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https://arxiv.org/abs/2606.21316
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Future of Science

Chat Work
ChatGPT Q O
& New chat
& Images  vron extend the Standard Model with scalar Leptoquarks, write down the full potential, calculate all of their
M Library masses, scan the parameter space, and explore experimental signatures of this model

5 Projects + Instant v @ o

@ Scheduled

@ Plugins

+++ More

@ Reliability: *One must ensure its correctness*.

Saad T AlAgesmteMakeg ayat



Why Build Scientific Agents?

General-purpose LLM Scientific agent
@ Probabilistic, not inherently @ Uses the LLM to understand the
reproducible. request and explain the result.
@ Can hallucinate facts, numbers, or @ Delegates numerical and symbolic
references. work to deterministic tools.
@ Lacks built-in scientific validation. @ Preserves tool outputs, artifacts, and

provenance for audit.

Design principle: the model controls the workflow; verified tools
establish the scientific facts.

Saad T AlAgesmteMakeg 5/47



bsm_agent: Model Building from Field Content

Large Language Model-Assisted Framework
for BSM Model Building

Shaikh Saad

Jozef Stefan Institute, Jamova 39, P. O. Box 3000, SI-1001 Liubljana, Slovenia.
shaikh.saad@ijs.si

Abstract

Recent advances in artificial intelligence (AT), particularly large language models (LLMs),
have created new opportunities for natural-language interaction with scientific software, bt re-
linble theoretical model building still requires deterministic symbolic calculations. We present
ben_agent, an open-source symbolic framework for beyond the Standard Model (BSM) model
ding that combines a deterministic physics backend with an LLM chat interface. Starting
from the SM field content and a user-specified set of additional sealars and/or fermions, the
package constructs renormalizable Lagrangian, performs gange-anomaly checks, expands oper-
ators into component fields, and derives electroweak symmetry breaking stationary conditions
and tree-level mass matrices. The key novelty of the framework is that all of these tasks ar
performed automatically once the user specifies the quantum mumbers of the new fields through
& natural-language interface, eliminating the need for manual model construction. The symbolic

caleulations are performed entirely by the Python backend to ensure the correctness and repro-
«mn;nm of the physics results; the LLM is used only as an orchestration layer that interprets
natural-language requests, manages confirmation steps for ambiguous inputs, triggers backend
tools, and formats report-ready summaries. The package supports three provider cla ocal
Ollama inference, remote self-hosted model servers accessed through the implemented remote
provider interface, and commarcial hosted APIs via OpenAl and Anthropic. ‘This separation
between ional control and serves while
making interactive BSM model construction substantially more convenient. € bsm_agent

arXiv:2606.21316v1 [hep-ph] 19 Jun 2026

Saad 2026: https://arxiv.org/abs/2606.21316 + extension in progress

Saad T AlAgesnteMakng 6/47
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bsm_agent

build a model with five scalars: (3,1,-1/3), (3,1,-4/3), (3,2,7/6), (3,2,1/6), and (3,3,-1/3)

BSM_Agent>

The model is constructed. [1.8s]

Saad T AlAgesmteMakeg 7/47



bsm_agent

describe the model

Model: BSM

Field content:

- phi_1 is a scalar in (3,1,-1/3): color triplet, weak singlet,

hypercharge -1/3.

phi_2 is a scalar in (3,1,-4/3): color triplet, weak singlet,

hypercharge -4/3.

- phi_3 is a scalar in (3,2,7/6): color triplet, weak doublet,
hypercharge 7/6.

- phi_4 is a scalar in (3,2,1/6): color triplet, weak doublet,

hypercharge 1/6.

phi_b5 is a scalar in (3,3,-1/3): color triplet, weak triplet,

hypercharge -1/3.

