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@ The HERA ep collider

e*(27.6 GeV) p (820/920 GeV) ® s = 320 GeV
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® HERA I: 1992-2000, ~120 pb-1 per experiment
® HERA Il: 2003-2007, ~360 pb-1 per experiment

N In total HI+ZEUS together accumulated ~ 1fb-1

E. Sauvan — CPPM Marseille Model Independent Searches in ep Collisions — Moriond 2008 - 2




Hunting for New Physics at HERA

A The instrument: HERA is a frontier collider
2> 7 ~ 0.5 fb-1: search for processes with o < 1 pb

® Parton luminosity: HERA collides beyond LEP
® Backgrounds: HERA has less than Tevatron

N Model independent searches
® Do not rely on specific exotic signatures

® Precise data / SM comparisons in
= Final states with a low SM expectation

- High P tails of the SM: investigate all possible final states

A Prerequisite:
® Control of the detector response

® Understanding and simulation of all SM processes
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W production at HERA (W — e,u)

e Events with high P e,u, PyMiss and hadronic system (PX)

= H1in HERA |, for PX > 25 GeV: _ Qljb
an excess of data events (30) Hadronic

system y
® All H1 HERA I+ll data: 478 pb-1 o
= Events at high P{X also observed in

o P miss
SMW: 0~1.3 pb latest data T
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I+P™ss events at HERA I+ll (e*p, 294 pb™) I+P™ss events at HERA I+l (e'p, 184 pb™)
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. Different observations in e+p and e-p
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Isolated leptons: H1 and ZEUS

® Analysis also performed by ZEUS, HERA I+l data: 492 pb-1

- A good agreement with the SM is observed
e+ P'Tniss events at ZEUS (e’p 286 pb™)

« electrons muons o 10— ||‘|-|ZEU|S(|reI)|*=
Pt*>25GeV| data / SM data / SM £ I SMm I\/ICp T3
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o-| Al 184pb1[3/38£06|0/31=05 )
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® Ine+p H1:21/8.9+1.5 (3 o) PX (GeV)
ZEUS: agreement with the SM e u+P ' events at ZEUS (e'p 206 pb™)
102 g
® |n e-p agreement with SM for both 2 F o e P . ZE|US|pre|I
H1 and ZEUS :>j 10 £ [CISM MC
Bl W Prod. MC

® Smaller acceptance for ZEUS 1
H1: 0¢:# > 5° / ZEUS: 0¢# > 15°
- But most H1 events are in

LEUS acceptance 1010 20 30 40 50 60 70 80 90 100
PT (GeV)
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A H1 excess remains in e+p data at 3o level
W Not clarified with HERA IT data
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H1 and ZEUS Combination

A H1 and ZEUS analyses combined in a common phase-space
= Total luminosity: 0.97 fb-'

e + P:“SS events at HERA 1+l (e*p, 0.58 fb™) e+ P:“SS events at HERA I+ (e'p, 0.39 fb")
7g] = 7g]
S F - = H1+ZEUS Data (prelim,
5 i i}:} ;ﬂEUS Data (prelim.) N, = 57 % iA” ;M ata (prelim.) N, = 30
2102 E — Signa N, = 53.1+ 6.4 >10° Signal Ng,, = 39.6 + 5.0

HERA Exotics Working Group
HERA Exotics Working Group
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P} (GeV) PX (GeV)

® Good agreement with the SM in the global sample

e Fluctuation in e+p for PtX > 25 GeV is reduced (1.80)
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Isolated T + PyMiss events

