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NLOAccess - the framework

The STRONG-2020 WP VA1-NLOAccess:

e avirtual access for automated perturbative calculation for
collider physics, with emphasis on heavy ions and quarkonia

C. Flore, EP) A 59 (2023) 46
¢ an online code library

e any code that could be compiled and launched via bash could
be added

V" 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

NLOAccess
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NLOAccess - behind the scenes
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NLOAccess - the tools

NLOAccess

e HELAC-On ia 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

e 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

L MGS http://amcatnlo.web.cern.ch/amcatnlo/list_refs.htm

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

® |0 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 at, Phys. Lett. B 807 (2020) 135559
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= Les Houches Events available for both codes
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NLOAccess Tools (https://nloaccess.in2p3.fr/tools/)

4% NLOAccess Tools|Home X  + v = B

€ 5> C (O & nloacessinzpa.fiftools/carlo flore/ >% O*@
5 Q0O RSHDPDI@SA 4 ~@0@@ ol sEEVE S iBOO=MCODE=F don »

l A NLOAccess Tods - | Runs ~ | ® Downoads ~ | References 3 Contactus 2 Caro Fiore -

®
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Automated perturbative calculation with NLOAccess

-~
/_:_%LPTHEL

Welcome to NLOAccess!
Here you can use the following tools:
HELAC-Onia

MadGraph5_aMC@NLO

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

HELAC-Onia (https://nloaccess.in2p3.fr/H0/)

% NLOAccessTools|Home X 4 NLOAccessTools [HELAC x 4 NLOAccessTools|MGS & x | + v - B X
C 0 & nloacessin2pfiftools/Ho/carloflore/ > % O»@ :
5 Q0O RSHDPDI@HS A4+ ~@0@@olsEEVE S iBOO=MCODE=F 2 on »
l A HELAC-OniaWeb Tooks - Runs -  ® Downloads -~ References X Contactus 2 CarioFlre ~
(3

Automated perturbative calculation with NLOAccess

HELAC-Onia Web

HELAC-Onia ia an automatic matrix element generator for the calculation of the heavy
quarkonium helicity amplitudes in the framework of NRQCD factorization.

‘The program is able to calculate helicity amplitudes of multi P-wave quarkonium states production
at hadron coliders and electron-positron colliders by including new P-wave off-shell currents.
Besides the high efficiencies in computation of multi-leg processes within the Standard Model,
HELAC-Onia is also sufficiently numerical stable in dealing with P-wave quarkonia and P-wave
color-octet intermediate states.

For generating a process, you can:
Upload your input file

Build your input file

STR® PllG

NLOAccess
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https://nloaccess.in2p3.fr/HO/

HELAC-Onia - run submission

% HELAG X 4% HELAC X | % MGS5_aMC@NLO|PROC ~ x | + v - o x
3 cOn & i > % O»@ :
EQ@QORSHDPIFBEBSA L ~@0@@ceoDd-EEOPE 2@ e+*MCO HZ®F2onieo »

A HELACOniaWeb Toos - | Ruis~ © Downoads -  References X Contactus 2 CaroFioe -

HELAC-Onia - Guided input file submission

Create your input file
Edit here your input file:

Input next command(s): Your input ile:

generate p p > cc~(3S11) co~(3511)
set colpar = 1
setenergy_beam1 = 7000
set energy_beam2 = 7000

setqed =
decay cc~(3511) > m+ m- @ 0.06
launch

Please, remember to follow this structure for your input fle:

set { parameter } = { value }

Clear fle :
launch

For more examples: see this reference or take a look to the
User Guide.

ok T UINT W
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HELAC-Onia - run submission

% HELAG X 4 HELAC X | % MGS5_aMC@NLO |PROC - x | + v - o x
« C 0 @ nloaccessin2p.fr/tools/HO/carlo flore/quided-ile-submission/ > % O»@ :
Q@ QO RSHDPI@HSA++ ~@@@cE@~EBEOPE S IEBEo0*NCO HZ®Fd2onieo »

A HELACOniaWeb Toos~ | Ruis~  © Downoads -  Refoences X Contactus 2 CaroFioe -

HELAC-Onia - Guided input file submission

Create your inpu”

Edithare your inp generate p p > cc~(3S11) cc~(3511)
set colpar = 1
set energy_beam1 = 7000
set energy_beam2 = 7000
setged =2
decay cc~(3511) > m+ m- @ 0.06
launch

Please, remember to follow this structure for your input fle:

set { parameter } = { value }

Clear fle :
launch

For more examples: see this reference or take a look to the
User Guide.
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HELAC-Onia - input file

NLOAccess

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:

e collisions e quarkonium specific parameters
parameters; (e.g. the values of different LDMEs);
e theory parameters; e physical constants (both EW and
® MC setup variables; QCD sectors, e.g. Mz or My, or mg, or
couplings).

