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Overview

At HERA exclusive (photo) production of VMs, photons and
dijets has been investigated

Resent results from ZEUS and H1;

ZEUS: Production of exclusive dijets in diffractive DIS at HERA
ZEUS Collaboration, Eur. Phys. J. C (2016) 76:16

ZEUS: Measurement of the cross section ratio Clp(ZS)/O Jy(19) in
exclusive DIS
ZEUS Collaboration, Nucl. Phys. B909 (2016) 934-953

H1: Exclusive p°®meson photoproduction with leading neutron at HERA
H1 Collaboration, Eur. Phys. J. C 92016) 76:41
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HERA ep collider 1992 - 2007, DESY
27.6 GeV electrons/positrons on 920 GeV protons
- vs=318 GeV
HERA I+ll: ~ 500 pb™" per experiment
H1 & ZEUS — 41t detectors
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Selection of exclusive processes

Exclusive processes are very clean
experimentally .

Kinematic variables fully reconstructed, 1A
ugually measuring scattered electrgn Cection . |] — proton
(in DIS) and VM decay products or jets I]haEu:lal1I

|

Scattered proton detected with lower :
acceptance by forward detectors '

Forward Detectors H1/ ZEUS

DOV 81V 2DH - FPS
Pmmn 'T (31,5558 P4 i {¥ 134 BX RIK | Hi
VFPS — g L e = e -
........... ]l-__------ £ I T 4 — l . W
ES— ' F— . | ZEUS
FNC
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Exclusive processes —
kinematic variables

e Q2 - photon virtuality, [ 0 — 100 GeV?]
) W - photon-proton centre-of-mass energy
[ 20 — 300 GeV]
t=(p-p")? - four momentum transfer squared

piP) F X p(r’)

at proton vertex [-t < 30 GeV?]
x-Bjorken — fraction of proton's momentum
¢'(K)  carried by struck quark, x = Q%/(Q2+W?)
[1072-1074]

Xjp — fraction of proton's momentum carried

e(k)

by exchanged colour singlet

B =X/ Xpp - fraction of Pomeron momentum
P(P) ‘seen’ by photon
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Production of exclusive dijets in diffractive
DIS at HERA

ZEUS Collaboration
Eur. Phys. J. C (2016) 76:16
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DIS

| PR ZEUS

Exclusive dijets production in diffractive ¥ E‘ i

e+p - e'+jetl +jet2+p' I—
is sensitive to the nature of the object exchanged
between the virtual photon and proton

¢ p (P
Data 2003 — 2007 372 pb™

Only dijet, scattered electron
and proton in the final state, LRG

Exclusive Production at HERA

Diffractive DIS selection ( main selection cuts)

*E'>10GeV,45<(E-P,) <70 GeV, M, > 5GeV

°Q? =-q2%>25 GeV? - virtuality of the photon
*90<W >250 GeV - photon-proton center- of-
energy

*x — Bjorken x — fraction of proton’s
momentum carried by struk quark

* Xp < 0.071 - fraction of proton's momentum

carried by exchanged color singlet

*t = (p-p’)? — four momentum transfer squared at
proton vertex

°0.5<B <0.7, B =x/xp — fraction of Pomeron

momentum ‘ seen’ by photon

Photon 2017, CERN




Exclusive dijets production in diffractive DI : ﬁ'

Test the nature of the object in diffractive mteractlon by reconstructlng the -
azimuthal angle between lepton and jet plane

In Resolved Pomeron and Two Gluon Exchange H“H ]

models azimuthal angular distribution behaves like F‘“ e,
do/dd ~1+A( pT,jetS) cos(2d)

Resolved Pomeron Two-Gluon-Exchange model
( A positive ) ( A negative)

for qg produced from for two gluons exchange
single gluon
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Exclusive dijets production in diffractive D

Z 10

< 08

« ZEUS 372 pb"' ]
— SATRAP

0.4
0.4
0.2

N R R R
SATRAP MC model:

( Golec-Biermat, Wustoff, 1999)

* color dipole model with saturation

°* gg and g4gg inafinal state

° good agreement with data,
used for detector level

."
izgusl

Jets were found in y*-IP rest frame
= using Durham exclusive KT jet
algorithm all objects are merged in
jets

Kty 2mm (E], I5)(1 - cos0y)

Ui “j.' 013 - cluster all particles inte jets

el Uml
= with resolution parameter y ., =
0.15 optimizes efficiency versus purity

of jet sample
"Nigt < 2 select diffractive events with

LRG
»select events with exactly 2 jets with
Priet > 2 GeV in CMS

Proton-dissociation:SATRAP with intact prcj)ton replaced with a dissociated
proton (EPSOFT) and reweighted to data ( F_diss = 45+4(stat)+15(sys)%).

