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Outline

Why Scientific AI Agents?

Building Blocks of AI Agents

bsm agent:
Saad 2026: https://arxiv.org/abs/2606.21316

extension in progress

proton agent:
Saad 2026; arXiv: 2610:xxxxx

work in progress
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ChatGPT
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Future of Science

Reliability: *One must ensure its correctness*.
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Why Build Scientific Agents?

General-purpose LLM
Probabilistic, not inherently
reproducible.

Can hallucinate facts, numbers, or
references.

Lacks built-in scientific validation.

Scientific agent
Uses the LLM to understand the
request and explain the result.

Delegates numerical and symbolic
work to deterministic tools.

Preserves tool outputs, artifacts, and
provenance for audit.

Design principle: the model controls the workflow; verified tools
establish the scientific facts.
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bsm agent: Model Building from Field Content

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

User>

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]
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bsm agent
User>

describe the model

BSM Agent>

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_5 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_u1=0, su3_su3_u1=0,

u1_gravity=0, u1_cubic=0
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bsm agent

User>

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]
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bsm agent

Generated PDF>

BSM Field Content:
ϕ1 = scalar (3, 1,−1/3)

ϕ2 = scalar (3, 1,−4/3)

ϕ3 = scalar (3, 2, 7/6)

ϕ4 = scalar (3, 2, 1/6)

ϕ5 = scalar (3, 3,−1/3)

Anomaly Summary:
Anomalies: free.
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bsm agent
→ 14 Yukawa terms

Generated PDF>

LY =Y1 qqϕ1 + Y2 qqϕ5 + Y3 ϕ1
† lq + Y4 ϕ5

† lq

+ Y5 H†dC q + Y6 uC qH + Y7 ϕ3
†eC q + Y8 dC lϕ4

+ Y9 uC lϕ3 + Y10 H†eC l + Y11 ϕ1
†dC uC + Y12 eC dCϕ2

+ Y13 ϕ2
†uC uC + Y14 eC uCϕ1 + h.c.

→ 14 gauge kinetic terms:

Generated PDF>

Lkin = −
1

4
BµνBµν −

1

4
W a

µνW a,µν −
1

4
GA
µνGA,µν + (Dµq)†Dµq

+ (Dµ l)†Dµ l + (DµdC )†DµdC + (DµuC )†DµuC + (DµeC )†DµeC

+ (DµH)†DµH + (Dµϕ1)
†Dµ

ϕ1 + (Dµϕ2)
†Dµ

ϕ2 + (Dµϕ3)
†Dµ

ϕ3

+ (Dµϕ4)
†Dµ

ϕ4 + (Dµϕ5)
†Dµ

ϕ5
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bsm agent
→ 73 terms in the scalar potential

Generated PDF>

V =m2
1 HH† + m2

2 ϕ1ϕ1
† + m2

3 ϕ2ϕ2
† + m2

4 ϕ3ϕ3
†

+ m2
5 ϕ4ϕ4

† + m2
6 ϕ5ϕ5

† +

{︃
µ7 Hϕ1ϕ4

† + µ8 Hϕ4
†
ϕ5

+ µ9 ϕ1ϕ4ϕ4 + µ10 ϕ2ϕ3ϕ4 + h.c.

}︃
+ λ11 HHH†H† +

{︃
λ12 HHϕ2ϕ5

†

+ λ13 HHϕ3
†
ϕ4 + h.c.

}︃
+ λ14 HH†

ϕ1ϕ1
† +

{︃
λ15 HH†

ϕ1ϕ5
† + h.c.