Interactions and consistency:

- Kinetic terms: 14

Scalar potential: 73

- Yukawa: 14

Mixed BSM interaction terms: 49

Status: anomaly-free

- Anomaly summary: anomaly-free: su3_cubic=0, su2_su2_ul=0, su3_su3_ul=0,
ul_gravity=0, ul_cubic=0

Saad T AlAgesmteMakng

BSM_Agent>
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bsm_agent

generate a pdf report for me

BSM _Agent>

Generated report for ’BSM’ with field content (3,1,-1/3), (3,1,-4/3),
(3,2,7/6), (3,2,1/6), (3,3,-1/3).
TeX: /home/user/Downloads/bsm_agent/output/BSM.tex.

PDF: /home/user/Downloads/bsm_agent/output/BSM.pdf.
[1.2s]

Saad
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Generated PDF>

BSM Field Content:

Anomaly Summary:
Anomalies: free.

¢1 =

@2

¢3 =
¢4 =
o5 =

bsm_agent

scalar
scalar
scalar
scalar

scalar

(3,1,-1/3)
(3,1,—4/3)
(3,2,7/6)
(3,2,1/6)
(3,3,—-1/3)

Saad
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bsm_agent

— 14 Yukawa terms

Generated PDF>

Ly =Y1qa1 + Y2 qqds + Y3 61 la+ V4 é51 g
+ Vs H dCq+ Yo uCqH + Y7 d3TeCq+ Ys dClgy
+ Yo uSigs + Yig HT eC1+ Vi1 61 Td uC + v12ed gy

+ Y13 ¢ZTUCUC + Y1a ecuc¢1 + h.c.

— 14 gauge kinetic terms:

Generated PDF >

Lign = = %BuvB“" - %Wfluwa’““ - %GSVGA’“" +(Dug)T D*q
+ (D D*1 4 (D, d€) D*dC + (D, u) D u€ + (D, e€) DPeC
+ (D H) D*H + (D d1) D b1 + (D d2) D 6 + (Dpus3) T D* 3
+(Duba) D b4 + (D os)T D* g5

Saad T AlAgesmteMakng
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bsm_agent

— 73 terms in the scalar potential

Generated PDF >

Saad

Vo=m? HHT + m3 ¢161 7 + m3 dodo’ + mj g3
+ m§ badal + mg bsds’ + {W He1daT + g Hoa' és
+ g b1dada + p1o 234 + h.c} + A1 HHHTHT + {Au HHpp b5 1
+ A1z HHe3 T g + h.c.} + Ag HH g1y T+ {Als HH g15T + h.c.} + A6 HH 20,1
+ A17,c1 HH p3651 + A17,c2 HHT ¢35t + A19,c1 HH $404t + A19,c2 HHT ¢441
+ do1,c1 HHY g5 s + do1 o HHT g5 T + {m Ho1dods + Aos Ho1d4ds
+ x5 Hot T3t o5t + Nog Hoadads + Aoz Hos T s T + Mo Hoads s + h.c.}
+ a0 by on T+ {Aao dro105 5T + h.c.} + A31,c1 G161 b + A31,c2 d161 T day !

+ Ag3,c1 b1 d3bs T + A3z co 910173837 + Nas 1 b1 T dada T+ Ass o d1001 T baa
+ A37,c1 ¢1¢1T¢5¢5T + A37,c2 ¢1¢1’r¢5¢5f + ..
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bsm_agent

— 73 terms in the scalar potential

Generated PDF>

V=_.+ {Asg,cl b162T 037 da + A39,c2 d1627 037 da

+ Aa1,c1 ¢1¢>3¢3T¢5T + Aa1,c2 <151d>3<;153"¢75Jr + X431 ¢1¢4¢4T¢5’r + Aa3,c2 ¢1¢4¢41¢5T

+ s $ro5ds b5+ h-C-} + g dadada bl + A47,c1 $2d2 D33l + Aa7,c2 $282 T d33T

+ Aag,c1 bado bacat + A49,c2 $262 T dagal + As1,c1 d>2452J‘<i>5455Jr + As1,c2 ¢2¢2T¢5¢5t

+ {Asa,cl Gad3dal ds! + As53,c2 bod3dal st + h-C-} + Ass,c1 S3d3dsT o3’ + As5,c2 b33’ 3
+ As7,c1 b33 dagal + As7,¢2 b33 dagal + As57,c3 $3¢3  dacha’ + A57,c4 b33  dacha

+ A61,cl b33  dss ! + A61,c2 b303 T dsst + A61,c3 b33 55T + A61,ca b33  d5ps !

