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Results to be presented use the full HERA | data (~ 130 pb 1)
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Isolated Lepton Events with Missing Pr

Dominant SM process = Production of real W’s

o(ep — eW=X) ~ 1pb

—> hadronic jet

= isolated lepton

= missing Pr

Main Selection Cuts H1 ZEUS
Lepton Pr > 10 GeV > 10 GeV
Lepton polar angle 5° - 145° 17°-115°
Calorimetric Pr > 12 GeV > 20 GeV
Acoplanarity (lepton - X) | > 20° (e), 10° () | > 11.5°

Lepton Isolation (in n — ¢):

Djet >1.0 (wrt. jets)
Dyirocr. > 0.5 (wrt. other tracks)
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Isolated Leptons and W Production

H1: e + [ (after further cuts to enhance W component)
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Compatib le with W hypothesis

H1 obser ve no event in € p data (expect 1.46 (e) and 0.32 (1))

ZEUS: (looser cuts than H1 — not yet final W selection)
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Results on Isolated Leptons at High Pr(X)

H1: (final W selection)

H1 preliminar y Electr ons Muons
e""p (101.6 pb_l) obs./e xp. (W) obs./e xp. (W)

P& >25Gev | 4/1.29+0.33(1.05) | 6/1.54 % 0.41 (1.29)

P# >40Gev | 2/0.4140.12(0.40) | 4/0.58 % 0.16 (0.53)

Excess at high P-X in both 94-97 e™p and 99-00 e™ p data

ZEUS: (final W selection, similar to H1)

ZEUS preliminar y Electr ons Muons
eip (130.5 pb_l) obs./e xp. (W) obs./e xp. (W)

P# > 25Gev | 1/1.14 4 0.06 (1.10) | 1/1.29 4 0.16 (0.95)

PX > 40Gev | 0/0.46 4 0.03 (0.46) | 0/0.50 + 0.08 (0.41)

Observed e, i events consistent with SM prediction

= H1 and ZEUS background rates consistent,

but discrepanc y in obser ved event rates!

New analysis (ZEUS) in 7 decay channel — see talk by L. Bellagamba

ZEUS preliminar y Taus
eip (130.5 pb_l) obs./e xp. (W)

P# > 25Gev | 2/0.1240.02 (0.10)

P# > 40Gev | 1/0.06 % 0.01 (0.05)

= Two new T events at high PF}( complement H1 e+u excess
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Single Top Production at HERA

e Single top production in SM negligib le
= production in FCNC process

with anomalous twuy-coupling

et —>b+W = expect high Pfﬂ( (b-quark)

=> Could the isolated lepton excess at high P:,)f

come from single top?

Semi-Leptonic Top Decays (W — £Lv)
® ZEUS see no isolated leptons at Pff > 40 GeV

e H1 apply further cuts to separate top from SM W:

Pjet > 25 GeV , Mfiy > 10 GeVv, only positive lepton charge
(hard b-jet) (real W’s) (t prod. suppressed)

= H1top candidates: Hevents (3e,2u) , expect: 1.77 = 0.46

H1 Preliminary
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Number of Events

Results on Single Top - Hadronic Decay

Hadronic Top Decays: t—bW ., = 3high- Py jets
— qq
ZEUS H1
piet > 40, 25,14 > 40, 25, 20
W mass window | 63 < M3 . <91 | 70 < MJ__ . <90

top mass windo w 158 < M3; < 192 150 < Mjets < 210

+ cut on decay angle (H1)

ZEUS

" H1 Preliminary
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ZEUS prelim. 19 20.0
H1 prelim. 14 19.6 == 7.8

Comparison with semi-leptonic decays (H1):

Starting from hadronic decays = expect for semi-leptonic decays
at 95% CL < 5.4 top candidates (observe 5)

= no contradiction within systematics
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Exclusion Limits on FCNC-Coupling

u,C
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u,c y
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e HERA has large sensitivity to FCNC top production

e Set limits (combining leptonic and hadronic decays) :

Kty < 0.19 (ZEUS)
< 0.22 (H1)
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Search for Multi-Lepton Events

¢-pair production cross-section at HERA falls off steeply with Pr_ﬁ

= multi-leptons at high P can be indication of new physics

Main SM Background

77y collisions

(elastic + inelastic)

+ fake leptons (e.g. fake 2™¢

NC DIS and QED Compton processes)

electron from 7y or hadrons in

Selection (Multi-Electr ons)

2 e sample (central) :

e 2 isolated electrons, one with Pr > 10 GeV
e H1: 20° < 0, < 150° ZEUS: 17° < 6, < 164°

e frack associated to e shower

3 e sample :

e additional 3" electron (5° < @, < 175°)

— no 4 electron event found by H1 or ZEUS
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H1 Multi-Electr ons

Electr on Transver se Momenta

H1 Preliminary
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H1 Multi-Electr ons

Mass of the Two Highest- Pr Electr ons

H1 Preliminary Multi-electron Analysis
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H1 see 6 outstanding events with M7 > 100 GeV

Selection H1 Data (115 pb~1) | SM expectation
2¢€ M12 > 100 3 0.25 4 0.05
e M12 > 100 3 0.23 = 0.04
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ZEUS Multi-Electr ons

ZEUS ZEUS
ﬂ -------------------- 3 3 -------------------- 3
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2€ M12 > 100 2 0.77 = 0.08
3e My, > 100 0] 0.37 == 0.04

(H1/ZEUS polar angle domains are diff erent )
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Comparison to Di-Muon Production

What do we see in pu-production?

Angular range: 20° < 6, < 160°

ZEUS (105 pb_l) H1 Muon Pair Analysis (71 pb_l)
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No i event observed with M, > 100 GeVv

Comparison 2e < [

3 central 2e events (H1) — expect 3 - LL'LW) ~ 1 pp event

Le(2e)

—> Comparison not yet conc lusive !
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Doubly Charged Higgs at HERA

e H1 analysis motiv ated by high mass multi-electr on events !

e Attractive BSM interpretation:  H* production

(e.g. in left-right symmetric or Higgs triplet models)

At HERA: etp = e HTTX and H™H — (T4F

+(--) +(- () 4 -(+)
0 H ett) |—!(+) ett) e e
e H
NG
¥(2) V(2)
p p’ X p p1 X p p1 X

—> striking 3 (and 2) lepton topologies !

H1 analysis: (dedicated cuts on top of multi-electr on selection)
e mass dependent cut on Fp(el) + Ep(e2)

® reject events with wrong lepton charges

What about the six H1 events at Mo > 100 GeV ?

No 3e-event passes cut on FEr(el)+ Er(e2)
One 2e¢ -event fulfills charge requirement (++ charges)

—> This makes doub ly charged Higgs interpretation very unlike y!
(Other possib le interpretations: neutral bileptons, sneutrinos,
— to be investigated ...)
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Limits on Doubly Charged Higgs

8 e
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H™ single production has recentl y been studied by OPAL
= Strong bounds on Yukawa coupling h.. of Higgs to electr ons

= Confirms that multi-electr on excess not due to H "™ decay
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Conclusions

HERA experiments have high sensitivity to rare
heavy particle production

Intriguing excess of isolated electron and muon events
with missing Pr seen by H1
ZEUS event rates in agreement with SM prediction

H1 e + p excess complemented by new 7 candidates from ZEUS

Observation of several outstanding 2- and 3-electron
events at high masses
Interpretation as doubly charged Higgs ruled out
by H1 analysis and new OPAL limit

... We are eagerly awaiting HERA Il data

and more of those nice high- Pr leptons ...
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