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@ HERA collider experiments

- 27.5 GeV electrons/positrons on 920 GeV protons +vVs=318 GeV
* two experiments: H1 and ZEUS

* HERA I: 16 pb! e-p, 120 pb! e+p

* HERA II: ~ 550 pb, ~ 40% polarisation of e+,e-
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@ Diffraction and diffraction kinematics

HERA: ~10% of low-x DIS events are diffractive

Why to study diffraction?

« fundamental aim: to understand high energy limit of QCD (gluodynamics)

* novelty: for the first time probe partonic structure of diffractive exchange

» practical motivations: to study factorisation properties of diffraction - try to
transport to hh scattering (e.g.predict diffractive Higgs production at LHC)
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1) Proton Spectrometers:
= ZEUS: LPS (1993-2000) pron e e e e s
= HI: FPS (1995-), VFPS (2004-) e
- t measurement FPS LPS
= access to high x;p range

= free of p-dissociation background at low xp

= small acceptance > low statistics &

e
2) Large Rapidity Gap, H1, ZEUS:
= Require no activity beyond n .. —
= t not measured, some p-diss background & n =-In(tan %)
3) MX meThOd, ZEus: — Slope(mondiff) - - - Const(diffy — Fit(diff+nondiff)

- D-PYT-Sang(E . > 1 GeV)
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= Diffractive vs non-diffractive: exponential
fall off vs constant distribution in In M, 2

= Some p-diss contribution &  yier  on-diff
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in diffraction

fraction of gluon rel to
colorless exchchange

-Y-l

QCD factorisation & Regge factorisation

rigorously proven for conjecture, e.g. Resolved Pomeron
DBIS by Collins at al Model by Ingelman, Schlein

Bt

O'D(}/*p — Xp) « z fi D(X9Q29X|P9t)'0y*i(xaQ2) ReQQe motivated e

parton_i 1:IP/p(XIP9t)= 2a(t)-1

— . . omeron flux_ X
o’ universal hard scattering cross section P =

(same as in inclusive DIS) fiD(X,Qz,X.p,t) = fip,5 (X 1) fi'P(ﬂ =X/ X;p,Q7%)

D diffractive parton distribution functions -
! obey DGLAP, universal for diffractive

° o o ° l
ep DIS (inclusive, di-jets, charm) Exctracted from inclusive diffraction!
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Exporting PDFs from HERA to
the Tevatron.........

CDF Tevatron data:

At Tevatron HERA PDF's =

- - H1 fit-2 —+- CDF data

do not work....?2??? w - H1 fit-3 Ey"?> 7 GeV
100 ( Q%= 75 GeV?) 0.035 < £ < 0.095

Dijet cross section factor 5-10 lower It]<1.0GeV?

than the QCD calculation using HERA -
PDFs 10
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D

Factorisation in DIS difraction dijets proven by both H1 and ZEUS

Low sensitivity of fits to

Q) g N 0225F
inclusive cross section to gluon 5 °2¢ S 02 K -
PDF especially at large zzp - g 0175 CURTA. N
use jets to combined fits! 015K 0.15 [ A
0125 = \ 0125
H1 dIJe'l' DIS measurement: 0.1 H1 PRELIMINARY \; 0.1 H1 PRELIMINARY
0.075 1 0075 |
- new NLO QCD fit 005/  quark oos|  quark \
0.025 0.025
0 ] ] 0 ] ]
02 0.4 0.6 0.8 2 02 0.4 06 0.8 5
Q°=25 GeV’ Q°-90 GeV’
~ N 1
== combined fit(exp.err) § °° 5
| 2 07[\ H1PRELIMINARY 2 o8 H1 PRELIMINARY
H1 2006 DPDF Fit " 06\ gluon ) gluon
------ H1 2006 DPDF Fit B 0o 08
04 04
0.3
Factorisation in diffractive o= 05
DIS D*production proven by * =
both H1 and ZEUS 0 02 04 06 0B "%z 04 o0& os Z
Q%=25 GeV? Q=90 GeV*



Direct and resolved photoproduction at HERA

x, - fraction of photon's momentum oBS Z (E-p, )J_etS
in hard subprocess X, =X " =
(E — P, )hadrons

- DIS (Q?>56eV?) and direct photoproduction (Q2~0):
* photon directly involved in hard scattering
Remnant . Xyzl
—— unsuppressed! 7
—— . Resolved photoproduction (Q2~0):

| « photon fluctuates into hadronic system, which

(u) . . . .
R Secondary interactions |ronic scattering
Jet between spectators?? )

J-xy<1

suppressed!

