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Introduction / HERA

®DESY, Hamburg in Germany.
®only ep collider in the world.
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Introduction / Multi-leptons@HERA

® Multi-lepton production in e-P collisions can be explored up to M_, ~ O(100GeV)
® The dominant is QED process as predicted by the Standard Model (SM).
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—->Dominant process

® Any excess over the SM prediction, especially at high mass region,

can be sensitive to new phenomena.
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Motivation

® Analysis with HERA-| data.

—Reported at DIS03 workshop. 7EUS
[ Type Data SM GRAPE | NCDIS | QEDC *g ) 1 I
all ee 191 | 2139+39 |1822+12 | 239+37 | 78405 £10 " ¢ E
4 ] — 5 £ — GRAPE+NC+QEDQG
| Bra>30CGeV | 6 | 57303 | 44302 | 094+02 | 04£0. : NCAOEDC ]
My > 100GeV| 2 |0.77+0.08 | 0.47 +0.05 | 0.12+0.06 | 0.18 + 0.03 o
10 t — QEDC E
Table 2: Number of selected events with two electrons in the data and simulations ]
of Standard Model processes.
1 ?'__ [ ] [ L ] _§
—Consistent with the SM and no excess was found. 5 W_LL 5
. : a7 1
—H1 observed excess in Data at high M,, . 10 J_‘—LIr
2T 1

10
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®Since then, we took a large amount of luminosity in HERA-I. M,, (GeV)
—-Of those data, preliminary for ICHEPO06 with ~ 300 pb-1.
—Analysis with similar phase space of H1 with a much
increased luminosity ~150 pb-1, total 446 pb-1.
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Multi-electrons

OData taking : 1996-2006
OLuminosity : 446pb-1
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Event topology

Back ground

Signal

Bethe-Heitler Misidentified photon

as an electron
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Flectron selection

& Require 2 EM-clusters in CAL.
@ Also require track match to

clusters.
®E_>10GeV (H1:E_ >5GeV)

Central : 20< 6 <150 ; same as H1

Forward : 5< 6 <20 ::

@ No track requirement.
®E_>10GeV

Rear : 150< 60 <175

@ No track requirement.
®E_>5GeV

\
A

3

@ At least 2 electrons should be found in central region.
—Highest Pt electron > 10GeV . 1st electron.
Osamu Ota —Second highest Pt electron > 5GeV : 2nd electron. 8



Distributions in

ee topology

ZEUS
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® Data
- SM = SIGNAL + QEDC +NC
- QEDC

NC

P;, : Ptof 1stelectron.
P;, : Ptof2nd electron.

6.,: 6 of 1stelectron.

6.,: 0 of 2nd electron.

®Data is in good agreement with
the SM
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Events

Events
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Events

Events

P;, : Ptof 2nd electron.
P; 5 : Ptof 3" electron.

: 6 of 1st electron.
6 ., : 06 of 2nd electron.
0 ., : 6 of 3 electron.

10°F 3

10} o ®In eee topology, also good agreement
ik ‘4 with the SM
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Mass spectrum

) | ZEUS ZEUS
E | | ¥ ) = | |
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®M.,, = Mass of two highest Pt electrons.
®The SM gives a good description of the measurements.
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Results

M,,>80GeV

Topology DATA SM GRAPE QEDC NC
ce 15 140+11 57206 60+06 22+04
cee 3 34700 34103 <02 <05

M,,>100GeV

Topology  DATA SM GRAPE QEDC NC
ce 5  43+11 1102  23+11 09%0.2
cee 1 117 9P 11x01 <002 <05

® Good agreement between Data and Mc
®Upper limits at 68% given.
®|ncludes electron energy uncertainty and Luminosity uncertainty.
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Mass vs. Pt
ZEUS
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®Data

®Signal MC (GRAPE) —>Scalar sum of Pt of

1st and 2nd electron.

®In ee topology, high mass events are formed from two central high-Pt electrons.
®In eee topology, such events formed from one forward and one central electron.

Osamu Ota DIS2007 workshop@Munich 13



Highest mass event

—t
eee : M,,=119GeV .' 0
Rttt
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Acceptance

ZEUS
e ' ' 1 s ' ]
LS LIS IS IS L BT ®AcC = N /Ny,

-N,.. = all selection cut
-N ., kinematic cut
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2 4 eee 1 =4 eee | ®Arrow are shown
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ee :we maintain a high acceptance in high-mass region.
eee : acceptance remains reasonable over full mass region.
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Di-taus

Osamu Ota

OData taking : 2005
OLuminosity : 135 pb-1
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FEvent topology

Signal process SM Background

TYT -—2eu

-> l!

