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Figure 9: The diffractive quark density (top) and the diffractive gluon density (bottom) for two

values of the squared factorisation scale µ2
f : 25 GeV2 (left) and 90 GeV2 (right). The solid line

indicates the H1 2007 Jets DPDF, surrounded by the experimental uncertainty (dark shaded

band) and the experimental and theoretical uncertainties added in quadrature (light shaded

band). The dotted and dashed lines show the parton densities corresponding to the H1 2006

fit A and fit B from [5], respectively.
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values of the squared factorisation scale µ2
f : 25 GeV2 (left) and 90 GeV2 (right). The solid line

indicates the H1 2007 Jets DPDF, surrounded by the experimental uncertainty (dark shaded

band) and the experimental and theoretical uncertainties added in quadrature (light shaded

band). The dotted and dashed lines show the parton densities corresponding to the H1 2006

fit A and fit B from [5], respectively.
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Figure 9: The diffractive quark density (top) and the diffractive gluon density (bottom) for two

values of the squared factorisation scale µ2
f : 25 GeV2 (left) and 90 GeV2 (right). The solid line

indicates the H1 2007 Jets DPDF, surrounded by the experimental uncertainty (dark shaded

band) and the experimental and theoretical uncertainties added in quadrature (light shaded

band). The dotted and dashed lines show the parton densities corresponding to the H1 2006

fit A and fit B from [5], respectively.
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Note on the scale and universality

DVCS is like DIS (at LO):

e

e

!
*

p p

!

Photon interacts directly

with a resolved quark

→ Hard scales are:

for DVCS: µ2 = Q2

for VM: µ2 = Q2+M2

4

→ Universalality vs µ2:

Soft/hard transition

around µ2 ∼ 5 GeV2
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Figure 2: Upper plot: measurement of the differential cross section dσ/dE jet1
T . The points

show the data, the inner error bars on the points are statistical and the outer error bars show

statistical and uncorrelated uncertainties added in quadrature. The correlated systematic errors

are indicated by the dark band. The data are compared with predictions based on the H1 2006

Fit B DPDFs, scaled by a constant factor of 0.53, obtained using the FR (white line) and KK

(dashed line) calculations. Both predictions are corrected for hadronisation effects using the

factor (1+δhadr) shown below the main figure. The effect on the FR calculation of varying µr by

factors of 0.5 and 2.0 is shown in the light band. Lower plot: ratio of the measured differential

cross section to the FR calculation based on the H1 2006 Fit B DPDF set and corrected for

hadronisation effects. The experimental and theory scale uncertainties are indicated as for the

cross section plot. Also indicated are the central values obtained when the H1 2006 Fit A or H1

2007 Fit Jets DPDFs are used in place of H1 2006 Fit B.
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Figure 4: Upper plot: measurement of the differential cross section dσ/dxγ . The points show

the data, the inner error bars on the points are statistical and the outer error bars show statis-

tical and uncorrelated uncertainties added in quadrature. The correlated systematic errors are

indicated by the dark band. The data are compared with predictions based on the H1 2006

Fit B DPDFs, scaled by a constant factor of 0.53, obtained using the FR (white line) and KK

(dashed line) calculations. Both predictions are corrected for hadronisation effects using the

factor (1 + δhadr) shown below the main figure. The effect on the FR calculation of varying µr

by factors of 0.5 and 2.0 is shown in the light band. Lower plot: ratio of the measured differen-

tial cross section to the FR calculation based on the H1 2006 Fit B DPDF set and corrected for

hadronisation effects. The experimental and theory scale uncertainties are indicated as for the

cross section plot. Also indicated are the central values obtained when the H1 2006 Fit A or H1

2007 Fit Jets DPDFs are used in place of H1 2006 Fit B.
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Figure 1: Leading order diagrams for diffractive dijet photoproduction at HERA. Diagrams

(a) and (b) represent the direct and resolved photon interactions, respectively. The diffractive

exchange is labeled with IP .

The kinematics can be described in terms of the following invariants

s ≡ (k + P )2, Q2 ≡ −q2, y ≡ q.P

k.P
, x ≡ Q2

2 q.P
, (1)

where the four-vectors are defined according to figure 1.

These variables are standard DIS variables and are related through Q2 ≈ s x y, where s
is the square of the total CMS energy of the collision, Q2 is the photon virtuality, y is the
scattered electron inelasticity and x is the four-momentum fraction of the proton transfered to
the interaction. Furthermore, the invariant mass of the photon-proton system is given by

W ≡
√

(q + P )2 ≈
√

ys − Q2. (2)

Using the notation from figure 1 diffraction specific variables can be defined as

MX ≡ P 2
X , MY ≡ P 2

Y , t ≡ (P − PY )2, xIP ≡ q.(P − PY )

q.P
, (3)

where MX and MY are the invariant masses of the diffractive and proton dissociative systems,

respectively, t is the four momentum transfer squared at the proton vertex and xIP is the four-

momentum fraction of the proton transferred to the systemX .