Exclusive Production at HERA
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Exclusive dijets production in diffractive : ﬁ'
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Exclusive Production at HERA

do/dB : comparison with model [;redictions
Differential cross sections

do/d® have been fitted for different 8 bins,
~ 1+ A cos (20)

The slope parameter of the angular
distribution changes sign around g = 0.4

Resolved Pomeron model
Prediction decreases with increasing 3
faster than data

Two-Gluon-Exchange model
Reasonable description of the shape of
the B distribution

Normalization discrepancy of factor two
Large NLO corrections ?
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Exclusive dijet production in diffractive D :@:

do/d® ~ 1+ A(py;e,) cos(2d): A vs B, comparison with model predictions ===

< 04r

Resolved Pomeron model

0.2
The parameter A almost

constant for all B,
= Positive value of A inthe
* i whole B range

® 7EUS372pb
B 7vo-Gluon (qa+qag) p, = 1.75GeV
----- Two-Gluon (qi+qqa) Py = V2 GeV —
|

- Resolved-Pomeron Fit B
= = Resolved-Pomeron Fit A

o
N
1 1 1 | 1 1 1 |

-0.4~

02 04 06
Two-Gluon-Exchange model P
Value of parameter A varies from positive to negative
Model agrees quantitatively with the data for  >0.3

The Two Gluon Exchange model is more successful in data description
(region B > 0.3) than Resolved Pomeron model

Exclusive Production at HERA Photon 2017, CERN 11
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Measurement of the cross section ratio th( 29) IGJ/lP (15)

in deep inelastic exclusive ep scattering at HERA

ZEUS Collaboration
Nucl. Phys. B909 (2016) 934-953
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Cross section ratio 6, 9)/0,1g) I exclusive DIS o

|

| iZEUS
. . : I
Measure the ratio of the cross sections : e sm—

R=0(y*p - @(2S)p) /o (y*p — J/@(1S) p)

- sensitive to charmonium wave function

- insensitive to many systematic uncertainties.
(2S) and J/p(1S) have the same quark content,
similar masses, but different radial wave functions

=>Different rate of Y(2S) and J/y(1S) expected due to
the different wave function

YR
=>Ratio estimated in QCD models to be R~0.17, yir,
rising with Q2

Photon ‘transverse size’ decreases with Q2
=> Large for photoproduction 0( 1 fm)

=> Small for high-Q? DIS << 1 fm

. P(2S) has a node at 0.35 fm N
. <r2@(28)>=2<r2J/y(1S)> " e i)

AT

noc
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Cross section ratio 6,9)/0,,1g) in exclusive DIS | iZEUS:

|-=2 '
_-ﬁ.______— -

« Channels: p(2S) - J/p'm; J/p - pty Kinematic range:
P(2S) - pty 30<W<210GeV
J/p(1S) - ptyr 2 <Q%2<80GeV?
. Data:HERA I+HERA Il integrated luminosity 468 pb™ It < 1 GeV?2
MC :

« Signal — exclusive VM production with DIFFVM
« BG — Bethe-Heither elastic and proton dissociative p*y” production with GRAPE

Event selection :

« Scattered electron with E>10 GeV measured in CAL

Scattered proton undetected

Two reconstructed tracks identified as muons and for @(2S) - J/pn*rt additionally
two pion tracks from pp vertex

Nothing else in the detector above noise

Proton dissociative events removed above masses ~ M= 4 GeV

Assuming cross section ratio does not vary with My, — results not affected
by proton dissociation BG

Exclusive Production at HERA Photon 2017, CERN




Cross section ratio 0, 55/0,,1) in exclusive DIS iZEUS:

