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Outline

¥ In this talk | will provide a brief outline of theSuperChic MC
generator relevant to quarkonium production.

¥ Caveat: no substantial updates to SC with respect quarkonia for ~ 5
years. However hopefully this talk can initiate some new ideas for future!




Central Exclusive Production

Central Exclusive Production (CEP) is the interaction:
hh —h + X + h

¥ Diffractive: colour singlet exchange between colliding protons, with
large rapidity gaps (O+0) in the Pnal state.

¥ Exclusive hadron lose energy, but remain intact after the collision.

¥ Central: a system of mas®/x IS produced at the collision point and or
Its decay products are present in the central detector.




Advantages of CEP

¥ Clean, debnite Pnal state: objext nathing elsefrom interaction.

¥ Protons intact and can béagged= provides additional information
about central state, as well as selection of CEP events.

¥ Exclusive nature of the bnal state and kinematics of this provide
Important constraints on the Pnal state[{in-parity-colour selection).

I Naturally providescomplementary handleto study the SM In
comparison to inclusive production.
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Production Mechanisms

Exclusive Pnal state can be produced via three different mechanisms,
depending on kinematics and quantum numbers of state:

QCD-induced C-even, couples to gluons

C-even, Couples to photons p p
L > X
q, q/!
p p

q/l

_ C-odd, couples to photons + gluons
Photon-induced ek

Photoproduction - g .
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Each one offers different possibilitiesE
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Selecting CEP events

¥ CEP events can be selected either by:

* Tagging outgoing protons with dedicated AFP (ATLAS) and
CT-PPS detectors (CMS). Here mass acceptance is well above
guarkonium region (except special runs).

* Vetoing on additional tracks in detector . veto
region. Selects dominantly CEP, though oote S
still have proton dissociation. .. o




SuperChic 4

» QCD-induced CEP.
» Photoproduction.
» Photon-photon induced CEP.

¥ A MC event generator for CEP
processesCommon platform for:

¥ For pp, pA andAA collisions. Weighted/unweighted events (LHE,
HEPMC) available- can interface to Pythia/HERWIG etc as required.

ic is hosted by Hepforge, IPPP Durham

SuperChic 4 - A Monte Carlo for Central Exclusive and Photon-Initiated Production

SuperChic is a Fortran based Monte Carlo event generator for exclusive and photon-initiated production in proton

F u I I tre a‘t m e nt Of roto n el and heavy ion collisions. A range of Standard Model final states are implemented, in most cases with spin
e Code correlations where relevant, and a fully differential treatment of the soft survival factor is given. Arbitrary user-
e References defined histograms and cuts may be made, as well as unweighted events in the HEPEVT, HEPMC and LHE
formats. For further information see the user manual.
- L] _‘1/ To, .-
fo r I e pto n p a I r p ro d u Ctl O n " A list of references can be round here and the code is available here.

Comments to Lucian Harland-Lang < lucian.harland-lang (at) physics.ox.ac.uk >.

e Contact

https://superchic.hepforge.org



Quarkonium Production in SC

¥ Two relevant production mechanism&§CD-induced
and photoproduction

¥ QCD induced:
!CO1!C11!C21 C !b01!b11!b21 b

via range of 2, 4 body decays.

¥ How is this modelled?
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QCD-Induced CEP ;

¥ In a nutshell: g g

Related to standard gluon PDFs + Sudakov factor of no gluon emis:

! e /

d?Q, M
T = n? = f Xy, X, Q% 2 t)f ,(Xg, X5, Q2 u2:ty)
Q2(Q. ! pu 2(Q. 1 ps )2 g(X1, X7, QF, M 1) 4 (X2, X5, Q3, Wi; t2)
Integral over gluon loop ¥ With M 2 1 |abq51 Ole \/ @b
M%Né#lab' e TR

i.e. colour singletgg! X

nab . .
amplitude, for particular

helicity conbguration.

¥ In addition include Osurvival factorO probability of no MPI (will not
discuss In detalil here).



