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Overview

* [nclusive Diffraction at HERA

« QCD Fits and Diffractive PDFs

 Diffractive Dijets in DIS

 Diffractive Dijets in Photoproduction
 EXxclusive Vector Meson Production and DVCS

¢ Summary
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The HERA Harvest
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Days of running

 The uniqgue HERA machine collided 27.5 GeV electrons/positrons with
protons of 460, 575, 820 and 920 GeV providing 0.5 fb-! to H1 and Zeus

* Precision tests of QCD and a PDF machine in exactly the right range of
parton fractional momentum for LHC experiments

« The final precision analyses of HERA data are underway now
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Deep-Inelastic Scattering at HERA

%

e(k)

Proton
-

Quark
Q' =—q’=—(k-k) Virtuality / resolving power of the photon
X= ZQ— Momentum fraction of the struck quark
P q
_Pq .
Y= ¢ Inelasticity of the event
p i
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Deep-Inelastic Scattering at HERA

Electron -
; & Proton _mell ][| — I
y : :j : 1
Quark __-“ _
. | : | EJE
Measure: 3?‘:’15{; _ 2?*;’53’_ (I'igf_.;'.ffj -~ %1";,(.;*.('3'3))

. [, directly related to (PDFs) quark content: F, ~ x>e?(q+q)
Extract:

. dF,_/dInQ7 (scaling violations) sensitive to gluon content

 F, only non-zero in higher order QCD —independent
access to gluon density and QCD dynamics
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Diffractive DIS: ep — eXp

Large Rapidity L
Gap B
P €

Unexpectedly (in 1990) we saw that in 10% of DIS events, there is
a large gap where there are NO particles produced between the

struck quark and the proton

Diffractive DIS was born - electron-Pomeron scattering

! U
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Diffractive DIS Kinematics and Observables

e
r = xpi Q2 = STy
\
B =
Q%+ M% y X (M)
2 M2
T p gQiW?g Large Gap in Rapidity

} Y(M,)

Yy =1+ (1-y)? (t)
. 4 _ep—eXp 2 4
Cross section: did%)zdazlpdt: ‘:54 Y, o D( )(x 02, xp,t)
2 D D .. _D(4
D(4) _ FD(4> }g-{—FL (4) o (3) — fin]z-zn o ( >dt

L4 YN
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Experimentally selecting ep — eXp

I Forward/Leading Central H1 Detector
Proton Spectrometer

78/
{

,fs'ﬁé‘ ‘lIIIIIIIIIIIIIIIlll...................' ..:
V" pz=64,z=80m '

Pl ]
7 .
L & |

Measure Leading Proton (FPS/LPS)
No proton dissociation (pdiss)
Measure the # dependence

Low detector acceptance
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Experimentally selecting ep — eXp

I Forward/Leading Central H1 Detector
Proton Spectrometer

II Large . X
Rapidity Gap

pz= 64,z = 80m | 'é

Measure Leading Proton (FPS/LPS)  Require Large Rapidity Gap (LRG)

No proton dissociation (pdiss) spanning at least 3.3 <z <~7.5
Measure the ¢ dependence Kinematics measured from X system,
Low detector acceptance integrate |¢f| < 1.0 GeV?, M, < 1.6 GeV

High detector acceptance — precision

. PXd UNIVERSITY
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Ratio of Leading Proton / Large Rapidity Gap

6 ® ZEUS LPS/ILRG _ --- Average fit
5 o o ™ Iy The LRG data contains a sizeable
~ o . . g
o N b +-+--4-4a  proton dissociation background
% 0 e —r — . (esimated to be 24% at ZEUS,H1)
o 0
-l R P ISP N
b 0
p-o0ts bo.056 protes o s The ratio of leading proton
1 o . =
e bt ttesg i i-it0 s ] RG cross sections is
0 3=0.037 =0.104 =0.280 3=0.609 N independent Of QZJ XIPJ B
>
L) P T I— L T T B - IR
0 = =0. =0. =0. o~ ] L]
o o e - : LRG equivalent to Leading
1 . .
-------------- st Ee-i-i-45 8 Proton up to a normalisation
€] . .
ST 7 w7 w® w® w? w o2  correction to account for pdiss
Xip

