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in collaboration with:

N. Berger, M. Del Degan, C. Grab, G. Leibenguth, B. List, Muta, A. Schoning, R. Weber and T. Zimmer-
mann, Institut fur Teilchenphysik der ETH, Zirich; S. EdR. Eichler, M. Hildebrandt, and R. Horisberger,
Paul-Scherrer—Institut, Villigen, and 34 institutes aesSwitzerland

(H1 - Collaboration)

1.1 Electron-proton collisions at a centre of mass energy of 320 GeV - summary

Between April 2003 and April 2006 the H1-collaboration halexted 260 pb ' of data from collisions of 27.4
GeV electrons (192 pb') and positrons (68 pb') with 920 GeV protons with its detector at the HERA storage
ring at DESY. Apart from the increased luminosity this popgrade HERA-II phase differs from the HERA-

| phase (1993-2000) through the availability of both leftdaight-handed longitudinally polarized electron
and positron beams with polarisations of up to 40%. With ihiisgrated luminosity we have now more than
doubled the useful data from the HERA-I phase. That thikfatis short of what is needed for searches aiming
at beyond the Standard Model physics may be illustrated thiglresults of a multilepton analysis. Using all
available data accumulated between 1994 and 2005 (275 phultilepton (electron or muon) events at high
transverse momenta were analysed. The yields of dileptdrird@pton events were found to be in generally
good agreement with Standard Model (SM) predictions. Caimfiall channels, four events are observed with
a scalar sum of lepton transverse mometaK;) greater than 100 GeV, compared to a SM expectation of
1.1 +0.2. These four events are observedairp collisions only where the SM expectation is®6 + 0.1 and
only one of them in the channel is from the HERA-II data (157 pbin this analysis).

However for the vigorous program of both the H1- and the ZEtiflaboration dedicated to the exploration of
proton structure and tests of quantum chromodynamics (Q@&g)ictions a wealth of data is available, is being
analysed and leads to a continuous flow of publications. ptugram entails the precise determination of the
neutral and charged electroweak current cross sectionglatiomentum transfer leading to parton density
functions in pre-HERA inaccessible domains of Bjorkeand momentum transf&)?, diffractively produced
final states, hidden and open charm and beauty productioelaasithe already mentioned searches for states
outside the Standard Model.

1.2 Inner multiwire chamber and vertex trigger

The new five-layer inner multiwire proportional chambertwiiner granularity and increased redundancy,
equipped with new electronics and a new optical readouveliétig signals for an improved-vertex trigger,
which was built by the Zurich group for the upgraded H1-diteaequires only maintenance now. It is an
essential ingredient of most H1 trigger combinations, aedce its performance needs to be carefully and
continuously monitored by our group members. In Novemb@520e opportunity of a HERA maintenance
shutdown was used to access the chamber and replace a fegnlalektronics items, like power supply regu-
lators and optical transmission units.
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1.3 Analysis activities

The focus of the Zurich group has now shifted to data analyis contributions deal with excited fermions,
where a thesis of a Zurich graduate student has been catc[dfl A r-lepton analysis has been finished
and submitted to a journal [2] (see section 1.3.2 below)r@efar lepton flavor violation and photons within
jets are studied within the framework of two ongoing Zuribbsis projects. They are nearing conclusion and
discussed in Sec. 1.3.3 and 1.3.4, respectively below.

The analysis of HERA-I data in the H1 collaboration lead topliblications [2]-[18], of which five are still
being reviewed or are in print. Additional, however preliaiy results have been communicated to the summer
2005 high-energy physics conferences [19]-[31]. Thestyaaa deal in the worst case with about 15 plof

data [14; 32] and in the best case with about 120'plf data [2; 10; 11; 18]. The first publication from HERA-

Il running with polarized positrons has appeared in pri2] [27 pb~' righthanded, 21 pb' lefthanded). An
update of the higkp? charged and neutral current data taken with polarizedreleeind proton beams between
2003 and 2006 is given below in Sec. 1.3.1.

