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The HERA Collider
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« HERA | Data sample:

Q*=-¢° —e'p @Vs=300 GeV :40 pb-?
virtuality of _e'p @ Vs=318 GeV : 66 pb-?
exchanged T —ep @Vs=318 GeV :16 pb-?
boson )—; « Two colliding experiments:

P \\ ZEUS, H1
q « HERA |l data taking on- going
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Beyond SM searches at HERA |

Searches for new Resonances Exclusive final states
or Contact-Interactions

e Isolated e, 4, T and missing

« Leptoquark P+

- Lepton Flavour Violation e Single-top limits

« Contact Interaction « Multi electron, multi muon
e Quark Radius events

« Extra- dimension . Er(r)ll%ibsly- charged Higgs

« Excited Fermion

. SUSY in MSSM R_conserving ° General. search
model ’ - Magnetic Monopoles

o« SUSY in R, violating model

In red the topics covered in this talk
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Contact Interaction:

Introduction
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Cl: Quark radius form factor

R, < 0.85 x 1016
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Cl: Compositeness
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Curves are exclusion limits for positive (+A) or negative (-A) interference term
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Isolated leptons and missing p.

o et~ X
Events Topology: A

Event MUOH-3

* H Ig h pT Iepton (pT > 5’ 10 Gev) Pl =30GeV. P = 27GeV, P = 42 GeV
L4 M ISSI N g PT (> 20 ) 25 GeV) M,, =82 GeV W™ = p v Candidale - | :
. Jet . ML
e'ﬂ
c / v
jet
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Dominant SM processis W production: ag(ep-> e W= X)~ 1 pb
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Isolated leptons and missing p. (2)

Electrons Muons Taus
H1 118 ph™* P cut Obs. SM Obs. SM Obs. SM
P*>25GeV 5 1.76+0.30 6 168+0.30
P> 40 GeV 3 066:013 3 0641014
7EUS 130 pbl PTX> 25 GeV 2 29+059-0.32 5 2.715+0.21 2 0.20+0.05
P> 40 GeV 0 094+010-01 | 0 095+0.14-01 1 0.07+002

H1: observe 6 spectacular events with e or u and PTX > 40 GeV

ZEUS: events agree with SM, 2 intriguing events

Is the excess in e*p collision at high p.* new physics?

Single top production

via anomalous magnetic and vector

FCNC top coupling k

tuy,? VtuZ

SM cross- section ~ 1fb-?
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Search for Single Top

« H1 observe excessin leptonic channel (e+ )

ZEUS

vz €xclusion region ZEUS 94-00

e Isthis single top via FCNC?
vIf yes
o(ep- etX) ~ 0.29+0.15/-0.14 pb

N
=
~
= 1

A

. . M, =170 GeV
v If not upper limit 08-_ ML_175 G
on ktuy< 0.27 @95% CL i M,, =180 GeV
0.6 —> Excluded by CDF, M,
« ZEUS: ! \ p
Good agreement with SM I
04— Btey — Ve — 0

e O(ep - etX)

< 0.225 pb @ 95% CL 0.2
e Z-exchange evaluated

- limit- curve

—> Excluded by L3, M, =175 GeV

=175 GeV —

Excluded by H1, M, =175 GeV
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Search for multi lepton events

e et
Y e’

Y -

P X

Very clean process which can be sensitive to new physics at
high di(tri)- lepton invariant mass

Selection:

« 2 Oor 3 isolated leptons (ee, eee, Uu, ppe)
« P, > 5GeVand 10 GeV

. 3" electron with E,> 5 GeV
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H1 Multi lepton events ZEUS

