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1. Introduction

The HERA was the worlds only electron-proton collider, operated duriegytars 1992 to
2007. It was producingp interactions at centre-of-mass energies up,/®= 320 GeV. Two
collider experiments, H1 and ZEUS, collected data corresponding to amatedguminosity of
0.5 fb~! each.

The HERA collider was an unique machine for studying strong interactibpsovided a clean
environment for the precise determination of the proton structure over a kainlge of Bjorken
x and virtuality Q% of the exchanged boson, which is either a photon @-lzoson in case of
neutral currentNIC) interactiongp — eX, or awW-boson in case of charged curre@Q) interaction
ep — vX. The high resolution multi-purpose detectors H1 and ZEUS allow for detailalyses
of hadronic final state and thereby give access to the vast physi¢#rattion and of jet, heavy
quark and particle production. By all these processes differentctspé strong interactions are
addressed making HERA an ideal testing ground for quantum chromodgsgQCD). In this talk
the recent results of H1 Experiment are reviewed, in particular of the une@ent of inclusive
DIS cross sections, the hadronic final states and the hard diffracteegses.

2. Inclusive DI S cross sections at high Q2

A precise knowledge of the proton parton distribution functid?iBE s) is vital for interpreting
the data taken at hadron colliders, especially when analysing rare &ldiddel, SV, processes or
when searching for signs of new physics. All modern proton PDFsasedon the proton structure
function data from HERA. At HERA, the structure of the proton was pcoéh electrons and
positrons. Figure 1 illustrates a diagram of deep inelastic scattdédirg),

Inclusiveep DIS NC and CC cross section measure-
ments may be used to determine the combined sea quark
distribution functions and the valence quark distributions
in the proton. A QCD analysis in the DGLAP formalism
also allows the gluon momentum distribution in the pro-
ton to be determined from scaling violations. The NC (and
similarly CC) cross section can be expressed in terms of

structure functions: Xg;"
oSl  2ma? ., . oy oy p
dxdQ2 ~ x4 Y4 Py FYoxFs — YR, ()

whereY. = 14 (1—y)? with y being the inelasticity. The
structure function?, is the dominant contribution to the
cross section.xF; is important at highQ? andF_ is siz-
able only at higly. In the framework of perturbative QCD
(pQCD) the structure functions are directly related to the parton distribution furstian in lead-
ing order (LO)F, is the momentum sum of quark and anti-quark distributiéasy xy eg(q+ﬁ),
xFs is related to their differences ~ Xy 2eqaq(q— Q). At higher orders, terms related to the gluon
density distributionasg) appear.

Figure 1. Feynman diagram of deep
inelastic lepton-proton scattering
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Recently, H1 collaboration has finalised the inclusive cross section nezasnts at higi)?
with HERA-II data [1]. Inclusive ep cross sections for NC and CC Dd&ttering processes mea-
sured with the H1 detector are in the rangeXfbetween 60 and 5000 Ge\? and Bjorkenx be-
tween 00008 and (65. The measurements are performed for 4 distinct data sets whichpmmes
to the data taken with either the electraT ) or the positron €") lepton beams with either left
handed () and right handedR) polarisation. Polarisation is definedRs= (Nr— N_)/(Nr-+Np),
whereNg (NL) is the number of right (left) handed leptons in the beam. The luminosity and long
tudinal lepton beam polarisation for each data set are given in table 1.

R L

ep ¥ =473pbt £ =1044pbt
Po=(+36.0+£1.00% | Po=(—258=+0.7)%

etp| £ =1013pb? £ =807pb !
Po=(+325+0.7)% | Po=(—37.0+£0.7)%

Table 1. Table of integrated luminositiesZ, and luminosity weighted longitudinal lepton beam pokaris
tion, P, for the data sets presented here.

To obtain unpolarised cross section measurements, the left and rightdhehd samples
were combined into unpolarised data sets. The measurements are combinedriigtipublished
HERA-1 H1 data [2]-[4]. In the left side of Figure 2 the double diffdi@hreduced NC cross
section is presented as a functiorxaindQ?. The reduced cross section is defined as

dZO-NC 2 )
~ 2\ etp maYy
UNC(Xv Q ) - dXsz XQ4

The Q? dependence of the unpolarised NC and CC cross sections is shown iighihgide of
Figure 2. At lowQ? the NC cross section is larger than the CC cross section by two orders ef mag
nitude. Approaching the mass of tAeandW bosons, the cross sections of NC and CC processes
become of the same magnitude, demonstratingrafication of the electroweak interactions at
high Q2.