= -
__‘ﬂ-____-— a

ZEUS
g11::" — —— « BG subtractionin J/gp - pfy, p(2S) - pfy:
L 1) { BH dimuon background fit to straight line for
w | 1 2<M,;<2.62GeV; 4.05<M ,<5GeV
10’ j . i Number of events above background:
. , { 3.599<M,,<3.79 GeV - N,
- .~ ', +. f a T
. +h€ ........... T+f-" " m g .:: - o
7 i - .‘#_#r_ﬂ'__*_'-# = o
10 - » ZELIS 458 ph’ 1. ++ * 0
~ = Background fit ) - ™=
_ e ] | i
2 3 4 5 ! = * %Lr,f_“-,‘ YITEET: n..::, T ar
M"" {G&w . L GE)
. Background subtraction in p(2S) - J/gpm*T: -
a clear peak on the scatterplot AM = \ M“pvs My, o
Applied cuts: 3.02<M,, <3.17 GeV and 0.5<AM<0.7 GeV | |
=>Nys) oy b
No background ( upper limit 3 ev. At 90% CL) boaea o w omow
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Cross section ratio 6, 95/0,,1g) in exclusive DIS ==

. (285 ~J (18

R,, = JeCH—mm Ny / N0
pp = = .. [ (25 .. T/ 4(18
TJ/p(18)—pp B(w@%—*w)-fﬁp} B(J/9p(18)—pp)-A;LY :'

\ . r(25) T/ (18"

RJ)}, | . gw{?ﬁ}—}.ff"w T o N T/ m / hlp;-t’t,u{ )

H}?Tﬂ- - _ [ ! II-{ES] J,,-'{ II."{].S}
ngw{lS}_}”# B(v(25)—=J/¢(15) 71';'1'}.‘4;’;151 c A'LLP*LU

R.,p — Obtained as weighted average of the In the kinematic range:
cross sections determined for the two p(2S) 30<W <210 GeV .

deca;lgphapnels% - i 2 <Q2<80GeV?, [t|<1GeV2
(Com Ination o m an J/me-[) Measured ratio RLp(ZS) = RJ/LpTITI /Rpp

Ai — Nireco / Nitrue R;iwna i}:ﬁ:ﬂ-ﬂijgjg:
Ry 0.24 £ 005700

Brip(2S) - J/Wnm] = (33.6 + 0.4)% Reorm 0.26 +0.02150)

Briw(2S) -~  ppl=(7.7%0.8)x103% Ry s, 1.1+02+02

BriJ/@p(1S) > pp] =( 5.93+0.06)%
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Cross section ratio 0, 95/0 1) VS W, [tl, Q2 | @

ZEUS
0.4 - I T I T I T I T I

0.35 3 s ZEUS 468 pb™
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0.2 ;— 1 [

0.15 |-
01
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H:nmh
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o 035 3 I

03[ |
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02 f
0.15 F e ZEUS 458 pb"

01
0.05 (c)
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t] (Gev?)

Exclusive Production at HERA

ZEUS - =
n‘? 1 1 1 1 1 1 1

& 06

0.5

* ZEUS 468 pb'

(a)

| | | | | | |
10 20 30 40 50 60 70 &80

Q° (GeV®)

No significant dependence on:

-W - y*p centre-of-mass energy

-t - momentum transfer from the proton
(that stay intact)

Apart from Q?, i.e. the transverse size of y*

Photon 2017, CERN 17



C2ross section ratio R = 0y95/0 y15) VS | ;zaus"
Q =

ZEUS Good agreement with earlier
o | | —— | | | | H1 measurement
—--— HIET: GEW-BT
0.8 | st caw-L0G LT (EPJ C10 (1999) 373)
-—= AR: B-CGC T hhgi 15
I =777 Mostof the models reproduces
06 |- M= ® | the behaviour
PR I | Models with very slow rise not
04 - e e Dt Lo nmn 22T favour
. (j - { L= - - ZEUS 468 pb™’ . .
0.2 —?ﬁ% omaes |  Steepincrease with Q* from
2] photoproduction to DIS regime

A Hiyp: 6.3 pb”

p L1 — 1)
0 10 20 30 40 50 60 70 8O

Q° (GeV?)
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Exclusive p°® meson photoproduction
with a leading neutron at HERA

H1 Collaboration
Eur. Phys. J. C (2016) 76:41
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Exclusive p® photoproduction with a LN

First measurement of exclusive p® photoproduction with a leading neutron at HERA.
In e+p — e"+ n + X the production of neutrons carrying a large fraction of the
proton beam momentum is dominated by the pion exchange process

p“ - T ===> First extraction of elastic o(ym*—p®m)
1.I'I T 'I E_
i H‘am’ ; Avirtual photon emitted from the electron interacts
| o ' with a virtual pion from the proton cloud

= ‘ b producing p?: y'+ p —pP+ T+ n
E T pﬂ'—} T 1T

, ' NO hard scale present : Mean W ~ 24 GeV
p 0 =[] === Soft regime: Regge framework most appreciate:
tL By measurement of the DPP mediated by exchange
of two, pion and Pomeron, Regge trajectories

