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HERA collided 27.5 GeV electrons or positrons with protons of 460, 575, 820
and 920 GeV providing 0.5 fb™ to H1 and Zeus between 1992-2007
— Final precision data analyses are being delivered
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Deep-Inelastic Scattering and Diffraction E

. 2\ — Yy
Inclusive DIS o.(x,0°)=F, v Iy O’ Photon vituality
x Bjorken-x
W Photon-proton cms ener
ZEUS p gy
' ' o(K) W=02 (1/x-1)
ﬁ —m & D /I Photon probes internal proton structure:
e—»_ " — Proton parton densities (see M. Wing)
- == %‘ / / — Inclusive Jets, charm and beauty
=1 b / — Hadronic final states, fragmentation ...
= — Electroweak: e polarisation at HERA-II
— BSM searches / limits

X;p Momemtum fraction of
colour singlet exchange

B Fraction of exchange
momemtum of struck q

t 4-momemtum transfer
at proton vertex squared

X =Xxp P

B/
¥ M .
éE } * In 10% of events, proton stays intact
]

and loses small momentum fraction

Diffractive DIS

X, o
1 Rapidity gap > Large rapidity gap / color singlet
p,/—"‘i’:d\«*\ p exchange (Pomeron at low x)
‘ — Diffractive PDF's — pQCD/PDF

— Jets, Vector Mesons, DVCS ...
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) Diffraction: Selection methods E

Large Rapidity Gap (LRG) Method: Tagged Leading Baryons Method:

H1 (FPS) and ZEUS (LPS) have Proton Spectrometers
(and Forward Neutron Calorimeters)

Forward
Neutron
Calorimeter H
@ Request LRG in main detector (3.3<n<7.5) 2 (m) | _F‘m:"
) . + N OIES
® Meassure kinematic from ¢~ and X system 2f° 106 8TO (’f ” h'-
— NO aCcCess tO { o - ) Very Forward Forward
@ Some proton dissociation contamination Spez;?;?;‘eter Speg?;?;;er

— Corrected up to My < 1.6 GeV
@ Free of proton dissociation background
Mx Method: @ Proton 4-momentum measurement — ¢, xyp

- FUEoTplh W, ) i g L @ Lower statistic (acceptance)

DJANGOH ] SATRAP+ZEUSVM SANG(M,, <2.3 GeV)
* (ZEUS 98-99)-PYTHIA-SANG(M,, > 2.3 GeV)

g T — H1 VFPS @ HERA-II: Larger acceptance in x;p & ¢
? 10 g_ ‘N;= 200 - 245 (;zev _g VFPS Acceptance
= c Q°=7-10 GeV ] g T
107 E § [ -
- g | & 0sf
10 = < T
3 0.6
137072 4 6 8 10 12 04
In M, * C
@ Flat (vs) In M, for diffractive events M
@ Non diffractive events substracted from fits T 002 008 ;

— Small proton dissociation contamination
— No access to ¢
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Leading Proton Results : o (8,0 x 1) E

H1 vs ZEUS: Integrated over t

e H1 FPS HERA-2 (prel.), MY_M

New H1 FPS results @ HERA-II (157 pb™)
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Leading Proton Results : d o /dt~exp(—bt)

H1 Preliminary

- ® H1FPS HERA-2

Regge Fit IP+IR
O H1FPS HERA-1

- do/dt ~ exp (Bt)

-3 10 -2

-1

10

X

— HI1 and ZEUS results compatible (but ZEUS slightly higher than H1)
— b-slopes ~ 6-7 GeV* for small x;p (Pomeron exchange region)

— At high x;p, Reggeon exchange contribution leads to smaller b-slopes
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First H1 VFPS Results : o”" E

Correction for proton dissoc. contamination below
My < 1.6 GeV estimated from FPS/LRG ratio

¢ H1 VFPS Preliminary // 0 H1 LRG Published k 0.81
H1 PRELIMINARY = rtFes preimnay H1 2006 DPDF Fit § 0.5
o H1 LRG Preliminary(x 081 ) -=-=-===-- H1 2006 DPDF Fit 0.81/(extrapol.)
= 0.04} [=0.011 p=0.022 B=0.045 p=0.089 Es=u.1fa B=0.355] f=0.708
— . %p=0.010 &
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— Extended range in xjp vs FPS + Good agreement with FPS:

Q? [GeV]]

ratio VFPS / FPS = 0.96 +/- 0.02 (stat) +/- 0.11 (syst) +/- 0.08 (norm)
— Agreement with H1 LRG data (and DPDF QCD fit) in most bins.

— Positive scaling violations in most 3 bins. < Diffractive DIS dominated by gluon exchange !
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ZEUS * 0.87 : on top of 0.91 factor to go from
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New H1 data (370 pb™)

Positive scaling violation
in most 3 bins (gluons)

Precision of a few

% over

wide kinematic range

~13% difference between
H1 and ZEUS, i.e. within
normalization errors:

— Relative norm Err.

— ZEUS Proton diss
X. Janssen - 08/23/2010
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. Err. ~ 8%




My (=FPC) Method (vs) LRG Method
ZEUS

* ZEUS LRG (M,=M ) 62 pb” o0 ZEUS FPC | (x0.83) © ZEUS FPC Il (x0.83)

Comparisons between Methods

2)

LPS /LRG =

— ~ 20% proton dissociation contamination
in LRG data, independ of O, Bor x;p

different proton dissoc. content)
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Ratio 1s flat or weakly rises
with Q* except at highest B
— Extract log derivative:

0.015

r

p3) / 6) / d InQ?