+ A65,c1 dadaca pal + A65,c2 badaca pal + A67,c1 Gacal 55T + A67,c2 dadal dss!

+ X67,c3 dadal D55t + A67,ca dadatdsgst + A71,c1 G5dsds b5l + A71,c2 dsdsds ! st

+ A71,c3 bsss st

Saad T AlAgesmteMakeg 13 /47



bsm_agent

expand the Lagrangian

J

BSM_Agent >

Generated report for ’SM+phi_1+phi_2+phi_3+phi_4+phi_5’

with field content (3,1,-1/3), (3,1,-4/3), (3,2,7/6), (3,2,1/6), (3,3,-1/3).
TeX: /home/user/Downloads/bsm_agent/output/SM_phi_1_phi_2_phi_3_phi_4_phi_5
.tex.

PDF: /home/user/Downloads/bsm_agent/output/SM_phi_1_phi_2_phi_3_phi_4_phi_5
.pdf.

[7.8s]

Saad T AlAgesmteMakeg 14/ 47



Generated PDF>

Yagstlg+he =Y,

bsm_agent

¢5+2/&ET/OQEQ/3'+ ¢5+2/&5T/0q;2/3

12/ 0GH 4 B o 1/ - 23
+§ ¢5—1/3’5Tl°q;1/3+ §¢5_1/3,5T1_q;2/3
+§ ¢5_1/3,§T,0q;1/3 + g ¢5—1/3,FTI_q:r2/3
+§¢5*1/3ﬂl°q,’1/3+¢5’4/3’5Tl*q;1/3

+¢5,4/3,5T/,q;1/3 +¢574/3’FT/’q71/3

+ h.c.

Saad | Al Agents in the Making |
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bsm_agent

Generated PDF>

—V2 HOGy 23 42— /3 HOGy /3 5o [P

- L
—V2 HOGy 2B 5 123 0, 13T g 13
_ z — _ 5t —

—HO%, 1/3,gT¢5g 1/3 _ HOp,—1/3:b s 1/3
pg Hoa' 5 = pg
+H+¢4+2/3,FT¢5:1/3 + H+¢4+2/3,5T¢5;1/3

I L
+H ¢ F2/30 g 134 \@H+¢4_1/3"T¢5r 4/

VI H a3 s M3 /B HE Y3 g

Saad T AlAgesmteMakeg 16/47



bsm_agent

User>

generate mass matrices

BSM_Agent>

Generated report for ’SM+phi_1+phi_2+phi_3+phi_4+phi_5’

with field content (3,1,-1/3), (3,1,-4/3), (3,2,7/6), (3,2,1/6), (3,3,-1/3).
TeX: /home/user/Downloads/bsm_agent/output/SM_phi_1_phi_2_phi_3_phi_4_phi_5
-tex.

PDF: /home/user/Downloads/bsm_agent/output/SM_phi_1_phi_2_phi_3_phi_4_phi_5
.pdf.

[22.9s]

Generated PDF>

M%o[(¢3:r2/3)T , (¢4:r2/3)T , (4>5,+2/3)Jr p3i 3, 9023, 057 =

2 2
A v
%+m§ _2Azv? 0
25—
v A19,c2V 2
-8 —7 — tm , Thev
A21,c1V 2 2
0 —viig — =+ Ao,V + mg

Saad
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bsm_agent: Why is it Amazing?

