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The H1 and ZEUS Experiments at HERA

Status: 1-July-2007
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e Large increase in data per experimént
from HERA II (x3)

e Large increase (x12) in data taken from
ep collisions; HERA I mostly e*p data

Final combined HERA dataset ~ 1 fb-1

Two multi-purpose experiments
located at the ep interaction points
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Events with Isolated Leptons at HERA

e Look for events with one or more isolated leptons
in the final state as well as in combination with
missing P;: sensitive signature to BSM physics
— Good lepton ID and HFS reconstruction of experiments

means such topologies provide a clean signal

e The SM expectation for such events at HERA is low,
so the analysis benefits from the combination of
the H1 and ZEUS data: full HERA data ~ 1 fb'l
— Measure cross sections of rare processes

— Increase sensitivity to new possible phenomena
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Multi-Lepton Events

e The main SM process in ep interactions with multi-leptons in the final
state is the yy process:
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e This QED process has a precise SM prediction, modelled using GRAPE

e Cross section is low at high mass, high P;: look for deviations from
the SM prediction: indications of new phenomena

e Main SM backgrounds: NC-DIS, QED Compton for multi-electron
events; multi-muon events have very low background (non-ep from
cosmic rays)
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Multi-Lepton Event Selection

Events are selected by requiring at least two,
isolated high P; electrons or muons in the
final state

Electrons identified in the polar angle region
50<0<1759 with E >10 GeV, with E >5 GeV

in the backward region (6>150°)

Muons identified in the polar angle region
200<6<160° with P; >2 GeV

Events are then classified into independent,
exclusive samples:

— ee, eee, U, ew, eun and so on..

At least two of the leptons must be in the
region 20°<6<150° and have P; >5, 10 GeV

PT=17GeV

e

- il S—
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PT=55 GeV
eee eventin H1

Pl = 36GeV
P = M GeV
: - m
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L it = 34GeV

euu event in ZEUS
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Results of Different Multi-lepton Topologies

Multi-Leptons at HERA (0.94 fb~1)

Sample Data SM Pair Production (GRAPE) NCDIS+qEpc Overall good
ce 873 805 L57 724 £ 41 171 £ 28 agreement seen
up 298 320436 320 & 36 <05 with the SM
ew 173 167+10 152+ 9 15+3 prediction
ece 116 11947 117+ 6 <4
el 140 147 +£15 147 £ 15 < 0.5 VY selections used to
(vy)e 284 293 +18 289 + 18 441 measure the cross
(vy), 235 247426 247 + 26 <0.5 sections in the |
photoproduction regime
2 eee ® H1+ZEUS (0.94 fb™) 2 euu ® H1+ZEUS (0.94 fb")
5 :m Pair Prod 5 10° zm Pair Prod
( | m | Looking at the
10 high mass
i region, a few
: interesting
107E events show up
Wt 727722 7024%....... N7 : /(‘_,},f// 7 . e in the data
107020 40 60 80 100 120 140 160 180 10°0 20 40 60 80 100 120 140 160 180
M., [GeV] M,, [GeV]
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H1+ZEUS Multi-lepton Events at High Mass

Multi-Leptons at HERA (0.94 fb—1)

M >100 GeV

Sample Data SM Pair Production (GRAPE) NC DIS + QEDC
, et p collisions (0.56 fb—1)

eegnr,llsggeren:fﬁ ee 4 1.68 =0.18 0.94 £0.11 0.74 +£0.12
N _ L 1 0.32 £0.08 0.32 £0.08 < 0.01
the e*p data: ey 1 0.40+0.05 0.39 - 0.05 < 0.02
9fromHL | e 4 079+0.09 0.79 £ 0.09 <0.03
3 from ZEUS eup 2 0.1640.04 0.16 + 0.04 < 0.01

e~ p collisions (0.38 fb~1)

ee 0 1.254+0.13 0.71 £0.11 0.54 4+ 0.08
i 0 0.23 £0.10 0.23 £0.10 < 0.01
eu 0 0.26 £ 0.03 0.25 £+ 0.03 < 0.02
eee 0 0.49 £+ 0.07 0.49 £+ 0.07 < 0.03
ey 0 0.1440.05 0.14 +0.05 <0.01

All data (0.94 fb 1)

ee 4 2.93 £0.28 1.65 +0.16 1.28 +0.18
A LL 1 0.55 +£0.12 0.55 £0.12 < 0.01
ep 1 0.65 £ 0.07 0.64 £+ 0.06 < 0.02
eee 4 1.27+0.12 1.27 +0.12 < 0.03
g 2 0.31 £0.06 0.31 £0.06 < 0.01
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® H1+ZEUS (0.38fb")

a SM

SM Pair Prod.