Caveat

¥ Use of pQCD picture justiPed by high scale of procesd/kg

¥ For e.g.! ¢ this might be at limit of region of validity non
perturbative picture?

p . N > p

S 1
=)
‘IO
= >X —> X
(PO
‘PO

B :

¥ pQCD approach only included in SC.
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LHL et al.; arXiv:0909.4748, 1005.0695

' ¢ Production
g L=1,8S=1,3P¢ =(0,1,2)*"* cc meson statesM, ! 3.5 GeV.

C

¥ Production cross sections determined by unique CEP kinematics:

» ' ¢2 :In the non-relativistic quarkonium approximation coupling g In
a J, =0 state vanishes (dominant conbguration for CEP).

» ' c1 : Landau-Yang theorem forbids coupling ofla= 1 particle to on-she
gluons (true to good approximation in CEP). Additionally suppressed by

specibc form of vertex.

¥ No suppression in! ¢o ! expect strong hierarchy in rates. Completely

different to inclusive case.
¥ Colour singletgg! !¢ :noroom for N
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¥ Measurements made by CDF and LHCDb, by vetoing on additional activity
in given! rangeinthe ! J/"# channel (favoueg.,2) ).

¥ CDF show good agreement with Durhamredictions,

while LHCDb see:
CERN-LHCb-CONF-2011-022

' (pp! pp(HT W +"))
BraT %) W )Br(Sl JIE) LHCDb (nb) | SuperCHIC (nb)

I co 13+ 6.5 20
l c1 0.80+ 0.35 0.49
| c2 24+ 1.1 0.26

¥ See clear suppression inc(,2) states.not expect to see (and do

not see) in inclusive production. | Hch, arXiv:1307.4285 brstinclusive ! o
¥ Good data/theory agreement forc(0,1)  states (within quite large
theory uncertainty), but signibPcant c2 excess. Could be due to proton

dissociation { ), or further theory input
could be neededrglativistic/non-perturbative corrections).
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Other States

¥ 1, production: also forJ =1 2 GUPC) = 0+ 0+ + )
» Smaller cross sectiond (pb  )... J needs conbrmation.
» ...but smaller theoretical uncertainty ( highédx )

¥ !'¢cp production:
» Odd parity! expected to be suppressed. Test experimentally!
» 1.1 0.1nb,!,! 0.1pb
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LHL, V.A. Khoze, M.G. RyskinJ.Phys.(42 (2015) 5, 055001

Quarkonium pair production

"1(!3)
¥ Quarkonium pair production also generated:
J/tJl! J/I(2S) 1 (29)! (29) "
"2(! 4)
_ _ | 1 BIRo(0)[? 16" 242 Ce
T+!’00—T!+’00— I M. 5 CO§$! N.

¥ Various interesting features observed, including radiation zeros.

14 dN/ dM, [Events/GeV]

12 + Mo =2mT

10 [

¥ Agreement good with LHCb data.

R. Aaij et al. [LHCDb], J. Phys. G: Nucl. Part. Phys. 41
(2014) 115002.
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Photoproduction

¥ ModelledinSC:  J/! I o5 I o

via leptonic decays.

Flz, k) =0G(z,k)/0log K2

¥ Cross section taken from simple power law bt: LHL, V.A. Khoze, M.G. Ryskin,

| " I|Eur.Phys.J.C76 (2016) 1, 9

'p" Vp ) \Y; P
d$dOl22 = Ny Wi b, oD (! /dy- [nb],” §=7Tev

. | sc;eened
1 G eV bare

5.5

l.e. suitable for testing validity of this bt/ s}
basic MC studies, but no complete
theoretical treatment in SC for now. of { %L
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¥ Survival effects included fully, and
found to modify rapidity distributions ¥ 25 3 y 35 4 4s
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Summary/What is not included

¥ SuperChic MC: general purpose tool for CEP production,
iIncluding quarkonia.

¥ Range of QCD-induced and photoproduction processes
Implemented. Not included currently:

* Exotic quarkonia: X(3872)Epossibilities to shed light on
their nature via CEP?

* QCD modelling of underlying photoproduction process.

* Proton dissociation: only purely exclusive case include
(intact protons). Recently implemented for photon-initiated
production. QCD case more complex.

¥ Production mechanism(s) generic & all key elements in SC:
reasonably straightforward to add in new processes. Open to

future collaboration on this/new ideas.
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