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HERA ep collider

Physics Luminosity 1994 — 2000
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Half of the HERA | luminosity collected in 1999 - 2000 !

Only part of the data analysed so far!

Jan Figiel

Hadron Structure 02



Diffractive vector meson production at HERA

elastic proton dissociative

VM Vector Meson P% w, @, JY, Y, Y

Q? Y virtuality 0<Q? <70 GeV?

W CM energy of y p system 20 <W < 290 GeV
t (4-mom. transfer)? 0 < |t] <20 GeV?

At HERA we control all these variables!
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Vector Meson Detection

Schematic view of the ZEUS detector: p—=Tn
- charged tracks - VM (+positron in DIS) e Jq/’w_;‘l‘f‘
- energy deposits in calorimeters kT
- extra detectors:
for protons,
proton remnants,
photoproduction tagger
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Elastic p® photoproduction in H1 detector with a leading proton detected in the Forward
Proton Spectrometer
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Vector Meson Signals
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Diffractive Vector Meson Production Models

e

ﬁy
P
p—" — P
VMD + Regge: yp - Vp=(Y - V)X( )
*Vp - Vp = interaction I Pomeron exchange

«0,(t) =0,+a't=1.08 + 0.25t (Donnachie-Landshoff)

- do/dt OetWMt | b OR, 2

* b(W) =2(b,,, + b, +a’ In(W?) O shrinkage

* 0, W 4-D/p(W) O W?e, 6=0.220 energy dependence

« S Channel Helicity Conservation - VM retains y' helicity
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Diffractive Vector Meson Production Models
BUT: “large” Q?, M,,, or |t| = “small” VM and interaction size [ interaction
[ perturbative QCD applicable:
VM = qq dipol, exchange of = 2 gluons (color singlet - QCD Pomeron)

(&

- Steeper rise of o, with W, (o, O[ x g(x, Q9)]%, x = QW ?)

Y - Weaker t dependence, less shrinkage with W
E E - dominant longitudinal y' polarisation

« possible SCHC violation

VM at HERA: transition between and
regime [ testbed for pQCD scales:

Mo? . Q2% ]
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Elastic p° photoproduction with a leading p

Diffractive slope

Energy dependence
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Elastic J/ photoproduction

ZEUS ZEUS
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Y

The pQCD-based models reproduce the data.
J/Y photoproduction is
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Elastic J/ photoproduction

Simultaneous W and t dependence do/dt [I1(W?)@®-2 [] effective trajectory
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Pomeron alone is excluded by the datal!
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VM cross sections in photoproduction
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Elastic Y(2s) photoproduction

cc radial excitation; optical interpretation O b

BUT: QCD + y(2s) wave function (with node) [

* pr(zs) < bJ/l'IJ

* Oyg) /GJ,LU <1

% T T T ) T
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Elastic p° electroproduction

Cross section [W? in Q? intervals

ZEUS H1 p electroproduction
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*Q?=0: 6= 0.2, weak W dependence - regime

-Large Q?is scale: large 6 - steeper W dependence, as expected from
color singlet exchange!
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Elastic p° electroproduction

Cross section DW? in Q? intervals slope b: dao/dt Oexp(-b|t|)
H1 p production H1 p production
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- power 9 increases and slope b (I transverse size of qq pair!) decreases with Q?2

Q? controls regime transition!
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Elastic J/y electroproduction

Cross section g, [MW? in Q? intervals

Iy
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- Steep rise of g, (0= 0.65) depends weakly on Q?, large M, is sufficient scale

* pQCD models using gluon densities are [OK.
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J/IY, p° photoproduction,

Pomeron trajectory...

ZEUS
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Looking for universality in VM production...

H1, PL B483 (2000)
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VM elastic cross sections “scaled”

—
)
W
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p—
)
[\
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Looking for universality in VM production...

“Scaled” cross sections
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Looking for universality in VM production...

VDM+Regge: ratio: 0,,,/0,,(yp) UWEO-D/h = WEO-Df(b, + 4a’'InW) 0O ??7?

ZEUS preliminary ZEUS preliminary
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Looking for universality in VM production...