SJUaA

NN

0 20 40 60 80 100 120 140 160 180

> P, [GeV]

Pair Production (GRAPE) NC DIS + QEDC

0.42 + 0.07
0.29 +0.05
0.71 +£0.10

p data with =P; > 100 GeV,

1.52 £0.14
0.90 = 0.10
242 £0.21
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Multi-Leptons at HERA (0.94 fb~1)
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Measurement of the yy—/[*/- Cross Section

e Two-photon channels used to measure the H1+ZEUS weighted average
cross section for electron and muon pair production in the kinematic
region indicated

= 10"
;I ® H1+ZEUS (0.94 fb™) > ® H1+ZEUS (0.94 fb")
8 - SM Pair Prod. Q SM Pair Prod.
B 10-1 E-._ ep—elte™ X g
oY - P2 >10GeV, P2 > 5GeV 'g_ 102
— —a— 20° < 6% < 150° b
%—i_ 102 DE% = 05 E&
5 - —§— Y <082,Q% <1GeV’ =
~ ~ 3
E g™
10° 3
10 10* |
10 15 20 25 30 35 120 45 50 20 30 40 50 60 70 80 90 100
1
P; [GeV] M,/ [GeV]

e Differential cross sections measured as a function of the P; of the leading
lepton and the invariant mass of the lepton pair

e Total visible cross section measured 0.66 + 0.03 (stat.) = 0.03 (sys.) pb
in good agreement with the SM prediction of 0.69 £ 0.02 pb from GRAPE
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Events with Isolated Leptons and Missing P-

The main SM process in ep interactions with a single, high P; isolated
lepton in coincidence with missing transverse momentum the final state is
single W production: o

Hadronic system,
typically low PX

T Vi | Neutrino, P;miss

Isolated Lepton, P,/

Smaller additional contributions occur to the signal via the equivalent
diagram in CC-DIS, as well as from Z° production with decay to neutrinos

Total cross section ~ 1.3 pb, with 10% of W decays to each lepton flavour
Modelled at HERA using EPVEC with a NLO correction, uncertainty 15%
Main SM backgrounds: NC-DIS, CC-DIS and lepton pair production
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Isolated Lepton and Missing P, Event Selection

Events characterized by a high P, lepton

(electron or muon), in the main body of the Isolated Electron
detector, in events with large missing R

transverse momentum Neutrino ?

Common H1+ZEUS analysis phase space
defined as events with an electron or muon or T ;
satisfying P.>10 GeV, 15°<6<120° and - Hadronic Jet, X
P Miss >12 GeV

_ _ e + P/ Miss event in H1
The lepton is also required to be well

isolated from the nearest jet and track in =
the event (rejects mainly CC events with a
lepton in the jet)

Isolated Muon

| e I:I

Further cuts applied to reduce SM — T —
background such as rejecting back-to-back H [
topologies (NC, lepton-pairs)

. : H X
Electron and muon channels are exclusive, adronic Jet,

and are combined, also in the cross section _ _
measurement w + P;Mss event in ZEUS

dortmund
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H1+ZEUS Isolated Leptons: Results

