Experimental aspects of
Vector Meson production at HERA
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Focus on afew interesting aspects of
elastic and proton dissociative VM production:

d W dependence (pQCD vs. Regge); trajectories
1 hard scales: Q?, [t|, M,,%, and their combination
d VM ratios. SU(4) vs. pQCD expectations
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Vector Mesons production at HERA

Elastic (or exclusive) proton dissociative
e Q° e e €
y
VM VM

D QE/V P D Y
Experimentally: very clean processes in wide kinematic range
Q2  vy* virtuadity 0< Q?< 100 GeV?
Wyp c.m. energy of y*p system 20 < Wyp < 290 GeV
t 4-mom. transfer squared at p-vertex 0 < |t| < 20 GeV?
VM  Vector Meson P% w, @ I, Y, Y

HERA = simultaneous control of different quantities: Q3 t, M\Z/M
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Models for Elastic VM production

Elastic Photoproduction (Q2, t ~ 0) of light v Y
Vector Mesons (VM) Is a soft process. VM
No hard scale = (P°, w, @)

Vector Dominance Model x Regge theory:
v* fluctuates into VM befor e the interaction

2 P p
= Oyp_vp =Ty v DO Oyp_vp
Ovp_vp: exchange of soft-Pomeron trgectory,
In linear approximation: ap(t) = a,(0) + a'sl
= dog/dt = et QWP = gt RO -D
where: b = b(W) = by + 4 L', LIn(W)
Experimentally, from hadronic collisions:

. WHep@-1)  \p0.32
d a,(0)=1.08 = dlowriseof o, [ = =
»(0) = W) b(W)

d o', =0.25 = b slopeincreasing with W (" shrinkage" )
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G(yp=pp)/ub

Elastic p® photoproduction: soft process
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Modelsfor Hard VM production

A hard scale is often present at HERA = perturbative QCD applicable
In target frame, VM production is a 3-step process.

q
1. ¥ - qg fluctuation Y4 \\iﬂ

2. (q scatters off the proton by
a colour-singlet exchange
(two gluons at lowest order)

3. VM isformed (well after the interaction) - v

If dipolesize: r = 1 Issmall
Vz(1-2)Q? + mg?

(when mgislarge or thereisay*, at high Q?)

= qq pair resolves gluons = pQCD isapplicable
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Elastic VM at large Q% pQCD predictions

Model by Brodsky et al. for longitudinal photons:

_ _ _ gluon from F,
1. Fast rise with energy: ./ scaling violation

0-y"p Vp D_é O 2(Q%) - [Xxa(X, Qzeff)] [X 02]2

and since x = 1/W? at small x = O'ykp Vp = W 08

2. Approximate universality of t-dependence, g(o+2a'pin W?) - -

two-gluon approx.: ' =0 = b=Db,=4 GeV?

BFKL LLA: 0'p < 0.1 GEV2 = week dep. of oy /= ' = small

3. Approximaterestoration of flavour independence:
at asymptotic Q?, the VM cross sections are in the ratio

PP w o JY = 9:1(08):2(-12 : 8(-35

At which scale Q% should xg be evaluated?
I.e. which (or which combination) of Q?, M,,,,? and |t| isthe scale
of the process? e.g., in Ryskin model Q7 = ¥4+ (Q%+ M, + [t])
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W dependence:
PQCD vs. Regge
and
Pomeron trajectory
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Elastic VM in photoproduction (Q? = 0)

. Fito® OW° (3 =2(0p(<t>)) gives:
i 3##,4qu66~ 0.22 “ soft” W-dep. for p° w, @
S B : 0=0.8 “hard” W-dep. for J/¥

—
T ] 02l =
Frot " J/W described by pQCD models
: : (below) If steep gluon from fits
103 to F, scaling violations are used:
: : B wsp T T T
C 31 ) / ] = 2o [ = ZEUS 9697 Iy - u'w ]
0’ different T B et Gl
: : a9 : 175 | . .
behaviour /7%1 Thy ] N AN
L A I : 1 :— © . ‘I-I.___. ]
10 ¢ ! 3 125 | T E
- M H1Preliminary ] : T
- @& H1 Y(lS) 100 E_ _
| - & ZEUS ) J 25 b 3
- A fixed targe iy 3 I A 1
A e tarmel *I ] e | i FMS(CTEQ4L,A-4) |
| A L gh - METCIRQSND |
10 ! N Conl 25 _g‘ o GBW(tlhgubleGaiussian
1 10 - ]
(GeV) %9 "0 100 150 200 250 300
W (GeV)
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W-dependence of elastic p® vs. Q2

Fltp elastic cr oss sections with W* e €
- QGeV? O (*stat.)