=

0.005

1-B) x d(o

~.0.005}

-0.01

H1 Preliminary

0.01}

[ ® x,-00025 W x,=0016
F O x,=0.0085 A x,=0.025
[ —  H12006 DPDF Fit B / H1PDF 2009

A x,=0035

+

— (gluon/quark)diff ~
(gluon/quark)incl
if measured at same
(low) x = x1p p
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Factorization and DGLAP pQCD Fits E

® QCD hard scattering collinear @ "Proton vertex” factorization
factorization theorem (Collins) of B, O° from x;p , ¢ (and My)
at fixed x;p and ¢ dependences
No form basis in QCD !
9 c

QCD collinear
factorisation at
O & o fl o _— )
Protonvertex Il
factorisation P.IR
p -
=" : @, 5
(t)
— DGLAP applicable for Q2 evolution — Can define Pomeron parton densities:

— Can define diffractive parton densities:

fP(B O X )= f 1oy (3, )X f (B, O7)

do,= flp(ﬁ ’ Q2 » X ps 1)® d&i(ﬁ ) Qz) Pomeron flux fip/, modelled by Regge theory:
bt
o : e :
NB: Reggeon contribution at high xyp fiprp(Xpp,t)= T %p(t)=0p(0)+ ot

parametrized according to Ttpdf's "
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Tests of Vertex Factorization E

Assuming vertex factorization for IP:

® ZEUS LRG62 pb”

o ZEUSFPC |

a ZEUSFPC I

A ZEUSLPS33pb”

12 - --- Regge fit LPS«LRG

f

125 -

1.15

105 —

1+

095 -

09

_ f
SRR % ________

§

ZEUS: LRG, My and LPS

EPY(B,0% xpot) = fip(xp D) - FT (B,07) + 11 - frp (3o 1) - B (5,07)

jﬁ} ------- \

10

H1 Preliminary

S ® Regge Fit with o',5(Q?)
(5 015 ' ;p Xp. uncert.

B, (GeV?

~

10°
Q? (GeV?)
H1 Preliminary

7.5
i ® Regge Fit with B(Q7)
7
i B, exp. uncert.
6.5F
6| { {
55}
5[
as|
: H1 FPS
| . . — —

— Perform Regge fit with as free parameters

in every (3, Q2) bins:
arp(0), app', brp, nig and F>"(B,Q%)
and fix ar(0) , OR', bir and F5(3,Q°)

— Op(0), ap', byp independent of Q2
— Supports vertex factorization

For H1 FPS fit:
a,,(0) = 1.10 = 0.02 (exp.) = 0.03 (model)
a, = 004 + 002 (exp.) = 003 (model) GeV™
B, = 57 = 03 (exp.) = 0.6 (model) GeV™
— 0Op(0) consistent with soft IP (1.08)
— Opp' smaller than soft IP in hadron-hadron
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Diffractive Parton Densities [ >

Fit to ZEUS LRG+LPS: Only data Q*> 5 GeV? quarks: z ) (z,00)=4,z"(1—z)"

R T @lseev N, [ aemee? ] gluons: 2 ) i
I | russ zg(z,00)=A,2"(1-2)%
0.031- 1 oo03f _ ] ;
1 P light ] ZEUS C Zg(Z,Q()):Ag

0.02 002[f _.° 1
] : ] 2 2 o
0.01] 1 omf o 1 (M ,)=0.118 0,=1.8GeV" pp=u,=0Q

b T eETe— Heavy quarks: general-mass VFNS scheme
m,=1.35GeV ,m,=4.3GeV

o
=]
ha
e
h -
ot
o
e
(=]
—

X & I e 12
H ™ - Gluon Momentum Fraction
08 . O [ for0.0043-2-08
. ] o N
! ;_] 0.8 -
0.2 Se——] E 0.6 -
%~ 'ulzl | 'n,lal | 'oisl ' 'n.la' ' Z1 % 'o.lzl ' 'u.|4' | 'olsl | 'oia' | ;1~ N:‘* 0.4 :_ H1 2006 DPDF Fit A
B a 02 [ [ (exp. error)
. 2 #theor.
— quark PDFs well constrained e it
— Large uncertainties for gluon PDF at large z T et E—
i ; 2 I =} 10 10
— Not possible to do a fit to low Q° data ! Q? [GeV?]
. . . . 1A ~ (o) (o)
N.B.: Similar results from fits to H1 LRG data, — quark:gluon ratio ~ 70%/30%

see backup slides X. Janssen - 08/23/2010

Diffractive Physics at HERA - HCP2010




fg [ Q°=4GeV? X, = 0.003
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H1 Preliminary

First F; Measurement

F IL) probes directly the diffractive gluon density

2

o7 (B, Q% xp)=Fy =

Y—I—

_, Sensitivity to 7 at high y (low E,~3-10 GeV)
— Vary E,, to change y at fixed S, x;p and Q°
— Low E, run: 11 pb” @ 575 GeV , 6 pb” @ 460 GeV

H1 Preliminary F)
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‘o 0.02F
from zero e -
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(o I T
D . . L o.o1—-
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with NLO DGLAP X of t
D -
fittoo, '
-0.011
: - H1 2006 DPDF Fit A H1 2006 DPDF Fit B
* No access to high (3! ook —x. B e abal
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do/dz,,dQ” (pb/GeV?)

do/dz,,dQ? (pb/GeV?)