Preliminary Preliminary Preliminary
o 45 n F n F
€ agk e H1+ZEUS (0.98 fb™) T 50 e H1+ZEUS (0.98 fb™) ] e H1+ZEUS (0.98 fb™)
g g == sm 2 l = sMm 9 i == sm
1] 35E SM Signal Ll 40__ T SM Signal i E SM Signal
30F - 4
25] 301 2/4
20F C
15%— 20F
10 /
5 -
20 80 100 120 140 0 20 40 60 80 100120 140 160 180200 100 10 20 30 4o 50 so 70 80 90 100
6, [deg.] ME [GeV] PX [GeV]
H1+ZEUS Preliminary Data SM SM Other SM
1994-2007 e*p  0.98 fb~! Expectation Signal Processes
Electron Total 61 69.19 = 8.18 || 48.31 + 7.38 | 20.88 £+ 3.19
PX>25GeV | 16 | 13.03+1.70 | 9.95+1.55 | 3.08+0.65 | Overall good
Muon Total 20 18.62 +2.69 | 16.43+2.60 | 2.20£0.51 agreem_ent
PX > 25 GeV 13 10.96 + 1.62 9.77+£1.56 | 1.19+0.32 seen with
Combined Total I 81 87.82 £ 10.55 || 64.74 &+ 9.88 | 23.08 £ 3.32 prediction
PX > 25 GeV 29 23.99+3.24 || 19.71 £3.09 | 4.27£0.77
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H1+ZEUS Isolated Leptons: Positron Data

H1+4+ZEUS Preliminary Data SM SM Other SM
1994-2007 etp  0.59 fb~1 Expectation Signal Processes
Electron Total 37 38.62£4.71 || 28.80+4.42 | 9.73 £1.40
PX >25GeV || 12 | 7.414+1.01 || 596+0.94 | 1.45+0.33
Muon Total 16 11.20 = 1.62 9.86 £ 1.56 1.34 + 0.33
Pff > 25 GeV 11 6.62 £ 0.98 5.80£0.94 | 0.7740.22
Combined Total 03 49.824+6.18 || 38.75£5.92 | 11.06 £ 1.51
o P% > 25 GeV I 23 14.024+1.94 || 11.81 £1.86 | 2.224+0.43
Preliminary
7)) B
= i e H1+ZEUS (0.59 fb™) _ _
2 ool €P == sm e Excess of data events seen in the published
i SIS H1 analysis at large P;X, an area of phase

space where the SM expectation is small
— Not confirmed in the ZEUS analysis

_+_

5] | e Excess remains in the common phase space
of the combined analysis but with less

/ . . .
/& M//M 7 significance of around 1.90

0 40 50 60 70 80 90 100 — Still driven by the H1 data
PX [GeV]

-1l||||||
100" 10 20 3

David South, Multi and Isolated Leptons at HERA, EPS 2009 @ | E technische universitat  paga 12

dortmund



Single W Cross Section

e Measurement of the Single W
cross section performed in the
common phase space

Single W Production at HERA (Preliminary)

° H1+ZEUS (0.98 fb™)
SM Signal

-
o
N

do,,/dP) [fb/GeV]
I’_I+;[ TTTT I

e Branching ratio of W decays to
leptons used to calculate the full
W production cross section

Ir

-t
o

¢ Measurement done differentially
as a function of hadronic
transverse momentum, P*
— There is no measurement in the

P* < 12 GeV bin in the muon
channel, so the electron channel is

II|I|I|II|IIII|IIII|IIII|IIII|IIII[IIII|III||IIII

:Jsei_d under thelgcssumption of 0 10 20 30 40 50 60 70 80 90 100
epton universality: PX [GeV

AlLPY PF¥>12 | P{>12 Py <12 T

o, ' =o0e" +ou” + 2071

e Inclusive single W cross section measured 1.07 £0.16 (stat.) £ 0.08 (sys.) pb in
good agreement with the SM prediction of 1.26 + 0.19 pb from EPVEC at NLO
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e Analyses of events with multi-leptons and isolated leptons with P;Mss
recently published individually by H1 and ZEUS

e Combined H1+ZEUS analyses performed to take advantage of full
HERA statistics

— Multi-leptons: DESY-09-108, [hep-ex] shortly
— Isolated Leptons + PMiss: H1prelim-09-161 / ZEUS-prel-09-014

e In general good agreement with the SM observed
— Cross sections of rare processes measured with greater statistical precision

e Interesting events remain at high P and high mass in the etp HERA
data, from both H1 and ZEUS, where the SM expectation is low

dortmund
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H1+ZEUS Multi-leptons: Cross Sections

Multi-Leptons at HERA (0.94 fb~!)

Variable Measured Measured Measured Pair Production
range (eTe™) (L p) (average) (GRAPE)
[GeV] [fb/GeV] [fb/GeV] [fb/GeV] [fb/GeV]

Py do /dPy!