In this analysis an ultimate precision of 1.5-2% for NC and up to 4% for CC nneamnts
is reached. This allows for a determination of proton PDFs with much improkezigion. The
PDFs are determined from all published NC and CC H1 data. The fitting isrpeefl using the
HERAFitter [5], which is an open source QCD fit framework designedHerextraction of PDFs
and the fast assessment of the impact of the new data. The parton distisbatica function
of x at Q> = 10 Ge\, determined from the NLO QCD fit to the H1L NC and CC data, denoted
as ‘H1PDF 2012, are shown in Figure 3. Significant improvement ofipien compared to the
previous PDF fits is reached for all parton distributions. In Figure 2 thedata Model expectation
which use the H1IPDF 2012 parameterisations are compared to the NC andssGections. The
data distributions are well described by the SM predictions.

The total CC cross sectiony, was measured as an integrated cross section in the kinematic
regionQ? > 400 Ge\? andy < 0.9 for thee™ p ande* p data and for different longitudinal lepton
beam polarisations. The cross sections are shown in the left side oeEFdgagether with the un-
polarised data from HERA-1 and the SM expectations using H1PDF 20atpéerisation. Also
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Figure 2: Right: theQ? dependence of the unpolarisetip NC and CC cross sections compared to the SM
expectation from H1PDF 2012 proton PDF parameterisation.
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Figure 3: Parton distribution functions of HLPDF 2012 at
the evolved scale of 10 G&VThe uncertainties include the
0 = experimental uncertainties (inner), the model unceriggnt
10 I i (middle) and the parametrisation variation (outer).

shown are the linear fits to the polarisation dependence of the measussdsetions simultane-
ously toe” p ande™ p data. The SM predicts a polarisation dependence of total CC cross sefction
the form: oz (Pe) = (1£Ps) 05 (0). The extrapolation of the cross section with the fit to the point
P. = +1 fore~p andP. = —1 for e" p excludes the existence of a right hand&8 boson of mass
MR below 214 GeV (194 GeV foe' p) at 95% confidence level, assuming SM couplings and a
light right handedve. This textbook measurement demonstrates the absence of right hanaled we
current.

In the SM the difference in the NC DIS cross sections for leptons with @iffinelicity states
is predicted due to chiral structure of the neutral electroweak excharyz NC parity violating
structure functiorFZVZ can be determined from these cross sections as

F? ~[0 (R)—0 (FR)]—[0"(R)— 0" (FR)]

In the right side of Figure 4 the first measurement of yaeinterference structure functions is
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presented. Itis well described by the SM, using H1IPDF 2012 paranagteris
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Figure 4: Left: the dependence of thefp CC cross section on the lepton beam polarisaBgin com-
parison with the SM prediction and the linear fit of the padation dependence. Right: th2 interference
structure functiorFZVZ. Both measurements are compared to the Standard Modetpoedi based on the
H1PDF 2012 parameterisation

3. Charged particle spectrain DIS

The DIS processes at HERA give access to small values of Bjorketow four momentum
transfer square@? of a few Ge\?. In the region of lowk, characterised by high densities of gluons
and sea quarks in the proton, the parton interaction with the virtual photowrigayate from a cas-
cade of partons emitted prior to the interaction. In QCD such multi-parton emssarerdescribed
only within certain approximations valid in restricted phase space regionssiements of the
transverse momentum spectra of charged patrticles allow testing of diffgsproaches for parton
evolution dynamics. In addition, such measurement serve as a test imusyahenomenological
models. Here two recent H1 measurements of charged particle productizi® iare discussed.
The analyses are based on data collected with the H1 deteotprcgntre-of-mass energies of
V/S=319GeV [6] and,/s= 225 GeV [7].