"]il 0. A — ﬂ.lﬁiﬂ.ﬂﬁ
0.47 v+ 0.1210.03

107 ,
: 25 s 0:38:0:03 p— > P

1 ‘J——rr*'_"J— gl
107 cn 0.52+0.09

Fas —emme—t— 0.4640.10 Elastic pu production
250 RN e e 0
10 L 139 . ® ZEUS 9%4
; MM 0.5310.28 1"y ZEus ss !
- 2170 ' - e ZEUS 96-97 (prel.)
1 > _
= ZEUS 94 o5l t !
- ¥ ZEUS 95 I 3
1 ® ZEUS (Prel.) 9697 p -

R «, transition soft — hard

0 25 50 75 100 125 150 175 200 225 uﬂ 5 10 15 20 25 30

W [GeV] Q’ (GeV?)
Energy dep. steepens with Q° = reaching hard-regime (like for M )
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Double-pole Pomeron modelsat Q2 ~0

Y(9460)

Fit p°% w, @, JP

using 8 parameters

Elastic VM
photoproduction (Q? = 0)
can also be described by
double-pole
Pomeron models
whichuseasingle P
with intercept a,(0) =1

~JTherapid rise of the J/{
ISinterpreted as:
“atrangtion effect of
the onset of the
asymptotic behaviour”
= still at threshold

1 10
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Double-pole Pomeron models: VM in DIS

Martynov et al., hep-ph/0112242

~
o | _
- 0 a .. H1, ecs FNAL, +.. HERMES, AssumeR = O-L/O-T from
=

Q

. . ZEUS, 1. other a0 Gev? pQCD (Brodsky et aI)

\ Po(770) T
10 Piaopes g oo ——fet T
L, hal

om . and fit p° cross sections

: e e vs. W in Q? binsusing
O i . .t theprevious8+4extra=

10 | * e
T T T

| Then predict @, @and J/
—— Cr 0SS Sections.

10

o

8 +4 parametersfit

7
10

1 10 1l:|2

W (GeV)
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Double-pole Pomeron models: VM in DIS

Martynov et al., hep-ph/0112242
= <= H1, e<m FNAL, »<= HERMES, Assume R = O'L/O'T fl’()m

;J:;(S;S,momm 02=D..Ge\f2- pQCD (BrOdSky ot al)

Sl and fit p° cross sections
vs. W in Q¢ binsusing
the previous 8 + 4 extra=
12 parameters.

Then predict w, @and J/Y
Cr 0Ss sections.

l.'lll“! Predictionsfor J/{
[

-Iua L L |||. - |
1

Conclusions based on this mode!:
VM production can be described for 1.7 < W < 250 GeV, 0 < Q2 < 35 GeV?2.
No hard-pomeron contribution (like for DL) necessary:

the VM massisthe only parameter which governsthetransition!
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Traectories as tool to parameterise data
L anguage of Regge phenomenology still alive at HERA.

Indeed the traj ectories (collective states exchanged in Regge theory)
contain the relevant quantities to describe hadronic interactions at a

macroscopic level: in the linear approximation, ap(t) = ap(0) + a'pli]
they are aconvenient way to parameterise data:

 0,(0)and o'y : fundamental parametersin hadronic interactions

» which govern the W dependence (a(0) ) and thet dependence (a'r )
= the profile of the colour cloud responsible for strong interactions

Therefore, be able to compute the P trgjectory from first principles
(e.g. using QCD) = fully understand hadronic interactions.

An effective P trajectory can be extracted from simultaneous study of
the W and t dependences = fit do/dt 0 W**P)™ in each t bin [
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Effective P-trajectories from elastic VM

—
=, ZEUS 94-95 + H1 + Omega: p° (0: =0)
tim ZEUS 94-95 + H1 + Omega: ¢ (Q°=0)

LZEUS 99-00: J/y — e;E' {?' =0)

®
|
1.3- Y ZEUS96-97: J/iy — i (Q"=0)
A
T ZEUS (prel.) 96-97: p u(Q = 35 GeV

0845 a1 s

0
t (GeV?)

