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Since the end of the running period of HERA
in 2007 the collaboration concentrates on
the analysis of the high quality HERA-II data
sets collected in the years 2004-2007 after
the upgrade of the H1 detector with an in-
tegrated luminosity of 238 pb−1 for collisions
with electrons and 219 pb−1 for collisions with
positrons. The final months of HERA operation
were devoted to collisions at lower proton en-
ergies: 6.2 pb−1 and 12.4 pb−1 were collected
with 27.4 GeV positrons colliding with 575 or
460 GeV protons, respectively. This data has
been used for a first direct measurement of
the longitudinal structure function FL[1].

In fifteen years of data taking, the results of
the H1 and ZEUS experiments already found
their way into the textbooks. Besides the
deep insight into the structure of the proton
at very small distances which has a major im-
pact on the LHC experiments, the HERA mea-
surements confirmed the nature of the strong
force and showed that indeed the weak and
the electromagnetic force have the same
strength at high momentum transfer and can
be unified into the electroweak force. The full
data set of HERA allows to present most of the
final results with low statistical and systemati-
cal errors.

Nine publications [1] – [9] and many contribu-
tions to the XVI International Conference on
High energy Physics in Philadelphia 2009 [10] –
[33] document the continuing effort in the
analysis of the H1 data. New results, partly
preliminary [34], which deserve to be men-
tioned, concern the following topics:

- Direct measurement of the longitudinal
structure function FL at medium Q2 [1].

- Precise determination of the neutral elec-
troweak current cross sections over a large
range of the squared four momentum
transfer Q2 and the extraction of the par-
ton density functions (PDF) [11; 12].

- Multi-jets at high and low Q2 leading to
an improved determination of the running
coupling constant αs [13].

- Photo-produced diffractive dijets [14],
diffractive ρ- and φ-mesons [16], inelastic
J/ψ [15], beauty [25] and D∗-mesons [21],
and prompt photons [20].

- Search for states and interactions outside
the Standard Model (SM), such as lepto-
quarks [17], single top production, excited
electrons and quarks [9; 18], multi-lepton
production [8] and isolated leptons with
large missing momentum [4].

- Strangeness [5; 23] and D∗-meson [28]
production in deep inelastic scattering,
charm fragmentation [6] and the extrac-
tion of the charm and beauty contribution
to the proton structure function [29; 30].

In the past years our analysis effort concen-
trated on events with isolated photons pro-
duced in either photoproduction (Q2 ≈ 0), as
discussed below (Sec. 7.3), or deep inelastic
scattering (Q2 > 4 GeV2). The latter is already
published [35; 36] and has been described in
previous annual reports [37].
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7.1 Single top production

Top quarks are of particular interest in
searches for new physics because of the
large top mass which is close to the elec-
troweak scale. In ep collisions top produc-
tion in the standard model is strongly sup-
pressed, hence the observation of single top
production would be a clear indication of a
new physics process. Several extensions of the
SM predict the top quark to undergo flavour
changing neutral current interactions (FCNC)
which could lead to a sizeable cross section
at HERA (ep→ νtbX).

A search for single top production was per-
formed using the full e±p data set with a total
integrated luminosity of 474 pb−1. Single top
production is detected via the decay of the
top quark t → bW .In the case of leptonic de-
cays of the W the signature is a charged lep-
ton and missing transverse momentum, ac-
companied by a high transverse momentum
(PT ) hadronic final state from the fragmenta-
tion of the b quark. The signature for single top
production with a subsequent hadronic de-
cay of the W is three high PT jets with an in-
variant mass compatible with the top mass. To
estimate a possible top quark contribution in
a sample with isolated leptons or high PT jets,
a top quark candidate is reconstructed from
its decay products (lepton or two jets, neutri-
nos and b quark). Three observables are de-
fined to discriminate the top signal from QCD
background corresponding to the transverse
momentum of the reconstructed b quark, the
invariant mass of the reconstructed top and
the W decay angle.

A multivariate discriminant based on a neural
network is formed to differentiate top quark
candidates from SM background. Fig. 7.1
shows the discriminator D for the electron
and the muon channel. The SM background,
mainly from W production is located at small
values of D whereas the expectation for a
single top signal is at large values of D. Also
shown are the data events as classified by the

ELECTRON CHANNEL MUON CHANNEL

 D    
0 0.2 0.4 0.6 0.8 1

E
ve

n
ts

-110

1

10

H1 Data (prelim.)