IY

®Di-taus decaying to electron and muon.  ®Di-muons events.
- Br=6.19% —One muon pass through the
beam pipe

®Clever selection is necessary to remove Di-muons events.

®\/ery challenging analysis!! 2> First ZEUS results.
Osamu Ota DIS2007 workshop@Munich 17



FEvent selection

®Electron identification :
—Match track to EM cluster in the CAL.
-E, >4GeV, 6 _<150°

®Muon identification :
—Track from tracking chamber —_um.%ﬂ
match to the MIP cluster in CAL. uw [l
—Track from MUON chamber match @

to the one from tracking chamber.
-Pt>2GeV

> Needed further BG rejection

Osamu Ota DIS2007 workshop@Munich 18



Di-muons (BG) rejection

®At HERA, E-P, is conserved to be 55GeV (2E, ) unless
particles escape in —z direction.
~Initial state : e(E, 0,0,-P, ), P(E,0,0,P,)
Signal | _ N /’
—sometimes electron . e
escapes down beam pipe - —@
~ v,
Di-muons (BG)
—electron must be a ’ @
scattered electron. @
» X | Required E-Pz < 45GeV

Osamu Ota DIS2007 workshop@Munich 19



Di-muons (BG) rejection (cont’d)

®Require no extra muon candidates found with looser selection criteria.

®c.g. LM

MIP cluster in the CAL without _ :

track matching regards as a muon i \ _
candidate. N

—>reject as a BG. — —

3l

=
) |

MC expectation :
Signal 2.0 evt €
Di-muons (BG) 0 evt
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Events

Events

Events
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Results

10

10!

e 2005 : 135 pb-1

Bu (rad)

107

oaaay  @Finally, 3 events are found.
®No BG expectation.

®Event yield is consistent with the SM.
®Upper limits at 68% CL given
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FEvent display




Conclusions

 Multi-electrons

— Analysis of HERA-I and HERA-II data 446 pb-' with
similar H1 phase space.

— Data and MC are in good agreement in ee and eee
topologies.
— No excess is found in high-mass region.
* Di-taus
— Analyzed HERA-II data 135 pb-’
— Clever BG rejection was developed
— Finally, 3 events are found and no BG expectation.
— Event yield is consistent with the SM.
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Back up slide
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The ZEUS detector

IAngular coverage : Central Tracking Detector

2.5° <0<178.4° Barrel-Rear Muon Detector
|IEnergy resolution :

o(E)/E =18%./E(GeV) ©2% EMC
o(E)/E =35%E(GeV) 1% HAC

Central Tracking Detector (CTD)
|Angular coverage :
15° <6<164°
| Resolution
o(Pt)/Pt=0.58%Pt(GeV)

0.65% @ 0.14%/Pt

Micro Vertex Detector (MVD) orward Muon Chamber Calorimeter
|Angular coverage :
10° <6<150° Micro Vertex Detector

IHit resolution

Munich o5
1004 mat =90° ‘Aimmat §=20° PN



ZFEUS multi-electron analysis

ZEUS

v F T
‘E = e ZEUS (prel.)
210° g 96-05 (296 pb’™)
= — SM
[ S FE— QEDC |
10 NC E
1§ E
10" :
102 I \ \ |_| |
0 50 100 150 200
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m -
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2 10 96-05 (296 pb™)
= — SM
M e QEDC |
10 NG e
L L eee |
10 -
102 *
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Selection Data SM GRAPE QEDC NC

etp (L=144pb™)

“ee” M > 50 GeV 26 | 3145 25 + 3 2404 | 4+14

“ee” Mg > 100 GeV 1 |08+04]| 05401 |02+0.2]010013

“eee” My = 50 GeV 6 841 8+1 < 0.06 < 0.2

“eee” Myp > 100GeV | 1 | 0.40703, | 0.404£0.03 | < 0.01 < 0.2
e~p (L=152pb™1)

“ee” Ms > 50 GeV 27 36+ 5 23+ 3 1409 | 9+1.9

“ee” Mip > 100 GeV 0 |07+03] 04+01 |02+0.2 010543

“eee” My > 50 GeV 6 7408 7T+08 < 0.07 < 0.2

“eee” My >100GeV | 0 | 0.40%%2, | 0.4040.03 | <0.01 < 0.2

IHERA-I + HERA-II
—Analyzed 296 (pb-1)
—Preliminary for ICHEP2006

- Good agreement with the Standard Model.
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