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HERA ep collider (1992-2007)
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Investigated at HERA

and at LHC
IN central exclusive
production

LHCb coll, JHEP 10 (2018) 167

Photoproduction cross section of J/psi and
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Kinematic yp->y(2S5)p; yp->J/p(1S)

Integrated luminosity 333 pb

(2003-2007)

Kinematic variables:

« W = photon proton centre-of-mass
energy,

e Q2 = photon virtuality

e t=4-momentum transfer at the
proton vertex

Kinematic range:

e 30<W <180 GeV,
e Q?2<1GeV?

o [t| <5 GeV?

Y(P))



Motivation
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dynamic \

Y(2S) and JAp(1S) have different wave — =t [fim]
function: -
o <rPYR2S)> ~<2 r2d/p(1S)>

o (25) has a radial node at ~0.4 fm

PQCD models predicts Similar analysis performed in DIS

O, p-sy2gp SUPPressed w.rt. o.,.. s ZEUS Coll.,Nucl. Phys. B 909, 934 (2016).



—vent topology — exclusive di muon production

P(2S) mesons identied via the decay

channels:
1. P(2S) ->u+u-
2. Y(2S) ->Jpm+m-->JAp->u+u-

Experimental challenge:

Very clean signature

Trigger and selection driven by
muons

trigger on exclusive events
analysis requires a good
understanding of trigger and
muon efficiencies
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—vent selection

JAp ->u+u
P(2S) ->u+u 2-prong

e Exclusive muon trigger

o \Vertex consisten with ep interaction
¢ Ntracks:2

« pr>1GeV for each track

« Muon identification:
at least one track identified as muon Iin
Muon chamber or BAC, both tracks
matched with mip in CAL

e COS(u+,u-)>0.9 cosmic rejection

e No cal cluster other than 2 mips, no
scattered electron cluster

P(2S) ->J/pm+m
->J/P->u+u- 4-prong

Differences vs 2 prong selections

NtraCkS:4
2 pions and 2 muons
P> 0.12 GeV

NO antli cosMic cut
2.8<Mu+u-<3.4 GeV, JAp window

Ml(u+u-n+ﬂ:-
window

u+u



W distribution for 2-prong and 4-prong channel

MC model:
signal: DIFFVM exclusive VM

production Y(2S), J/y

Background GRAPE non
resonant muon pair production
vy->u+u- (Bethe-Hitler process)

HERA Il, proton-dissociation not
accurately estimated, it cancels In
the ratio
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P(2S) ->u+u-
INvariant mass

In range:

e« 30<W<80 GeV

e 80<W<130 GeV
« 130<W<180 GeV

MC model:
signal: DIFFVM exclusive VM
poroduction Y(2S), J/p

Background GRAPE non resonant
muon pair production

vy->u+u- (Bethe-Hitler process)

MC normalized to data
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P(2S) ->m+m-u+u-
INvariant mass

In range:
e 30<W<80 GeV
e 80<W<130 GeV
e 130<W<180 GeV

MC model:
e signal: DIFFVM exclusive VM

production y(2S) normalized to data

Very clean, no non-resonant
background
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R =058/ Oyp-sunpiis VS W

N Acc I 1
R = Tv@s) . _Tw@s) J/p(1S)—sptu—
Ve curpas)  Nojwas)  ACCups) y/ymtn—  BRy@s)u/pmtn—
R 23 +,,— — U¢(23) — N@/’(ZS) . Ach/‘l,b“S)—}p,‘*‘u,— . BRJ/’l/)(1S)—>“+p—
%( )—>M JL TJ/(18) NJ/¢(1S) ACC¢(2S)_)M+“_ BRw(2S)_>“+“_

BR(v)(2S) — J/vrtn—) = (34.49 + 0.3)%,
BR(v(2S) — pu*tp~) = (7.9 £ 0.9) x 10-3,
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A :OYQ->w(28)Q/ OYQ->J/EP(1 S,VS W

ZEUS Preliminary
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e average R values over 2- and 4-prong channels
e systematics dominated by 2- and 4-prong channel difference

 moderate rise of R with photon-proton centre-of-mass W



_ 2
R =0,psy(es)/ Typ->uis) VS O
R =0,5 090/ Oyp-sdnpis)p Average over full phase space

« R=0.1332+0.0065(stat.)+0.0270(syst.)
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Comparison with models
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Summary

o(P(2S))/o(J/P(1S)) measured in photoproduction with
high accuracy

https://inspirehep.net/record/1680705

results complements measurements in DIS

compared with models of VM production

Thank you for your attention!



HIKT — from Huefner et al., use two different form for the dipole cross section calculation

and four different potentials to calculate the wave functions;

« BT and LOG use mc = 1.5GeV,

« COR and POW use mc = 1.8GeV

« The predicted ratio values for the BT model are significantly larger compare to
measured data

AR — from Armesto and Rezaeian,

« calculate the dipole cross section using the Impact-Parameter dependent Color Glass
Condensate (b-CGC) and the Saturation (IP-Sat) models

« The IP-Sat prediction is about 0% lower than that for b-CGC and gives a better
description of the data

KMW — from Kowalski, Motyka, Watt,

e pased on the QCD description and an assumption of universality of the quarkonia
production mechanism ® = O for non-relativistic wave functions, © = 2 for relativistic
boosted Gaussian model

« The prediction with © = O gives a good description of the data and the prediction with
0 = 2 is below the measured values at higher Q?

LM — from Lappi and Méantysaari, use dipole picture in the IP-Sat model to predict VM
production



Sack up ZEUS
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use two different form for the dipole cross Q* (GeV?)

section calculation and four different
potentials to calculate the wave functions;

BT and LOG use m_ = 1.5GeV,
COR and POW use m_= 1.8GeV

The predicted ratio values for the
BT model are significantly larger
compare to measured data
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KMW — from Kowalski, Motyka, Watt,

based on the QCD description and an assumption of universality of
the quarkonia production mechanism

0 = 0 for non-relativistic wave functions

0 = 2 for relativistic boosted Gaussian model
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AR — from Armesto and Rezaeian,

calculate the dipole cross section using the Impact-Parameter
dependent Color Glass Condensate (b-CGC) and the
Saturation (IP-Sat) models



Sack up

oa 0.9: T T 1 | T T 1 T ]

08F w3

- - A= Jy(1S) .

0.7 -]

06k ¢ -

0.5F * -

0.4f- | ! 3

0.3F } =

= b } ® ZEUS468pb’

0.2 p -

: §§ ; O H127pb ]

0.1 :— ’ A H1yp: 6.3 pb” €

- - - | | | | | | | ] .
Good description of the data 030 20 30 a0 50 60 70 80

Q? (GeV?)

LM — from Lappi and Méantysaairi,
use dipole picture in the IP-Sat model to predict VM production