}︃
+ λ16 HH†

ϕ2ϕ2
†

+ λ17,c1 HH†
ϕ3ϕ3

† + λ17,c2 HH†
ϕ3ϕ3

† + λ19,c1 HH†
ϕ4ϕ4

† + λ19,c2 HH†
ϕ4ϕ4

†

+ λ21,c1 HH†
ϕ5ϕ5

† + λ21,c2 HH†
ϕ5ϕ5

† +

{︃
λ23 Hϕ1ϕ2ϕ3 + λ24 Hϕ1ϕ4ϕ5

+ λ25 Hϕ1
†
ϕ3

†
ϕ5

† + λ26 Hϕ2ϕ3ϕ5 + λ27 Hϕ3
†
ϕ5

†
ϕ5

† + λ28 Hϕ4ϕ5ϕ5 + h.c.

}︃
+ λ29 ϕ1ϕ1ϕ1

†
ϕ1

† +

{︃
λ30 ϕ1ϕ1ϕ5

†
ϕ5

† + h.c.

}︃
+ λ31,c1 ϕ1ϕ1

†
ϕ2ϕ2

† + λ31,c2 ϕ1ϕ1
†
ϕ2ϕ2

†

+ λ33,c1 ϕ1ϕ1
†
ϕ3ϕ3

† + λ33,c2 ϕ1ϕ1
†
ϕ3ϕ3

† + λ35,c1 ϕ1ϕ1
†
ϕ4ϕ4

† + λ35,c2 ϕ1ϕ1
†
ϕ4ϕ4

†

+ λ37,c1 ϕ1ϕ1
†
ϕ5ϕ5

† + λ37,c2 ϕ1ϕ1
†
ϕ5ϕ5

† + ...
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bsm agent
→ 73 terms in the scalar potential

Generated PDF>

V =... +

{︃
λ39,c1 ϕ1ϕ2

†
ϕ3

†
ϕ4 + λ39,c2 ϕ1ϕ2

†
ϕ3

†
ϕ4

+ λ41,c1 ϕ1ϕ3ϕ3
†
ϕ5

† + λ41,c2 ϕ1ϕ3ϕ3
†
ϕ5

† + λ43,c1 ϕ1ϕ4ϕ4
†
ϕ5

† + λ43,c2 ϕ1ϕ4ϕ4
†
ϕ5

†

+ λ45 ϕ1ϕ5ϕ5
†
ϕ5

† + h.c.

}︃
+ λ46 ϕ2ϕ2ϕ2

†
ϕ2

† + λ47,c1 ϕ2ϕ2
†
ϕ3ϕ3

† + λ47,c2 ϕ2ϕ2
†
ϕ3ϕ3

†

+ λ49,c1 ϕ2ϕ2
†
ϕ4ϕ4

† + λ49,c2 ϕ2ϕ2
†
ϕ4ϕ4

† + λ51,c1 ϕ2ϕ2
†
ϕ5ϕ5

† + λ51,c2 ϕ2ϕ2
†
ϕ5ϕ5

†

+

{︃
λ53,c1 ϕ2ϕ3ϕ4

†
ϕ5

† + λ53,c2 ϕ2ϕ3ϕ4
†
ϕ5

† + h.c.