All SM

W MC
Top MC

 D    
0 0.2 0.4 0.6 0.8 1

E
ve

n
ts

-110

1

10

 D    
0 0.2 0.4 0.6 0.8 1

E
ve

n
ts

-110

1

10

 D    
0 0.2 0.4 0.6 0.8 1

E
ve

n
ts

-110

1

 D    
0 0.2 0.4 0.6 0.8 1

E
ve

n
ts

-110

1

 D    
0 0.2 0.4 0.6 0.8 1

E
ve

n
ts

-110

1

Figure 7.1: Distribution of the discriminant which is
used to differentiate single top production from SM
background processes for the channel with an iso-
lated electron (left) and an isolated muon (right).
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Figure 7.2: Exclusion limit at 95% CL on the
anomolous κtcγκtcγκtcγ and vtuZvtuZvtuZ couplings. The domain ex-
cluded by H1 is represented by the light shaded area.

discriminator. The observed slight excess of
events with an isolated lepton and high miss-
ing transverse momentum has already been
reported in previous years[4; 38; 39]. The sig-
nal cross section is extracted from the dis-
criminator spectra using the fractional event
counting which takes statistical and systemat-
ical uncertainties into account. For all chan-
nels combined an upper bound of the cross
section for anomalous single top production
via FCNC is:

σ(ep→ etX) < 0.25 pb .

The limits on the cross section are converted
to limits at 95% CL on the anomalous FCNC
coupling κtuγ . They are shown in Fig. 7.2 with
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the limits of other experiments. The limit of the
ZEUS [40] experiment which is based on HERA1
data only are only slightly weaker, mainly re-
flecting the top like events observed by H1
and not by ZEUS. The measurement has been
presented to several conferences and is in the
process of being published.

7.2 Measurement of F cc̄
2 and F bb̄

2

The measurement of inclusive charm (c) and
beauty (b) quark cross sections in deep inelas-
tic scattering at HERA provides an important
test of QCD. The charm structure function F cc̄

2

and the beauty structure function F bb̄
2 are ob-

tained from a measurement of the cross sec-
tion of events containing heavy quarks. They
are distinguished from events containing light
quarks using variables reconstructed in the H1
Silicon Vertex Detector. The most important of
these variables is the significance, defined as
the transverse displacement of tracks from the
primary vertex divided by the error. For events
with three or more tracks in the vertex detec-
tor the reconstructed variables are used as in-
put to a neural net. The fractions of c, b and
light quarks are extracted in each bin by a
least square simultaneous fit to the NN output
and the significance of the two tracks with the
highest significance.

The fraction of the beauty cross section to the
total cross section varies from 0.2% at Q2 =
5 GeV2 to 1.0% at Q2 = 60 GeV2. The fraction
of the charm cross section is 16% in average
and increases slightly with increasing Q2 and
decreasing x. The measurement of F cc̄

2 as a
function ofQ2 is shown in Fig. 7.3. The data are
compared to a NLO [41] and a NNLO[42] cal-
culation, which gives a better description at
low Bjorken x, the momentum fraction carried
by the struck quark. The measurement has
been presented on various conferences [29]
and will soon be published.
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Figure 7.3: The charm structure function F cc̄
2F
cc̄
2F
cc̄
2 as a

function of Q2Q2Q2 for various xxx values. The inner er-
ror bars show the statistical error, the outer error
bars represent the statistical and systematic errors
in quadrature. QCD predictions at NLO are shown as
dotted line and at NNLO as full line.

7.3 Isolated photons in photoproduc-
tion

Events with an isolated photon emerging from
the hard subprocess ep → eγX - so called
prompt photons - are a powerful probe of
the dynamics of the hard subprocess. They
require generally lower corrections for hadro-
nisation than measurements relying on jets,
since the photons emerge without the hadro-
nisation process by which final state quarks
or gluons form a jet. Production of isolated
photons with high transverse momentum can
be calculated in QCD, but previous mea-
surements have shown that higher order cor-
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rections are important. In photoproduction
(PhD thesis of Krzysztof Nowak) at very low
Q2 the scattered electron escapes detec-
tion through the beam pipe. The exchanged
quasi-real photon either interacts directly with
a parton from the proton (direct contribution)
or resolves into partons which take part in the
interaction (resolved contribution). Hence,
the cross section yields information on the
quark and gluon densities in the photon and
the proton with different and generally lower
corrections for hadronisation than in jet mea-
surements. The data collected during 2004-
2007 correspond to a total integrated luminos-
ity of 340 pb−1, three times the value of the
previous measurement.

