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The circle of scientific discovery

From data to model
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Human scientific discovery

> Fundamental natural laws: human contributions

Galileo’s

laws of motion

Newton’s

laws of motion
Maxwell's

electromagnetic theory

Theory of relativity

Quantum theory
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Reflection

» Human exploration of natural laws:

- Advantages: interpretability, conciseness, universality
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« Disadvantages: long period, preconceived notion, paradigm?

insufficient ability to handle complex problems
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Advancement in Al

Evolutionary
Tree

ChatPT S
e

> Al: rapid advancement in recent years
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Advancement in Al

> Al (especially LLMs) and their derivative products excel in
general domains

- Chatclient » Translation - Coding agent * Research
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Al-driven scientific discovery

Tools/algorithms for assisting in solving specific scientific problems \/

Continuous and autonomous scientific discovery?

General theories? Scientific insights?

Sti l l an ope n iSS ue ! Reddy and Shojaee, 2412.11427
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Symbolic regression

« Conventional regression: y = f(x;aq,a,,--) to describe a given dateset
« Symbolic Regression (SR): A functional expression describing variables in a given dataset

* Without prescribing the specific form of the function

(£
()
From Manual to Automated R
©» W O

(22 —(%))+(7*COS(Y))

Genetic programming SR
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Applications of SR

» Applications in various fields

Predict prices Free energy functions

T

=
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Energy (meV)
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2021-05-27 2022-01-13 2022-09-05 2023-04-28 2023-12-19 2024-08-09 2025-04-07

order paramter 6 (%)
Forecasting Selected Commodities’ Prices with the Bayesian

- - Symbolic regression in_materials science
Symbolic Regression Y 9

Nonlinear dynamic equations Diffusion-reaction model of proteins

Discovered system

-~ —~ e,
-
i = 3sin(y)z + sin(6.2831726t) x
3y = sin(z) — sin(y) 3

£ =10.333 — 3.0000002 sin(x)*

Exact
- - - Discovered

Al-Lorenz: A physics-data-driven framework for black-box and gray-box
identification of chaotic systems with symbolic regression

Discovering a reaction-diffusion model for Alzheimer's disease by
combining PINNs with symbolic regression 11/45




SR summary

» Symbolic regression:

« Automatic (function) discovery
* Interpretability

» Limited expressive capability

« Search space explosion

* Limited cross-problem transferability
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FunSearch

» Funsearch: find programs instead of symbolic functions

FunSearch

FunSearch is an iterative evolutionary
Evaluation
procedure (all

Pre-trained LLM/, E] — i"é
—E—[%

Specification / \
: = | — ﬂ"&

At each iteration, the LLM is shown a

selection of the best programs it has

nppm!

generated so far (retrieved from the

program database). e
LLM generates new programs, which are s ,
P t T
automatically evaluated. o =
Programs
The best one are added back to the database

programs database for the next iteration.
Romera-Pareds, et al., Nature 625, 468-475 (2024)

FunSearch = LLM + Evaluator + Evolutionary Search

Novel program
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FunSearch Summary

Automatic (function) discovery
Interpretability

Flexible expressive capability
Search space explosion

Limited cross-problem transferability
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A challenge for discovery

Throw an apple

» Specific model for one experiment

« Explore relations for a set of data

« Symbolic regression, funSearch, ... parabolic path

» General model for a large set of experiments |
universal

gravitation and
 How to define and explore relations between specific models? Newton’s laws

> Is it possible for Al to reproduce human’s theories?
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Al-Newton’s architecture

Experiment base Autonomous discovery workflow Theory base
P el el o
. _ : ( Seloction Y Fang, et al., 2504.01538
Experiment 1 Experiments I : Symbols ]
I—> | 1

| 1 Concepts representl Textract
\ s ~

¢ —— 0 ————J \  Laws Concepts

1 ( Search of physical laws ) 1 (

I e ——— 1

1 | Extension of general laws ! |

l 1

Experiment 2 ] __________________ /
[ P f——————————— 1; _________ N represent l T extract

