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= Diffractive structure function data
" Regge fits and QCD fits

" Data comparisons

= H1/ZEUS weighted average
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HERA collider experiments

" 27.5 GeV electrons/positrons on 920 GeV protons —Vs=318 GeV
" 2 collider experiments: H1 and ZEUS

" HERA I: 16 pb e-p, 120 pb!e+p
HERA IT (after lumi upgrade): 500 pb!, polarisation of e+,e-

Closed July 2007, still lot of excellent data to analyse......

Detectors not originally
designed for forward
physics, but diffraction at
HERA great success story!
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Diffractive DIS at HERA

ag Standard DIS Diffractive DIS
= e’ (k)
S e(k) e(k) /
: (@)
Q
i - X(x)
X GAP
P(p) P(p) IP |
{ ) E N
Probes proton structure Probes structure of color

singlet exchange

According to Regge phenomenology:
- exchanged Pomeron (IP) trajectory
- exchanged Reggeon (IR) and © when

proton loses a higher energy fraction, Xgp
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Kinematics of diffractive DIS

Q? = virtuality of photon =
= (4-momentum exchanged at e vertex)?

W = invariant mass of y*-p system 5
e(k) }/

My = invariant mass of y* -IP system

X1p = fraction of proton's momentum

carried by IP

B = fraction of IP momentum
carried by struck quark

X = P X, Bjorken's scaling variable

t = (4-momentum exchanged at p vertex)?
typically: [t]<1 GeV?2

" Single diffractive dissociation: N=proton
" Double diffractive dissociation: proton-dissociative system N

- represents a relevant background
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Why study diffractive DIS?

Significant fraction of the inclusive
DIS cross section
New window on QCD
O transition from soft fo hard regimes
00 parton dynamics at low x
O applicability of QCD factorisation

approach

DPDFs essential to predict diffractive
processes and potential search channels
at the LHC

e'(k’)

e(k) }‘2/

P(p)
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QCD factorization in hard diffraction

" Diffractive DIS, like inclusive DIS, is factorisable:
[Collins (1998); Trentadue, Veneziano (1994); Berera, Soper (1996)...]

universal partonic cross section

o (V*P 9 Xp) N fi/p(lezlxIPI-r) X o-\("*q (ZIQZ)

Diffractive Parton Distribution
Function (DPDF)

f,/ (z,Q2 X1p, 1) expresses the probability to find, with a probe of resolution Q?, in a proton,
par‘ron i with momentum fraction z, under the condition that the proton remains intact, and emerges
with small energy loss, x;,, and momentum transfer, t+ -the DPDFs are a feature of the proton and

evolve according to DGLAP

" Assumption > proton vertex factorisation:

I

o (v*p > Xp) ® frp) (X, 1) X f1p(2,Q%) X 0,4, (2,Q7)

Regge-motivated IP flux

At large x5, a separately factorisable sub-leading exchange (IR),
with different x;, dependence and partonic composition



Diffractive event selection

e f‘ZEUS Leading Proton Spectrometer (LPS)
" | H1 Forward Proton Spectrometer (FPS)
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PROS: no p-diss. background
direct measurement of t, xg,
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Data sets

ZEUS

H1

“ZEUS LPS"
[arXiv:0812.2003, submitted to NPB]

“"ZEUS LRG"
[arXiv:0812.2003, submitted to NPB]

“ZEUS FPC II" (My method)
[NPB 800 (2C08)]

“ZEUS FPC I" (My method)
[NPB 713 (2005)]

35% of LPS events selected by LRG
Overlap LRG-My ~75%

"Hi FPS”
[EPJ C48 (2006)]

"H1 LRG"
[EPJ €48 (2006)]

Xrp coverage

X up to 0.1

xp up to 0.02

IR suppressed

IR suppressed

X up to 0.1

xp up to 0.03

FPS and LRG measurements statistically independent
and only very weakly correlated through systematics

My coverage

My=mp

My < 2.3 GeV

My < 2.3 GeV

My < 1.6 GeV



Diffractive structure function

" Diffractive cross section da}[/fp _ AW Dd?’a'e?oqe.xId
dM, a@+(@-y)?) dQdM,dw
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2 __ opoeXp 2 2
" Diffractive structure function F,b(*) d 62 = 4m4 M-y +—2 —]-F(8,Q%,xp,1)
and reduced cross section 6,5 dpdQ dxpdt - PQ 21+R7)
4ra’ 2
" 1=y + 21072 (A.Q" xp.
" When t is not measured o0 (B, Q" xp) = [ 07 (B, Q" X, Ot

= RD = 6, 7'P>XP/5;7PXP ; 60 = F,0 when RP = 0
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How does diffraction behave vs t, x7p, Q? ?