}︃
+ λ55,c1 ϕ3ϕ3ϕ3

†
ϕ3

† + λ55,c2 ϕ3ϕ3ϕ3
†
ϕ3

†

+ λ57,c1 ϕ3ϕ3
†
ϕ4ϕ4

† + λ57,c2 ϕ3ϕ3
†
ϕ4ϕ4

† + λ57,c3 ϕ3ϕ3
†
ϕ4ϕ4

† + λ57,c4 ϕ3ϕ3
†
ϕ4ϕ4

†

+ λ61,c1 ϕ3ϕ3
†
ϕ5ϕ5

† + λ61,c2 ϕ3ϕ3
†
ϕ5ϕ5

† + λ61,c3 ϕ3ϕ3
†
ϕ5ϕ5

† + λ61,c4 ϕ3ϕ3
†
ϕ5ϕ5

†

+ λ65,c1 ϕ4ϕ4ϕ4
†
ϕ4

† + λ65,c2 ϕ4ϕ4ϕ4
†
ϕ4

† + λ67,c1 ϕ4ϕ4
†
ϕ5ϕ5

† + λ67,c2 ϕ4ϕ4
†
ϕ5ϕ5

†

+ λ67,c3 ϕ4ϕ4
†
ϕ5ϕ5

† + λ67,c4 ϕ4ϕ4
†
ϕ5ϕ5

† + λ71,c1 ϕ5ϕ5ϕ5
†
ϕ5

† + λ71,c2 ϕ5ϕ5ϕ5
†
ϕ5

†

+ λ71,c3 ϕ5ϕ5ϕ5
†
ϕ5

†
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bsm agent

User>

expand the Lagrangian

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]
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bsm agent

Generated PDF>

Y4 ϕ5
†lq + h.c. = Y4

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

ϕ5
+2/3,b̄†l0q

+2/3
b + ϕ5

+2/3,ḡ †l0q
+2/3
g

+ϕ5
+2/3,r̄ †l0q

+2/3
r +

√
2

2
ϕ5

−1/3,b̄†l−q
+2/3
b

+
√
2
2

ϕ5
−1/3,b̄†l0q

−1/3
b +

√
2
2

ϕ5
−1/3,ḡ †l−q

+2/3
g

+
√
2
2

ϕ5
−1/3,ḡ †l0q

−1/3
g +

√
2
2

ϕ5
−1/3,r̄ †l−q

+2/3
r

+
√
2
2

ϕ5
−1/3,r̄ †l0q

−1/3
r + ϕ5

−4/3,b̄†l−q
−1/3
b

+ϕ5
−4/3,ḡ †l−q

−1/3
g + ϕ5

−4/3,r̄ †l−q
−1/3
r

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

+ h.c.
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bsm agent

Generated PDF>

µ8 Hϕ4
†ϕ5 = µ8

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

−
√
2H0ϕ4

+2/3,r̄ †ϕ5
+2/3
r −

√
2H0ϕ4

+2/3,ḡ †ϕ5
+2/3
g

−
√
2H0ϕ4

+2/3,b̄†ϕ5
+2/3
b − H0ϕ4

−1/3,r̄ †ϕ5
−1/3
r

−H0ϕ4
−1/3,ḡ †ϕ5

−1/3
g − H0ϕ4

−1/3,b̄†ϕ5
−1/3
b

+H+ϕ4
+2/3,r̄ †ϕ5

−1/3
r + H+ϕ4

+2/3,ḡ †ϕ5
−1/3
g

+H+ϕ4
+2/3,b̄†ϕ5

−1/3
b +

√
2H+ϕ4

−1/3,r̄ †ϕ5
−4/3
r

+
√
2H+ϕ4

−1/3,ḡ †ϕ5
−4/3
g +

√
2H+ϕ4

−1/3,b̄†ϕ5
−4/3
b

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
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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>

M2
10[

(︂
ϕ3

+2/3
r

)︂†
,
(︂
ϕ4

+2/3
r

)︂†
,
(︂
ϕ5

+2/3
r

)︂†
;ϕ3

+2/3
r , ϕ4

+2/3
r , ϕ5

+2/3
r ] =⎡⎢⎢⎢⎢⎣

λ17,c1v
2

2
+ m2

4 −λ13v
2

2
0

− v2λ13
2

λ19,c2v
2

2
+ m2

5 −µ8v

0 −vµ8 −
λ21,c1v

2

2
+ λ21,c2v

2 + m2
6

⎤⎥⎥⎥⎥⎦
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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*

☞ Anomaly check

☞ complete Lagrangian construction

☞ Expand each term

☞ EW symmetry breaking

☞ Mass matrix
☞ extensions in progress: phenomenology, parameter scans, ... theoretical sides

Saad 2026 Open-source: § bsm agent
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An Agent In a Nutshell

Agents are independent systems that get things done for you.

AI AGENT
LLM Brain

• Manages workflow

• Makes decisions

Tool Integration
• Gathers context

• Takes actions

Prompts

Reasoning

Call Tool

Context

My LLM/Agent requirement:

☞ User initiates a task; not autonomous.

