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Diffractive Vector Meson Production
e+p— e+ VM (=p,¢,J/¢,...,0orv)+Y (orp)

Q? Photon Virtuality

W ~p CMS energy

t 4-momentum transfer squared

Momentum fraction of the

TP colour singlet exchange
Regge Theory PQCD Models
= Soft IPomeron exchange Exchange of > 2 gluons
o o (374w ®=D o x (2G(z, Q?))’

ap(t) = 1.08 + 0.25¢t (DL) Steep rise of xG(x, Q?)
Light VM at low Q% and low |t| Requires hard scale: Q?, t or m,
—> Investigate transition between soft and hard regimes
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Perturbative QCD approaches

Dipole approach (k; factorisation) Collinear factorisation theorem

q |
\Y; M ' VM
a |
p p
—_ Y \% _ / \ %4
.A—\Iqu@aqq_p@\I!qq A, = f(e, 2/, t,n)  HR W
Scanning radius decrease with increasing where f;: non-forward PDF (' # x)
Q?or M2 —p? = 2(1 —2)(Q* + MP) — Generalized Parton Density
QZW\/\/VZ: tky Theorem proven for oy, ; often assumed for o
1-7 Collins, Frankfurt & Strikman [hep-ph/9611433]
Q?/ M3, 2 2112 : o
—r o o GLESVERE: [as (1*) G(x, u*)] Dipole - Saturation:

_ , , ; Kowalski, Motyka, Watt (KMW) [hep-ph/0606272]
with z ~1/2 — p* ~1/4(Q° + My, ) | Marquet, Peschanski, Soyez (MPS)[hep-ph/0702171]
Dipole - kr factorisation:

—ror o (Q2—|—§\/I‘2/)4 [as (1?) G(x, u?)]? Ivanov, Nikolaev, Savin (INS) [hep-ph/0501034]
h o — dooi iUt Collinear - GPD:
with z = 0, 1 endpoints contributions Goloskokov, Kroll (tGK) [hep-ph/07083569
—> hard scale damped Parton hadron duality:

Martin, Ryskin, Teubner (MRT) [hep-ph/9609448]
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VM theory: Main features / expectations

o(Q?): or x Q7% or o« Q@ but modified by gluon pdf Q? depend.,
quark Fermi motion and virtuality, cc,(Q?), higher order.
—— Naive R = o /or x Q?/MZ also modified.

o(W): e For o, at high Q? and heavy VM, hard (universal) W
depend. expected from 1/« hard gluon pdf evolution.
e For light VM, delayed approach to hard pQCD regime (o).

do/dt: o< exp(—b|t|) for low |t|, where b = b, Q bp R b,
e Expect common b for o, at high Q2 and heavy VM.
—— Naive universality of bvs. p* = 1/4(Q?* + M3)
e Larger dipole in o than in o, — expect br > by,
—— Delayed universality of b vs. u?

Helicity amplitudes: see later
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Data Selection

et+p—et+p+poryY) ; p—aot+a
et+p—et+od+porY) ; ¢ — KT+ K~ (BR=49%)

ZEUS
Forvard actviy e
NOTAG (: el aStiC) FMiD B ;60000* p r:=o,154 +0.003 (GeV) |
TAG (~pdiss.) Spacal g
] W40000-
Toe, ' I I = JI L
vodm R mﬂﬂl J AN 20000~ J}
2 I—--*I Ve Lo
T R 05 06 07 08 09 1 11 12 13 14
z M, (GeV)
H1: p and ¢ ZEUS: p
elastic and p diss. channels mostly elastic channel
1996-2000 data: 51 pb—1 1996-2000 data: 119 pb—1
2.5 < Q? < 60 GeV?2 2 < Q% <160 GeV?2
35 < W < 180 GeV 32 < W < 180 GeV
elastic: |t| < 0.5 GeV? o
p diss.: [t| < 3 GeV? [t <1GeV
Hlprelim-08-013 & Hlprelim-09-017 DESY-07-118 (PMC Physics A 1,6)
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Light VM Cross-sections : Q% dependence