Jets in photoproduction thought to be
ideal testing ground for rescattering

Remnant

17.1.2007 Photoproduction at collider energies 8



"™ pb)

do/d

obs
¥ )NLO

do/dx)™),,., / [dofdx

ZEUS
[ I 1 N
1000} N
[ X
800[ ------ NLO (R-1) :
L SN NLO (R=1)

6001 @ had. -
[ H1 2002 fit ¢
400:— {(prel.) i

: o
200 Md _
[+ L J
.
1 1
I 1
2.0F .
1.5 \ . . n
e
1.0 \’
0.5} + bt * -
1 1
0.25 0.5 0.75 -
xY

Diffraction in Photoproduction-dijets

H1 Diffractive yp Dijets

H1 2002 fit (prel.)
FR NLO*(1+8__)

@® H1 Preliminary
[ correl. uncert.

R - RAPGAP
-9& . -9&1000
o v
g 600 g
'8 s00 5 &oo

=
o
o

(]
o
o

L L L L L L L 1 o by e Lo Ll L L a1
D0.1 02 03 04 05 06 07 08 08 1 01 02 03 04 05 06 07 08 08 1
jets Xjets

IP i

H1 and ZEUS:

= NLO overestimates data by factor ~1.6
= Scaling only resolved part doesn't
describe data either

= PDF uncertainty? Unlikely, as DIS is
described...

Within errors suppression observed for both dir and res!
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...... T | |
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of charm direct photoproduction
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D*

@
low statistics, large
/ NLO uncertainty

breakdown observed for both
direct and resolved processes!

DIS

photoproduction
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Vector meson production

Vector mesons have J¢=1-as photon

- ho quantum number exchange necessary

Large diffractive cross sections in wide kinematic range
— HERA is an excellent place for VM studies

‘ r;LiE i ok '1 _ L k)
k) oo o R
,i-'“l.« v/ lg) St
W e e+rpoe+VM+p(oryY) w/ @ VA
ey L RN S
' T p(P) VM = p,0,0,J/y,yY..... e — Y[F)
Elastic - exclusive, Proton dissociative
dominates at low |t] mainly at high |t|
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o (yp — Vp) [nbl

10
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it

- B H1 Preliminary
- @ H1

|4 ZEUS

A fixed target

Regge phenomenology, soft pomeron

Soft h d—o-—ebt W -
oft pomeron exchange at W,

e

ap(t)=ag+a't
a,=1.08, a'=0.25 GeV?

VM

Slow rise: ooW 022..0.32
r  Shrinkage: b=b(W)

Light VMs at Q2~0, +~0

Calculable in pQCD

Exchange of 2 gluons

o o (Xg(%,Q%))’

or ladder

€

1 10

Steep rise of 0
Shrikage

Presence of hard scale:
Q% t, Myp

n
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Events / 25 MeV

D.08
D06
0.04 -

0.02 -

0.00

H1: new measurement

HERA IT data (2005)

Q2 <4 GeV2 ;20 < W< 90 GeV

~ 240000 PP candidates

o

RTINS NN s

H1 '05 corrected

Ross-Stodolsky Model

-- rel Breit-Wigner

Man-resonant Background

e
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do/dt (yp — p°p) [ub/GeV?|
o

10—1 5

(

W 4(a-1)
Wo

YT T T

dt dt
+=0.010GeV? | -t = 0.035 Gel* -t = D.0B9 GeV?
A .
F t-=0123GeV® | -t=D189 GeV -t= 0.26 Ge\?

o

«T_'-"‘“T
= 0.38 GeV? t = 0.58 GeV? 10 107
& H1'05 Preliminary
i A |~ H1osi
k ® H1'o4
m ZEUS '™
I O ZEUS 's4 | PS
m— A ZEUS 's5
10 10° 10 10° * OMEGA
W IGeVI

Fits from data from a single experiment
Very good agreement with previous results
from H1, ZEUS and OMEGA
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H1 PRELIMINARY

p® Pomeron Trajectory

120F * H1 05 Preliminary

— H1'05 fit
. A Jeus’9b
1159 —— Zeus 95 fit
. —— Donnachie-Landshoff
110 | 1

Elastic p° F’hntnprdductinn

o

w0

-
III|IIII

-12 10 08 06 04 -02 00 02

t [GeV?]

