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Overview
* [nclusive Diffraction
« QCD Fits and Diffractive PDFs

 Diffractive Dijets and Factorisation

* Exclusive Central Production
 Beyond DGLAP
* Vector Mesons, Double Parton Scattering and DVCS

e Summary
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The HERA Harvest
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« The unique 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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The HERA Harvest
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« The unique 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
Proton

\E'eCtQ
- v 17%q)
xP
Quark _)_.
E

Q' =-q"=—(k-k) Virtuality / resolving power of the photon

X= ZQ— Momentum fraction of the struck quark
P9
Y= [)Z Inelasticity of the event
p ‘
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Deep-Inelastic Scattering at HERA

Electron - .'__

Proton sethe ||| UDJI‘
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Quark

Aol 2ma?Y. [ . oLyt 9.
. — = Folx,Q)7) — —Fr(x, Q"
Measure: 12dQ)? 2O ( 2(x, Q) L(xz,Q7)

 F, directly related to (PDFs) quark content: F, ~ x2e?(q+q)
Extract:
. dF_/dInQ? (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
Gap

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

Be prepared for the unexpected!
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Diffractive DIS Kinematics and Observables
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Experimentally selecting ep — eXp

I Forward/Leading Central H1 Detector
Proton Spectrometer

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

Low detector acceptance

P2 UNIVERSITY OF
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Experimentally selecting ep — eXp

I Forward/Leading Central H1 Detector
Proton Spectrometer

II Large -.:
Rapidity Gap

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

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

High detector acceptance — precision

P UNIVERSIT)
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Ratio of Leading Proton / Large Rapidity Gap

14 GeV?

— e ZEUS LPS/LRG --- Average fit
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P

3.9 GeV? 2.5 GeV?

7.1 GeV?

Q*=40 GeV?

The LRG data contains a sizeable
proton dissociation background
(esimated to be 24% at ZEUS,H1)

The ratio of leading proton
ILRG cross sections is
independent of Q?, x,,, B

LRG equivalent to Leading
Proton up to a normalisation
correction to account for pdiss

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(norm)]%
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HERA inclusive diffraction HERA Large Rap|d|ty Gap Data

_ %,5=0.003
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Factorisation in Diffractive DIS

QCD collinear
factorisation at

fixed x,, t } X (M)

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

dapartoni(ep — eXY) = fZD(xa Q27 rp,t) ® do.ei(x’ QQ)
Applied after integration over measured M, and ¢ ranges

4 UNIVERSITY OF
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Factorisation in Diffractive DIS

QCD collinear )
factorisationat W/
fixed x,, t } X (M, ) X
/
Protonvertex |
> " factorisation PR
- Y
(t) P N~ Y

QCD hard scattering collinear factorisation (Collins) at fixed x,, and ¢
dgpartoni(ep — eXY) = le)(gj, QQa rp,t) ® do(z, QQ)
Applied after integration over measured M, and ¢ ranges

‘Proton vertex’ factorisation of £ and Q? from x,,, ¢, and M, dependences

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

gg UNIVERSITY
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Proton Vertex Factorisation Tests

4 ZEUS
— L — B [
3& 8 1.2~ [
S 135  © ZEUSMX98-99 (2<M,<15 GeV) o - @ Fitwith (xIP('l:O,Qz) - 4 Fitwith o;(1=0,B)
I ¢ ZEUS MX 99-00 (prel.) (2<M,<15 GeV) g u B
13 ‘ 1475 -
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L1 .__;%.___ - ..___{__ﬁﬂ—__:t:{_ _______________________ I C N
105 | 1.0751 -
- 1.05 . F
s - H1 2006 DPDF FitA [
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« Measure the x,, dependence of the data as a function of gand Q?

