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

» Photon Virtuality
Q Photoproduction: Q? ~ 0

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
0 o (374w ®=D o x (2G(z, Q?))’

ap(t) = 1.08 + 0.25¢ (DL) Steep rise of G (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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VM theory: Perturbative QCD approaches

Dipole approach (k; factorisation) Collinear factorisation theorem

a
yw/\/\/\/\/\( . .
q ;

A = \I;‘qu ® Ogg—p &K \IJ};/;;

Scanning radius decrease with increasing

Q?or M2 —p? = 2(1 —2)(Q* + MP)
z

VN T
1-z

2 MZ
—or o griny s (4?) Gz, u?))?

with 2 ~ 1/2 — p? ~ 1/4(Q? + M32)

1 2 2\12
—7oT X (Q2—|—M‘2/)4 [as(“’ )G(iB,[J, )]

with z = 0, 1 endpoints contributions
— hard scale damped
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VM

A = f(CB,CB’,t,[J,)(X)H(X)\IIV

where f;: non-forward PDF (' # x)
— Generalized Parton Density

Theorem proven for o, ; often assumed for o
Collins, Frankfurt & Strikman [hep-ph/9611433]

Dipole - Saturation:
Kowalski, Motyka, Watt (KMW) [hep-ph/0606272]
Marquet, Peschanski, Soyez (MPS)[hep-ph/0702171]
Dipole - kr factorisation:

lvanov, Nikolaev, Savin (INS) [hep-ph/0501034]
Collinear - GPD:

Goloskokov, Kroll ([GK) [hep-ph/07083569
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, a,(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 o1, at high Q% and heavy VM.
—— Naive universality of b vs. p* = 1/4(Q?* + M3)
e Larger dipole in o than in o, — expect br > by,
—— Delayed universality of b vs. p?

Helicity amplitudes: see later
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Soft to hard transition: mass

o
N

; Low mass (p, ¢, w;
. WOz M2 ~ 1 GeV?):

o T = op) no pert. scale

weak energy

o
\

Cross secuon (D)

i SN WO,225
P - (oy — 022, dep. (soft regime)
f %wo v e a(yp = ¢p) f
* "1 & High mass (J /4
10_15— E |g y
(P = J/Yp) W' v): pert. scale
107 W ZEUS § " / il strong energy
sl |  dep. (hard regime
. RS a(yp —> ¥(2S5)p) e p- ( gime)
10'3? O fixed target W .
Q2 = 0| o0p = T(1S)p)% Large mass (Y) im-
ol ——— AT portant skewing ef-

1 10 107 W(Ge\/) feCt
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Upsilon Photoproduction

New ZEUS result: et+p—o>e+ T+ p
1996-2007 data: 468 pb— 1

60 < W < 220 GeV, Q2 < 1 GeV? T — ut 4+ pu-
DESY-09-036 (accepted by PLB)

ZEUS
= AL L L L BN B BN
Z EUS S | --- RssGas B ZEUS(96-07)468pb* -
= L -.-.= RSS, Coulomb ® ZEUS(95-97)
12 T R o | - - IKS p=13Gev O H1(9497)
— o IKS, =7 GeV
§ 350 ~ B T i FMsSp Ge :
W 300 ] ® ZEUS96/07 (468 pb™) é 0.8 [ MNRT NLO ]
230 ] ] GRAPE yy- W'y (BH) 7 0.6 - -
200 - L ¢ |
150 _ [ DIFFVM Y - p'y i ‘ e ]
0.4 A —
100 - — BH+Y - - /// - :
50 e, - - - //_/‘_.—"" 4
LKA g - R - _
(O Debedosrsaienede KAXHEBRI e 0.2 i = e ]
6 8 10 12 14 B /+{ .-..------~.1r:_t.‘.'i‘.i.‘..’..'.'_'.f_'..'.'_f,'_f.._. ....................... 4
M a-$ u+u_ (G eV) 0 i - ‘_\-‘\‘\.‘\ 11 ‘ 11 | ‘ 11 | ‘ 11| ‘ 11 ‘ 11 | i
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W (GeV)

(¢}
< *
(0]
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.

