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proton description:

ELA: Form factors

Quasi-ELA: Structure functions

DIS: Quark-Parton-Model

MC Simulation: GRAPE

Electroweak tree-level
ISR ✚ FSR
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☛ γγ process dominant!

➚ ee → ee:
Annihilation ✚ Scattering

➚ee → µµ:
Annihilation
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Drell-Yan negligible
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Multi Lepton Selection at HERA

Two isolated central leptons:

20◦ < θ < 160◦

Liquid Argon
Calorimeter

Central
Tracker

Spaghetti
Calorimeter

Central Muon Detector
µ 1

µ 2

820,920 GeV

e p

27.5 GeV
• Muons:

Inner track ✚ muon signature

in calorimeter or muon detector

• Electrons:
Calorimeter signature ✚ track

H1: Ee > 5 GeV

ZEUS: Ee > 10 GeV

17◦ < θe < 164◦

Additional 3rd electron identified:
5◦ . θe . 175◦
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Cross Sections - Muon Pair Production at H1
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☛ Good agreement over 4 decades with SM

L = 71 pb−1

√
s = 318 GeV
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Elastic and Inelastic Production Processes

• elastic: ep −→ epµµ
Mhad = MP

• inelastic: ep −→ eµµX
Mhad > MP + Mπ

Tag of inelastic Events:

➜ Proton Remannt Tagger

➜ Forward Muon Detector

➜ LAr (Eθ<10◦)

➜ No additional Tracks

☛ tagging efficiency: 92 %
tagging misidentification: 13 %

p

Proton Remnant Tagger

Hits in Forward Muon Detector

Tracks

Energy in forward LAr

o10

40 m
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Cross Sections - Elastic & Inelastic Muon Pairs
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☛ Both processes are well described by the SM!
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Cross Sections - Electron Pair Production

E − Pz < 45 � 2Ee ➱ scattered e in beam pipe
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Cross Sections - Electron Pair Production

E − Pz < 45 � 2Ee ➱ scattered e in beam pipe
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☛ Both cross sections are well described by the MC

➚ Phase Space: y < 0.82, Q2
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Multi Leptons with High Mass - Electrons at H1

now: scattered may enter the detector!
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Sample Data SM

2e 105 118.2 ± 12.8

3e 16 21.6 ± 3.0

M12 > 100 GeV:

Sample Data SM

2e 3 0.25 ± 0.05

3e 3 0.23 ± 0.04

➚ M12 =
mass of the highest
pt electrons

➚ L = 115 pb−1

☛ 6 outstanding events at M12 > 100 GeV B. Leißner, Multi Leptons in ep Collisions - 9
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Multi Electrons Events with M12 > 100 GeV
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Multi Leptons with high Mass - Electrons at ZEUS

ZEUS
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☛ Data and MC are in good agreement!

Total:

Sample Data SM

2e 191 213.9 ± 3.9

3e 26 34.7 ± 0.5

M12 > 100 GeV:

Sample Data SM

2e 2 0.77 ± 0.08

3e 0 0.37 ± 0.04

Larger expectation than H1 due to:
➚ larger polar angular range
➚ higher background

B. Leißner, Multi Leptons in ep Collisions - 11



Multi Leptons with high Mass - Electrons at ZEUS

ZEUS

10
-2

10
-1

1

10

10 2

0 20 40 60 80 100 120 14010
-2

10
-1

1

10

10 2

10
-2

10
-1

1

10

10 2

0 20 40 60 80 100 120 140

M12 (GeV)

ev
en

ts

ZEUS (prel.) 94-00

GRAPE+NC+QEDC

NC+QEDC

QEDC

L = 130 pb−1

ee & eee

3e 2e 2e

☛ Data and MC are in good agreement!

Total:

Sample Data SM

2e 191 213.9 ± 3.9

3e 26 34.7 ± 0.5

M12 > 100 GeV:

Sample Data SM

2e 2 0.77 ± 0.08

3e 0 0.37 ± 0.04

Larger expectation than H1 due to:
➚ larger polar angular range
➚ higher background

B. Leißner, Multi Leptons in ep Collisions - 11



Multi Leptons with high Mass - Electrons at ZEUS

ZEUS

10
-2

10
-1

1

10

10 2

0 20 40 60 80 100 120 14010
-2

10
-1

1

10

10 2

10
-2

10
-1

1

10

10 2

0 20 40 60 80 100 120 140

M12 (GeV)

ev
en

ts

ZEUS (prel.) 94-00

GRAPE+NC+QEDC

NC+QEDC

QEDC

L = 130 pb−1

ee & eee

3e 2e 2e

☛ Data and MC are in good agreement!