Several mechanisms contribute to hadron production. At low transverseenta, pr, the
production of hadrons is dominated by the hadronisation effects, whileghehpt the parton
dynamics effects dominate. Monte Carlo (MC) generators, which useaetiffapproaches to sim-
ulate the parton cascade, are compared to the measurements: RAPGAIRH8]dn leading log
DGLAP parton showers; DJANGOH [9] based on Colour Dipole Modd) @, as implemented
in ARIADNE [10], with a description of parton emission similar to that of the BF&\olution;
CASCADE [11] based on the CCFM model, which unifies the BFKL and DGbpproaches and
requires angular ordering of the emitted partons. In the CDM and the CQigkbaches thet of
the emitted partons in a parton shower is not ordered Wl generators use the Lund string model
[12] for hadronisation with parameters tuned by the ALEPH collaboratiort tdefP data [13].

The pt dependence of charged particle densitieg/at= 319 GeV is studied in two pseudo-
rapidity intervals, O< n* < 1.5 and 15 < n* < 5, referred to as the "central region" and "current
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region”, respectively. Such division separates the regions of sgtysib the hard scattering pro-
cess (current region), from the region of parton showering (ceregggon). The measurement at
reduced proton beam energiegq= 225 GeV) allows for a more precise measurement of the
"central region”. Therefore for this analysis the spectra are measured in seven bins in the pseu-
dorapidity region < n* < 3.5.

The charged particle densities as a function of pseudorapidity are shdwigure 5 for two
different regions inp;. The different fragmentation models are compared to the measurements.
Details in the fragmentation process mainly influence thepggwegion while the larggy region is
rather insensitive to fragmentation. The same particle densities are showguie B in comparison
with the MC models using different parton evolution mechanisms. Here, th@jeregion shows
only little dependence on the parton cascade while the differences duetém gahowering are
clearly visible at largept. Best description at ald; is provided by DJANGO (CDM) model. The
CASCADE MC fails in describing the data in both regions.

—4— H1 data —4— H1 data
------ DJANGOH  --- CASCADE == DJANGOH  ---- CASCADE
— RAPGAP Herwig++ — RAPGAP Herwig++
« 3 . 04
i e o N F
Yo p,*<1GeV H1 Olg | 1<p*<10GeV H1
Az | =z r
L T 0.3}
2 -
1 1 °.
oLk ! [ | L
0 1 2 3 4 5 6 6
n* n*

Figure5: Charge particle densities as function of pseudorapiditgsueed forp; < 1 GeV and 1< p; <
10GeV regions. The MC predictions using different hadratigs» models are compared to the measurement.

The transverse momentum speagpiaof charged particles are presented in Figure 7. DJAN-
GOH describes the data fairy well for the whaie range, whereas RAPGAP is significantly below
the data forpr > 1 GeV. CASCADE is above the data for almost the whgjerange.

The data taken at reduced proton beam en&gy- 460 GeV (/s= 225 GeV) allows us to
achieve better acceptance and resolution in the central rapidity regiemalibs of MC predictions
to the data are shown in Figure 8 as a functioppf Both models, RAPGAP and DJANGOH, fail
to describe the data.

4. Very forward neutron and photon production in DIS

Measurements of particle production at very small angles with respect tprdten beam
direction (forward direction) irep collision are important for the understanding of proton frag-
mentation. Measurements of forward particle also provide important camtstfar modelling of
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Figure 6: Charge particle densities as function of pseudorapiditgsueed forp; < 1 GeV and 1< p; <
10 GeV regions. The MC predictions using different partooletion models are compared to the measure-

ment.
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Figure 7. The measured transverse momentum spectra of chargedigaitiogether with different MC
prediction and the ratios MC over data shown for central amdent regions respectively.

high energy air showers and thereby are very valuable for the uadeliag of high energy cosmic
ray data.

New results from the H1 Experiment on very forward photon and neydroduction in deep-
inelastic positron-proton scattering (DIS) are reported [14]. The pisodod neutrons are measured
in the Forward Neutron Calorimeter (FNC) [15, 16], which was installedOdt th from theep
interaction point at a polar anget Qvith respect to the proton beam direction at the interaction
point. The acceptance of the FNC is defined by the aperture of the HER#A-bee magnets and
is limited to scattering angles &f < 0.8 mrad or pseudorapidity > 7.9.

