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OUTLINE

e Diffractive hard selection

e Hard diffraction in QCD

o Diffractive Parton Density Functions

e Diffractive final states (open charm, jets)

e Events with leading neutrons
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Diffractive event selection
HERA: 27.5 GeV e + 920 GeV p, /s = 318 GeV

A large fraction (10% - 20%) of DIS events is diffractive
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e Beam particles emerge intact or dissociated into low-mass states;
energy ~ beam energy (within a few %)

e Final-state particles separated by Large Rapidity Gap (LRG)

e Interaction mediated by t-channel exchange of object with vacuum
quantum numbers: colour siglet exchange or Pomeron
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Hard diffraction in QCD

Diffractive processes with one or several large scales are called hard

Hard diffraction is the interplay of systems with small size configurations
(quark and gluon) and large size configurations (set by the size of the
protons)

Application of pQCD relies on the ability to separate small (hard) from
large configurations (soft)
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12 Hard diffraction is a laboratory for QCD studies:
e scale transition soft-hard
e factorisation tests
2
Ho e dynamics of hard processes
p

2-gluon diagram
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Kinematic variables

DIS
QQ

B

Y
%%

= —¢?, virtuality of exchanged boson

= Q°/2p - q, Bjorken variable

fraction of proton’s momentum carried by struck quark
= Q° /s, 7y inelasticity

photon-proton centre of mass energy

Diffractive DIS

X p

fraction of proton’s momentum of colour singlet

_ q(p-p") . @+M%
exchange = a7 o

fraction of Pomeron’s momentum carried by quark

: . 2 2
COUplIng tO'y = m ~ QQi—Mg( :CUB/LUP

= (p — p)?, 4-momentum transfer squared at p-vertex



QCD factorisation theorem
Breit rest frame (fast proton)

DIS
F2(x7Q2) — Zi:%gfdz fZ(ZvQQ) CZ(CE,Q2)
structure parton distribution function  hard scattering coefficients
functions (universal, dglap) (pgcd)

at LO, coefficients C,(z) = e;6(1 — z), Cy(z) =0
Diffractive DIS

2 D 2
D(4) _ d2FD($P?tawaQ2) - d fz/ (:CPatathJF) ‘ Q2
F2 B ; dx p dt - Z’L’:q,g f dz pd:c]pdt Cl(%? E)
Diffractive PDF same as F>

e Factorisation proved for DDIS and exclusive hard diffraction for large pr
(Collins, Berera &Soper, Trentadue & Veneziano)
e Not true for diffr. hadron-hadron collisions
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Factorisation not expected to hold for pp

e Violation of factorization understood in terms of (soft) rescattering
between the 2 hadrons and their remnants, in initial and final state,
suppressing the large rapidity gap

(a) (b)

e Suppression observed for diffractive dijet production at Tevatron
e Interest for LHC diffractive production
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Factorisation tests in v*p and ~p

Real photon (Q? ~ 0) can develop hadronic structure
= study fact. breaking at HERA

ir ~ 1 '
edirect ~ (363/')/ ) eresolved ~ (hadron like, at low z-,)

X

4 jer2

jet2
IP —remnant Mx

IP —remnant Mx

small ~ couples directly to parton,
dominant contribution in DIS
and for high Er jets

large ~, soft rescattering expected,
dominant contribution for low Er jets

e Theory: direct and resolved processes well separated only at LO

OBS _ Z(E_pz)jets
7 Z(E_pz)hadrons

e Experimentally: x., reconstructed by jets, z, =«
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Diffractive final states, factorisation tests

e Basic strategy
e measure FY from inclusive measurement,
e extract diffractive PDFs from NLO DGLAP fit

e measure an exclusive diffractive final state, open charm and dijets, in
DIS and PHP

e compare the measurement to NLO calculation
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Diffractive structure functions, inclusive data

Alessia Brunsi

- X,p = 0.01
(%)
E.. ® H1 Data
o) 4 - H1 2006 DPDF Fit A
o 10 s (extrapol. fit)
b C
x 3 x=5E-05
- - ¢ B=0.005 (i=11)
x=8E-05
103 ’,;;:iiiiii $=0.008 (i=10)
. x=0.00013
o %y 8- $=0.013 (i=9)
. !”!}'L x=0.0002
B B=0.02 (i=8)
!)" * §' x=0.00032
° _;::S:' $=0.032 (i=7)
(] /!0'0’.—;‘ ¥=0.0005
! B=0.05 (i=6)
10 | _:1-’4:’::-4
- X=0.0008
* i! B=0.08 (i=5)
x=0.0013
9. B=0.13 (i=4)
g x=0.002
B=0.2 (i=3)
‘- W x=0.0032
e o8 $=0.32 (i=2)
Al
0= e ® % L Ji— x=0.005
4..,...:::1::::::‘ B=0_5(i=1)
: jIZIi:Z:::::::::::::::::::::: L x=0.008
L \ri-m B=0.8 (i=0)
-2
10 o
:IIIIIH‘ \\\\\H‘ \\\\\Ill L L1
10 10 10°
2 2
Q° [GeV ]