10



t dependence
LPS data
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t dependence
LPS/FPS data
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- Support Regge factorisation hypothesis
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xp dependence of g.b(*)

LPS data ZEUS
ZEUS LPS 33 pb™ — Regge fit LPS
B=0.003 | p=0.011 | p=0.049 | p=0.217
o ItI= 0.13 Gev? 3 First measurement in
s | ~ L |E et
54 : :
L |zl | o | o
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Regge fit
LPS/FPS data 7EUS

ZEUS LPS 33 pb"l — ReggefitLPS _ | | | | |
e |0 [ Rl agl®) = agl0) + o't
-0 |t = 0.36ev: | i__‘/é — ) O
¢ N
N ¥ Rt m \H_\i\fi | 0,,(0) = + 111 + 0.02(stat)
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T 1 O]
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0 = _eee® 0o [ PPeo +0.04 - 0.08(syst) GeV-
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01 i 11} { T N{\L 8 -
) 4 i © arp(0) = + 1.114 + 0.018(stat)
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>
“ }}H | ‘}J—{{K s X | \i\i\E 6
b = oo ~eoo | moa -> IP intercept consistent
B=0.043 B=0.151 B=0.449 B=0.816 X with soft IP (1.096)
o
‘f'{g 1 ?LIE; { Q\H_;Jr 1 \{\H* 2 - o'yp significantly smaller
o D ~cowe | —wans [|o  than 0.25 GeV-2 of hadron-
0 2 ) hadron collisions

3 - -1 3 2 3 2 32
107107107 107107107 107107107 1010 10
. . . XIP
—> Assumption of Regge factorisation works 14
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xp dependence of g,.b()

ZEUS LRG data
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- Rise with xpp

not visible as
xIP < 0.02
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xp dependence of g,.b()

ZEUS LRG data
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- Rise with xpp

not visible as
xIp < 0.02

-> Wide kinematic coverage
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X0, D)
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—> Assumption of Regge factorisation works
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Q%=22 GeV?
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Q? dependence of ¢,5()
ZEUS FPC data ZEUS
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Regge factorisation: yes or no?
(my interpretation)

Apparent contradiction:

- Regge fit works within errors for LPS/FPS and LRG data
- FPCand LRG (see later) show violation of Regge factorisation

-~ Data consistent with Regge factorisation; violation too mild to have
impact on the fit quality

What if we fitted LPS/FPS/LRG without assuming Regge factorisation?

Not done yet but done for the FPC data > BEKW fit works welll
[Bartels, Ellis, Kowalski, Wustoff, see NPB 800 (008)]

Mild violations should not affect QCD fits, which assume factorisation

19
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Q? dependence of ¢,.bG)
ZEUS FPC data ZEUS

0,(x,Q)
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6.23) shows positive scaling violations up to high-p values
- Diffractive exchange is gluon-dominated
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Diffractive Parton Distribution Functions

21
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DPDFs extraction
H1 LRG data

= H1 Data won (extrapol. fit)
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DPDFs extraction

Regge factorisation assumed

Fit A: zg(z,Qp?) = A(1-2)°¢
Fit B: C=0, gluon constant at Qg2

> Well constrained singlet

- Weakly constrained gluons,
exp. at high values of z needed
further input

z = fractional momentum of the diffractive
exchange participating to the hard scattering

z ¥(z,Q%)

0.1

02

0.1

02 04 06 08
Y 4

H1 2006 DPDFlFit A

== (exp. error)
[ (exp.+theor. error)

02 2
[GeV"
- 8.5
051
- 20
025
0F
051
- 90
025
0f
05
- 800
025

02 04 06 08
Y 4

—— H1 2006 DPDHFit B
----- (exp.+theor. etror)
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Combined fit
H1 LRG+dijet data

k')
jet}
et S > X

\t/ Yy

p(P)