A large fraction of these publications deals with searchesthtes and interactions outside the Standard Model,
either of general type [27; 28], or dedicated to specific cisjsuch as excited fermions [1], gravitinos [4],
magnetic monopoles [5], leptoquarks [10; 33; 34] and a docalbhrged Higgs boson [18]. The other two areas,
where our group has been active in the past, charm and beadygiion [3; 7; 8; 12; 15; 23; 24; 25; 26; 29]
benefit strongly from the precise tracking information &ifale from the silicon vertex detector, which was built
almost exclusively by the Swiss groups within the H1-cadiation. The studies of the diffractive component of
deep inelastic scattering have yielded only to two new tesah analysis of elasti€¥- and of high transverse
momentgp-production [15; 17].

1.3.1 New results from measurements with polarized beams

Data taken with electrons and positrons of different lamgdjital polarisation states in collision with unpo-
larised protons at HERA are used to measure the cross sedidhe neutral and charged current processes,
etp — e*X ande*p — vX, respectively. The polarisation asymmetry is measured fasetion of the
four-momentum transfe)?, and compared with the Standard Model prediction. An impdogtetermination

of structure functionzF3 is obtained using the new neutral current data in combinatiith previously pub-
lished unpolarised data from HERA-I. The HERA-II chargedrent total cross section analysis so far has been
restricted to the kinematical domaip? > 400 GeV? and inelasticityy < 0.9. Together with the correspond-
ing cross section obtained from the previously publishegblarised data, the polarisation dependence of the
charged current cross section is measured and found to lgedaraent with the Standard Model prediction.

Figure 1.1 shows a distribution of the integrated luminosgérsus the longitudinal beam polarisation for both
directions of the handedness. Considerable variationssodi¢gree of polarisation measured by the polarime-
ters between 20% and 40% have to be tolerated.

One of the main physics topics with longitudinally poladdeptons at H1 is the direct search for right-handed
charged currents using the relation

Uch(lip)*0L+(1$P)*0R.

The linear dependence on the polarisation is evident fre#ta shown in Figure 1.2. The data shown include
those published far* p [32], and a 2006 update of the preliminary data shown in sun2@@5 [20]. The data
agree with standard model predictions and do not requite-tfignded charged currents. A linear fit to the new
electron data points given below and displayed in Figureal |large momentum transfe®¢ > 400 GeV?)

1. PARTICLE PHYSICS AT DESY
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Figure 1.1: Distribution of the integrated luminosity vesgolarisation durin the two HERA-II running periods
with electrons and electrons.
and inelasticityy < 0.9 yields a result consistent with the SM predictienc(RH) =0 at P, = 1:

P=-0.27240.005 £ =70.7pb "
P =+40.3704+0.007 £ =29.7pb "

occ = (70.4 £ 1.2stat + 3.1syst

) pb
occ = (34.5 + 1.4stat + 1.5syst) pb
) pb
) pb

occ = (57.0 + 2.6 stat + 2.4syst P=0 L=164pb~ !
occ = (—0.9 £ 2.9stat + 1.9 syst P=-1
The polarisation uncertainty5 %) introduces a systematic error62.9 pb in the result fol?, = —1.

For neutral currents the dependence of the cross sectidmequolarisation is less pronounced, since it enters
through the vector(.) and axial vectord,.) quark coupling constants in the electroweak interferdrateveen

~ and Z-exchange. By measuring both electrons and positronstipethand unpolarised one can disentangle
the individual quark flavours:

d2oNC 2ra’

= [(1 +(1- y)2) FQL’R + (1 —1(1 - y)z) ngL’R]

W(eL,R) Q1
BT =3 [ra(@.Q?) + 2@, Q) - AD"

q

2Pyt = [rg(e, Q%) — xq(x, Q)] - By "

q

Aé’R = Qg +2QcQq(ve £ ae)vgxz + (ve £ ae)z(vg + ag)(xz)2
BqL"R = £2QcQq(ve £ ac)agxz + (ve £ ae)quaq(XZ)Q

_ 1 Q?

n 4s¥,cd, Q% + M3

Xz (= 0.67at Q* = 10* GeV?)

