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Introduction

e According to Regge theory, the high-energy behaviour of an elastic
hadron-scattering amplitude is controlled by a sequence of Regge
trajectories corresponding to the
exchange of families of particles
with different spin

vs 152510)

a,(2450)

. successfully |
describes the energy dependence of | oo
the total cross sections and the | pw"
properties of elastic and diffractive “(}(6}

production in hadron-hadron interactions [N

/a,(1318)
via the exchange of the S wnsa)

e Before the observations reported at o
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been subjects without much overlap, except for predictions regarding the

behaviour of structure functions

e Ingelman and Schlein suggested in 1985 that the may have a
partonic structure which could be probed in hard diffractive dissociation
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Introduction

" e UAS reported in 1985 the measurement of high
‘E‘f ' Eq jets in diffractively produced high-mass
systems

— strong evidence for the hard scattering y ¢ UAS8 data
,Q l originating from partons within the

“ﬁ ‘! e The concept of
has been studied in terms of pQCD since 1983
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;I‘ e The can be probed
unambiguously in virtual-photon exchange at

5 6 7 8 9 10 11 12 13
E; (GeV)

e The of a would consist of a
quasi-elastically scattered proton, well separated in rapidity (
from the remaining hadronic system




Claudia Glasman (UAM) Diffraction at HERA
Experimental signature for diffraction at HERA
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First observation of hard diffractive events at HERA

" e1In 1993, a class of DIS events was observed in which the hadronic energy
\E{ | deposit to the proton beam direction was at a
!

9‘1
}Wig J

“! ./ scattered electron

—_—
' electron proton

e The events exhibited a difference between the pseudorapidity of
the smallest detector angle (7 =4.3) and the pseudorapidity of the hadrons
observed to the proton direction

ZEUS Collab, PLB 315 (1993) 481
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First observation of hard diffractive events at HERA

® 7max: Maximum pseudorapidity of all calorimeter clusters in an event

e /EUS data

e A clear of events is Monte Carlo
observed for
_>
tetret
e Rapidity distribution of diffractive t

recoiling state expected to be
constant

e These “large rapidity gap” events are not accounted for by standard
QCD-inspired fragmentation models and their characteristics are
compatible with those expected from diffractive dissociation involving

exchange ZEUS Collab, PLB 315 (1993) 481
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First observation of hard diffractive events at HERA

0.0008 < xp, < 0.003

30 100
Q% [GeV’]

e The fraction of events with a large rapidity gap shows a weak dependence
with Q2
— indication of a leading-twist contribution to the proton structure function
ZEUS Collab, PLB 315 (1993) 481
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First observation of hard diffractive events at HERA
e Jet production in and for events with nyax <1.5:
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e The natural interpretation of the observation of these events is the hard

interaction of the and photon with a colourless object with
partonic structure inside the proton:

ZEUS Collab, PLB 332 (1994) 228 ZEUS Collab, PLB 346 (1995) 399
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Kinematics of (diffractive) events in DIS
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e(k) + p(P) — €'(K) + X e(k) +p(P) — €'(K') + p'(P') + X

Q2= —q® = —(k — k)2

P—P).
L 2?3-q TIP = ( P.q) :
P- p)
Y =Pk B = 3P-Prq ~ 2p
W2 — P)2 = Q2(1_w) M2 t — (P — P2
=(g+P)*=~*——+ M = (P — P’)
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Diffractive structure function

" e Soft hadron-hadron data via can be described by a
\EJ | -hadron coupling and a propagator

}j&;y’ = in this picture, the can be treated as a quasi-real particle
il emitted by the hadron and described in terms of a parton density
Wy characterised by a structure function,

' e For unpolarised beams, the differential cross section for single diffractive
’.‘! dissociation is given by:
| d*o i 2T
i dBdQ%dx pdt  BQA
where, assuming factorisation,
FY (8,02 zp, t) = fp(emp, t)- FF (8, Q%)
and fpp is the flux factor

2
[(1+ (1 —9)?) — y° ]

e Integrating over t,
dSO'diff 2T

dBdQ2dzp  BQH

2
1+ (1 —y)?]
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First measurement of the diffractive structure function at HERA

® F2D(3)(B, Q?, zp) measured in the kinematic range:

0.08<y<0.95
8 < Q2 < 100 GeV? ZEUS 1993
6.310 4 < xzp <102 |
0.1<3<0.8

| consistent with
"1 hard interaction between the virtualji
photon and point-like constituents

within the

the x ;p dependence is consistent with the form (1/xp)® with
a = 1.301g'1¢ for all 3 and Q2 regions