Fit A: zg(z, Qp?) = A(1-2)°¢
Fit B: C€=0, gluon constant at Qy?
Fit JET: z9(z,Qp%)-Az8(1-z)¢

- The singlet and gluons are
constrained with similar precision
across the whole kinematic range

See A. Valkarova's talk

z-singlet(z)

z-singlet(z)

H1 2007 Jets DPDF
exp. uncertainty

. exp. + theo. uncertainty

______

H1 2006 DPDF fit A
H1 2006 DPDF fit B

Toa

% 0.8
g H1
® gluon
NoO06TN 1 %=25 GeV’
0.4
0.2
N LIRS o T, MNP STAP PR IR
0.6 08 0.2 0.4 0.6 0.8
4 4

z-glueniz)
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Comparison between data sets

25
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ZEUS LPS vs H1 FPS
ZEUS

— L}ZO.O? | | 0.0§ | | 0.15 | | 0.35 | | 0.7‘
@ ) The cleanest possible
2005 |2 mewsmeil e comparison in principle...
] ) (’:
5 0090!0% 0 Songe? b %ok ofs
° - | ...but large normalisation
+  uncertainties
| i | | | 18 (LPS:+11-7%, FPS: +-10%)
§ g ¥ b % clg
%;32 1. ik t 3 skt 03, Qi $
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0.05¢} I é 1 1 é | NE
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1021010 " 10210 %10 " 10 210 %10 " 10 *10 %10 ™ 10 210 ?10
Xip

—> ZEUS and H1 proton-tagged data agree within normalisation uncertainties -
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H1 LRG vs H1 FPS

Proton dissociation-background in the H1 LRG data

;:1_4_ @ H1LRG/FPS Data 1 51.4 ® H1 LRG/FPS Data 9 LRG/FPS independem-
="t l o2 ), of xp, Q2, B
s12f 1 { T 21.2| ! i
o111 - 8_1_1 [
V>_ 1* v>- 1b
= | =

© 0.9 — ‘60.9 [

081 0.8}

o7¢ 0.7}

-3 -2 ‘ E——
10 10 X;p 1 10 Q? (GeV?)

=
A TS b Data first corrected to My < 1.6 GeV
=131 I I { (corr. factor: -8.6% + 5.8%)
31.2 -] ¥ T
©1.1[ l
s - Proton dissociation left in H1 LRG data: [19+-11]%
‘Eo’g_g_ Consistent number obtained with DIFFVM: [13 +11 -6]%

08|

0.7} o

107 10” 3 1
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ZEUS LRG vs ZEUS LPS

Proton dissociation-background in the ZEUS LRG data

ZEUS
—~~ ® ZEUS LPS/LRG --- Average fit
8 ‘ " | B=0.020 "1 B=0.065 "1 p=0217 N
> 3
s 1 T T [+.2..3.]2 > LPS/LRG independent of Q2, xgp. B,
S N R “ as in the H1 case: proton vertex
g)? ($=0.031 =0.098 $=0.302 (\% f a C.r Or‘i ses
2 1 T T T 10
= | I !---Q--- A8 _ 8 ___ _.._.!._-i_..i.__ g
bh 0 ‘ ‘ : ‘ = ‘ ‘ = ‘ 3 [ 3 3
on o o o +~ > Fraction of proton-dissociative
e bodogagl ton g glenps 02 background in the ZEUS LRG data:
(-)
[3:0.057 : [3:0.164 : B:o.zéo : 3:0.669 N [24 +—1(STGT) +2"3(SYS) +5-8(nor‘m)]A
>
L O al-ceeeegeaodfoiin 5.5 5.8 Consistent number obtained with PYTHIA:
. | [25 +-1(stat) +-3(sys) 1%
=0.100 ($=0.248 B=0.526 =0.816 Y
A | 18
-------------- e | | R K
0 ‘ ‘ ©
103 102 103 102 103 102 103 102
P

" Similarity between ZEUS and H1 p.-diss fraction
expected given similar forward detector acceptance

" Precise knowleadge (and correction) of p.-diss
background key point in the data comparison!
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ZEUS LRG vs ZEUS FPC

FPC data (My < 2.3 GeV) normalised here to LRG (My=m,): factor 0.83 + 0.04
(determined via a global fit) estimates residual p-diss. background in FPC sample

ZEUS ZEUS
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° o
0.04 |- + + 1 1 "Ry 13 0.04 + + 1 1
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- Overall agreement satisfactory

-> Different xp, dependence ascribed to IR suppressed in FPC data o

120 GeV? 90 GeV? 70 GeV? 55 GeV?

190 GeV?
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10

10 2
Q* (GeV?)