Differential cross sections normalised to the inclusive DIS cross sedienseasured for for-
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Figure 8: Ratios of MC over data for charged partiqié spectra measured gts = 225 GeV shown for
central and current regions, respectively.

ward photons and neutrons as a function of the Feynrmariablexg = pﬁ/p‘*‘m for three ranges

of virtual photon-proton centre-of-mass energy; 70 < W < 130 GeV, 130< W < 190 GeV

and 190< W < 250 GeV. The measurements are shown in Figures 9 and 10 together witlCthe M
model predictions. The DJANGOH program is used to generate inclus&ents. Higher order
QCD effects are simulated using leading log parton showers as implementedPiiOLE17], or
using the Colour Dipole Model (CDM). In addition the RAPGAP pion-exgemodel is used to
describe the higlr part of forward neutron spectra.

Forward Photons Forward Photons Forward Photons

w . w L w L
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Figure 9: Normalised cross sections for forward photon productioa asction ofxr compared to predic-
tions of the LEPTO and CDM MC models.

In Figure 9 the cross sections measured for the most energetic photongseitorapidity
n > 7.9 is shown as a function of Feynmanvariable for threeNV region compared to CDM
or LEPTO MC models. Both models significantly overestimate the rate of forphodons by
~ 70%. The shape of the LEPTO prediction is close to the data, while CDM exhibigsdexr
behaviour.

The measured normalised distributions for forward neutron production are presented in Fig-
ure 10. The predictions of MC models CDM, RAPGARpion-exchange) and their combination
using weighting factors obtained from the fit to the neutron energy distribbatie is compared to
the measurement. The combination model describes the data well.

The data are also compared with Cosmic Ray (CR) hadronic interaction maetaanly
used for the simulation of CR air shower cascades: EPOS [18], QGSIHIY) [20], QGSJET
I [21, 22] and SIBYLL [23, 24]. The comparison of the CR hadronitenaction model predic-
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Figure 10: Normalised cross sections for forward neutron productisradunction ofxe compared to
predictions of the CDM and RAPGAR-MC models and their combination.

tions with the data is shown in Figure 11 for one ranga&\of A large difference between the
model predictions is observed. None of the models can describe therdoplaton and neutron
measurements simultaneously.
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Figure 11: Normalised cross sections for forward photon and neutrodytion as a function ofs com-
pared to predictions of the Cosmic Ray hadronic interaatiadels.

5. Multijet production in DIS

The strong couplinggs, is the fundamental parameter of perturbative QCD (pQCD). The
running ofas is predicted by the pQCD. The absolute normalisation, however, must brenitedel
by experiment. The H1 and ZEUS Collaborations performed extensiveestofihe jet production
processes in the different kinematic regimes. These measurements all@aeteéhminations of
as at HERA with an unprecedented level of precision.

In ep collisions at HERA one distinguishes two processes according to the virt@ityf
the exchanged boson, the Deep Inelastic Scattering (DIS) and phdtmgicn. In DIS a highly
virtual boson Q2 > 1 Ge\?) interacts with a parton carrying a momentum fraction of the proton. In
photoproduction a quasi-real phota@?(< 1 Ge\?) interacts with a parton from the proton either
directly or via its constituent. In the pQCD, a jet cross section is expresst#teaonvolution of
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the parton distribution functions (PDFs) in the proton (and in the photon épliotoproduction)

with the matrix elements. In regions where the PDFs are well constrained} thegeallow testing

of the general aspects of pQCD. In regions where the PDFs are meglsoonstrained, jet cross
sections can be incorporated into global QCD fits, which would lead to thectied of the PDF

uncertainties.

Jet production irep collisions proceeds via the Born, boson-gluon fusion and QCD Compton
processes. In the Breit frame, where the virtual boson and the protlidechead on, the signif-
icant transverse momenk are produced at leading order (LO) drz by the boson-gluon fusion
and QCD Compton processes. Jet production Wjtlin the Breit frame is thus directly sensitive
to as. In the analyses presented here the jets are defined usihkg thestering algorithm, which
is applied in the Breit frame for DIS and in the photon-proton collinear fraongphotoproduc-
tion. The associated cross sections are collinear and infrared safeeartbre are well suited for
comparison with the predictions from the fixed order QCD calculations.