110,15 101.1+£7.1 £5.5 97.7£7.7 £9.2 99.9+53 =49 101.3+3.1
(15, 20] 224+3.1 1.3 15.9+3.2 =1.7 19.4+23 £1.0 23.9+0.7
(20,25 5.0+15 £0.6 49+16 £0.6 5.0+1.1 £04 7.3+0.2
[

95,50]  0.56+£022+0.05 07540294009 0.63+0.18£0.04  0.93+0.03
My do /dMy,

15,25 973428 +15 319429 £30  29.0+21 £15 30009

25,40 184416 +1.1 149418 £14  169+12 £09  195+0.6

140, 60] 34406 0.2 20405 0.2 26+04 £0.2 3.140.1

[

60, 100] 0.17£0.09+0.03 0.32+0.15+0.04 0.21 £0.08 =0.02 0.26 £0.01
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Signal Diagrams for Isolated Leptons + PMiss
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H1+ZEUS Isolated Lepton Event Selection

Variable Electron Muon /m?jggrcrl)igglrinncael tsc;s
6, Case<g <200 O < /
P, >10 GeV
P calo >12 GeV Analysis phase
M, >10 GeV space selection
P, miss >12 GeV
pPX - > 12 GeV
D, > 1.0
D, > 0.5 for 0, = 45° > 05 j Isolation of lepton
g’ > 5000 GeV? for P2l < 25 -
GeV .
V'V, <0.5(<0.15 for Pt <25 <0.5 (<0.15 for P cale < 25 Cuts deSIQned to
) GeV) GeV) reduce SM
Ady.x <160° <1700 bac_kg round, |
Opni 5GeV < §_. <50 GeV whilst Preserving
— e large signal purity
# isolated w 0 1
# electrons <3 -
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H1+ZEUS Isolated Leptons: All Distributions

Preliminary Preliminary Preliminary
n 45f o 30[ " F
= P e H1+ZEUS (0.98 fb™) = r e H1+ZEUS (0.98 fb™) T 50 e H1+ZEUS (0.98 fb™)
9 " == sM 9 50 s M L - l == sm
W 35K SM Signal 1] C SM Signal 1] L SM Signal
: - 401 I
30f 201~ -
o E 15 i C
15F 1077} ,:'D_‘ 20
10E //_. 3
5- / W 5/ - V/ 7 o W /
0 20 60 80 100 120 140 0O 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 200
0, [deg.] A, 4 [deg.] MT [GeV]
Preliminary Preliminary Preliminary
(4] - 0 F ﬂ r
b= r e H1+ZEUS (0.98 fb™) b= r e H1+ZEUS (0.98 fb™) c r e H1+ZEUS (0.98 fb™)
g 2 i SM g 2 i SM g 2 Il SMm
w10°F SM Signal w107 SM Signal w10°F SM Signal
C E ‘ L = =
g Py B
10F | 10p U ;
F - -
—— 1 1E ‘
10.1 { A ./(/A 10.1 A % 10-1 1 1 A4 ///(/
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80Z 90 100
PT [GeV] P™ss [GeV] P{[GeV]
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H1+ZEUS Isolated Leptons: e*tp and ep