$0T 0 om0 henn ZEUS
= 10 +Il::".]u?npton 2e é . ‘ 2e S o o
| .;: A 5 10 2 _ ® ZEUS (prel.) 94-00 _
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e 150 = 1, =S00K Ly 7 3e ¥ . 1
Sk R 10 ¢ ﬂ_LIr
S 2 |
Ol 106" 50 40 60 80 100 120 140
ol il | MIZ (GEV)
0 S0 100 150
M, (GeV) M, (GeV)
Sample Data SM Sample Data SM
2e Total 108 117+8.6 2e Total 191 213.9£3.9
3e Total 17 20.3+2.1 3e Total 26 34.7+0.5
2e M_>100 GeV 3 0.30+0.04 2eM _>100GeV 2 0.77+0.08
3e M_>100 GeV 3 0.23+0.04 3eM >100GeV 0  0.37+0.04
6 outstanding events M, > 100 GeV. Good agreement with SM

MU, Hpe final states: good agreement with SM (1 pp event w/ M> 100 GeV)



General Search (H1)

. Select events with at least 2 isolated object with P_> 20 GeV

« Object are: e, u,j,y and v or non interacting particle

. P statistical estimator to look for large deviation
from SMin M_, and ?p,

e-]j
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Super- Symmetry Models

M echanism of SUSY breaking - symmetry between fermionsand bosons

unknown: different models - cancelsquadratic divergencesin higgs m ass
= finetuning problem

== hierarchy problem

— 2S+3B+L
R p- (- 1)
S: spin

= coupling unification

*Ill

beyond the Standard Model

B: baryon number
L: lepton number

Supersymmetry

MSSM
(124 Param.)

Lightest SUSY Particle, LSP:

constrained MSSM: lightest neutralino

Models with

Gauge-mediated MSSM o
Supersymmetry (6 Param.) R-Parity GMSB: gravitino
Breaking Models jolati

GMSB
mSugra
(5 Param.) :
(6 Param.)
HERA searches:

RPV+MSSM: squarks
RPV+GMSB: gravitino

v .
Communication via Communication
gauge bosons with our visible

world via gravity
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BR

Bosonic Stop Decay

¥ ¥
° Bosonic decays contribute if allowed kin.
~ . .
f. b, . °© Possible scenario : m(sbottom) < m (stop)
PO £ _ _
Mz / and main decay mode of b; isb; - v d
Signature: | + jet + P,
; T T T | T T T | T T T | T T T | T T T T
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I T I N ~ —
1 e o : = | B |
i e 180 |- 7
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o6 N\ e e ] - anp-10 ]
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I - ]
....... i 140 - -
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Search for Superlight Gravitinos

H1 e*p preliminar
SUSY RPV + GMSB scenario: p prefimi y

3
gl 8 a0
" 3
et —» > 1
e
d > — G "
!13'1

80

Gravitiono LSP, x° NSLP
m (squarks) > m(sleptons)

GMSB, j=1,2

°0 %,0 not NLsp | " e et =2

" 60 70 80 90 100 110 120 130 140
e Signature:y + jet + P; . o m, (GeV)
. 1 event found, Limitsindependent of the

2.55 + 1.30 expected squark masses

« Typical LEP limits on sleptons
are ~ 90 -100 GeV
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Conclusions

« HERA isa unique facility to search for new physics and test
models ( contact-interaction, quark radius, anomalous top
production, RPV-3SUSY,...)

. Outstanding H1 multi- electron eventsM__> 100 GeV

« Final results on isolated leptons at HERA I

— Excesssin e, 4 channelsfrom H1,in t channel from ZEUS
— The two results are not easy to explain together
— HERA Il will sort out

e« HERA Il plan: x10 more luminosity + e longitudinal

polarisation

— HERA 1l delivered ~30 pb*of luminosity in 2003/ 4
— Inst. luminosity (3:103%!' cm-4s'!) higher than HERA |
— Longitudinal polarization ~30-50%
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Produced by HERA [pb™]
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Outlook: HERA Il

« HERA 1l delivered ~ 30 pb-*of
luminosity in 2003- 2004

e Instantaneous luminosity
(3-103 cm-%st) already higher than
HERA |

« Longitudinal electron polarization
> 30%
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Backup Slides
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Search for Doubly Charged Higgs