Total:

Sample Data SM

2e 191 213.9 ± 3.9

3e 26 34.7 ± 0.5

M12 > 100 GeV:

Sample Data SM

2e 2 0.77 ± 0.08

3e 0 0.37 ± 0.04

Larger expectation than H1 due to:
➚ larger polar angular range
➚ higher background

B. Leißner, Multi Leptons in ep Collisions - 11



Multi Leptons with high Mass - Electrons at ZEUS

ZEUS

10
-2

10
-1

1

10

10 2

0 20 40 60 80 100 120 14010
-2

10
-1

1

10

10 2

10
-2

10
-1

1

10

10 2

0 20 40 60 80 100 120 140

M12 (GeV)

ev
en

ts

ZEUS (prel.) 94-00

GRAPE+NC+QEDC

NC+QEDC

QEDC

L = 130 pb−1

ee & eee

3e 2e 2e

☛ Data and MC are in good agreement!

Total:

Sample Data SM

2e 191 213.9 ± 3.9

3e 26 34.7 ± 0.5

M12 > 100 GeV:

Sample Data SM

2e 2 0.77 ± 0.08

3e 0 0.37 ± 0.04

Larger expectation than H1 due to:
➚ larger polar angular range
➚ higher background

B. Leißner, Multi Leptons in ep Collisions - 11



Multi Leptons with high Mass - Muons at HERA
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☛ No Events at Mµµ > 100 GeV !
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Multi Leptons with high Mass - Muons at HERA
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☛ No Events at Mµµ > 100 GeV !

Expectation Mµµ > 100 GeV:

µµ: . 0.1 events
ee: expectation factor 2 bigger

due to scattered electron
M12 6= Mee!
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Doubly Charged Higgs at H1

SUSYRL

➜ HR,L = (H0
R,L, H+
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➜ decay modes: H++ → µ+e+
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☛ Only 1 event of the 6 high mass events
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Conclusions

• Cross Sections for Lepton Pair Production
µµ: Inclusive, Separation Elastic & Inelastic

ee: y < 0.82, Q2 < 1

☛ All measured cross sections agree well with the SM !

• Multi Leptons at high Mass
☛ No high mass events in µµ !

☛ ZEUS: Good agreement in 2e/3e

☛ H1: Access in 2e/3e ?

M12 > 100 GeV:

DATA SM

µµ 0 . 0.1
ZEUS 2e 2 0.77 ± 0.08

3e 0 0.37 ± 0.04

µµ 0 . 0.1
H1 2e 3 0.25 ± 0.05

3e 3 0.23 ± 0.04
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Additional Plots - ZEUS: Ee
T & θe Distributions
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Additional Plots - H1: Electron Mass Distributions

H1 Preliminary                        Multi-electron Analysis
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Additional Plots - H1: More Electron Distributions I

H1 Preliminary                                          Multi-electron Analysis
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Additional Plots - H1: More Electron Distributions II

H1 Preliminary                                          Multi-electron Analysis

0

20

40

60

0 50

2e
H1 Data 115 pb-1

GRAPE

NC-DIS
+Compton

E-Pz (GeV)

E
ve

nt
s

10
-2

10
-1

1

10

10 2

0 20

2e

P
T

miss (GeV)

E
ve

nt
s

10
-1

1

10

10 2

0 20 40

2e

P
T

hadrons (GeV)

E
ve

nt
s

0

10

20

0 50

3e

E-Pz (GeV)

E
ve

nt
s

10
-2

10
-1

1

10

0 20

3e

P
T

miss (GeV)

E
ve

nt
s

10
-1

1

10

0 20 40

3e

P
T

hadrons (GeV)

E
ve

nt
s

B. Leißner, Multi Leptons in ep Collisions - 20



H1: More high mass events
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