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Tools for theory — observables link g =
> AERRERENABAE/NBA—F, FEXRRE ©
BSM Feynman Matrix h > TRINECEZJRMRERO, EAFMIERERE @
(Model) ( Rules ) (Element ) ( Events ) (Detectorj B
\N p * < _ - o ] )
. L grs— :\ pYTTH.A N ey — SR A RBERARNE S I EXRF G I
FeynRules :n%?“ia&cé“g,gfé?ph’ _»| HERWG Simulation il .E,—_ﬁ'ﬁgfﬂﬁﬁf?@W%BE’ﬂi‘\f’Eﬁﬁ\ £ 2 [
\_SARAH ) | Sherpa, WHizard ] | sperpa | | PGS Delphes ROIRISE =X LX) @
CMSSW,
$ g, —ATHENA BES B ENLROIBITEA TIER?
O Relic Density %. L5 TRV /) A4 S r;
& %y (Collidersignatures) RERR 57 > A
/ N b e et e o ay .
\DM Direct Detection} —LEREFEIBC TERBER DM EL. SEXITE
( MadDM ) HERAES T E L
N
DM Indirect Detectior;
é Analysis Frameworks h . \ g o = 5 _
Plots, PAW/Root, Fortran/C++ codes, Private codes, T:I_:Alﬂirfb, ﬁﬂlﬁéﬁﬁuﬁ!ﬁlﬂ’\ﬁi!&? !Zﬂﬁjiﬁ!i&?
S MasterCode, CHECKMATE, MadAnalysis, GAMBIT y
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Al5 S8EIB R4 SR

IR : HEPREFREMNERIRAK, HIEIE=HEC. Fortran, Python, Mathematica, FEFHNATE. WAL
HHE—THM TERMNBENE?

()R8 GN{a] FHAIRERIXLE o) 33,

4

//I

BANRMHEPERZF B8 —1TH1E: JEd

import model sm

define 1+ = e+ mu+

define 1- = e- mu-
generate p p > 1+ 1-
output events/pp_Ll1_1l4tev
launch events/pp_Ll1_14tev
done

set nevents 50000

set ebeaml 6500

set ebeam2 6500

MadGraph
B 2 7 5

yx O

-

-

SMNEERER, REE=RACHERIZES

FeynRules 1= 84 3 {4743

LALP := Block[{mu, nu, rho, sigma},

I7

- gaZA x (1/2) % Eps[mu, nu, rho, sigmal * FS[Z, mu, nul *x FS[A, rho, sigmal] x
alp

- gaZZ x (1/4) x Eps[mu, nu, rho, sigmal] * FS[Z, mu, nul x FS[Z, rho, sigmal] x
alp

- gawWw x (1/2) x Eps[mu, nu, rho, sigmal * FS[W, mu, nul *x FS[Wbar, rho, sigma]
* alp

fRAE: WRADLILLMESXEEEREFNES RIS, AABABRXERFNIT, MM 7 EMNBEHN

A& iRLLM & 22 HEPIE R AIBN{ER 5352

SRILLMEZ2E® 7T % %RTEEE
LLMAVII|ZERBE LB S 7 2o HEPIZF Y F A1 1S
BiY F Y TRERERSIFLLMEROMTTE, <EMNY
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Context Engineering (L TFXITFE) skt rFxTe=raranssnss

Prompt engineering vs. context engineering LR Tie:

TH#”%Z

Prompt engineering Context engineering for agents ;Fu, ‘_E_H__l'
for single turn queries

ARSI
Context window Possible context to give model Context window *u IEEA)\J:

—————————————————————————————————————

: r System prompt : : r Docﬁ [ Docﬁ [ Docﬁ E : r System prompt 1_:\ -FKE’];§7I< 5
" — : . B I][ 'J ' : Vﬁ[ N : Hlﬁ_—1t¢
[ n .| Too Too Too ' | Doc1 | | Doc2 }—— Assistant N

! ser message » . ]l | | | oC oC | H [ ssistan ] Hurg ﬂ?&}g

message

vV I . k L, 1 Curation g |
. —> %@g_) [ gses;:::gzt ] | Tool | Memory file ] : > | Memory file } : — §§§_< H_-l. j:mﬁjt,ﬁi
' : Comprehensive ] : : | Tool 1 ] [Tool 2 }_._/I —> [ Tool call ] 1$£Fﬁﬁ'ﬁﬂ’]"

W e
instructions 'lﬁ&}éﬁ“ﬂ"]
User message |—+—

[ @ I
| Domain knowledge ] : : V ! = B
i I

: | ) H/W
I : ' Message history ]—'—/

1 | Memory file] [ Docﬁ , I !