ZEUS Collab, Z Phys C68 (1995) 569
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First measurement of the diffractive structure function at HERA

e Integrating F2D (3) over xp (universal x jp dependence assumed, taken
from fit) in all 3 and Q? regions:
ZEUS 1993
Events characterised by the
diffractive dissociation of virtual
photons, , constitute

of the visible DIS cross
section

Picture consistent with the scattering of a virtual photon off point-like
within the

ZEUS Collab, Z Phys C68 (1995) 569
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First determination of pomeron PDFs at HERA

. FP®) = (1/2p)a-b-[B(1— B) + £+ (1 — B)?]

with y y
soft contribution ZEUS 1993

Results:

It was also determined that the quarks within the do not saturate the
momentum sum rule:

ZEUS Collab, Z Phys C68 (1995) 569
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Diffractive picture starting to emerge...

e Observed Q? dependence indicative of a point-like nature of the
interaction and a leading-twist mechanism

e Measurements consistent with a diffractive structure function which

factorises into a flux factor (- ,») and a structure
function ( )

e The structure function scales with Q2 and 3

e Quarks within the do not saturate the momentum sum rule and

indications of scaling violations point to a sizeable gluon component

e At LO QCD, diffractive DIS probes only the quark
content of the :
— are the parton densities universal?
— what fraction of the momentum is
carried by quarks and gluons?
— does a momentum sum rule apply to the

e Study reactions sensitive to the quark and gluon
content of the
_>
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Jet production in diffractive events

e In factorisable models of jet production, the Is assumed to be a
source of partons which interact with the (partons within) the photon,

o = f dyffy/e(y) f f dedtfﬂ?/p(mPat)
> [ dBY k[ di? d‘”;i;ﬁk(é 2, 12) fi/p(Bs 12

e Some possible parameterisations:

— hard gluon density: 3£, p(8; w %) =68(1 — ﬁ)
— soft gluon density: 31, P(B, A= 6(1 — B)°
— hard quark density: /qu/P(/B? Mz) — 46(1 — 3)

normalised such that all of the momentum is carried by those

partons: 3 p(11?) = fol dgs Ziﬁfi/P(/B, 11?) = 1, and assuming
momentum sum rule

e The Donnachie-Landshoff flu?)( factor was assumed:
9 1—2a(t
Trplam:t) = 9 By (t) 2y 2
with by ~ 1.8 GeV—! and a(t) = 1. 085 + 0.25¢
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Jet cross sections in diffractive events at HERA

ZEUS 1993

e First measurement of the cross sections for

e —I— P — (jet _I— XT) _I_ Y % @ ZEUS Dato
in the kinematic range:

Q?~1073 GeV?, 130 < W < 270 GeV,
Nmax < 1.8 (GAP) and My < 4 GeV

e At least one jet (cone algorithm) with E%?t > 8 Ge
" and —1<npi®t<1

| Comparison to predictions (assuming X p = 1):

Dominance of hard gluon component

ZEUS Collab, PLB 356 (1995) 129
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First direct evidence of the gluon content of the pomeron

e The quark and gluon contributions to the PDFs were extracted

from the data (jet cross section in PHP + F, D(3) in DIS):

— after subtracting double-dissociation and non-diffractive contributions
— the DL flux factor was assumed

— hard gluon ( ) and hard quark ( ) densities were
considered, with fractions ¢, for gluons and for quarks
— the overall normalisation was left as a free parameter
Results:
— 1.4 < 3Yp < 3.8 for
cg =0and 0.3 < Xpp < 0.9forcg =1
— Yp- (1 —cg) =0.32

(0.40) for two (three) flavours
From the combined constraints:

ZEUS Collab, PLB 356 (1995) 129
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A QCD analysis of ZEUS diffractive data

', e The diffractive

!

ol | d30. . 2 2

o diff TO

E‘H' 57— = a1+ (1 — )]

i dBdQ%dep  SQ

L@ and diffractive DIS were used to constrain the and

! u parton densities and to extract the DPDFs

' e The QCD factorisation theorem was assumed for the diffractive structure
“3 functions and the DGLAP evolution equations were used to obtain the
| scale dependence of the DPDFs

l" e The DPDFs were modelled at the starting scale Q3 = 1.8 GeVZ in terms of
and
Zfd,u,s(za Q(Qj) = quBq(l = Z)Cq - D
2fg(2,QF) = AgzB1(1 — 2)% . D
with D =e=0:001/(1=2) ¢-— ¢ £, = f,= fs, heavy quarks generated
dynamically; -: longitudinal momentum fraction of the parton entering the
hard subprocess relative to the diffractive exchange
ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