* The proton vertex factorisation approximation holds within the
experimental precision

« This allows an NLO QCD analysis of the f and Q? dependences

v U NI\
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NLO QCD Fits
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5 . 0.2 04 06 0.8 02 04 06 0.8
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. . . 2) = - C 2) =
Gluon: 2 solutions, Fit Aand Fit B: | [Zg(2 Q") =Ag(1-2)79 || | 24(2, Q%) =Ag
"f "f UNIVERS TY OF
HCP 2009 @ Paul Laycock S 1 IVERPOOL 16



Comparison with diffractive dijet data in DIS

. ek ZEUS
"% 10f | 5<Q%<12GeV? | “% | 12Q%<25 GeV?
© o
2 . 2 2|
N%' ® ZEUS diff dijet DIS 99-00 - ®=. N% ""‘"!“_._
_ M122 + Q2 5& (1) ‘energysgaleuncgrtainty \ --e- 5& ?
Zip = M2 + Q2| ° | R
- 0 Ol;enormdlsjale dilplzndencng 1 - 0 0.‘2 014 016 0.‘8 1
p(P)  \ (/ -~ -~
> >
§ 1| S
ZEUS collaboration use similar o | - -
. . S — ZEUSDPDF S el B 4
procedure with improved heavy § ol zsorore 5 o ‘
~ 1 ~ 1
flavour treatment S m—— S | mmm———
Compal’e fltS tO diﬂ:raCtive d|Jet data 1902 04 06 08 1 1o 02 04 06 08 1
(sensitive to the gluon)

* Dijet data agree with DPDF C (constant gluon at starting scale)

Factorisation holds in diffractive DIS at HERA
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Comparison with diffractive dijet data in DIS

e(k’)

. ZEUS
% ol 5<02;12 cae\J/2 % 12<Q;<25 c;elv2
© 75| J—L‘_L © ;
2 2 % 2 L0 1
7o=Mp” + Q£ : =
P MX2 + Q2 s J—LLL s | |
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0 : : : : 0 : : : :
0 0.2 0.4 0.6 0.8 bs1 0 0.2 0.4 0.6 0.8 OI;‘51
pP)  \ [
% 25<Q;<50 G;VZ % 50<Q;<1 00 G‘.ev2
Inclusive data lose sensitivity S ! S Tﬂ
to the gluon above z~0.4 3 So2 Ne
3 0s $ 3 E ; i
0.1 R
Use the diffractive dijet data as o omsers
an extra constraint in the fit % 0z 04 06 08 1 % oz oa 05 08 1
Very good simultaneous fit of both inclusive and dijet data achieved
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New DPDFs from ZEUS
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The singlet and gluon are constrained with similar precision across the
whole kinematic range — The ZEUS results will be published very soon!!!

UNIVE TY OF

R 4 RS
HCP 2009 @ Paul Laycock S 1 IVERPOOL 19




2
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H1 Preliminary  \/ery challenging measurement, requiring very good
400¢ o Data understanding of the detector down to low energies
[ —MC + BG
300 BG ) )
: Photoproduction background estimated from the data
2001 Laty Ep = 460 GeV
o0l Reduced cross section measurements at three proton beam
[ energies, E;=920, 575 and 460 GeV normalised to E =920 at
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0.01 ;— X;» 6° H1 2006 DPDF Fit B 0.01 ;— X;e 6° H1 2006 DPDF Fit B 0.01 E— X, G6° H1 2006 DPDF Fit B
0.005 _ x,s F3 H1 2006 DPDF Fit B 0.005 _ x,s F; H1 2006 DPDF Fit B 0.005 _ X.» FS H1 2006 DPDF Fit B
0 N paaaal ob—— vl L +o1 31l L OE‘llllll L Lo aaal
10™ 1 10" 1 10" 1
B B B
=TT (&’'d UNIVERS ¥ OF
R ¥
HCP 2009 @ Paul Laycock S [ IVERPOOL 20



2
D D Y D
Y
+
005 H1 Preliminary
© © E,-920GeV Q=135 GeV?
~ 0.045
<ol . Ep =575 GeV X,p = 0.003
o 004 E -460Gev B =0.105
~ 0.035F
o :
o 0.03fF
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0.025}-
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|
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Rosenbluth plot (left) shows the three reduced cross section

v2/Y,

Xp FE (xlp, B, Q%)

H1 Preliminary F)

0.04 5
0.03 - .
C 2 2
0.02 Q° =13.5 GeV
- Xp = 0.003
0.01F
of 1
E H1 2006 DPDF Fit A H1 2006 DPDF Fit B
-0.01F —Xw FE ——Xp FE
- X By
_0.02 B 1 L L L1l 1 I 1 L L L L L L1 1
10 1

measurements from three beam energies at fixed Q% and 8

The measurements of FLD agree well with the predictions of NLO
QCD fits (H1 Fit A and B shown here)