1\ | I v |

I : ! |

! Tool i I l
| \ | ! |
1, , I |
I | Message history ] 2 ; g % ______ '

\ 4

Vv

{ Tool result ]—/
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Hello-World Example

pp — CTC BEPBRFHNIFAEREG



EHERIRT

Execution Backend: Magnus

HEP tools [ I\/Iathematica] [ Feynrules ] [ MadGraph ] [ Pythia

Cognitive Reasoning Engine

skills orchestrator generator validator generator simulator analyzer

\\ J \\ . J

equipped rpheno-pipeline \ rfeynrules-model] [feynrules-model] [ ufo madgraph (madanalysis\

4 N 4 . 4 )
collider event
subagent orchestrator model-generator .
simulator analyzer

\. y,

analyzer ]

User Layer

hatural language input output Y

[ Lagrangian, collider process, kinematic cuts, ... ] [ kKinematic distributions, bounds on parameter space, ... ]

HFAgent Skills ZEEEM IAKN-F1TREHS
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EeeA5Rty: DPASkillsJ9 bt

equipped | pheno-pipeline feynrules-model | |feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer

collider event
. —>
simulator analyzer analyzer

subagent orchestrator —» model-generator

> SkillstEfR mia TIEM TRIAANEM L5 7T —MEHEREZNINIRE T ER— 1T AREBMNSIHERIR
CiNAE, NEBEESRFES. LERsIS. AITRIA. $3XES T &?E #Lx—ﬂ CIE=EIU: Y
SR MW ERIE, XIESXENERARNEAMEETMN, HlalMLagrangian=2. friREIS 14

## Workflow ### Step 5: Define parameters
Work through these steps *kone at a timekx. Do not try to write the complete '.fr' file in one Edit the "M$Parameters  section. For each new coupling constant:
shot — copy the skeleton first, then edit each section incrementally. — Set "ParameterType —-> External with "BlockName , "OrderBlock , "Value
- Include "InteractionOrder —> {NP, 1} for every new physics coupling (both External and Internal)
> ### Step 1: Analyze the Lagrangian- — Do *xNOT** add Mass or Width symbols here — they are already defined by the particle class
> ### Step 2: Map Symbols to FeynRules Conventions - For derived parameters, use ParameterType -> Internal with a "Value expression.
> ### Step 3: Create the .fr file from the skeleton - See [references/feynrules_syntax.md] (references/feynrules_syntax.md) section 6 for External/Internal parameter

examples, including mixing matrices with "Unitary -> True .

> ### Step 4: Define particle classes

> ### Step 5: Define parameters -

> ### Step 6: Write the Lagrangian- FeyanLeS mOdeL ge.ne:I:‘a--t():I:‘E/J-u-lZ \1_bﬁ%

> ### Step 7: Validate--

» SkillsEERANTIINE, ATAEARIAgentiEZR T 4& 1153

> SKillsP] ARG ERAR FEIEZN (BF—EIFIEDR., RENEN) , %RACHAEM. ATRAEE,. FiEshE
HE | A[fFEGRRNSMAINRER,




EeeAsRt: DPASkillsJo &b

equipped | pheno-pipeline feynrules-model | |feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer

collider event
. —>
simulator analyzer analyzer

subagent orchestrator —» model-generator

AL —

pheno-pipeline-orchestrator HBEARIESES, ALRiEEFELIER

feynrules-model-generator IBNES (BlFELaTeX) P ERILagrangianktityFeynRuleshy. fri B S {4

feynrules-validator I friR B4 [FF59%E, FRNEMNEXKEEZFBGEIRL, MadGraphTins:
ufo-generator MR B ST A B UFORRBU S 14

madgraph-simulator M5 . H1TMadGraphfil 7

madanalysis-analyzer w5 . HiTMadAnalysisf]Z~ (Normal Mode)

ERREMNMEITRIENGES, URREREFCEBNNKIRNEBES, JUEXR (5AI)

B] BAM{EHERYFNE ColliderAgentizTHOA T, FIBFHIITRIITES.