1 [ Simplification and classification : ( - . Corpo rated W|th

l

:::::::::IPZ::::::::/

[ Experiment N ] Il [ Extraction of concepts and general laws \' SIS L LLM agents for
il sttt .- real discovery
[ |:1, Recommendation engine |:1, Symbolic regression |:.; Differential algebra & variable control |—_-; Plausible reasoning ]

» Knowledge base (experiment + theory):

stores and manages structured knowledge

. core: physical concepts
> Knowledge representation: 1. Effectively represent

knowledge

2. Reduced
search space

employs a physical domain specific language(DSL)
» Autonomous discovery workflow:

continuously explores physical laws, core: plausible reasoning

collaboratively updates both general and specific knowledge
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Physical objects

Tests and results

» Based on noisy data, important natural laws are discovered!
» Unsupervised! Without prior physical knowledge!

Schematic of experiments Discovered important general laws

Fang, et al., 2504.01538

Energy conservation

7 Z T, + Z 0,V = const.,
" — O? <O ke{x,y,z} Ae{k,g,G}
Mle O <O =0 where T, and V, are defined as:
3)|( universal
= == gravitation _ 1,2
S0 ON Sy Te= 2 mvie
- - <> / / \ /( i eParticles
OO IO —
<> <> <> <> \ O Vk = Z ki(Li - LO,i)za
= ,\O . 9 i€Springs
gravity = . ,
\l/ near Earth's surface 8 Vg Z Zm,gZ, >
ieParticles

O O\ N TO‘fgf‘f‘:Ol Ve

> 2f-

i,jeParticles

Newton's second law

é é % %@% l\% 2a, +d€{k§’;ﬁ}5ﬁ (m

(61=0o0r1, determined spontaneously during
instantiation as specific laws in experiments)
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Tests and results

» Statistical analysis of concept discovery timing:

Fol ' * ' Fang, et al., 2504.01538
G,V ~

Fy ———
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Vg ——
0 Vi T e
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v —e—i

" O (Roman numerals for era numbering)

0 100 200 300 400 500 600 700 800
Number of trials

» Incremental progression, diversity
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Challenges for scientific Al

» LLMSs’ reliability often drops in scientific problem-solving
» Prioritize perfect performance over cost control

» Caused from the inherent complexity of natural sciences

* Long, multi-step and unstructured reasoning
* Modeling of real-world scenarios

* Understanding of fundamental laws

* Implicit constraints

 Deterministic & probabilistic, precise & approximate
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Scientific reasoning

» Assuming complete knowledge

SCIENTIFIC

1. SEARCH (8%) REASONING

2. VERIFICATION (1£3£)

Exploring
different paths

Checking
correctness

Feedback
on errors

Sampling

(MCTS, etc.) REFINEMENT LOOP

» Hard to detect mistakes due to logical leaps in the reasoning

 Both human and Als alike tend to omit steps they consider "obvious" 5345



How to address this issue?

» Logical Chain Augmentation (LOCA)

« Enforcing logical completeness and structurally decomposing reasoning steps into

verifiable principles and derivations, within an augment-and-review loop

Fang et al., 2510.01249
Jian et al., 2511.10515
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Overview of LOCA’s pipeline

Raw Solution(S,4.)

Jian et al., 2511.10515

& Augmentation Augmented Solution
Problem Interpretation Agent 4 Completion | (Saug)
[crj R .! st > (S Sik) —
E] =, | Structured Decomposmon O
Direct 4 A N slj = (Pl] Dz]) Revi
Prompting eview
: Rp R, ) Agents
Interpretation @ @ =2
= Agent
®_-8. " |o 6
. ' Atomic & Sequential l l
Question False Review
True

D=| <

Final Solution

Feedback I—j-l |— ] Feedback
Fp Fp

NGwe®) 2 l L
Nr Summarization

[] E,& Agent
@: X 4—
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| Feedback
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The CPhO: a challenging testbed

» The Chinese Physics Olympiad (CPhO): a premier national
physics competition organized annually in China

» For our evaluation, we focus on the theory examination of the
42" CPhO 2025 (final round held in Fuzhou at the end of
October)

