
NLOAccess:
A hitchhikers guide

to the (online computation) galaxy

Synergies EIC-LHC for quarkonium physics
ECT∗ Trento

July 12th, 2024

Carlo Flore
Università di Cagliari & INFN - Sezione di Cagliari



NLOAccess - the framework

The STRONG-2020 WP VA1-NLOAccess:

• a virtual access for automated perturbative calculation for
collider physics, with emphasis on heavy ions and quarkonia

C. Flore, EPJ A 59 (2023) 46

• an online code library
• any code that could be compiled and launched via bash could

be added

✓ HELAC-Onia and MadGraph5 are included
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NLOAccess - facts and figures

Some facts and figures about NLOAccess:

• general information at https://nloaccess.in2p3.fr
• tools homepage: https://nloaccess.in2p3.fr/tools/
• over 650 users from all over the world; over 5000 runs

performed by the users
• features:

• secure two-step registration process
• protected OwnCloud storage is given
• file input as first way to submit a run
• live user run status and run history
• almost zero computational cost for the users
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NLOAccess - behind the scenes

User Flask server
&

web app

Results

https://nloaccess.in2p3.fr/tools/

Cloud storage

Server side

Cloud side

MG5_aMC@NLO HELAC-Onia

Send run request

Submit run/
Retrieve

run results

Batch system

Save results

Cluster side

Retrieve runs results/output
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NLOAccess - the tools

• HELAC-Onia H.-S. Shao, CPC 184 (2013) 2562-2570 & CPC 198 (2016) 238-259

• LO(+PS) automated event generator for quarkonia in the SM

• based on the NRQCD framework, relies on off-shell recursion
relations

• approximate NLO calculation (e.g. NLO⋆, aNLO) feasible
C. Flore et al., Phys. Lett. B 811 (2020) 135926; H.-S. Shao, JHEP 01 (2019) 112

• MG5 http://amcatnlo.web.cern.ch/amcatnlo/list_refs.htm

• full NLO(+PS) matrix element and event generator in the SM and
for BSM phenomenology

• LO for any user-defined Lagrangian, and at the NLO for models
supporting such a calculation

• onium so far feasible within (I)CEM J.-P. Lansberg et al., Phys. Lett. B 807 (2020) 135559

⇒ Les Houches Events available for both codes
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NLOAccess Tools (https://nloaccess.in2p3.fr/tools/)
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HELAC-Onia (https://nloaccess.in2p3.fr/HO/)
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HELAC-Onia - run submission
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HELAC-Onia - run submission
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HELAC-Onia - input file

The input file should be in the following form:

generate { process }
set { parameter }={ value }

...
launch

Users can have control on several kind of parameters via the set command:

• collisions
parameters;

• theory parameters;
• MC setup variables;
• PDFs parameters;
• kinematical cuts;

• quarkonium specific parameters
(e.g. the values of different LDMEs);

• physical constants (both EW and
QCD sectors, e.g. MZ or MW , or mq, or
couplings).

• kind of output (ROOT, Gnuplot,
TopDrawer or LHE)
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HELAC-Onia - results
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HELAC-Onia - results
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MG5 (https://nloaccess.in2p3.fr/MG5/)

• NLOAccess offers access for the first time to full NLO SM online
calculation with MG5_aMC@NLO
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MG5 - code generation
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MG5 - code database
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MG5 - code running
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HELAC-Onia vs MG5

HELAC-Onia MG5

code compilation once once for every
generate/output
or launch com-
mands

running run single executa-
ble for each run

re-run the gene-
rated code for the
requested process

code re-usage ✗ ✓
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NLOAccess - synergies

• NLOAccess: a perfect example of synergies between EIC and the LHC for
quarkonium physics

• available tools allowed for computation of:
• J/ψ photoproduction

Liza’s talk
• estimates for DPS contribution to di-J/ψ

Matteo’s talk
• baseline for first triple J/ψ measurement at CMS

Maria Elena’s talk
• single and double quarkonium production in the I(CEM)

• recent developements computing observables for:
• ℓh collisions (including photoproduction) ⇒ EIC, EicC, LHeC, FCC-eh . . .

Laboni’s talk
• pA, AB, πp, πA collisions

Anton’s talk

what’s next?
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Incl. diffractive vs inclusive photoproduction

Diffractive PDFs extracted from ep→ epX measurments at HERA
Goharipour, Khanpou, Guzey, EPJC (2018) 78:309
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Incl. diffractive vs inclusive photoproduction

Diffractive PDFs extracted from ep→ epX measurments at HERA
Goharipour, Khanpou, Guzey, EPJC (2018) 78:309

PRELIMINARY

• Preliminary estimates using µ̂F-prescription for inclusive (diffractive) J/ψ
photoproduction; pomeron flux still missing, take the plot with a grain of salt

⇒ Code by M. Nefedov & Y. Yedelkina, to be made available on NLOAccess
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Conclusions and outlook

• NLOAccess: an online platform for automated perturbative calculation
for collider physics

• MG5 now available online in its full NLO version on NLOAccess

• validated and developed MG5 for asymmetric collisions
• photoproduction in ℓh collisions
• nuclear modification factors in pA, πA and AB collisions

• next:
• MG5 extension to (N)LO+PS for asymmetric collisions
• automation of onium production computations at (N)LO in MG5

Alice’s talk
• automation of spin and transverse momentum effects for

quarkonium production
⇒ new codes to be included in the future, further synergies for

onium production!

Thank you
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Backup



HELAC-Onia
H.-S. Shao, CPC 184 (2013) 2562-2570 & CPC 198 (2016) 238-259

HELAC-Onia is an automatic matrix element and event generator for
quarkonium physics

• based on NRQCD framework
• based on off-shell recursion relations

NRQCD factorisation:

σ(pp→ Q+ X) = ∑
i, j, n

∫
dx1dx2 fi/p(x1) fj/p(x2) σ̂(ij→ QQ̄[n] + X) ⟨OQ

n ⟩

• fi/p(x1), fj/p(x2) are the PDFs
• σ̂(ij→ QQ̄[n] + X) is the partonic cross section for producing a heavy

quark pair in the Fock state n
• n = 2S+1LcJ , with c = 1, 8 (color singlet or color octet)

• ⟨OQ
n ⟩ are the LDMEs
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NLOAccess - run status
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NLOAccess - run history
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Bonus - NLO (di-)onium production in MG5

J.-P. Lansberg, H.-S. Shao, N. Yamanaka, Y.-J. Zhang, C. Noûs, PLB 807 (2020) 135559
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All the computations were done with MG5_aMC@NLO [J. Alwall et al., JHEP 07 (2014) 079].

• Good description of the PT spectrum for single J/ψ (still some
issues at large PT)

• di-J/ψ production cannot be described by NLO CEM
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The Color Evaporation Model

• In the CEM, an onium production cross section is obtained from
the one for QQ̄ production, with a cut on the invariant mass of
the pair:

dσ
(N)LO
Q = P (N)LO

Q

∫ 2mH

2mQ
dmQQ̄

dσ
(N)LO
QQ̄
dmQQ̄

• its Improved version (ICEM), momenta are rescaled:

dσ
(N)LO
Q = P (N)LO

Q

∫ 2mH

2mQ
dmQQ̄

dσ
(N)LO
QQ̄
dmQQ̄

∣∣∣
pQQ̄=

m
MQ

pQ
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