Key observables:

# x =E,/E,(orx,=1-x)
» W dependence : ~ W& — nature of exchange objects
# t-slope of p° ( b ~ R? in geometric picture)

Exclusive Production at HERA Photon 2017, CERN




Exclusive p? photoproduction with a LN

Processes contributing to the exclusive photoproduction of pY meson associated with
a leading neutron:

Pion exchange Neutron exchange Direct pole Proton dissociation

: t X
) TE‘E%’.:?:O’/'gﬁj S
| P
=
Signal : Drell-Hiida-Deck diagrams Background
Pompyt MC DiffVM MC

At large sand small t— Opion exchange dominates as A,~-A_(cancelling)

Slope of t distribution depends on the mass of the nmi system:4< b(m_)<22 GeV2

Interference between the amplitudes corresponding to the first three graphs is
necessary to explain the cross section o(yp - p’nn*) = |A,+A, +A_F.

Exclusive Production at HERA Photon 2017, CERN



Exclusive p® photoproduction with a LN

Data: 2006-2007 e*p data, integrated luminosity 1.16 pb_‘1

~ 7000 events
Forward Neutron Calorimeter (FNC) -
lead-sandwich calorimeter at 106 m from IP

to distinguish and measure n and y/m°,
Limited acceptance : <A> ~ 30%
and py,<x-0.69 GeV (x = En/Ep)

Selection of exclusive events in untagged
(scattered e* not detected) photoproduction:
« Only two oppositely charged tracks in the
Central Tracker with 0.3 <M__ < 1.5 GeV

« A hadronic cluster in the FNC with energy

above 120 GeV (forward rt* from proton

vertex not measured)

« No additional signals above noise in the main
H1 calorimeter and forward detectors (LRG)

Exclusive Production at HERA

smedFk -

]
a“pr

L. :-l_.-;-:-l- - _:. E“..-'.
1 .-I__ _...:..e:l_‘;lll-

8] 4

P T N

OPE dominant range: Prp< 0.2GeV

Foum 452409 Event 1115 Class: 14 27

Date 13/102006

=
22
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Exclusive p® photoproduction with a LN

Monte Carlo simulation:

. Signal events (a) — POMPYT — virtual pion flux generated according to
available parametrisation followed by elastic scattering of pion on photon,

thus producing a vector meson (p9)

« Background events (d) — DIFFVM — based on Regge theory and VDM
( elastic, single and double dissociation processes); also used for estimation of
possible background from w(782), ¢(1020) and p'(1450-1700)

« Both, signal and background events reweighted to relativistic BW shape with
additional distertion caused by the interference between resonant and non-

resonant Tt*m production

Exclusive Production at HERA Photon 2017, CERN 23



Exclusive p? photo

production with a LN :3::_

P" with Forward Neu—

. Distortion of the p® mass shape due to interference * yzan — " ™ '

between the resonant and non-resonant 't
production is characterised by the Ross-Stodolsky

skewing parameter npg

ng
; )

Exclusive p“ phoLloproduclion
i T T T rri II T T T rrriri

o I
ax

= H1 |
6= gl .
oy
- —4= ]
g - "1:| i
L #
- |||Iu_ i
- @ 11 alala A
2 ZELS- 199 {vp = pp3

L1 6A

- —---s it AT R

% ) *  HI dula -
h [ AR
— ) — phEwens )
5 === |nterleronce beeme
= X - -—-- mxrefecilan
i ] —  Full fid ]
SLPT Bl
400 - M = T64 +3 MeV
I' =155+ 5 MeV
n .i";i-' =e=
_ | 1 HLII-HLI'T"-:I.;'-E.I‘E.E.:\'.II.I'J [ I:.'ﬂ'-l R
n.= 1 1.5
MU [Ge V|

he strength of the distortion is p; - dependent

bkewing parameter npg vs. pT2 of the t*rt sytem isin

1
—
- 0O

agreement with ZEUS value (from yp - p%p)

I]III 1 oo 1 [ | 1
001 0.1 1

Py [GeV?]