@ Input: specify the particle, e.g., scalar (1,3,1)

= Unlike any other package, you don't need to input Lagrangian terms

@ deterministic tools: *guarantees correctness*

Saad 2026

(1=

Anomaly check

complete Lagrangian construction

Expand each term

EW symmetry breaking

Mass

matrix

extensions in progress: phenomenology, parameter scans, ... theoretical sides

Saad

Open-source: €) bsm_agent
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https://github.com/saad-hep/bsm_agent

An Agent In a Nutshell

@ Agents are independent systems that get things done for you.

LLM Brain Tool Integration
Prompts Call Tool
e Manages workflow <——>| Al AGENT €—> e Gathers context
Reasoning Context
e Makes decisions e Takes actions

e My LLM/Agent requirement:
1= User initiates a task; not autonomous.
i Open-source LLMs (GPT/Qwen/Llama/...).

— You can use OpenAl/Anthropic models via paid APIs.
Saad | Al Agents in the Making |
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User /
Human

Saad

Architecture

Prompt Template

Instructions

Prompt
—;) lanning / Reasonin
D — LLM
B S
Response
Actions Store / Retrieve

Memory

20 /47



Architecture Components

o LLM Brain

The central brain or reasoning engine.
®

User /
Human

Saad T AlAgesmteMakng 247



Architecture Components

e Prompt Template

Sets the structural instructions and
agent persona.

User /
Human

Saad T AlAgesmteMakng 247



Architecture Components

Q e Tool Integration

User /

L Executes actions and gathers

real-world context.

Saad T AlAgesnteMakeg 247



Architecture Components

Prompt Template

User /
Human

Retains historical logs and

short/long-term context.

Saad | Al Agents in the Making |
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Prompting

ChatGPT Where should we begin?

4+ whatis dark matter?

©

Saad T AlAgesmteMakeg 22,47



Prompting

&) Without Your Prompt (The Default ChatGPT)

Saad

"Dark matter is a mysterious substance that makes up about 85% of the
matter in the universe. One exciting way physicists try to explain it is by
adding a new, hypothetical particle to the Standard Model of particle
physics.

Imagine a new 'scalar' particle, which is a type of particle similar to the
Higgs boson. To make it a good dark matter candidate, this particle must
be stable, meaning it doesn't decay into other things too quickly. It also
shouldn't have an electric charge, otherwise, it would interact with light
and wouldn't be 'dark.’ Scientists often use math called a 'Lagrangian’ to
write down how this particle might interact with the Higgs boson..."

23 /47



Prompting

"l am a postdoc-level particle physics model builder and
phenomenologist. Skip all introductory fluff, high-school analogies,
and generic warnings about physics being complex. Provide highly
technical answers, prioritize exact mathematical or Lagrangian
definitions, cite specific experimental bounds (e.g., LHC, dark matter
direct detection) where relevant, and explicitly state any
assumptions or approximations being made."

Saad T AlAgesmteMakeg

24 /47



Saad

Prompting

With Your Prompt (The Particle Physicist Persona)

To extend the Standard Model (SM) with a gauge-singlet scalar dark
matter candidate (ip), we add a real scalar field that is odd under a
discrete Z, symmetry (¢ — -g) to ensure stability.

The most general renormalizable Lagrangian extension (the Higgs Portal
model) is:
Lowr Yoo 2 0 M o0
L= Loy + 5 (6u9)" = 5 mod® = 3 ¢ = == F|H]

&C

« Relic Density: The portal coupling A4 dictates the thermal freeze-out
via p¢—H" —SM particles. For a given mass my, Ay is strictly
constrained to reproduce Q.h? ~ 0.12.

Direct Detection: The spin-independent elastic cross-section for -
nucleon scattering via t-channel Higgs exchange is:

Affomi

o PR b
ST dami(my + myP

This is heavily constrained by current LUX-ZEPLIN (LZ) and
XENONNT bounds, ruling out large regions of parameter space except
near the Higgs resonance (g ~ my,/2) or for heavy masses (my > 1
TeV).