I
3 *xIPorD(S)

[y
o

10

10

N

-2
10

ZEUS LRG vs H1 LRG

ZEUS
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- Remaining normalisation difference of 13% (global fit) covered by uncertainty
on p-diss. correction (8%) and relative normalisation uncertainty (7%)

-> Shape agreement ok except low Q2
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Towards
HERA
inclusive
diffraction

DIS08, London, M. Ruspa 07/04/08

- Time for
data combination,
global fits!

|
3 *X,p0,DG)
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10

HERA inclusive diffraction

X,5=0.003

o ZEUSLRG ( (My< 1.6 GeV)x0.87 |
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Towards
HERA
inclusive

diffraction!

- Time for
data combination,
global fits!
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HERA inclusive diffraction
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First step towards the data combination

Error weigthed average:

= before averaging, H1 points swum
to ZEUS Q?2 values with H1 fit B

= ZEUS normalised to H1 applying 13%
factor (see slide 36) = normalisation

uncertainty of combined data beyond 10%

= correlations between systematic errors

ignored so far

Hints at precision achievable through
combination: for many points errors at
3-4% level (excluding normalisation

uncertainty)

|
3 *XIPGrD(3)

(IR
o

10

10

10

X;5=0.003
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e weigthed average ZEUS+H1
— H1FitB
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-
-

P. Newman, M. Ruspa

10 10
Q% (GeV?)
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First step towards the data combination

D

(@]

o 10
Error weigthed average: x

™
= before averaging, H1 points swum 10
to ZEUS Q?2 values with H1 fit B
= ZEUS normalised to H1 applying 13%
factor (see slide 36) = normalisation )
uncertainty of combined data beyond 10% 1071
= correlations between systematic errors
ignored so far

10

Hints at precision achievable through
combination: for many points errors at 1
3-4% level (excluding normalisation
uncertainty)
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N
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|

Highlights

A wealth of inclusive diffractive data from ZEUS and H1: consistency
reached between different experiments, methods and data sets

Data ready to be combined and/or fitted globally!

Diffractive parton density functions available which can be used to
predict other processes

0 Inclusion of dijet data in the QCD fits provides a much better
constraint of the gluon density at high fractional momentum
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xp dependence of g.b(*)

FPS data

X,p0,0(4) (GeV™)
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W dependence of dodiff/dM,

ZEUS M, data
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> Low My: moderate increase with W and steep reduction with Q?

-> Higher M: substantial rise with W and slower decrease with Q2
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W dependence of dodiff/dM,

ZEUS M, data ZEUS
«FPC1 e FPCII
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Why is the high p gluon so poorly known?

0.02

fip5(X;p) - d 6,0@ / d In Q7

0015 -

e

=}

-
T

2

2

@
I

* H1 Data (x, = 0.01)

H1 2006 DPDF Fit A

------ Gluon driven evolution

---.-- Quark driven evolution

Sum

001

10 1

" Low p: evolution driven by g > qgbar,
Q? dependence of o, P(3)
sensitive to the gluon density

" With increasing p relative error on
derivative and hence on the gluon
density larger

= High p: evolution driven by q = qg

Q? dependence of g, () not
sensitive to the gluon density
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Combined fit
H1 LRG+dijet data
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See A. Valkarova's talk
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Proton dissociation @ZEUS: correction to My

P
i) Monte Carlo (PYTHIA) ZEUS
z ésooo(b)o
1 5 2000} .
" 2 samples of proton- | ool 9
dissociative data, one with | eroee—o .
LPS (“LPS P-DISS") and R 0.8 1
one with Forward Plug X,
Calorimeter (“LRG P-DISS") g 1
- coverage of full My o 08 (d)
spectrum 0-6F
0.4F
02f & 8Ty
b T
" PYTHIA reweigthed to 0 02 04 06 08 1
best describe Egpc and x, B
o 1
o 32 (©) « ZEUS LRG P-DISS
oal o ZEUS LPS P-DISS
02f ¥ e s a——-*---% — PYTHIA
0 ‘ --- Average fit
107 107
Xip
—> p-diss. background in LRG data R, = [25 +-1(stat) +-3(sys) 1%
- consistent with the ratio LPS/LRG
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> 25% correction applied to LRG data