Isolated photons with transverse energy 6 <

Eγ
T < 15 GeV and pseudorapidity −1.0 <

ηγ < 2.4 are selected in events with inelas-
ticity 0.1 < y < 0.7. This considerably ex-
tends the phase space of previous measure-
ments at HERA towards larger pseudorapidi-
ties of the photon and to lower event inelastic-
ities. To ensure isolation of the photon, the en-

ergy fraction z of the photon-jet carried by the
photon candidate has to to be larger than
90% ( z ≡ Eγ/Ephoton−jet > 0.9). The isola-
tion rejects a large part from the background
from decay photons of neutral hadrons in di-
jet photoproduction events. The photon sig-
nal is extracted by combining different shower
shape variables into a discriminator and then
unfolding the photon signal. A regularised un-
folding procedure [43] is used to relate the
measured observables to the true variables
on hadron level, determine the fraction of sig-
nal and background and to correct the data
for the detector acceptance. The observ-
ables are the transverse energy Eγ

T and pseu-
dorapidity ηγ of the photon. Each Eγ

T -ηγ bin is
further divided into bins in variables depend-
ing on jet properties for the exclusive mea-
surements. In addition, each measurement
bin is binned in the discriminator D to allow
the discrimination of signal and background.
The unfolding matrix is computed using the
PYTHIA[44] simulations for the signal and the
background.

 [deg]φ∆
140 160 180

 [
p

b
/d

eg
]

φ∆
 / 

d
σd

0

1

2

 [deg]φ∆
140 160 180

 [
p

b
/d

eg
]

φ∆
 / 

d
σd

0

1

2

 [deg]φ∆
140 160 180

 [
p

b
/d

eg
]

φ∆
 / 

d
σd

0

0.5

1

 [deg]φ∆
140 160 180

 [
p

b
/d

eg
]

φ∆
 / 

d
σd

0

0.5

1 H1 HERA II (prel.)
 FGH (NLO)

 fact)
T

 LZ (k

 > 0.8             LO

γ
a)     x  < 0.8             LO

γ
b)     x

H1 preliminary H1 preliminary

 > 0.8             LO

γ
a)     x  < 0.8             LO

γ
b)     x

H1 preliminary H1 preliminary

Figure 7.4: Differential prompt photon plus jet cross sections dσ/d∆Φdσ/d∆Φdσ/d∆Φ for a sample with the direct (a) and
the resolved (b) contribution enhanced. The cross section is measured for photons with transverse energy
6 < Eγ

T < 156 < Eγ
T < 156 < Eγ
T < 15 GeV and pseudorapidity−1.0 < ηγ < 2.43−1.0 < ηγ < 2.43−1.0 < ηγ < 2.43 accompanied by a hadronic jet withEjet

T > 4.5Ejet
T > 4.5Ejet
T > 4.5 GeV

and−1.3 < ηjet < 2.3−1.3 < ηjet < 2.3−1.3 < ηjet < 2.3. The inelasticity is restricted to 0.1 < y < 0.70.1 < y < 0.70.1 < y < 0.7.
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Transverse correlations between the photon
and the jet are studied for prompt photons
accompanied by a hadronic jet. They are
particularly sensitive to higher order gluon
emission. Fig. 7.4 shows the azimuthal acopla-
narity between the photon and the jetfor (a)
xLO

γ > 0.8 where the direct interaction of a
photon with the proton dominates and for
(b) xLO

γ < 0.8 with a significant contribution
of events with a resolved photon. The data
are compared to a NLO calculation [45], de-
noted by FGH, and a calculation based on
the kT factorisation approach which uses the
un-integrated quark and gluon densities of
the proton and the photon according to the
Kimber-Martin-Ryskin prescription [46] (LZ).

Both predictions slightly overestimate the
back-to-back configuration for xLO

γ > 0.8. For
xLO

γ < 0.8 there is a lower contribution from
the back-to-back configuration and the pho-
ton tends to be closer to the jet. This reflects
the increased contributions from events with a
resolved photon and from photons radiated
from quarks. FGH describes the distributions
within the errors, except for the highest bin
in ∆Φ for xLO

γ < 0.8. This region is sensi-
tive to multiple soft gluon radiation which lim-
its the validity of fixed order calculations. The
LZ predicts a significantly lower contribution of
events with no back-to-back signature.
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