ZEUS LPS /ZEUS LRG =0.76 +-0.01(stat) +0.03-0.02(sys) +0.08-0.05 (norm)
- pdiss background in LRG data: [24 +-1(stat) +2-3(sys) +5-8(horm)]%
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HERA inclusive diffraction

X,,=0.003

* ZEUSLRG (M, < 1.6 GeV)x0.87

H1 LRG| (M < 1.6 GeV)
H1 Fit B

H1 Fit B (extrapolated)

e B ° B=0.027 (I1=7)
g’

I
(4
’

; ;”'}}_ B=0.043 (I=6)

I
I

/ B=0.067 (I=5)
90?5 §

oﬁ,’

,"' {ro'—t-i p=0.107 (1=4)
® ! Sn"§
(y-—u’n“ p=0.167 (I=3)
. 4 =
p=0.267 (I=2)
n .’{(ﬂrﬁ‘
M R

3=0.667 (1=0)
_________ P ; [} .n. L }!

10 102

Q% (GeV?)
Good agreement between H1 and ZEUS
(ZEUS scaled by 0.87, covered by normalisation uncertainty)

HERA Large Rapidity Gap Data

I
3"x,,6,03)

10

10

10

HERA inclusive diffraction

X,5=0.01

® ZEUSLRG (M, < 1.6 GeV)x0.87

HILRG (M, < 1.6 GeV)
H1 FitB

H1 Fit B (extrapolated)

E..Q B=0.008 (I=10)

’
’

s $=0.013 (I1=9)
%é—

, ‘}L B=0.02 (I=8)
9”“

0.032 (I=7
o ey pe00(e
- 2 0.05 (I=6)
"l n =U. -
, 0 '_.,.—ro‘*'g‘
o B p=0.08 (I=5)

R, L
o © .’.9
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- 3=0.2 (I=3)
4 m

""_'.“ p=0.32 (I=2)
gl 00 o 0 ¢

______ B=0.5 (I=1)
_______ L - 3
_____________ B p=0.8 (I=0)

o ©
\D'ij?ﬁ
10 10°
Q2 (GeV?)
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Factorisation in Diffractive DIS

QCD collinear
factorisation at

fixed x, t

(t)
QCD hard scattering collinear factorisation (Collins) at fixed x,, and ¢

dapartonz'(ep — eXY) = fZ‘D(xa QQ’ rp,t) & do.ei(m’ Qz)
Applied after integration over measured M, and ¢ ranges
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Factorisation in Diffractive DIS

QCD collinear
factorisation at

fixed x, t X (M) X
Protonvertex ||
> Y v factorisation PR
——
Y
(t) P N~ .

QCD hard scattering collinear factorisation (Collins) at fixed x,, and ¢

dapartoni(ep — eXY) = ff,;D(xa QQ, rp,t) ® do.ei(x’ Qz)
Applied after integration over measured M, and ¢ ranges

"Proton vertex’ factorisation of f and Q? from x,;, ¢, and M, dependences

[P(x,Q% xp,t) = fp,(zp,t) - [17(B=",0Q7)

. !! UNIVERSITY
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Proton Vertex Factorisation Tests

4 ZEUS
~ o o~
% S 12f . F
B 135 © ZEUSMX98-99 (2<M,<I15 GeV) o r @ Fit with aIP(t=0’Q ) - A Fit with a.p(t=0,[3)
i ¢ ZEUS MX 99-00 (prel.) (2<M<15 GeV) 8_ B B
131 ‘ 1175 —
® ZEUS LRG 00 (prel.) (2<M<16 GeV) -
125 1.15 :— :—
al 1 125E [ SIS 1
- % =A<0 {:+_,_+_ , | | |
115 + %% C [ CE = ‘T T
HEnargmengndl s Bl I F
L1 ‘++ _‘%_—"H=++ _______________________ I - -
1.05 |- 1.075F -
1 1.05[ A F
. C H1 2006 DPDF FitA [
095" 1.0250- [ (exp. error) 2
09—l e : [ - 1
10 10 2 3 -2 -
Qz(GeVz) 10 10 Yy 10 5 10 10
Q° [GeV ] B

« Measure the x,, dependence of the data as a function of g and Q?

