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Overview

@ Photoproduction in electron-proton collision

© Resolved Photoproduction

9 Heavy quark production for photo-nuclear collision
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Electron—proton collisions

Electron-proton processes are traditionally classified according to the
virtuality (Q?) of the photon i.e four-momentum transfer to the photon
from the electron (incoming outgoing),

Q%= -q? = -(k-k')?

I) Photoproduction :
Photon is nearly on mass shell.
QR* < my

[I) Deep-Inelastic-scattering (DIS):

Photon is off mass shell.
Q2 >> my
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Introduction to MadGraph5

MadGraph_aMC@NLO (MG5) is an event generator which can generate
matrix elements for any Lagrangian-based model at LO and NLO.

@ FBy e [
Tk Y Fy h g
V@I‘lﬁf—v@) H

What we can get :
* Total cross section
+ Differential cross section

* Un-weighted events
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Framework

‘ Lagrangian H Feynrules

MG5H

Matrix element ’

MGbH

Parton events

Pythia/Herwig

Hadronize events
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Framework

Master integral for symmetric collision in MG5 (Already there):

TAASX = Z/ dX/dXJdcf) fA(XiaMF)’Z’A(XJ:HF)5ab—>X(Xian>HF7MR)

Phase space integral PDFs Partonic cross section

How MG5 works:

Identify all the partonic processes and calculate partonic cross section.
Use PDFs

o
@ Do the phase space integral and convolute with PDFs.
o

Generate events
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Photoproduction in MG5

In the case of asymmetric collision (New in MGb):

TAA—X = Z/dxidxjdasﬁA(XivNF:LHAID)GA(XJ':NFvLHAID)a'abﬁX(XhXj:HFvﬂR)
ij

Oeh—X = Z /dX'dej f:f(XA,a Qrznax)fj.'h(xja HF, LHAID)&’U%X(X"H Xy LF s ,uR)
j

Issue : New parameter in the expression of the total cross section
for photoproduction!

Solution : Implement a new parameter to control Q2
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p

Figure: Direct photoproduction

Oeh—sX = Z/dxwdxj Xy Qmax)fj (Xj, pF, LHAID)G i x (X5 X, [F 5 UR)
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Validation of LO Results with FMNR
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~ O(1%)with HELAC-0Onia for Charm and Beauty Quark photoproduction!

*FMNR : a private code by Stefano Frixione, Michelangelo L. Mangano, Paolo Nason, Giovanni Ridolfi

Laboni Manna (WUT) Lepton-hadron collisions in MG5

July 10,2024



Validation of NLO Results with FMNR
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~ 2% for Charm and ~ O(1%) Beauty Quark photoproduction!

[10.1140/epjc/s10052-012-2148-1]
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10.1140/epjc/s10052-012-2148-1

Bottom photoproduction at future ep experiment

e +p - bb @ NLO
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Charm production at future ep predictions
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Higgs photoproduction

In the case of Higgs photoproduction, we have different diagrams
https://doi.org/10.1016/j.nuclphysb.2020.115134[1]

(@) (b) (©

) (e)

@ Possibility to study Figure b and c.

@ new diagram study for Higgs production with heavy quark-antiquark !
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Higgs photopropduction

Partonic process

Calculated total cross section (fb)

Total cross section from paper [1] (fb)

ag— hgg

1.666 x10—%

1.9 x10— %

Table: Cross section for LHeC study at 1.3 TeV for fig. c
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Higgs photoproduction

In the case of Fig b, we can study both EFT and SM at LO.

g H
P P -
S e
) J
Y J K

Partonic process model Calculated in MG5 (fb) From paper [1] (fb)
ap—hgj Loop_induced 2.739 x10~* £1.066 x 10~° 75 x10~*%
HEFT 9.998e 10> £3.415 x 10~/

Table: Cross section for LHeC at 1.3 TeV
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Higgs production without W boson contribution in HEFT model
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Higgs photoproduction

v Q
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Higgs photopro

Ec(GeV) E,(GeV) Mass of Higgs (GeV) | Scale (GeV) | PDF used
60 7000 / 50000 125 125 CT18NLO
Partonic process LO (fb) NLO (fb)
ap — hbb 9.194 x 107 34+835x 105 | 1.03x10°2+£3.5x 10~ 3
ap— hce 1.06 x 10~3 £ 2.54x10~° 2.19 x 10-3 £ 1.14x10~ %
ap— htt 5.722x 1073 £3.82x 107> | 6.11x 103 £6.19 x 10~

Table: Cross section for Higgs Photoproduction at LHeC energy 1.3 TeV

Partonic process LO (fb) NLO (fb)
ap — hbb 8.10 x1072+8.80 x 10~% | 9.03x 107 2+4.51 x 10~3
ap — hcé 1.04 x10~2 £1.95x10~% 2.49 x10~2 4+ 1.44x10 %
ap— htt 0.492 £2.81 x 103 0.4701 +£6.16 x 103

Table: Cross section for Higgs Photoproduction at FCC-eh energy 3.4 TeV
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p

Figure: Resolved photoproduction

Tyhox =Y / dxidx;df (xi, jur, LHAID1) £ (x;, jup, LHAID2)6 2 x (Xi, X 14, 1IR)
ij
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Resolved photoproduction
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10 GeV agreement of ~ O

(1%) with FMNR

2e+p>b5,\/S=0.32TeV
T

FMNR GRVGHO DISgamma+CTEQ6m NLO l
MGS5, GRVGHO_DISgamma + nCTEQ15_1_1, NLO &

LI
— - " n
el 3 E
30 He =Hr = Hg .
- Mo =05%(<pr>P+m,?) B .
“A H Nyl <2 [}
& Inl <2 .
-4 *: 2 ? E
é 10 b <py> = 0.5%(pr(b)*+p7(6)*) " 5
3 "
"1
n
n

Ratio

Laboni Manna (WUT)

Lepton-hadron collisions in MG5

July 10,2024



Direct vs Resolved photoproduction

Direct photoproduction > Resolved photoproduction
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10.1140/epjc/s10052-012-2148-1

Photo-nuclear collision
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R.as@NLO of charm at EIC
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Automatic generation of uncertainty (both scale and nPDF)
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Conclusion and future plans

@ Our implementation of photoproduction at NLO in MG5_aMC is
complete, and the testing version is available on GitHub
(https://github.com/mg5amcnlo/mg5amcnlo/tree/ep_collision ).

@ We can study Ultra peripheral collisions (UPC) as well.
@ Resolved photoproduction has been studied.

@ Nuclear modification factors are computed automatically with their
scale and PDF uncertainties.

@ DIS at LO+PS working and needs to be validated.

@ Publish our code officially.

Work on the interface for photoproduction + Hadronization at NLO.
Work on DIS+PS at NLO

Laboni Manna (WUT) Lepton-hadron collisions in MG5 July 10,2024 24 /27



Backup Slides
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Future predictions for Rapidity at different ep facility
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Figure: Rapidity of bottom Figure: Rapidity of charm
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Higgs production for pp

o ([fb/GeV])
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Figure: Higgs production for different top mass
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