3gep—eXp  4ra? D(3

CilﬁdQ2d:c1p — TBQY oy )(6,622,33113)
YT =1+(1-y)*

D(3 D(3 2 ~D(3
Ur():FQ()—%FL()

FP® —patLO

Reduced cross section constrains quark density
gluon density from log Q° dependence

e Positive scaling violations up to high ¢
= lot of gluons in diffractive exchange
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Diffractive PDFs from inclusive data
oo @ ° Additional assumption: proton vertex
05 [8G:V21factorisation
0.257— d2F2DC(ZZJ;;§£a:,Q2) _ f]p/p(ibzp,t)Fglp(B, Q2)
0
05 e NLO DGLARP fits:
025 2 parametrise Flavour Singlet (¢, ¢) and
0w Gluons at Q* ~ 3 GeV”
05 N - evolve with NLO DGLAP and fit
%
0y eDifferent parametrisations:
051 X a0 1120086 fit Az zg(2,QF) = A(1 — 2)°
0251 H1 2006 fit B: zg(z, Q5) = A(1 — 2)
002 04 olsx:.c.)is but also Martin Ryskin Watt,
Y4

y 4

H1 2006 DPDF Fit A
== (exp. error)
1 (exp.+theor. error)
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ZEUS fit LPS + charm ...
H1 2006 DPDF Fit B . . .
(exp.stheor. errory  Z = fractional momentum of parton partici-
pating in hard scattering
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‘rom inclusive data

Q2
[GeV?

] : .
o ® Well constrained singlet

e Gluon dominated, 75% of exchanged
momentum carried by gluons. Gluons

2 weakly constrained, exp. at high values
of z = fractional momentum of parton
participating in hard scattering

920

e Low z: evolution driven by g — ¢qgq

800 strong sensitivity to gluons

02 04 06 0.8

—— H1 2006 DPDF Fit B
----- (exp.+theor. error)

y 4

e High zz ¢ — ¢g contribution to
evolution dominant, relative error on
derivative grows
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Factorisation tests: D* in DIS
e Use diffractive PDFs from NLO DGLAP fits

. 9250 of P to predict rate of charm production
_g_ [ = H1 2006 DPDF Fit A ) )
= 200:_ ------------ H1 2006 DPDF Fit B QP
* N e
e . e H199-00 [ <_>D
5 150 .8 X
> —
© Xip Largest gap in event
100 p —
50| = Kinematic range:
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95 405 0 o5 1 15 (D) <1.5005<y <07,

T](D*) 150 diffractive D

e NLO calc. + diffractive PDFs describe data
= Within uncertainties, QCD factorisation works
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Factorisation tests: D* in yp

Kinematic range:

130 < W < 300 GeV, pr(D*) > 1.9 GeV,
n(D*)] < 1.6

12500 D™, 200 diffractive D*

In the kin. region of the measurement, D~*
production mainly produced in direct photon
processes — no suppression expected

e NLO calc. + diffractive PDFs describe data

=- No evidence of factorisation breaking
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Factorisation tests:
D* In ~vp

Rp =5.7+0.5%

e Ratio from NLO calculations:
H1 fit 2006 B = 5.7%
ZEUS fit LPS + charm: = 5.8%

=- No evidence of factorisation breaking
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Factorisation tests: dijet in DIS

ZEUS
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Kinematic range:
5 < Q% < 100 GeV?,
ETjetl(jetQ) > 4(5) GeV

e NLO predictions using diffractive
PDFs describes data within theoreti-
cal uncertainties

e Agreement depends on kinematic
region (0 — 25%)

e Large discrepancy between differ-
ent diffractive PDFs,

best agreement for

H1 2006 fit B

and Martin Ryskin Watt
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Factorisation tests: dijet in DIS
ZEUS

e R = data/NLO (LPS + charm)

e Discrepancy at large z, new fits:
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Combined fit to inclusive and dijet DIS data
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e Combined fit constrains quark and gluon densities over a wide range

0.05 < 2<0.9

= Uncertainty on gluon density reduced
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Factorisation tests in vp

Double ratio of (data/NLO)?/ (data/NLO)P?% | to cancel diffractive PDF
uncertainty

