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Recent advances in Al/ML

* Two directions: General and single-purpose models

Language Models *E.g. @ ChatGPT
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Agentic models * Scientific rigor? E.g. Math proofs with “Lean”
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Recent advances in Al/ML

* Two directions: General and single-purpose models

Language Models

Single (few) purpose models,

include expert knowledge

Foundation models * Playing Go, Chess A,
“,
* Alphafold O @Dk 1

o
Accelerating breakthroughs in biology with Al
>

g

Agentic models
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Generative models for EIC events

*Full ep events at /s = 105 GeV

Develop a generative model

Applications:
* Searches of physics beyond the Standard Model

* Neural Simulation-Based Inference (SBI)
at the event level

* Unfolding
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Scattered leading electron

Recoiling hadronic system

Azimuth ¢

Pseudorapidity n

PYTHIAS, Q > 5 GeV

w/o photoproduction & CC

Devlin, Qiu, FR, Sato "23
see also Arratia, Mikuni, Nachman et al.
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High-energy nuclear collisions

Data representations examples

* Images

Sparse

Devlin, Qiu, FR, Sato 23

EIC

* Point clouds

Eventy: (P71,71,¢1,PID1), (pr2,m2, ¢2,PID2), ..., (prn,tin, ¢n, PID,) Variable length

EVeIthI (pTl, 1, (;51, PIDl), Ce e (me, Tm ¢m7 PIDm)

See also Arratia, Torales Acosta, Nachman, Mikuni et al, Kasieczka, Thaler et al.
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Diffusion models
Araz, Mikuni, FR, Sato, Torales-

* Point clouds (w/o pixelation) Acosta Whitehill *24

Two-step diffusion process O
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Diffusion models for the EIC

Araz, Mikuni, FR, Sato, Torales-

* E.g. pion momentum Acosta, Whitehill *24

distributions 3 wt 5 10
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Diffusion models for the EIC

Araz, Mikuni, FR, Sato, Torales-

* E.g. pion momentum Acosta, Whitehill *24

distributions 3 wt 5 10
> >
N N
. = Pythia .
"g 107 — Py8 — pix(64) "g
Q — Diffusion@pix(64) Q 10—4
0.0001 0.01
2 12
Q et =
g 1 4; 1.0F b i ....r"‘-L .....
& 208 H | . , | |
0 0.0001 0.01 1 0.0001 0.001 0.01 0.1 1 2pT
> Z = % coshn
Pixelated images Point cloud
* Event-wide conservation laws Momentum: 0.999(3)

Baryon number: 0.995(2)
Lepton number: 1.001(2)

Point clouds
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Neural simulation based inference

Lersch, Qiu, FR, Sato et al. "25

e Use full event level information

Events ©; Bamdl Detector level z;

} (Classifier

Parametrizing e.g.
nonperturbative physics
Classifier Experlment Yi
loss
H* See also Nachman et al., Cranmer et al.
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Neural simulation based inference

Lersch, Qiu, FR, Sato et al. "25

e Use full event level information

Events ©; Eamdl Detector level z;

} (Classifier

* Backpropagation
* Differentiability

Experiment y;

$ Surrogate models

*See e.g. recent ATLAS measurement
of SMEFT operators

See also Nachman et al., Cranmer et al.
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Neural simulation based inference

Lersch, Qiu, FR, Sato et al. "25

e Use full event level information

Generated Training
- ‘\Samples Samples S

* Differential sampling algorithm

(Generator Discriminator

E.g. analytical calculations
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* Closure test: Train GAN to learn
parameters from simulated events
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Anomaly detection and BSM physics

* Theory agnostic BSM searches

Sideband ~ Signal Sideband

region

. 4|
* Weakly supervised -
* Unsupervised 3103;
2
m
of |
Total Counts
102} |

| ----- Background
~ . ognal
/\ .......... Boundary
101 5 5 R
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m™m ji [GGV]

CMS CMS Experiment at the LHC, CERN
Data recorded: 2018-Nov-22 22:36:00.640000 GMT
Run / Event / LS: 327126 / 40088927 / 97

See e.g. Nachman, Thaler, Mikuni, Plehn,
Spannowsky, Kasieczka, et al.
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Anomaly detection and BSM physics

* Theory agnostic BSM searches B
Sideband - Signal Sideband
. 104l . region
* Weakly supervised
o I e
Unsupervised R
Iz
Autoencoder 3
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Bottleneck Anomaly SCOre via See e.g. Nachman, Thaler, Mikuni, Plehn,
reconstruction loss Spannowsky, Kasieczka, et al.
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Anomaly detection and BSM physics

* Theory agnostic BSM searches

* Weakly supervised

* Unsupervised i
£
Autoencoder 8
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3500 4000 4500 5000
m;; [GeV]

See e.g. Nachman, Thaler, Mikuni, Plehn,
Spannowsky, Kasieczka, et al.
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Anomaly detection and BSM physics

Araz, Athanasakos, Ploskon, FR “25

* Graph-based autoencoder o o
\ / \ / e N o \ / \ /
\ / \

Based on graph structure Y DY BN kY PY B

\ / / \ - |
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/ ./ - ] \
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Fully connected graph Sparse “Laman’ graph
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Anomaly detection and BSM physics

Araz, Athanasakos, Ploskon, FR “25
* Graph-based autoencoder
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Applications at the future EIC?
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Conclusions and outlook

* Rapid progress in AI/ML SR ——

Recoiling hadronic system

* Various applications using event-level analyses

Azimuth ¢

* New collaborations between theory and experiment

* Use of general purpose Al in nuclear physics!?
Generated Training
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Discriminator

I
: (Generator A
onjecturer
context % ] .
ean Server ® 04
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Diffusion models

Devlin, Qiu, FR, Sato "23
* Represent events as images (pixelated)

q(zt|Te—1) .
e - gyt R | «— 2o Noising

PYTHIAS

Denoising 7 — e 0 — X0
po(Ti—1|T¢)
- K (RGB)
T
* Markovian noising process q(z1,...,zrlz0) = | [ a(me|me—1)
t—1
adding Gaussian noise g (zi|Ti—1) = N(zs; /1 — Bixi—1, BiI)

Sohl-Dickstein et al.” 1 5
Ho, Jain, Abbeel "20
Nichol, Dhariwal "2 |
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Diffusion models

Devlin, Qiu, FR, Sato "23
* Represent events as images (pixelated)

q(zt|Te—1) .
e - gyt R | «— 2o Noising

PYTHIAS
Denoising 7 — e 0 — X0

po(xi—1|Ts)

", e, KT (RGB)
* Learn denoising process pg (zi—1|xt) =N (4—1; po (T4, t) , X0 (4, 1))

Stochastic differential

equation in continuum limit Sohl-Dickstein et al.” |5

Ho, Jain, Abbeel "20
Nichol, Dhariwal "2 |

Train convolutional U-Net
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