* The proton vertex factorisation approximation holds within the
experimental precision

« This allows an NLO QCD analysis of the 8 and Q¢ dependences

i - P24 UNIVERS Y OF
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NLO QCD Fit Example H1 2006 DPDF Fit

Nc. Slnghlet ?G eV?
N
= 8.5
N
X 20
90
0Q?=8.5GeV? (and M, >2 GeV, B =0.8)
: 800
* Fit a,,(0) (x,» dependence).
* Fit 5(4) parameters of DPDFs (fand | oL . e o P
5 ) 0.2 04 06 0.8 02 04 06 0.8
(O dependences) using NLO QCD z z
: 5 B C H1 2006 DPDF Fit A —— H1 2006 DPDF Fit B
Slnglet: z2(z,0p) =4,z "(A-2z)"" I (exp.error) |- (exp.+theor. error)

(exp.+theor. error)

Gluon: 2 solutions, Fit A and Fit B: 24(2,Qp%) =Ag(7'z)cg 2,(2,Qy°) = A,

i A4
Moriond QCD 2009 @ Paul Laycock S 11V ERPOOL 15




Combined fit of dijet and inclusive data

H1 d t 2 Bg Cg le =0.01
ata Z4(2,Qy%) = Agz79(1-2) =
[a]
—— H1 2007 Jets DPDF Y i bl 2ata
i X — H12007 Jets DPDF
E H1 29 < oz+p'T2je“ < 50 GeV? 2 103L H1 2006 DPDF Fit A
gt 8. 50013, im0 -~ H1 2006 DPDF Fit B
21t i
< I - B=002,i=8
o 2
N0 10 “
F I e %5 (=0032,i=7
g 2} i '
2 F e e pe0.05,is6
N 1[
% ; 10 | — .
'UO' PN BN RN SRS IR SPTENENENE | SN e WIEOO&I:S
[ 2 2 2 5 .
1k B0/ QD= 100 GBY M‘,.fr—v-"“—‘ B=0.13, i=4
; 1 E f i =
0.5 W p=0.2, i=3
of e B0
03f 457" T T -
- p=08,i=0 M
£ ; | | | |
10 - 2 — 3
Zp 10 10 10

Q? [GeV?]
 The diffractive dijet data can be used as an additional constraint in a NLO QCD fit procedure

» Details similar to the inclusive case but can now constrain 3 parameters for the gluon

Very good simultaneous fit of both inclusive and dijet data achieved

: P&d UNIVERSITY OF
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Combined fit DPDFs from H1

https.//www-h1.desy.de/h1/www/publications/htmlisplit/tDESY-07-115.long.html
— H1 2007 Jets DPDF

o) O
: ‘a,‘ c
I exp. uncertainty o S
= G
exp. + theo. uncertainty Ki N
----------- H1 2006 DPDF fit A
""" H1 2006 DPDF fit B
i - B C
Singlet: |z2(z,0;) = Az7(1-z)""
Gluon
2) = C
Fit A: [ Za(2Q0) A1 | 4 5
I c
Fit B: | 22 Q) = A, : ;

Jets: | 24(2.Q2) =AzZB9(1-2)% |

The singlet and gluon are 003
constrained with similar
precision across the

whole kinematic range

SITY OF

. P4 U NIVERS
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Exporting DPDFs to Hadron-Hadron machines

o C
o= [ o Hifit2 -+ CDF data
ol e EfE>76eV When trying to use DPDFs
- (Q@=75GeV) °'°35<°~g 0\}295 extracted at HERA to predict
S HetoGe diffractive dijets at CDF...
10 3 N M.WN""""-V .
... it simply doesn’t work!
1 L
0.1 _ — H1 2006 DPDF Fit A *—»*
I H1 2006 DlPDF FitB \*
0.1 1
p
If we want to understand Diffractive
Higgs production at the LHC then we
need to understand why that is
Moriond QCD 2009 @ Paul Laycock & [ VERPOOL 18



Factorisation tests at HERA

e’ (k) e” (k) e’ (k) e (k)