Fit to the H1 data assuming a linear
Pomeron ftrajectory

a(t) = oy +o'-t

ap(t) =(1.093£0.003 " 3007
+ (0.116+0.027 " 3:239)GeV 2 ¢

upports previous measurement
f ZEUS —»

o sighificantly smaller than
0.25 GeV-2
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Q%< 16eV?,

photoproduction (TC) 40 < W < 305 GeV E
’ [1¥]

(“track-cluster”) J v — cte” It] < 1.2 GeV? B
' &

E

— 1 cluster

<< 1 +rack 40 < W < 160 GeV
135 < W _ < 235 GeV 135 < W < 305 GeV
J/tl)—>€+€- / m“'[e By ]

= o
13

3 [ b) @f-nessev® Hq ] Electroproduction also studied

,,.2'* i 12% ) in the region 2 < Q% < 80 GeV?
1.1-— # { —_ 1_1- __

o s $ 1 Lo | Pomeron trajectory

1F& zEUS 14 ZEUS —
| — 20 -FH

0.9 - " ! 1 ! " | 0.4 " ! 1 ! : | Ver‘y fGI" fI"OIT\

D " ]t| [G ev;j5 D " ]t| [G ev;j5 "soft" value 0.25 GeV-?
photoproduction electroproduction /

PhP: a(t) = (1.224 = 0.010 + 0.012) + (0.164 + 0.028/% 0.030) GeV-2 t

i T T T T T
e L 2 2 .
1333 5] =58 Gew H1_

DIS: o(t) = (1.183 = 0.054 + 0.030) + (0.019 + 0.139 = 0.076) GeV-2 t



o/ Fit

Elastic J/y photoproduction

[ A ZEUS
[ — Fit
[ (Q@% =0.05 GeV?

® H1

- B3 Fit + fit uncertainty

" ---- FMS (CTEQ4L, A=4) 1
[ -—- MRT (ZEUS-S) b) 7

--- WRT(CTEQBM) . >~ .. ]
[ e MRT (MRST02) :

MRT (H1 QCD Fif)
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¥
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J/V > py; J/V-> ete
Q2<16GeV2 |t| <16eV?
40 < W < 305 GeV?
Good agreement with
measurement by ZEUS
Fit W?

0=0.75+0.03 + 0.03
(soft pomeron 6 ~ 0.22-0.32)

MRT - pQCD model by

Martin, Ryskin and Teubner
FMS - dipole model by
Frankfurt, McDermott,Strikman

W dependence is sensitive to
the shape of the ]qener'allsed
gluon dISTr‘IbUTIOH
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- vector meson photoproduction at large |t| proposed as test of BFKL
* challenge is to describe both the t dependence and the helicity structure

- 30 '
H1 - p° photoproduction Data 2000
Q2 < 0.01 GeV?

——— 75 < W <95 GeV
s W= o o e 15 <[] <10 GeV?
=== b ummajiﬂ;..n;nm o My <3 6GeV
T £ “ po_)'|-|'+'|-|'_
ZEUS - J/vy photoproduction 20l .ZEUS(E.,}Ef
AR Data 1996-2000 ™ o e
! ; : . ;—+—}— QZ <1 GeVZ, o E
o e 50« W <150 GeV, wo |
: 1<|t| <20 GeV? g
e ] My < 30 GeV | |
' == |][][H:I]T 100
J/w_)u.'-“— 02 222420628 3 323430638 4
E . . . . l\l l’(;eV)




H1

‘P L. L LI L [ L [ L [ LI [ LI I L _ IIII - I o II I%IEI-E: ISIII I - II I II _
> 1F o HI E = 1l o ZEUS (prel.) 96-00 4
S : — BFKL ] < — BFELLL  (fixedc)
= : - i = — — BFELLL+nonL (fizede) 3
= i two gluon (flxed. o) 1 = Y BFKL LL + nonL (running )]
=) 10 L N two gluon (running o) = e - —— DGLAPIL
~ R, e A", n =426 1 = 10 % % 3
5 : ] 2 ", ]
o - 0 1 1 & ]
=102 P = :