 Demands of long, multi-step reasoning
* Multimodal problems

* No data contamination issue
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Overall performance across various base LLLMs

Jianetal., 2511.10515

» Overall performance of LOCA on four mainstream LLMs

Performance Comparison of LLMs with Direct Prompting vs. LOCA

 Total scores for th. Problem: 320

* Highest score of human: 207
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Comparison across more baseline methods

Jian et al., 2511.10515

» Comparison of LOCA and more baselines

Method 1 2 3 4 5 6 7 |Total Score|Error Rate
Human’s highest | - - - - - - - 204 36%
Direct Prompting|45 41 45 33 39 39 40 282 12%

Zero-Shot-CoT |45 37 45 45 45 38 40 295 7.8%
Few-Shot CoT |45 45 45 41 45 42 39 302 5.6%
ToT 45 45 45 41 45 40 39 300 6.3%
GoT 45 34 20 36 45 39 39 258 19%
MAD 45 33 42 43 45 44 40 292 8.8%
Self-refine 45 43 45 35 39 41 40 288 10%
PSN 45 32 39 43 45 43 45 292 8.8%
LOCA (ours) 45 45 45 45 45 43 45 313 2.2%
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Challenge for advanced theoretical calculation

» Example: perturbative quantum field theory

e +ty—-e +vy
Dirac algebra: e.g. Tr[yuyvypyay“y")/p)/“]

==) Family decompose: |M|? =3, a;];

% &7 Integral reduction [; = ¥, ¢;;/;
Feynman integral

=

Integral calculation %fz A-]

o = [ (I35 ) =
o0 = J AL w07 ) @G- D86 + &)

1=
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Solution 1: prompting

» Guide LLM to solve heavy reasoning problem step-by-step

r” D
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 https://doi.org/10.
in the conventions, you should stop and let me know): {definition_of_variables} 1038/s42005-025-
01956-y
» Correct errors
Rl
| « Evaluator for judging
__ 0, (@) (O | (in these paper, a human evaluator is used)
‘ = * Reviewer for extracting errors and explanation
0741
31/45



https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y
https://doi.org/10.1038/s42005-025-01956-y

Solution 2: memory/RAG

> Memory > RAG(Retrieval-Augmented Generation)

D Vector DB
ocuments S
- —  Chunked /.
NECTOR — —|[| Texts Generate Embeddings Prompt Embedding
DB oy | | Embeddings %/
Context Conversatlon ¢ W

WRITE

Most relevant text passages (context)
[12345] After \L
[65432] T} Goodbye Prompt , Result
[98765] Prompt —
T <>~ LLM ——E
Vectors Embedding Context —

> Difference

Data Atomic, Batch,

Updates Frequent Infrequent:
personalized, general-purpose,

Primary Use dynamically relatively static
evolving facts domain knowledge
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Solution 3: tool calling/MCP

» Tool calling

Leave professional work to professional tools

https://resources.wolframcloud.com/PacletRe
> MCP(MOdel ConteXt PI’OtOCOl) pository/resources/Wolfram/MCPServer/
Standard protocol for communication pcp o " Y Claude
between LLM and Services - |
architecture e i - [MmcP clients| - & &

: f MCP hosts |
* What tools? e ;

* How to use?

e When to call?

Local data
sources

Remote
services
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https://resources.wolframcloud.com/PacletRepository/resources/Wolfram/MCPServer/
https://resources.wolframcloud.com/PacletRepository/resources/Wolfram/MCPServer/

Solution 4: multi-agent framework

» Single-LLM belike: » Multi-agent belike:
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Solution 5: skills

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

[ SKILL REPOSITORY |

(CLOUD/LIBRARY)
(} . 3. RESOURCE
Dognaklg Skill (The Engine)
ac p =
- 2. INSTRUCTION
(The Guide)
1. METADATA S,
@ (The Hook) —
Dormant Skill —
Package Q =i
: - Step 1: Parse data import plotly.express as px;
ON-DEMAND Name: DataVis_Pro =) P SR
{§.'} TRIGGER | Desc: Generates charts SELECT Step 2: Select chart type / APPLY fig =_Px.bar(data __f!'ar?e=.d_f,
Dormant Skill (FETCH) / : By o Ay / x="category', y='value');
/ rompt: "Visualize this data
actase £ as a bar chart..." fig.show()
Dormant Skill Initial Disclosure L )
Discove
focka0e ( o) Intermediate Disclosure
(Understanding)
Full Disciosure
Dormant Skill (Implementation) z
Package PROGRESSIVE DISCLOSURE FLOW e |
(Increasing Detailr&icgmpute) //
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From vibe coding to vibe research