W dependence of the cross section
g(z2, Q?) IS In agreement with pQCD models
Including skewing, i.e. x; # x,

g(mla Qz) E
S

=

10900

'
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Light VM in DIS: Data Selection

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

ZEUS
Forward activity: 3 o
NOTAG (: elastlc) FMiD B 2;60000* p I':=0,154 :|:0:003 (CeV) |
TAG (2 p dISS.) SpaCal é
] W40000-
PRT e - | I ni=J) -~
] RCTE = )i
voam R mﬂﬂl J AN 20000~ J}
i 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 < Q% <160 GeV?
35 < W < 180 GeV 32 < W < 180 GeV
elastic: |t| < 0.5 GeV? o
p diss.: [t| < 3 GeV? [t <1GeV
Hlprelim-08-013 & H1lprelim-09-017 DESY-07-118 (PMC Physics A 1,6)
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Light VM Cross-sections : Q% dependence

H1 p electroproduction (preliminary)
.—.104;\ ‘ T T T ‘ T ]
O E
= yOp - pp
° o3l s, ® H1HERA-1prel.]

L m H1SV E
.%.3 O ZEUS
()

10 2 = 4 A ... =

Q..

A A
10 F Lo, .
YOp - pY ",

A H1HERA-1 prel. ‘ L
1 (X 0.5) A ® %
-1 W =75 GeV i
10 ¢ ‘ M, <5 GeV | E

1 10

Test of vertex (“Regge”) factorisation:

Ovp - ov /Oy - pp
o
()]

H

Q%+M? [GeV?]

1 p electroproduction (preliminary)

T T ‘ L T T ‘ T T L ‘ T T T T %
e H1 HERA-1 prel. 1
= — @ 0.8
$ o
i ¥ $ } — % 0.6
E t
- R b@ 0.4
— W =75 GeV - 0.2
M, <5 GeV
L L L L ‘ Ll L L ‘ L L Ll ‘ L L L L
0 10 20 30 40 0

Q’ [GeV?]
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o [nb]
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H1 @ electroproduction (preliminary)
T T T T T 1 1 ‘ T T T T

FT T ‘
. ylp - @p
5 ® H1 HERA-1 prel. |
3 'p:,q B H1SV E
. o ZEUS
QD
f I I !o —
(]
A %
(18]
yip - @Y i3 5 |
A H1HERA-1 prel.
(x 0.5) E Eé .
1] w=75Gev I }
M, <5 GeV |
1 10

H1 @ electroproduction (preliminary)

T ‘ 1 1T
e H1 HERA-1 prel.

=W =75 GeV —
MY <5 GeV
L L L L ‘ L L L L ‘ L L L L ‘ L L L L
0 5 10 15 20
Q° [GeV?]

Q%+M? [GeV?]

e High precision
for elastic
Cross-sections

e First ¢ p-diss.
Cross-section

e H1 Zeus relative
agreement

H1 p and ¢ (preliminary)
—— ———

— T
Y 10 | © H1pHERA-Lprel. -
8 A H1 @HERA-1 prel.
£ .| ozEusp |
2
©
= 5[] E}E % i
< * X
o] - |
25 1« H1ap
* ZEUS J/y
T S NI R N N1
0 0 2 4

(Q*+M2)/4 [GeV?]

e p.diss/el : no Q? dep.
e t-depend. : no Q? dep.
— vertex factorisation
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Soft to hard transition: Q?

a(y p - J/yp) (nb)