Diffractive Dijets in DIS

Select 2 jets in central detector + LRG

ZEUS:
5< @*< 100 GeV?
100 < W< 250 GeV
Et (jet1) > 5 GeV
Er (jet2) > 4 GeV

Xip < 0.03
T |=-|.|2 o LN L
100 5.Q°<12GeV* { 3 | 12<0%<25 GeV? |
13,
[ ] - I 1
_-_I - __!_
® ZEUS diff dijet DIS 99-00 .-®-. | cg : ™o
energy scale uncertainty -8 % r .
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P P

z

P

H1:
4 < @< 80 GeV?
s 0.1<y<07
M,,+0 8 Er (jet1) > 5 .5 GeV
= ~ Er(jet2)>4 GeV
2 2 T
MX—l_ Q X|p < 0.03
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H1 2006 DPDF Fit A H1 2006 DPDF Fit B
200 = 200
| o
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- :
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Different QCD fits give different predictions

— Dijets cross-section sensitive to gluon

at high Z|p

— Include dijets data in QCD fit to constrain

the gluon at high z;p
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Combined QCD Fits with Diffractive Dijets E

ZEUS: LRG (Q>5 GeV?) + LPS + Diets , VFNS

. —— H1 2007 Jets DPDF
H1 : LRG (Q%>8.5 GeV?) + DiJets , FFNS _
|:| exp. uncertainty
uF:ur:Q(LRG’LPS)’ ET(]et) |:| exp. + theo. uncertainty
------- - H1 2006 DPDF fit A
ZEUS ------ H1 2006 DPDF fit B
« _"'l"'|2"'|"'2|"'_ q_cr "'I"'Iz"'l"'zl"' ﬁﬂﬂ
N - Q°=6 GeV 1 N Q° =20 GeV T Y
004 ZeusoroFss g 0.041 E E H1
. exp. uncertainty o gluon
. - - ZEUSDPDFC 003k N 0.6 P12=25 GeV?

,u_,uz_ 04
0.017 0.2
0 002 ""04 06 08
Zz
- LN L L L L L B LB - LNNLIL L L L ) LB ) LB
N E Q2% =6 GeV? 1 N i Q? =20 GeV? ]
— ZEUS DPDF 51 .
| exp.uncertainty ] ] @ No Change in quark PDF's
06" __ zEusoPDFG | 0'5_1, ] g 9

@ Gluon PDF well constrained

_|k| 4 - 4
04l _' 0al i at high z

B I I ] @ Similar description of Inclusive
02 = 1 o2 ] DIS (Dijet fit similar to one of

By N the standalone fits)

X. Janssen - 08/23/2010
Diffractive Physics at HERA - HCP2010




Forward Jets in Diffr. DIS: Beyond DGLAP ?

Selection: 1 Central Jet + 1 Forward Jet + proton in FPS Lﬁ%

Forward jet: pt > 4.5 GeV,
Central jet: pt> 3.5 GeV, -1 <Neen < Nfwd
2<Q*<110GeV?, [t|<1GeV?, xpp <0.1

do/d<pt*> ( pb/GeV )

R

— Search for “hard” pQCD contributions breaking
DGLAP pyordering at low x (BFKL ...)

— No evidence for effects beyond NLO DGLAP:

I <nfwg<2.8

1 central jet + 1 forward jet

i H1 Preliminary
10°F
+
i L]
10
| —— H1 FPS Data (Prel.)
1 — RapGap/1.23
- — NLODPDFFitB/1.23
i 1 1 1 | L 1 L ‘ L ‘ L
2F
- I
1 F——+ 1 ¥ i
04 6 8 10 12
<p*>

do/dz,, (pb)

1 central jet + 1 forward jet

3

| —— H1 FPS Data (Prel.)

H1 Prelim

I T

of

inary

10F — RapGap/1.23
&= NLO DPDFFitB/1.23

do/djAn’| (pb )

1 central jet + 1 forward jet

H1 Preliminary
2
!
10 ? —$— H1 FPS Data (Prel.)
- — RapGap/1.23
| —— NLO DPDFFitB/1.23
| ' ‘
oF
1F ]
0o 1 2 3
*
An’|
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QCD Factorization Breaking in pp

H1 fits vs. Tevatron

10E

01

-~ H1 fit-2
----- H1 fit-3
{ Q%= 75 GeV?)

01

p

— H1 2006 DPDF Fit A
- = H12006 DPDFFI1B
E i B T |

—~ COF data
E;"#> 7 GeV
0035 =E =0.095
[t]<10GeV

DPDFs fail to predict Tevatron data

— QCD factorization not expected

to hold in pp diffraction !
— Several possible reasons:
— Multi-Pomeron exchange
— Remnant interactions
— Screening / Absorptive effects

— “Rapidity Gap survival probability”

at Tevatron: S”~ 0.1

Can the Factorization Breaking be observed at HERA ?
— Look at Diffractive Dijets in Photoproduction (Q* ~ 0)

DIS and direct yp

e

xy=1

Jet
Jet

Remnant

Resolved vp

X, : Momentum fraction of
y entering hard process

N.B.: Separation between
resolved and direct
only possible at fixed
order !

— Factorization should hold — Suppression expected S? ~ 0.34 [Phys. Lett. B567 (2003) 61]

Hard scale = Er

p ) —

—— e yeminant
= e
% Jf.','t]. b
=0 = 47
P || 1P = IE'
=
ans I&?, jﬂD
[pj=remnant {
i/ £
: .":: LRG .I_.-" |
p lu':"l .I_." | }.r
——_ — — . LA
| y
§ ! - .": L
multi-Pomeron | l gluonic non-singlet
exchanges __ ©Gxchange |

Central Exclusive Higgs
Poduction at LHC ?
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Diffractive Dijet Photoproduction — S* (@ HERA E

ZEUS [E1(jetl) > 7.5 GeV] — No evidence for any gap destruction
H1 [Et(Getl)>5 GeV] — Survival probability <1 at 26 significance

o(H1 data) / o(NLO) = 0.58 = 0.12 (exp.) = 0.14 (scale) = 0.09 (DPDF)

