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EXCLUSIVE SEARCHES AT HERA
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Crlaagow 13 RO, UK

The latest resmalis from the H1 and ZEUS collabarations on ex clusive s=arches for rare Stand arcd
Model processes and physics Bevond the Standard Model are presented.  Intriguing events
containing high transverse momentum l=ptons are observed by H1. The ZEUS searches fr
similar event topologies are alss presented. Competitive limits on excited newtrines and
leptom fivour vialation are s=t by the H1 collaboration. A generalised s=arch by H1 for erents
containing high Pr objects is also presented.

1 Introduction

Baoth the H1 and ZEUS experiments pursue a comprehensive physics programme at the HERA
ep colhider. In addition to measurements of the structure of the proton, deep inelastic scattering
at HERA at a centre-ol-mass energy of up to 318 GeV provides an ideal environment for the
study of rare processes, for setting constraints on the Standard Madel (5M) and for searches for

new particles and physics Beyond the Standard Modal (BSA).

2 BRare Standard Model Procosses

B Buents Contaming Jaolated Leplons and Missing Tronsverse Momentum

Events containing a high transverse mamentum { Fp) isolated electron or muon and large missing
transverse momentum have been observed at HERA . The dominant SM mechanism for
procucing such topologies is the production of real W hosons, ep — e * X, with subsequent
leptonic decay B — [, An execess in the HERA T (1994-2000) data eample wae reported by the
H1 ecallaboration ?, whereas such an excess was not confirmed by the ZEUS callaboration in a
similar search?.

The H1 analysi= has been updated to include new e*p data from the ongoing HERA 11
{2003-2007) running period 49 resulting in a total analysed lumincsity of 442 [_1|:|_J. A total of
56 sventzs are observed in the data, compared to a SM prediction of 549 £ 76, The hadronie
transverse momentum {.F].J‘] spectra of the e data are presented in fgare 1. At large values of
PE (= 25 GeV ) 18 e*pdata events are ohserved compared to the SM prediction of 7.8+£1.3. The
nheerved excess 15 equivalent to a Auctuation of approximately 3o, The excess in not observed
in the e~p analysis.

A similar analysis has been performed by the ZEUS collaboration an 432 ph—! of ¢* taken
in the 1996-2000 and 2003-2007 running periads®7. The SM expectations of the ZEUS sesarch
are gimilar to the H1 eearch, however the ZEUS analysie does not oheerve an exoess in etp
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Figure 1; The hadronic transyerse momentum spectra of the olserved events in the H1 isolated lepton analysis.

The smple is divided into e~ p (shown on the kf fr £ = 184 pbh =] and etp [right for £ = 258 pb=') daia

samples, The data are shown as points, the fill=d histogram is the S0 expectation and the shaded band is the
tatal B0 errcr. The signal component, dominated by real BV prodwction, is shewn by the hatched histagram.
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Figure 2 The efficiency of the H1 and ZEUS isclated lepion ssarches for ep — eWX [BR W — e, right
W — ) events with B = 25 GeV oas a function of the kepton polar angle (f.,]. The arcows in the figures
denote the H1 and ZEUS candidate events. The generated spectrum. for ep — WX Monte Carlo is ala shown,

data; with ocnly one electron candidate observed in the ﬂf—l = 25 GeV oremion compared to a
EM prediction of 1.5£0.2 and three muon candidates observed compared to a 8M prediction of
3.1 £ 0.5, The ZEUS data also agrees well with the 8M predictions for the e~ p data with 5(2)
electrons (muons) observed compared to the expectation of 3.8 £ 0.6 (2.2 + (1.3) events.

H1 and ZEUS have formed a combined working group to clanfy differences between the
searches of the two collaborations., Comparisone of the efficiencies of the two searches as a
Function of .F"-j:'l show that the ZEUS and H1 have similar efficiency for selecting e*p — e WX
events at high values of .F’-]ﬂ‘-. The more restricted phase space of the ZEUS szarch leads fo a
slightly lower efficiency than the H1 search. It can be seen in figure 2 that in regions of the
lepton polar angle &, common to both searches the efficiencies of the two searches are similar.
Hi and ZEUS candidate events are illustrated by arrows on the figures, it can be seen that the
majoriiy of the Hl candidates lie within the ZEUS search acceptance, indicating that the ZEUS
search 1= also sen=itive to physics which could be respon=ible for the H1 exeess,

