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If we are building 
a foundation model for particle physics,

How should theory come in?
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Do we want... 
an AI-replacement of 
human physicists?

LLM
Made for natural language

Known equations + Arxiv Papers
All the biases of human theorist

Model that does theory
but has all the human biases

If yes, Finetune!

38

2501.09729



  

finetune

B
A

R
T-

La
gr

an
gi

an
  

W
he

n 
Tr

an
sf

o
rm

er
s 

W
ri

te
 P

ar
ti

cl
e 

P
hy

si
cs

 L
ag

ra
ng

ia
ns

Poster 
Session A

Do we want... 
an AI-replacement of 
human physicists?

LLM
Made for natural language

Known equations + Arxiv Papers
All the biases of human theorist

Model that does theory
but has all the human biases

or
an AI that can go beyond 
human biases?

Large amount of 
THEORY DATA

that follows minimal rules

Model that speaks math
with less human biases

with potential to go beyond

If yes, Finetune! If yes, train our own model!
+finetune later
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BART-L

Particle Content &
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Lagrangian
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Standard Model
 Lagrangian

BART-L

Standard Model 
[Q,u,d,L,e,H & SU3xSU2xU1]
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(to the best of our knowledge)



  

Toy Model
 Lagrangian

BART-L

Toy Model
Particles & Symmetries

B
A

R
T-

La
g

ra
ng

ia
n 

 
W

he
n 

Tr
an

sf
o

rm
er

s 
W

ri
te

 P
ar

ti
cl

e 
P

hy
si

cs
 L

ag
ra

ng
ia

ns

Poster 
Session A

38

2501.09729

A 
WORLD

(for learning)



  

Beyond
Standard Model

 Lagrangian

BART-L

BSM
Particles & Symmetries

B
A

R
T-

La
g

ra
ng

ia
n 

 
W

he
n 

Tr
an

sf
o

rm
er

s 
W

ri
te

 P
ar

ti
cl

e 
P

hy
si

cs
 L

ag
ra

ng
ia

ns

Poster 
Session A

38

2501.09729

OUR 
WORLD

(better than before)



  

OUR 
WORLD

(better than before)

Beyond
Standard Model

 Lagrangian

BART-L

BSM
Particles & Symmetries

B
A

R
T-

La
g

ra
ng

ia
n 

 
W

he
n 

Tr
an

sf
o

rm
er

s 
W

ri
te

 P
ar

ti
cl

e 
P

hy
si

cs
 L

ag
ra

ng
ia

ns

Poster 
Session A

Does it work?
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Works!
~90-97%

Perfect in :
● Lepton + Higgs Sector of SM 
● Scalar Leptoquark extension 
● LLE terms of RPV-MSSM
● And more!
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Works!
~90-97%

Perfect in :
● Lepton + Higgs Sector of SM 
● Scalar Leptoquark extension 
● LLE terms of RPV-MSSM
● ...

Even Learned :
Symmetry 

Representation 
and 

Conjugations !
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Works!
~90-97%

Perfect in :
● Lepton + Higgs Sector of SM 
● Scalar Leptoquark extension 
● LLE terms of RPV-MSSM
● ...

Even Learned :
Symmetry 

Representation 
and 

Conjugations !(within architectural constraints)

Generalize 
Beyond Training 

Distribution!
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Works!
~90-97%

Perfect in :
● Lepton + Higgs Sector of SM 
● Scalar Leptoquark extension 
● LLE terms of RPV-MSSM
● ...

Even Learned :
Symmetry 

Representation 
and 

Conjugations !(within architectural constraints)

Generalize 
Beyond Training 

Distribution!

But what’s next?!
● BSM Extension Recommender [on-going]
● Lagrangian Autocomplete [easy]
● Symmetry Restoration [harder]
● Much more! Come to my poster!
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Works!
~90-97%

Perfect in :
● Lepton + Higgs Sector of SM 
● Scalar Leptoquark extension 
● LLE terms of RPV-MSSM
● ...

Even Learned :
Symmetry 

Representation 
and 

Conjugations !(within architectural constraints)

Generalize 
Beyond Training 

Distribution!

But what’s 
the end goal?!
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Experimental Data

The NEXT Standard Model 
Lagrangian

AI

Goal : Data to Theory Inference
Come find me at

A38
for BART-L

Just talk to me!
yongsheng.koay@physics.uu.se 

or
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