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Abstract.

Recent results on physics beyond the standard model fromSZ&hd H1 experiments are
presented, in particlular results on single top and stogyction, new currents modifying Standard
Model (SM) Deep Inelastic Scattering (DIS) cross secti@gs RH currents), low SM cross section
processes and many possible final states, eg. multileptbisalated lepton production, single top
production, stop production, etc. The data samples wergraat during the older HERA runs as
well as during the upgraded HERA-II phase started in 2008elmeral the obtained results agree
with standard model predictions. New patrticles have nohkssen. H1 has seen an excess of di-
and tri-lepton events in the" p channel.
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INTRODUCTION

HERA is a 27.5 GeV electron/positron on 820 GeV proton cellidhe main process
involves the exchange of a photon between the incoming mepta a quark in the
proton. Typical final state involves the scattered finalestectron, the current jet
produced by the hit quark and the target jet in the proton bdmettion originating
from the diquark system resulting from the proton breakup.atd ZEUS are two
general purpose detectors built around a liquid Ar and a emsating depleted Uranium
- scintillator calorimeters respectively.

Following significant detector and luminosity upgrades ipid effect in 2002 and
2003, large backgrounds were identified and overcome ssittigsEfficient data taking
started in October 2003 and a long run is scheduled until sem2®07. HERA-II can
also provide polarize&™ /e” beams using spin rotators. The transverse polarisation

P= m:% builds up naturally (Sokolov-Ternov effect). Spin rotatélip the polarisation

by 90’ just before the lepton beam enters the interaction regibasgeriments. Typical
polarisation values reach valuesf40%. HERA-I has accumulatddtL ~ 130pb—?!
while HERA-II has accummulateaitL ~ 230pb~! until summer 20086.

RESULTS

New currents

In SM righthanded electrons do not existRH ) = 0. The same holds for lefthanded
positronsg(LH) = 0. The total cross-section changes linearly with polaigsat1 and
ZEUS results are consistent with SM predictions as it carelea & figure 1
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FIGURE 1. Total CC cross sectiofQ? > 400GeV?) vs. polarisation

Leptoquarks

Search for new particles in HERA can be done in single parfpcbduction mode.
Interpretation though depends on couplings to SM partiblesabsolute mass limits are
produced. Leptoquarks are predicted by several beyondatdmodel (BSM) theories
They connect lepton and quark sectors and carry both bargdnlepton quantum
numbers. In HERA they can be produced in the s-channel asoaarse. They are
scalar or vector color triplet bosons. The experimentahatgre is a lepton and a jet
in the final state. No leptoquarks have been seen so far. 4 imawe been set in 14 LQ
types. There is still good discovery potential for some speHERA-II.

Multilepton final state

In the standard model multilepton final states can be raredgyced throughyy
interactions. In several BSM production mechanisms naydtdn events can easily occur
(eg.H™ production). H1 has seen a consistent excess of multileptents over SM
prediction in positron data only. They have identified 4 égene™p when 06+ 0.1
was expected. ZEUS has not seen any discrepancies. In ladhek2 the H1 results are
presented for dilepton and all multi lepton final states eetipely.

Single lepton, single top production

Many processes indicating new physics would demonstra@sklves with an iso-
lated lepton in the final state. Supersymmetric processpee— éGX), R-parity vio-
lating supersymmetric processes (eg. Stop productionppoguark production at a rate
higher than predicted by SM would indicate themselves withsalated lepton in the



TABLE 1.

H1 dilepton production with higRy for positron-proton and electron-proton data.
All data between 1994 and 2005 havew been included

H1 Preliminary 275 pb~! (1994-2005)

Selection

‘ Data ‘

SM

‘ Pair Production ‘ NC-DIS + Compton ‘

et p collisions (156 pb~1)

ee M3 >100 GeV 3 0.44 + 0.10 0.29 4+ 0.09 0.15+0.04
e My, >100 GeV 0 0.03 +0.02 0.03 +0.02 —

ey M., >100 GeV 0 0.29 +0.03 0.29 +0.03 —

eee Mo >100 GeV 3 0.29 £ 0.06 0.29 £+ 0.06 —
epp M, >100 GeV 1 0.04 £ 0.01 0.04 + 0.01 —
epp My, >100 GeV 1 0.015 £ 0.007 | 0.015 £ 0.007 —

e~ p collisions (119 pb~1)

ee M2 >100 GeV 0 0.424+0.11 0.23 +£0.06 0.19 £ 0.06
pp My, >100 GeV 0 0.02 + 0.02 0.02 +0.02 -

ey M, >100 GeV 0 0.24 + 0.04 0.24 +0.04 —

eee Mo >100 GeV 0 0.18 = 0.05 0.18 £ 0.05 —
epp M, >100 GeV 0 0.03 +£0.01 0.03 £ 0.01 —
epp My, >100GeV | 0 | 0.004 £0.003 | 0.004 £ 0.003 —

TABLE 2. H1 combination of di- and trilepton production with hidh for positron-proton
and electron-proton data. All data between 1994 and 200& bbeen included

H1 Preliminary 275 pb~! (1994-2005)

Selection Data SM Pair Production | NC-DIS + Compton
etpd> Pr>100GeV | 4 |0.6+0.1| 0.49+0.09 0.11 £ 0.04
epY_Pr>100GeV| 0 |05+0.1| 037+£0.10 0.13 £ 0.04
AN> Pr>100GeV | 4 |[1.1+£02| 086+0.18 0.24 £ 0.06

final state. In the case of top quark an enhancement couldtbevad through flavor
changing neutral current process (FCNC) which could béated to supersymmetry,
multi-Higgs-doublet models, or exotic quarks (GUT, strthgories, etc).

