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Diffraction in ep collision at HERA

Non — diffractive ep e e
: : S photon probes internal structure of the 4
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Diffractive Production
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- Proton dissociation
j

M — invariant mass of the vector meson

W — center-of-mass energy of the photon proton system
Q? — virtuallity of the photon

t — the square of the momentum transfer between hadrons
My, — mass of the proton dissociation system
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Regge Phenomenology vs. pQCD

Regge Phenomenology

e’ (soft diffraction)
e
X
| P
|P =Pomeron trajectory
P N__ P’ oup(t)= ayp(0)+0L ot
t
Aayp (O-1) o (O)-
do o bW W W 2(ayp (0)-1)
dt N o, o°| —
dt W0 tot WO

b(W) = b0+4a,.1n(%J = shrinkage

0

From fit to hadronic data :

o, (t) = 1.08+0.25 -t

(Donnachie, Landshoff)

Perturbative QCD

, (hard diffraction)
e

simplest approach:
colorless 2 gluon exchange

q BFKL-type
9 gluon ladder exchange

/
p P’

Various pQCD inspired models exist

==> little or no shrinkage
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Exclusive Vector Meson Production

VDM+Reqge
4(ayp (1)-1) 5
Y VM VM do = gt [Ej == |6(W) W’ ; 6 ~0.22
O dt W,
< b(W):b0+4(x'-1nﬂ —_— Shrinkage : b oc r?
P P W,
pQCD r |
2_ NOZ+m2 | — r2 small if Q? large
* . / M r [2(1 2)Q mq} or M, large
o 2 M2 2 |2 . o _ 1/ o 2
G 0 (Qeff )|X 'g(XaQeﬁ )| Ryskin : Qeff _Z(Q +MV+|t|)
p P

—— |o(w) c W° ; & =~ 0.8fast rise with W

b ~4 GeV? and o' =0 no or little shrinkage

Justyna Tomaszewska | Exclusive Diffraction | Page 6




Vector mesons at HERA
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Mass scale

Photoproduction Q2~0

P, ®, @, , W(2s), Y
g The W-dependence of the “light”
gmz vector-meson ( p, o, ¢ )
[ s production is described by Regge
ﬁm 3 N i L 5rp = op) phenomenology
3 w o(yp = wp) w 5 ~ 022
o

! ¢'J¢'¢ﬁ)
'E WW
: +H‘v‘ © o™ g (yp —> op)

L WD.S
T .
E o(yp => J/¥p) o For r_ugher mass vector mesons
; the rise of the production cross
- 2 - .

Mass scale

0 4 section with W gets steeper.
R a(yp = ¥(2S)p) L
10 °k © fixed target This indicates the on set of

: cr('yp - T(1S)p)/fjj/ hard diffractive scattering
V 4 o |

1 102 w(GeV)
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o(yp—J/yp) [nb]

W dependence

Elastic J/v Photoproduction

100—H1 Preliminary {
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— Fit o < W°
5=0.81£0.08 {
60 ‘s

40

20—
- Q% < 2.5 GeV?
B [t| < 1.2 GeV?
1 L L L I 1 L 1 1 I L 1 1 L | L 1 1 L I 1 L L 1 I 1 L L 1 I L 1 1 L I 1 1 1 L | 1 1 L 1
% 30 40 50 60 70 80 90 100 110
W,, [GeV]

Simultaneous extraction of the
exclusive and proton-diffractive
components from the data.

o(yp—J/yY) [nb]

Hlprell1l-011

\/s = 318 GeV — nominal energy run

Reduced energy run
—> allow to extend the phase-space
towards lower W.

Proton Dissociative J/wv Photoproduction
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W dependence

Photoproduction ZEUS
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> cross section W dependence, 6 ~ WP:
» two measured points 6= 1.2+0.8
» consistent with theoretical prediction, & ~ 1.7
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W dependence as a function of Q2
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DVCS - W dependence as a function of Q2
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d dependence as a function of scale Q%+M?
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Process becomes hard as scale (Q%+M?) be comes larger
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t dependence

49 bl
dlt|

Transverse size of interaction region: b ;bv(y) +b,

Transverse size vector meson (gama) and target (proton)
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The b-slope of p-production decreases with Q2.
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Transverse size of interaction region:

b =Dy + Dby
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dt
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b slope

J5 =

318 GeV — nominal energy run

Elastic J/yv Photoproduction
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Proton Dissociative J/y Photoproduction
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Vs = 225 GeV — reduced energy run

Elastic J/vwv Photoproduction
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10? B H1data\'s = 225 GeV (prel.)
— Fit do/dt e
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» Slight dependence slope of W