Use photoproduction at HERA as a

Direct 2 ] hadron-hadron collider
Less Resolved Rt
hadron-like" i i How hadron-like the photon is
adron-iiKe More g, . depends on the x, variable
Rapidity Gap hadron-like, ]:
o NE S P | m * Expect Resolved (low x )to be more
- P > suppressed than Direct (high x,,

i ¢ P&Xd UNIVERSITY OF
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e (k)
Direct

Less
hadron-like"

Factorisation tests at HERA

e’ (k)

Resolved

More i
hadron-like,

p(P)

H1 Diffractive Dijet Photoproduction

¢ HiData  H1 2006 Fit B DPDF
FR NLOx(1+5, )

[ correlated

[y
o
(=]
o

do/dzie* (pb)
[
S

do/dxiets (pb

[=2]
[=]
o

0.2 0.4 0.6 0.8
jets
Zp

uncertainty — FRNLO

Y

[y
[=]
[=]
o

TT—

~
o
o

jets
xv

H1 saw that the cross section was
suppressed in photoproduction, but

independent of x,

hadr. corr. dt“ra'd){;m3 {data/NLQ)

Use photoproduction at HERA as a
hadron-hadron collider

How hadron-like the photon is
depends on the x, variable

Expect Resolved (low x )to be more

suppressed than Direct (high x,,
ZETUS

- 112006 A, AMG ix 0.87]

T T
ZELS 7T ab” (a)

7FUS PS, GRV

412008 &, (G3V (D87 o .

41 2006 B, G3Y (# 9.67) / i ZEUS SaW
A 1 consistency with

no suppression but
did confirm the
absence of

__*{—= dependence of x,

| 06 08 1.0
x9bs
4
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ZEUS - W.Slomiiisk E_ dependence of the suppression
' H1-2006-B, GRV

NLO ‘P P S analyses have different analysis cuts on jet
0.8 _; ET with ZEUS being at higher ET than H1
8 "’ ’ £, Gev) Looking at the Data/Theory ratio as a
e emamn s  function of jet E; suggests that there is an
S St Edependence of the suppression

........................................

.
—r
T

(Data / Theory)

4 UNIVERS
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ZEUS - W.Slomiiisk E_ dependence of the suppression
' H1-2006-B, GRV

data 12 4 o l The H1 and ZEUS dijets in photoproduction
NLO ‘P P S analyses have different analysis cuts on jet
08 _; e ET with ZEUS being at higher ET than H1
8 10 12 14

ElGevl L ooking at the Data/Theory ratio as a
H1 PRELIMINARY . . .
1 HERA 9900 os Data/NLO.FRx (143 _ ) function of jet E; suggests that t_here IS an
S bt E - dependence of the suppression

= H1 2007 Fit Jets

= [T U
e H1 Diffractive Dijet Production
= osf o 1.5 — .
P S [ H12006 Fit B DPDF
© - | based on H1 data from A
Q = Eur.Phys.J. (2007) €51:549-568 -
S| —
g /
= A
9 'J:::;
The suggestion of an E- dependence is even £ ;5 + |
stronger when looking at the double ratoof &8 | ' |
Data/Theory yp / DIS where some systematic | H1l
uncertainties cancel 0 e E—

jetl
E *"(GeV)

. / A’d UNIVERSITY OF
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Exclusive Diffraction: ep — ep VM

- n L LN L LR L
Q i 0.16-
1 - 3 - m w -5
-C-" mig_ MZ}'MEM“ Umr('}’F") _§
o e 0.27]
(= III:'f:'-"ri'f.% o W
o s \*‘{%'-;'w&
o °F i'::=|:I-u " e |'gll!-':z?l:’ll —> Pp)
i ":: ! 1 y L2
g i:: ol { ,#'l'.z —_ 'rul' “"ﬂ ’s
G 'F " - ’ 3
! ﬁ’i : U(’}’P - ¢P) .
T Woe
10k =
o(yp = J/wp},us“ﬂ:'ﬂ!!!
_;_ g 3 0
10w ZEUS - -1 =
F e ZEUS (prel.) o :
m] H1 Fd R ey %
L~ HERMES olyp — ¥(25)p) 1.6
L fixed target W 2 6
Q2 =0 o(yp = T(1S)p) #%i G~W
1 1 10 107 W(GEV)