B2 Multi-lepton Events

Bearches for multi-electron and multi-muon production at high transverse momentum have besn
praviously carried out by the H1 experiment ¥, The mast recent H1 search was performed
u=ing 275 |:||:|'l data taken during the HERA 1 and HERA I1 running periods. The main S
process for multi-lepton produetion in ep colligions = photon-photon interaction py — M,
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Figure % Comparisan of the distribution of the imvariant mass 8y of the two highest Pr electrons in the ZEDS
multi-ekctron search 1o the SM expectation. The comparison is shown for the ce [le=fi) and eee [right) topologies.

where quasi-real photons radiated from the incoming electron and proton interact to produce a
pair of leptons. The H1 search studisd ee, pp, e, eee and eppe topologies, searching for events
containing at least two high Py leptons. The data are found to be overall in good agreement
with the ShI, Events are observed at masses greater than 100 GeV in et p data.

The ZEUS collaboration has recently made a new esarch for multi-electron evente using
296 |:|]:|'J e*p data from the HERA T and HERA 11 running periods 'Y, The invariant mass
(M) distributions for the two highest P elactrons in the ee and eee topologies ara shown in
Figure 3, where overall good agreement with the M expectations is ohserved. Wis = 100 GeV
evants are observed in both the ee and eee topologies; the number of such events oheerved is in
agreement with the 50 expectation.

3 Bearches for Physics Beyond the Standard Model

A1 Genermd Search for New Phenommena

A model-independent gearch for deviations From the SM was previously performed by H1 151

nsing HERA 1 data. This search has been repeated by H1 ¥ using 159 ]:||:|"J ol e~ p data.
High Pr final state configurations invalving electrone (¢), muone (), jets (§), photons () or
neutrinos (1] are considerad. All final state configurations containing at least two such ohjects
with P > 20 GeV oin the central region of the detector are investigated and classified inbo
exclusive event classes, p — j.& — 17, §—F — 7 ate,

The yvields for the different classes are ehown in Figure 4; data events are found in 21 event
clagses and good agreement ig observed between data and the SM expectations in most event
classes. A non-hiased statistical method s usad to search for deviatione of the data with respect
to the B in the summed scalar transverse momentum (3 Fr ) and total invariant mass ()
distributions sensitive to new physics. Good agreement is observed in all event classes. The
distribution of the probability of obtaining a result at least as different from the BM as the
ohtamed spectrum {ﬁ} far scans of % Fp oin the different event clasess 15 aleo shown in Figure
4. The data distribution i= consistent with the SkI.

22 Ereited Newbrines

The fermion mass hierarchy can naturally be explainsd if the SA fermions are compozite, in
which case excited states may exist. A minimal extension 5% of the SM can incorporate
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Figure 4: The vields [l=ft] for the different svent classes in the H1 general ssarch compared to the M predictions.
The P value distchution for 5 Pr scans in the different event classes is also shown (right].
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Figure 5 The limits obtained for the mtio £/A as a function of the excited newtring mass within two assumptions:

f==F {left] and {f = + f{right].

excited fermione such as exeited neutrinee (1*). Considering only electroweak interactions, the
excitation part of the lagrangian is

1 7, i§ : :
T EIT”"HT’ b By | Fr o+ e, (1)

where the new weights [ and # multiply the 5M coupling constants g and g* corresponding to
tha weak SLU(2) and electromagnetic L[ 1) sectors respectively. The correeponding gange boson
fields are denoted by W and B, The matrmx op. = (i/2)[7™, "], T are the Panli matrices,
and ¥ 1= the hypemcharge. The compositeness scale A, together with f and /. determines the
production cross section. Excited neutrincs can be produced in ep collisions at HERA via the
t-channel charged current (CC) reaction e®p — ¢*X . The cross section is much larger in e p
colliglons than m e*p collsions due to helicity enhancement epecific to CC-like processes. H1
have recently presented a new search on 114 pb~! of e~ p data '™, a dataset almast an order of
magnitude larger than previously published HERA analyses !,

Excited neutrines are searched for in the decay channels #* — ry, ¥ — eW and r* — 2.
The W and Z bosons are reconstructed in the hadronie decay channel. No signal was observed in
any channel. Limits on the production crmss section are caleulated and tranelated into exclusion
lmmite in the plane {f /A, M), under the assumption f = [ or f = — " (Figure 5). For f = — f
{maximal qere* coupling) and assuming [/A = 1/M,. , 1v*s with massee less than 188 GeV are
exeluded at 95% CL. The results confirm the unique sensitivity at HERA to excited neutrinos
with masses beyond the reach of LEP.
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23 Lepltoguork Production and Leplon Flaveur Vielobion