%

J/P: (1.198+0.012) + (0.114+0.025) -t

ipo: (1.096+0.021) + (0.125+0.038) -t

(@: (1.081:+0.010) + (0.158+0.028) -t

Precise HERA results
(in photoproduction):
U
different P trajectoriesfrom
Donnachie-L andshoff soft:
1.08+0.25 - t
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Different behaviour of a,(0) and a's

Flastlc VM trajectory parameters
§ 4 - e p' (Q _ 0) ZEUS + H1 + Omega82 :
(=™

13- W0 (Q” 5 0) ZEUS + H1 + Omega82
= A Jhp(Q =0) ZEUS

L« >2 GeV") ZEUS prelim. i
a0 @ )ZEUSprelim. -

3

1.1 - o | ]

C i | i i i i | i i i i | i 3
0 5 10

2 2 2

M"+Q" (GeV?)

& e p Q — 0) ZEUS + H1 + Omega82 |

S 0.6 = ¢ (Q'=0)ZEUS + Hl + Omega82 -
~ A Iy (Q'=0)ZEUS :

0.4 - = p°(Q’>2 GeV?) ZEUS prelim. y
0.2 - ]
o" ‘ A ]
0 L | I 1 I 1 lcii':l
0 5 10
2 2 2
M™+Q” (GeV")

Clear increase of Op(0):
Interaction gets "harder"
e with increasing M4,

e and (likely) with Q?

O'p = 0.1+0.15 GeV-?
(smaller than DL soft)

for p9, @and Jy

In photoproduction (Q%=0)
= no dependenceon M,

In DIS, need mor e data:
present datanot conclusive
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Q2 T MZVM
as a''scae’ for
VM production



Elastic VM dependence on Q2 + M,,,,2

S S S

(6, +€c,) (¥ 'p— Vp) [nb]
=)

10

=

Lea

| ]

H1, Phys. Lett. B483 (2000)

Universal behaviour of

Giuseppe lacobucci

M\}“Lk g\iMzsg?fg(gé H1 ZEUS VM cross-sections scaled by
<, P e the SU(4) factors:
\*\,% ;;, . PP w:e:JPY=9:1:2:8
"“\;’*{ S versus Q2 + M4,y
= J NK Good piece of work!
3 | L M l N
& LA N
) 0 W =75 GeV \ :
(@) ooV ~ However, looking closer,
1 10 10

(Q*+M?) [GeV?]
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Elastic VM dependence on Q2 + M,,,,2

H1, Phys. Lett. B483 (2000)

—~ 1.8 |
2 10* P Oy Scaled by R L6 i
= iy, 9:1:2:8 factors fl ZEUS L |
> . £ L4
7 10° & * JIY
- L1z slle «—F
= 102 g“ | | . || i L T ||
g : S

a' 0.8
T o LT & s
% g u 06| Oyy scaled by

2 © 9:1:2:8 factors and

1 L7 04 | normalized toa,
%Uﬂ | 1 10
-1 0 2 2 2
]'D 1 [ IIZI3 ME 5 v" W — '}"5 Gev (.Q +M ) [Gev ]
Bt ~ However, looking closer,
‘ e, 0 JP data are mostly
(Q™+M") [GeVT]
above the other VM data
Indeed, pQCD does not expected the SU(4) relation to hold. —— —
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The SU(4) prediction p:w:@:JW=9:1:2:8

The factors 9:1:2:8 come from the leptonic widths of \&M decays:

Wy (O)F VM e’
[ m_ere = 16M0P, ——— [FaQf —wwwww"_
M*m ©

2
If: |LIJ\2/M O) does not depend on the VM, then the ratio of widths will
M*ym depend only on the charge assignments Q, of the quarks:

VM Q IZaQf Factor | Measured
00 | Uy (uu—dd) | (V)2 [2Zs— ()" | 9 9
W | Y- (uu+dd) | ()2 [2s+ (Y7 | 2 0.8
® SS [—1/4]° 2 1.8
Jyp cC [2/,]° 8 7

The question is: doesthe 0, _ o, depend on My,
only through 'y, . e ?
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pQCD prediction for a-, v, IN DIS