» Differential proton dissociative
cross section fitted with function
behaving as an exponential at low
|t| and and follows a power law at
larger |t|.
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DVCS t dependence
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No evidence for W dependence of b
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t dependence of DVCS at ZEUS
Comparison ZEUS and H1 results

— Dipole model H1
, -- GPDs model
® ZEUSLPS 31 pb

b [GeV?]
(o0]

do’P =P /dt (nb/GeV?)
[e)]
||
+—{—
gi'
+4+

ar e H1HERAI
10 L o O H1HERAI
™~ 2 r O ZEUS HERA|
I ! ] W =82 GeV
T &P 7 0....|....|....|....|....|....
i 7 0 5 10 15 20 25 30
L Q%=3.2 GeV? Q2 [Gev2]
| W =104 GeV B -
b=45+13+04 ° N Leading Proton Spectrometer
DT e e e s
It (Gev?) _pikobs

ETECTORS “— g

» ZEUS measures DVCS by using a direct o  ousdilouns
measurement of the outgoing proton / \
4-momentum using the LPS spectrometer

» No p dissociation background - Low
detector acceptance = low statistics 2

Clean measurement
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t dependence

Geometrical transverse size:
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The slope b decreasing with increasing scale, to asymptotic value 5 GeV-2
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Pomeron trajectory

=4
e do w @O Measure W-dependence
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Pomeron trajectory

0.2

- p Iproduction | Iq) prc::loductlon| H1 |

@ H1 A ZEUS _
O ZEUS

| [ OMEGA+ZEUS |

O = A hadron - hadron interactions

B A % 1 él: large t |

_EF PN 1 % j]_r; l i

: J/vw production DVCS :

| X  H1 S ZEUS 17 H1 (upper limit) T
1 1 | 1 1 | 1 1 1 1 | 1 1

O 1 2 3 q 5

o' depends on t

(Q%+MJ)/4 [Ge V3]

However _ for high [t| , proton diffractive

processes dominate.
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Exclusive dipion production

The two pion invariant mass is fitted as:

dN
dM

- N[lFm|Z+B(

Yy

M

B,y are relative amplitudes
BW . Breit Wigner amplitude

p

i)

Yy

» @ (770) and p"(1700) are clearly

visible, p'(1450) - a mere shoulder
» the masses and the widths of the p

H
z

Fz(My) = [BW(p)+BBW(p)+/BW(p")] /(1+p+y)  *

4000
=

4

2000

(770) and p"(1700) as well as the width
of p'(1450) agree with PDG

2
Justyna Tomas
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Events / 60 MeV

Q2 dependence of relative amplitude

ZEUS
1% . .
S Fit: the masses and the widths
= of the three resonances were
K el =+ fixed to the values found in
10 —2<Q |<SGCV ,‘E L‘E 10 S<(),,<,10 (}|e‘,7, R Overa” flt
0 S 1 1.5 2 2.5 0.5 1 1.5 2 2.5
M__ (GeV)
1030 © ] e ZEUS (prel.) 82 pb™
102 e -
I L Q2(Gev?) 25 5-10 10-80
3 10 80 G V N
V<@ <HGVTL T 025+ 0.017°% [ 098+ 0.017°% [ 035 £ 0.02 £ 0.01
s 1ot SM vy 0 0.104 0.01 4 0.003 | 0.10 % 00170005 |12 4 020008

> reasonable description of data in three Q2 regions
> the absolute value of 3 increases with Q?
» v remains Q? independent within the uncertainties
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Ratio as a function of Q2

Ratio is defined as: ZEUS
R, = 20 2 S srusoras ot -:
o (p(770)) o ! _;
> we value of Rp'(1450) increases with Q2 = =~ " .
> #hae value of Rp" (1700) is approximately %= E
constant or slightly increases gl } -
> #ais behavior is predicted by several - } -
models 6 ~
» the suppression of the 2S state (p'(1450)) 4'_ -
is connected to a node effect which : % % 7 -
results in cancellations of contributions  2- 1 -
from different impact parameter regions = i
at lower Q2, while at higher Q2the effect 05 10 1520 7 70730

= - 2 G VZ
of cancellation vanishes Q" (GeV)

» the D state (p" (1700) ) suppression is connected to the spinorial structure
of the gq state into which the photon fluctuates.
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» A large variety of Vector Mesons as well as Deeply Virtual Compton
Scattering has been studied in wide kinematics range

» The measurements allow the study the transition from the soft to the hard
regime as a function of scale

» Two pion mass distribution, 0.4<M__<2.5GeV is well described by the pion
electromagnetic form factor, which includes three resonances p, p’, p”’
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W dependence as a function of Q2