Preliminary
"2' o H14+ZEUS (0.59 fb™) H1+ZEUS Preliminary Data SM SM Other SM
+
3102 3 &P :m Signal 1994-2007 etp  0.59 fb~! Expectation Signal Processes
E . Electron Total 37 | 38.62+4.71 || 28.89+4.42 | 9.73 £1.40
10% PX>25GeV || 12 | 7.41+£1.01 || 5964094 | 1.45+0.33
—
> Muon Total 16 | 11.20+£1.62 || 9.86+£1.56 | 1.34+0.33
1 /i PX > 25 GeV 11 6.62 £+ 0.98 5.85+0.94 | 0.77 £ 0.22
// / Combined Total 53 | 49.82+6.18 || 38.75+£5.92 | 11.06 £ 1.51
105902030 a0 'r';oélég ﬁ/so 90100 PX > 25 GeV 23 | 14.024+1.94 || 11.81 +£1.86 | 2.22 4+0.43
PX [GeV]
Preliminary
f B H1+ZEUS Preliminary || Data SM SM Other SM
c [ . e H1+ZEUS (0.39 fb™)
g 102k ep Bl sm 1998-2006 e"p  0.39 fb~! Expectation Signal Processes
i : SM Signal
- Electron Total 24 30.58 £3.60 || 19.42+£2.97 | 11.16 £ 1.94
10 ? PX > 25 GeV 4 5.62+0.76 3.99+0.63 | 1.63+0.42
/ Muon Total 4 7.43 £1.08 6.57+1.04 | 0.86+0.26
1 A Pff > 25 GeV 2 4.34 £ 0.66 3.92 £ 0.63 0.42 +£0.17
/// Combined Total 28 | 38.00+3.40 [ 25.98 £3.40 | 12.02+ 1.97
W\ (S 1A A 14, %% M. PX>25GeV || 6 | 996+£1.34 || 7.91+£1.24 | 2.06%0.45
0 10 20 30 40 50 60 70 80 90 100
PX [GeV]
: : AT technische universitat
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H1+ZEUS Isolated Leptons: Cross Section

H1+ZEUS Differential Single W Production Cross Section (Preliminary)

Pi* [GeV] | Measured =+ stat. + sys. [fb/ GeV] SM NLO [fb/ GeV]
0-—12 34.0+12.3£5.0 62.7 £ 9.4

12 —25 208+ 59+1.8 20.7 £ 3.1

25—40 129+ 3.6+0.9 98 £1.5

40 — 100 14+ 0.6+0.1 1.5+ 0.2

dortmund
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Multi-Leptons: H1 Published Results

Multi-Leptons at HERA (463 pb~1)

Phys. Lett. B 668 (2008) 268

Selection Data SM Pair Production (GRAPE) NC DIS + Compton
ee 368 390 + 46 332 £ 26 o8 £ 3(3 Multi-Leptons at HERA (e*p, 285 pb™)
LA 201 211+ 32 211 +£32 < 0.005 7
ep 132 12849 118 £ 8 10.0 £2.5 £ 10° H1 ° ' e
ecce T3 07 69.8 £ 7.0 0.2+0.1 o "] Pair Prod.
epp 97  102+14 102 + 14 < 0.005 @ 102 2.3 lepions.
eep 4 1.434+0.26 1.18 =0.20 0.254+0.14 / P
cece 1 0.33+0.07 0.33 +0.07 < 0.005 10 =
(7). 146 138412 135 + 11 3.0+ 1.0 —%:_f_
("./’Y),u 163 162 4+ 24 162 £ 24 < 0.005 1 ATi
ﬁ/flg >100 GeV 1 _\_\_
Selection Data SM Pair Production (GRAPE) NC DIS + Compton 10 A
All data (463 pb™1)
ee 3 1.34 +0.20 0.83+0.11 0.514+0.13 10‘20 20 40 60 80 100 120 140 160 180
o 1 0.17 £ 0.07 0.17 4+ 0.07 < 0.005 Yy PT [GeV]
ey 1 0.59 £ 0.06 0.59 4 0.06 < 0.005
eee 3 0.66 £+ 0.09 0.66 4 0.09 < 0.005 Multi-Leptons at HERA (e p, 178 pb™)
el 2 0.16 £0.05 0.16 & 0.05 < 0.005 2 10° H1 e H1 Data
e*p collisions (285 pb~1) 5 == AllSM
ce 3 0.76+0.11 0.49 £ 0.07 0.27 £ 0.07 > 102 "] Pair Prod.
m 1 0.10 4 0.04 0.10 £ 0.04 < 0.005 w 2+3 leptons
eu 1 0.35 £ 0.04 0.354+0.04 < 0.005 10
eee 3 0.39 £0.05 0.394+0.05 < 0.005 ©)
el 2 0.09 £0.03 0.09 £ 0.03 < 0.005 ’
e~ p collisions (178 pb~')
ee 0 0.58 £ 0.09 0.34 4 0.04 0.24 +0.07 ;
i 0 0.07+0.03 0.07 £ 0.03 < 0.005 10
e 0 0.24+0.03 0.24 £ 0.03 < 0.005 T 0 000
eee 0 0.27 £0.04 0.27 £ 0.04 < 0.005 1020 20 40 60 80 100 120 140 160 180
eup 0 0.07+0.03 0.07 £ 0.03 < 0.005 % P, [GeV]
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Multi-Leptons: ZEUS Published Results

submitted to Phys. Lett. B, arXiv:0906.1504 [hep-ex]