Demonstrates the validity of NLO QCD applied to diffractive DIS
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Diffraction at hadron colliders

Single diffractive dissociation (SDD)

pp-[p +IP]+p->p X

§=1-p'/p, fractional longitudinal
momentum loss of proton

t=(p-p')>? four-momentum transfer
squared at proton vertex

M, = X? invariant mass of X
Double Pomeron exchange (DPE)
P, P, = [p',+ IP] + [p’, + IP] = p'; X p/,

Ell 521 tli tzr M

. o
P .
P

P —

IP = colourless
combination of gluons
and quarks with vacuum
quantum numbers

HCP 2009 @ Paul Laycock
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Exporting DPDFs to Hadron-Hadron machines

= S % COF data When trying to use DPDFs extracted at
0= I . . . ‘e
[ e HIfit3 E¥U25 7 GeV HERA to predict diffractive dijets at CDF
100;’ (Q%= 75 GeV?) 0.035 < £ < 0.095 we find...
It| <1.0GeV?
e ...a large suppression factor
10 £ iy

P
e LT
L T

. — H12006 DPDF Fit A Tl
01k e

- —— H12006 DPDF FitB
L 1 1 1 1 | | 1 l 1

0.1 1

p

Effect can be qualitatively understood in terms of a survival probability S, soft
Interactions induced by coloured spectators destroy the rapidity gap

If we want to understand diffraction at the LHC then we need to understand
the mechanism behind this in detail
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Factorisation tests at HERA

e’ (k) e’ (k) e’ (k) ' (k)

Use photoproduction at HERA to

I.L');;esct z | Resolved C]E mimic a hadron-hadron collider
hadron-lik&" ' More Z . The x, variable (photon
et 6 hadron-like, . 13 momentum fraction entering the
NS |, hard scatter) determines how
- o F hadron-like an event is

Expect Resolved events (low x,)
to be more suppressed than
Direct events (high x,,
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Factorisation tests at HERA

e (k) e’ (k)

Use photoproduction at HERA to

pirect o] ]! mimic a hadron-hadron collid
Lo Resolved ». 3 mimic a hadron-hadron collider
hadron-“ké" . More Z c The Xy variable (photon
et 6 hadron-like 13  momentum fraction entering the
erN S, *  hard scatter) determines how
- i g hadron-like an event is
ZEUS Expect Resolved events (low x,)
B o o Zeusanam posco | R to be more suppressed than
L | ZEUS DPDIJ:eSJYp (b) . .
E DPDF exp. uncertainty DlreCt events (hlgh Xy)
3 1.2 [ === H1Fit2007 Jets x 0.81 ]
-}
N ) i f s .% ...... 1 Study diffractive dijets in
o I t Ceenan T o 1 photoproduction and look at the
§ 08f~-f--" 1 ratio of data / theory
06— %2  0s o8 __1 Noindication of an x, dependence
XY
Dominating uncertainty from
renormalisation scale not shown
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E - dependence of the suppression
The H1 and ZEUS dijets in photoproduction analyses have different analysis
cuts on jet E; with ZEUS being at higher E;than H1
Look at the Data/Theory ratio as a function of the E; of the leading jet
H1 sees a suggestion of an Edependence of the suppression

ZEUS does not see an E; dependence in a smaller range of E;

H1 PRELIMINARY
H1 HERA 99-00 e+ Data/NLO-FR x (143, )

—+ H1 2006 Fit B - » - H1 2006 Fit A ZEUS
I " - T T T T T
| H1 2007 Fit Jets 72 e  ZEUS diff dijet yp 99-00 (b)
£ T T — ] w 20 ZEUS DPDF SJ ]
-« J E DPDF exp. uncertainty
o] 5 (=) | = === H1 Fit 2007 Jets x 0.81 A
Q . o | ]
< ] D 15[ —
- w - * .
- j N f ]
1 o) - -
5 1 2 1 -
© e Y S A
Q ] © I NSRS
C— - = . Fmmemmme=e
] ! ! ! !
8 10 12 14

14

) jet
E" (Gev) Er (GeV)

Dominating uncertainty from renormalisation
scale not shown in ZEUS plot
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Summary on Suppression Studies at HERA

The ratio of data / theory depends on many things including the DPDF set
used (H1, ZEUS, with/without DIS dijets, etc.)