ERATENETERNESVHERR (83.rXXH, .mgb, .mab3F) , HEK

reproduction-guide-generator bash—§ziTHIANTIEMIERE. BTX T HIAGE, JUBMTNESE BN
2, RREUMER. BRIET ColliderAgentE RG] S,

magnus-utility fizi5MagnusF R ERR . 1. &Fif. SREINSHEIRRE FiRlF

execution-summarizer




EBEMNZEYY: multi-agent

equipped | pheno-pipeline feynrules-model | |feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer

collider event
. —>
simulator analyzer analyzer

subagent orchestrator —» model-generator

EEE: SHENRSPHORISRSERSEN, BHER. RUSENSKREATINESINE, BINRIEE
5. RN TANRFAEORESREESEER, NRHE—SEESIZAE, ESRTESSHMAWE:
H—2 FTXRESIROTH. SRTNNBREENARRAAT S SREEEN ETXED, EH TR
FREREXEROTH, BERDERYE: H- SASRESKNBERRETRE. B— M EEAERRNERS
BHPSEECRES . B TRASKESIMNAS, SMALRSEHALREBBT FRE.

R SEEEN
fim: FEEMARHIFSEEESHERNLTX, ERREESRR, HEREEHRNET.

~

P




EBEMZEYY: multi-agent

equipped | pheno-pipeline feynrules-model | |feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer

collider event
. —>
simulator analyzer analyzer

subagent orchestrator —» model-generator

ZSEEN I FEEARFEIFSBESESHEINLTXY, EEREBEEERME, HEREEENET,
e 1) [BRIRITRARIRIEERAFEEHRDEES. 2) FEEBZEFERERER.

fBRAE: 1) fwHEssE I pheno-pipeline-orchestrator SkillsRoRES; 2) FEEEMEID " WNEE
(B HHIEBEER: subagentelETZEERESLESEIMEEH.MAXXE, EIRNAER—miEERIEEHELRE.md
R RE B LS H Esubagent,

## File Paths
v progress
- x*kFeynRules model filexx: " /Users/x/Project/agent/ALP_2_v4/ALP_bosonic.fr’
Vv Cj}/ Il 1‘£lt63\/ - xkUF0 model directoryxx: °/Users/x/Project/agent/ALP_2_v4/ALP_bosonic_UFOQ"

¥ stepl_feynrules.md step1_feynrules.md

## BSM Parameters

I' run_manifest.yami|

s [
kvl | VAN DAY
‘ Stepz_madgraph-md | Parameter | Nature | SLHA Block | SLHA Code | Default Value | Description | HH E/\J HBD /\_ ﬁ
e ——— ————— —— S ——— |
¥ step3_madanalysis.md | “fa’ | External | ALPINPUTS | 1 | 1000 (GeV) | ALP decay constant |
| “cWtil | External | ALPINPUTS | 2 | 1 | Wilson coefficient for SU(2) operator |
‘ Step4_postproceSS|ng.md | \Malp\ | External | MASS | 9000005 | 0-001 (GeV) | ALP mass | |
| gaZA | Internal | — | — | cWtilssw/(cwxfa) | Effective ALP-Z-gamma coupling |
| “gazzZ’ | Internal | —- | —- | cWtilx(cw™4-sw™4)/(cw”2xfa) | Effective ALP-ZZ coupling |
| | —

