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Vector Meson Production at HERA

elastic proton dissociative

HERA data cover a wide ranges of W, Q? and t for several

vector mesons

e W: Center-of-mass energy of v* — p system
(20 — 290 GeV)

e Q?: Photon Virtuality
(Q? < 100 GeV?)

e £ : Square of the Momentum Transfer at the
Proton Vertex

(|t| < 13 GeV?)

oV : Vector Meson
(pyw, @, J/1p, 4", T)



Theoretical Status

e Non-perturbative Model for VM Production
Description based on Regge theory and VDM

exchange of the soft
Pomeron trajectory

DL parameterization
ap(t) = ap(0) +at
— 1.0808 + 0.25t

— Exponential ¢ dependence

do
= o ol
dt

— Shrinkage b(W) = by + 40;)1"(%)

— Slow rise of the cross section with W

WA p(0)-1)
b(W)

~ W0.2—0.3

o(W)

— Q? dependence

1
(Q* + Mg)*

o(Q%)



® Perturbative QCD Models for VM Produc-
tion
Hard scale needed (Q?, M7, t)

LLQ y Several models exist

Y Common feature:
Pomeron — system of gluons

x9(xq?)

— Steep increase of the cross section with W

O ~ [zEg(zT:, q2)]2 y W0.8—1.6

Models differ in the choice of scales:

. Q*+M;

= T=Q+ My
. My +Q*—-t , M;4+Q*—t
T we = 4

— Expect Q% and W dependence ?f R=o1/or

— Approximate flavor independencé\\ -

e

—al ¢'f < 0.25 small shrinkage

— Specific spin structure (breaking SCHC)



2. Energy dependence of the cross section

- =Yp-pp =yp—Jp ZEUS
~eYp—o>pp *yp—>JAp HI1
- vYpopp Y Yp—o Jup fixed target

QM
T Y, f e 0.2

0.2
Q’=0.47 GeW w

cross section (ub)
=),
Q
"
>
R |

T TTTT

I

T
§ S
LN

| Q@%=3.5GeV?
-1 M +
10

Q%= 4.8 GeV?

llllllll

- 02_ 0 W0.8
0 T e

s ¢ + w8

i Q%= 19.7 GeV ? /W

I Q%= 27.0 GeV ?
10 -3 | I 1 | | | | 1 11 l 1

2
10 10
W (GeV)

low mass, low Q? - shallow rise of o with W

high mass or high Q? - steep increase of o with W



p Electroproduction
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Data indicate transition to hard regime
H1 and ZEUS results are in good agreement
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J /1 Photoproduction
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Steep rise of cross section with W

Compatible with models based on pQCD with W depen-
dence coupled to the gluon density

Frankfurt, Koepf and Strikman, Phys. Rev. D 57 (1998) 512
Martin, Ryskin and Teubner, Phys. Lett. B 454 (1999) 339

Sensitivity to the parameterization of the gluon density
in the proton



J /1 Electroproduction
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Steep rise of the cross-section with W does not
depend on Q2

Frankfurt, Koepf and Strikman, Phys. Rev. D 57 (1998) 512
Martin, Ryskin and Teubner, Phys. Rev. D 62 (2000) 339



3. Q2 dependence of the cross sections

p° Electroproduction
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J /1 Electroproduction
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(25) Photoproductlon
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Y Photoproduction
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Hard scale given by M2 (~ 100 GeV?) !!

Frankfurt, McDermott and Strikman, JHEP 02(1999) 002
Martin, Ryskin and Teubner, Phys. Lett B 454(1999) 339



5. Large [t| study

J /1 Photoproduction

do _ p () (W?2)l2at)-2]

dt —

o (t)

1.6 - e ZEUS 96-97 Preliminary

v H1

-1~ DL hard

1" DL soft

08 —

06

llllllll'lllllllll!llllllI1I]Ill||llll lllllllll
175 <15 -125 -1 -075 05 -025 0 025 05
t (GeV?)

U
(&) T

Resulting trajectory lies in between soft and hard pomeron
trajectories of DL

Donnachie, Landshoff, Phys. Lett. B 437 (1998) 408
BFKL hard pomeron preferred

Brodsky et al., JETP Lett. 70 (1999) 155

H1 : a(t) = (1.27 £ 0.05) + (0.08 £ 0.17) - ¢
ZEUS: a(t) = (1.193£0.01110-:01%) 4 (0.1054+0.0241)-022) - ¢

P’ :  a(t) = (1.096 £ 0.021) + (0.125 + 0.038) - ¢
¢: a(t) =(1.081 £ 0.010) + (0.158 + 0.028) - ¢



pY and ¢ Photoproduction with
proton dissociation at large ||
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pQCD contribution well below data

D.Yu. Ivanov, Phys. Rev. D 53 (1996) 3564



J /1 Photoproduction with
proton dissociation at large |¢|
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Good agreement with pQCD model using BFKL
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Bartels, Forshaw, Lotter, Wisthoff, Phys. Lett. B375 301
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6. Polarisation study

e Study of the angular distribution of the VM
production and decay provides information
on photon and VM polarisation?

e Angular distribution is a function of 15 com-

binations of the spin density matrix elements,

04 a
Tris Tkt

o r )t 2 is related to the helicity amplitudes
T/\V/\'y AV — —1,0,1;A7 — —1,0,1

® In case s-channel helicity conservation

(Av = Ay):

— non-flip helicity amplitudes (Ay — Ay = 0)
have non-zero values

—single flip amplitudes (|JAy — Ay| = 1)
are zero

— double flip amplitudes (|[Ay — Ay| = 2)
are zero

1 Schilling, Wolf, Nucl. Phys. B61 (1973) 381



p° electroproduction
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spin density matrix elements are reproduced by

QCD model

D.Yu. Ivanov, R. Kirschner, Phys. Rev. D58(1998) 114026



proton-dissociative p° and ¢ photoproduction
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spin density matrix elements are reproduced by

QCD model

D.Yu. Ivanov et al., Phys. Lett. B 478 (2000) 101



7. VM production ratios

In the presence of a hard scale the interaction
should be flavor independent.

From the quark charges of the vector meson the
production cross section is expected to have rel-

ative size:
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p, ® and J/1 Photoproduction
at large |t
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Elastic VM cross sections

cross sections scaled by the factors expected from
the flavor independent production mechanism.
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Conclusions

e Numerous measurements of VM production
at HERA

e J/v¢ (and Y) production has all features ex-
pected from pQCD . Hard scale given by MZ.

e Electroproduction of p? and ¢ becomes hard
at large Q?. Hard scale given by Q?2.

e VM production scales with Q% + M‘z/ assum-
ing flavor independent production mechanism.

e Evidence for the hard scale to be given by |¢|
for p® and ¢ photoproduction.