€+ H++
h single production at HERA
Y, Z e’ I —
0"9 abha Scattering
q q L
| | 2 (0.5
H** predicted in LR - i
symmetric models 0.3}
0.2 |
At HERA:e'p - eH "X, H"" 5 [|'I”
-~ multi- lepton final state !
Sensitivity to h__ coupling 0.1 i
H1 combines e and pchannels 0.05}
Only one ee event fulfills charge ’
requirement 0'03].“..'..,.'.................|...|....|..
80 100 120 140 160
H*" interpretation
unlikely MH (GeV)
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Cl: Large extra
dimensions

Arkani- Hamed et al. | ]:

—SM particles propagate in 4-D,
gravitonsin (4+n)-D

Large Extra Dimensions

3 LRI 1 LR T LI 1 LI 1 T rrrrn
o [ I [ I | [
o ° o
M 2= R"M2* 3T - i
— Vi, s o | —— M=580GeV A=t | —— M_=770GeV =+
© i M,=610 GeV  A=-1 M,=730 GeV  A=1
c M s scale of the ‘C 2|~ combined limits: — combined limits:

4+ 1n theor y (~ 1T eV) % B M_=820 GeV  A=+1 - M_=820 GeV  A=+1
o M_=780 GeV M,=780 GeV  A=-1

* R = size of n compact
extra dimensions

—Virtual Kaluza- Klein

“graviton” exchange | H1
" . L L llll]ll 1 L lllllll 1 L1 1 L l]lllll L 1 IIIIJ]I L L
interferes with y,Z ° 10 100 10 10
: . Q* (GeV?) Q% (GeV?)
_Effective coupling n.= A/ M2
Limits H1 ZEUS

A=1 0.78TeV 0.82TeV
A=+1 0.82TeV 0.81TeV
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L
A 113

1
Unconstrained MSSM, k=3
10
-300 < |1 < 300 GeV
; 70 < M, < 350 GeV
10 M, gp > 30 GeV imposed

100 125 150 175 200 225 250 275
M (GeV)
sauark
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Squarks
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Isolated leptons and missing p. (2)

Electrons Muons Taus
H1 118 pb* P " cut Obs. SM Obs. SM Obs. SM
PTX > 25 GeV 5 176030 6 168+030
PTX > 40 GeV 3 066+£0.13 3 064014
7EUS 130 pb-l PTX> 25 GeV 2 294059-0.32 5 2.15+0.21 2 020+0.05
P "> 40 GeV 0 094+011-01 | 0 0.95+0.14-0.1 1 0072002

o Isthe excess in e*p collision at high p . * new physics?

T

Single top production via anomalous magnetic and vector

FCNC top coupling k

tuy,? VtuZ

SM cross- section ~ 1fb-?

B.Olivier, Searches for New Physics in ep collisions at HERA
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Single top: semi- leptonic decays

ELECTRON CHANNEL MUON CHANNEL

W H1 Data
: All SM processes
[ SMuncertainty
B WMC

==1 Top MC

Events
i Y
Evenis

« ZEUS: no eventswith P.*> 40 ,
GeV

LAl

« H1: further cutsto select top

—Only positive leptons
_PJ¢t>30 GeV, M, > 140

2 o
GeV A TIT] TR :
5 events (3e,2y) — SM 1.311'-ﬁ 15t >
0.22 ol
Top efficiency: N
36% electron 5
38% muon i::.sE N
o - i h.“:"b—_‘.__ L.
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Event

Single top: hadronic decays

Cut H1 ZEUS
jet
P 40,30,15 GeV 40,25,14 GeV
W mass window 65<M,<95GeV 62.5<M,<90.8 GeV

Top mass window 150 < M..< 210 Gev 159 <M, < 188 GeV

Top selection
a - .E 'I il , I
o8 - 65.2 < My< 90.8 GeV f) i
= 159 < MY < 188 GeV
. 6 f ZEUS
| o A “
EE - : |
S e |
160 180 200 , I
160 165 170 175 180 185
M jets (GeV) MY (GeV)