HERA inclusive diffraction

® ZEUSLRG (M < 1.6 GeV)x0.87

H1 LRG

HLFicg (M« 1.6 6eV)

- H1 Fit B (extrapolated)

I
T + +{ B=0.267 (I=2)

: b
’
’

Py
B s jﬁj -{- B=0.433 (I=1)

é Towards X,,=0.0003
g HERA gé;‘ o
3 inclusive e
> diffraction! "

10

- Time for
data combination,
global fits!

B=0.667 (I=
» ﬁ{—{*

0)

10

10
Q’ (GeV?)
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DIS08, London, M. Ruspa 07/04/08

Towards
HERA
inclusive

diffraction!

- Time for
data combination,
global fits!

|
3 *X,p0,DG)

10

10

HERA inclusive diffraction

X;5=0.001

e ZEUSLRG (M < 1.6 GeV)x0.87
© HILRG (My < 1.6 GeV)

— H1FitB

-- H1Fit B (extrapolated)

s + ¢ p=0.08(=5)

Q‘-

’,
k4
4

. . ! @i{\ 3=0.13 (I=4)

’
4

§§ B=0.2 (1=3)
T ) +?é?'! ~

{ B=0.32 (1=2)
KR w3

ety '

3 9 o) <} §-Q [3=0.8 (I=0)

¢¢*}

10 10 2
Q% (GeV?)
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s Fit with BEKW parameterisation
S (Bartels, Ellis, Kowalski, Wustoff 1988)
I\
g
3 D(3) T T
d. I J:prfl = 07 'f‘ —"‘['.'f__ - ||I |-+t'-' 'JII' 16768
E\ 2 q4q i 14 b qq4 ZEUS
8 T g BEKW(mod): - Total ---(qg)} ..(qq) -.-(gqg)
< an —~ ,8(1_ ,8) g—’ i | ‘_ | ° 25G‘e\ﬁ
83 LLN i le =0.02 : 35(3e$ ]
% 2007 v 5o .
- T _ y ; 70(;:\/‘
FCI@ (1 ﬂ ) - X ?goec\:v’
0-06f & 190 GeV? 7
O 320 GeV?

L
an limited to p ~1

- Fit gives a good
description of the 427
data points FPC I + IT
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LISHEP 2009, M. Ruspa, 21.01.09

Q2 dependance of a

a,5(0)

=
w

1.25

1.2

1.15

11

1.05

0.95

0.9

ZEUS]:P

- Regge fit LPS+LRG —]

() T

I 2 _
A

LI |
® ZEUSLRG 62 pb™

O ZEUSFPC |
A ZEUSFPCII
O ZEUSLPS33pb™

Hfﬁhu*“‘ :

10 10 2
Q% (GeV?)

- 05p(0) does not
exhibit a significant
dependance on Q?
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M, method

— Slope(nondiff) ----- Const(diff)

W =37-55GeV

Events

L. hf

LISHEP 2009, M. Ruspa, 21.01.09

Wi,
S
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o 1

b, £

Ly Y \(,‘r'\;\,‘\vq‘#’

P :\r}ﬁﬁ\\i\
i e o i

R E\I; L

2 2
In M, * (GeV?)

aN . M2

" D, c, b from a fit to data

" contamination from reaction ep - eXN

—— Fit(diff+nondiff)
[ DJG [J SR+Rhop & Sang(M,, < 2.3 GeV) * D-PYT-Sang(E,. > 1 GeV)
W =200 - 245 GeV

Properties of M, distribution:

%

% - exponentially falling for

< decreasing M, for non-

_ diffractive events

% - flat vs In M 2for diffractive
 events

Forward Plug Calorimeter (FPC):

CAL acceptance extended by 1 unit in
pseudorapidity from n=4 to n=5

— higher M, and lower W

— |f MN >2.3 GeV depOSiTS Ech> 1GeV
recognized and rejected!

a7