® PDFs parameters; e kind of output (ROOT, Gnuplot,

e kinematical cuts; TopDrawer or LHE)
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HELAC-Onia - results

[nloaccess][HELAC-Onia] Your new results from HELAC-Onia Web - Posta in arrivo - carlo.flore@ijclab.in2p... - 0 X

File Modifica Visualizza Vai Messaggio Strumenti  Aiuto

[ Postainarrivo - carlo.flo: | & [nloaccess][HELAC-Or X

[Jscaricamessaggi v # scrivi Cchat & Rubrica ‘ © Etichetta v Cerca <Cerl+k> Q| =
Da noreply@ijclab.in2p3.frr © Rispondi | ~ Inoltra | & Archivia | @ Indesiderata | W Elimina | Altro v

Oggetto [nloaccess][HELAC-Onia] Your new results from HELAC-Onia Web 12:04

A Me <carlo.flore@ijclab.in2p3.fr>fr

Dear Carlo,

your latest results are now stored in your OwnCloud folder. You can find them in the subdirectory
/HO/PROC_HO_3011.

Best regards,

The NLOAccess Team

NLOAccess
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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

4 NLOAccess Tools |Home  x | 4 NLOAccessTools [HELAC X % NLOAccess Tools MG+ x  + . - ox

C & nloaccessinzpa.frftools/MGs/carlo flore/ > O»@
% Q@QO@RSHDPI@BHAL ~@800CEHNcBEVE S IBBO*NCODE*F 3 onm »

‘ A MG5_aMC@NLO  Toos ~ Rus~ ® Dowloads -  References 1 Contactus 2 CaroFlore ~

a R UCL -
NLOACces: i, NEete e @ GV

Automated perturbative calculation with NLOAccess

MG5_aMC@NLO

MadGraph. sMCENLO i 2 framewrk tha sms o proviing ai he saments nacsssany for SM

enomenology, such as the computations of cross sections, the generation of hard
avents and Inor e i ovan gemeraore, and o o5 o & vty o ool v 0
event manipulation and analysis. Processes can be simulated to LO accuracy for any user-
defined Lagrangian, an the NLO accuracy in the case of models that support this kind of
calculations — prominent among these are QCD and EW corrections to SM processes. Maix

Here is what you can do:
Generate a new code

Check your code database

Rl |
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MGS5 - code generation

4% NLOAccess Tools [Home X | 4% NLOAccess Tools |HELAC X 4 MGS_aMC@NLO|Geners X | + v - o x
€ 5 C 0 & nloaccessinzp3.rfools/MGS/carloflore/generate-process/ >4 0O8@ :
%X Q@Q0ORSHDIBSA+ ~@@@ceoMsBAOPE XS IEBBO=M0CO 2 Faon @06 »

‘ A MG5_aMC@NLO | Toos -  Runs ~ | © Downloads - Relerences I Contactus 2 CarloFiore ~

L
. -
NLOACcess i, " JRITCE T io

MG5_aMC@NLO - Generate process

MG5_aMC code generation
‘Submit here your process and, ifdesired, the name of your output folder.
importmodel [
generate
output

Or, if you want to upload your inpu file, do it here:

Choose your file: [ Scegifi  Nessun fle seezionato

« Input file syntax example (e.g.: proton proton --> t =)

NLOAccess
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MGS5 - code database

% NLOAccess Tools | Home | 4 NLOAccess Tools |HELAC X % MGS_aMC@NLO[Datsb: x  + v -8 x

> % O»@ :
B Fdon oo »

€ 5 C 0 @ nloaccessin2p fiftools/MGS/carlo fore/run-detabase/
@ QO RSHDPDIF@SHE+ ~@@@ceE@=EE®BE X