It would be interesting to see the Tevatron plot (slide 23) as a function of E;

Most robust measurement so far comes from the double ratio of data/theory
for photoproduction/DIS where some systematics e.g. DPDFs cancel

1 Diffractive Dijet Production The double ratio does suggest an E-
[ H1 2006 Flt B DPDF dependence of S

based on H1 data from y
EurPhys.J. (2007) C51:549-568

~—¢— Thereis no evidence for an x,
@ dependence of S

-
o

—

Not understood!

o
[, ]

(Data/N LO),rpl(DatalN I—O)D|s

| Aside: Looking at the ratio of diffractive to
H1 inclusive dijet cross-sections suffers from
05' — 1'1 uncertainties arising from MI effects
E J**(GeV)
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Central Exclusive Production at CDF

- Fo=150+12% +«  DPE data (stat. only)
c . .

(2]
pl . O data g 6002 ex (stat. only) &I Ei)mxf CDF@®H1
J eT 500:— Best Fit to Data
Q < I S el
\ . 300: + E'Te'3<SGeV
JZT B signal i
200 ;
ke = fit 1005—
Exclusive dijet production observed at CDF o0z 040608 Lt
i )l X
Perturbatively calculable component in excess
of the inclusive diffractive background 8ol . Data corrected to hadron level
oredicted from HERA DPDFs * S R NG
=10 P —
3 "o, EXHUME
Data in good agreement with theoretical S=q0f +
predictions (KMR) and DPE MC | g 1[ }f
E 36<n <5
FaoocsCom s if]smo oty
Bolsters confidence in predictions for Central 020 30 %
Jet ET" (GeV)

Exclusive Higgs production
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Central Exclusive Production at CDF

CDF Run Il Preliminary

~
Q

Pi

2]
o

3 ﬂJ/W 286 352 = +66 events
- ||

Ly
(=]
T

Events per 10MeV/c®

Q Xc—d/pyty

Allow extra EM tower

H
[=}
L R

(]
(=]
T

P, i ¥(2s) 39240 = +1 event

N
(=]

ey
O (=]
I

Very rare decay observed at CDF 3 BT 55 33 34 38 56 57 38 36 4
M(u*w) (GeV/c?)

Rate in good agreement with theoretical predictions
Supports calculations of suppression for hadron colliders
Bolsters confidence in predictions for Central Exclusive Higgs production

Message from the Tevatron is that the suppression factor calculation works!

UN
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Events

Forward Jets with Rapidity Gaps at CDF

A¢ for MP, oMP_ jets with CCAL gap

, A .1 ,’ - .‘ AL =
O‘l Ty § Q5 Get k= —n=s @ CDF Il Prelimi
s SRAE - - relimina
- ::._—’,.‘._' . gap . : :,:,-.. O %“‘ BFKL NLL S4 . An=8S § 350: iminary
SRRy Hn e = o =
1.6 S 300: Jet 1
g 250:_ -1.1< ngap<1'1
10* ?CDF Il Preliminary n distribution 14 g -
= 200
i 12 = Jet 2 ’
1035— ) . 150
B 7 1 . :,"‘!’— i =
10° 100
- 08 . 50—
10 - Jet ET>2 GeV
8 from C. Marquet, C. Royon C | | | L
- o0 ] I Y T T ¥ S—
I~ : " 3 : .‘g B .
1L | | | | L arXiv:0704.3409 A¢ N’,en ¢,e12| (rad)
-6 -4 -2 0 2 4 n 6 0473 2 1 0 1 2 3
A¢

Large Rapidity Gap configuration means BFKL radiation is enhanced
Expect to see large azimuthal decorrelations of the jets

First attempt to look at this at CDF looks promising, although on edge of
acceptance with their forward detectors

LHC experiments well equipped with forward detectors = more sensitive

UN )
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3 and 4 Jet Events at Low x at HERA

v § 4 e 3 (or more) jet events an ideal testing ground to

_ see if DGLAP approximation (k; ordering of jets) is

g
% valid for all available phase space

Compare to NLO O(ag®)
calculation using NLOJET++

¢
% corr.error |

sl = 0O(a3)

s o(asz) .2%,

(4 L
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3 and 4 Jet Events at Low x at HERA