@ . [ 210 3 I |
= _1 : ¢ L d :
2 5, * ZEUS 480 pb 9 : NCDIS
=10 “-, Total SM = 10 2| S I QEDC
----- - : * o Di'T
1 = T 1 i """" : : el L i |
S = | J
10 w10 ]
af(a) | ] ai(b) %
10 —- B ‘ | - 10 . | 3 | | *--a]
0 50 100 150 0 50 100 150
M,, (GeV) Zp; (GeV)
ZEUS (L = 480pb™ 1)
Topology, . :
= D Total SM Multi-lepton Production | NC DIS | Compton
M, > 100Gey | 2@ | “ota P P
€€ 1 1.7+£0.2 0.9+£0.1 02+0.1| 06£0.1
iy 0 0.4+0.1 0.4+£0.1 < 0.01 —
ep 0 0.06"00; 0.05 £ 0.02 < 0.02 -
eee 2 0.7£0.1 0.7£0.1 < 0.01 < 0.02
eLLLL 0 0.18 £ 0.05 0.18 £ 0.05 < 0.01 —
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Multi-Leptons: ZEUS Multi-Tau Analysis

ZEUS-prel-08-009

ZEUS ditau events HERA II data (L=0.36 fb~')

Topology All jet-jet | e-jet-jet e-jet e-e-jet
D cut 0.80 0.50 0.90 0.90
Data 21 14 3 4 0

Total SM || 27.2170% || 20.2788 | 14733 | 49731 | 0.755]
ditau MC || 13.2%95 | 9.170% | 1.44+0.1{22+0.1 | 0.5+0.1
(purity) (49%) (45%) (97%) (46%) (74%)

§ 18 r 'é ig‘ o ZEUS (prel) 036 1"

. © 16F 1 @ lof — AnMC E

° Ana|y5|5 USES 2 14F 1 & 16f l [Jvr v GRAPE)
3 E 14F ;

HERA II data 12} P

: : 5 5 10} -

e Topologies with i E 8t
' ] ; 6 ;
jets and electrons 4} e +
investigated 200 B 20 | :
% 10 20 30 40 50 60 % 10 20 30 40 50 60

MYisible (Gev) Zp‘;t (GeV)
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Isolated Leptons: ZEUS Published Results

Phys. Lett. B 672 (2009) 106

electron channel muon channel
a 8 T 5 = 6 =
€ c . gsu; csm pb z 3 2 * ZEUS 504 pb 3
& @, B non-W MC z : 3 ::: . B nonW MC 3
8 E 3
6 2 ‘ —E ’ E
4 3 2 3
2 ! E 1 —z
%20 40 60 80 100 120 140 160 180 0% ""20 40 e 8 100 120 140- O 20 40 60 80 100 120 140 160 ;so
D, cop (d€Q) 0,(deg)
Q " 25 - 7_
? “ d
s 3 2E
- lE_
% 10 20 30 40 s0 60 70 XW 9% 00 5 10 15 20 25 30 35 40 45 SO
P1(GeV) Py (GeV)
20p DY) R B B I B = Isolated Lepton
% 18 g E E Candidates P¥X <12 GeV 12 < P¥ <25 GeV P¥X > 25 GeV
20 =3 i
i 1 i ,sf_ } _ e p 208 pb~! | 9/11.3+ 1.5 (54%) | 6/5.1£0.7 (67%) | 5/5.5%0.8 (75%)
" WoE 3 etp 296 pb~! | 7/12.6 £ 1.7 (68%) | 7/6.2+£0.9 (75%) | 6/7.4%1.0 (79%)
¢ £ : | 3 [Lefpsvapbt [16/239+3.1(61%) [ 13/11.2+15 (71%) | 11/12.9+ 1.7 (77%) |
2 - =
0E oE !Ll P P
0 10 20 30 40 50 %AL(geva;o (1 50 100 150 ﬁeev;so e-p (208 pb-l) 20/218 + 27
o 0.25 /7 4. . i r e + -1
Oepwx = 0.897755 (stat.) £ 0.10(syst.) pb ep (296 pb~) 226l A
) + -1
SM cross section: 1.2 pb €*p (504 pb™) 40/48.0+ 5.9
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Isolated Leptons: H1 Published Results

submitted to Eur. Phys. J. C, arXiv:0901.0488 [hep-eX]