P s P:
—_ N H1 (pelectroproductlon (prellmmary)
€103 ezacar - ) « H1 HERA-L prel. v
4% ; :::::::::::: Z=a7%: hléloz - < [32 1 4
a =6.0 Ge' r
%10 2 '/":_,::——' =83 GV | ETF - i/‘/ri/}
o | i/ti/J 6.5
/0213‘50# I
10 ¢ 3 10 |
g /‘/‘/]
OGN t
10 Lo AT 1 | — Fit DW°
20 40 60 80 100 120 140 160 180 200 102 ‘ ‘
H1 p and (pelectroproductlon (prellmlnary) W [GeV]
~~ 16 T T ]
=5 i Yp - pp vOp - @p |
o
S ® H1HERA-lprel. A H1HERA-1 prel.
B H1SvV A ZEUS
| O ZEUS ~ |
LA yop - Jwp .
ok H1 A l A
- % ZEUS J( .
*|

1.2 ! T

10
Q*+M? [GeV?]
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J/W:

10

-1
10 ¢

10 b

ZEUS

E * ZEUS Photoproduction

2 2E
GeV)]
® ZEUSDIS98-00 ol )

,| © HiDIS 0. |
en
F 04 ]

(x02) |
31 -
(x01)
M 68 |

L

$ (<003 |
mw E
N ]
10° W (Gev)

ap(0) =1+0/4+ ap/([t])
ap =0—0.25 GeV 2

e Common hardening of a(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 5 @Hl HERA-1 prelimina‘ry“ PrOtOn dISSOCIatIOn

10° — S

< T T T T <« T T T T — LB B e
P 1030 @'=2.7 Gev* (u), 3 103 @=5.0CeV  (b) N> yl:lp - @Qp 1 H1 p and @ electroproduction (preliminary)
Q Q 2| 4 — 4 [T
3102 510 E L _ & . =
g10 E yesate . 1% \ 8 10 S ep-pY ep - @Y
10 [ ZEUs120pb T =10 ¢ LT e < 8 ° A HL
R —_
0 0.2 04 0.6 0.8 1E 0 0.2 04 0.6 08 1 g | 5
It (Gev?) It (Gev?) = <Q*
T = 3 L
° [Gev] |
5 |
©

=
o
N

T ; Y

102 Q°=7.8 GeV* (c)i“ng @F=11.9GeV* (d) ]
0l R EALES ] e 35(x2) |
= L] |
' 070204 06 08 1§ 10702040608 1 = 6.8(x1) , | $
It (Gev?) It (Gev?) r I 4160 (x1) | E i
‘ 10 ]

@igrce (@ 10 F T @aicer () i |
10 ¢ 18 1L 1 F— Fit Oe™ 1 e
2 2| — MRS (Sat) 0 25 5 7.5 10125 1517.5 20 22.5 25
1F $ 1=10 b L. 10 T I i A !

do/djt] (nb/GeV ?)  dord|t] (nb/GeV 2 dord|t|

0 02 04 0.6 08 1§ 0 02040608 1 0 010203 0400‘60‘708 Q*+M? [GeV?]
1 Gevy) © It Gev?) It| [GeV 2]
R ep - pp ep - @p L blt|.
g 12 ® H1HERA-l1prel. A H1HERA-1prel flt e bltl' b — bp ® bqq ® bP
B Bl Hisv /\ ZEUS N _ . .
o £ 0 s s ep _ IWp — b o< gq dipole size
10 1 * H1 .
o zevs e b, and by decrease Q* + M?
+ DVCS .
: Aﬁi% v o 1 e Common value with J /4 for
2 2 2
RE: 3 % | Q2 + M? > 20 GeV

% % o % e Large dipole for light VM at low Q?

a) I 1 = Transition from soft to hard

2 0 5 10 15 20 25 30 35 40 45 regime with Q% + M?