, ‘I‘-|1 p el‘ectr‘opro‘d‘u‘c‘ti‘(‘)n (pre‘limi‘na%ry‘) ) I‘-|1 (pel‘ectr‘op‘ro‘d‘u‘c‘ti‘c‘)n (pre‘limi‘na‘ry‘)i ) H |g h preC|S|0n
o 107 F E =) : ] i
S f YOp ~ pp = ; yp - op for elastic
© o3l s, ® H1HERA-1prel] b e H1HERA-1 prel]
T b, nS oy “ rms 1 Cross-sections
- ** o ZEUS 1 - . o ZEUS 1
102 | s % . - QD .
: L 10 | PRt 1 e First ¢ p-diss.
10 ., . i 4 o ] )
TV 2 Lo 5%, Cross-section
1 | 4 HI1HERA-1prel. N | - 4 H1HERA-1prel. €
g x 0.5 E . x 0.5 ] .
- L - t % | e H1 Zeus relative
1 W=75GeV ] 10 L W=75Gev i |
10 N MY<5‘G‘e\‘/HH\ ‘ ] L MY<5‘G‘e\‘/HH\ ‘ A agreement
1 10 1 10
Q*+M? [GeV] Q*+M? [GeV]
I " . . . H‘l p‘ar‘ld (p([‘Jre‘Iirr‘nnary‘)
Test of vertex (“Regge”) factorisation: & T 10 [+ 1 pHera: pra]
o N € S A H1 @QHERA-1 prel.
H1 p electroproduction (preliminary) 1 H‘l(‘p‘electroproduction (preliminary) '_é 75 | © ZEUSp -
T ® H1 HERA-1 prel. % e H1 HERA-1prel. 4 VM QE 5 % i}i % i
g 08 - g 08 | - / ' N 1
5 08 % $ } . 0.6 Wl e B i
a B 7] 5 Yo 7 % ZEUS J/IY
AR it A A s v s
b@ 0.4 |- : b@ 0.4 - E 7 (Q*+MJ)/4 [GeV?]
02 | we 5 Gev 1 02 [ werscey { e p.diss/el : no Q2 dep.
M, <5 GeV M, <5 GeV 9
e b P by e by b by L]
0 0 100 20 30 40 0 0 5 10 15 20 ® t'depend . NO Q dep
Q*[GeV]] Q*[GeV]

— vertex factorisation
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Soft to hard transition: Q2

a(y p - J/yp) (nb)
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| O ZEUS

10

Q*+M? [GeV’]

J/W:

10

-1
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ZEUS

E * ZEUS Photoproduction
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GeV)]
® ZEUSDIS98-00 i )

,| © HiDIS 0. |
en
F 04 ]

(x02) |
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M 68 |
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ap(0) =1+ d/4+ op/([t])
ap =0—0.25 GeV 2

e Common hardening of ap(0) with
Q*? + M? for all VM and DVCS

= Transition from soft to hard
regime with Q? 4+ M?
e Soft contributions (in oz, ?) up to

Q? ~ 20 GeV? for p and ¢
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t dependences: Universality and hard diffraction

P ZEUS , @ rveractpreliminay Proton dissociation:

10° e w

T T T T & T T T T L ‘ TT T T ‘ TTTT ‘ L
% 103* =27 ceV (u)i E 103 @=500eV ()4 pr - (P p il H1 p and @electroproduction (preliminary)
¢ ] — 4 [T
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$ 310 b § 10 P SRR S | \

N

do/d|t] [nb/GeV?]
5

dord|t| (nb/GeVv?)  dord|t] (nb/GeV?)  dald

0 o,‘z 0.4 0.6 ols 1% 0 0204 o.‘s ols 1 0 010203 04 0 3 0‘6 0‘7 08 Q2+M2 [GeVZ]
It] (Gev?) It] (Gev?) |t| [GeVZ]

N.—.14 L B I B L B L B L B L A LB
' T eEp-pp €p - 0p - —bltl|.
> — _
o ® H1HERA-1prel. A H1HERA-1prel flt e | | . b - bp ® bqq ® bP
9. 12 B Hisv A ZEUS 1 b _ d I .
o m 3 e ep — J/Wp — 0 X gqq alIpole SiZze

10 7< * H1 -

] e e b, and by decrease Q* + M?
: i; v o 1 e Common value with J /4 for
: % | Q> + M? > 20 GeV?
% % o % e Large dipole for light VM at low Q?

a) I 3 = Transition from soft to hard
0 5 10 15 20 25 30 35 40 45 regime with Q2 -+ M?
Q*+M? [GeV?]
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1.2

Note on the scale and universality
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a,5(0)