" e The x;p dependence was parameterised using and

\EJ " fluxes:

\
| B t
; | AIP, IR€ b I
}W

i

QQP,R(t)—l
Lp
\ l with linear trajectories o jp (1) = o p R (0) + agp’ 1t the normalisation
i A p was absorbed in A, 4; the reggeon parton densities were taken from
g fits to pion data

“’ e In total, 9 parameters were left free in the fits: A, ,, 5, 4, Cy g, the

' fr,r(zPp,t) =

i

|
f

| and intercepts a;p(0) and ajzr(0), and the normalisation
ll'% ‘ of the reggeon term, A
1//Fe Data:
LRG data: LPS data: Jet data:
—40<W<240GeV  —40<W <240GeV  — E}'>4GeV
— 2(5) <Q?<305GeV? —2(5)<Q?<120GeV? — zp < 0.03
— 2< Mx <25 GeV — 2< Mx <40 GeV
—0.0002<xp<0.02  — 0.002(0.02) <zp<0.1

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

e Fits to LRG+LPS data:
— “Standard” with A4, B4 and
Cy as free parameters ZEUS
® ZEUS LRG 99-00 —— ZEUS DPDF S = =« ZEUS DPDF S (extrapolated)

(11 39 H — — —
o o =0.006 =0.015 =0.038
— “Constant” with B; =C3 =0 LSk ’ ’
<o, [ ] ° ° *
- -~ - -
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]
’ [] -8
. K %o -~ %000 Paes
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o : . L
‘ . e fey ~Laee Ses
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| 0.04 . j\‘
l 0.02 »~ 2o cecn “Seece
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I 0.04 é{.‘“
‘ j 0.02 »~ -~ oo e
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0.04
0.02 e o e {." \
0.06} pB=0.029 B =0.066 B=0.158 B=0.324 B=0571
0.04 \
0.06} pB=0.038 B =0.086 B =0.200 B =0.390 =0.640
0.04 -
0.02 Y Age -.....‘ [
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0.04
0.02 - P e \u. }"‘q
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Xip

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

e Fits to LRG+LPS data:
— “Standard” with A4, B, and
Cg as free parameters ® ZEUS LRG 99-00 ZE—LJfEUS DPDF S

k& 3 1 — — C 006 =0.070 =0.151 =0.319 =0.545 =0.769
— “Constant” with By =Cy =0 Esdi P P Bq\q ’ Q*(Gev)
2 0.
X" 0.02 * Ry ey Treas
0.06f B=0.091 B=0.191 =0.385 3=0.615 3=0.816
0.04 N
0.02 2 s e Y \
0.06} B=0.111 B=0.228 =0.439 3=0.667 B=0.847
o 0.04 r . .
‘ 0.02 e e e foen
i 0.06f B=0.140 B=0.278 B=0.504 B=0722 $=0.878
| 0.04
o2 E VY o kl.
! 0.02 e VY
' \ 0.06F p=0.175 B=0.335 B=0.570 B=0.773 B=0.904
0.04
& 'i‘
l" 002 - e e
0.06} B=0.216 B=0.394 3=0.632 3=0.815 B=0.924
0.04
0.02 e hag e toa e,
0.06f B=0.259 B=0.453 $=0.686 $=0.848 B=0.940
0.04
0.02 * s s Fye .
0.06f B=0.316 B=0.523 3=0.743 $=0.881 B=0.954
0.04 "
0.02 * e 358
0.06f B=0.389 B =0.601 B=0.799 B=00911 B =0.966
0.04
0.02 ¥ - ™ J -

10° 10? 10? 10° 10?2 10? 10% 102 10? 10® 107 10? 10° 102 107
X
IP

ZEUS Collab, NPB 831 (2010) 1



Claudia Glasman (UAM) Diffraction at HERA 21

A QCD analysis of ZEUS diffractive data

e Fits to LRG+LPS data:

— “Standard” with A4, B, and
Cy as free parameters

— “Constant” with B;=Cy;=0

For Q2 < 5 GeV?, the predictions are extrapolated and underestimate the
LRG and LPS data for xp < 0.005

The f-lt is above the L.PS ZEUS

; data in the |OW-B region, e ZEUSLPS99-00 —— ZEUSDPDFS - - . ZEUS DPDF S (extrapolated)

| @ 006} B=0.002 B=0.007 B =0.020 B=0.065 B=0.217 Q% (GeV?)
[a gy e
i where there are no LRG o 004 , : —
: x 002 )’s 5_!!19 ', ._.? 2aen “fes 25
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0.04 ) 3.9
0.02 ,E-‘.i ,.._.’\ .! L '™ ‘..