Q*+M? [GeV?]
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Note on the scale and universality

w . DVCSislike DIS (at LO):

S ep-pp ep - op N: ep-pp ep - op
(] @® H1HERA-lprel. A H1HERA-1prel ] @® H1HERA-lprel. A H1HERA-1prel S
0 12 | B Hisv A ZEUS . O 12 | H Hisv A ZEUS * e
= o seus ep — J/Wp a o s ep — JIWp * ;
10 v I 10 v i Y
DVCS DVCS
8 $ v H1 I 8 v H1 B
éﬁ o P p
6 %% . 6 —
Bele s P
4 4 - -
PR f Photon interacts directly
o S S B S S O T IS B 2 e e b b b L .
0 5 10 15 20 25 30 35 40 45 o 5 10 15 20 25 W|th a resolved quark
Q%*+M? [GeV? u? [GeV?]
16 Hlpand (pelect‘ro‘pr‘o?uctlon(prehmmary)‘ = — —_ Hard Scales are:
o i YOp - pp yOp -~ @p | o . yOp - pp yOp — @p 1
C& ® H1HERA-1prel. A H1HERA-1prel C& 1.6 -® H1HERA-1prel A H1 HERA-1 prel

'm Hisv A ZEUS h | m oHisv » zeus gy fOf DVCS lfl’z — Qz

O ZzEUS 1 | O ZzEUS DVCS

141 yop - N L yOp - Jp v H1 | 2 2
" ' } 1 1.4 ny i } for VM “2 p— Q -ié_lM

- % ZEUS

12 # i’% f A ﬁ ﬁ % — Universalality vs p?:
JI,? --------- % ---------------------------------------------- ! T ﬁ g ——— Soft/hard transition

v HiDves 000 .. a,,(0)=1.08
« e s o ground pu? ~ 5 GeV?
Q%*+M? [GeV?] u? [GeV?]
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Shrinkage : a; measurements

H1 p photoproduction measurements: (31—(: (W) ebot Yy 4(ap (t)—1)

H1 PRELIMINARY

% Elastic p° Photoproduction -t[GeV?] 1- StUdy ‘; depend- In b|nS Of t
& B _.—'—‘_'___‘__.__Q—-—‘-—“_‘—!/ 0.010,x2.0 - n 6 -
| T e g — Fit W° - ap(t) =1+4/4
O] RN o e
s r ___._‘_._'_.__.__.__.-—&——P———_ . . . .
R e 2. Study ap(t) trajectories:
=~ E o e e
S , " ’
T ———— — FIt: ap(t) = O[P(O) —+ aPt
\% e 1 * oss
§ i —__T——T__O—T-I;)SPreliminary G L B B L B B L I I I
o) L — H105 fit > . yOp - pp yOp - @p i
S L = ZEUS o4 o
10° E O ZEUS'94LPS 0.4 |-® HLHERA-1 prel. A ZEUS _
; ! ‘ ‘ L ’ Z‘EUS\;’QS -(2' | m H1 HERA-2 prel. |
20 30 40 50 6070 100 E | o ZEUS
W [GeV] ° I ) A
H1 PRELIMINARY 5
1.20} e H1'05 F’reliminary : l
T | 0 T Tl
9 [0 —— Zeus '95 fit :
[ —— Donnachie-Landshoff
110 yOp - Jgp
1t | * H1 % ZEUS
31'05: 02 Lol
1.00 [ AT "0 2 4 6 8 10 12 14 16 18 20

095 Q%+M? [GeV?]

ol impmemsne| = FOT all VM, o’p smaller than 0.25 (DL, pp)

(cf BFKL, multiple IP exchange )

t[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

Tho : vy — P
Double flip: Ti_1 : v+ — pr

VM rest frame

s-Channel Helicity Conservation (SCHC): Ty;y = T1o = T1-1 =0

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

R Kheeanoy and e Hierarchy: |Too| > |T11| > |To1| > |T1o| > |T1-1]
[hep-ph/9807324]
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p Polarisation - SDMES vs. Q?