As the VM mass increases, the process gets harder

. P&X’d UNIVERSITY
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Exclusive Diffraction: ep — ep VM

a C o 0161
3 i . W
= ot s - ccoommonss GTS) o . . 7
o E : 0.225 o ® pZEUS 96-00 (120 pb™) Jhy H1
G ik A W 18 7 P iovees DVCS i HERAT
E o E_ i' o, o o E EE:E,;P — PP) E 1.6 : .dl)/iEzl]IESUS o H1 HERA-1 (prel.)
1)) B ] 1. 4 DVCS ZEUS 96-00 B
g L ; . Wu.zz_g 15 DVCS ZEUS (prel.) (28 pb™) -|-
: } ﬁl o v o o(yp = ¢p) . , l 1 I N
; i WU.B | |
T w2 L !
Wik m %EH%{: § : :i A . - _; 0.4 g% 4
oMl 3 ] 0.2 js
L[ HERMES W' ] E
0Ty fed target E % 5 10 15 20 25 30 35 40
E Q2 = 0| op = T(1S)p) f%f Q*+M*(GeV?)
1° 1 | | - I1||'.'I | | — I1|3I2 IW(IG;eV)
As the VM mass increases, the process gets harder
As Q? increases, the process gets harder
Many more features, all compatible with predictions of QCD, but
no single model can describe them all
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Elastic p and ¢ production in DIS

Transverse

H1 p and ¢ electroproduction (preliminary)

Longitudinal

H1 p and 4 electroproduction {(preliminary}

E1°35_|| TT] _: 3103_” T T LI | _:
N vp-opp 1 € N VP = PP 3
- - e H1HERA-1prel] e H1HERA-1 prel]
© 102 4 © 102l 1
: ~— GK(GPD) ]
C — INS (k, fact)
10 ¢ 3 10 ¢ — MPS (Sap 3
1 E E 1 =
3 TLP—4dP \ TP =P
; - 4 HiHERA-1 prel. 1 [ 4 H1HERA- prel
10 L — GKI(GPD) ] 10 L \ ]
E W=75GeV — NSk fact E W=75GeV V]
oL = € — MPS (Sap ] i = € ‘
10 L UEEEE 10 b
1 10 1 10
Q%+M? [GeV?] Q%+M? [GeV?]
) "f ? UNIVERS TY O F
Moriond QCD 2009 Paul Laycock AR P 5 25
y &7 LIVERPOO



Elastic p and ¢ production in DIS

Spin density matrix elements

Transverse

H1 p and ¢ electroproduction (preliminary)

Longitudinal

H1 p and ¢ electroproduction (prellminary)

1 I‘: FIEI‘: 0.1 r?li r:'u 51035_" N "r'*:lLP—)ppl_E E‘wa?‘l | N\, o ":"‘*ITP—MJPI_;
T — T 1 F T 1 T 3 L E T T 3 1 L L b E 3 — F 3
0s :_ ___.l_,_ 0.1 3 . 3 005 z_ _; 02 :— _: b-|102;— ® H1 HERA-1 preE b|_102;— ® H1 HERA-1 prel_;
=L T 7] - - . F E — GK(GPD) ]
:M ] 0 fg&'lﬁ """" B 0 ﬁs"‘ﬁ' ¢ 7 0 ﬂ}‘ﬁ'i"__ — INS (k, fact)
06 [» - C ] oosE L 3 - ] 10 ¢ E 10 ¢ \— MPs (sav 3
N 01 E R R SR ] 02 7 ]
0 20 0 20 0 20 0 20 1 b ppop W\ 3 1 F ppoip 4
I‘:1 Re r:n 03 r:IH 015 Im I'?u 4 4 H1HERA-1 prel. oo | 4 4 H1HERA-1 prel.
] Fr 13 B M 10 = 4 10 b 4
021 i__ 01+ ERLE ’i 4 01 E W =75 GeV e W =75 GeV ‘N
- o ] n_-lf_ - _ _E 0.05 = '2_,| L L ,,,,_ '2_,| Y
0 ﬁiﬂ 54 ° ?Iéi_ o|E A R @ ié 3 T 10 0 10
02| S ek 3 o 3 |! JoosE & . 3 Q24+M? [GeV?] Q%+M? [GeV?]
0 20 0 20 0 0 Mo 20
Im ry, "ao 2 Rerl, . :
e W | NE 13 s-channel helicity conservation
= r ] RN = e =
F § - ] ; ] ; ] . :
01 fF Eﬁ* 5] 02 gﬁ 8] ° %'E“'i o 015 1_;!;;\\: IS violated
A El Y. 1)00s 1 af 0 o
R R e | [ e .
0w o___ 20 o I The GPD model describes the
My 005 Imr,, Imr,_, I suct d t t t t
T — - L — ™] T T T ] p eleciroproducton
E'SZ; I E C IE ] 005 Ii -] {preliminary) a a O Some eX en
02 F 9 01fF - r
0 % .73 E L85 4 o[§2-s—] ® HiHERA-1 prel.
002 [} : 3 015 :ﬁfx"” E ﬁg ] o ZEUS
VME, 3 b 1 3ME 1 —ckiePD
0 20 ] 20 0 20
Q? 1GeVA
. B "f’? UNIVERS Y OF
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Diffractive high p; photons