“gaWw’ | Internal | — | cWtil/fa | Effective ALP-WW coupling |



EBEMZEYY: multi-agent

equipped | pheno-pipeline feynrules-model | |feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer

collider event
. —>
simulator analyzer analyzer

subagent orchestrator —» model-generator

orchestrator DERBMESES, ARiHEEimLIIER

odel -generator IEEAES (BfELaTeX) FHERMILagrangianitit yFeynRuleshy. fri& Bl
: th, HRRERUFOBETH, RIRIER ST ER

AR HAMadGraph4 piparton-level =4, EAPythiai#t{Tparton
showering, EFHADelphesi# TR zsi= 11

collider-simulator

madanalysis-analyzer I RAMadAnalysis (normal mode) HITEHID T

N

8135 profile-likelihood analysisZ4;

MALLMB S 8ET TR D ITESS,

heno-analyzer . s -
P Y Hoth, SHEEEE, BES.
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> INEHZEREMARRAAR, NRRFESRER. D, AXSERFAER
> ITEHFA—ITERITEImMagnusTass, CER{FARIEIMER . BITHESRIRERE

> /= 288

he:
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> ESR  RFIEEES

> BTt T RAABEES A

RTINS

E A
RIt, Blal, =

IREERARERERTEEEME. FIlfFlFIEIE 0]

" B3t MMadGraph. Delphesi BZEHfM (EEHEP/IMNIETE

JuE) FEFN, wAFEIMOTITEIRENG,
Vagnus: HARRIGHGERFRETS oot T SR/RASTHATMETRS,
* i . ag - - ——— .
WESHIER, TERREES BEEMFREE
Execution Backend: Magnus
HEP tools | Mathematica Feynrules MadGraph Pythia Delphes MadAnalysis | === ==
.- : i CLI
Cognitive Reasoning Engine ‘
-
equipped | pheno-pipeline feynrules-model | | feynrules-model ufo madgraph madanalysis
skills orchestrator generator validator generator simulator analyzer | 7
subagent orchestrator —» model-generator _collider event pheno
simulator analyzer analyzer
L A |
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1. Single LQ production at the LHC

LHC, /s = 13 TeV

PHYSICAL REVIEW LETTERS 125, 231804 (2020) 0 O: — multjet e +]
— W+ WwW
T Z+j  — WZ+iW -
| : ]
Lepton-Quark Collisions at the Large Hadron Collider 5;3 : — LQ
-
* . . . g . . = 1E
Luca Buonocore ,1’2’ Ulrich qusc:h,3 " Paolo Nason ,4’i Francesco Tramontano,l’§ and Giulia Zanderlghl3 | -_§ :
1Dipartimem‘o di Fisica, Universita di Napoli Federico Il and INFN, Sezione di Napoli, I-80126 Napoli, Italy 2 | Ih
2Physik Institut, Universitdt Ziirich, CH-8057 Ziirich, Switzerland S 0.10 k -
Max-Planck-Institut fiir Physik, Fohringer Ring 6, 80805 Miinchen, Germany > : F.
*Universita di Milano-Bicocca and INFN, Sezione di Milano-Bicocca, Piazza della Scienza 3, 20126 Milano, Italy ]
® (Received 29 May 2020; revised 29 September 2020; accepted 9 November 2020; published 2 December 2020) 0.01¢
1000' o iOOOI o éOOOI | éIlOOO - SOOO
. . s mej [GeV]
» single leptoquark production by by picking a lepton from one beam and a
quark from the other beam »
> requiring the correct use of the LUXlep PDF set to account for leptons - / ‘
inside the proton. LQ
q q
—_—] ]
p
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1. Single LQ production at the LHC

1. Target

Considering the scalar leptoquark model described in this document, plot the m.; distribution for the signal process.

2. Scalar Leptoquark Model
2.1 Lagrangian

L — Aeu LQG’U, éRu% + h.C.

where 9 = Cy’ with C = i7*~° denotes the charge conjugation of 1 field. Note that the leptoquark LQ,_, couples to a
lepton and a quark (no anti-particles). Here,

e LQ_, is a scalar leptoquark. It is an SU(2)r, singlet under the SM gauge group, carrying color triplet and electric
charge Q = —1/3.

e )\, is the Yukawa coupling (real).