04 04
[ Rer,,
1 [T ‘ ] i ‘ ]
0.8 [ -] &8 ! ]
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0.6 p ] B i
- 11-01F =
04 | | | ‘ | - | | | ‘ | -
0 20 0 20
1 1
M Rer,,
[ T ‘ ] i T T ‘ ]
0.2 |- - 01f —
N SR T B R %
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02| - 01l -
[ | | | ‘ | ] - | ‘
0 20 0 20
2 5
Imr, oo
0.1 1 T T ‘ ] [ T T ‘ ]
- 11 oal -
0 ] i
LY 02}

0.1 §§/ . 3 4 @
02| ] o RS o
0 20 0 20

5 6
M1 Im o
| 1 1 i ‘ i | '0.05 B i i i ‘ i
0.04 —] B
0.02 |- - 01 ¢

-004}\ Lo \{ - [

-0.2
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0.05
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1| 0.0

11-0.05

1 0.5

1 -0.05

04 1
M1 oo
0.1 | 1 1 1 ‘ 1 B 1 1 ‘ 1
3 1 o2 .
ég...ié....i..m 0 ?§}§ ........ m
3 1 02} .
| | ‘ | | | | ‘
0 20 0 20
1 2
i Imr,,
1 ‘ 1 B 0.15 | 1 1 1 ‘
1 o1} =
1 o.05 ﬁﬁ 5
O EH ..................... o
005 & O
= I B R
0 20 0 20
ril Re rio
B 1 1 1 ‘ 1 ] 025 B 1 1 1 ‘ 1
-
B0 b osifey
| o} fo
‘ | ] 005 - | | | ‘ | ]
0 20 0 20
6
Imr,
I H1 p electroproduction
- . (preliminary)
Q... Qim ® H1HERA-1 prel.
3 O ZEUS
1 1 —cK(GPD)
0 20
Q* [GeV?]

L | _01 - L L L

e 7% increases with Q2
«— similar effects for r1_,,
2 5
Im r%_l_, Re 3, and

Im_ T (IN _SC_:HC)
< Fair description

by GK (GPD) model

e 2, Vviolates SCHC
e Other SDME ~ 0
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p and ¢ Polarisation - R = o /or

04 2
1 70 _ |Tool
RSCHC € 1—(—:7“83 o |Tll|2

b'_ TTT ‘ T T T T TTT ‘ T \q/\ T \\15

QT

— p production /&\@ i
— e H1 Q‘ i 509
© B H1SV O ZEUS I
10 b o Eees * NMC o a0
Y + HERMES g% o} ] "00.7}
4 §§ % ] 0.6;
1 | ok f; | :
i 3 ?Jr 0.4f
1| ;_§ @ production 0,3;
10 | 47 A HL A ZEUS - ool

% ! O H1SV .

i | J/y production
2 * H1 % ZEUS
10 +H1 _
11 \‘ | | - \‘ | | I \‘
-1
10 1 10
2\ 12 2
QM2 [GeV?]

e Formal pQCD: R « 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
[ : i R H1 p electroproduction (preliminary)
[ 10 L
b $ ° H1 p HERA-1 prel.
| 2 _ 2 ]
o3 o b_l 8 O <Q2>—3.3 Gev2
ZEUS 120 pb™ Y ® <Q>=8.6GeV
*<Q>=24 GV | (¢ 6 ]
" <Q>=4.2 GeV
Q>>=8.8 GeV* 7 _
0% =18 GeV? 4
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
40 60 80 100 120 140 . 7
W (GeV) 2 Q @)
i 2.9
0 [ [ B
0.75 1
m__[GeV]

e Strong invariant mass
dependance in p case

e formal pQCD: R o< 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 ] \ \ \ \ | \ ] 8 | |
A | H1p HERA-1 prel. : 2
4 80 <@*>=33GeV’ — " 0.8 .
@) B 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 04 © <Q>=3Gev* ]
B ] 0 <Q* =10 GeV
O ‘ | | ‘ | | | |
0 1 0 02 04 06 0.8 1
5 It (Gev?)
It| [GeV 7]
oL
R(t) o< & exp(—(br — br)l[t|)

orT

e HL: (b — by) < 0 by 1.50 for Q% > 5GeV?
e also a t dependance of Ty, /Ty - 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*+MJ)*/Q? [nb]

Longitudinal

2 M2
Lt [ (1?) Gz, p2))?

(Q%+ME

H1 p and @ electroproduction (preliminary)

Transverse

1 2 2)\12

H1 p and @ electroproduction (preliminary)

- Ydp-pp
- ® H1HERA-1 prel.