Flavor Changing Neutral Current events has a small cros®adel fb) in the SM. If
events at HERA are attributed to single top production tengrocess would proceed
through anomalous couplings. Final state electron disagm®wn the beampipe in 65%
of the events.

The single top signature would involve an isolated high gyéepton, significant
missing transverse momentum, and a jet from the b-quarkydedhe leptonic decay
channel of the W. In the hadronic channel it would involvetSj@ith Mgjje ~ My
and Miata = Mtop. The background in the leptonic channels is due yopBcesses,
NC DIS and single W production. The main background is duergles vector boson
production (SM cross sectica 1.1 pb at 318GeV cms energy) In the hadronic channel
the background comes from QCD processes. Neither of theriexpats has seen a
significant excess over SM predictions. In table 3 the ZE$BIts are presented.



TABLE 3.

ZEUS results on Single lepton production

Isolated e candidates

12 < P7 < 25 GeV

P7 > 25 GeV

ZEUS (prel.) 98-99 e~ p (17 pb™ ')
ZEUS (prel.) 04-05 e~ p (126 pb™ 1)

1/0.23 + 0.06(67%)
3/1.75793 (57%)

0,/0.32 + 0.09(65%)
3/2.5419% (51%)

ZEUS (prel.) 99-00 e™p (66 pb~ ")
ZEUS (prel.) 03-04 e*p (40 pb™ 1)

1/1.04 £ 0.11(57%)
0/0.46 + 0.10(64%)

1/0.92 + 0.09(79%)
0/0.587% % (76%)

ZEUS (prel.) 98-05 e~ p (143 pb~ ' 4/1.98753(58%)

( ) 3/2.86 + 0.46(53%)
ZEUS (prel.) 99-04 e*p (106 pb~1) | 1/1.50 + 0.15(59%)
( )
1

1/1.501%33(78%)
| 4/4.36 +0.47(61%) |
| 11/4.7+£0.9(69%) |

[ ZEUS (prel.) 98-05 e*p (249 pb~ ") | 5/3.487703;(58%)
| H1 (prel.) 1994-2005 e*p (279 pb™ ") | -

Supersymmetric searches

HERA is limited in the search for supersymmetric particleg ¢ the restriction of
pair-production of SUSY particles. However, for mecharssatiowing single super-
symmetric particle production it could still further thepeximental limits. R-parity is
defined aRp = (—1)3®+25 and it takes the value +1 for particles and -1 for sparticles.

R-parity conservation implies pair production of supersyeitric particles and a stable
LSP (cold dark matter candidate). R-parity violation letmisesonant supersymmetric
particle production while supersymmetric particles cacagyeback to SM patrticles. R-
parity violating terms aré\k, = AijkLiLjEx + A/ LiQ; Dk + A/jUiDjDx where theA’s
are dimensionless free parameters. For stop productignanléders (lightest Sparticle)
Ala #0

1\Q\’Q,.ltop Branching ratios and neutralino, chargino and gluirgsas are controlled by
U which mixes Higgs superfieldd/1, M2, M3, SUSY breaking parameters related to
U(1), SU(2), SU(3) gauginos, the tBrand thej;jy, )\i’jk, )\i’j’k There is good agreement
between data and MC. No evidence of resonance has been s wi> 100GeV
(MZy = 2E8" 3 E +Py).

Model dependent limits on stop production were calculated different val-
ues of SUSY parameters. The ZEUS Ilimits were set for G0 < My <
300GeV (step30GeV), and —300GeV < u < 300GeV (step20GeV) The scenario
where neutralino is not LSP amd,o < 30GeV (excl. by LEP) was not considered.

In figure 2.a the yellow region is excluded at 95% C.L., and#ukregion is excluded
in part of the SUSY parameters. More restrictive limit up tassess 240GeV could be
set compared to low energy experiments (APV).

Limits were also set by ZEUS for the mSUGRA scenario. Stopygiho and neu-
tralino masses and BR are determined by the valuaﬁ)pﬁl/z,tanb,sign(u). The limit
calculation was based on a Bayesian approach. The red regiigure 2.b is excluded
at 95% C.L. The exclusion limit in the plariep,m;») was defined as the region of
the plane for which R < 0.05, where R is the ratio between theadiand the SM like-
lihoods. In the blue region there are no solutions. The yelegion,M,o < 30GeV is
already excluded by LEP. Limits can rule out a stop with magstowR270 GeV
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FIGURE 2. ZEUS results on stop production.(a) Minimal supersymmetrodel (b) mSuGra

CONCLUSIONS

HERA Il performs very well and the experiments H1 and ZEUSehaeen successfully
upgraded. New limits on the parameter space of many BSM psaesehave been estab-
lished by HERA. Results from HERA experiments are constsietn each other and
with SM. There is however a persistent excess of events beeSM in highPr lepton
searches observed by Hleénp collisions.

No evidence for resonances in the decay channels with jet®ae highPr lepton
was found. Results were interpreted in terms of R-parityatiog MSSM setting con-
straints on the Yukawa couplings; as a function of stop mass. Direct limits on the stop
mass were derived within the mSUGRA model. Rgg; = 0.3, Mgop < 270GeV are
excluded for most of the parameter space. The set limit iemestrictive up to masses
~ 240GeV compared to low energy experiments (APV). New data is exgobat HERA
[l giving the possibility of pushing the limits of many BSMguesses further
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