Exclusive Production at HERA
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Exclusive pY photoproduction with a LN

) ] E;_“.‘E T T 1 T [T T T T T T T T
Property of two-pion system compatible ¢ 8- H1 (€ -
with previous measurements = | Y )
> 061 _F?’“ 43*\_ -
« Polar angle distribution of the m* in the helicity frame = - N
is in agreement with theory: 04 - f :
02V %= 0.108 £ 0.017 A
0 P | [
-1 0.5 0 0.5 1
cos U,
25 | T -
- i
e HI - R
. Spin-density matrix elementr,f;,probability that p© P
has helicity 0, obtained from the fit is in agreement -
with other measurements in diffractive p? photo- and 4 PN
electro-production at HERA by b o TRTAR G = o'p)
“ S Op = pp
ug Bt (11
Empiric fit : g T
7 e

Exclusive Production at HERA
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Exclusive p® photoproduction with a LN

pY + n : Backgroud substraction

FI“ with Forward Neutron

LI T T . ri

il .
= sl bag kmruoml b 0n bed, |
;- - HIL dnea LU — :_ — ]
. —— =keznnl 1 | !
= EH S — : _."
- i Il ______ IS R

By

i

i -

o
ol .
I > i i 1
2l qim il w1 Il nz 3 LR L LLE
F, [GeV] Fi.

. Different shapes of LN energy for signal
and background

« Background mostly due to proton
dissociation

« Shape of signal and background modelled
by POMPYT and DIFFVM MC

Background fraction fit to the data :

Fog=B/(S+B)=0.34%0.05

Eveney

Exiids

p" with Forward Neutron

& HI daii sticgal (FCAFY T
= signuls hackprieml - — hawrkprnnul [IFIFF¥
= A — T
= F
" bat Bl
oo 1 —‘_._,_|J g
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1 4 |_|.-3 1.2 -4 2 li 2 i
. e .
= 121 ' 1 [ ' ' '
Folat} - E- ©
[} - HIH u.L
e ¥ N N l
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I ..... -
?I p 4 Il'l nx {i,d Tk
5 Fr. [T]
£ i - e
: £
T SlH ‘r“
= 200 5 rd
18 e
o '“w-" )
. - ii - e e
2 dly ol HID Tk =11 1 198F
W, [Ga] LD |

Good description of data with thus
determined background fraction

Exclusive Production at HERA
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Exclusive pY photoproduction with a LN

Shape of x distribution is well reproduced by most
of the pion flux models

1 T T T T T T T T T
| # T dAntn 24, LTS navnds

Pornmanllsed bn dnia:

double differential yp cross section in (x, py,2):fit by 08 — Mawrin

exp [-b,(x)) pTlnz] function in each x bin 0.6 [
- steeply falling (i.e.high b parameter) at very high x,

der, fikx, [ub]

0.d

Steep rise with increasing x, expected from models, but 0.2

rise is stronger than predicted by various pion-flux approximations |
L

Failure to describe b, (x,) suggests strong absorptive effect
(n rescat‘teﬂ'hg)I Foamward “eutron

T « I duty
= g - - Didhorid)
s

— IMalimann * 100

-—- KPP

— MST
—— FMS -

Fofida adp 0w 3 [hiCeT)
]
a

[+ Hldats
—— Fli; o™l b

1

L] 1 0.z 03
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Exclusive p® photoproduction with LN

p? slope :

pY slope strongly changing from .
low-t' to hight-t' region |p =
=>two b parameters: [
b~ 25 GeV2 — very peripheral scattering;

=Photons find pions in the cloud extending
far beyond the proton radius

|'.'I'] wilh Forward MNeulren
— —

H1

10

In DPP this is due to double exchange,
IPand it

do, At | PbAGe V]

DPP interpretation — slope t' depends
on the invariant mass of the (nmt*) system: ey

low mass 1t*n state - large slope, 00T L o287 £ azevs, hooantenilier -
high masses - less steep slope : 5

[ #1114l

» | 1 1 1 1 1
0 02 0nd 06 08 1
1 |Gev?|
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ey, (bl

Exclusive pY photoproduction with a LN

3 bt =
W dependence: %, T YT pOrut
E . L p e it - — — —
: i'_ 2 ) * Ml data H1
_ i r :E_ a4: ;
I J._t 2
YP - pOr+n N BT '
L E -
SO0 — I:'ﬂ wilh Forward I"-i:ulmn : — m?mw.-l N
_ Hl yp - p°p at HERA prefers to :
wor increase with W
' + Pomeron trajectory : 6=0.08 b -
WD i S 10 20 0
[ I = [GeY]
200 + "Using pion-flux parametrization, o, can be measured,;
- - measured o, independent from W,
T - Y“ Y“
100 poMPYT -
oo S 26 AR ) oy (ymh)/ o, (yp) = 0.25 + 0.06 - agrees with ZEUS(2002)
T an 60 3 100 O(yTT")/0(YP)y e, =0.57% 0.06  =>
W GV K,ps= 0.44£ 0.11

o,, drops with energy in contrast with POMPYT
where the whole energy dependence is driven by

Exclusive Productlon at HERA Photon 2017, CERN




o

Summary (<

H1 and ZEUS at HERA provided new results on exclusive prodﬁ

* First measurement in ep of diffractive production of exclusive dijets in DIS.
Production consistent with two gluon exchange.