For Q% »M?2,,, expect flavour independence:
v* - qqg able to resolve gluons from the proton Y VM

For longitudinal photons: > U 5

Brodsky et al.: integrated PQCD part
d L wave function — 5 A R
cyv*|0~VI\/I|o ~ N Y ﬁ]z ﬁxs(Qe‘ff) ¢X9(X, Qeif)]
dt - VM -e'e VM —IVM Q6
At asymptotic Q?, n4,y can be assumed universal, and:

. 0 .M
Ratio(VM,VM,) = I—VMlﬁee mvm cannot neglect this!
VM2

VM2-e'e /

> p:w:e:JP=9:1:-08:2-12:8:-35=9:08:24:281
Therefore, thessimple SU(4) relation 9:1:2: 8 should NOT hold.

Giuseppe lacobucci DESY Forum, February 12, 2002 20




Elastic VM dependence on Q2 + M,,2

New and mor e precise data:

o,,and o, when scaled by
SU(4) factors 1/9 and 2/9

- ZEUS data Q*+M* (GeV?) - .
| ap L 06 lieontop of o,
107 v o a7 ' ;

- ® p,prelim.
- W G¥/2, prelim.
. I
r 4 - o ‘ [ ] P 1.5

_
)
=
—
=9
>
T
=

107 3
. 45
i C ¥ oget
2l s 1.6 |
0% @ ;..i.* E

| 3 I
* W (GeV)
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Elastic VM dependence on Q2 + M,,2

New and more preC|se data

o,,and o, when scaled by

QM’=25.6 GeV* _

N g ZEUSpelin. o SU(4) factors 1/9 and 2/9
SIOEL s e B lieontop of o,
1::\. | e ment *HM’=9.6 Ge ]
& e 0y, scaled by the SU(4)
2 10" W (GeV) factor 9/8 is= 40% higher!
) 7 ZEUS prefim. N — the 9:1:2:8 factors
. [ev o4l : do not work for the J/p
> @ Jhyt9/s . - :
; v QMHM=127 GeV* |
D Ly 5 )
10 W (GeV) _ .
= . — — With future data, check if
g, oo | W dependenceof VM’s
= % Yy ¢ Tel. - at fixed Q4+M?2 isthe same
7
b?-
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10° W (GeV)
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Ratios of Vector Mesons vs. Q?

Another way to look at it:
now plotting ratio vs. Q? (not Q2+M?2)

Three pQCD “predictions’:
O VM ratios increase with Q2

 much faster rise for 0y, /0,0
than for 0,/0 0

U reaching, for Q2>» M,
p:w:@:JY = 9:1.08:2:12:8:35

Thefirst two are confirmed by data.
No evidence yet for the last one:
need mor e data and at larger Q2

However...

al0S r———

—

6 0.4 -
0.3 -
0.2 -
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| ZEIUS 9“4

T I T T L] T
Elastic vs. Q~
® H1

® 7ZEUS 96-97 (prel.) |

m ZEUS %4

Elastic vs. Qz

E H1
® ZEUS 9600 (prel.)

20 40
Q? (GeV

5o
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Simple VDM describes the rise of ratios

F 0 0.5 [T
VDM form: O'yp_’vp Voe'e L Elastic vs. Q _
(Q + |\/|V) o 04 [ ® ZEUS9-97 (prel)

m ZEUS 9%
0.3 - 29

Plot the ratios: : ) 11
2 0.2 | }:é,:_ﬁ% % JT;:

2 2
GVP—'le D rvl—'ee E?Q +MV2)

| 0,0, ]

Oyp-vap Vz~ee (Q° +MV1) % s T 1'5"'

_ Q* (GeV?)

using the experimental O —— S

measurements for the Iy, ... 21

© -1? Fﬁ;f_%g—ﬁé

Therise and the speed of the rise Y Bt o

are well described by VDM (the 10 LT Bhussseo :

bands show the errorson T, _...): o3 mzEUss
0 20 40 $H0

we do not really need pQCD here! Q? (GeV?)
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proton dissociative
VM production
ep - evyY

e
VM
D Y
DESY Forum, February 12, 2002




Proton-dissociative p° electroproduction

' ' ZEUS prelimi
dOg, _ eov /dIt|inbinsof Q2 pfm iminary
2 <Q?<50 GeV? 2 105 2<Q°<4(GeV) 1< Q*<7(GeV)
t] <2 GeVv? E 104 %%
=10t
Fit do/dlt| 0 €™ and compare &
p-dissoc. b slopes to elastic ones. 2 43 AT
=
~ + ZEUS 96-97 (prel.)
T
o ) ,
?;E 1t 7<Q <15(GeV’) 15 < Q% < 50 (GeV?)
iy _
zZ
= 10