» Inspiration from vibe coding

‘* Anatomy of the .claude/ folder

.
3 = your-project/
VIBE CODING: UNDERLYING LOGIC E@ SRR g?ﬁtgi" igng,]’g;%
® CLAUDE.local.md & AR, @ git &
& .claude/ | g
— {& settings. json © PR +EE, 1#3RE git
> > o — {5 settings.local. jsonX NAMR, # git 2B permissions
1 l B <> -G commands/ HEXSISHS
[@ review.md - /project:review
COMMANDS © fix-issue.md - /project:fix-issue
j ~ 3 deploy.md - /project:deploy
P> < = rules/ BIRICEEL X
> < — [ code-style.md
l — @ testing.md
- 3 — @ api-conventions.md
USER/CODER N & skills/ 4 EHERNIER 4
=\ 7 —(0 security-review/ auto
<—I L_, }-t@)—{ L ® SKILL.md
NI\ — deploy/
- L ® SKILL.md
\ J \ J ~@ agents/ o FRERE
AGENTS - ® code-reviewer.md isolated

~ @ security-auditor.md

Everything Claude needs to know about
your project lives right here.
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Aether

» Autonomous Engine for Theoretical & Hands-on Exploration in
Research |
https://aether.aiphys.cn/
> Based on OpenCOde https://github.com/Science-Discovery/Aether

Aether REFFE  AUREEE  WENER  &OEEN Skl GitHub

LATEST NOTES

& RTIEN
Aether: L RHEWFA A s @

pgid=) ]

» BiH R TR S MRS 4R S rb i
ﬁfﬁu Eg AI Hj% i i v0.3.1 BT S ER I B R BOATE

BREFIFRFCRMBRARHTHE, SHERNTEE
RTRER, BRERSTIRENSE; BRASIEETIRHIZ

BE AL FEINNE. IR, 2R, MEEE, & BREENREG. INSRREERE, AREEESREHE
g g o AT % 1 e 2iF: WEDENBSEEESEESRETT, HAER
IRARISS IS IE, FRESRUS S Provider, SELHAL HRTERAE, FA—ERLSHIART, BHBTEED
Web UntgR] FFFEENF G

Mz v0.3.0 -zl

TEIEE GitHub ) THEPE EEMEEENE e )
’ AL B 5E R BB 2R I S 0 F 7] 25 Ak S i

2026-04-04
EENHE >

KA v0.2.2 -zl

WA A I, BEAAR aethersci@163.com

RAFEZHE
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https://aether.aiphys.cn/
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether
https://github.com/Science-Discovery/Aether

Highlights: inherited from OpenCode

» Open source
» Fully utilize the foundational capabilities of vibe coding
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Highlights: highly enhanced Ul

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

[:] Greeting BHE 3

Git changes docs
@ bucket_sort.py M+ ci-cd-guide.md
: : . M+ gh-guide.md
n+  docs/ci-cd-guide.md Biixin +708

(RF) Tee. MIERARMAA? " docs/gh-guide.md S

FRAME

18

cLS
GPT-5.4 1 0.01




Highlights: WeChat & FeiShu integration

» WeChat & FeiShu integrated, supporting remote work and

voice input

5:41 =a --- oZ6 Sl S5l =, @D #

< 5 aether-2 #EA »

OHR X +

/home: =« aca/DSE_test
(BEENZRERHSE: B
& 5cecch)

o =P md XKL,

@ i Mk B md X RLE .
DSE_test
¢ ¥PH3FiF Scecch

‘/home s »/cnde/DSE_test/

docs/derivations/1D_models/

derivation_1D_positivity_K3.md"
L B md XHEREFK.

