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A physicist’s view of the universe

• Elementary particles are building 
blocks of the universe


• Each scale comes with its own 
physics: effective theory


• Yet the smallest and largest are 
intricately connected: UV <->IR
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The study of human mind and intelligence
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He argues that some parts of the soul, 
the intellect, can exist without the 

body, but most cannot.

Intelligence is never merely a measure of 
cognitive or academic ability; true 

intelligence is the practical ability to 
understand human relationships, cultivate 
virtue, and contribute to social harmony.



Towards a physicist’s view of artificial intelligence

• Microscopic: token dynamics


• Macroscopic: benchmark in 
general sense


• mesoscopic: ensemble/states

4
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The manifold hypothesis
• A typical image dimension 

512x512x3 ~ 7 x 105


• For a typical latent diffusion model, 
VAE has dimension  
16, 000 dimension


• Large Language Model (LLM) model 
human intelligence


• Does intelligence has intrinsic 
manifold?


• How to measure the dimension of 
manifold?
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https://link.springer.com/article/10.1007/s11263-022-01598-5?
utm_source=researchgate.net&utm_medium=article

Aksenov, Bodnia, Freedman, Mulligan

2603.20396




Transformer as an operator

7 Z.Y. Song, Z.Y. Li, Q.H. Cao, M.X. Luo, HXZ, 2503.22547
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Formalization of transformer:
<latexit sha1_base64="ut+1s2XwE7374YBYwVdgB/e/e0w="></latexit>

Emb : xi ! ti 2 Rdembed

<latexit sha1_base64="1uMSnldiSW/hgwrMCGU0ZMjYpzU="></latexit>

ti 2 E0 ⇢ Rdembed

<latexit sha1_base64="iRl7cq3WVoJLI4yRnPFeQl1IEZU=">AAACM3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMiFRxVRChuKrQG3RKOZOmbWjmYpJRyzDv5MYXcSGIC0Xc+g6m7SDaeiDw83/nkHN+N+RMKst6MTILi0vLK9nV3Nr6xuaWub1Tl0EkCK2RgAei6YKknPm0ppjitBkKCp7LacMdXox545YKyQK/qkYhbXvQ91mPEVDa6phXjgdqQIDH1aQTO/csOcfOTQRd/AMuU4AdwfoDBUIEd3P0yE46Zt4qWJPC88JORR6lVemYT043IJFHfUU4SNmyrVC1YxCKEU6TnBNJGgIZQp+2tPTBo7IdT25O8IF2urgXCP18hSfu74kYPClHnqs7x6vKWTY2/2OtSPXO2jHzw0hRn0w/6kUcqwCPA8RdJihRfKQFEMH0rpgMQABROuacDsGePXle1I8LdrFQvD7Jl8ppHFm0h/bRIbLRKSqhMqqgGiLoAT2jN/RuPBqvxofxOW3NGOnMLvpTxtc3QoWshg==</latexit>

T⇠ : E⇠ ! E⇠+1transformer layer:
<latexit sha1_base64="zjCyzDmtuw32ivFIQkXpVS6rBNU="></latexit>

ti,⇠ ! T⇠ti,⇠ = ti,⇠ + F⇠
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Physics observable on the manifold
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Token correlation

Sum of dot product of two token in embed space

<latexit sha1_base64="ydRpdL/+++kUE9EQuy1TGjPihCM="></latexit>

E(⇠) =

P
i 6=j hti,⇠ · tj,⇠iD
ktk,⇠k2

E

Z.Y. Song, Z.Y. Li, Q.H. Cao, M.X. Luo, HXZ, 2503.22547

<latexit sha1_base64="BczD79EzU01GpavAmZEcL5WObvM="></latexit>

ti,⇠+1 = ti,⇠ � kti,⇠k
X

↵

�
t̂i,⇠ · n↵

�
n↵ layer transformer as a projection

<latexit sha1_base64="Jvb5wf/E78LDB9L0IWyaT9lYubw=">AAACDXicbVA9SwNBEN3z2/h1ammzGIVYGO5Eoo0giGCpYD4gF8Le3sYs2ds9dufEcOQP2PhXbCwUsbW389+4Sa7QxAcDj/dmmJkXJoIb8LxvZ2Z2bn5hcWm5sLK6tr7hbm7VjEo1ZVWqhNKNkBgmuGRV4CBYI9GMxKFg9bB3MfTr90wbruQt9BPWismd5B1OCVip7e5dloIHfoADGikoRYf+wVkA7AFwhi+UNEAk4EHbLXplbwQ8TfycFFGO67b7FUSKpjGTQAUxpul7CbQyooFTwQaFIDUsIbRH7ljTUkliZlrZ6JsB3rdKhDtK27LbR+rviYzExvTj0HbGBLpm0huK/3nNFDqnrYzLJAUm6XhRJxUYFB5GgyOuGQXRt4RQze2tmHaJJhRsgAUbgj/58jSpHZX9Srlyc1w8v8rjWEI7aBeVkI9O0Dm6Qteoiih6RM/oFb05T86L8+58jFtnnHxmG/2B8/kDyvKaMA==</latexit>