0 0.5 1 1.5 2 0 0.5 1 1.5 2
It (GeV?) it (GeV?)
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Proton-dissociative p° electroproduction

ZEUSpreliminary

dOg, _, g0y /dft| inbinsof Q= _
o ZEUS 96-97 (prel.)
2<Q?< 50 Gev? & -Lé o ep—sepp (It < 1 GeV?)
t| <2 GeV? &) s ep—eYp (Itl <2 GeVY)
= do/dt = A¥exp(-blt])

Fit do/d|t| O et and compare
p-dissoc. b slopes to elastic ones:

5
similar behaviour vs. @2, !
In ageometrical picture, ?
b O (interaction size)? 5
U
bel [ quq(QZ) B RZproton !
bpd'SSD R qq(Q) H R% % 5 10 15 20 25 30 35 40 45 50
J Q* (GeV?)

Scattering off much smaller objects than the protoh
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Ratio of p-dissociation and exclusive

nY electroproduction

Schematically, ep — ep®p/ ep - eplY :

o
YA Gy po po
P
P Yop P

Assuming vertex factorization:

2
Ovp-pv . {QWPO(LQZJ\) LGy (L, MY)} |:E(\NZII\/I\Z()O(“)_1

2
} =f(t,My)

Ovo-pp 0,0 (1, Q% A) Ty (1) (W2 IW2) 0

— the ratio should not depend on Q?
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Ratio (do®-ee/dt) / (do®®-*%dt) vs. Q2

=
2
o
)
T
)
O
=
-y
0.1
-
-
=z
la ¥
o
@
T
)
O
=
'

. . p-dissociative
Ratlo: dadic
In two bins of t:
Independent of Q? 0.8

U

within experimental .
uncertainties o

vertex factorization
holds 0.2

0.1IIIIIIIIIIIIIIIIIIIIIIIIIIIII

Giuseppe lacobucci
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il

e ZEUS 96-97 (prel.)

%

*

L[ t=-0.06 (GeV")
L Y’/NDF=0.7

t |

[ t=-0.22 (GeV)

Y'INDF=0.7
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VM production
at high [t|

are [t| and Q?
equivalent scales?



Photoprod. of proton-dissoc. VM at high |t

High-|t| domain: little explored so far.

At high-|t|, proton dissociative production dominates. Example:

do
vp - JPY aaQ2~0  djt|?
10%
Jw
{/\1\/\/\l‘< s (= Lo
ft Lol proton dissoc.:
vy Y ~ 06t
p 10 -

Ly

3 4
It] (GeV?)

—> study proton dissociation to investigate high-|t| dynamics
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Photoprod. of proton-dissoc. VM at high |[t]

Q? < 1GeV?;50 < W < 160 GeV

L

[}

O

£

= .

§1ﬂ
e .
o]

o

® H1 Preliminary

3
5, YP - PY -ty zeusi
E Q

n=—3.31 % 0.02 {stot.) + 0.12 (ayst.)

(nb/GeV?)

— pQcCD (a,=0.221)
LO BFKL calculation
(Bartelset al.)

ZEUSfit to (-t)" gives

i
=
R
T

do/dt

—
=
I

n=17+02+03

[ ® ZEUS prelim. 1996-97
W oE O ZEUS1995

w o——— e
0 2 4 i § 10 12

t (GeVY) 0’ YP - J/LIJY

E“’ 2‘%5? Z—Elziil)t" 5 10 15 ;
R -2 Dependence at large [t j[=7
L Qdo,, v /dit] O [t[" (not exponential)
"Evp o @Y  described by LO BFKL-models
10 ‘- ® ZEUS prelim. 1996-97 (Iarge uncert. on magnitUde)
ORI .. ] = indicationthat large |t| may provide a

2 4 ]

tGev) hard scale to apply perturbative QCD
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Photoprod. of proton-dissoc. VM at high |[t]

Recently, Forshaw and Poludniowski
fitted ZEUS preliminary data for
p-dissociative photoproduction
of p°, ¢ and Jy mesons:.