ZEUS E H1 (a) E (b)
— = T ' T ' T ' = = - - -
8 B e  ZEUS diff dijet yp 99-00 . - 1 - 1 e emmen
-~ 200 L energy scale unceriainty (@) ] ; ;
-§ - L ZEUS DPDF SJ — © ©
% C DPDF exp. uncertainty 7 © L=
E 400 H1 Fit 2007 Jets x 0.81 rm“-*“'“: 05
300 -
- a 6 8 10 12 14
B . ] jett
200 L(hadron-) resolved-like ] Er [GeV]
100 :— —: g
i direct-ike ] £ [ H1 data / theory
= . ; esn NLO H1 2006 Fit B x (14+0maa)
. | ! I 3 [ | data correlated uncertainty
05 renorm. scale dependence - o5F TR PRNEEERY o NLO H1 2007 Fit Jets x (14+0m)
i - v NLO ZEUS Sdx¢ 1.23 X (1 4+-Ohuar)
O =
0.4 0.6 0.8 1 02 04 06 08
xobs Zpp

— Gap survival has no or little dependence on x,
— H1 vs ZEUS : Hint on a dependence on jet E1 ?
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Diffractive Dijet Photoproduction ... E

H1 data / theory
W& NLO H1 2006 Fit B, KKMR supprassad x (1+5wms) @ Hadronization corrections migrations in Xy
[__] data correlated uncertainty @ NLO corrections mix direct and resolved

—————— NLO H1 2006 Fit B, resolved x 0.34 x (1 +5uwr)

Refined Gap Survival Model (KMKR)
[arXiv:0911.3716]

@ Direct contribution remains unsuppressed

data / theory
data / theory

@ Suppression factor 0.34 applies to

w Hadron-like (VMD) part of photon structure
£ el g only (low xy < 0.1)
i [ T ——
§ “:'__ __________________ | 3 @ Point-like (anomalous) part of photon
o structure has less suppression (~0.7-0.8)
= — KMKR model (+experimental effects)
S S | accounts for flat with x,, and smaller
& I ]
I 13 Rapidity Gap Survival Probability
a5 — ] — KMKR model includes some E1 dependence
oo e @ m L 9om wo®  allowing to describe both H1 and ZEUS

— Progress in Diffractive Dijet Photoproduction and Rapidity Gap Survival Probability
understanding at HERA
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Beyond the diffractive peak: Leading Baryons

Leading Protons

q T
L] » ZEUS 12.8 pb™ —— Szczurek et al,
2
\E pr<0.5 Gef ----- Pomeron - - 7N
L 1} 36 e Reggeon —— A

45<W<225 GeV

(a)

» Diffractive peak at x; (= 1-xpp) =1
» Flat at x7<0.95

— Regge analysis:
Low x1 dominated by 1soscalar meson

exchanges with ajr(0)~0.5: o, f ...
(rather than isovector exchange: a, p ...)

08

0.6
Leading Neutrons
o — @ H1Dat )
'E 25 - - RAPGAP-n (d)
— [ e DJANGO
| . ='= LEPTO-SCI-GAL
> 20 = — 0.65<RAPGAP-r + 1.2xDJANGO
K, C
° : H1
S 15F

-1 pr<x,0.69 Ge
I '] IL I IL

0.4 0.6

I

0.8 1

@ Goimngto 0 atxp (= I-xpp) =1

@ Drop at x; =0.7 due to acceptance
— Large x1. due to w exchange — a,(0)~0
— Low xp . standard baryon fragmentation
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Leading Neutron Structure Function E

2
LN(3) 2 _ ~LN(3) )Y LN(3)
g, (ﬁ’Q ’xL)_F2 _FFL FIZ-N(S)(QZ:BBXL) H1
Q’=7.3GeV’ Q=11 GeV® Q°=16 GeV’ Q°=24GeV? Q° =37 GeV? Q°=55 GeV® Q° =82 GeV>
In particle exchange picture w05 [ SN "*1\ '\S 3 &n e
CXpeCt prOtOIl VerteX faCtOrlzathn: ool ol Dl ol ol Tyl wl o Dot o ol ul ol Ful vt ot Byl w1yl
R e e N N N A L
Fit FLN(3)(3 Q2 . )by power law. 0_|| ool _|| ol ol ol _|| ol _|| ol _|| ol _|| ol
2 s y A . 01 - [ - - [ -
) =055 fe | S ST S W e N ;
FéN(3)<BiQ21xL)NB ! L o1 1 ::‘: Y :.l ol ol :ul ol :ul T}lsul :.l |f§.||
° Als independent Ofo e _‘I\.I l j\.' L[ |.\|. l |N|\| E|.\|~| . T.‘l | |H‘|
— consistent with vertex A T N T T A
factorization =078 F N [N . L™ s
ol ot T f v f o a fwn Far ot Pt
@ ) increases with 0”: from 0.23 10 0.3 %=02 [ = Fo [ S [ S| o | :
— similar O” evolution of F:"" S S S S S Py
and proton structure function £y , _ee1 [ : : : : : - o
s VI it s TH AN T T s S SOV s 3 T BT B o TR IR

10 10" 10®* 10" 10® 10" 10® 10" 10® 10" 10® 107 10° 107

B
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LN(3) 2 _ LN (3)
O-r (3’Q ’xL)_F2 o

2

Y

FLN(3)
Y+

L

In particle exchange picture
expect proton vertex factorization:

F3"(B,0% x,)=f(x,)-F3""(B,0")
Fit 73V (8,0, x,) by power law:
F3"(B,0% x,)~B"

@ A 1s independent of x;,
— consistent with vertex
factorization

@ A increases with O’: from 0.23 to 0.3
— similar Q7 evolution of F3""
and proton structure function F’»

— leading neutron production in the
proton fragmentation region in
DIS is insensitive to O” and x

9.9 107

461072

224073

1.0:10°

4810

22107

LN(3)

2

Leading Neutron Structure Functions

— Ratio to inclusive F:

