% RABEX ERS + BEEN [ DE 3Ef§ + DREH )

i FAs REEX % GRRZ + RAK ERS + D4k + DE B BMBR (e BB [ AERF / M \
— BER EBHE (Orchestrator) () 9B (itseEs) HWENTIR

g 1NRHEEE (KR&) 4 PITE (GHEEE) | 1AM R (138)
% @ pertqft-orchestrator o o 9 o e

1; - ENnEAE L y 0 R o \_’ /,»:/,

i o BRI -
4 o BRUESESRE | feynarts- calcloop- ibp- amflow- desolver-

+ . EREME—RELE ‘ amplitudes compute reduction compute ‘ con);zp;;t:5

- 3 DE
1 \\ ERRRE KB 1BP 94 BN J HERF
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E.g.1: pQFT skills for high-energy physics

massless double box 14 s=1t=-2 %l epsilon"Of}

HKEH—massless double boxfly ., FhHFELEs =1,t = -2, BFF
\epsilon"OF ,

Pertqgft-Orchestrator

Shell Check for existing computation state

$ find /Users/dsjian/Documents/researches/pQFT -name
"computation_state.json" -maxdepth 3 2>/dev/null

B 1 BEEE

Yes, use the computation workflow (Recommended)

BRE 1/XEN

Now Phase 1: | need to clarify a few essential points before building the computation plan.

B 3 EEE

planar, ZfamilypfRERIEFRSD

Full family master integrals

DeepSeek V4 Pro

massless double boxfR% s=1t=-2 %l epsilon"Off

+ (—Y.240cL41 £.1/7(560 1) + (/.YU5JJ10

+ (3.776133 + 13.93135 i)

jldbox, 1,1,1,1,1,1,1,0,0] (Top sector):

- 2.000000 = * + (4.041731 - 4.712389 i) ¢ 3 + (8.523364 + 11.97289 i) ¢ 2
+ (-20.02535 + 7.458343 i) 1
+ (56.46169 - 52.26838 i)

jldbox, 1,1,1,1,1,1,1,0,-1] (Top sector with numerator):

- 1.312500 = * + (2.468268 - 3.926991 i) ¢ 3 + (9.667939 + 8.888613 i) ¢ 2
+ (-18.85127 - 13.23738 i) =1
+ (-16.77565 - 37.25165 i)

10 (IBMEFRE. FIERKIYEE Solvelntegrals B, HERERFE

massless_double_box/result,

2sm 13 et

DeepSeek V4 Pro




E.g.2: research agent mode

HENYMFBI-DCT-NISEE A E

& MR
BI=THERESM. LN TEHRR

BrES :

YitXliEiA — FBI-DCT-NIS Bx&

_| RREA (47 FTHE R a)3)

ID

RQ1

RQ2

AR e

FBI-DCTHIE B /KL BE
BENISBENEE M XiF
ER—BUEEZEEPE NS

PN
=)4

dct_nis_pythonfXIBETZ
FEPLEZe /BRI S MR
B? EEMPLenH?

BENIWEITERE

STHINBE, BWHIARHEEANAT

CIRNIVAE

2M2BEER D £, 30k
JRDCTiF(&EA|A|/AMFlow
<le-4, HEHRBAF >
2 X

RB 23RS, &
TMHEEATHK D

RQ3 FBI-DCT-NIS vs AMFlow
HZReMBE/BNEREMN KA

e°Bit|A|/AMFlow < 1e-
3, € < 1e-2

RQ4 NISFHEEXEMR? RQSpline
ALEREEERA?

30881k fE0/|l| < 1e-2 B
RQSplinetfi# < 2x NE
prallnl

AR Claims

1. AI{TMS¥EE: FBI-DCT-NISTE2B R LrI1T, HEZRAE >
e°MIBIE < 1e-4

2. KBS E: dct_nis_pythonfzfE =3 L EERFE, BUHER]
XIEZA

3. FEENILL: €°|A|/AMFlow < 1e-3, SRET ALt

IREEMN: NISTIHRES DCTHENREZ BT IREEE AR
)]

pa
> i
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Outline

. Al for established fields: current status

Il. Al for frontier fields: challenges

a. Complexity of frontier research tasks
b. The fundamental research-coding gap
c. Accessibility for the broader research community

IIl. Aether: an integrated vibe research platform

IV. Summary and outlook
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Summary and outlook

> Al for scientific discovery is evolving from isolated algorithmic tools toward integrated
research platforms

> The next generation of Al research agent should augment the entire scientific discovery
process, rather than individual research tasks

> Because scientific research fundamentally differs from coding, dedicated research
agents—not generic coding agents—are essential for effective Al-assisted scientific
discovery

» General and domain-specific research skills will continue to be developed by experts,
ultimately becoming valuable training resources for future foundation models

Thank you !
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