——
ep-pp

€Ep - @p
@® H1HERA-lprel. A H1HERA-1prel.
12 B Hisv A ZEUS N
O zEUS ep - J/¥p
L * Hi1 _
10 ¥ ZEUS
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8 v HL B
6 % i -
4 - —
2 L., | IR NN R RN SRR
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L L B B I L L E
. ydp-pp yOp - op
1.6 -® H1HERA-lprel. A H1HERA-1prel.
| @ H1SV A ZEUS |
| O ZEUS DVCS |
- yOp - Jyp VvV H1 R
1.4 % H1 —
- ¥ ZEUS 1
o !
| ¢ :
.. - L £ N
1 | P I IR L ‘
2 0 2 4 6 8 10
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DVCS is like DIS (at LO):

e
e

Photon interacts directly
with a resolved quark
— Hard scales are:

for DVCS: p? = Q?

for VM: p? = &£

— Universalality vs p?:

Soft/hard transition
around p? ~ 5 GeV?
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SPIN DENSITY MATRIX ELEMENTS

6%, ®, ¢ <= 15 SDMESs : 73 ox Ty y T,
T, - helicity amplitudes

hadronic centre of mass

No helicity flip: Too : v — pL

Th1 : vy — pr
Single flip: 141 : v+ — pL

electron scattering plane production plane

o
VM direction in
e Double flip: Ti_1 : v+ — pr

VM rest frame

s-Channel Helicity Conservation (SCHC): Ty = T1o =T71-1 =0

PQCD models: e SCHC violation ( single flip o< /|t|, double o |t|)

R Khetanoy and e Hierarchy: |Too| > |T11| > |To1| > |T1o| > |T1-1]
[hep-ph/9807324]
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p Polarisation - SDMES vs. Q*
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e Other SDME ~ O
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p and ¢ Polarisation - R = o /or

04 2
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e Formal pQCD: R «x Q?*/M?*
e Scaling for all VM with Q? /M2,

e Damping at large Q?
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+ non SCHC corrections in H1 case

e p: no W dependance of R

ZEUS
““““““““““““
i I f
1 I
iI & " H1 p electroproduction (preliminary)
[ 10 T T ] T ]
b $ ° H1 p HERA-1 prel.
— ’>=33GeV?
Yp—>0'p t)_I 8 © <Q2> eV2
ZEUS 120 pb™ Y ® <Q°>=8.6GeV
*<Q>=24 GV | (¢ 6 ]
" <Q®>=4.2 GeV
Q*>=8.8 GeV* . ]
0% =18 GeV? 4
““““““““““““
40 60 80 100 120 140 - ]
W (GeV) 2 Q @)
5 2 9
0 [ [ B
0.75 1
m__[GeV]

e Strong Invariant mass
dependance in p case

e formal pQCD: R ox Q*/M?

but M being diquark mass
cf Martin, Ryskin, Teubner calculation
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p and ¢ Polarisation - R(t) and by — by

H1 p electroproduction (preliminary) ZEUS
- 10 ] T T T T | T ] I ! !
A | H1p HERA-1 prel. : 2
4 80 <@*>=33GeV’ — " 0.8 .
@ - 2 _ ) - 38 |5 3
I B ® <Q°>=8.6GeV ] $ % %
x 6 I o [
B b ] 06 ' ¢ -
al s E
. ©® i ¥'p—>0°p
| ] ZEUS 120 pb™*
2 - O o Q i 04F © <Q>=3Gev’ ]
B ] 0 <Q* =10 GeV
O ‘ | | ‘ | | | |
O 1 0 0.2 0.4 0.6 0.8 1
5 lt] (GeV?)
It] [GeV7]
oL
R(t) o< o= exp(—(br — br)[t])

orT

e H1: (b — by) < 0 by 1.50 for Q% > 5GeV?
e also a t dependance of Ty, /Tyo - See later

— Small difference of transverse size of qq dipoles from transverse and longitudinal photons
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p and ¢ Polarisation - Cross-sections

o7, X

o, 1Q*+M3)*/Q? [nb]

Transverse

1 2 2)\12

H1 p and @electroproduction (preliminary)

Longitudinal
Q?/ M3 2 212
H1 p and @electroproduction (preliminary)
FTT I
- Yqp-pp YiLp - op ]
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n oK |
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L L
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. B
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g 10 5 ; ........ MRT —]
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@)
104 2 E
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\‘ \‘
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e Different Q% 4+ M? dependences of o, and o (o, = 0 at Q%= 0)
e Good description by models with some differences

e Effect of Q? dependances of [a,(u?) G(x, u?)]? visible
N.B.: data at fi xed W — varying @ with Q% 4+ M2
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Polarisation - Amplitude ratios vs. Q?