This program however requires hig}¥ and high statistics, as evident from the above expressiwhfram the
data displayed in Figures 1.3 and 1.4. The asymmetry RH/Ickbses witl)? and reaches values 620 %

for Q2 ~ 10* Ge\? for e*p scattering. Only the~p data from 2005 are displayed in Figure 1.3. To enhance



4 Physik-Institut der Universitit Ziirich

Charged Current e*p Scattering
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Figure 1.2: Charged current cross section versus polemisaHERA-II positron (2003/4) and electron data
(2005) forQ? > 400 GeV? and inelasticityy < 0.9 are combined with unpolarised lepton data from 1999/2000
(e™) and 1998 {7). The solid lines represent the standard model predictisitgy particle density functions
derived from H1 neutral current data.
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the statistical significance of the observed asymmetry oag however combine electron and positron data
and plot the ratio

onc(e™, P. = +0.336) + onc(e, P. = —0.270)

O'Nc(eJr, P. = —0402) + O'Nc(ef, P, = +0370)

This is shown in Figure 1.4. It is apparent that the expemtatderived from the particle density functions as
extracted from H1 HERA-I data are in good agreement with #ite.d
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Figure 1.3: Neutral current cross sectidn/dQ? versus momentum transfer for lefthanded and righthanded
longitudinally polarized electrons.

1.3.2 Tau lepton production

Stefania Xella Hansen was involved strongly in an analysigsroduction of tau lepton pairs(7~) and a
search for events with an isolated tau lepton accompanidarbg missing transverse momentum( Piiss).

In the Standard Model (SM), tau leptons are produced eithpairs or in association with a tau anti—neutrino,
as expected from lepton flavour conservation. In electasifpn—proton collisions, pairs of tau leptons are
produced via photon—photon interaction — 77~ (Figure 1.5a) [35]. Tau leptons and tau anti-neutrinos
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Figure 1.4: Combined neutral current cross section asymnfiefm the 2003/2004 positron and the 2005
electron data.

are produced in¥ boson decays, as illustrated in Figure 1.5b [36]. The sigeadf these events is a high
transverse momentuni() isolated tau lepton, large missing transverse momet##ft due to the undetected
neutrinos, and a hadronic system X, typically of |&.

H1 is the first experiment at HERA to perform a measurement™of~ production. The search far +
Pmiss events complements the previous H1 measurements of theqtion of events with an isolated elec-
tron or muon and large missing transverse momentum, whieh tevealed an excess over the SM expectation
of events containing in addition a high- hadronic system [37; 38; 39].

The analysis is based on data from electron/positron—proatiisions at a centre—of—-mass energy of 301 or
319 GeV, recorded by the H1 experiment at HERA in the petia@ii—2000. The total integrated luminosity
amounts tol06 pb~* for the measurement of 7~ production and15 pb~! for the search for + Piss
events.
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Figure 1.5: Diagrams of the main production mechanismswfdptons in electron—proton collisiona) tau
pair production via photon—photon collisions anydsingle W boson production followed by the subsequent
decay of thdV into a tau lepton and a tau anti—neutrino.

1. PARTICLE PHYSICS AT DESY



blabla Report blabla

Two different algorithms to identify hadronic tau decaysdnaeen developed for this analysis. The measure-
ment of tau lepton pair production, in which the tau leptoasegally have low momentum, requires an optimal
background rejection. A Neural Network based identifiaaatgorithm is used for this. In contrast, the search
for tau leptons produced iV decays at higl’r uses an algorithm that maximises the identification effigyen
since the signal cross section is low and the backgroundssdevere. This algorithm uses the radial size and
the charged track multiplicity of the tau jet as discrimoratagainst quark/gluon jets.