2.2 Parameters
The benchmark point for the signal:

e mass of LQ: M1q = 3000 GeV
e total width of LQ: I',q = 60 GeV
® ey =1

user prompt = research note or paper

25



1. Single LQ production at the LHC

1. Target
3. Collider Simulation

3.1 Process

pp — LQ — ej, mediated by the scalar leptoquark, without NWA approximation.

Only consider contributions from the scalar leptoquark. Completely exclude all SM gauge bosons (Z, 7, Wi) and Higgs
boson from all Feynman diagrams. Here, the underlying process is a lepton (e) from one proton PDF and a quark (u)
from the other proton fusion to produce the LQ, which then decays back to e + j. This requires the LUXlep PDF, which
provides lepton parton distribution functions inside the proton.

3.2 Collider simulation settings

e Collider: 13 TeV LHC

e Event number: 100000

e Parton shower: Pythia8

e Detector simulation: Delphes with ATLAS card (anti-kr jets with R = 0.4)
e PDF: LUXIlep; redefine the proton content to include leptons and the photon

e Generation-level cuts: pr(¢,j) > 500 GeV, |n| < 2.5
e Store the generated events in LHCO format

3.3 Pythia8 lepton-to-photon workaround
Pythia8 cannot backward-evolve leptons from proton PDFs. The correct steps are:

1. After MadGraph generates the LHE file, replace all initial-state leptons with photons in the LHE file.

2. Disable Pythia8’s built-in event validity checks (charge/momentum conservation) so it accepts and showers the
manually modified LHE file without rejecting it.

3. Perform shower and detector simulation.

user prompt = research note or paper

25



1. Single LQ production at the LHC

1. Target

3. Collider Simulation

4. Numerical Analysis

4.1 Event selection
Read the reconstructed events from the Delphes output and apply the following selection cuts:

. Electron: pr > 500 GeV, |n| < 2.5

Jet: pr > 500 GeV, |n| < 2.5 (anti-kr, R = 0.4)

Missing transverse energy: E&55 < 50 GeV

Lepton veto: veto events with additional leptons (|n| < 2.5, pre¢ > 7 GeV)

A A

Jet veto: veto events with additional subleading jets (|n| < 2.5, pr,; > 30 GeV)

4.2 Signal histogram
Compute the invariant mass me; of the leading electron and leading jet for events passing all cuts.

e Bin the m.; distribution in 100 GeV bins from 0 to 5000 GeV.

e Weight each event by w = 0 X £/Ngen, where o is the cross section, £ = 100 fb~!, and Ngen 1s the total number of
generated events.

5. Plot Figure
Plot the signal m.; distribution with solid black line.

1. Atter MadGraph generates the LHE file, replace all initial-state leptons with photons in the LHE file.

2. Disable Pythia8’s built-in event validity checks (charge/momentum conservation) so it accepts and showers the
manually modified LHE file without rejecting it.

3. Perform shower and detector simulation.
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Jet veto: veto events with additional subleading jets (|n| < 2.5, pr,; > 30 GeV)

events/bin/100 fb~1

4.2 Signal histogram
Compute the invariant mass me; of the leading electron and leading jet for events passing all cuts.

e Bin the m.; distribution in 100 GeV bins from 0 to 5000 GeV.
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5. Plot Figure
Plot the signal m.; distribution with solid black line.

1. Atter MadGraph generates the LHE file, replace all initial-state leptons with photons in the LHE file.

\ . S \
2. Disable Pythia8’s built-in event validity checks (charge/momentum conservation) so it accepts and showers the !ZI]%Z:BSZIL,\E’\JIE, & RTLA

manually modified LHE file without rejecting it. “EEEF IS 1IEarXiv: 2006.06477H 4 table 1”
3. Perform shower and detector simulation.