With u and v being the four-momenta of photon and parton (parton and parton) in direct
(resolved) processes entering the hard subprocess the invariant dijet mass can be expressed as

M12 ≡
√

(u + v)2. (4)

Finally, the longitudinal four-momentum fractions of the photon and the diffractive ex-

change transferred to the hard interaction can be defined as

xγ ≡ P.u

P.q
, zIP ≡ q.v

q.(P − PY )
. (5)

2

direct: xγ=1 resolved: xγ<1

xγ
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NC Cross Section Polarization Dependence
HERA
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Neglecting pure Z exchange term, generalized
F2:

F±
2 ≈ F2 + k(−ve ∓ Pae)F

γZ
2

where k = 1

4 sin2 θW cos2 θW

Q2

Q2+M2
Z

At leading order

F γZ
2 = x

∑

2eqvq(q + q̄)

Defined as

A± =
2

PR − PL

σ±(PR) − σ±(PL)

σ±(PR) + σ±(PL)
≈ ∓kae

F γZ
2

F2

directly measures NC parity violation.
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๏ Most accurate measurement of γZ interference structure function xF3

๏ First observation of parity violation in NC e±p scattering at 10-18 m

๏ Tests of chiral structure of charged current 
    interaction in region of large and space-like Q2

๏ Results confirm absence of right handed currents

Average FL by H1, extended range, preliminary
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• Extend to higher Q2 using e scattered in LAr calorimeter.

• Future: extend to lower Q2 using Backward Silicon Tracker.

Good agreement with theory expectations.
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๏ Electroweak unification at Q2 ~ m2W

๏ First measurement of longitudinal structure 
   function FL at low x
๏ DGLAP prediction confirmed

H1 and ZEUS Combined PDF Fit
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๏ Averaging of H1 and ZEUS HERA I data allows 
   cross determination of systematic errors 

๏ Unprecedented precision of resulting HERA PDFs

๏ New phenomena are likely to first show up at high pt

๏ Previously observed excess of isolated lepton events with 
   missing pt not confirmed in combined data sets of H1 and 
   ZEUS corresponding to luminosity of ~1fb-1

๏ Furthermore no evidence for excess at high pt  in combined 
   multi-electron sample

๏ Search for anomolous top production in FCNC process
๏ Stringent 95% CL upper limit on coupling κtuγ < 0.14
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๏ Multijet cross section sensitive to αs 
๏ Wide range of scales covered 
๏ Running of αs in single experiment

๏ Very small experimental errors from HERA measurements
๏ Theoretical scale uncertainties dominate - need for NNLO
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๏ Consistent results for F2cc from variety of methods
๏ Combined results will be used as input to global PDF fits
๏ First measurement of F2bb agrees with QCD predictions

๏ Structures observed in K0s K0s mass spectrum
๏ Significance for f0(1710) at 5 sigma
๏ Mass consistent with being glueball candidate

๏ A large fraction of high energy hadronic interactions is diffractive 
๏ HERA analyses mainly based on rapidity gap selection (LRG)
๏ Inclusive diffractive cross section results of H1 and ZEUS agree
๏ Work on combining all data for future global DPDF fit in progress 

๏ Combined NLO QCD fit to diffractive inclusive and di-jet data
๏ First reliable diffractive gluon density at large momentum fraction z

๏ Deeply virtual compton scattering γ*p → γp
๏ First direct measurement of dσ/dt based on 
   ZEUS LPS data
๏ Fit of the form Wδ for different Q2 values
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๏ Suppression of diffractive di-jet cross 
    section relative to NLO calculation
๏ Suppression independent of xγ
๏ Suggestion of ETjet-dependence
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Figure 4: The NC cross section dσ/dQ2 normalised to the Standard Model expectation deter-

mined from CTEQ6D [6] for e+p (a) and e−p (b) scattering. The curves represent the correc-
tions to the SM prediction due to a hypothetical finite quark radius of 0.74 · 10−18 m, the 95%
CL exclusion limit obtained from a combined form factor analysis of the data shown in (a)

and (b). The error bands are defined as for figure 1 and the error bars represent the statistical

and uncorrelated errors of the measurements added in quadrature. An additional normalisation

uncertainty of the data is not included in the error bars but indicated separately by the dashed

lines.
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๏ Finite quark radius Rq would modify NC cross section dσ/dQ2   
๏ Stringent 95% CL derived from HERA data
     •   ZEUS Rq < 0.67 10-18 m
     •   H1      Rq < 0.74 10-18 m

๏ Comprehensive analysis of all event topologies 
   involving objects with pt > 20 GeV
๏ Good agreement with SM predictions in all channels
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Figure 3: The transverse mass (top) and hadronic transverse momentum (bottom) distributions

of the combined H1 and ZEUS e±p data (HERA I+II, 0.97 fb−1). The data (points) are com-

pared to the SM expectation (open histogram). The signal component of the SM expectation,

dominated by realW production, is given by the hatched histogram. NData is the total number

of data events observed,NSM is the total SM expectation. The total error on the SM expectation
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Figure 4: Distributions of the scalar sum of the transverse momenta of the combination of 2 and

3 electrons events compared to expectations for data taken in e+p (upper left) and e−p (upper
right) collisions. The combination of all HERA data is shown in the bottom figure.
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