(b) ~(©

Figure 12: Deep-inelastic lepton-proton scattering at differentossdnas: (a) Born contribution”’(1) and
O (as) processes (b) QCD Compton scattering and (c) boson-glwsiarfu

The H1 Collaboration reported new measurement [25] of inclusive jet, 2qjg 3-jet produc-
tion at highQ? Neutral Current (NC) DIS (15& Q? < 15000 GeV). The measured differential
cross sections as a function of transverse momenta of théjgts (or the average transverse
momentum of two or three leading jetBr) j« in the 2-jet and 3-jet events) in the regions@t
normalised to the inclusive DIS cross section are shown in the left side afé~B3. For this
measurement the ultimate 1% jet energy scale uncertainty is achieved.

The NLO QCD calculations provide a good description of the jet measurenmitsin the
DIS and the photoproduction regimes. The NLO QCD fitting technique is apfdiiese mea-
surements in order to extract the strong couptiggThe valuests(Mz) = 0.1163+0.0011(exp.) £
0.0014PDF)+0.0008 had.) +-0.0039theory) for H1 DIS jet measurement is obtained. The value
of as(Mz) from this measurement is shown in the right side of Figure 13 together withalbes
from other HERA measurements and world average [26]. Within uncertajitieich are domi-
nated by the uncertainties of theory calculations due to missing higher ptidersbtained values
of as agree with each other and with the world average.

10
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Figure 13: (Left) the inclusive jet, dijet and trijet production crosections in DIS normalised to the DIS
cross section as a function of jet transverse momentum iBthi framePr j¢ or the average transverse
momentum of two or three leading j&s j¢, measured in the regions Q2. The NLO QCD calculations,
corrected for hadronisation effects are compared to thesoreaents. (Right) values ofs(Mz) obtained
from the HERA data and other measurements.

6. Diffraction at HERA

6.1 Measurement of Inclusive Diffractive DIS

About 10% of the DIS cross section measured at low BjorkahHERA are due to diffractive
processes, such &p — eXp. Diffractive DIS can be viewed as process in which the virtual
photon probes a net colour singlet combination of exchanged partonsotesses of diffractive
production of jets and heavy vector mesons,Rh@f the jet and the mass of heavy quark provide
a hard scale for perturbative calculations.

The diffractive interactions at HERA are identified employing two differ@ethods: by re-
quirement of the absence of hadronic activity in the direction of prdiange rapidity gap or LRG
method) or by a direct measurement of scattered proton in the dedicateatdiqeroton spectrome-
ters (eading proton or FPS method). The accuracy of the LRG method is limited by the systematics
related to the missing leading proton and by the contribution from the protoacitg®n, while
the FPS method is limited by low acceptance of proton spectrometers and bytbha fagging
systematics.

In Figure 14 the diffractive reduced cross sectigR® from H1 as measured by the LRG
method based on the full HERA statistics [27] is compared with the pQCD premukctising the
diffractive parton distribution functions (DPDFs) H1 2006 Fit B set [28he data are well de-
scribed forQ? > 10 Ge\2. Also shown are the FPS measurement from H1 [30], scaled by a factor
1.2, which accounts for the contribution of proton dissociation to the LRG ddia cross section
measurements agree well with each other
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Figure 15: Reduced diffractive cross sectitx[parD<3)(B,Q2,x|p) for 0.09 < |t| < 0.55 Ge\# as a function
of Q? for different values of atxp = 0.05. The combined data are compared to the H1 and ZEUS data
input to the averaging procedure.

The H1 and ZEUS Collaborations performed the combination of the diffedd\s cross
sections [30, 31, 32, 33] measured using their proton spectrometers mrthe 009 < [t| <
0.55 Ge\? in squared four-momentum transfer at the proton vertex [34]. The HilZEUS
diffractive DIS cross sections are combined usjgminimisation procedure [29]. The result
of the combination is shown in Figure 15. In the left side figure also the unic@dldata are
shown in one&p bin. Due to the cross calibration of the correlated systematic uncertaintiestof b
experiments the combined data are more precise than each measurementlaoc®ss sections
indicate strong rise witlQ?, which implies the scaling violation and large contribution from the
gluons to the diffractive interactions.
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6.2 Diffractivejet photoproduction with aleading proton

According to the QCD factorisation theorem [35], the parton distributiortions extracted
from the QCD fits to diffractive structure functions can be used to desdrémronic final states
in diffractive DIS. The universality of these diffractive parton disttiba functions (DPDFs) was
experimentally confirmed in DIS regime for different processes, sudgetagharm and vector
meson production. However, in diffractive hadron-hadron interastibe theoretical predictions
which use DPDF from the HERA inclusive DIS measurements overestimatatagd®, 37]. The
effect is usually explained as a consequence of additional partoniadtiters between the hadrons
which destroy the rapidity gap [38].