A To complement isolated electron and muon channels ¢hly
® H1 analysis, full HERA I+l (471 pb-1) et
e 7 identified in the hadronic 1-prong decay i \\l 7 1
e |
- Jets with a single track in charged o <
current event T
v+ PT"* events at HERA | + I (ep, 287 pb™) v+ P events at HERA | + Il (€p, 184 pb™)
..‘ﬂ 5 @ H1Data(prelim) Npy, = 10 ﬂ 10° :_ ® H1Data (prelim)  Npaa = 10
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X
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N Good agreement in e+p and e-p
u ZEUS: 2 high PtX events for 0.2+0.05 SM in HERA I data
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Multi-lepton events (e, u)

e RN Low and well controled SM contribution
g VAN Mainly produced via y-y in SM
e Look for events with at least 2 isolated high-P+ leptons (e,u)
b > ee, eee, ey, uu, eup
P X ® H1 analysis performed on all HERA I+1I data (459 pb-1)

o ~1pb (high P) 2> 3P : hardness of the events

N _ n C — —
g FH1 ep(286ph!) | 2 oEH1 e p (173 pb) ® H1Data (prelim)
o 10 ) o E [] DIS+Compton
= 243 leptons N 243 leptons [] Pair Production
- L g2
1 + R -
S € P 10 e P
o . : o s 10_1:5: :

10% 5562660 80 100 120 140 fe0 dg0 10z ;rsbibilin bbb nlod
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- Striking events observed for XP; > 100 GeV

2>lne+ponly:4/1.2+0.2
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Multi-electron events: H1/ZEUS

® ZEUS: analysis performed for multi-electron topologies (478 pb-1)

n v o
t 103E- ee t ok ece
g - : ® H1 Data (prelim.) g EE ® H1 Data (prelim.)
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= H1: no new ee(e) event, HERA | excess not confirmed
=> ZEUS: good data/MC agreement, result comparable to H1
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Multi-electron: H1 and ZEUS Combination

A H1 and ZEUS analyses combined in a common phase-space
= Total luminosity: 0.94 fb-"

Multi-electrons, HERA I+ll (e'p, 0.56 fb™) Multi-electrons, HERA I+1l (€'p, 0.38 fb™)

H1+ZEUS (common phase space) ﬂ 2e + 3e H1+ZEUS (common phase space)
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> P, [GeV] s P, [GeV]

> Pr >100 GeV
Data sample || Data SM
e™p (0.56 fb~1) 5 |1.82+0.21 = Few high P; events observed
e p (0.38 b~ 1) 1 1.194+0.14 mainly in e+p
eTp (0.94 b~ 1) 6 | 3.00+0.34
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® H1, full HERA Il data
(337 pb-1)

HERA I data published
(117 pb-1) [PLB 602(2004)14]

® |solated particles
9 e’ y) I’l) Jet,v

® A common phase space
= Prpart > 20 GeV

> 10 < G part < 140 deg.

General Search
. A signature based search: investigate all high P+ topolgies
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= Good agreement with SM in most classes

M Good understanding of the detector and of SM processes
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Events

earch, HERA Il e'p (178 pb™) - £ P, Distributions
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General Search: > Py distributions
H1 General S

- A systematical scan
of all classes

- Some regions with
deviations found

= Are they significant ?
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General Search: statistical analysis

- Classes with Nb jets >= 4 are not

considered H1 General Search, HERA Il ep (159 pb™)

. . o > P, Scan
(MC prediction not reliable enough) 6 L ! 41 Data (retim)
B S— xperlments
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® Statistical analysis to quantify the
significance of deviations (15)

= Most significant deviation at HERA II:
p-j-v in e+p

= Was also the case in HERA | data (-logm’F\’ ~ 3)
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N Corresponds to the topology of isolated leptons events
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Summary

® High energy running of HERA ended on March, 20 2007
2 In total: ~1 fb1 collected by H1 and ZEUS together

N Combined analyses

® Model independent searches are performed
= |solated lepton topologies

- Multi-lepton topologies

- General high-P; search

® Agreement with the SM in most of all possible final states
- No significant excess

® A 30 excess remains in H1 e+p data for isolated leptons
® No excess in ZEUS data for the same channel

N H1 and ZEUS combinations are underway, towards final HERA results
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