Dipol (saturation) model (GB-W): .
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Proton-dissociative p° electroproduction

elastic

proton dissociative

[S]

. ZEUS
& 81
> ] e 4 ZEUS 96-97 (prel.)
P — e C'S 7 o epoepp (Itl < 1 GeV?)
= 4 ep—oeYp (Itl < 2 GeV?H)
6 L
At “small” |t|: do/dt Oexp(-b|t|) :
. . . 5 -
slope b [l(interaction size)? i L
s b (Q2)=h,(Q)+b, ¢
Dogiss. < De U b (Q2=b@) -
proton-dissociative interaction - 3 pdofdt= A%exp(-blt)
scattering off parton! 2|
Ny ./,/ [ 1 -
¥ v i
fffff 2-gluon exchange %9 s 10 15 20 25 30 35 40 a5 50
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— gluon ladder Q (GCV )
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Proton-dissociative VM photoproduction at large |t

Does t provide pPQCD scale? o0t ZEUS
10 3;_%2%% fitwith (<) o zEUS 1996-07 (a)
o ZEUS 1995

VM = p, ¢, P

+ Q% <0.02 GeV?
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pQCD: do/dt O]t|"

- the heavier VM -
the harder t distribution
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Proton-dissociative VM photoproduction at large |t

ZEUS Forshaw & Poludniowski model:
3
107 - BFKL Pomeron
1020 \.\‘ ® ZEUS 1996-97 (a) _ _
: e _ Forshaw - coupling to single parton
10 & ‘\‘\. Poludniowski o _
1 - T —— * non-relativistic VM wave function
Y T :
A . (not proper for light VM)
S o2 8 4 5 68 9 10 -3 parameters fitted to ZEUS data
N; 107 . W ZEUS 1996-97 (b) —t(GeV")
(3 10 = “a ' N .
2 1 .
= AE v I )
g0 o BFKL exchange describes the data
© 0O 1 2 3 4 5 6 well
~ A ZEUS 199697 (©)
A
10 a
- Tt
B i S
1 = \\é\\'
Eoyp—->JEY
10 _1 7\ L1 ‘ L1 ‘ L1 ‘ L [ ‘ L1 ‘ L1 ‘ L1 .
o 1 2 3 4 5 6 tis a hard scale...
-t (GeV"?)
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Proton-dissociative J/{ photoproduction at large [t

€

yp - J

Yy,

o(yp — J/yX) [nb]

H1 Preliminary
® 1<|t| <5 GeV?
e [|t| >5 GeV?

—  FitW?, 5=0.92 +/- 0.30
—  FitW?, 5=1.15 +/- 0.55

It| < 20 GeV? (1)
BFKL exchange: rise of da/dt with energy (in contrast
with 2-gluon exchange!)

o(yp — J/yX) [nb]

‘140‘
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60 80 ‘100 120
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2 ® |t|>5GeV2

Bartels et al.

7

—  pQCD (&,=0.221)

60 80

140 160
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| L !
100 120

Indication of BFKL ?!
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Proton-dissociative VM photoproduction at large |t

Cross section ratios in function of:
- -t for p-diss. photoproduction
« Q? for elastic electroproduction

The «/p ratios approach SU(4) value,

as well as Y/p in photoproduction

The cross section ratios rise faster
with -t than with Q2

it and Q? are NOT equivalent scales!
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Proton-dissociative VM photoproduction at large |t

Effective slope of Pomeron trajectory o

ZEUS
. . g 0 2
To avoid large correlated systematic S s CrPmp P ZEUS (0<<0.5 GeV) )
8 Oyp—p p ZEUS+H1+OMEGA (0 <—t<0.95 GeV ")
errors “normalized” (W,t) distribution: = F Oyp—¢ p ZEUS+ow energy exp. (0<-t<1.4 GeV?)
0.4- Ayp — JAyp ZEUS (0<-t<1.34 GeV?)
r T 0 2
N r. I e yp—p’Y ZEUS (1.3<-1<6.2 GeV?)
do/dt / do/dt(t=t,) = W 4att) 03i myp—oY ZEUS (1.3<-t<5.5GeV?
e o' =0.25 GeV ™2
0.2+
0.1F | %
o
i L
r L
. . . ., . _O-I -
With rising -t transition from -
to regime... [ 1
0.21-
7‘ | | | | ‘ | | | | | | | | | | | | | | ‘ | | | | | | | | | ‘ | |
0 1 2 3 4 5 6

—t(GeV?)
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Helicity studies

Helicity frame: v¥p c.m.s Helicity amplitudes T,,, A

15 spin density matrix elements:

raBij UTae Tane

lept VM decay
epton 1 ] .. .
scattering production plane Too ; Tll . no helicity flip
plane plane
Ty, T single flip
T, . double flip

Decay angular distributions: W (4, ¢, ®)

VMD legacy: S-Channel Helicity Conservation
pQCD: quantitative predictions on transitions between y and VM helicity states,
in particular dominance of longitudinal y polarisation and small SCHC breaking

Experiment: approximate SCHC (small breaking)
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Helicity studies