Particle interactions in the Sh conserve lepton Havour, although there 1= no underlying symmetry
supporting this feature. Experimental evidence for lepton Havour violation (LEY) in solar and
atmuospheric nentrine cscillations has hean reported =, The experiemental bounds en neutring
masses imply very small LFVY effects in the charged lepton sector. The observation of such effect=
wotld elearly indicate new phenomena beyvand the ShIL

At HERA, LFV processes ep— pX or ep — 7X lead to final states with a muon or tau and
hadronic system X. Tha LFV process can procead via the exchange of a leptoguark (L0, a
boson with both lepton and baryon quantum nomber. Leptogquarks ariss naturally as a colour
triplet scalar or vector boson in many extensions of the S8 sach as grand unified theores,
supersymmetry, compaositensss and technicolor. The H1 collaboration has recently performed a
new search for LEV phencmena using 66.5 ph! e+p data and 13.7 pb~! e—p data 11,

The LFV processes ep — pX and ep — eprX can be attributed to LOe produced predom-
inantly by electron-quark fusion. LQ= are classified into 14 types with respect to the guantum
numbers spin, isospin and chivality within the framework of the Bo chmiiller-Rickl-Wyler (BRW)
model 2. Leptoquarks carry hath lepton (L) and Baryon (B) quantum numbers. The fermion
number F = L + 3H i2 assumed to be conserved, taking values of F = 2 [or e~y processes and
F' =10 for etyg processes, For LL) masses (myg) well balow the e* p centre-of-mass energy, the s
channel production of £/ =2 (F = 0) LQs in e”p (e7p) collisions dominates. For meyp g greater
than the centre-of-mass energy the s and « channel processes become of equal importance. The
BEW model assumes lepton Havour conservation such that the LQe produced in ep collisions
decay only to eX or weX final states. A general extension of the BEW model allows for the
decay of Ll)s to final states containing a lepton of different Havour (g or 7)) and a jet. Non-zero
couplings to an elactron-quark pair and to a muon{tany-quark pair are assnmed.

In the H1 analy=ie, high Py muon and tau signatures are searched for. In the muon cass,
the signature 1= an Ealated high Pp muon back-to-back to the had rone syetem in the transverse
plane. In the tau case electroniz, muconic and hadronic tan decays are all considered. In the case
of electronie tau decays large miseing momentum 1= expected, in the muonie decay the signature
is vary similar to the muon case and in the hadronie decay the signal topology is a di-jet event
with no leptons. The tau-jet s characterised by a narrow energy cdepasit in the calorimeter and
low track multiplicity. The tau-jet candidates are selected via a meural net algorithm 22,

Only one candidate event wae found. in the etp data, in the hadronic T decay channel.
This observation is in agreement with the SM and no evidence for LFV was found. Limits on
couplings to 14 different L0s as a anetion of myg are derived. An example of the hmite under
the assumption that the tau- and electron-first generation quark couplings are equal is shown
in Figure 6. The Hl results are directly comparable to previous limits set by ZEUS 2 and
are found o be similar. At hadron eolliders LOs are mainly producsd in pairs independently
of coupling, thus searches cannot constrain LFY couplings. Lower mass limits on the second
{third} generation leptoquarks extend up to 250 GeV (150 GeV), depending on the assumptions
made %, Similarly lower mass bounds from ete— annihilation reach valnes of 100 GeV 27,

4 Bummary

Many searches for new physies have been performed at HERA by the H1 and ZEUS collabora-
tions, Mo evidence for lepton Havour violation or #*= 1= observed. Interesting events containing
izolated leptons and missing Py as well as the multiple high Py leptons at high masses are ob-
sarved by H1. H1-ZEUS working groupe have been formed io clarify the high Pr lepton excess
obeerved by H1 and to extend the reach of BEM searches at HERA to iie uttermost.
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Figure 8: Limits cn the coupling constants Arg, = Aag as a function of the lepioquark mass meg for F=0 scalar
[left) and wectar [right) leptoguarks. Begions above the lines are exeluded at 85% CL. The notation g; indicates

that only processes involving first generation quarks are comsideresd.
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