O BFKL LLA approach:
consistent with data

 two-gluon-exchange approach at L O:
Inadequate

*Smoking gun for BFKL?”

Giuseppe lacobucci DESY Forum, February 12, 2002

y'p - JIPY
LLA BFKL
Y

T two gluonf

do/dt (nb/GeV?)

Yp - @Y
«— LLABFKL |

two gluon

two gluon

Y'p - p°Y
<«—| LA BFKL

-t (GeV?)
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Extraction of a's from high [t| VM

Tagged photoproduction, # 0 Ty =116t | 03 F (0)  —t=2.260ev
80<W<120GeV, with o2 " bopogp] 28 E L 4
large correlated uncertainties  ~ ;, £ ¢ 35N 0 | o o fitwith W
In e-tagging efficiency T 50 90 100 110 120 “Ts0 e0 100 110 120
as afunction of W 012 E ] 006 .
U 0.1 z_ {c) $ —A=2.98 GeV ggj ; (<} —t=4.09 GeV
_ 0.08 Fgmmo o i """"""" | 0.0 —$ S S
Nor malise do/dt 008 Bt it 22 —.i.%
- . . &0 90 100 110 120 380 a0 00 110 7120
tofirst binint ots ¢ : W (Gev)
= {e) ~t=8.21 GaV
U .07 E_ _______________ % %
ratios avoid large systematic  *°** ; ]
uncertainties which would “a0 90 00 110 120
affect ap(0) but not o'y _ 5 E © w=0.0 ru;cmm-us{w
B I Ty SU— -
Fit 9979 (o WA inbinsof t 7 b et T
do/dt|._, " > 3 4 5 & 7 8
0 ~t (GeV?)
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o' depends on the t-range measured

Hﬂ.s | T L T T | T T L T | T T T T | T T T T | T L T T | T T L T |
[ O yp—p’p ZEUS(0< t<05GeV?)
> - O yp—p'p ZFEUS+HI+OMEGA (0 < -t<0.95 GeV')
Voqb O vpoep ZELUS+H1+OMEGA (0 < t<1.4 GeV?Y)
77 L L A ypoliyp ZEDS(0<1<134 CeVY
p— B 4
PR T @ yp—=p"Y ZEUS(L3<-t<62GeVY ]
50.3 B B yp—2t Y ZEUS(L3< t<550eVH -
[ DL soft
[ o, e ]
0.2 - ]
[ The horizontal linesrepresent -
j_.(lsl thet range of themeasurement  ~
01 1= ]
0" T ! ]
B
-0.1 - | -

'I|.||I|..|I||.||.||.||.||5I||.|6.2.|'
-t (GeV?)

Giuseppe lacobucci

YP — VP (dominates at small |t])
YP — VY (dominates at large |t|)

DESY Forum, February 12, 2002

Plotting together:

For [t| > 1.3 GeV?Z:

a'p="“small”
as expected by pQCD

Need mor e precise data.

Similar to what was found
for inclusive diffraction
IN hadronic interactions —
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P trajectory: comparison between ep and pp

UAS8 single diffraction data:
pp — pX or pX, with scattered —
p or p detected with x> 0.9 = \{

Elastic VM photoproduction

® ZEUS 9495+ H1 + Omega: p (Q° =0

H ZEIIS9495+H1+01_:|:|¢ zq)((jQ 0)

v ZEUS 96-97: Jly — u % |
A ZEUS 99-00: Jh|.r—:~ee (Q"=0)

[0 UAS single diffraction

&
Good agreement at low [t|.