o 450 n E
© 400 Hl Njara= 1811 @ 350 E_ Hl
- Ngy = 1859 + 121 = E
350 300
Nee = 1730 + 103 E
300 250F-
250 200 E—
200 cc 150F cc
150 Control £ Control
100f ., 100f,
50 §SMw (x100 50
‘:"‘:"T"'r' 1 | g ]
00 0.2 0.4 . 1 0 0 5 10 15
jet
R.Jet racks
2 2 T
c H1 Noaa =6 c 0 H1
[ N = [ E
> S > o
L 10 - [T
5 Neyw=0.9 + -
N 1
1 E
i 10k
107 F
0%k . R 0% T -
0 20 40 60 80 100 0 20 40 60 80 100
PY1GeV P;/ Gev

Figure 1.6:Top: The radius of isolated jet;.; and the number of charged particl&g’ , = in isolated jets

in the main background (CC) to the+ P search, at preselection levé@ottom: The hadronic transverse
momentunP;X and the transverse momentutfi of ther candidate in the final selection of- P1iss events. In
each Figure the data (points) are compared to the SM exmet(ablid histogram) shown with its uncertainty
(shaded band). The signal contribution dominated by thé®BMroduction is also shown (dashed histogram).

The measured cross section for elastic tau pair produefions epr™7~ is 13.6 4 5.7 pb. The result is in
agreement with the SM expectationidf.2 &+ 0.3 pb.

In the final event sample of the + P search,6 events are observed in the data, compared to a total
SM expectation of 9.9 events, of whichD.891-3> are expected from SNIV production. In the region
P > 25 GeV, where an excess of events containing isolated electromuons is observed [39], no event is
found for a SM prediction 06.39 + 0.10, of which0.20 4 0.04 are expected from SW production.

An upper limit at 95% confidence level is obtained for the ptbn cross section of events containing an
isolated tau lepton and large missing transverse momenmttineiregionPs > 25 GeV,o(PX > 25 GeV) <
0.31 pb. The present measurement is compatible with the prewmasurement of events with an electron or
muon andPiss, as expected if lepton universality is assumed.

The analysis has been completed and the paper was subniti@akdication recently [2].
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1.3.3 Search for lepton flavor violation

This analysis is the thesis project of Linus Lindfeld.

In ep collisions, a lepton flavor violating process (LFV) can isdihe appearence of a muon or tau instead
of the electron in the final state. A convenient concept tola@rpsuch exotic signatures is the exchange
of a leptoquark. Leptoquarks appear naturally as colotetripcalar and vector bosons in many extensions
of the standard model such as Grand Unified Theories [40]eSymmetry [41], Compositeness [42] and
Technicolor [43] allowing for LFV transitions like — p ande — 7.

After presenting the preliminary H1 result of the searchlfBV processes ir*p-collisions at the summer
conferences ICHEP’04 (Beijing) and TAU'04 (Nara), the as& was extended in 2005 to cover atsop-
collisions. Analysing additional3.5 pb~—! of e~ p-data taken in 1998-1999 gives sensitivityFo= 2 lepto-
quarks, where the fermion numb&r= |3B + L| is a combination of the baryon and lepton number of the
initial particles. As in the previously analysetip-data, no deviation from the Standard Model is found in the
e~ p-data.

Extending the Buchmuller-Ruckl-Wyler (BRW) effectiveoael [44] to LFV processes, limits on the Yukawa
coupling of all 14 leptoquark types to a muon or tau and a lggtark are established. The statistical analysis
is completely revised and performed in analogy to the lgteblished H1 results of a search for leptoquark
bosons[45]. This statistical analysis follows a modifieglginentist approach and combines different search
channels including all systematic uncertainties with elations. Within this new method, the search for LFV
decays of leptoquarks into tau-quark pairs could be ex@tmprocesses with a subsequent muonic and elec-
tronic decay of the tau lepton. The analysis in the electrtmi decay channel follows a NC DIS selection with
additional missing transverse momentum in the electragction. The search in the muonic tau decay channel
is performed in analogy to the search for LFV decays of lepéokis into muon-quark pairs. The addition of the
leptonic channels to the hadronic tau decays improve thedbaction efficiency significantly. Fig. 1.7 shows
limits on the Yukawa coupling of scalar (left colum) and wdtright colum) F=2 leptoquarks to muon-quark
pairs (top row) and F=0 leptoquarks tau-quark pairs (bottow) as a representative example for the interpre-
tation of the analysis. Furthermore, the extended BRW misagiened to arbitrary values of the lepton flavour
violating branching rati@y gy with
Ay