2
F,  (Q,X.X)/F,(QX) H1
HL = 0.37 HL = 0.46 HL = 0.55 HL = 0.64 HL =0.73 HL = 0.82 '.||'.L = 0.91
0.1 ; — — — - — — « Hi Data
- - - - - = Average
C +4+ % C C C C C
N2 A 3 S+ Y S S PP . F F
oS Jt:_ - +£*: - TEEN v hiyy |
{1: I 1 |: I 1 ol ondFod ccvondFoel vcotFd oo |I|;|ﬂ|v
Y] S 2 2 2
ST N - 5 : : :
CI.EIE:— -t:— :—#‘T;':_*iﬁﬁ:_ﬁﬂﬁ'___rwi___ .
u: : :|| I ||:|||||| ||:|||||| 1 ||||||||_ ||I 1 | |I |:|‘|,|J_
ot F FE  E F B F
C iﬁf C C C C C C
ﬂ.{}ﬁ:—-‘! ::'-F‘-i-‘-!—:_q..‘_ij_*i :,;i*ig :;it_*.*_!_'_ :_
{IE-U-“] I |||||u]:||u|| I |||||uJ:|||||| CovtFod cotFod ol Bod |||||u|‘||:|r |?|:||‘;|uj_
ot F  F FE F B F
0.05 :=H'H"!_:—r+-r'i BEXLAE SRR SN —aay, —
{1: I 1 |: I 1 Sl o Fod vccd Bl vl vl o ‘I'I'IIIII,IJ_
0.1 — — — — — —
0.05F ¥ _—"""*Tt_:—Hﬁ e te, T aety et —
C C C C » iy
,ul|_|_|,|] I |||||,|]_||||| I |||||,|J_|||||| ARITETTT A AT RERRR T A wtti AR RETIT ol | | |||||,|L
ot F O FE FE F B F
ﬂ.usf—"i = v = s -
ﬂ: I 1 |: I 1 :|||||| L1 |||||||:|||||| 1 ||||||||:|||||| 1 ||||||||:|||||| 1 ||||||||'||:||: Ll
10 10° 10 10% 10 10% 10 10” 10 10° 10 10° 10 10°
Q? [GeV?]
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LN: Pion Structure Function ;4

2
LN(3) 2 _ ~LN(3) )Y LN(3)
o, (B0, x,)=F, v
F, ' (x,= 0.73)/_, I'_= 0.13
Assuming proton vertex factorizationand ~ _
the dominance of m+-exchange at highx;, & F * HiData
. . . o 45F GRSc-n LO H1
we estimate pion structure function at low % sp— ABFKW-7 Set 1 NLO
x from measured F,""® at 0.68<x; <0.77: =~ 4 [—— 23F, HIPDF2009
& S j=6,p=0.00082
FOB,0%,x,)=T,(x,)- F/(8,0") S 355 °
I, 3 E___.L_H,;,-_:.;.'._-_.H—Z—i—';'-‘-:‘."'_i—' j=5,p=0.0017
where [ ;1s the integrated pion flux: = e _
B _ % 5 5 ___u_._'_._u__.__.______;:__-._-:'—'-—'—:' j=4,[=0.0037
T=I xy =0.73,1) dt ST S
T fm"p( L 1) L oE m_______________._;_---_--; j=3,p=0.0079
L. SR
BUT several parametrization for [ -t .
o . 1.5 oo egmnemn =2, f= 0,017
— 30% normalization uncertainties = e * ¢
10 ssssnniizz j=1, = 0.036
— F" following parametrization but 0.5F i=0,p=0.077
a bit too low (30% uncertainties !) o R L
2
10 10 Q2 [GeV?]

— F" following inclusive F» Q2 depend.

— Universality of structure function
at low x
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CONCLUSIONS E

Diffraction has been explored 1n details by the H1 and ZEUS experiments at HERA
providing an unique sensitivity to strong color-singlet exchange in pQCD regime

Inclusive Diffraction and Diffractive PDFs:

@ First H1 VFPS results (and recent FPS and LRG data)
@ Proton Vertex Factorization holds with a;p(0) ~ 1.10 and b-slope ~ 6-7 GeV*

@ Relative agreement between H1 and ZEUS (large normalization uncertainties)
— Diffractive PDF's well constrained by combined fits with diffractive dijets in DIS

QCD Factorization Tests:

@ QCD factorization broken in pp diffractive interactions:
— Rapidity Gap Survival Probability at Tevatron: S* ~ 0.1
@ At HERA, diffractive dijets in photoproduction shows smaller (or no) factorization
breaking (S* ~ 0.3 expected for resolved photons)
— Progress in theory side !

Leading Neutrons:

@ Originating from both fragmentation (low x| ) and pion exchange (large x| )
@ Precise measurement of LN structure functions and F>" extracted

— Input to diffraction, multi-parton interactions, LN studies ... @ LHC

X. Janssen - 08/23/2010
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BACKUP SLIDES
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QCD Analysis of H1 LRG Data _ﬁ

e Fit H1 LRG data in fixed = binning using NLO DGLAP evolution
of DPDFs (massive scheme) to describe «, ()* dependences

e Proton vertex factorization framework assumed

e Fit all H1 LRG data with Q% > 8.5 GeV? Nx > 2 GeV, 3 < 0.8
—— Ensure stability of fit with variations of kinematic boundaries

e Parametrize: e quark singlet: 2Y(2,Q32) = A, 2P (1 — z)%
e gluon density: zg(z,Q3) = A, (1 — 2)%
gluon insensitive to B,
e ap(0) (describes 2 dependence)

e Fix: e use world average for a,(M;) = 0.118
e sub-leading I? flux parameters taken from previous data
e sub-leading /IR PDFs from Owens-7 but free normalization

e Small number of parameters in DPDFs
—— Need to optimize Qz wrt \*

X. Janssen - 08/23/2010
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H1 LRG QCD Fit Results E

o . ®FitA: Qf = 1.45 GeV?
rae A 8.5 Xz ~ 158/183 dof
- Singlet constrained to ~ 5%
2 - Gluon to ~ 15% at low =
- Gluon error band blowing up
at highest =
e FitB: 2g(2,Q3) = A,
: RS 300 2 ~ 164/184 dof
D: l]iZ [Iid 0'_6 ﬂl.B U': 0:2 Did Dﬁﬂﬂ - Slnglet Very Stable
oo DFDFF; . EMEDPDFF; - Gluon similar at low =z
== (exp.error) - (exp.*theor. error) - Gluon Change at hlgh >