- 3 (or more) jet events an ideal testing ground to
1 - see if DGLAP approximation (k; ordering of jets) is
% valid for all available phase space
K> K
When asking that 2 of the 3 jets are forward, the
. discrepancy between data and theory increases

Compare to NLO O(ag®)
calculation using NLOJET++

2 forward jets + 1 central jet

o)
2
§_ )
2 : K
E NLO fails 3
© at low x
104% g(z(r)‘:;rror . - = 0(o?)
------ O(c2) e e O(0g2) |
- = 10~ T X

Q>
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3 and 4 Jet Events at Low x at HERA

\%y— o* 3 (or more) jet events an ideal testing ground to
. see if DGLAP approximation (k; ordering of jets) is

5 valid for all available phase space

Also test the Colour Dipole Model (CDM) which has

% no k; ordering

Compare to NLO O(ag®)

Compare to MC with (RG) and

calculation using NLOJET++ without k; ordering (CDM)
E‘- i g 10° 0%
5 NLO fails 5 | ™ CDM works
b \o .....
S atlow x = at all x
4| ¢ Data
% corr. error 10 #1 corr. error
4 O(o 3 — CDM (norm.)
1070 . 0822; 23% = RG d+r c(>norm.)
107 107° X 107 107
— PE’d UNIVERS ¥ OF
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Excluswe lefractlon at HERA: ep — ep VM

a f l 016—
S " W
-C/ 1025_ M CLODEOGDE O'mf('yp) = ] 2
o S 007 © ® pZEUS 96-00 (120 pb) Iy H1
O [ g PYE— " 18| 7 0 Zeusss
0 E ]‘ ) | o E(;z,yp — DP) ; 1.6 :jfl;fug p H1 HERA-1 (prel.)
()] ] ) 3 it s
(] ¥ Y y —_— o dr] DVCS ZEUS 96-00
(e} > d P, ' y 14 DVCS ZEUS (prel.) (28 pb™)
— n 0 0.22 - ’
c 'E e W5 12 il
T L o(yp —> ¢p) 5 *
— T Wo.s i 1 I ] l
10k o(yp —> J/W,// ) M “E 0.8 Q
7P § - V3 0.6 4 i = l
10_2=_ n ZEUS ;; ) = 0.4 @% ;
F e ZEUS (prel.) . (#
T o H1 , _} e ] 0.2
L[ HERMES P =7 % l W ] |
W Tedtareet 3 % 5 10 15 20 25 30 35 40
F Q2 =0 o(yp = T(1S)p) f%f Q*+M*(GeV?)
Y e e W(GeV)
As the VM mass increases, the process gets harder
As Q2 increases, the process gets harder
Many more features, all compatible with predictions of QCD, but no
single model can describe them all (sorry, no time to do this justice!)
i ! UN 5 Ty
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Diffractive high p+ photons

H1 Diffractive Scattering of y at large It

2 s5fF 1 H1 Dsta .
- - —— Wit 5=2.73 «**=0.28 . T
B " *) ™~)
T I LLA BFKL of%=0 14 Y S ,\f\f\
o [ —— LLABFKLGE=037 / VAVAVAVAVAY ! o
b» 4_ \__-. e vy
N SIGETIR)
- ::2, o -E:
3 | ' : 101 l:j:
. - S SOUGTTR
- - = b=
- el - (EO0ETT Y Ve
2 7 4<il<36GeV? p [/\{ a7
¥, <005 77 v ]2, ,,1 Y
v 7 ™ ~f
..........................
1 30 190 200 210 220 230 240

W [GeV]
H1 Diffractive Scattering of y at large Itl

Large t provides a scale for perturbative

10 o (BFKL) calculations
Q C —— I fir n=2.60
o - -meeee LLA BFKL afF=0. 14
2 i ----- LLA BFKL afF%=0.26
5— 102 3 \._:..;:‘ ‘ —— LLA BFKL aff¢.=0.37
L RE Very hard W dependence
e [ . 0.56
5 10F WO fit — § = 2.73 = 1. 02+0 78
C ¥, <005
L W =219 Gev BFKL prediction describes the data to
5 10 15 20 25 some extent

