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Diffractive Vector Meson Production at

HERA
et 4 p— etV 4+ VM
€ e

S T F p—— T
t t
elastic process proton dissociation:

Y = low mass system

Tlah ot Y

VM = p, w, ¢, J/, ¢,

Qz — _qz = (e — 61)2
t=(p—p)?

W2 = (qg+p)°

decay angles

B physics with several scales in large range
B transition from soft to hard physics

B determine at which scale and for which re-
action pQCD models can describe data

What is measured?




Non-perturbative Model for
VM-Production

e description based on Regge theory and VDM

e W and t dependence of cross section related to

— exchanged pomeron trajectory o(1) = «aq -+ j
— intercept «p == 1 - ¢ and
— slope o' of

4e 4(a(t)—1
do o (W bkl (I =D
dt Wo Wo

e slope b rises with W (shrinkage)

%%
b= b(W) = by + 4a In (W)

0

e ‘‘soft” pomeron trajectory (ap,o’) = (1.08,0.25)

B predicts slow rise of cross section with:

o o 022 17/0.32

B observed e.g. in light VM ~p



PQRCD Models

e

Basic concept:
factorlsatlon in:

o

1. fluctuation v — VM
2. interaction with p

2. formation of VM

\\\\\\

scale: Q 2 = Q2+7nv

o o~ log(z, QAP with z = (Q2 +m2)/(Q? + W?)
= steeper rise with W reflects gluons at low z
= large sensitivity to gluon density

e absence of shrinkage

e universal t-dependence with b~ 4 — 5 Ge\V 2

- corrections

e.g. Fermi motion, skewed partons, different wave
functions



Event Selection

Reconstruction of charged decay particles of VM using
central tracking detectors (limits W range)

Elastic selection: no energy deposits in main detector
besides decay products

Proton dissociative selection: energy in forward
detectors

DIS: scattered e observed in main detector
(Q? > 1 GeV?)



W dependence for w and ¢

ZEUS 1996/97 preliminary
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W dependence for VM

H1 Collaboration
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e J/vy vyp for comparison: 6 ~ 0.8
e values of § increasing with Q2

e in agreement with pQCD predictions:
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EVENTS /33 MeV

Q? dependence for w

ZEUS PRELIMINARY 1996 - 1997
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O-v*p—Wp/ Gv*p%pp

VM production ratios

It " couples directly to quarks:
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Flavour independence

0

e scale cross section by SU(4) factors and down to

W = 75 GeV

e T cross section scaled assuming W?¢ with § = 1.7

(Frankfurt, Dermott, Strikman, hep-ph/9812316)
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t distribution for elastic ¢

dN/dlt] (/0.05 GeV?)
5

10

e compare to :
— b=7.3+1.0+£0.8GeV~? in vp (ZEUS)

—b=524+16+1.0GeV7? for < Q2 >= 10 GeV?
(H1)

Bop, PN ST R N PPt R R JPOR e N g O MR S )
= consistent with decrease of slope with increasing ¢

cecrease of transverse size of virtual ~ 7



t-dependence in vyp

I
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2roton dissociative samy
80 < W < 120 GeV
Q2 < 0.01 GeV?

t is measured by t & —p?,,,
ZEUS Preliminary 1997

Yp —> PN

do/dt (nb/GeV?)

-----
--------
---------

vp - WN lvanov & Ginzburg

" ——  pQCD+non—perturbative
° wuww  PQCD only

do/dt (nb/GeV?)
=

-

e p: nonperturbative contribution dominates

e ¢: shape described by pQCD only

-t (GeV?)



t-dependence for J/y in yp

ZEUS Preliminary 1997
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P ’%J/’(,DN Bartels et al

— a,=0.2, W)= 1GeV?
] «, 4+ 10 %,0.2<W3<5 GeV?

 do/dt (nb/GeV?)
=

e Calculation based on BFKL-formalism
e good agreement in normalisation

? reduced uncertainties in NLO?
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Helicity studies

study angular distribution of g}f‘m%a ctio e’md decay of VM
information on polarisation {3? and VM

hadronic centre of mass

/L/%Zi'/

decay plane

electron scattering plane production plane

p direction in the

hadronic centre

of mass system

p rest frame

0, ¢ polar and azimuthal angles of decay particles in
helicity frame (meson rest frame)
® angle between scatt. and prod. plane

WicosO, ¢, P) = decay angular distribution
e function of 15 spin density matrix elements
rf‘j and r?jﬁ

e matrix elements related to helicity amplitudes T),,, »,

e SCHC: helicity of VM and ~ equal
Too, T11 , T_1_1 different from zero

10 r are Zero



Helicity studies for ¢

H1 data
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Helicity studies for p

£

comparible result Tor p meson:

LAY

matrix element "“80 different from zero
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Helicity studies for ¢

measure angular distribution W(®):
W(d)x 1
—€COS2P (21 + 1)

+ \/ 2e(1 +€)cosd(2r7, -+ r5)

with € = polarisation parameter of ~

SCHC:
e uniform behaviour of W(®)

= 2. o ey e e
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o 217, + 13, deviates from zero
(similar to elastic p production)

B violation of SCHC



Measurement of R = o, /op fOr ¢

.04 .04 2
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e+ probability for VM longitudinally polarised
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e domination of o; at higher Q?

B R increases with Q2 and flattening at
high Q2



Summary

e ()2 dependence of w similar to other VM

e o oc WO §increases with Q2

e flavour independence for increasing Q2

e do/d|t| measured for t up to 12 GeV2 in p

e helicity studies of ¢ meson see small SCHC
violation (same for p)