(exp.+theor. error)

—— New Diffractive PDFs avalilable
—— Lack of sensitivity to gluon at high =

X. Janssen - 08/23/2010
Diffractive Physics at HERA - HCP2010




Pomeron Trajectory from H1 LRG QCD Fit E

S 1.2F C
o

H1 Pomeron Intercept from QCD fit: = 7 « ftwitoue009 | 4 Fitwit agie-o

-ap(0) = 1.118 4+ 0.008 (exp.) oo (th.) vt g___
- Dominant uncertainty from strong 1'119:?5 E #

correlation with o, woref

1.05F

=&

=

=

o
T
I

H1 2006 DPDFFitA [
1_0253_ B (exp. error)

- No variation in ? or 3

— support p vertex factorization w0 m? e
: . Q’ [GeV?] B
- Consistent with FPS result:
L sf 0.0002 < x < 0.03
o,,(0) = 1.10 = 0.02 (exp.) = 0.03 (model) I ; ¢
o, = 004 = 0.02 (exp.) = 0.03 (model) GeV? m
B, = 57 = 03 (exp.) = 0.6 (model) GeV~ N T ER Sk R
ef ® H1FPS
/ Py
Regge fit to HERA-1 FPS data T e
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LRG Fits: High [ sensitivity to gluon ;4

e As there are only singlet quarks,

the evolution eq. for FF is Log. Derivative wrt )?
NU 0.02
dFD _ I
nQ f;— [Py ® g+ Py @ X .H;é | * H1 Data (x,, = 0.01)
// §L oS —
{Iaaaa} g 0ol
£
e At low (4, evolution driven by R
9 —4qq ol e
— strong sensitivity to gluon W1 2006 DPDF Fit A

[ Quark driven avolution

: — Sum

e At high /3, relative error on
derivative grows, ¢ — qg :
contribution becomes important
— sensitivity to gluon is lost
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Diffractive Charged Current Cross Section E

. A%
-t e
+ _-.-"+. E 30 _ E 1.2 C
e 2 _F 2
—t 5 | - 1F
o d,u,cs z | T
. g T 0 F 5 08 E
= - B
T s 15 | ] 0.6 | T
u'd,s,c E : ? i
10 F { 0.4 |
5 F ki 02 | T
..................... g
0 [E=b=t=t-e e 0 | | T T M “ToF o Y
0.01 0.03 0.4 0.6 0.8 1
Xip p
p - p
® H1 Data

(@*>200 GeV?; y<0.9; X,.<0.05)
—— H12006 DPDF Fit A
----- (IR contrib.)

Sensitive to flavour
decomposition of quark
singlet (unconstrained
by Neutral Currents)

doldQ? [pb/GeV?]

1 L1 1111
300 1000

Agreement with H1 2006 DPDFs (assumes v =d = s = il = d = 3)
but statistical precision very limited so far
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15] ZEUS DPDF S: Results (1) £
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L o' = o Ge¥® ] ¥k @' =20 GeW ] )
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ZEUS DPDF S: Results (2)
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LRG-Drjets Fit Results
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O |

zsinglet(z)

o

zgluon(z)

H1 2007 Jets DFDF
exp. uncertainty

exp. + theo. uncertainty
H1 2006 DPDF fit A
H1 2005 DPDF fit B

H1 LRG-Dyjets Fit Results
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QCD Fits: H1 vs ZEUS
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Differences ZEUS /f H1 fits : i

* VENS // FFNS.
' Q2>5GeV2 12> 8.5 GeV?

* Mv=mp Il My < 1.6 GeV, hence
scaling 0.81.

Comparison :

* Agreement in shape for § < 0.2;
ZEUS fit higher.

* At higher B and where exirapolated
agreement worsens.

» Reflects degree of consistency
between H1 and ZEUS data.

M. Wing, DIS2010
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O-r (3’Q ’xL)_F2 o

2

Y

FLN(3)
Y+

L

In particle exchange picture
expect proton vertex factorization:

F3"(B,0% x,)=f(x,)-F3""(B,0")
Fit 73V (8,0, x,) by power law:
F3"(B,0% x,)~B"

@ A 1s independent of x;,
— consistent with vertex
factorization

@ A increases with O’: from 0.23 to 0.3
— similar Q7 evolution of F3""
and proton structure function F’»

— leading neutron production in the
proton fragmentation region in
DIS is insensitive to O” and x
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Leading Neutron Structure Functions

— Ratio to inclusive F:
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Diffractive Vector Meson Production and DVCS
e +p — e+ VM(=p,o,J/Y,....0orv)+ Y (or p)

[

Q> Photon Virtuality
Photoproduction: Q* ~ 0

VM W ~p CMS energy

t 4-momentum transfer squared

Momentum fraction of the

P t Y P colour singlet exchange
Regge Theory pQCD Models
= Soft IPomeron exchange Exchange of > 2 gluons
R ATCICE o x (2G(z, Q%))

ap(t) = 1.08 + 0.25¢ (DL) Steep rise of G (x. Q?)
Light VM at low Q* and low |¢|] Requires hard scale: Q=, t or m,,
— |nvestigate transition between soft and hard regimes

SMD 2009, 4-9 Seot. 2009, Gomdl. Balans ¥avier Janssen —o. 2
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VM theory: Perturbative QCD approaches