It [GeV?]
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Deeply V|rtual Compton Scattering

i S <, Extract a parton with momentum
oy ‘v py and reinsert it with p,
[ N VA \_E:: éﬁ S

Ly s = A fully calculable process

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

correlations of partons - GPDs

H1 DVCS Analysis HERA Il (e'p)

. E‘OO — e H1HERA Il ep (prelim.) H1
Q2 eVOIUtlon UDVCS Q4 b(Q2) ? 80;_ """ HéPHDEIF:lchIeI (Freund et al.)
Of GPD: S = 5 605_ -i .......... i_ .....
(1 + P ) 40 o - e g .?
20 :—
-~ _ L
Ratio of GPD to PDF: 3
_ ImA(y*'p — 7p) xS -
Im A(y*p — v*p) T S 4
1
ok L N
10 N
Q? [GeV?]

The data are well reproduced by the GPD model prediction
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Double-Parton Scattering: y + 3-jet

DP Type | DP Type I DP Type il SP  4p;
piet? P: o
\\XQ S XiF’, \— & jet1 T
'p | 7% f! B \L "
L (s AN jet3
St &
jet3 jet3 piet2
p’T P; pjen T
piTeﬁ p!';etZ T
Opp = Oy Oj/ Ogi
» 22 partons interact / hadron collision ~ 2
* Provides info on spatial distribution ‘g‘,osi DO Preliminary, L, =1.01 " E | DOPreiminary, L, =10 "
of partons in proton a ° 20p
. « 050 L
« May impact PDFs : | $ sk T
(] C F °
« Background to many rare processes : : |
« DP fraction drops from 0.47 + 0.04 in“* *°| . 0.
15 <pr, <20 GeV10 0.23+0.03in  °2 " ]
25 < pTZ < 30 Gev o1 from As:j i
- Effective cross section ~constant: 0% 16 20 22 24 26 28 30 "6 18 2 2 4 2% 2 W
averages to o, = 15.1£1.9 mb Py (GeV) T (GeV)
* In agreement with CDF Run | measurement
T (&’'d UNIVERS ¥ OF
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Summary
« A wealth of data from H1, ZEUS CDF and DO and no time to do it all justice

 HERA data shows is that diffractive DIS is understood in terms of DPDFs
extracted from NLO QCD fits to 5, 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 is not as well understood. Comparing to
predictions from NLO QCD, the data 1s consistent with
— No x, dependence, but a possible £ dependence

 Tevatron CEP measurements bolster confidence in calculations of .§

» Searches for effects beyond the DGLAP approximation show that other models
(CDM, BFKL-based) are more successful in some regions

— LHC will typically be at low x where these effects are expected to be significant

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

 DVCS measurements shed light on the parton correlations within the proton
— Double parton scattering cross section is large - important to understand at LHC

(4 L
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BACK-UP SLIDES FOLLOW
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Excluswe lefractlon ep —ep VM

-~ " LB N R ' T
Q - o. 16—
[ & W
.3; 102k M OO TOGD: Um(')’P) * __
C E =
o - . ]
2 e wo?
8 10 b Ell%‘wﬁn mE N _
2 nll;imu Rl Yp — pp) 3
0 ‘;(\ 1 / \ A (,?.)',E
a § % ol o(yp — wp) |
5 1 . 0 9.4 - @ WMZ‘E
_ I Wo‘s i
i M 3
: o(¥p = J/YP) e
i . S
10w ZEUS ; :; | o0 : E
- e ZEUS (prel.) - =
o H1 / YR
L« HERMES olyp —> ¥(25)p) 6
6L fixed target w- -
0 1 10 10° W(Ge\/)v

As the VM mass increases, the process gets harder
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A Closer Look at the High z Region

We have only singlet
quarks, so DGLAP
evolution equation for F,” ....

dFP
2 _ O‘S[P ®g + P, O]

dln Q2 27.’; 98 99

0.015

fipp(Xjp) - d 6,03/ d In Q°

-0.005

-0.01

0.02

0.01 — -

* H1 Data (x,, = 0.01)

