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‘ Difiractive Vector Meson production at HERA |

HERA (DESY): collisions of 27.5 GeV e with 920 GeV p (v/s = 318 GeV)

P
¥'p—=Vp vp =+ VY
axclusive proton dissociative
VM:  Vector Meson g, w, ¢, Jp, v(28), T

2%:  (4-mom transfer)? at the electron vertex (photon virtuality) 0 < @Q? < 100 GeV?
W: CM energy of the v*psystem (z = Q?/W?) 20 < W < 290 GeV

t:  (4-mom. transfer)? at the proton vertex 0 < |t| < 30 GeV?
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Experimentally clean process in a wide kinematic range

Motivation
Increased precision of recent data allows to:
e Study the VM dynamics within QCD

= Test QCD in the transition region: soft —+ hard

= Given factorisation:
* lest pQCD
* Measure non-perturbative quantites (gluon PDFs)
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‘ Soft production mechanism |

Fhenomenological description (hadron level):
¢ Photon fluctuates into the Vector Meson (+* — V)

o VM interacts with the proton by the soft Fomeron exchange

(Vp — Vp, elastic interaction)

soft Pomeron: ap(t) = ap(0) + o'y - ¢ VDM +Regge Theory

ap(0) = 1.08, o), = 0.25 GeV

do /dt o et (W /Wy )*(ex(t)-1)
Expectations:

» Slow rise of the cross section with energy: o (W) ~ Wi, § ~ 0.22

» Shrinkage of the diffractive peak with energy (b Rg + R%.]:

do [d|t| o< e~ MW B(W) = b(Wo) + 4 o'y In (W/Wp) B(Wp) =~ 10 GeV 2

e s-channel helicity conservation (SCHG): v —= Vi, vp — Vo
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‘ Hard production mechanism \

QCD picture (parton level):
» Photon fluctuates into gg pair (+* — qq)

s gg pair interacts with the proton by the two-gluon exchange (gg — p)

e gq pair forms the vector meson (gg — V)
Two-gluon exchange (LO)

(for small size of gg pair : ~* or V= cc or bb)

or o< as(3®)[zg(x, 7°)]1%/Q°
Expectations:
» Steep rise of the cross section with energy: o (W) ~ W4, 4 ~ 0.7 (gluon density rises at low x)
« Universal t dependence: do/d|t| oc e ", boy, = 4 — 5 GeV—2  (gluon cloud of the proton)
= Little shrinkage (b dependence on W) o), ~ 0

« Restoration of SU{4) flavour symmetry: o, l oy [ oy 1oy =9:1:2:8

Hard scale provided by %, M{, t FQ7 M2, 1)?
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‘ Transition from soft to hard at HERA I

—
Soft Hard
VDM+Regge pQCD
o o W §=0.2 a o W & 0.7
do —ht g . do —hlt -
qmexe It ha~10Gev-2 qr e It b~ a4 -5 GeV-2
ap(t), (W) ol ~0.25 GeV 2 ap(t), (W) o) < 0.25GeV 2
Scale:
i My
ight VI (o, w, @) heavy VM (J/, 9(28), T)
Q2= 0 (photoproduction) QE high @2 (DIS, electroproduction)
low ] (vp =+ Vp) ¢ high |¢] (vp =+ V Y)
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Exclusive VM production

e Transition (soft —+ hard) with Q2 and M7

e Comparison with pQCD models (J/v electroproduction: « vs W, Q%)
o Transverse size of the interaction (o vs t)

» Pomeron trajectory

e Universality of VM production

# Transverse and longitudinal cross sections (R = o /o)
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‘ p, ¢ electroproduction (scale: Q2) |
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o (yp —> Vp) [nb]

| VM photoproduction (scale: M?2) \
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‘ J /1 electroproduction (scales: Q2, M?) \
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ZEUS Photoprodoction
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e No change of W dependence with Q7

= Hard regime in photoproduction and DIS
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ZEUS
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ZEUS
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i o /ZEUS-5 and CTEQGEM describe the data

» Data exibit potential to constrain PDFs

= Full NLO calculations needed

Comparison with MRT model for different gluon PDFs

i (recently available for J/+ PHP, lvanov et al.)
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‘ t dependence of the cross section I
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‘ Pomeron trajectory for J/v: ap(t) \
ZEUS

Measure W dependence in bins of ¢

%% o W'q{&ﬂj(i) - ]-)