: M 1 M /|t] /2
pQCD (IK) ® Tll/TOO X 6 ? [ TlO/TOO xX — 632/_ \'/Y_
t :
® Ty, /Too \gﬁ \/157 ~ . gluon anomalous dim.
Tl / Tool [ Toal / Tool [Tl / Tool Tl / Tool
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[ | ‘ | | | ‘ | _02 L | ‘ | _02 | | ‘ |
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e T, /Ty, decreases with Q? «— o /o7 increases with Q2
e Ty, /Tho > 0 <~ SCHC violation
o T19/Too and Ty, /Ty are small
= |Too| > |T11| > |To1| > |T10|, | T-11| <= hierarchy observed
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Polarisation - Amplitude ratios vs. |t

: M 1 M /|t] /2
pQCD (IK) ® Tll/TOO X 6 ? [ TlO/TOO xX — 632/_ \'/Y_
t .
® Ty, /Too \gﬁ \/157 ~ . gluon anomalous dim.
ITaal /[ Tool [ Toal / Tool [Tl / Tool Tl / Tool
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e 17, /Ty decreases with |t| (cf. by, — br)
e Ty, /Too increases with |t|<— SCHC violation increases with |t
e T19/ Ty and Ty, /Ty are small but some |t|dependence
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CONCLUSIONS

Important progresses in precision of VM measurements and
understanding of the underlaying dynamics for p, ¢.
— Global picture emerges together with J /v and DVCS data.

Cross-section measurements:
e Hard regime reached only around p? = szMz = 5 GeV? as
observed in measurements of ap(0) and b-slopes.
— Possible soft component in o, up to "high" Q2 for light VM.
e p diss. / elastic ratio: proton vertex factorisation observed

Polarisation properties:
e Polarised cross-section and amplitude ratios have been extracted
e o1 /o7 increases with Q% and maybe with |t| at high Q2

— |t| depend. expected in pQCD from # dipole in o, and o .
e Violation of SCHC: signicant Ty, /Ty increases with |t
e o1 /o decreases with p invariant mass

«— Predicted by MRT / limited influence of VM wave function.

PQCD models: GPD and dipole ones describe main features, but
differences in details
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H1 background substraction

H1 p electroproduction (preliminary)
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H1 p electroproduction (preliminary)
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Shrinkage : a measurements

photoproduction:
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‘;—‘:(W) x ebot Wa(ar(t)—1)
1. Study W depend. in bins of ¢:

— Fit W - ap(t)=1+46/4
2. Study ap(t) trajectories:

— Fit: ap(t) = ap(0) + apt

o\ [GeV?

0.2

_02 e b b b b b b b b by
0 05 115 2 25 3 35 4 45 5

H1 p production (preliminary)
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= For all VM, o, smaller than 0.25 (DL, pp)
(cf BFKL, multiple IP exchange )
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p Polarisation - SDMEs vs. [t
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H1 p electroproduction
(preliminary)

® H1l HERA-1 prel.

O ZEUS

ro, increases with |¢|
— SCHC violation
increases with ||

e 705 increases with |t|
— similar effects for T4,
Im "“1 ., Re r2, and

Im ¢, (in SCHC)
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Polarisation - Retrieving Amplitude ratios

Assume purely imaginary amplitudes — phase =+ 1!

— Extract |T1:1|/|Too|, |To1|/|Tools |T10|/|Too| @and |T_11|/|Too]
from fit to the 15 SDMEs:

rds = B(e+ B?)
Rer% = B/2 (2¢é + Bo — Bn)
r94 . = B (an — eé?) a = |T11|/|Too]|
réd, = —Bp? B = |To1|/|Too]
ri, = Ban 6 = |Tiol|/|Tool|
Rler}O = B/2 ,8(727—042) n = |T_11|/|Too]|
"°1—1 = B/2 (a* + n*)
Im 7“10 = B/2 B(ax+ n)
Imr?_= B/2 (n? — a?)
5 — V2B _ 1 _ R
Too = B — Nt+eNz — 1+eR

ri1 = B/vV2é(a—mn)

Rer?, = B/(2v2) (288 + o — 1)
r®_ . = B/vV2én—a) Np =1+ 282
Im Py = —B/(2v2) (e + 1)

Imré_= B/v2é(a+n)
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