€
0.06F p=0.007 $3=0.019 B=0.055 B=0.165 2:::1:1
0.04 f‘r

[}

0.02 j—n“ A ¥ —~e .
0.06F B=0.013 B= 0.037 B=0.104 [3 =0.280 [3 =0.609
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ZEUS Collab, NPB 831 (201 0) 1
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A QCD analysis of ZEUS diffractive data

e Quark and gluon densities from fits S and C:

Q%=6 GeV? = Q%=6 GeV?

—— ZEUS DPDF S —— ZEUS DPDF S
exp. uncertainty | . exp. uncertainty

== ZEUSDPDFC i P - - ZEUSDPDFC
== : i

04 06 08 02 04 06 08

Q? =200 GeV?

02 04 06 08 02 04 06 08

gluons from fit S grow rapidly at high z, while those from fit C vanish as
z — 1 in a smoother way:

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

Pl

® ZEUS diff dijet DIS 99-00 :-®
0 energy scale uncertainty

e Comparison of fits S and C to diffractive
dijet DIS data:
— at high 2925, the predictions based on
fitC()( ) describe the data

doldz,,dQ* (pb/GeV?)

50<Q’<100 GeV?
EP
&

0.2 0.4 06 08 1

do/dz,,dQ° (pb/GeV?)
do/dz,,dQ* (pb/GeV?)
o
N

0
1

Fit SJ, including LRG+LPS+dijet data:
_>

—~
Y
>
[
o
=
S
=
=
o
(o4
S
a
N
ks
s}
°

doldz,,dQ* (ph/GeV?)
o
w

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

e Quark and gluon densities from fit SJ, compared to fit C:

Q%=6 GeV? ‘
—— ZEUS DPDF SJ : I —— ZEUS DPDF SJ
exp. uncertainty | exp. uncertainty
= = ZEUSDPDFC | "“fl == zEUSDPDFC

e

02 04 06 08

02 04 06 08 Zl 02 04 06 08 1

Combining inclusive and dijet data constrains the and densities
with compararable precision across the whole z range

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

e Q2 dependence of the fraction of the longitudinal momentum of the
diffractive exchange carried by gluons from fit SJ (integrated over
107° < z < 1):

: - _ —— ZEUS DPDF SJ
The fall with Q“ is a direct , exp. uncertainty

consequence of the DGLAP

; evolution, which forces g¢, . to
¢l1 approach = 0.5 at high Q2 .

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

" e Comparison of predictions based on fit SJ to charm contribution to F2D (3):

“x;‘}r?';y J 2 Q%=25 GeV?
) . X,=0.004

‘I Q=4 GeV? Q°=25 GeV?
i X,p=0.02 : Xp=0.02

ZEUS diff D* 98-00
ZEUS DPDF SJ

- ZEUS DPDF SJ (extrapolated)
DPDF exp. uncertainty

ZEUS Collab, NPB 831 (2010) 1
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A QCD analysis of ZEUS diffractive data

e Comparison of predictions based on fit SJ
to diffractive dijet photoproduction data +  zEUSAdie 19000

[ energy scale uncertainty

provides a test of QCD factorisation: oror e, uncerainy

H1 Fit 2007 Jets x 0.81

For resolved processes (a;gbs < 1), asin
hadron-hadron interactions, QCD
factorisation is not expected to hold

° ZEUS diff dijet yp 99-00
ZEUS DPDF SJ
DPDF exp. uncertainty
== H1 Fit 2007 Jets x 0.81

-
0
LL
a
o
a
%)
)
w
N
i)
=
g

ZEUS Collab, NPB 831 (2010) 1
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Conclusions

e Post- picture of diffraction in QCD:
— Observation of events with a large rapidity gap

— Observation of jet production in events with a large rapidity gap
*

— Measurement of pomeron structure function
' | *k

X

— Measurement of jet cross sections
*

— Extraction of pomeron parton densities
3




