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HERA and ZEUS
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Diffractive vector meson (VM)
production at HERA

elastic (exclusive) proton-dissociative
d_o_l
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Kinematics of the process
. : Q?<1GeV>—1yp _ _ \

Q? — photon virtuality 0221 GeV2— DIS Q?=-0%=-(k-Kk')?

W — photon-proton CMS energy W2 = (g + P)?2

t — 4-mom. transfer squared at the proton vertex t=(P-PY)?



Y(r),
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. Ratio R = —7=¥29r  Accessto information about
\‘\\\ O-,Tp_.}Jpr .
N the dynamics of a hard process

ode sensitive to radial wave function of charmonium

0 ;., T 1l ;-_,-"'F'—__- r[fm]
\ -7 (28)

E y(2S) wave function different from that of J/y :

. Has anode at = 0.35 fm

2 2
. <Iys)> = 2<I%) 015>

PQCD model calculations predicts R ~ 0.17 (PhP)
and rise of R with Q2 (DIS)



Investigated channels and samples

Y(2S) T — Jy(ISyTTTITy /YISy = I
y(25) — P
Jy(1S) — pr

Data samples HERA | + HERA Il data (1996 — 2007) i
Integrated luminosity: 468 pb-' =

MC-data samples
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Signal MC: DIFFVM for exclusive VM production

Background MC: GRAPE
for Bethe-Heitler
mu-pair production

P p




Selection criteria

. Scattered e with E > 10 GeV reconstructed in CAL 30 < W <210 GeV
. Scattered p undetected 2 < Q% <80 GeVv?
t| < 1 GeV?

. Two reconstructed tracks identified as muons

and for y(2S) — Jhy(1S) t* 1t additionally two pion tracks from pp vertex

. Nothing else in detector (above noise)
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Background subtraction
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Sideband of the signal: 2.00 <M, <2.62 GeV and 4.05 <M, <5.00 GeV
straight line fit
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Determination of 0,,5/015)
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Combined result: weighted average

« MC sample DIFFVM J/y, y(2S) no cuts for Q2, |t|, W]
« Data sample CN v06a



RJ/'l,b'frﬂ'

0.26 £ 0.03+9-01

R, |0.24+0.0570%

30 < W <210 GeV
2 < Q%< 80GeV?

t] < 1 GeV?

Reomb | 0.26 4 0.027001
Rypsy | 1.140.2752 |
Ry(as) = RJ/zb'rrfr/ Ry,
Lual
Q2 (Gevg) RJ/ Yy R;m. Rcomb Ruﬂ*{QS )
2-5 |0.21+0.07599 [ 0.10£0.09t9% | 0.17 £ 0.051993 -
5—8  [0.19£0.05505 | 0.13£0.067055 | 0.17 £ 0.047005 || 1.5 £ 0.8
8—12 | 0.2740.05700 | 0.29 4 0.087003 | 0.28 +0.0570% |/ 0.9 £0.37)1
12—-24 | 0.27£0.057008 | 0.24 £0.08700 | 0.26 +£0.057005 [ 1.1 £0.470¢
24 —80 | 0.5640.1375% | 0.42 £0.17582 | 0.51 £0.1070%% || 1.3 £ 0.67)3
W (GeV) Rjjprn R, Reomb Ry 2s)
30—70 [ 0.244+0.0770% [ 0.24 +£0.1073% [ 0.24 £0.0670% | 1.0 £ 0.5773
70—95 | 0.30 £ 0.06700 | 0.31 £0.09795 | 0.30 £0.05700% || 1.0 +£0.3702
95 — 120 | 0.28 £ 0.067007 | 0.24 + 0.087092 | 0.27 £0.0510%8 || 1.2 405103
120 — 210 | 0.2240.057007 | 0.17 £0.077002 | 0.21 £ 0.0470% || 1.3 £0.6707
|t| (Gevz) RJ/tﬂ"?Tﬂ R;m Rcomb ngﬂv(2S)
0—0.1 |0.23+0.055003 | 0.234+0.097005 | 0.23 £0.047005 || 1.0 £0.4703
0.1-0.2 |0.22+0.067092 | 0.23+0.097092 | 0.22 +0.057002 [ 0.9+ 0.4703
0.2—04 |027+0.06700¢ | 0.18 £0.0799 | 0.24 £0.0479%% || 1.5 +£0.6703
04—1 [0.3240.0670 | 0.30 £0.087002 | 0.324+0.05709% || 1.1 £0.37)3
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. Indication of an increase with Q2

. Independent of W

. Independent of [t|
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ZEUS — H1 comparison
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H1 collaboration: data 95-97, Eur.Phys.J. C10 (1999) 373

Good agreement - o(y(2S))/o(Jy(1S)) increases with Q2
ZEUS smaller uncertainties owing to 17x higer integrated luminosity ,



Model predictions
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All models predict an increase of o(y(2S))/c(Jy(1S)) with Q2




HIKT calculations

(on oI energy.
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RE 2. Integrated cross section for elastic photoproduction with real photons (Q? = 0) cal

HIKT — from Huefner et al.,

use 2 forms for the dipole cross section
calculation and 4 forms of potentials
to calculate the wave functions;

BT and LOG use m_ = 1.5 GeV,

COR and POW use m_~ 1.8 GeV

The predicted ratio values for the
BT model are significantly larger compared
to measurements
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AR calculations
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AR — from Armesto and Rezaelan,
calculate the dipole cross section using the Impact-Parameter
dependent Color Glass Condensate (b-CGC) and the Saturation (IP-Sat) models
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KMW calculations
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the measured values at higer Q2 G* (GeV?)

KMW — from Kowalski, Motyka, Watt,

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

o = 0 for non-relativistic wave functions

o = 2 for relativistic boosted Gaussian model




FFJS calculations
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FFJS — from Fazio et al.,
use a two component Pomeron model to predict the cross sections
for VM production
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KNNPZZ calculations
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KNNPZZ — from Nemchik et al.,
describe the BFKL pomeron in terms of the colour-dipole cross section
which is a solution of the generalised BFKL equations
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LM calculations
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use dipole picture in the IP-Sat model to predict VM production
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Summary

. The pQCD prediction of o(y(2S))/c(J/y(1S)) ratio rise
with Q2 and is demonstrated by data

. Uncertainties smaller compared to the H1 HERA 1 (1999) results

. o(y(2S))/c(Jhy(1S)) ratio compared to models of VM production,
some discrimination of the different models possible

. o(W(25))/a(J/y(1S)) independent of W and [t

. arXiv:1601.03699
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Backup: Data-MC comparison for Jhy(1S)
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Good description of the data by the weighted Monte Carlo 21
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Backup: Data-MC comparison for
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Good description of the data by the weighted Monte Carlo 22



Backup: Data-MC comparison for
V(2S5)—J/p(1S) '
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