SM cross section for lepton-lepton scattering at the LHC
user prompt = research note or paper ety et utre ot et utt ot

o137ev [fb] | 0.297013 | 0.1870-2% | 0.1619:09 | 0.2470-3% | 0.197097 | 0.0810-08

oartev [fb] | 0.53%g: 78 | 0.347075 | 0.30F0 1) | 0.44070 17 | 0.34%015 | 0.1475¢7
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2. ALP production at the LHC in EFT

ALPs Effective Field Theory and Collider Signatures

l. Brivio (Bohr Inst. and Madrid, Autonoma U. and Madrid, IFT), M.B. Gavela (Madrid, Autonoma U. and Madrid, IFT), L.
Merlo (Madrid, Autonoma U. and Madrid, IFT), K. Mimasu (Louvain U., CP3 and Sussex U.), J.M. No (King's Coll. London

and Sussex U.) et al. (Jan 19, 2017)
Published in: Eur.Phys.J.C 77 (2017) 8, 572 - e-Print: 1701.05379 [hep-ph]
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2. ALP production at the LHC in EFT

1. Target

Considering the ALP EFT in this document, plot the normalized E®!* distribution for pp — a W¥+ (Wi S Eiu) at
v/s =13 TeV LHC.

2. ALP EFT

2.1 Lagrangian
The ALP bosonic EFT Lagrangian reads:

bosonic
0L, = cyyy Aw +cpAp
where the operators are

Suv @ a txrauv @

Here,

e a is the ALP (axion-like particle), a pseudo-scalar singlet, with mass m,.

e f, is the ALP decay constant (dimension of mass).

e B,, =0,B, —0,B, is the U(1)y hypercharge field strength tensor.

o Wi, =0,W;—-0,W; + ge“’chﬁW,f is the SU(2). weak isospin field strength tensor (a = 1,2, 3).
o BY = """ Byo, Warv = seMPTW 2, are the dual field strength tensors.

cyir» C5 are dimensionless Wilson coefficients. They satisfy the relation

— 2 ~
Cp = — tan HW-CW

to enforce g,~~ = 0, where Oy is the weak mixing angle.

e In the collider simulation, f, = 1000 GeV and m, = 0.001 GeV are chosen. So the free parameter is c3 .
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2. ALP production at the LHC in EFT

1. Target

3. Collider Simulation

3.1 Process

pp—)aWi’y, WE 5 *v
3.2 Collider Simulation Settings
e Collider: 13 TeV LHC
e Event number: 500,000
e Analysis level: Parton-level (no parton shower or detector simulation)
e PDF': nn23lol
o f, =1000 GeV, m, = 0.001 GeV, and cj;, =1

4. Numerical Analysis

4.1 Event Selection
Read the LHE events and apply the following selection cuts:

e photon: pr > 20 GeV, n < 2.5
e lepton: pr > 20 GeV, n < 2.5

4.2 Histogram and Normalization

e Histogram: E3'*° = |p.% 4 pr|, the vector sum of the transverse momenta of all invisible particles (ALP + neutrino).

e Binning: 50 bins, 0-1000 GeV

4.3 Plot Figure
Plot the histogram. The height of the histogram is the normalized events, which are defined as the ratio of the number of
events in the bin to the total number of events.
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3. Constraints on U; LQ from LHC mono-7 search

Mono-T7 Signatures at the LHC Constrain Explanations of B-decay Anomalies 4 NS
.1 U: Leptoquar '0‘-
Admir Greljo (CERN), Jorge Martin Camalich (CERN and IAC, La Laguna and Laguna U., Tenerife), José David Ruiz- ".;.?HC exclusion @ 25“’.' RH
Alvarez (Antioquia U.) . D TR -
Nov 19, 2018 § | /,@‘EQ 450
/7 pages on 2] i
Published in: Phys.Rev.Lett. 122 (2019) 13, 131803 — T 3
Published: Apr 6, 2019 e = e LH
e-Print: 1811.07920 [hep-ph]
DOI: 10.1103/PhysRevLett.122.131803 -
View in: CERN Document Server, ADS Abstract Service ok 1 5 | 3 | A 5
pdf  [4 cite @ reference search %) 135 citations My, [TeV]
» U, leptoquark model
Lo, = ~(DuUn, — DU (DPUY = DYUY) + Mg, UL UE + [ge(ey” Puv) UL, + 9o (07" PLr)UY, + b P N T
> full workflow, including event generation for the signal process pp — v,
showering and hadronization, detector simulation with ATLAS and CMS C V
configurations, experiment-specific event selection, and the extraction of p

the exclusion contour by comparing the resulting signal templates with

published LHC data in a profile-likelihood analysis.
28



3. Constraints on U; LQ from LHC mono-7 search

1. Target

Considering the U; Leptoquark Model described in this document, plot the 20 exclusion contour for the U; leptoquark in
the (1/|g9%gv|, Mvu,) plane, with some other lines and bands.