Elastic p° electroproduction:

r0004
H1 p production W(e) U R= GL/ 0=
bF 12 ‘ T ‘ I T ‘ 1 04
g SCHC approximation € (1-rp™)
—
ﬁ 10 e H1 preliminary & — ————
Re o Hl ~. | ZEUS 96/97 (prelim.) - i
: ] © ~
8 | ZEUS 7 I
: f =
6 [ B —
6 _
. - _
4
A N 2 2
A A 0 Q=19 [GeV]
» | 2 = _ ll Q=12 [GeV’]
v oy s Q=T [GeV?]
_ _ . » Q’=3.5[GeV?]
g — Martin, Ryskin, Teubner . v Q’=2.4[GeVH
N 1 ‘ L N ‘ O M e B0 100 120 140 160
0 10 20 30 40 W [GeV]

Q° [GeV’]

R increase with Q? as predicted by pQCD but does not depend on W...
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Helicity studies
Elastic p° electroproduction: 1 < Q? < 60 GeV?

p% ZEUS/EPJ C12 (2000) 393
H1/PL B483 (2000) 360
¢: H1/EPJ C13 (2000) 371

Im{r] } e ‘ x x

Im{r%:} 2 ' ; ﬁUb 1993 Foo” UTooTor + Tor T0o% 0

5

Tia 'ﬁ‘

Re{r;,} . E’

o P rgo#0 0 y; - p, transition observed

e ol

11 :

Im{r},} 4~

Im(r,} -t

r}-l . ;

Refrl} SCHC breaking predicted by

1

:_’20 pPQCD model (lvanov, Kirschner):
11

o qq interaction with proton

Re{ri} .. )
" ' 7] 0 helicity flip
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Helicity studies

Elastic and p-diss. p° electroproduction: t dependence of SDME

H1 p electroproduction 04

1 T I |

rOO

S 3 R=o0/0,=
e H1 diffractive Q%> 2.5 GeV? €(1-r™)
0.9 OH1 elastic Q> 2.5 GeV?-
AZEUS M, <4 GeV Q°>3.0 GeV?
0.8} .

My

pQCD based model c)

0'50 0.5 1 1.5 2

t' (GeV?)

No r,,»* (and R) dependence on t
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Helicity studies

Elastic and p-diss. p° electroproduction: t dependence of SDME

H1 p electroproduction H1 p electroproduction

[Te] : 0-6 A “: T
o eH1 diffractive Q%> 2.5 GeV? ~ *H1 diffractive  Q”>2.5 GeV”
+ OH1 elastic Q> 2.5 GeV? + 0.2/ OH1 elastic Q%> 2.5 GeV?-
=3 -
= AZEUS M, <4 GeV Q7> 3.0 GeV? S AZEUS M, <4 GeV Q®> 3.0 GeV?
0.4} .

0.2

— pQCD based model
------- SCHC

e - —— pQCD based model
a ] e SCHC b)
0 0.5 1 15 2 04 05 1 15 2
t' (GeV?) t' (GeV?)

These SDME are dominated by single and double flip helicity amplitudes
and exhibit SCHC violation at larger |[t|, in accord with pQCD expectation.
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Helicity studies

Proton-dissociative p° and ¢ photoproduction:

04

Model Enberg, Motyka & Poludniowski:
VM wave functions a la Ivanov et al.,
BFKL exchange with higher conformal

spins [0 OK!

"o p® ZEUS 1995 o p° ZEUS 96-97 Osingle flip
;I s ¢ ZEUS 96-97
% —
-]
1‘ 2‘ ‘3” ‘4‘ ‘5‘ ‘6‘ ‘7
| t](GeV?)
. )°ZEUS 9697 |
- } » ¢ ZEUS 96-97
MQA//T”
o [Isingle/double flip
o 1 2 s 4 s s 7
| t](GeV?)
H 4i Odouble flip
BN LA
i :
S S R S
| t](GeV?)
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Summary and Outlook

Continued analysis of HERA | data
[J new results of higher precision, in large kinematic region

Production of vector mesons: non-perturbative - perturbative QCD
playground

At large M?,,, Q% or |t| the VM production shows expected features

of a short distance (hard) process:
steep rise of the cross section with energy,
harder [t| distribution,
SCHC breaking

Universality in VM production - still an open question
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Summary and Outlook

- |t| is confirmed as a hard scale, however not equivalent to Q?

* In the presence of a hard scale perturbative QCD describes many
aspects of the data - there is room for improvement however

 Outlook:
Still ongoing HERA | data analysis,
HERA Il - 1 fb!luminosity expected and upgraded detectors

[1 extension of the kinematic range to higher Q2 and |t
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