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e HERA: e*p collider Vs =300-320 GeV
e HERA-L:  ~115 pbl
® HERA-II: 17 pb-1

= Qutstanding high Pt multi-electron events observed
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Multi-lepton events at HERA

® Mainly via y-y collisions in the SM:
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y-y elastic and ete — I+ 1 qq—1+1-
inelastic (Cabibbo-Parisi) (Drell-Yan)
(dominating at HERA) (small at HERA) (small at HERA)

= Production ofe-e, -y or T-7T pairs

2 results published by H1
A At high invariant mass: sensitive to new phenomena

(bileptons, Higgs++ ?)
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Multi-electron selection

® “2¢e” sample: 2 central isolated electrons

H1 ZEUS
Pt >10,5 GeV >10, E > 10 GeV
Lepton polar angle 20° - 150° 17° - 164°

+ good track associated to electron shower

® “3¢” sample: any 3rd electron (5° < 0 < 175°)

® Background: fake electrons

2 NC-DIS: fake 2nd electron from radiation or mis-identification
2 Compton:ep—e y X (y — fake 2nde)

[H1, Eur. Phys. J. C31(2003),17]
H1 (115 pb-1) Data SM lepton pairs

NC + Compton
2e 108 117.1 + 8.6 91.4 + 6.9 25.7 + 5.2 (statistical and
3e 17 20.3 + 2.1 20.2 + 2.1 0.1 + 0.1 systematical errors)
[ZEUS, Preliminary]
ZEUS (130 pb-1) Data SM lepton pairs NC + Compton
2¢e 191 2139 + 3.9 182.2 + 1.2 31.7 + 3.7 | (statistical errors)
e 26 34.7 + 0.5 34.7 + 0.5

= no 4-electron event found by H1 or ZEUS
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Multi-electron: transverse momenta

® Good overall agreement
e Hi: 3 “2e” events Pp > 50 GeV

e ZEUS: 2 events Pp > 50 GeV
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Invariant mass distributions

H1
. 2 ® Hl Data 115 pb™?
® Mass of 2 highest Pt electrons E : B2 Pair Production
in the event: 10 & N pton 26
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2 Several events at high
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Multi-electron: events at Mo > 100 GeV

[H1, Eur. Phys. J. C31(2003),17]

H1 (115 pb-1) Data SM lepton pairs NC + Compton
2e 3 0.30 + 0.04 0.21 = 0.03 0.09 = 0.02
e 3 0.23 + 0.04 0.23 +0.03 <0.02 (95% C.L.)

(statistical and systematical errors)

[ZEUS, Preliminary]

ZEUS (130 pb-1) Data SM lepton pairs NC + Compton
2e 2 0.77 .08 0.47 = 0.05 0.30 = 0.07
e 0 0.37 04 0.37 = 0.04

* (statistical errors)

(different polar angle domains for H1 / ZEUS)
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2e event (ZEUS) M- = 134 GeV
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H1 high mass events, M{> > 100 GeV

® “2¢” events:
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Precise M{» mass determination

® Try to improve the kinematic measurement:

[H1 6 hlgh mass events]

- H1 Before klnematlc flt

10-_. ..... H 1 ..... A fterklnemat—lcflt .................... ................ TSR T

L ZEUS 2e events

= Imposing longitudinal and
transverse momentum
conservation for fully

contained events
(E-P, =55.2 GeV and

Ppmiss = 0 GeV) i =

= Constrained kinematic fit al

Event number

® Errors reduced by more than a
factor of 2

® Kinematic of the events well
understood

e

900 105 110 115 120 125 130 135 140 145
M., (GeV)
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H1: Cross-section measurement
Yy = ete-
® 2e sample + E-P, < 45 GeV, opposite charges,
y < 0.82, Q2 <1 GeV2 H1 Data

® 42 (data) /44.9 £ 4.2 (MC) (1.2 £ 0.4 background) ) SM (GRAPE)
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2 Inelastic process well 2 Good agreement with the SM
described
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Di-muon events

[H1, Phys. Lett. B583 (2004), 28] H1: (71 pb-1) < Inclusive Two Muon :‘;‘;‘:‘“
. . . 8 10 ; — EW (GRAPE)
® ;i identified in central tracker, - T W QQq - up
calorimeter and external muon '9"1 """" Yo
chambers s Bz ou GRAPE
©
e Prul > 2 GeV, Ppr2 > 1.75 GeV S o
e M,, >5GeV
L |
° (20° <0, <160°) CE |
>y, =46.4£1.3+45 pb w0k L {
SM prediction (GRAPE): 46.1 + 1.4 pb u
10'4;EE
= Good agreement with SM :
3¢
=
2 No p-u event observed with  © %
- 1
M,, >100 GeV 2 Og,wiﬁmiim P
> Extrapolation of “2e” to p-p: & b g ——so gl b
~1 p-u expected M, [GeV]
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Multi-lepton Events at high Pt: e-u-u, u-u