Dipole approach (k; factorisation) Collinear factorisation theorem

-

Q| :
°_ . v
a;

P P
A =T R6g_p TV Ar = f(z. 2. t.un) @ HR TV
q9q 99—p qq L s L s Ly ) X s
Scanning radius decrease with increasing where f;: non-forward PDF (' = x)
Q2or M2 — pu? = =(1 — 2)(Q% + M2) — Generalized Parton Density
Vv 1
Q2 AN JV\(II: tkr Theorem proven for o, ; often assumed for o
z Collins, Frankfurt & Strikman [hep-ph/9611433]
Q? /My 2 2.2 [ —
— o X s (1) Glaxe, pu=) Dipole - Saturation:
_ (@2 +My)? E[ ( i i | Iski, Motyka, Watt (KMW)  [hep-ph/0606272]
with z >~ 1/2 — p* ~1/4(Q*° + My ) Marguet, Peschanski, Soyez (MPS)hep-ph/0702171]
1 o P Dipole - kr factorisation:
TTOT X mrrarzya [@a(p”) Gz, pt)] lvanov, Nikolaev, Savin (INS) [hep-ph/0501034]
I ""d - contribut Collinear - GPD:
with =z = U, 1 endpoints contributions Gnlﬂshﬂlccjnu I{c!'ull GK) [hep-ph/07083569
— hard scale damped Parton hadroh duality:
Martin, Ryskin, Teubner (MRT) [hep-ph/9609448]
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Cross section (ub)

=i
=]

bl
T

—
=]
T

—

Soft to hard transition: mass

- WE‘.B
o(yp = Jfﬂf_pll -ﬂ““’ﬂjﬁ .

] '.-'I".'I
R O
m JEUS " 0T
o ZEUS (prel.) =
o H1 i Al N o
-~ HERMES o(yp —> ¥(2S)p) .
fixed target W

QE — 0| olyp = T(1S)p) ¥f%$

Low mass (p., @, w;
M: ~ 1 GeV?):
no pert. scale

weak energy
dep. (soft regime)

High mass (J /1,

v). pert. scale
strong energy

dep. (hard regime)

Large mass (Y ) im-
portant skewing ef-
fect
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Upsilon Photoproduction

New ZEUS result:
1996-2007 data: 468 pb—1

60 < W < 220 GeV, Q2 < 1 GeV?2 Y — pm 4+ op
DESY-09-036 (accepted by PLB)
ZEUS
ZE[TS ‘E L _I__I;E;'_I,;I__;IIHIII :E:];[:ﬂ:a#
Ei @ ZEUS 9607 (468 pb™) EM— T aewTNLo —
E GCRAPE vy — _u-'-_u_ (BH) Fﬂ,_E:_ _:
Il DOFFVM T —uw [ { R
04— e -
— BH-+T [ #H,_r:_'f.-{-"
| -”;E. ) . 10 | 14- M:_ ,ﬂ'{“ﬁ e R
Mass u'u (GeV) e e
ﬂEl]l B0 100 430 440 4&d 480 200 220
) W(GeV)
E—"'—{’/’ . .
%(:3}/ W dependence of the cross section
g(z1,Q?) E £ g(z2,Q?) IS in agreement with pQCD models
P %E*: P

including skewing, i.e. &1 # x»
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Q? dependence

e High precision

E 10 H1 'r*:1—=-F'F % o Hl T’*E:*'“’ : for elastic
@ - . E :
Wil =y : “ms 1 cross-sections
— MW 102 “ia, - kMW
— — MRT E : I -
102 q:\.__:“ £ S, { e First ¢ p-diss.
& 10 o - .
I e T cross-section
cETed s v tEOTERE P re s .
. b | i 51 o H1 Zeus relative
w LY W =75 GeV a0 LB W =75 GeV ) - agreement
1 uli 1 10
Q%+ M3 [GeVY] Q%+ M [GeV
Test of vertex ("“Regge”) factorisation: . € "o imp s mg ]
. f}______e G = Mg - HIDVCS
A T N -l AP AN {/_ - 2 % : i'z
— | | — | i . 4 - + -]
e
B g4 [ E 1 8 g4 [ i u [GeV]
: | w=7sGev { £ | W =T5GeV | e p.diss/el : no QE dep.
g tHY1 meseevy g pH1 s . 2
ol TR L0 . T B 2?:1 ® t'deljend- . NO Q- dep
Q° [GeV] Q° [GeV . .
OIS 2040, 1523 Aprdl 2010, Arenze, 3y — Uertex faCtGrlsatlgﬂ'Hm—pE
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Soft to hard transition - o(W)

o E o HL C o a)
E [ «Hisv @F [GeV¥]
" . 20
N S 33
Emz_r R 66 ]
E ! \ 118 3
L I
* Y
10 E- R & —F E 'E
56
- 3 By
1 _H1 Lt aal _ﬁtuw_
50 100 200
W [GeV]
Tp—ep
= TR R
- “]2.- GZI:E'E"F] -
= - 1 33 3
; i E—y i ]
P 3 6.6
= [}
i
il F J E I -
: [ 15.8
[ 1
1 ;'H1 . — fite W 3
50 100 200
W [GeV]

c(W) oc W3
ap(0) =1+ 45/4
+ogp /{[t])
ap: 0-0.25 (—data)

=)
= 16

1.4

{|t|}: b-slopes (—data)

e Common hardening of ap(0) with

1.2

TRp—=pP Tp—=¢p a)
& Hi & H -
m H15V

ZEUS ZEUS

DVCS

Tp—Jyp ¥ H
— 4 H-1 -]

ZEUS }: ]i
-;TI_ | I R TN T NN N N A N | 11 |H|1|
0 2 4 B 8 10

u’ [GeV?]