£ of o HT | £ fene HI| ¢ fane H1
W 1gf [ Signal =5 o o N:“_.s,;“” & 10° () Signal N, =53
14 . RES X 3 N, =54.117.4
12 25 3
1: - ® 20 (C) 10: (d)
s . '~/W 15 1: B _T_
2 , /// T4l ] _
aiiadihadibadinadiant-y [_° 0 20 40 60 80 100 120 140 160 180 200 0 10 20 30 40 50 60 70 80 90 100
X M; [GeV] P¥ [GeV]
H1 1994-2007 e*p || Data SM SM Other SM
Main difference to 474 pb ! Expectation Signal Processes
combined H1+ZEUS | Electron Total 39 [43.1 +£ 60303 + 48 [129 + 34
analysis: extended PX>25Gev | 10 | 75 + 13579 £ 099|171 = 0.71
polar anle rtangg Muon Total 14 [11.0 + 18[101 + 1.7 |08 =+ 029
own to :
PX>25Gev || 8 | 6.1 + 10564 + 099|047 = 0.15
Combined Total 53 [54.1 + 741404 + 63 [13.7 = 35
PX>25GeV || 18 |136 + 22114 + 19 |218 = 080
ow = 1.14 £ 0.25 (stat.) £ 0.14 (sys.) pb SM cross section: 1.27 £ 0.19 pb
David South, Multi and Isolated Leptons at HERA, EPS 2009 @ ,ﬁf technische universitat — page 27




Isolated Leptons: H1 Published Results: etp Data

1994-2007 e* p || Data SM SM Other SM submitted to Eur. Phys.
Hl 291 pb ! Expectation Signal Processes J. C’ arXiv:0901.0488
Electron Total 98 256 + 35 (186 + 29 | 69 = 17 [hep-ex]
PX>25Gev | 9 |432 + 071(35 + 061[076 = 0.32
Muon Total 12 | 67 £ 11 || 62 £ 10 |055 + 0.18
PX>95GeV | 8 |370 + 063342 + 060]028 £ 0.09
Combined Total 40 323 + 44 [248 £ 39 | 75 £ 18
PX>25Gev|l 17 | 80 £ 13 || 70 £ 12 104 = 037

miss

e,u + PT

® Hi Dat
H1 EAus:na

Signal

events at HERA (e*p, 291 pb™)

(a)

o

0 10 30 40 50 60 70 80 90 100
PX [GeV]
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H1 Isolated Leptons: Tau Channel

submitted to Eur. Phys. J. C, arXiv:0901.0488 [hep-eX]

e Look for hadronic 1-prong tau decays in events with P Miss

e Topology is challenging, unlike electron and muon channels
the SM expectation is dominated by background (mainly CC)

Hl Tau Channel | Data SM SM Other SM
Expectation Signal Processes
1994-2007 e*p Total 9 (123 £ 20 |[166 £ 025]106 =+ 1.8
291 pb~! P > 25 GeV 0 (082 =+ 012|038 £ 006|044 =+ 0.06
1999-2006 e~ p Total 9 (11.0 £+ 19 |[1.00 £ 0.15]100 + 1.8
183 pb~! P > 25 GeV 1 068 £ 011021 £ 0.03(047 =+ 0.07
1994-2007 e*p Total 18 (232 + 38 (266 £+ 040206 =+ 34
474 pb~! P > 25 GeV 1 |150 £ 021059 £ 009091 + 0.12

David South, Multi and Isolated Leptons at HERA, EPS 2009 @ | E

technische universitat
dortmund Page 29




H1 Isolated Leptons: Tau Channel

submitted to Eur. Phys. J. C, arXiv:0901.0488 [hep-ex

el

%) r )
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8 10¢
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af 1% 4
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0 20 40 60 80 100 0 20 40 60 80 100
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> == Al SM > 10 All SM
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5 6
4 [
3 ar
Lol
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