Invisible Higgs Decays: If my < m,/2, the decay width T(h—¢¢)
opens, restricted by the LHC bound of BR(h—inv) < 15%.

25 /47



Prompt Engineering
— The prompt controls behavior

@ prompt engineering is what transforms a generic model into a structured, reliable
agent architecture

— How much prompt engineering is needed depends on how robust the model is
o Task description: the role you want the model to play
@ The task: concrete task you want the model to do

— It is an iterative process.

Saad T AlAgesmteMakeg 26,47



proton_agent

@ proton_agent:

Saad 2026; arXiv: 2610:xxxxx work in progress (using: gpt-oss:20b)

=

1=y

Derives RGE [-coefficients for various groups (1- and 2-loop)
Generates RGE evolution plot for g;

Explains which fields are useful for coupling unification
Computes proton decay lifetimes

SUSY and Non-SUSY (d =5 and d = 6)

Performs scans, MCMC

Generates lifetime plots

Explains the results to the user

Derives limits on masses based on experimental bounds

Saad T AlAgesmteMakeg 2747



System Prompt

uuuuuu

m

@ Role Play: You are the proton-decay specialist, a tool-using assistant for
proton-decay analysis.

Tool policy: ...

Model selection policy: ...

Plot policy: ...

Response policy/Output integrity: ...

>
>
>
>

*subject to extensive experimentation

Saad T AlAgesmteMakeg 2847



Asking the LLM under consideration

ol Open WebUI ol dpt-0ss:20b

calculate proton decay for a GUT scale of 10"6 GeV and unified coupling being 0.56

gpt-0ss:20b— one of the best open-source LLMs. Requires~ 16 GM VRAM.

Saad T AlAgesmteMakeg 20,47



Asking the LLM under consideration

o Open WebU! ol gpt-0ss:20b

calculate proton decay for a GUT scale of 10*16 GeV and unified coupling being 0.56

ol gpt-0ss:20b
Thought for 8 seconds v

Below is a quick estimate of the proton lifetime (in the simplest minimal-GUT picture) for a GUT scale Mgyr = 101 GeV/
and a unified gauge coupling agur = 0.56.

1. Rough formula for the proton lifetime
In a generic single-scale GUT the dominant dimension-6 operator mediating proton decay has the form
aGuT
2
Meyr

Lo ~ (ﬁFQ) U_F ‘I) ,

so the partial width for a proton to decay is roughly

9 5
T, ~ agur ™y
» 1 ’
Mgor
where m,, ~ 0.938 GeV is the proton mass.
(The precise coefficient depends on the specific GUT model and hadronic matrix elements, but this gives the correct
parametric dependence.)

The proton lifetime is the inverse of the width:

Saad T AlAgesnteMakng 30,47



Asking the LLM under consideration

2. Plugging in the numbers

SYMBOL VALUE

Mgyt 10 GeV
oguT 0.56

m, 0.938 GeV

N (10" GeV)*

= (0.56)2 (0.938 GeV)?
10% GeV?

" 0.3136GeV’

3.19 x 10 Gev L.

Q

Converting from the natural unit GeV ! to seconds (using 1GeV ! = 6.582 x 10 2% s):

T & 3.19 x 10% % 6.58 x 1075 ~ 2.1 x 10¥s.

Finally, in years (1 yr ~ 3.156 x 107 s):
~ ——— 2 2 ~[6.7 x10% yr.
¥ 3156 x 107 s/yr G710y

Saad T AlAgesmteMakeg a1/47



Check

MA
Ty = 2{';[] _ o~ 9 x 103‘2y_r ~ 10333’,,..
oZyrm?