2. U, Leptoquark Model
In this section, the U; Leptoquark Model is introduced.

2.1 Lagrangian

Lu, = —(DuUn — DU (D*UY — D*UY) + ME, UL UL + [go(ey* Povs)UY, + go(8y* Por)UT, + hoc.]
Here,

e U; is a vector leptoquark beyond the SM. It is a new gauge boson carrying color triplet, SU(2). singlet, and electric
charge Q = 2/3.

e D, is the covariant derivative of the SM gauge fields.
2.2 Parameters
The free parameters are:

e My, is the mass of U;.

e g. and g, are the couplings of U; to c and b quarks, respectively. Both of them are real.
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3.

Constraints on U, LQ from LHC mono-7 search

1. Target

3. Collider Simulation

3.1 Process

pp — TV

which is mediated by the U; vector leptoquark. Since the U; leptoquark couples to b and ¢ quarks, the initial-state b and
c partons from the proton PDF must be included.

3.2 Collider simulation settings
- We have two runs. For each run,

collider: 13 TeV LHC

event number: 10000

parton shower: Pythia8

perform mass scan for My, masses: 750, 1000, 1250, 1500, 2000, 2500, 3000, 4000, 5000 GeV
output format for reconstructed events: LHCO

comment: decay width of L(Q is not relevant, since only the -channel contribution exists.

Run 1 (with ATLAS detector simulation):

detector simulation: Delphes ATLAS card
Run 2 (with CMS detector simulation): = 10— — T T T T T T T TS
. . Q - ATLAS -
detector simulation: Delphes CMS card » N (s=13TeV, 36.1 o' ]
X Model independent
<< B pp — tv 95% CL limits |
,>.<\ 5 -o- Observed
X< 107 - - - Expected 7
: E + 10 E
& B +20 .
| ! ]
Q R
S 43
o 107 E
1074

] | ] ] | ]
1000 1500
m. threshold [GeV]
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3. Constraints on U, LQ from LHC mono-7 search

1. Target k B R R .
> = T T T T 1 | E °
3. Collider Simulation O - ATLAS e Data E
: : i O 2L Vs=13Tev,36.1 b mwor
4 Numerical Analysis % % T Others %
4.1 Experimental data O 10 7 Uncertainty
Binned mq distribution from ATLAS and CMS are given below. L - , === Wiggy (3 TeV) 3
........................................................................................................... N e W', (B TeV) 3
ATLAS 1 = =
e Stored as analysis/hepdata/tablel.yaml 10-1 :_ _:
e 22 bins from 250 to 3200 GeV (log-spaced) = T T T =
e Columns: observed events n;, SM background b;, symmetric error db; 102 =
. CMS : 10k | b =
: The experimental data is given below: : : — —
: : _—— S %/ / //
mr bin (GeV) nobs bsm  6b cc\f: 1.21 /' o % ///l é///;?
320-500 1203 1243 160 c - ® 0.8 L / / / //
: 500-1000 452 485 77 : . 0 300 500 700 1000 2000
11 1000-3200 15 23.4 6.2 ;
4.2 Simulated signal events
In this section, the expected signal events in each bin are calculated.
‘ .'.step 1: event selection .‘.