H1 Diffractive Scattering of v at large It

= }r H1 Data

- —— Wit a=2. 73 aF=0 26
I— LLA BFKL off—0 14
— LLA BFKL ofF=0 37

=" 4 < Itl < 36 GeV®
Y < 005

19(] 2{]‘.'} 21[} EEI} 23[} Eflﬂ
W [GeV]

H1 Diffractive Scattering of y at large It

— 10 E
- E % i H1 Data
@D - T W n=2 60
O i ----- LLA BFKL cBF.=0 14
8 - LLA BFKL ofF%-=) 26
= 10°F — LLABFKL 0,37
2 °F

=T

T L

=
= L

- vy <0.05
W =219 GeV
1 = | [ I |

Large t provides a scale for perturbative
(BFKL) calculations

Very hard W dependence

Wit — § = 2.73 4+ 1.027,28

BFKL prediction describes the data to
some extent

Moriond QCD 2009
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Deeply V|rtual Compton Scattering

i - =___,:f=-f Extract a parton with momentum
v f e py and reinsert it with p,
! ;,I. PVAYAY - ::;
Ly s = A fully calculable process

— @p—° '— @ sensitive to the transverse

correlations of partons - GPDs

H1 DVCS Analysis HERA Il (e'p)

2 . *‘Emu ~  ® H1HERAIlep (prelim) H1
Q eVOIUtlon a Qril b(Qg) 7 BI];— ----- HI;Pl-IIJEElﬁdlE:I {(Freund et al.)
of GPD: s = \/ DvcCs : Eﬂ;— ii
(1 + P ) :2; n'ﬁﬁf‘?
Ratio of GPD to PDF: 5 ]
_ ImA('p — p) 3 ;
Im A("]{*p — ’}’*P) 2F R 'Q'i
1F
ﬂ I1I'5' o Illlllmz
Q? [GeV?]

The data are well reproduced by the GPD model prediction

. PXd UNIV
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Summary
A wealth of data from both the H1 and ZEUS collaborations

* Proton vertex factorisation is a good enough approximation of the data to allow
extraction of DPDFs from NLO QCD fits to 8, O’ dependences of inclusive data

« Diffractive dijet data in DIS agree well with predictions of fits to inclusive data

— Combined fit to inclusive and dijet data constrains both the quark and gluon PDFs to
similar good precision

« Diffractive dijet data in photoproduction show evidence of a suppression wrt
predictions that 1s consistent with

— No x, dependence
— An E, dependence

* Vector Meson production consistent with predictions of QCD, but no model
capable of explaining all of the features

« DVCS data show sensitivity to GPDs

Moriond QCD 2009 @ Paul Laycock & [ VERPOOL 29



BACK-UP SLIDES FOLLOW
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The Pomeron

80 —— . — . S S

o | Pomeranchuk proved that, for any
Hn . process that involved the exchange
Fl — pBA
- of quantum numbers, the cross
section o would decrease with s
a0
{S.K Early data bore this out...
A0 i‘?m
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The Pomeron

v | ; Pomeranchuk proved that, for any
b)) o e process that involved the exchange
70 - pBARp: 21.70s"9"+98.30s % /
2 7PN L BQ N8y VA ; // | Of quantum numbers, the CrOSS
R / section o would decrease with s
60 | /
ggx e But at high energy (large s) we saw
S N gﬂiﬁf’ that the elastic pp scattering o
40 = EErLE . !
Wy ¥ actually increases with s
| ()
- 6 10 100 000