In ep interactions at HERA, if the electron scatters at very small angles&nsl very small,
the virtual photon can be considered to be almost real. In these interaatibich are referred to
as ‘photoproductior’, in the LO approximation the photon may fluctuate into a long-leaved par-
tonic state. Then only a part of photon four-momentum [participates in trteihraction. Such
interactions are called resolved photon interactions. The resolved pimd¢oactions resemble the
hadron-hadron interactions. The photon can also couple directly to tirgjuand these interac-
tions are called direct photon interactions. The variag|evhich is defined as a four-momentum
fraction of the photon which participates in the hard interaction, is used to gligsin between the
direct and resolved photon processes. For direct procegsesl, while for resolved processes
Xy < 1.

§ H1VFPS Data § H1VFPS Data
== NLO H1 2006 Fit B x 0.83 x (1+3nacr) === NLO H1 2006 Fit B x 0.83 x (1+had)
------ Rapgap ------ Rapgap
‘é H1 Preliminary ‘% = H1 Preliminary
~ 1000 - (0] 2
x 10
g 2
(o) =
© ko
5
500 |- [ ® 10k
— = s U
ol——— : | T —
0 0.5 : ot :
ET [GeV]

Figure 16: The differential cross section for the diffractive photoguction of dijets, with the leading
proton measured in the H1 very forward proton spectromeER Y. The NLO calculations are compared to
the measurements.

In diffractive processes, due to analogy of resolved photon withdmatadron interactions,
one might expect similar effects leading to the breaking of rapidity gap [9)d the previous H1
and ZEUS analyses [41, 42, 43] the diffractive events were selegtaddoge rapidity gap method,
and contrary to the theoretical expectations, no significant dependéleda suppression factor
on xy is observed. The H1 observed a breaking of factorisation by an lbgefzpression factor
of about 06 with respect to the NLO QCD predictions, while ZEUS data are compatible with no
factorisation breaking hypothesis. Here a new measurement of thissgrogdehe H1 Experiment
is presented [44]. The analysis uses the data collected in 2006-2@Dtheadiffractive events are
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selected by tagging a forward proton in a very forward proton spectem(éFPS) located at 220-
222 m from the interaction point down the beampipe in proton direction. Thisadgdtofits from
the fact that the measurement is free of contribution from proton dissatiatid non-diffractive
processes. The events with two jets of enerﬁnlée's1 > 5.5 GeV andE%'et2 > 4 GeV are selected in
the central detector using thke algorithm. The final data sample corresponding to the kinematic
rangeQ? < 2 Ge\?, 0.010< xp < 0.024 andt| < 0.6 Ge\? contains about 4800 events. The data
were unfolded to hadron level using singular value decomposition of Hponse matrix [45].

The measured differential cross sections as a functioy e\ﬁdE%etl are shown in Figure 16.
The NLO QCD prediction overestimate the measurements by

ObaTA/OnLo = 0.67-+0.04(stat.) +0.09(sys.) +0.20 (scale) - 0.14(DPDF).

No obvious dependence of a suppression factok,ois observed. The result is consistent with
previous H1 result [42].

6.3 Exclusive Heavy Vector Meson (VM) Photoproduction

The H1 Collaboration performed a simultaneous measuremedy pfphotoproduction in
elastic and proton dissociation processes [46]. The measurement @®guliased on two data
sets: the data taken in the years 2006 - 2007, when HERA was operatearetith beam energy
920 GeV, resulting in/s~ 318 GeV, corresponding to an integrated luminosity of 130'@mnd the
data recorded in 2007 before the final HERA shutdown, when the pbatam energy was reduced
to 460 GeV, resulting in/s = 225 GeV, corresponding to an integrated luminosity of 10.8'pb
TheJ/y mesons are reconstructed in thay — u*u~ andete™ decay channels. A diagram for
a diffractive Jpsi-meson production and the invariant mass distributions are shown in Figure 1