H1 2006 DPDF Fit A

: ------ Quark driven evolution

------ Gluon driven evolution j

Sum

-2
10

— ‘
10 1

B

At high g, relative error on derivative grows, ¢ — qg contribution
to evolution becomes important ... sensitivity to gluon 1s lost
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Exclusive Diffraction: ep — ep VM

x10° —
g I S * ZEUS 120 pb™
0 012 | ®  H1'05 corrected :.5, . M, = 0.768 = 0.001 (GeV)
iy L 260000- r, =0.154 = 0.003 (GeV)
i) Ross-Stodolsky Model - 3
< B ?
g 0.10 : rel. Breit-Wigner € p 0 Jt +Jt -
o - - Breit- o —
>
"' ’\-[ 0.08 i Non-resonant Background W40000
- Pl 0 S
0.06 |- p —J T
i : 20000
0.04 |- PH P
0.02 |- f e A
i .~. L S ———— |
0.00
02 04 06 08 10 12 14 16 18 20 05 06 07 08 09 1 11 12 13 14
M, [GeV] M__ (GeV)
; Q L] | ] T 'l"" % L L L L L L LR
o
g H1 QC) J /11’ —u u A g ®  ZEUS (prel.) (410 pb™) .
-~ 100 o 3 [ | Bethe-Heitler
v -t =3
4 '06 E ‘:] e
(-Q © < 400} - 7
P M 21000 @ T ;
: .
o 50 < - Y — u u
500 200~ _
A 0 |
a _ Q T . A 3 2.8 3 3.2 3.4 3.6 A \ N
() l l()il l] Mlll([GeV] - 'i""i"“i‘“"E.:;i;uin=;."vﬂ‘;'w'x;i'i'é.l.‘1\\'
nhshe - S 5 6 7 8 9 10 11 12 1& ‘2(4;\,1)5
by (G€
my, [GeV]

Y
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ep — eXp

Experimentally selecting

ILPS/IFPS Il Large IIT M, method
Rapidity
— Slope(nondiff) - ' - Const(diff) — Fit(diff+nondiff)
' Gap » D-PYT-Sang(E,,. > 1GeV)
S ERELE DJG SR+Rhop £ Sang(M <2.3 GeV)

Measure Leading
Proton (FPS/LPS)

No proton dissociation

Measure the ¢
dependence

Low detector

Require Large Rapidity
Gap (LRG) spanning at
least 3.3 <y <~7.5

Kinematics measured
from X system, integrate
1] < 1.0 GeV?, M,< 1.6
GeV

W =200 - 245 GeV
Q°=7-10 GeV*

5% 2
....

-------
.......
---------
.........

[ : R L \
E ) ' NN AN
SRR R K T OAR KB
- NN R L ARG E AR :
! N oI
I o6 No»u»nty-’uo SERELHN T
. NI !
2 0 2 4 6 8

q.4.
TOT10 D00 et Tolatetets 4%e% fetetetetelete 1N ;
1 o S AR 04 R (o 0 a8 P et o KRR

acceptance . How do the three experimental
High detector techni 5
acceptance — precision ecnniques compare:
C&'d UNIVERSITY OF
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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

* ZEUSLRG (M,=M ) 62pb” © ZEUSFPCI(x0.83) ° ZEUS FPC Il (x0.83)

* ZEUS LRG (M,=M) 62 pb"'

o ZEUSFPCI(x0.83) o ZEUS FPC Il (x0.83)