Q> + M? for all VM and DVCS
—- Transition from soft to hard

regime with p? = (Q* + M?)/4

e Soft contributions (in o, ?) up to
12 ~ 5 GeV? for p and ¢
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Soft to hard transition - t dependences

B L o o o o B I i e
108 T*P—pPP ﬁ"";' i ep—=pp ep—=op
ErrTTTrT [rrrrrrrrs [rrrrrrorT [rrrrrrros ol B
Emﬁ W =75 GeV a) o 12¢  sv A zevs ]
. E - H1 ;
%-“]:'il._... ".-.. — ﬂz [GEV:] 1 = 10 :— . EEI]E- *El:.l% 'Jl"ljp
= zi‘_l-..'l_ ‘-.1 3.3 (x ) E . ,_bltl [ ] {r ZEUS ]
E 10 3 ' : :: --.;_-___. 850x2) ] fit e 8 :_ DVCS -
10 ?r-:-i i i S i :‘l;j:!;hsﬁ B — bp E::lbqq_ @ bp s [ L . ¥ H1 ¢ ZEUS 1
1_1 ] TR ; mokes] — b o gg dipole size . x E ii_“ ' y
i F - E B - -
af ﬁt“|E l l H1 + i
107 grsnglynglunugiang o [ ]
It] [GeV?] - H1 a)
u.I....I....I....I....I....I..
0% g reoep : 0 5 10 15 20 25
Emﬁr W= 75 GeV ) ; u? [GeV]
Em;; o [GeV] __ i
= L fTee i e b, and b, decrease with
= 10*° = P q'r} "_
_E g.l_... EI 'E ] _
Swha vty , u=2] e Common value with J/4) for p* > 5 GeV?
F EE ) BEx1) 3 . .
1k I ST e Large dipole for light VM at low Q?
OE e J 1l = Transition from soft to hard
L CH I F SR TR ¥ r‘egime Wwith ]“2
It] [GeV’]
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Shrinkage : o, measurements

p production -:llﬂ'{ﬁ } ~ ebot PWa(ap(t)—1)
_ — : X €
> e GE 3.3 GeV® |t} [GeviY I: _ . i
%“’ 1. Study W depend. in bins of ¢:
+ 008
DR ‘ — Fitt Wo — ap(t)=1+6/4
2 . + 032
= : . 2. Study ap(t) trajectories:
wiE 4 063 -
] — Fit: ap(t) = ap(0) + fx;jt
w0 k¥ : =
: ' b T [Poroducton | worddachon 141 -
. - H1 . — fit= wE y g 0.4 ® g;us N ZEUS .
50 EI:] Tl"ﬂ H.ﬂ Elﬂ-lﬂﬂ ._n._ :l:l OMEGA=-ZEUS
W [GeV] - S e ]
pprumgﬁun 0z & -
e TR
& cf 33 GeV? a) . 1 % ]
= 12 i I_: | I
L E . P o - _
by H e T vomrimn
s = 05 0 0.2 e e
e
t[GeV] (Q%M2)/4 [GeV]]

= For all VM, o'y smaller than 0.25 (DL, pp)
(cf BFKL, multiple IP exchange )
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Deep Virtual Compton Scattering

_ — . ZEUS .
: a .
:11 ¥ ¥ ?’I/_’—\U'"“ﬁ""m T10 @' (eev? E DA £ 026
Y A A 2F '
f_‘_Tﬂm Elr__‘_g/ ' 82 ff oEDE0m
1 = =) .
I : . I_;-'"'i. E
| : #ix,} eTT2038 -
- fully calculable in pQCD Ol 5 __
- Access to the full QCD amplitude T E
- Constrain gluon GPDs =
_ wgy 2.5 W (GeV)
N N [ 3w .
% : O ZEUS HERA | 15| W=826ev
= [ —— Dipole model
1k -- GPDs model 1 { ; {
0.5 :‘t
_1: nﬂ‘””-é“”‘lll]””1lﬁl”IEII}I”IEIEI”IB-IIJHHEISI”IJ-D
10 | a® (Gev?)

W =82 GeV

S 1 dEpEI"‘Id.EHCE III'IdIICEiTES
Q*GeV') a hard regime (similar to
J/ )
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e

DVCS: t slope and Beam Charge Asymmetry
H1 measurement based on 291 pb—! of HERA Il data (e™ and e™).
% [ emem H1
e ¢ slope as a function of Q* a .| b
: %'—'—&—- Y S
= Similar behaviour with VM 2f . O ZEUSHERA!
using the scale Q* -~ M3 o R S R A A A )
s @ VM Q* 1GeV]
SUE H R
< Mi ---- GPDs mods|
e r
e First DVCS BCA measured at o b % :
H E RA {':EILIEI I IEII.‘.II I IJ!,IIIII ) IlE!.‘.II I IB:III I !II!I-I]I I I‘Ii"lllI ) I‘I-LI.‘.: I I1EII]I I I‘II:II.‘.I

I [degrees]

g (E_I_F] o(e™p)
BCA = ~ picos(P
o(etp)+ o(e p) (®)
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DVCS: QCD interpretation

e correct (Q° dependence

of the propagator and of b
In the cross section:

Eiﬂﬂ

g _ opves Q@1 b(Q?) m
(1 + p?) .

e skewing factor: around 2 5 6
p _ ImAGP— D) :
Im A(v*p — 7v*p) :

4/ opves b(Q?)

or(v*p — X) /(1 + p?)
= important skewing factor

H1 DVCS Analysis HERA Il (=p)

—  ® H1HERA I ep (prefim.) H1
H1 HERA |

- GPD model (Freund et al )

E_ — 5 # ..... #- i i.
'l

S e S ¥ d %

: Ll L1
10 10

Q? (GeV?

= () evolution close to the one of DIS (pure DGLAP)
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