Flattening of P trajectory

observed at large [t|

fitted using:

ap(t) =ap(0) +a'p @+  a"p
=110 +0.25[+ (0.078+0.013)fF

similar toHERA yp -VY
(P% @ dataat [t| >1.3GeV2 gl

Same P traject. also at high [t|? | . e
-1.5 -

Need more precise HERA data at large |t| t (GeV?)
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Ratios of Vector Mesons

We have discussed VM ratiosin DIS G20 [ e e e

lusive production, ep — eVpvs. Q2 04 LS ZEUS96T Gy m L

exc P ’ a o 04 u zEUsos ® ZEUS 96-97 (prel.) |

O VM ratios increase with Q? 03 | e = ZEUS 94 i

U faster risefor 0, /00 than o, /00 - # | ]

O asymptotically should reach: 027 i;ﬂ}:ﬁ : H H }__

p: w:@:JY=9:1.08:212:835 0.1 000 )

What h : di LAt UIII""SI"IIIO"IIIS"_

at happensin proton-dissociative t or Q7 (GeV))

photoproduction y*p — VY vs [t|? o s

. - H [ -I- |

ZEUS Preliminary measurement: &1 ¢ ﬁ : .

- . . : . 1] ﬂT $ " oton dissoc. vs. - ]

A ratiosrising Wlthlnf:reas_ng It] U o e e ey 3
= indication QCD istakingover afdl e

ET ® HI =

- - - 2. E. )
Q risein |t|faster_than In Q_. 3,J GJI/LD/GpcIJ :iiﬂﬁimw’ _
how should we interpret this? 0 5510 15 20, 25

-t or QZ (GEVZJ
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Ratl 0S of Vector Mesons. Q- vs. [t

0 0.5 e S
2 o0’ \Why ratios of proton dissoc. vs. [t
6 04 - lls 78 .
_ o e b arerising faster than elastic vs. Q* ?
0.3 - I -
ok . }ﬂ_--[_;r ,j_;+ - Difference generated by the fact that:
R .#;:-?' T ] : : : —
01T 'T | Protondisse et - 1. Wemix Elastic and p-dissociative?
- o mzEess o No: naively, vertices should factorise.
Now in 1 10 , 107
log scale tor Q1 (GeV) 2 are Q2 and || not equivalent scales?
E: ~ ssxss . Possible: if thetrue scaleis
Slow T 0T Q= e Q2 +y MR
10 1__ i?ﬁj . I."rutun dissoc. vs. -t _; nOt necessarlly a= B = y .
© QR
10 2L, ! Dlastic vs. Q° _ 3. Different cross section dependence?
T : Drusssmind) - Possible, in view of what
3F + m ZEUS 94 1
Y A PQCD expects [

2 2
-t or Q" (GeV")
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Ratios of Vector Mesons: Q2 vs. |t
PQCD expectations depend on the photon helicity Asymptotically:

L ykp - V. p Vi
Ovp_vpd Fum_ewe -My, 0 pQCD = VD = Vop M (Brodsky et al.)

— M
O-yp_,vy L] rVM_>e+e_'M\§D pPQCD = VP — ViY D[ vl} (Forshaw et al.,

Y.p - V,Y | M, lvanov)
|sthis different dependence (3.5 819
what we are observing? T i--
Q ;— ,»””’ =
ban.s e o _-="" (35)x8/9
= . Proton dlssnc WT 1: Elastlcvs.Q (1 2)3x 2/9 \9_ : /,,’
o - - S1 L 8
* __________ o : q_’T 3 8/9 "
= _ (1 2)x 2/9 ] 10 '1;_ f#lT} $ " Proton dissoc. vs. -t _
02 Ei 25 1 5 : AR
I l%‘li 1 2r Flastic vs. Q° 1
0.1 4 : 10 = = HI 1
| :_J & ZEUS 96-00 (prel.) 3
T TS POUTTIOOOTIL K. ... O
0 5 10 15 20, 25
-t or Q (GeV) 't or Q (GeVE)
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Future prospects. 99-00 data & HERA ||

Data discussed today: mostly up to 1997 data (~ 40 pb).
Still ~ 80 pb?! on tapeto analyse +
expect = 5 times larger luminosity from HERA ||
Increase in luminosity: overall factor = 10
= better precision and extension of Q?, [t| and M,,,, ranges

H1: futureinstallation of Very Forward Proton Spectrometer
with increased acceptance for x; ~ 1:

W C o L

é 1.2 Horizontal Pots P4 H—-63m § 1.2 = Vertical Pots  EAV—-81m

a - B --220m H-80m | & n

5 Lo =

8 o L

£ B << N
0.8 [ 08 &
0.6 0.6 —
0.4 F 0.4
0.2 [ 02 F

0 |
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Conclusions

1. pQCD can describe VM data for large Q?, |t| or M2, . However,

2. Reggetheory gtill alive: two pomerons? two-pole structure?

Remember: both pQCD and Regge are fundamental tests for future
theories which aim to describe the dynamics of large color systems.