§ 0.06 (=0.007 (1=0.015 (=0.047 £=0.143 [1=0.400 g .06 {=0.058 f=0.121 (=0.312 {=0.604 (}=0.859
ol o Ch - N>
2 0.04 # > o004 R & s
x %0 b 90 0 8 x ] % o
0.02 8 o %o *agm, o 0.02 f L .‘C 898, b | B
0 0
0.06 (=0.009 (1=0.020 (=0.062 [=0.182 [=0.471 0.06 [=0.072 [=0.149 (:=0.366 [=0.660 [=0.886
0.04 %’ ‘% 0.04 "%
. . LT S
0.02 $ ug %oy "'Qq., 0 Ve e 0.02 § % ¢ bo ”Oo % e
0 0
0.06 (=0.015 [=0.034 {=0.104 (=0.280 . [=0.609 0.06 [=0.091 [i=0.184 f=0.427 [=0.714 [=0.909
0.04 % 3 0.04 } 3
& b 0 (4] ' S
0.02 * % %da B‘. os da = 0.02 { % 53 % h ' '9 8
0 1 0 1
0.06 (=0.029 [=0.063 (=0.182 [=0.429 [1=0.750 0.06 [=0.118 [=0.231 [»=0.498 [=0.769 [}=0.930
o~ “>
0.04 % % s 0.04 3
* - (&)
0.02 ¢ o q'cs,,‘é LA % | n 0.02 & ) £8 8
d ¢ L
0 0 b
0.06 [=0.048 (1=0.101 (1=0.271 [=0.556 [1=0.833 - 0.06 [=0.174 [i=0.322 (=0.611 [=0.841 [}=0.955 ¥
> (]
0.04 . % 3 0.04 o
o o - o
0 %! 9% bde 3 %% o
0.02 Q{ $ 1 e 9% Nl 0.02 % 5% AT
. § o o ¢ o= ioﬂ 80| ©
10" 10%10" 10%10* 10%10* 100" 10? 10" 10%10" 10%10* 110%™ 100%™ 107
. X X
Overall agreement satisfactory P ?
Different x,, dependence ascribed to IR suppressed in M, data
HCP 2009 Paul L K Y T oo 44
aul Laycoc an r 3
y &7 LIVERPOOL



Q?dependence of ¢ PG ZEUS M, data

* ZEUSFPCI ® ZEUSFPCII

’gv? - BEKW(mod) Total
B’ p=0.005  p=0.025 p=0.125 p=040  p=0.70  p=090  p=097
[ 3 w
).05 / g
o [ £ x = 0.65
= 0 / - 2 -
x 0.05 o §
0 =
0.05 ”'/ -"/ A § ™
0 Nu._ ¢
. “dgrerrid
0.05 o o z -
/ #!/ e — —A— § 1 10 0° 10 i0°
0 o 0’ (GeV)
0.5 / oA | : g iy . S
) ol _* |74 F Large positive scaling violations up to
LI 7 WV P ¢ high-B values implies that the diffractive
. - . :
sl | - = exchange is gluon-dominated
0 et | e | e
0.05 : e
T e T o
o —* =4 At fixed 8 the reduced cross section
. ; i 3
. eI K B ] St Y A depends on X - these data seem to
0.05 i contradict Regge factorisation
o —af_ s
IS Ul TS (2 TS U1 S (e T (2 SRS U S Regge factorisation is only a useful
Q2 (GeV?) approximation but fits made thus far are

insensitive to this mild breaking
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e(k’)

Factorisation holds in DIS

— 200
'§_ 200 )
A =L H1 o H1
S 150} N- 150 —
o __m ke,
o [ 9
~ [ ) [
S ' I s S [ S ||
100 g ::l: e 53 1
sof £ 0000 Q|
M,,? + Q? ]
Z/p= 0- .|...|...|...|.i!_ PR ISR S (SN S SR T S S MU N
M,? + Q? 0 02 04 06 08 1 0 02 04 06 08 1
—$— H1 data Zp -$- H1data Zp
--------- H1 2006 DPDF Fit A === H1 2006 DPDF Fit B

Atlow z, (< 0.4) Fit Aand 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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DPDFs from H1 and ZEUS

ZEUS

—
X 2 _ 2

o.oak Q=6 GeV R
[ — ZEUS (prel.) DPDF C incl
[ — —ZEUS (prel.) DPDF C incl FFNS
- =« H1-20068 x 0.81

zd

T
1 T

o F
N 0.0af

0.03
0.02

0.01

zg

L LI L LR B L

] 2 _ 2
N 0.0a Q“ =200 GeV g
0.03[ ]
AN ]
0.02F .
0.01f \

o et 1 el | -

0 02 04 06 08 _1

-

—— ZEUS (prel.) DPDF C incl
i — —ZEUS (prel.) DPDF C incl FFNS
- == H1-2006B x 0.81

[ Q2% = 6 GeV?

ZEUS

=]
N

zg

o Lackale

T T

-

-

3

0.4

0.2

LENNL I B L B N B NN B

-
.

-
¢

0.6 1

0.4

0.2

LI R S B B B B N B B

The ZEUS data are the Preliminary version, this comparison will be updated
with the published data very soon
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