Vs (GeV)

This process must be described by vacuum quantum number exchange

Pomeron is the name given to this exchange
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A Closer Look at the High z Region

NO 0.02
. C
We have only singlet - « H1 Data (x,, = 0.01)
quarks, so DGLAP & 005 -
(m]
evolution equation for F,P .. .. G
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2 o) qg qq P I Y
" H1 2006 DPDF Fit A
mm< + -0.005 I Gluon driven evolution
I Quark driven evolution {
i Sum |
-0.01 -
10 10 1

At high g, relative error on derivative grows, g — gg contribution
to evolution becomes 1important ... sensitivity to gluon 1s lost
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Compare to diffractive dijets in DIS
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Exclusive Diffraction: ep — ep VM
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Experimentally selecting

ep —> eXp

ILPSIFPS Il Large X IIT M, method
Uy el Rapidity
TN m&@\\%ﬁi’j \ G TERL — Slope(nondiff) - - - Const(diff) — Fit(diff+nondiff)
o T @2 ap ‘ » D-PYT-Sang(E,,. > 1 GeV)
—W RS e DJG [ SR+Rhop B Sang(M, <2.3 GeV)
Y4 / ':??f'f I
A 5 103 W =200-245 GeV
5 FQ=T7-10GeV
102 Fit: D+ c et 2
Measure Leading Require Large Rapidity ' e
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Measure the ¢ Kinematics measured { T TR : 3-\\%;\\\\:5 7
devendence from X system, integrate 2 0 2 4 6 8 10 12
P 1] < 1.0 GeV2, M, < 1.6 In M, * (GeV?)
Low detector GeV
acceptance High detector :—Iovhv d_o the three ex;;erlmental
acceptance — precision echniques compare:
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ZEUS LRG vs ZEUS M,

M, data (M < 2.3 GeV) normalised to LRG (My=m,): factor 0.83 + 0.04
(determined via a global fit) estimates residual p-diss. background in M, sample
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Overall agreement satisfactory P P
Different x,, dependence ascribed to IR suppressed in M, data
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Q?dependence of g PB®)ZEUS M, data

* ZEUS FPC | ® ZEUSFPCII
- BEKW(mod) Total
$=0.005 p=0.025 p=0.125 p=0.40 B=0.70 $=0.90 B=0.97

8 wn
A )05 z
& . < | : F, x=0.65
x&).os wﬁ/ s % !
0 [—]
0 ﬁ/ / e é N
0 =) .\.:..M- § (L
0.05 A g i b
0 / ﬁﬁf/ I el 1 0o w07 10’ 10"
& Q" (GeV™)
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0 ll — =% Large positive scaling violations up to
s | | w m wn | & high-B values implies that the diffractive
s - - exchange is gluon-dominated
. wﬁ’/ T | e | s | e — <
0.05 ; 3
aaﬁ/ M/ w#;-.’ e | . ; ©
oos — \'hg At fixed 8 the reduced cross section
0 — | —*|—=~|———.—« . depends on x,; - these data seem to
003 i contradict Regge factorisation
0 Tt X
1o10f w0’ w1t it 't it 1 Regge factorisation is only a useful

Q*(Gev?)  approximation but fits made thus far are
insensitive to this mild breaking
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- Remaining normalisation difference of 13% (global fit) covered by uncertainty
on p-diss. correction (8%) and relative normalisation uncertainty (7%)
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ZEUS LPS 33 pb”

X,pdepenaence or 0 -
Leading Proton data

— Regge fit LPS
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e(k’)

Factorisation holds in DIS

H1 2006 DPDF Fit A
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H1 2006 DPDF Fit B

At low z, (< 0.4) Fit A and Fit B are similar

The data are in good agreement with the predictions, consistent with factorisation
At high z the data clearly prefer Fit B

Include the diffractive dijet in a combined fit with the inclusive H1 LRG data
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