H1 Diffractive Dijet Production

o 15 . .
S [ H12006 Fit B DPDF o |
bt [ based on H1 data from Factorisation breaking expected vs z
E [ EurPhys.J. (2007) C51:549-568__:,*V
% 1} 1 HERA data:
:.9:% [ global suppression vs x.,
o) possible dependence of gap survival on Er
= range
& 0.5} .
ﬁ | = Measurement investigated vs x

H1 1 indifferent Er region
S 7 9 1

ETjetl (GBV)
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Factorisation tests in vp

elLOwW Er

ETjetl(jetQ) > 4(5) GeV
—1. <t <2

0.3 <y <0.65

ePrediction extrapolated at high z, beyond
the range of the diffractive PDF

= No evidence of suppression of resolved
contribution only

= Global suppression

data / NLO(H1 fit B) = 0.54 + 0.10(syst) +
0.14(scale)

data / NLO(H1 fit jets) = 0.65 4+ 0.11(syst)
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Factorisation tests in vp

Ongh Er

ETjetl(jetQ) > 75(65) GeV
—1. <t <2

0.3 <y < 0.65

= No evidence of suppression of resolved
contribution only

=- Global suppression

data / NLO(H1 fit B) = 0.61 + 0.13(syst) +
0.15(scale)

data / NLO(H1 fit jets) = 0.79 4+ 0.16(syst)
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ZEUS H1 Eur.Phys.J C51 (2007), ZEUS Europ. Phys. Journal C (2008,
: : :

2 s00l | @ Factorisation tests in yp
- ® ZEUS77pb
% ~ | —— ZEUSLPS, GRV I ) eHigh E7
L 600 . H1 2006 A, AFG (x 0.87) | — ETjeti(et2) > 7.5(6.5) GeV
-E . H1 2006 A, GRV (X 0.87) [ . —15 < njet < 1.5
400 - H1 2006 B, GRV (x 0.87) = 0.2 <y < 0.85

7] = Large theoretical uncertainty
= No suppression of resolved contribution

§ - ' (b) i onIy |
Z 2 . = Global suppression
g i data / NLO(ZEUS LPS + charm) ~ 0.6
%g: I ] data / NLO(H1 fit B) ~ 0.9
% e — data compatible with no or small suppres-
. sion, depending on diffractive PDFs
Rt - — Indication of possible suppression at small
5 1T O Er

04 06 08 10
xgbs
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DIS, PHP

PHP
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Uncertainties for predictions

Large scale dependence

- higher QCD order important

e Flavour scheme dependence
- dPDF fitted using 3-flavour FFNS + massive c,b
- dijets calculated with all flavours massless ZM-VFNS

Gluon content of the Pomeron

- poorly constrained at high z

e Proton dissociation correction factor
- 10% uncertainty when using H1 dPDF to ZEUS

e Factorisation scheme dependence for the photon

e quark/gluon content of the photon

= up to ~ 30% uncertainty



Another test of factorisation breaking:

Dijet photoproduction with a leading neutron
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Klasen and Kramer Eur. Phys. J C49 (2007,

Dijet photoproduction with a leading neutron

>
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e Factorisation breaking expected in dijet photopro-
duction with a leading neutron vp — j7n.X; e events
whith a non-diffractive exchange (pion exchange)

e Soft rescattering expected between v remnant and

n

e NLO predictions (non-perturbative pion flux factor)
normalised to DIS ep — ¢57 X n data and compared
to photoproduction data, looking for suppression

24



ZEUS EPSO0%

Dijet photoproduction with a leading neutron

ZEUS Kinematic range:
< Tt rr rr rrT rr ]
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3] ® - ¢ Q%<1 GeV? 1
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08y eeae o o - o Tt pion-exchange model
0.04 = I ——— 0.04 = =
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QCD factorisation tests summary

Factorisation studied within QCD framework:

e New diffractive PDFs available:

e inclusion of dijet data in the fits provides a better constraint on gluon
density

Diffractive charm in PHP and DIS:
e within low statistics and large NLO uncertainties no hint of factorisation
breaking observed

Diffractive dijets:

e diffractive dijet production measured in wide range of photon virtualities
(0-100 GeV?)

e experimental errors much smaller than theoretical uncertainties

e NLO predictions based on dPDFs from inclusive data describes data in
shape

e in PHP, data favor a global suppression of NLO QCD rather than a
suppression of only the resolved component

Factorisation breaking observed at low Er
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Conclusions

e QCD factorisation investigated at HERA in many final states and over
a wide kinematic range

¢ Indications of factorisation breaking observed in dijets photoproduction
at low Er (where resolved processes dominate), but not clearly vs z.,

e EXp: cross-section ratios can be useful, i.e. ratio diffractive/inclusive
production vs Er, x~

e Better QCD prediction needed (consistent flavours/masses
treatement, showering ...) to quantify the suppression
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