Y derivation_1D_positivity_K3.
md

®

20 0@2= 9 30t = %l S5l @D

HiSClawBot Bely

/Project N HIHREHES N HIMME

/project hide n [REIINE (7% Eimsk i
SinEMEREBKE)

/session BFHRIME THRIESIE
/session list BEEHBIIE F2HE
/session n IGEILBIHE THRS n B8
&

/help EREEHER

lambda_space - H3Z{@{% - Build -
openai/gpt-5.4

W E7Ix:
1. lambda_space «

/User ‘Dacwmants/researches/
Aether_tests/lambda_space

® /project n )i | /project list EF 20
| /project hide n B2

lambda_space - H3Z@{% - Build -
openai/gpt-5.4

RYF, BAARTTLAFIRAIERT?

¢ OO
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Highlights: research adaptation

» Agent and skill architecture for scientific research scenarios

» Integrated professional skills/tools for scientific discovery
» User-level memory mechanism
» Self-evolving skills
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Highlights: research adaptation

MEM S doubleboxEFR S #Es=1,t=10EBFit&

BEHRITEME N Rdoublebox3FFINOER D EGNF ES=1, t=10 FTHER, BFZI4
HIE A E FepsilonfIER,

ERE 4 REE, 1 /8FR
Shell Checks AMFlow environment status

BERE 1 RE%R

BARET AR Mothematica F AMFlow #BEEIR R, 1BEHA] Blade MREZREFTELE—T, SNEEIEEMERS .
BXBE—IXBEXFEMMBIA, BEINEAXEH:

o IRTREBFHENURKRME double box”FRHERRKE

o SMBRBIERE plh2=p2/2=p312=p4r2=0, (pl+p2)~2=s=1, (p2+p3)"2=t=10;

o ZERFA AMFlow B9)3—1t: BE 1/ (ixPin(D/2));

s HARBINMEEARN Blade BEBEHITHE.

MRMRRRXNEINRE, BMEIBRBEEE epsilonl; MBRBXNIR/T—H, BEEBLHK:
» BHEFIIR;
 {RIRE“ERD” BEZM—AH;

o 3—HAZE.
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Highlights: research adaptation

X, RXTEER. BT ELEMM E—RENEBERD"HKET .

XTREAFTHFEMEISR double box Rk, EMMABTENEREFAET, Blade/AMFlow £ XMEIFIRBILE 8 TERD,

amflow_runs/doublebox_s1_t10/cache/dbox_amflow/0/cache/dbox_sectormappings/results/rawmasters

B—EHEEl 1/ (ixPir(D/2)), BIIFER s=1, t=10, BFF epsril:

jildbox;;1,4547154,151;0, =1 =

2.38636363636363636363/epsn4

(8.2046549297536126167 - 7.8539816339744830962 1i)/eps”3
(14.5887699377630140698 + 39.1997231543622337782 1i)/eps”2
(104.5125689302236810173 - 21.9839348052435963715 1i)/eps
(-47.2313832126498520634 - 210.9974566493930405956 1)
(357.6803364936119324183 - 121.0745302325698511929 i) eps

+

+

-+

-+

ildbox;1;1,4;1,1,1,1,0,0] =
0.36363636363636363636/eps™4

+

(1.50974560756401050956 - 0.85679799643357997413 i) /eps”3
(0.3029311826255851266 - 5.0981381811778132198 i) /eps”2
(10.2427540846191244859 + 9.901633151238733831 1i)/eps
(34.3510029154269869336 - 20.7088455861413520352 1)
(48.0592723142754676727 + 78.8082107529953660709 i) eps

+

-+
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Summary and outlook

» Human scientific discovery necessitates a new research paradigm, Al may help

» From data to theory:

* Plenty of ideas proposed
« Surpasses human experts in many topics

» From theory to data:
» Al surpasses human experts for established fields

» Al improves fast for frontier fields

> Integrated vibe research platform will become a crucial tool for Al-empowered scientific research.

> Al for scientific discovery: remains in its infancy, but very promising

Thank you !
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