GK
— MPS
........ MRT

— INS-L
-+ KMW

Yip - op -
A H1 HERA-1 prel.|

10
Q*+M; [GeV?]

— an ‘ T T
a B
S [ VYHP-pp YEp-op ]
N§> - ® H1HERA-1 prel. A H1 HERA-1 prel]
+— 10 i3 GK E
T B
> L
N§ [ — MPS
~F - INS-L
g 10 5 ; ........ MRT —]
b,_ - KMW
104 2 E
W =75 GeV |
| ‘ | ‘
1 10
2 2 2
Q +My, [GeV7]

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 fixed 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 /1T gol Toal / 1T ool [T10l / 1T ool Tl /1T gol
- @ H1pprel. - @ H1pprel 0.2 - @ H1pprel 0.2 - @ H1pprel
1 = A H1pprel 0.4 — A Hloprel 0.1 - A Hloprel 0.1 - _I_A H1 @ prel.
0.75 | & B - ) S
- 0.2 0OF 0 |7
05| 4 o Y% *i . ? ol P, sk
- A - -0.1 | -0.1 |
0.25 |- ® O™ - 3
[ | ‘ | | | ‘ | _02 L | ‘ | _02 | | ‘ |
0 20 0 20 0 20 0 20
Q* [GeV7] Q° [GeV’] Q° [GeV] Q° [GeV]

e T, /Ty decreases with Q? «— o /o7 increases with Q2
e Ty, /Tho > 0 <~ SCHC violation
o T19/Too and T_q, /Ty are small
= |Too| > |T11| > |To1| > |T10|, | T-11| <= hierarchy observed
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Polarisation - Amplitude ratios vs. |t

PQCD (IK): ® T /Tpo % 1+77
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01/ 00 Q V2
IT1al /Tl [ Toul /1 Tol
- ® H1pprel B ® H1pprel
1 A Higprel 0.4 A Hilgprel
o5 ® e i *
- 2 !
02511 | ° |
0 1 0 1
It| [GeV 7] It| [GeV 7]
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M
.TlO/TOOOC— C;{m \ﬁ/yi
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1ol /1T gol

T

®
A

@
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@1
-
o+

0

1
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e T, /Ty decreases with |t| (cf. by, — br)
e Ty, /Too increases with |t|<— SCHC violation increases with ||
e T19/Too and T_,, /Ty are small but some |t|dependence
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Deep Virtual Compton Scattering

~ ZEUS
= ° ZEu39600ep(950pb )
:5/. L — Wit
= 5
CT,_lo Q* (Gev?) 049£025 |
e S % 6.2 0835024
E =
v > 0774028 -
- fully calculable in pQCD | /}/}7 *
- Access to the full QCD amplitude
- Constrain gluon GPDs 1‘0 B
= w 2.5 W (GeV)
2 ® H1HERAI o el
10 F H1 O H1HERAI r Al
S O ZEUS HERA 15| W=82Gev
o — Dipole model L
1k -- GPDs model % % $ {
[ 05
_1- __________ % "'513'”'110“”115“”210“"215““310”'2'315”';40
W FE w=seyv 7 ITT= o Qleevd
01072030 40 50 60 70 80 90 w depend_ence |_nd_|cates
Q’lcev]  a hard regime (similar to

J/®)
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DVCS: t slope and Beam Charge Asymmetry

H1 measurement based on 291 pb—! of HERA Il data (e™ and e™).

S [omemon H1

e ¢ slope as a function of Q? N
Y
4 ® H1HERAI
= Similar behaviour with VM 2f o ozeushemal
USing the scale Q2 -+ M‘z/vM O =% "0 15 20 25 30
Q*[GeV7]
SUF HI < e
< 0'4:_ ----- GPDs model

e First DVCS BCA measured at
HERA.