E(⇠) · (d� 1) = Constant

Token correlation is inverse to the intrinsic dimension

Intrinsic dimension can be measured form token correlation!



Layer-wise evolution of correlation and dimension

9 Z.Y. Song, Z.Y. Li, Q.H. Cao, M.X. Luo, HXZ, 2503.22547

<latexit sha1_base64="Jvb5wf/E78LDB9L0IWyaT9lYubw=">AAACDXicbVA9SwNBEN3z2/h1ammzGIVYGO5Eoo0giGCpYD4gF8Le3sYs2ds9dufEcOQP2PhXbCwUsbW389+4Sa7QxAcDj/dmmJkXJoIb8LxvZ2Z2bn5hcWm5sLK6tr7hbm7VjEo1ZVWqhNKNkBgmuGRV4CBYI9GMxKFg9bB3MfTr90wbruQt9BPWismd5B1OCVip7e5dloIHfoADGikoRYf+wVkA7AFwhi+UNEAk4EHbLXplbwQ8TfycFFGO67b7FUSKpjGTQAUxpul7CbQyooFTwQaFIDUsIbRH7ljTUkliZlrZ6JsB3rdKhDtK27LbR+rviYzExvTj0HbGBLpm0huK/3nNFDqnrYzLJAUm6XhRJxUYFB5GgyOuGQXRt4RQze2tmHaJJhRsgAUbgj/58jSpHZX9Srlyc1w8v8rjWEI7aBeVkI9O0Dm6Qteoiih6RM/oFb05T86L8+58jFtnnHxmG/2B8/kDyvKaMA==</latexit>

E(⇠) · (d� 1) = Constant



AI is still a blackbox

• How to exploit the scientific ability of LLM/Agent


• How to improve the scientific ability of LLM/Agent


• Ultimately, understanding the blackbox is crucial for 
aligning AI with human interests
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Benchmark as a collaboration between science 
and industry community
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多个团队正在推进的另⼀项提议是创建社区共有
的基准测试。优秀的基准测试不仅能向⼈⼯智能
系统的开发者传递社区的价值取向，还能帮助数
学家理解该技术的实际应⽤场景及其局限性。例
如，聚焦于开放式问题的基准测试可以有效反驳
那些基于狭隘任务套件⽽产⽣的夸⼤⾔论。

An Olympiad level physics competition 
benchmarks, curated by undergraduate 
students from Peking University

Shi Qiu, et al., , 2504.16074
NIPS 2025



Progress in model capability as measured from 
PHYbench

13 Shi Qiu, et al., , 2504.16074

April 2025 Feb 2026

NIPS 2025



PRBench: ultimate benchmark for AI intelligence

14 Shi Qiu, et al., , 2603.27646



Dedicated agent framework for science discovery
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ColliderAgent

Shi Qiu, Zeyu Cai, Jiashen Wei, Yixuan Yin, et al., , 2603.14553

Coding Agent Magnus



Autoresearchclaw 2.0

16 Work in progress



Language Model as a mutation operator

17
Zhuo-Yang Song, T.Z. Yang, Q.H. 
Cao, M.X. Luo, HXZ, JHEP accepted

LLM as a mutation operator in evolution 
algorithm



LLM-Driven Symbolic Regression

• Combine genetic programming and 
LLM mutation


• Explore with state + conceptual space


• Directional exploration within an finite 
space of logic

x + y 1 + (x + y) +
(x + y)2

2!
+ ⋯

LLM prompt and response: 
An example is that: [x+y], now I need to find 
out a better expression to fit the data: I think a 
good attempt is that `exp(x+y)`, but I find there 
is no `exp` operator, so I expand the expression 
to the NNLO and thus my result is \n 

