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Diffraction at HER A

HERA delivered
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H1 and ZEUS collected 0.5 fb~! data:

¢ good measurement accuracy
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¢ new detailed results — test
QCD assumptions and predictions
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Diffractive dissociation:

RDD — 7DD ~ 10 — 15%.
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t-channel exchange (IP)

¢ vacuum quantum numbers
¢ colour singlet

¢ small momentum transfer ¢
Y

o My = m, — elastic diffraction
My > m, — proton dissociation (BG)
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Signatures and Selection Methods

Proton Spectrometer (PS) method

H1-VFPS H1-FPS
4 8N
220 90 80 64 40 24
o no p diss background (BG) ik S A

o t, p measured directly ZEUS LPS

¢ larger (< 0.1) accessible

olow Acc (~ 2%) Large Rapidity Gap (LRG) method

nmaw —
Anmaw
¢ p_diss background (~ 15 — 20%)

¢ t not measured

¢ smaller xp (< 0.03) accessible
¢ higher Acc (~ 10%)
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Kinematics and Cross Sections

W = invariant mass of v*p system

M x = invariant mass of v*IP system
My = invariant mass of proton (dissociative) system
xp = fraction of proton momentum carried by IP
B = x/xp = fraction of IP momentum carried
by struck parton
t = (4-momentum? exchanged at p vertex)
typically: |t| < 1 GeV?

(t)

dgep—eX TQ
= B [0, 00— D6, 6]
_ 2/@“'54 Y—I—O'D(4)(/B9 Q2 Lip, t) «— Y_|_ — 1 _I_ (1 . y)2

0_?1?(3) (3,Q% xzp) = fo:,l?(‘l) (3, Q% xp,t)dt in case t is not measured
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H1 vs ZEUS: Measurement Comparison

ZEUS
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H1 and ZEUS: (V)FPS/LPS or LRG - agree (within normalisation uncertainty) — basis for the
combination of H1-ZEUS inclusive diffractive data — reduction of experimental uncertainties
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(V)FPS/LPS vs LRG: Measurement Comparison

oPB)(LRG) = aP®)(elastic)+0P®) (p_diss)

Ratio oP®)(LRG)/aP® ((V)FPS/LPS)= 1 + oP®) (p diss) /aP®) (elastic):
independent of xp,3,Q? =—> measure p_diss contribution:

2.5 GeV?
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Methods & Measurements - different but agree (within normalisation uncertainty)
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Factorisation of Diffractive Cross Sections

The structure of the colour singlet is studied within QCD:

¢ QCD hard scattering factorisation theorem: (at fixed xyp and t)

o’ (v'p— Xp)= >  fP(=,Qzp,t) Q07 (x,Q7)

parton 1

X . ° .
o7 ': universal hard scattering cross section

f,L.D : universal partonic distribution functions (PDFs), obey evolution equations

Theorem’s validity is proved for diffractive DIS by J.Collins

¢ Factorisation theorem relates:

B0, Q ) =3 [ ZuniCaPeian @
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D(3)

o ) « NLO QCD Fits — DPDFs

QCD fits to data — sets of diffractive PDF's.

To reach this goal - DPDF's were modelled using phenomenological parameterisations

¢ Proton vertex factorisation assumed and IP and IR contributions accounted for:

PB,Q% zp,t) = for(Te, t) - fiyp(B, Q%) + fr(zr,t) - fi/r(B, Q)

Ap pel PR
IP and IR fluxes: frr(zp,t) = Qﬁ,m(t)—l ap,r(t) = apr(0)+afp Rt

Lip

¢ Distributions at Qg of QUARKS and GLUONSs:

2 faus(2, Q) = AgzPi(1 — z)%a 2fe(2,QF) = AgzPs(1 — 2)%
Lots of parameters to fit — some were fixed
Fits to LRG data: Fits to LRG+LPS data:
Fit H1 2006 DPDF A Cg=0 Fit ZEUS DPDF S
Fit H1 2006 DPDF B Fit ZEUS DPDF C Bg=Cg=0
Fit to LRG DIS dijet data: Fit to LRG + LPS+ DIS dijet data:
Fit H1 2007 Jets DPDF Fit DPDF SJ
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Quark Distributions - from 0',,1? (Qz)
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all Fits - similar
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First Measurement of FLD

Jf(g—i) = FP — iﬁ—jFl—f) FP ~ a; - g(xz) < direct measurement of g(x)

Data at 3 proton energies used: 920, 460 and 575 GeV
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Test QCD: diffractive dijet PhP
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Test QCD: diffractive charm production
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SUMMARY

e 15 years of HERA operation — detailed studies of diffractive reac-
tions

e Consistency reached between different experiments, methods and
data sets

e measured DPDF's, corresponding to elastic diffraction (single-diffractive
reaction)

e DPDF's measured with higher accuracy, accounting for dijet data —
predictions for other processes possible

e predictions for diffractive charm production and diffractive dijet
photoproduction agree with measured cross sections

e First measurement of Ff? in agreement with DGLAP QCD predic-
tions
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