H1 J/Y - pp photoproduction H1 J/y - e*e photoproduction

/
e(k’) f 2500 F T S
5000 F { Hidata { H1data ;

Vs =318 GeV

F 2000 [ Vs =318 GeV ;s
4000 -

[ — Fit (signal +bkg)

3000 £

[
[N QED bkg
1500 - ¢
i
i

Events / (0.02 GeV)

Events / (0.02 GeV)

S/

2000 £ 1000

1000 [

5
my, [GeV]

Y(Pl) 1

Figure 17: A diagram for DiffractiveJ/psi production inep collision and the dilepton invariant mass
distributions in thely — u™u— andJy — ete~ decay channels.

Regularised unfolding is used to determine the elastic and proton-dissedigtiss section in
bins oft andW,,. The measured elastic and proton-dissociative cross sections diiéien(t|
are shown in Figure 18. The cross sections fall steeply as a functipp) wfith a clear difference
between the shapes of the proton-dissociative and elastic distributioreseldstic and proton-
dissociative differential cross sectiode /dt are fitted simultaneously. The elastic cross section is
parametrised ado /dt = Nge D . For the proton-dissociative cross section the parametrisation
do/dt = Npg(1+ (bpa/n)|t]) " is chosen, which interpolates between an exponential aft|@md
a power law behaviour at high values |of. The obtained parameterisations for the elastic and
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proton-dissociative cross sections are compared to the data in Figureel8ldstic cross section
data for|t| > 0.1 GeV are well described by the exponential parametrisation. The falbsfie
cross section with increasiny is much faster than the proton-dissociative cross section, which is
reflected in the values fdiy andbpg: by = (4.8840.15)GeV 2 andbpg = (1.79+0.12)GeV 2.
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Figure 18: Differential J/y photoproduction cross sectialw /dt as function of the negative squared four-
momentum transfer at the proton vertex, as obtained for elastic and proton-dissociative regimes.

o(y p - J/g p) [nb]

The measured elastic and proton-dissociative cross sections as ariunfciiy, are shown
in Figure 19. The elastic and proton-dissociative cross sections aimitdrssize at the lowest
W,p = 30 GeV accessed in this analysis. The elastic cross section rises fasteénevithsing
W,p than the proton-dissociative one. Also shown is the ratio of the protowdiss/e to the
elastic cross section as a functionvidf,. The ratio decreases from 1 taB0asW,, increases from
30 GeV to 100 GeV. The elastic and the proton-dissociative cross seetsoagunction of\,
are fitted simultaneously, taking into account the correlations between these sections. As
parametrisation a power law function of the formn= N(Wyp/Wp0)° with Wyp0 = 90 GeV is
used, with separate sets of parameters for the elastic and the protooiatissacases. The result
of the fit is compared to the measurements. The fit results to the vaflies 0.67+ 0.03 and
5P = 0.4240.05.
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Figure 19: J/y¢ photoproduction cross section as function of photon pratentre-of-mass energi,,
for the elastic and proton-dissociative regime. The righghfigure shows the ratio of the elastic to the
proton-dissociativd/ photoproduction cross section as a functio\f.
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A compilation of cross section measurements for the eldgticphotoproduction cross section
is shown in Figure 20 as a function @f,,. The data from the present analysis fall in the gap
between the data of fixed target experiments [49, 50] at\Wy and the bulk of the previous
high W, HERA data. The fixed target data exhibit a lower normalisation and a steéys
than observed at HERA. Also shown are recent results from the LH@kregnent [51]. The
extrapolated fit function for the H1 elasti¢ s photoproduction cross section describes the LHCb
data points at high\i,, well.
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W,, [GeV] LHCb [51] experiment.

7. Conclusions

Six years after the end of data taking, H1 is an active experiment praglueinable results
in a broad area of particle physics. Presented here is a subjectivé@ekagen from the wealth
of new measurements of deep inelastic scattering, production of jets anshbaxhd diffractive
interactions. Much progress has been made over recent years, irptheftgtudies that can be
performed, the precision achieved and in theoretical understandirgfifdl analyses of the full
data samples significantly improve our understanding of the QCD and thenstotmture.
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