IiB@oe*NCO

‘ A NLOAccess | Tods - | Runs - | © Downloads ~  Relerences 1 Contactus 2 CarloFiore -

universite
PSRS

MG5_aMC@NLO - Carlo's database

Process Database

©
Folder name Creation date Creation time Process
(ddimmiyyyy)

test-ag2bbbar-10-11-21 1011112021 1:12:52 ag>bb~ m
PROCNLO_loop_sm_20 2410972021 14:10:16 pp>tt-[QCD] m
PROC_loop_sm_1 30/09/2021 16:44:07 pp>H[QCD] m
PROC_loop_sm_0 29/09/2021 23:10:21 pp>h[QcD] m
PROCNLO_loop_sm_19 24/09/2021 13:04:48 pp>tt-[QCD] m

A~ o an PN P - . —

Your personal OwnCloud folder

CTD@ANL

NLOAccess
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MGS5 - code running

4 NLOAccess Tools | Home | 4 NLOAccess Tools [HELAC x

€ 5 C 0 & nloaccessingpa.iftols/carloflore/MGS/PROCNLO loop.sm_20/run/ >% O8@ :
%X Q@Q0ORSHDIBSA+ ~@@@ceoMsBAOPE XS IEBBO=M0CO Faonnoo »

% MGs_aMC@NLO[PROCH X + v - o x

‘ A NLOAccess | Toos~ Ruis~  © Dowloads - Refrences X Conlactus

& CarloFlore ~

°
niversité 2 LPTHE S
[ioncoess _JRN Nty - [EERRSIE

PARIS-SACLAY

= w.sTm&PA o

MG5_aMC@NLO - PROCNLO_loop_sm_20

Run the process

If needed, upload here your cards (as multiple dat files or s a single tar gz/zip ile)

Upload cards: | Scegli file |Nessun file selezionato
Order Fixed Order

NLO v oFF v
Shower Madspin

No shower v o v
Reweight MadAnalysis

OFF v o

NLOAccess
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HELAC-Onia vs MG5

NLOAccess

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

v
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NLOAccess - synergies

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

NLOAccess
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NLOAccess - synergies

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

e available tools allowed for computation of:
® J/¢ photoproduction
Liza's talk
® estimates for DPS contribution to di-J//y
Matteo’s talk
® baseline for first triple J/¢ measurement at CMS
Maria Elena’s talk
® single and double quarkonium production in the I(CEM)
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NLOAccess - synergies

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

e available tools allowed for computation of:

® /v photoproduction
Liza's talk

® estimates for DPS contribution to di-J//y
Matteo’s talk

® baseline for first triple J/¢ measurement at CMS
Maria Elena’s talk

® single and double quarkonium production in the I(CEM)

e recent developements computing observables for:

® (h collisions (including photoproduction) = EIC, EicC, LHeC, FCC-eh ...
Laboni’s talk

® pA, AB, 7tp, A collisions
Anton’s talk

what'’s next?

NLOAccess
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Incl. diffractive vs inclusive photoproduction

Diffractive PDFs extracted from ep — epX measurments at HERA
Goharipour, Khanpou, Guzey, EP)C (2018) 78:309

NLOAccess
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Incl. diffractive vs inclusive photoproduction

Diffractive PDFs extracted from ep — epX measurments at HERA
Goharipour, Khanpou, Guzey, EP)C (2018) 78:309

NLO, diffractive (GKG_18_DPDF_FitB_NLO) / inclusive (CTI8NLO) =1

0.45 z<0.9 —

PRELIMINARY

ratio

0.05 . s .
10.00 100.00 1000.00

VSyp, GeV

e Preliminary estimates using jig-prescription for inclusive (diffractive) J/¢
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

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 ¢h collisions
® nuclear modification factors in pA, 77A and AB collisions

NLOAccess
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® 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 ¢h collisions
® nuclear modification factors in pA, 77A and AB collisions
® next:
® MG5 extension to (N)LO+PS for asymmetric collisions
e automation of onium production computations at (N)LO in MG5
Alice’s talk

® automation of spin and transverse momentum effects for
quarkonium production
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® MG5 extension to (N)LO+PS for asymmetric collisions
e 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!
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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 ¢h collisions
® nuclear modification factors in pA, 77A and AB collisions
® next:
® MG5 extension to (N)LO+PS for asymmetric collisions
e 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

NLOAccess
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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:

o(pp —+ Q+X) = X [daadxafip(x) fi/p(x2) (i — QQIN] +X) (O)

ij,n

fi/p(X1), f}‘/p(Xz) are the PDFs

&(ij — QQ[n] + X) is the partonic cross section for producing a heavy
quark pair in the Fock state n

n= ZS“L]C, with ¢ = 1, 8 (color singlet or color octet)

(O2) are the LDMEs

NLOAccess
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NLOAccess - run status

. |Runstatus x4 HELA x | % MGs_aMceNLO|PROC x | + v -8 x

€ 5 C 0 & nloaccessingps.iftoolsfcarlo fore/account/run_status] > % On@ :
Q0O RSHDPI@HSA+ ~@@6 @ =EE®BE X i EBE@o=mCO HZ®F2onieo »

‘ A NLOAccess | Tods - | Runs - | © Downloads ~  Relerences 1 Contactus 2 CarloFiore -

[NLonccoss_JK NN

NLOAccess - Carlo's runs

Run status. ©

For removing multiple runs, separate the IDs with a comma or a semicolon.