[1+(x+y)+(x+y)**2/2]

related works: 2404.18400, 2503.07994, 2505.07956, 2510.08317

islands

mutation

DeepMind, Nature, 2024



IdeaSearch.Fitter

Workflow for Symbolic Regression

https://www.ideasearch.cn/ 
2510.08317 

https://www.ideasearch.cn/


https://www.ideasearch.cn/ 
2510.08317 

Application on PDF fitting

20

https://www.ideasearch.cn/


Problem of limited exploration
• LLMs-agent explore in conceptual 

space


• However, LLMs exploration is 
directional; insufficient exploration


• Example: in Symbolic Regression, we 
observe repetitive sampling within the 
training set


• We need to develop a theory for how 
LLM explore its conceptual space

Most generation  
are repeat

High score but low potential

我们发现，AlphaEvolve 擅⻓发现那些在当前数
学框架内本已可及、却尚未被发现的构造。这类构
造之所以未被找到，往往是因为需要耗费⼤量时间
与精⼒去尝试各种标准思想的恰当组合，以适⽤于
特定问题。另⼀⽅⾯，对于那些需要真正新颖且深
刻的洞⻅才能取得进展的问题，AlphaEvolve 很
可能并⾮合适的⼯具。

Terrence Tao et al.



Towards a physicist’s view of artificial intelligence
• Microscopic: token dynamics


• Macroscopic: benchmark in 
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A mathematical framework for agent

23 https://sonnynondegeneracy.github.io/



Operator diagram for agent

24 https://sonnynondegeneracy.github.io/

An operator diagram example for IdeaSearch.Fitter

<latexit sha1_base64="V5rdARc1Nj8I1QaSJg0LKBcV7HE="></latexit>

⇡out = TPareto (A (Tdata (⇡0) , Tprompt (⇡0)))

<latexit sha1_base64="VjW+jMAXoIBMV/BfLNGEOiRH6uE="></latexit>

Gen(D) = Teval � T2 � T1 (Sel(D); Tdata (⇡0) , Tprompt (⇡0))
<latexit sha1_base64="M0/Xp3kwmLo665eEsIHK9HUZRsA="></latexit>

D1 = Gen (D0)

D2 = Gen (D0, D1)

D3 = Gen (D0, D1, D2)
recursive refinement



Space of exploration: from token to concept

Source: Huggingface

Sun, Haghighat, 2501.16241

king - man + woman  queen≈

token concept

example from Symbolic Regression

N0: total # of sample 
N(g<-f): # of g generated

Zhuo-Yang Song, Q.H. Cao, M.X. Luo, HXZ, 2512.10047

token laten space

corse-graining



Are LLM-agent near equilibrium system?
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• We discover there exist a scaling 
law in LLM exploration


• We interpret it as a consequence 
of detailed balance


• Can we apply more tools from 
equilibrium physics to study LLM 
agent?

Measured in the example of symbolic regression

<latexit sha1_base64="OTP1pI+YvfmwzVPoVI0mJ8di/k4=">AAACKnicbVDLSsNAFJ34rPUVdelmsAjtpiQi1Y1QdeOyQl/QhDKZTtKhk0mYmSgl9Hvc+CtuulCKWz/ESZtFbT0wcDjnXO7c48WMSmVZM2Njc2t7Z7ewV9w/ODw6Nk9O2zJKBCYtHLFIdD0kCaOctBRVjHRjQVDoMdLxRo+Z33khQtKIN9U4Jm6IAk59ipHSUt+8d2JaDiowdTBisDkp+9BhxFdIiOgVauMOZgl/KREsJ/xK3yxZVWsOuE7snJRAjkbfnDqDCCch4QozJGXPtmLlpkgoihmZFJ1EkhjhEQpIT1OOQiLddH7qBF5qZQD9SOjHFZyryxMpCqUch55OhkgN5aqXif95vUT5t25KeZwowvFikZ8wqCKY9QYHVBCs2FgThAXVf4V4iATCSrdb1CXYqyevk/ZV1a5Va8/XpfpDXkcBnIMLUAY2uAF18AQaoAUweAMf4BN8Ge/G1JgZ34vohpHPnIE/MH5+AXvmpOY=</latexit>

⇡(g)T (f  g) = ⇡(f)T (g  f)

Zhuo-Yang Song, Q.H. Cao, M.X. Luo, HXZ, 2512.10047



Summary
• LLM/Agents provide rich opportunities for PHY x AI 


• Dynamics at microscopic token level: manifold hypothesis and manifestation in 
generation dynamics


• Macroscopic characterization of LLM/Agents capability:


• Benchmark


• LLM/Agents as a new kind of scientific methods


• Better engineering realization calls for better understanding of the blackbox


• mesoscopic: state space, transition kernel, thermodynamics limit

27
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