_06—llI|III|III|III|III|III|III|III|III
0 20 40 60 80 100 120 140 160 180

|@l [degrees]

__o(etp) —o(e"p)

BeA= o(etp) + o(ep)

~ p1cos(P)
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DVCS: QCD interpretation

e correct Q% dependence
of the propagator and of b
In the cross section:

H1 DVCS Analysis HERA Il (e p)

(\7\8‘\,1002_ ' Ei EEEQ:Ie'p (prelim.) H1
g — \/UDVCS Q4 b(Q2) 80;‘ <-e=+ GPD model (Freund et al.)
N 2 o S
(]_ —I_ p ) 40; geenns e A .? ..... é . %
e skewing factor: around 2 S of N
~ ImA(vy*p — p) 2: e
Im A(,-y*p — ’Y*p) i;: grarures § ...... AL .¢ .
4\/7 opves b(Q? T
_ V7 opves b(Q?) .

or(y*p — X) /(1 + p?)
= important skewing factor

= Q* evolution close to the one of DIS (pure DGLAP)
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High |t| Exclusive Photoproduction: Introduction

LO: 2 gluon exchange

y A

——VM

o

GG666G66G6G666GG6GG0Y
G666G6666G666GG6GG0Y

I

LLA: Gluon ladder

g

y

*—VM

q i 00000
S 66666
S G666
66660
366660
60666
p < —

0000006060600060606060
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DGLAP Evolution (|t| < MZ,,):
Strong k7 ordering along ladder
— do /dt ~ et
— No increase of do/dt with W

BFKL Evolution (|t| > MZ,,):

e pr fully transfered from p to qq

e high W — small zg;

No kr ordering in ladder

—do/dt~ [t|T*;n=3—-4
— Increase of do /dt with W
— Little shrinkage

— VM: SCHC expected

Models: Forshaw et al.



High |t|: Vector Meson Cross-Sections

ZEUS _ zeus

N/\ \\\‘\\\\‘\\\\ LI T T 60 ‘ ‘ ‘ ‘ ‘ < C <> o >
1 ~~ 7\ T T T TTT TT \7 | L Yp_)p p ZEUS (0<_t<05 Gev )
% 1k e H1 E :8, - emAY ZEUS(pre.)96-00 ] 30-55 oyp—p°p ZEUS+H1+OMEGA (0<-t<0.95 GeV?)
(D BFKL ; r . B \‘5’ [ Oyp— ¢ p ZEUS+low energy exp. (0<—t<1.4GeV2)
< b N two gluon (fixeda) | =50 [ T EE& tt +non(['>zﬁ‘)’(gds)a ] 0.4F | AYp—Jyp ZEUS (0<~t<134 Gev?)
= 1 N, e two gluon (running o) ? —— DGLAPLL J ] r oyp—p’Y ZEUS (1.3<-1<6.2 GeV:)
E 10" | N A" n=4267°% 3 S 40 [ : B o3k myp—>¢Y ZEUS(1.3<-t<55GeV?)
N\ BT e 007 < WO
N © L ] E ’
3 : 1 C ot (Gev?) ¢ o x2 o =025GeV?
© ] 0 1. a 0.2
I i
] C i 01
] 20 - - T
ep - epY O:
10° F q2<0.01Gev? 10 7 .
- 75 <W <95 GeV ~] -0.11
M, <5 GeV e oL 1
10'4 Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll :‘ ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘: _027—
1 2 3 4 5 6 7 8 9 10 20 40 60 80 100 120 140 160 180 200 T - S
2
It| (GeV 7) W (Gev) _t(GeV?)

e Hardening of W
Data follow |¢|—™ depend. with [t| e o decreases with ||
e BFKL decribes data e BFKL reproduces e No shrinkage as
e 2-gluon (pcLar-ike) fails  rise with W expected for BFKL
e DGLAP falls at
high |t
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High |t|: Vector Meson Polarisation

gg 0.8 n
e B0 HL
E o ZEUS e
I
0.2 E—
0 _—-?)- ----- PN W o S S— P S—-
0 1 2 3 2 s .
It] (GeV ?)
33
= —BFKL e two gluon SCHC
o LT orhn oomwogion s
S S
02 [ I - 4
E :
04 L .
0 1 2 3 2 s .
It| (GeV %)
£
T 0 e O ® o e o* _____________
o - \
02 |-
e
04 L .
0 1 2 3 P . .