☞ Open-source LLMs (GPT/Qwen/Llama/...).

→ You can use OpenAI/Anthropic models via paid APIs.
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Architecture

Agent

Prompt Template

LLM

User /
Human

Tools Memory

Instructions

Planning / Reasoning
Prompt

Response

Actions Store / Retrieve
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Architecture Components

Agent

Prompt Template

LLM

User /
Human

Tools Memory

Instructions

Planning /
Reasoning

Prompt

Response

Actions
Store /
Retrieve

LLM Brain
The central brain or reasoning engine.

Prompt Template
Sets the structural instructions and
agent persona.
Tool Integration
Executes actions and gathers
real-world context.
Memory Store
Retains historical logs and
short/long-term context.
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Prompting
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Prompting
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Prompting

Saad AI Agents in the Making 24 / 47



Prompting
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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

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.
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proton agent

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

☞ Derives RGE β-coefficients for various groups (1- and 2-loop)

☞ Generates RGE evolution plot for gi

☞ 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
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System Prompt

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
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Asking the LLM under consideration

gpt-oss:20b– one of the best open-source LLMs. Requires∼ 16 GM VRAM.
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Asking the LLM under consideration
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Asking the LLM under consideration
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Check
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Updated Information

Actual current bounds

Experimental bounds, Yukawas, Mixing matrices, Matrix elements, ...
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Retrieval-Augmented Generation

RAG grounds LLM responses in retrieved external information.
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Workflow Orchestration

The LLM interprets, LangGraph orchestrates, and scientific tools compute.
Saad AI Agents in the Making 35 / 47



Proton Agent: Architecture
Proton agent - LangGraph-controlled execution

Parent StateGraph (six nodes)

Proton specialist StateGraph RGE specialist StateGraph

Human input
prepare turn

history +
model target

route specialist

rules/history;
optional

router LLM fallback

proton workflow

LLM + tools

rge workflow

LLM + tools

audit artifacts

record prove-
nance only

finalize answer

normalize
answer/history

Final answer

Implementation of proton workflow

Deterministic parsing and grounding
(some requests return directly)

Proton specialist LLM
chooses tools

Proton tool executor
verification + artifacts

Same specialist LLM
reasons over verified results

and writes the answer

Deterministic result, scope,
and numerical-grounding checks

Workflow result

Implementation of rge workflow

Deterministic field/scale parsing
and grounding (direct paths)

RGE specialist LLM
chooses tools

RGE tool executor
verification + artifacts

Same specialist LLM
reasons over verified results

and writes the answer

Deterministic coefficient, plot,
and grounding checks

Workflow result
Optional no-tool

LLM repair

specialist LLM router / LLM fallback parent LangGraph node

deterministic / tool execution checks / guardrails external interface / workflow result

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

User>

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

Proton Agent>
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proton agent

User>

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

Proton Agent>
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proton agent

User>

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?

Proton Agent>
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proton agent

User>

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>
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proton agent

User>

Make a plot: run the Standard Model RGEs to 1e13 GeV, where group is changed to left-right. At 1e13 GeV, add scalars (1,1,3,-2)+(1,2,2,0); run them
up to 1.62339e14 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 2.66e15 GeV. Use two-loop RGEs. plot inverse couplings.

Proton Agent>
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proton agent

User>

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

Proton Agent>
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proton agent

User>

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

Proton Agent>
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proton agent

User>

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

Proton Agent>
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proton agent

User>

what to do to evade the bounds?

Proton Agent>
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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>
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Scientific AI Agents: The Future Is Here

Past

Scientist

Code by hand

Software / Tools

Present

Scientist

General-purpose LLM

Suggestions / Code

Emerging Future

Scientist

Scientific AI Agent

BSM
Agent

Proton
Agent

more to
come ...

Accurate
Scientific Results

THANK YOU!
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