Linear fit with: ap(t) = ap(0) + o'y -t

ap(t) = (1.20 + 0.03) + (0.07 + 0.05) - ¢

» |nagreement with the measurement at Q2 = 0

» Not in agreement with soft Pomeron trajectory:

ap(t) = 1.08 +0.25 -t
e ap(0) inagreement with NLO BFKL

o afp =0.07+0.05GeV 2 <0.25GeV 2
=> Less shrinkage (pQCD)
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‘ Pomeron trajectory for light VM: a p(t) I
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‘ Searching for universality of VM production: p, ¢, J /1 |

W and |t| dependence of the cross section:
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‘ Universality of VM production ? (scale Q2 + ME,} |

SU(4) flavour symmetry = o0, 10, t 0y i, =9:1:2:8

After correction for ~*q coupling:
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VM production processes = unigue opportunity to extract & = o /ot

R measured through angular distributions of the final state particles

‘ Transverse and longitudinal cross sections, R = o, /o7 |
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‘ R=oy/or vs Q? \

ZEUS
= N I 1 1 I I I I_ ] ] | ] . .
L [Ft:R=a(@'M)" TP — 0P ] » Data suggest scaling of R (and r33) with % /M2
10— _ » ZEUS 98-00 (prel.) 7]
g 10 a=051+007 » ZEUS %8 ]
(1] : b = ﬂ.ﬂﬂ + l].11 = H195-56 :
c 8 - ZEUS
: : EE1I_'IIIII.III.III.IIIIII.IIIII_I
6 = = [ -
n ] 0.8l . +i + ¥ ]
4 - N *i‘_h ;
- . 0.6 'F .
al . B 3 }
n:...';'...|...|...|...|...|...|...|,,,|,,,|”:. 04l _:
2 4 6 8 10 12 14 16 ég- GED 2} ] « ZEUS ¢ 98-00 (prel.) A
eV - « ZEUS ¢ 94 -
TP —=+¢p ( 021 = ZEUS p96-97 (prel) -
- , - . ZEUS p944+95 .
E“' ® ZEUS DIS 98.00 —  Fit QUM ) G=05240. 15 0= | | | 0 IE'-I|5 Jl'vﬂ'ﬁ-?ﬂ —
il # FEUS Photoproduction - - MRT (ZEUS-5) : e bowow o b b by e Lo ey
= o HIDIS s GLLMMN 0 10 20 30 40 u‘;r:%“
2
T+ Vo V=p o Ji
[ ] _ 04 2 2
1 T et Too Vs Q¢ /M
e = ":ﬂ?.;'!r-;:" -
0 [ a . b
0 5 10 = 20
Tp—=+J/Yp Q° (GeV7)

R. Ciesielski Recent ZEUS results on Vector Mesons 18



=0, o,

e same W dependence for o and oy, (p, J/9)

e same |t| dependence for er and o, (J/4)
(the same transverse size of the interaction)
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Proton dissociative VM production

» Energy dependence of the cross section (J /1)
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‘ J /1 photoproduction at high W |

Tuned at W=100 GeV, BFKL and DGLAP calculations give predictions for W=200 GeV

® ZEUS 96-97 (prel.), <W>=200 GeV
O ZEUS 96-97, <W>=100 GeV
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o LL BFKL (Engberg et af) describes de /d|t|, but overestimates the rise with W

e LL+NL BFKL describes the rise with W, but predicts steeper da /d|t|

e LL DGLAP (Gotsman et al.) does not reproduce the rise of the cross section with W
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‘ Summary I

e High precision data in the wide kinematic range
= p, ¢ show the transition from soft to hard regime as Q¢ increases
= .J/4 has all characteristics of hard process already for Q2 = 0
= Universality of VMs with the scale Q% + M7 (R = oy /oy with Q2 /M?)
= SU(3) flavour symmetry restored with @2 + M2 (SU(4) not)

e Vector meson production processes succesfully described by pQCD models
= data exhibit potential to extract gluon distributions in the proton

= need full NLO calculations (recently available for J/+ at Q< = 0)

« Energy dependence observed for the proton dissociative J /v photoproduction
described only qualitatively by the BFKL evolution (unlike DGLAP)
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‘ Exclusive J/ electroproduction (Q? dependence) |

—_ 1t
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» Fit describes data in the entire @< range

e Fitfor Q% > 2 GeV? reproduced the cross section at @? = 0
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| Exclusive p, ¢ electroproduction (Q< dependence) \
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For light VM cross sections can not be desribed with one function in the entire ()2 range
n=185+006 forQ?> 0GeV? n=210+0.05 for2.4 < Q? < 9.2 GeV?
n=236£004 forQ?>5GeV? n=275+£005 for9.2 < Q? < 70GeV?

Data suggest that n rises with Q2
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‘ Exclusive J /1 electroproduction \
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