® Lumi = 114 pb-1, full HERA-I data
® Motivation: analysis equivalent to multi-electron
o At least 2 y: Pprl > 10 GeV, Prr2 > 5 GeV, (20° < 6,12 < 160°)

e Any additional u: Pp#s >1.75 GeV, (20° < 6,3 < 160°)
e Any additional e: E, > 5 GeV, (5° <0, < 175°)

H1 (114 pb-1) Data SM
u-u 40 39.9 + 4.2
e-u-u 16 149 = 1.6

> M,,,> 100 GeV: 1 pu-u event observed for 0.08 + 0.01
predicted
>M,, =102 + 11 GeV

=2 No 3 u event
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Multi-lepton events: mass distributions

® Mass of the y-u pair ® Mass of the 2 higest Pt leptons
(equivalent to multi-electron)

Multi Lepton Analysis H1: (1 14 pb-1) Multi Lepton Analysis

® Hi(94-00) -pp ® H1(84-00)- M

2
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2 Agreement with the SM
= But limited statistics
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Di-muon results from ZEUS

® ; i1dentified in central tracker, calorimeter and

external muon chambers

e Ppi >5 GeV, (20° <0, <160°), =2 isolated u

ZEUS (105 pb-1)

B .

S107 ¢ [Preliminary] _

> - ]

H) 1K) e ZEUS (prel.) 97-00 ]
10 ¢ — GRAPE

t

10

10 B v
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M, (GeV)

> 200 (data) / 213 £ 11 (SM)

=2 No u-u event observed with
M, >100 GeV

= Good agreement with the SM
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Production of T pairs

® Observation of T pairs by H1
(see talk by G. Brandt)
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HERA-II: H1 multi-electron analysis

® HERA-II is running: analyses re-started
® Preliminary results with 17 pb-1

Selection | Data SM Pair Production (GRAPE) | NC-DIS + Compton
" 2e” 10 158 &= 1.7 135+ 14 23+ 05
" 3e” 2 3004 3.0+ 04 —

H1 Preliminary Multi-electron Analysis Hera-II, (17 pb™)
w r ® H1 Data (prelim.) ©w r
d=J 10 L zaclzi_rDFl’goduction 5 :
I.ﬁ ? _+_ [l Compton Lﬁ N ERES
- 2e s 3e
1 E_TZ 'l' B
E 1 10" —
10-1 = = -
10-2_. Z%| Lovd i la 10-2_..| Lol o IS

0 II20 40 60 I80I I';O(I)I'i2(l)l‘i4(l)l'i6(lll';80 0 20 II40I I60I I80I I'iO(I)I‘i2(lll';4(llI';fi(l)l‘iSO
M., (GeV) M., (GeV)
2 Agreement with SM expectation

2 No new events at high mass
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HERA-II: di-electron event
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tsat HERA- 17
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Summary ...

® Multi-lepton production has been measured in ep collision
® Multi-electron:
= vyycross-section in agreement with the SM

= Outstanding events at high mass:
® H1: 3 “2e” and 3 “3e”, for 0.3 and 0.23 predicted

e ZEUS: 2 di-electron

® Muon pairs:
= Cross-section also in good agreement with the SM
e - U - u analysis using all HERA-I data

A Outlook:
= HERA-II is now running and these analyses re-started
= First multi-electron measurement done with 17 pb-1
= Wait now for full HERA-II luminosity: 1 fb-1
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Doubly charged Higgs at HERA ?

® atHERA: etp—o> e H'X, H = 11",

sensitivity to he coupling

= H1: on top of multi-electron selection,

combines e and u channels

= Doubly charged Higgs very

unlikely

= Strong bounds on Yukawa

coupling h,, by OPAL
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Background studies: NC-DIS

® Study of electron mis-identification in central region
® Selection of Neutral Current DIS events

2 Events with a 2™ electromagnetic cluster

4 ] . [/ ol .
E No track requirement a) E 10 2 I Loose track requirement b)
g e HI data g
€2 ) Pair production 2
10 “F (GRAPE)
DIS
NiE= Compton 10
10 pld — i
1§ | - Ly ’:ZI:}.:Z:Z:.-“%
0 20 40 60 0 100 0 20 40 60 80 100
P2 (GeV) P2 (GeV)
= No track required - Loose track required

= Described at the 20% level
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Background studies: Comptons

® Study of photon conversion
® Sample enriched with elastic Compton events

2 1 central electron + a 2™ electromagnetic cluster
10 2§
Wik

(photon candidate)
A ?
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fl*. ..... i\
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Events
Events
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Number of associated tracks Track start radius (cm)
- Number of associated tracks - Track starting radius

2 Conversions described by the simulation,
at better than 20%
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