* The cross section ratio 0,,))/0,,,15) In exclusive DIS has been measured
with improved precision, in agreement with QCD models

* Photoproduction of exclusive p? associated with leading neutron measured
first time at HERA

Differential cross sections for the reaction yp — ponmt* exhibit features typical
for exclusive DPP

Process used to extract the elastic photon-pion cross section o, (yrt - O
in the OPE approximation
The cross section ratio o (yr)/o(yp) suggests large absorption correction

suppressing o(yp)

* Studies of the exclusive state production performed at HERA still inspiring
for QCD theory and LHC experiments

Exclusive Production at HERA Photon 2017, CERN
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Exclusive dijet production in diffractive DI | iZE_US:"

do/dB : comparison with model predictions =

aq.tE T T T T . e
S B Two-Gluon () Resolved Pomeron model

== B PN Two-Gluon (g) ]

o ) L_— ® B Resolved-Pomeron FitB | o )

_g 10 ;_ L EEEERs Resolved-Pomeron Fit A g Pred|Ct|on decreases Wlth
e — ] increasing B fasterthan data

10F E
E—— e 1 Difference between data and
1k = prediction is less pronounced for
- : Fit A than for FitB
ok _—

0.2 0.4 0.6 0.8
Two-Gluon-Exchange model B

Reasonable description of the shape of the B distribution

Large difference in normalization could indicate that the NLO corrections are
large or effect of the off-diagonal gluon distribution is significant

Howerever large uncertainty due to the p-diss subtraction makes the difference
not significant

Exclusive Production at HERA Photon 2017, CERN 32



o ° - 2 l IIF
Cross section ratio R = 0,9//0 Jp VS Q l_iZEUS'.

ZEUS =
c | | | L | | | |
—--— HIKT: GE'W-BT
0.8 | HKT: GRW-LOG R= Topizs) —
----- AR: B-CGE T ihet1%)
----- AR: |P-Sat
B | . ' Good agreement with earlier
0.6 [ ___ wuwpzz J —
. | I H1 measurement
J T NS - (EPJ C10 (1999) 373)
" _- - - - = - - o o . 2
- E - R All models predict rise of R with Q
Wi 27 pb” ]
A HIype 63 pb”

g L | | | | | | |
0 10 20 30 40 50 B0 7O 80
Q° (GeV?)

HIKT, Hufner et al.:

dipole model, dipole-proton constrained by inclusive DIS data
AR, Armesto and Rezaeian:

impact parameter dependent CGC and IP-5at model
KMW, Kowalski, Motyka and Watt:

QCD description and universality of quarkonia production
FFJ5, Fazio et al.: two component Pomeron model
KNNFZZ, Memchik et al.:

color-dipol cross section derived from BFKL generalised equation
LM, Lappi and Mantysaari: dipole picture in IP-5at model
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Exclusive p® photoproduction with a LN

Cross section measurement:
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Yp: o(yp - p°nm*) =310 + 6(stat) + 45(stat)nb ~ forp. <x -0.69 GeV
o(yp — p°nmt*) =130 + 3(stat) + 19(stat)nb  for p;, < 0.2 GeV

YT O (YT — pO1") = 2.33 £ 0.34,,(+0.47)(-0.40), g Wb for <W, > =24 GeV
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Exclusive p® photoproduction with a LN

Cross section measurement:
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O drops with energy W, in contrast with POMPYT where the whole energy dependence is”

driven by Pomeron exchange only; Regge motivated power law fit by W9 describes the data
yp: o(yp - p°nmtt) =310 * 6(stat) + 45(stat) nb forp; <x -0.69 GeV

o(yp - p°nmt*) = 130 + 3(stat) + 19(stat) nb for p;, < 0.2 GeV
YTG O, (Yt — pOn’) = 2.33 £ 0.34,, (+0.47)(-0.40)  ogq Wb fOr<W, >=24 GeV
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