It] (GeV?)

e p data: SCHC violation for
rY* . and Re[r)g

e Two-gluon and BFKL models
are unable to describes data
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e J /v data: SCHC holds
— non-relativistic WF i1s OK

l.e. equal long. momemtum sharing

between g and g
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High |t|: Diffractive High Pr Photons

H1 Diffractive Scattering of y at large |[t|

S 3 nom First measurement of high Pr photons
> [ —— Wit:5=2.730a2™=0.26

S S ko : Y H1 99-00 Data: 46 pb—1
o

I
T
<A

é

q

Q2 < 0.01 GeV?
175 < W < 247 GeV
4 < |t| < 36 GeV?2

GGGGGS}@‘ Yyp =~ e~ A" < 0.05
%} E, > 8GeV

%ﬂﬂ?ﬁﬁ

Qg gog
2 2 9

<

@6666
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wicev] Strong W dependence:

H1 Diffractive Scattering of y at large |[t|

o1 oo o Wit —§ = 2.73 + 1.02777,
& N T Lrem e — aBFKL — 0.26 £0.107 0> <> J /91 as ~ 0.18
Q W™D - LLA BFKL a8FKL=0.26 10t
T N e LLA BFKL (with ooy = 0.26) prediction
=t describe the W dependence
S 10F - = t dependence:
i Y, <0.05 ........ . .
I W = 219 GeV ® |t|—’n f|t — n = 2.60 = 0. 19+8 82
205 e LLA BFKL too steep for ¢ dependence

lt| [GeV?]
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CONCLUSIONS

Important progresses in precision for VM and DVCS leading
to the understanding of the underlaying dynamics

VM cross-section measurements:
e New Y photoproduction results
e Hard regime reached only around p? = szMz = 5 GeV? as
observed in measurements of a(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

VM polarisation properties:
e Polarised cross-section and amplitude ratios have been extracted
e o1 /o7 increases with Q% and maybe with |¢| at high Q?

— |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.
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CONCLUSIONS

Important progresses in precision for VM and DVCS leading
to the understanding of the underlaying dynamics

DVCS:

e W dependence indicates hard regime

e Significant skewing factor measured — GPD
e First Beam Charge Assymetry measured

High |t|:
e High |t| VM data are showing BFKL like behaviours
e High Py photons measurement roughly agree with BFKL

PQCD models:
e GPD and dipole models describe main features of data
e Some differences in details
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H1 background substraction

H1 p electroproduction (preliminary)
0.0<|t| <0.2 GeV? 0.2< |t < 0.5 GeV?
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p Polarisation - SDMEs vs. [t
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® H1 HERA-1 prel.

O ZEUS

ro, increases with ||
— SCHC violation
iIncreases with |t
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— similar effects for T4,
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Xavier Janssen —n. 30



Polarisation - Retrieving Amplitude ratios

Assume purely imaginary amplitudes — phase =+ 1!

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

rds = B(e+ B?)
Rer% = B/2 (2e6 + Ba — Bn)
r94 . = B (an — é?) a = |T11|/|Too|
réd, = —Bp? B = |To1|/|Too]
ri, = Ban 6 = [Tiol|/|Tool|
Rler}O = B/2 B(g—az) n = |T_11|/|Too]|
rl—l = B/2 (a + n )
Imrlo = B/2 B(ax+ n)
Imr?_= B/2 (n? — a?)
5 — V2B _ 1 _ R
Too = B — Nt+eNz — 1+4eR

11 = B/v2 §(ax — 1)

Rer?, = B/(2v2) (285 + o — 1)
ri_1 =B/V2é(n— o) Ny =1+ 262
Im r?o = —B/(22) (a+ 1)

Imr®_= B/v2é(a+n)
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