3 I 1
. a'@evt | | INS-L Ivanov, Nikolev, Sawin with kt-unintegrated
I - sa | | model
c - .., """""""" 66 |
Uopme - we | Goloskov, Kroll Generalised Parton Distributions
PO s B S
. L
0| . s | | Kowalski, Motyka, Watt with Golec-Biernat
Ly e YT ek | | Wuesthoff Saturation
H1 - INSL - KMW
50 100 200
W [GeV]

H1 Collab., JHEPO5 (2010) 032, 10/09
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@ data collected by the ZEUS Detector 1998-2000 (82 pb™)
@ two pions and electron are measured in the detector
@ no additional activity above noise level

Kinematical range:
@04<M_<25GeV
@ 2<Q?<80GeV?

@ 32<W< 180 GeV
@ [t| < 0.6 GeV?

Number of events ~63k

(==
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Q2 dependence of Vector Mesons

— \ \
L2 - H1 1
% 104 |o vP-pP || Kowalski, Motyka, Watt with Golec-
H . -
@, s sy | | Biernat Wuesthoff Saturation
y :
10 3| n O ZEUS =
!.‘B — KMW
02| s e, MRT 1 Marin, Ryskin, Teubner model: does not
7 :Q’o,? { i provide normalisation ( uncertainty on the
10 b ppy A '%m ; quark mvanant_ mass corresponding to the
4 H1(x0.5) N SR meson recombination)
1 L M, < 5 GeV g
‘ 4%
1| a)
10 ; | W = 75 GeV .
1 10
Q%+M3 [GeV?]

Very good agreement between both experiments
KMW: the shape of p and ¢ elastics cross sections are well described
Normalisation of predictions is low by 10% for p and higher 25% for ¢

MRT: good description of Q2 dependence
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Differential Elastic Cross Section as Function of t

High Energy Period Low Energy Period

Elastic 'y Photopredwction Elastic Jiy Photoproduction
E‘ . H1 Preliminary E - H1 Preliminary
2 1 @ H1data B =318 GaV [prel) 8 W B H1 daia JE =225 GeV [pral)
= g — Fit dhoictt = & = E — FIf dhoittt = &
s F b =577 +0.13 Gav? s b=475+0.5GaW"
z_ 13 E g
g F s
1 1E
E @ =25 Gev' E @' =25ee”
40 <W_ < 110 GaV O 20<W_ <80 GeV
1 1 I. 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
[ 12 0

-t [GeV?] 4 [Gev?]

@ Differential elastic cross section fitted with an exponential.
b-slope for (error includes statistical and systematic uncertainty)
high energy period (5.77 £ 0.19) GeV —2
low energy period (4.75 £ 0.5) GeV 2
@ Shallower b-slope for low energy period expected because of lower W, p region
and positive shrinkage of pomeron trajectory.
@ b-slopes cannot directly be compared to published H1 values because cross
section were measured as function of pfu

Remark: The normalisation uncertainty of 9% is not included in the error bars of the data points, but
was taken into account for the fit. (This is the same for all cross sections.)

Florian Huber 13 DIS 2011, Newport News, 12/04/2011

v
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Q2 dependence of DVCS

e H1 HERAII
O H1 HERAI
O ZEUS HERA |
—— Dipole model
----- GPD model

*

o(yp — vp)(nb)

_ZEUS

TT T T TT I | TTT
(@) ® ZEUS 9600 e p(95 pb:]

A ZEUS98-93ep (167 pb”)

— Q@™ fittoe'p data 3

e'p: n=1.54 + 0.07(stat.) + 0.06 (syst.)

|=|=s (ALLM) b= 4 9 Ge\r’ 1
FMS (MRSTL) b=4.9 GeV>
FMS (MRSTM) b=4,9 GeV?® ]
FMS (MRSTM) b(Q%)

S 8

[e0)

o =10 F H1
> !
~ O
< 3
%b
© 1_
[22)

ol

Q3

3 -1
4 10
2

=

[a

-

T

9t (£002) €4S 9 1971 'sAyd ‘uorresoqe||0d SNIZ

W =89 GeV

vl b b b b by b b b v gy
10 20 30 40 50 60 70 80 90 100
Q? (GeV?)

Results in agreement with previous measurements
as well as with General Parton Model and Dipole Model
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Par. ZEUS(prel) PDG

M, 7714+277 775.49+0.34
r, 155 +5+2 149.4+1
M, 1360 + 20757 1465425
w 460 4+ 3075, 400460

3 | -0.27 £0.02+£0.02

M, 1770 £ 2077 1720420
[ 310 +307%; 2504100
Y 0.10 £0.0275 57
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