Both experiments agree with SM in the hadronic channel
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|solated Tevents

. Extend search for isolated high-p_leptonsand missing p_ to
1- lepton decaying hadronicaly

o T selected using discriminant D base on jet- shape variable:
pencil-like jet, only 1 track in jet

ZEUS
-5|% - '. | ZEUIS 99-60 e+pl | () -
-z T [] ccDIs 7
10-1 h Wty
: .
A k
10 =
-1
i %
10° 7
0 0.5 1
D
D=0: QCD jets D=1 tau jets
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|solated Tevents

. P> 20 GeV

)
. Isolated track, p.2% > 5 GeV ,%
Cut Data SM
P~ 8° 7 2.2 +0.39/-0.58

D>0.95 3 0.40 +0.12/-0.13
P *>25Ge\Vv 2 0.20 + 0.05

(Prob. statistical fluctuation
1.8%)

« Not compatible with e/ u/jet channel

Eveltfts

« 2 events have opposite charge while
top produce anti- lepton (anti-top
production highly suppressin ep
collision)

[0 unlikely to be single top

B.Olivier, Searches for New Physics in ep collisions at HERA
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Search for K°p resonance

* Several fixed target experiments observe a narrow baryon
S=+1resonance ~ 1530 MeV, _
(LEPS, DIANA, CLAS, SAPHIR, HERMES, SVYD) uudds

/{(1530) ~ K%,K™n

* Observation compatible with @* pentaquark N(1710)

at 1530 MeV and width <15 MeV predicte \/
In the soliton model by D. Dlakonov
(1890)

V.Petrov and M.Polyakov \/ \/
g \
©)

» Search of pentaquark reconstructingdsg - (anti)proton
iInvariant mass

EKZO?O)
uussd

* The search isperformed in the central-tracking region,
where hadron production isdominated by fragmentation
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Search for K°p resonance: K°,

Data Set selection
e 121 pb-1,1996- 2000 e*p data @ 300- 319
GeV ZEUS
« DISevents Q2> 1 GeV ~ x102
Ko selection: K . ?*?2- & 1200 L
. CTD tracks, p,>150 MeV, |r]|<875 . ;EEUSQBW{PFE'-F
1

. K° from secondary vertex :::' ‘ |
. Photon conversion removed: 2. 1GeV?

M(e*e’) < 50 MeV 51000 |- @i
« N'sremoved M(? p) < 1121 Me\ff‘;
. p;(K%>300 MeV; |n(K%)[<1.5 E

8 500
Double Gaussian + linear
background fit

0.46 048 0.5 0.52 0.54

869690 + 1016 K° candidate M(mt ')
background ~ 6% Peak at 498.12 + 0.01 (stat) MeV
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Search for K° p resonance: p
selection

« Most of the signal p~0.8-2
GeV

« p<1.3 GeV inside dE/ dx band
« E(proton) > E(KY)

« Assign pion massto proton
candidate, reconstruct K°? , 2}
reject pions from K*:
800 < M(K°?) <980 MeV

dE / dX
o [ P I+

Combinations

1
p (GeV), positive charge

1000 —

4 IS- 16 1.7 1.8 1.9
M(K® %)
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K°p(anti- p) invariant mass

Fit: Gaussian + p3(free parameter)
ZEUS

~T T preliminary T

Ksp +Ksp

800

600 |

400

Combinations / 0.005 GeV

500 |—

300 -

00— &~

100k [] ARIADNE MC (scaled)

. L L Il L J.-'-'I‘.‘i 1 L “I'.JL I8 s Il I | L 1 Il 1 I
1.45 15 1.55 1.6 1.65

M (GeV)

Combined sample: 372+ 75 candidates
Peak 1527 + 2(stat) MeV, width 10 £ 2(stat) MeV
(Mass resolution from MC simulation: 41 MeV)
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