5LFV—m7 l=p,T. (1.1)
In order to set most stringent limits in the,-\;,-plane, the published results from the search for first gener
ation leptoquarks[45] are combined with the results of #malysis. The combined limits from the search for
tau-quark pairs are illustrated in Fig.1.8. The not showmrit on leptoquarks decaying to muon-quark pairs
are slightly more stringent and with similar features.

It is planned to publish these results in summer 2005.

1.3.4 Inclusive prompt photon production

This analysis is the thesis project of Carsten Schmitz. A etse and fruitful cooperation with the members
of the theory group at our University, T. Gehrmann, A. Gehirie Ridder and E. Poulsen made it possible to
provide in parallel both a novel data analysis and a new #imai calculation, based on carefully coordinated
selection criterias.

Isolated photons with high transverse momentum in the fias sire a direct probe of the dynamics of the hard
subprocess, since they are directly observable withogeleorrections due to hadronisation and fragmentation.
Previously ZEUS and H1 have measured the prompt photon sea$®n in photoproduction[46][47]. ZEUS

1. PARTICLE PHYSICS AT DESY
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Figure 1.7: Limits on the coupling constant strengith= \., at 95% C.L. as a function of the leptoquark mass
for scalar and vector F=2 leptoquarks decaying to a muomkauedr (top row) and F=0 leptoquarks decaying
to a tau-quarks pair (bottom row).
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Figure 1.8: Four different masses limits at 95% C.L.)g as a function of\., in a model where the LFV
branching ratilBR = A2, /(\2, 4+ \2,) is not fixed (Left: F=2, Right: F=0).
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has recently published an analysis of the prompt photors@estion for photon virtualitie®? larger than 35
GeV~[48]. The results are compared to the new leading order fzaion of our theory colleagues [49][50],
O(a?), that offers first predictions for the inclusive prompt ptroproduction in Deep Inelastic Scattering.

The events have been collected in the years 99/00 at a cémbaiss energy of 318 GeV, with a total integrated
luminosity of 70.6pb~!. Events were selected with the electron reconstucted ide&ward calorimeter
(SpacCal[52]). Photons are identified in the liquid argorodaieter (LAR)[53] by a compact electromagnetic
cluster with no track pointing to it. The transverse enemyeistricted to 3 Ge¥ FE; < 10 GeV in the
pseudorapidity regior-1.2 < 7, < 1.8.

The main experimental difficulty is the separation of thetphs from neutral mesons, mainty or ,, since

at high energies their decay photons are not resolved bahséicted in one single electromagnetic cluster.
These mesons are mainly produced in hadronic jets, therefoisolation criterium is applied for thecan-
didates. To ease the comparison with pQCD calculations weansinfrared-safe definition of the isolation
requirement[54][55]: the energy fractianof the photon energy to the energy of the jet which contaies th
photon (Photonjet) has to be larger than 0:9= E7/EToteniet . (.9 After the selection cuts there is still
a large fraction of background from neutral meson decay®nThe photon signal is extracted by a shower
shape analysis which uses six discriminating shower shapsibns in a likelihood analysis.

The data are corrected for detector effects by taking theageeof the corrections of the PYTHIA 6.2[56]
and the HERWIG 6.5[57] event generator. The background fn@utral mesons was generated with the
RAPGAP[58] generator. However, the background Monte Cesds only used to control the sample, not
for the extraction of the signal. This was done using singligles only.