Read the reconstructed events from the simulation output and apply experiment-specific selections.
ATLAS selection

e Lepton veto: no electrons or muons

e > 1 hadronic tau with pr > 80 GeV, |n| < 2.3

o EXss > 150 GeV

e mr > 250 GeV, with mr = 1/2p7 E2is5(1 — cos Ag)

CMS selection

e Lepton veto: no electrons or muons
e > 1 hadronic tau with pr > 80 GeV, |n| < 2.1
o EFS > 200 GeV




3. Constraints on U, LQ from LHC mono-7 search

1. Target R R .

ATLAS o Data
Vs =13 TeV, 36.1 b Bl W—rv

3. Collider Simulation

4 Numerical Analysis
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step 2: signal template construction
For events passing selection, histogram mr into ATLAS or CMS bins.
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® Ngen is the number of reconstructed events 1072

e 0(g = 1) is the cross section at coupling g =1 .
. -3
e L is the luminosity (36.1 fb~' ATLAS, 35.9 fb~' CMS) : 10

—
<
IIII| IHT IIIII| [ IIIIIII| [ IIIIIII| [T TTTIT

\2 Lt /////////

Signal scaling: si(g) = 943(9 1)

3.3 Profile likelihood analysis
For each bin,
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‘ —InL;(6;) = —[nz- In p; — p,z] + =
where

e n; observed events
1 e b; expected SM background

e ); systematic uncertainty

e 0; nuisance parameter

o si(g) = g'si?"

o i =bi(1+6;)+s;
Procedure to find the 20 exclusion contour
step 1 profiling: Minimize — In L;(6;) numerically with constraint p; > 0.
step 2 combine ATLAS + CMS Likelihood: In Lcomb = In LaTrAs + In Loms
step 3 extract exclusion region:

1. Find best-fit g
2. Find the exclusion curve by considering gexc satisfying —2 [ln L(gexc1) — In z:(g)] — 4|

3.4 Plot Figure




3. Constraints on U; LQ from LHC mono-7 search

1. Target 5 | T T T T [ T T T T | T T T T I T T ! !
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3. Collider Simulation

4 Numerical Analysis 4

step 2: signal template construction
For events passing selection, histogram mzr into ATLAS or CMS bins.

(g=1) _ N¢

=1)x L
; Non x o(g ) X

° 20 exclusion from

LHC mono-7 search

where

® Ngen is the number of reconstructed events
e 0(g = 1) is the cross section at coupling g = 1
e L is the luminosity (36.1 fb~' ATLAS, 35.9 fb~' CMS)

Signal scaling: s;(g) = g4s§g=1) 1

3.3 Profile likelihood analysis i
For each bin, i
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where

e n,; observed events
e b; expected SM background
e J; systematic uncertainty

e 0; nuisance parameter

¢ 5i(9) = g*s{"™"

o pi =bi(1+6;)+s;
Procedure to find the 20 exclusion contour
step 1 profiling: Minimize — In L;(6;) numerically with constraint u; > 0.
step 2 combine ATLAS + CMS Likelihood: In Lcomb = In LaTras + In Loms
step 3 extract exclusion region:

1. Find best-fit g
2. Find the exclusion curve by considering gexc satisfying —2 [ln L(gexc1) — In E(Q)] =4

3.4 Plot Figure 29



4. Parameter scan in a minimal U(1);_; model

PUBLISHED FOR SISSA BY %) SPRINGER
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Z', Higgses and heavy neutrinos in U(1)" models:
from the LHC to the GUT scale
=
Elena Accomando,® Claudio Coriano,?¢ Luigi Delle Rose,® Juri Fiaschi,® Carlo Marzo®
and Stefano Moretti®
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Other examples
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BATXERMEEEMITA?

> BE38i: micrOMEGAs, DDCalc, DRAKE, .....
> X4 : MatchETE, MatchMakerEFT, DsixTools, Flavio, EOS, .....
» BElEiTtE: QGRAF, FIRE, KIRA, AMFlow, Libra, .....

» 5| /7K : ELENA, CosmoTransitions, BSMPT, ......
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parallel developments for agent for experiments
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one more thing...



ColliderAgent

INBR it https://github.com/HET-AGI/ColliderAgent

(BREKRFE, ERLR)

Multi-Agent + SKkills: Claude Code
Skills: Cursor, CodeX, OpenCode, GitHub Copilot

A

££H: ColliderAgent 3/ &%
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