- 3 E g 1F £
- ep — epY ] 1: ‘H;"f;. :
10° & Q2.0.01Gev? E 0 J/\|] {! 3
E 75 < W < 95 GeV do— oC ‘ ‘—I’] E F "im, ! E
- M, <5GeV dt . 1 RO
10'4 |||||||||||||||||||||||||||||||||||||||||||| ln-‘-|||||||||||||||||||||||||||||||||||r'|.\-'
1 2 3 4 5 6 7 8 9 10 0 2 4 6 § 10 12 14 16 158 20
2 t (GeV
11| (GeV ) (GeV)

* Power-like behaviour supported by data

 BFKL model gives reasonable description, "two gluon” model doesn't

describe data
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VM at large |t| -W dependence

| ZEUS

® B AY ZEUS (prel.) 96-00

— BFKLLL (fixed o)
— — BFKLLL + nonL (fixed o)
—+— DGLAPLL

Itl (GeV?) ¢
1-2 s83p

20 40 60 80 100 120 140 160 180 200
W (GeV)

J/vy

Fit 6«W? , & rises with |1]

Effective pomeron trajectory:
a(0)=1.153+0.048+0.039
’=-0.020 £0.014+0.010 Ge V-2

(in agreement with older H1 result)

- BFKL reproduces general behaviour
of data

- DGLAP is not able to describe rise
of cross section with W
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Helicity = component of spin along direction of the
particle’s motion

'

1 ._-l"' ;|'[_'+ -
*‘_Tr:_/

rfi: y

Lepton Meson = =7
Scattering Froduction "}E‘I‘---'_"x y
Plane Flane Pl 24
Lt
o

P “ Decay in Mesen

Eest Frame

» in photoproduction can only measure 6* & &*
= allows measurement of 3 of the 15
spin density matrix elements (SDME)

» s-channel helicity conservation (SCHC)
= vector meson retains helicity of photon
= all 3 SDMEs are predicted to be zero

04

[ —1) cos’ 0%+

1 d’o 3 %(1+ ro‘{,“) —%(3

;dcosﬁ*d¢* s J2Re

{ rl‘:,“}sin 20 % cos @ * +r," sin® O * cos 24 *

SDMEs are bilinear combinations on
the helicity amplitudes

1]
M

o MAVM M,

' '
VMﬂy

pQCD:
-During the interaction, the orbital momentum
of qq can be modified through the transverse

momentum carried by gluons

*The helicity of the outgoing vector meson can be
different from that of the incoming photon,
helicity flip between photon and meson is
possible



-+ & 0.5
g,_g 0.z o - E } J/W + H1 hrp - 'j'h"Y}
p® mainly transverse! ~ ®r 7+ % """""" 1 """"""""""""""" } """""""""
.I:I -0.5 I T I T R SR TR TR TR S S| |
o 10 20
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3 T o O
= . 2.0 05 :_ % """ SCHC
-0.2 n f___% ______________ }- ____________________________ ‘} _________________
0.4 -u-a E_
o oo 20
It [Gev?]
UE‘: ’ .o < ZEUS (yp — JiyY)
S 02
o E ) E——— % ___________ } ______________________________ J’ _________________

e /1 2 . . . p 02
HiGew® 00—ttt Lo L

1 10 20
It [Gev?]
s-channel helicity violation observed H1 collab. Phys Lett B568 (2003),205

Two-gluon and BFKL models clearly inconsistent with datal
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Factorisation tested with diffractive DIS and photoproduction
dijets and charm:

- indication of QCD factorisation breaking in diffractive dijet
photoproduction (but still large errors)

Elastic p°and J/y in photoproduction:

- pomeron trajectory determined using data within one experiment

- o' significantly less than 0.25 GeV-?

* transition from soft to hard diffraction regime observed,(large ||, M)
* heavy Vector Meson measurements sensitive to gluon densities

p%and J/y photoproduction at large |t|:

* W and t dependencies described by pQCD BFKL model
» BFKL model fails to describe the helicity structure
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