In a first step events are selected with a good electron artdahjeh contains a photon candidate as defined
above. In a second step the prompt photon signal is extrégtediikelihood analysis of the shower shapes.
The photon candidate clusters are analysed using six eliffshower shape variables to discriminate between
the signal of a single photon and neutral mesons.

- Hot core fraction: fraction of energy deposited in four aghe - depending on the granularity of the
calorimeter - contiguous cells including the cell with héghenergy.

- Transverse radius of the cluster (transverse plane isspdipular to the direction of the incoming parti-
cle).

- Energy fraction of the hottest cell.
- Energy fraction in the first layer.
- Kurtosis of the transverse energy distribution of the @usells.

- Transverse symmetry of the cluster: a photon is expectédve a symmetric cluster (S=1), whereas
neutral mesons with more than one decay photon are of monenasyric shape.

Figure 1.9 shows the six different shower shape variabtgstber with the background from RAPGAP as well
as photons radiated off the electron as predicted by RAPG®&RI® signal prediction from PYTHIA (scaled
by 2.3) for photons being radiated off the quark. Both cdmitions from RAPGAP are used unscaled. All
variables are nicely described by the sum of the Monte Caddiptions. The estimators are combined in a
likelihood analysis as well as a neural net and a range seeralysis as a cross check. Monte Carlo studies
showed that neutral mesons can be well separated from phoiransverse energies below 10 GeV. Only
particles which decay very asymmetrically are misiderdiéis photons.

The probability densities that are used for the likelihocetmod are taken from the simulation of single parti-
cles. Only the contributing fraction of any neutral mesoh, ¢°, o', K°, p, w, K*, K1,K,, n andn ) is taken

1. PARTICLE PHYSICS AT DESY
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Figure 1.9: Shower shape variables used as input for thamisation between the photon and neutral mesons:
Transverse kurtosis, symmetry and radius and energydractif the hottest cell, the hot core and the first layer.
The measured data points are shown together with the sigoatéMCarlo from PYTHIA, scaled by a factor
2.3, photons radiated off the incoming or outgoing elec{rawa) and background from neutral mesons (non-
rad) as estimated by RAPGAP. The contributions from RAPGAPused unscaled. The sum of the Monte
Carlo prediction is indicated by the blue line.

from Monte Carlo simulation (RAPGAP). The likelihood fuitnts are calculated separately for different bins
in £ and different wheels of the calorimeter[53] which corrasgh¢o differentn, ranges. The contribution
of photons and neutral mesons is then determined by indepefits to the data using likelihood distributions
obtained from a set of single particle photons and backgtoeespectively. The advantage of the use of single
particles is that they can easily be produced in high siegist

Differential cross sections for the production of isolafgtbtons in deep inelastic scattering are shown for
Q? >4 GeV?, y. > 0.05 for photons with3 < EJ. < 10 GeV, pseudorapidity-1.2 < 7 < 1.8 and

the isolationz = E., /E, ;e > 0.9. The errors in the figures contain the statistical error dyedslystematic
errors added in quadrature. Figure 1.10 shows the crosemexs a function of transverse energy and the
pseudorapidity compared to the new L&) calculation[49][50] which gives a good description of tiega.

At large pseudorapidities the dominant contribution cofnes radiation off the quark line (QQ), whereas in
the backward region the radiation off the electron line (Hbjninates the cross section. The calculation gives a
nice description of the data both in shape and in scale irrasirtio the monte carlo predictions from PYTHIA
and HERWIG which are low by a factor 2.3 and 2.6 to describealtia.

The analysis was carried out in close collaboration withttieory group at the University of Zurich. All
cuts were carefully adjusted both in the analysis and the &lGutation. It is planned to extend this fruitful
collaboration to further measurements with photons in theletector (thesis project of K. Nowak).

[1] Search for Excited Quarks at HERA,
Jan Becker, PhD Thesis, University of Ziirich (2005)
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