1671'24’\1(5{‘-]"

UL~ 5% 10%yr.
Jour Mp

Tp

Sad T AlAgesmteMakeg 1247



Updated Information

Actual current bounds

3. Comparison with experimental limits

CHANNEL EXPERIMENTAL LOWER BOUND (YR) 2.4 % 1034
p—mlet 1.6 x 10%* 1.6 x 10*
p—mlu” 1.3 x 10% : 1.1 % 10%
p—K%* 1.3 x 10% 3.6 x 103
p— K%t 1.3 x 10%

p—me” 1.0 x 10%7 1.0 x 10%
ot 1.0 x 1057 4.7 % 10%
poTY 4.0 x 10% 3.9 x 10®
p— Kty 7.0 % 10% 6.6 x 10%

@ Experimental bounds, Yukawas, Mixing matrices, Matrix elements,
Saad | Al Agents in the Making | 33/47



Retrieval-Augmented Generation

External memory
Documents, tables,

chat history, etc.

e o\ Prompt .
» Retriever
\
= L
Context relevant
toquery

A 4

Generative
model

Response

RAG grounds LLM responses in retrieved external information.

Saad T AlAgesmteMakeg 34,47



Workflow Orchestration

The LLM interprets, LangGraph orchestrates, and scientific tools compute.
Saad | Al Agentsin the Making | 35/47



Proton Agent: Architecture

P— = 1Y
Parent StateGraph (six nodes!

ton ggent - LangGraph-controlled execution

prepare_turn
Human input history -+
model target

route specialist

proton_workflow
LLH + tools

I hist audit_artifacts finalize answer
R/ record prove- normalize |- e
nance onl answer/histon
router LLM fallback g fhistory

rge_workflow
LLY + tools

Determi

——— Implementation of proton workflow———

(some requests return directly)

of rge workflow

Deterministic field /scale parsing
and grounding (direct paths)

stic parsing and grounding

Proton specialist

RGE specialist

.

ooses tools

P
LProton specialist LLM
o

(

RGE specialist LLM RGE tool executor
chooses tools verification + artifacts

o
Proton tool executor
verification + artifacts

Same specialist LLM
reasons over verified results
and writes the answer

Same specialist LLM
reasons over verified results
and writes the answer

Deterministic result, scope,

2

and numerical-grounding checks

2

Deterministic coefficient, plot,
and grounding checks I

Workflow result ]

Optional no-tool
[ Workflow result ]‘E LLM repair

specialist LLM

deterministic / tool execution

router / LLM fallback

checks / guardrails

parent LangGraph node

external interface / workflow result

Purple stages reason and write; dashed arrows denote calls, retries, or repair paths.

Saad

36 /47



proton_agent

what are the new contributions to RGE beta coefficients if we add a scalar (1,3,0) to the Standard Model

Gauge order: UTY, SU2L, SU3C

Convention
3 3

_ 9 9i 2

Bi= Tk (16m2)2 % Bijg;-

All coefficients below are exact fractions; scalars are complex by default.

g (4119
S ST .

¥ 0 5
m- (104,
52

10

Standard Model coefficients

New contribution: S (1, 3, 0) — complex (default)

2
Ab = (0, 3 0).
00 0
ABj;=(0 3 0.
00 0

Saad | Al Agents in the Making | 37
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User>

proton_agent

if this field, a real scalar (8,3,0), remains light, can it help with gauge coupling unification?

Proton_Agent>

Saad

Field contributions

For the real scalar (8, 3, 0)

@
I
C3
I

SM-plus-field totals
SM values: s} = 102 g3 — 2

Adding the field's effect (with the field fully light, 7y = 1):

Unification ratio

Sa3 5

S 23/5 23
Interpretation
The field alone moves the ratio S3/.S15 toward the target value (the SM ratio is about 0.528, the target is about 0.718).
However, when the field is kept light the ratio overshoots the target. Thus the field is directionally helpful but too strong if

it remains fully light. To achieve the desired unification, the field would need to be heavier (reducing its weight ), or
another field would have to compensate.




proton_agent

if this real scalar (8,3,0) is not at the MZ scale, but somewhat heavy, what is the expected best scale for it to reside such that gauge coupling unification
could be significantly improved?