Run ID Date Time Idle Running  Completed Process Tool
(ddimmlyyyy)  (d+hh:mm:ss)

3012 07/01/2022 12:02:07 5 0 0 pp>tt-[QCD] MG5

301 07/01/2022 12:00:47 0 1 6 pp>cc~(3811) c~(@ST)  HO

This page will automatically refresh every 30 seconds. If you want to refresh now the page, ciick on the button below.

NLOAccess
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NLOAccess - run history

“ x | 4% HELAC X | % MGS.aMCGNLO|PROC - X % NLOAccess|Runhistory X v - @ x

¢ 0 (T >4 0@
B Q@QORSHDPIFEBSA+ ~@@@ceoBdEBEOPE i B8o0o«NCO “ F P QNN @ © »

A NLOAccess | Tods ~ | Runs - | © Downloads ~  Releences 1 Contactus 2 CarloFiore ~

NLOAccess - Carlo's runs history

Run history °©

To retrieve your results, you can go to your personal OwnCloud folder.

Run D Date Time Running time Process Tool
(dd/mmlyyyy) (d+hh:mm:ss)

3012 0710172022 12:02:07 0+00:00:36 pp>tt-[QCD] MGs
301 0710112022 12:00:47 0+00:04:25 P P> cc~(3811) co=(3511) HO
3009 0300172022 10:11:44 0+00:01:57 99> co~(3811) cc~(3S11) HO
3008 0300172022 10:08:54 0+00:00:02 99> cc=(3811) cc~(3S11) HO
3007 0310172022 10:06:58 0+00:00:09 gg>com HO
2994 21122021 14:04:27 0+00:00:12 gg>co~ HO
2952 08/12/2021 16:08:12 0+00:0242 pp>z HO .

Total number of runs: 917
Total running time (days, hh:mm:ss): 5 days, 6:38:52

STRENG
2: 20

NLOAccess ,‘f UNVERSITA

UNICA geuso
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Bonus - NLO (di-)onium production in MG5

).-P. Lansberg, H.-S. Shao, N. Yamanaka, Y.-J. Zhang, C. Noiis, PLB 807 (2020) 135559

s 2
10 T T T T T 10
a S NLO CEm 13 TeV, inclusive NLO CEM fs
104 L Vs=8TeV, |yw| <05 Iy ATLAS ﬂﬂ'la —— ] LO CEM -
U LS e o) 10! LHCb data(2017) —s—
N W(2S) NLO CEI{I (x107) —
= 10°F \ . W(2S).ATLAS (1071 y|<0.5 “--+ ] %
> .
3 i 10° —g
Q 102k % T ] % L
2 % == 2
& ol =
> 10'F o = ] 10 s
€ Ry g Fr+g
£ 100f Eaiy 1 E .
= b £ 102}
o 101[ 05%=0008 [ 1 ] _8
0% =0.006 108k
102F 049 =0003 e
103 04 =000 ‘ ‘ ‘ ‘ 10 5 ; . e . - - ],
0 20 40 60 80 100
pr[GeV] Pryy

All the computations were done with MG5_AMC@NLO [). Alwall et al., JHEP 07 (2014) 079].

e Good description of the Py spectrum for single J/ (still some
issues at large Pr)

e di-J/y production cannot be described by NLO CEM

NLOAccess
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The Color Evaporation Model

e |nthe CEM, an onium production cross section is obtained from
the one for QQ production, with a cut on the invariant mass of
the pair:

(N)LO
(N)LO /2'”” dm... 4700
2

doe MO — p a5
Q Q mq @ deO
e jts Improved version (ICEM), momenta are rescaled:

doNLO

2m 0, =
(N)LO _ (N)LO H _77aq
g0 =P [ dmaa g | m
Mq QQ PQQZWPQ
Q

NLOAccess
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