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# Introduction

# Photoproduction of Vector Mesons
# Klectroproduction of Vector Mesons
s Helicity studies

8 Summary



Vector Meson Production

HERA collides positrons(electrons) and protons

27.5 GeV e == /s =300 GeV == p 820 GeV

# Q% = —(k — K')? photon virtuality
e W is v*'p center of mass (CM) energy

et =(p—p)* momentum transfer squared at the proton vertex



VDM and Regge theory
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¢ The photon fluctuates into a light vector meson, V, which
carries the same quantum numbers as the photon (yp — Vp)

e ‘The vector meson scatters elastically off the incoming proton
(Vp — Vp)

Predictions

o 1TPVD) o e=boltl(72 /12)2at)-1)
a(t) = a(0) + &/t is a linear trajectory,
by 1s the slope of exponential ¢ distribution

e a(t) = 1.08 4 0.25¢ (DL parametrization)

e Shrinkage of the diffractive peak
B(W) = by + 2a In (W?2/W2)

e Weak energy dependence of cross section
do /dt oc W°, 6 =~ 4(a(0) — o/ /by — 1)
0 ~0.22 forlight VM, (b(Q? ~ 0) ~ 10 GeV ™)
62012 for heavy VM, (b(Q? ~ 0) = 5 GeV?)



QCD models
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e the photon fluctuates into a ¢g state,
® the ¢§ pair scatters off the proton target,

e the scattered ¢g pair turns into a vector meson.

Predictions

2 ¢ ¢
® 0 X a‘gg)i$G<lan>lz

e A fast increase of the v*p — Vp cross section with energy W
(longitudinal cross section dominates at large Q%)

e SU(4) restoration, possibly modified by VM wave functions effects

prw:id:J/p=9:1:2:8

e Universal exponential ¢ dependence,
b4 —5GeV? = o =07

e Non zero value of single-flip amplitude = SCHNC



FExclusive production v*p -+ Vo

Isinematic range

Q> — 0 = 60 GeV?
%4 — 20 <+ 280 GeV
t] — 0+ 10 GeV?

® Photoproduction: Q? =~ 0
(dlo not observe the scattered e in Calorimeter)
' . IS 9 §
e Electroproduction, @ range : 0.25 < Q? < 60 GeV?
(observe the scattered e in the main Calorimeter or in special taggers)

e tracks reconstructed by tracking detector

® 110 energy deposits not associated with tracks or the positron



Cross sections

ep cross section —» v*p cross section

2 ep | |
e l'p == 1+§1Q—71/)2 (transverse photons flux)
® €= ;J; = %&:—yy))z (polarization parameter)
€ ~ 0.99 (at HERA)
VM decay mode BR(%)
p° o 100
w ot D 33
¢ KTK~ 49
J /g [T 12
T e 2.48




T photoproduction

events
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Photoproduction)

Cross Section vs energy
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@ light vector mesons have a weak energy behavior:
a(W) ~ W02

# much stronger energy dependence is observed for J/¥
O‘(VV) ~ WO.S
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Fhotoproduction

J /1) cross section vs energy
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o cxtended range of W energy (H1)
e Fit for H1 and ZEUS data — o(W) ~ W?

6 =10.80+£0.10

e in agreement with pQCD calculation ( at high W)

e sensitivity to parameterizations of gluon density




T photoproduction
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Calculations for the diffractive photoproduction
of the T family = two novel effects:

non-diagonal (skewed) gluon distributions,
large magnitude of the real part of the amplitude.

e very strong rise of the cross sections with energy :
o(W)oc WHT 111 = due to skewed gluon density




Photoproduction : ¢ distribution
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Photoproduction : Pomeron trajectory
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Study the W dependence of do/dt at fixed ¢

x  fit = do/dt oc (WHRP=2 ap(t) = ap(0) + o - t

preliminary results

e p o ap(t)=(1.097 £ 0.020) + (0.163 & 0.035)¢
o ¢ : ap(t)=(1.083+0.010) -+ (0.180 = 0.027)t
o J/U: ap(t) = (1.175 £ 0.026) + (0.015 = 0.065)t

J/U  data — ZEUS + H1 + E401 + EMC




Photoproduction : Pomeron trajectory

H1 Preliminary
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Study the W dependence of b slope

*  fit = (‘i% oc exp(—hlt]) b =Dby+dap - In(W)

# J/U: afp=022£010GeV2,  data — ZEUS+ H1 + E401
® Shrinkage ?



o (0)

Electroproduction : p Cross section W dependence
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@ Cross Section W dependence becomes steeper at high *
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Electroproduction :

"

VM Cross section W dependence
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Flectroproduction :
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Electroproduction : VM Cross section (J° depende;
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fit = ox(Q*+M*™ top,¢and J/V data

# Soft process = o~ 1/Q* dependence

* PQCD models = o; ~ ((Q?) - wg(z, Q)/Q°

(as(Q%)-zg(z,Q?))* ~ Q and suppression factor due to quarks
Fermi motion = o ~ (Q%) "/, Nefr ~ 2+ 2.5



Vector Mesons production ratios : (7 dependence
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# quark charges of the Vector Meson and flavour independent
production mechanism :
prw:p: J/W=9:1:2:8
e SU(4) predictions are badly broken in photoproduction
¢ SU(4) restoration with @Q? increasing ?



Electroproduction : ) slope
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Helicity Studies

hadronic centre of mass
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q) / decay plane

electron scattering plane production plane

p direction in the
hadronic centre

of mass system

prest frame

Angular distribution = 3 angles (0, ¢ and ¢) and
15 combinations of spin-density matrix elements




Helicity Studies
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Fit to total angular distribution
s 7, deviates from zero !

s rd ~ single-flip amplitude
= 0.095 = 0.019 + 0.024 (ZEUS) and rl, = 0.003 £ 0.024+019 (H1)

s pQCD predicts non zero value of rj,
# 15, — sensitive to wave function of VM



Helicity Studies
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Helicity Studies

# s~channel helicity conservation (SCHC)

# natural parity exchange (P = (—1)’) in the t-channel (NPE)

s if SCHC holds — R = oy for = rgy/e(1 —15))
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* at large Q° R — const ?



Helicity Studies : Photoproduction
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® 73y Measures the degree of longitudinal polarization

¢ no difference elastic/dissociative observed

¢ at high ¢ p meson is produced in helicity 41 state
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Summary

8 SOFT process:
+ photoproduction
* low Q? electroproduction of light VM

2 HARD process:
* photoproduction of heavy Vector Mesons
% high Q* electroproduction of all (light and heavy)
Vector Mesons

s typical features of HARD events = pQCD
» fast rise of cross section with energy
* decreasing slope of ¢ distribution
% SU(4) restoration

# open questions :
* shrinkage (is o zero for heavy Vector Mesons ?)
* O'L./O'T
+ SCH non Conservation
(non zero double-flip amplitudes)

¢ which is the HARD scale = Q? or M? or [t|
or their interplay 7