\.

J

Proton_Agent>

Best scaleforthe real scalar (8, 3,0)

The singlef

shid analysi shows that the gauge-coupiing

scalais taken out o the runring at a mass above the electionea

Sotving the ¢

Sa 071702056
s 1
for the thveshold weight r (and henc for the mass M) gives

So, placing the scalr a roughly 1.8 x 10° GeV s the scale that most ffectively improves gauge-couping unfication

Why this scale works.

Running contrbutions - The scaia ¢

Threshold welght - Wit £ = 0.45, the

This brings the weighted sums Sz and
Unification scale - The resu on s
sconario and keaps the proton-decay pre

tomtine.

Saad
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proton_agent

make a plot of the gauge couplings within the Standard Model gauge group by keeping the real scalar (8,3,0) at 1.8e9 GeV

Proton_Agent>

Gauge-coupling RGE running (1-loop)

o
o

—
== End: 101 GeV

°
°

°
3

Gauge coupling i

10° 10° 107 10° 101 10t 105 106
Renormalization scale 1 [GeV]
Mass thresholds (R real scalar)

=18 X10°GeV
T ois.3,00

Saad | Al Agents in the Making | 40 /)
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proton_agent

Make a plot: run the Standard Model RGEs to 1el3 GeV, where group is changed to left-right. At 1lel3 GeV, add scalars (1,1,3,-2)+(1,2,2,0); run them
up to 1.62339%e14 GeV. At 1.62339e14 GeV, group is changed to Pati-Salam. At 1.62339e14 GeV, add scalars (15,2,2)+(10,3,1)+(10,1,3)+(15,1,1); run
them to 2.66el5 GeV. Use two-loop RGEs. plot inverse couplings.

J

Proton_Agent>

Gauge-coupling RGE running

108 108 107 10° 10 108 101
Renormalization scale 1 [GeV]

Sond T B P




proton_agent

User>

an input file is given in input/example-SU5.txt, can you compute the proton lifetime; describe the results

Proton_Agent>

p prediction (flle o)
auanTiry ALUE
ouTscale My 525 108 GoV

Experimental comparison
Unifed coupling gorm = 058

CHANNEL  CURRENT BOUND (¥R) watio BouND?
Total proton ifetime =280 1y

" g ! porte 2ax10% 2815 x 104 woov v

Partia ietimes (i yesrs)

Pt 16104 1708 % 104 wov v
v a0 PR 11x109 1233 % 10% wov -
pon'n 17010 PR 36 10° 4135 109 ws v -
voHe L pones 10x10% 2963 x 107 263 v x
P Ko 41407 pomat ATx10% 1887 107 al v x
»ome 296 107 39 10% 4306 % 10% woov -
pont 180 107 poKY 66108 7.408 x 109 w v v
oy 7% 10% All channels satisty the present experimental lower limits; the most constraining ratiois 112 for p—*v. The point is
P

741 %109 classified as testable because at least one channel lies within a projected future sensitiviy.

Experimental status Key take-away
Al predicted partial ifetimes exceed the current experimental lower bounds. The benchmark prediicts a total proton fifetime of 2.8 x 10°2yr, comfortably above current limits.
The most constraining channel is p— ' v with a ratio 1.12.

The model is testable: at least one channel (p— 7%, p—°j ", or p— K ' v} lies within the projected future Several channels (p—7%€”, p—7'js*, p— K1) are within the reach of next-generation experiments, making this

sensitivity of upcoming experiments. benchmark testable.