3. P trajectory:
a's~0.1GeV=2 for p% @and J/ at |t] < 1.3 GeV?
a's ~0GeV=2 for p? @at |t| > 1.3 GeV>;
the flattening measured at large [t| iIssimilar to pp single diffr.
= P trajectory universality also at large [t]| ?

4. VM ratios as atest of pQCD at asymptotic scales.
PQCD suggests large correction factors for the J:
forget the SU(4) factors9:1:2:8 ?!
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Reserve
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R =0,/0; for elastic p°electroproduction

Early pQCD prediction: different Q2 dep. for 0, and O
= R expected to increase with Q?

S'is [o ZEUS96O7 prelim)  ZEUSfit: 1
o 5 'w ZEUS 94 (PHP) line: o, /o =(Q*/M*/ i
v v ZEUS9s £-2.16+0.05, =0.74+0.02 |

12 o 3

1o [= HERMES ]

Ef— “""{
N -1 Inagreement with data
4 * 3
3 Ftor
o L ]
e T T T T g

Q’ [GeV*]
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—_— C ' ' ' T 1 5 N = . U ]

i) e p ZEUS prelim. =) | £ello prelim N i

g [§ e ¢ 1§ Im E-wz O Snm 1
210 2EX  Jyuweoss L L % 102X Jvawess R o R
= - Jhylee)*9/8 Lk WX i "N Jhyfee)*9/8 - "if‘?ﬁ’j ]

- ; * M%7 1 8 i %*&E}‘ “ve
T o L] i *o |
=3 I Q 4+M’=9.6 GeV" | o - ok ™ o -
b?" o S , ? || I et £ .;Jlk.-' W
10 W (GEV) HL W (GeV)
2 : . : . . 2

= 10°F ' 7 510%F — . -

2 | ZEUS prelim. | | 27 [ @ Jyros, Z8US prelim. !

- 3 ot ] | i dh i
- @ p 4:, -:;'.a l | '§ | :;F: T‘:'r- |
SRR R
1\ L ] 5 2 3 ] E L | 7
% Q +M™=127 GeV v + * 02+ M2 5 7 A

b | L | . 1 | ., . ey

2 2
10
W (GEV) 10 W (GeV)

— [ T T T T T LI L _' E T T T I i

-g ZEUS prelim. 10 - *"+ ]

~ 10 -® p PR - £ . JaJ,+'-:. ]
S e Jyros 5 Tel, 8 A 1
']\ [ . i % o ! |
& - * Q' +M’=25.6 GeV* | “ + QM= 25, 6 CaV?

b 1 1 I T —— I | L | | | - .. -

2 2
10 W (GeV) 10 W (GeV)
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t-slope of YP(29)

do/d|t| O e Pvesl =

- 9 e a,
1 LY > A };S/ r:ﬁ % % Y
_ Yp > YLIo5)p

VM scatters off the proton

= Dy > by
due to different wave-functions

In pQCD: qq scatters off the
proton = byyog) L1y + 1 5°

aq
= Dy2g) = by
H1 measur ements:;

pa
In Vector Dominance Model: ©
Z
=

10

10° S
1.4 fit region
D,y = (45+1.2°~2) Gev2 9 TS
wes = ‘0-7+()) " 0 02 04 06 08 10 12
by = (47340.257773) Gev-2 t] (Gev?)
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W-dependence of elastic JP vs. Q?

Gyor(Y P—J/YP) [Nb]

® ZEUS (prel.) DIS 96-99
m ZEUS (prel.) BPC 99-00
* ZEUS (prel.) PHP
102 ™ H1DIS85.97
H1 PHP
10
1
-1
10

10
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.~ —— Fit with W° 0 | | |$| FREEE RN il

Q? =0 GeV? Different situation than

(< 1) _
n for p® production:
o e
e increasing Q2 has no
= 0%V visible effect on
- the W dependence
— 3.1 GeV?

of JY production

-7 (<0

e e

SR T o s w0, s
= [GeV"]
W [GeV] More data needed here
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