The dominant decay mode is p— 1 (= 64 % of the total width).
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proton_agent

starting from the input file input/nonsusy-SU5.txt, perform a meme, 100000 points. vary the flavor mixing parameters by 0.001 but by keeping the MGUT
and gGUT fixed

J

Proton_Agent>

All saved-scan lifetimes vs lifetime p to pi0_eplus
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Iifetime_p_to_pi0_eplus
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User>

an input file is given in input/example-SO10-susy.text, can you compute the proton lifetime

Proton_Agent>

proton-agent

Model / Scenario

SUSY SO10 proton-decay calculation performed on the benchmark file
/home/saad/Music/Files-02/AI-agent/proton_agent/input /exanple-S010-susy. txt . Predicted partiallifetimes (t/B, years)

o

Scalar inputs (GeV) CHANNEL /B (YEARS) [
My =1.0x10"7 pamy 619x10%
myj = 2000.0 PKT 6.69x102
#= 10000 poncer 738 %107
Ap =04 PN 2.32x107
45 =10 poKew 960107
total 314x10%

Experimental comparison

The most constraining channel is p > K*¥, with a predicted lifetime 1.01x 102 times the current experimental lower

0a=10.25 bound (6.6 x 103 yr).

$a=0.35 All six channels examined lie below their respective current experimental limits; several are already within projected
Py = 0.45 future sensitivities.

v, =1.0x10 "

Overall classification
1.0 x 101 excluded.
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User>

what to do to evade the bounds?

proton_agent

Proton_Agent>

ol

proton-agent
Model: SUSY SO(10) with dressed dimension-five operators only.

Flavor structure: The Yukawa matrices h, f, g, @, y, tanf, 6u, du, Yu, ba, ¢a, Y4, vL, vr are held fixed.

Ways to increase the proton lifetime while keeping the flavor tensors unchanged

. Color-triplet mass My -
The dimension-five operator amplitude is proportional to 1/Mr.
Consequently the decay width scales as 1/ M3 and the lifetime scales as M3.
Raising M with all other inputs fixed uniformly rescales every partial lifetime by the same factor M3, preserving the
relative branching ratios of the included dimension-five contribution.

N

Sfermion mass (represented by m; = Myjideq) —

In the wino-dominated, heavy-degenerate limit the dressing amplitude is proportional to My, /m2.

Thus the decay rate scales as Mrg,/m;.

Keeping the wino mass fixed, the lifetime grows as m

This s a limiting approximation; the physical sfermion mass is not exactly mg, but the trend is that a heavier sfermion
spectrum suppresses the proton-decay rate.

These two directions—raising the color-triplet mass Mr and/or increasing the sfermion mass (m_{\tilde })—are the only
in the implemented SUSY SO(10) fon that can help evade current proton-decay bounds

while preserving the flavor structure.

Saad
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proton_agent

User>

for this input file input/example-SO10-susy.txt, what is the minimum sfermion mass to satisfy the current experimental limits?

Proton_Agent>

SUSY 50(10) fixed-flavor sfermion-mass threshold

w {=He- e -
o )
o proton-agent
Minimum sfermion mass for the supplied SUSY SO(10) benchmark
100
auanTTy vaLE 5
Wirimum sfermion mass 53601 10° Gev ¢
£ 10"
Classifcation ot this mass estae § nuttes H
H
Most constaningchannel b Kty H
Bound ratio at the threshold 1.0000026 (just above the experimental limit)
Benchmark already excluded No - the benchmark with the default sfermion mass (3.5 TeV) is excluded.
107
The scan was performed by varying only the sfermion mass while keeping all other benchmark parameters ( My, My, ju
, the Yukawa matrices, etc.) fixed. The adaptive grid found the first safe point at 3.3694 x 10° GeV. The corresponding
partial lifetime for the p — K~ mode just exceeds the current experimental bound, making the point testable with 10t 100
upcoming proton-decay experiments. Sfermion mass mj [GeV]
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Scientific Al Agents: The Future Is Here
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THANK YOU! Accurate
Scientific Results
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