M zEUs : ‘.\u
‘ i SIS NE
‘—“ g 3= ‘.\ :

Multi-lepton and isolated-lepton searches at HERA

Amita Raval
for the H1 and ZEUS collaborations

e Introduction: HERA, H1 and ZEUS
e H1 + ZEUS combined searches

- multi-leptons

- isolated leptons and missing transverse momentum
e Summary
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HERA operation

delivered luminosity between 1992 and 2007
H1, ZEUS: two general-purpose detectors
located at the ep interaction points
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HERA operation

Status: 1-July-2007
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Days of running

« Large increase in data per experiment from HERA II (x3)

« ~ 20 pb! from low & medium energy running (F,)

« About 0.5 fb'! of data collected by each experiment
Balanced samples of e*p, ep data

Analyses presented utilize the final combined dataset ~ 1 fb!
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Isolated-lepton searches at HERA: why?

« HERA is an excellent testing ground for SM physics
- QCD and also EW physics

« However in those corners of phase space where the SM
expectation is small, it is also an excellent testing ground
for physics BEYOND the SM

« Perhaps the most prominent example of this is the production
of isolated leptons, both with and without accompanying jets

« The SM expectation for these processes (high mass, high P;)
is extremely small - the entire HERA data set contains only a
handful of these events

« Any enhancement of these events would be a clear sign of
new physics; else measure cross sections of rare processes
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Isolated-lepton searches at HERA

« We distinguish two classes of these events:

High-P; multi-lepton events, where there is NO accompanying
hadronic activity in the detector

High-P- isolated-lepton events which have, in coincidence, large
missing transverse momentum AND hadronic activity in the detector

« The topologies
- provide clean, striking signals
- require good lepton ID and HFS reconstruction

Since the SM expectation for these events at HERA
(high mass, high P;) is low, the analyses benefit from
the combination of the H1 and ZEUS data
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Multi-lepton events

(NO accompanying hadronic activity in the detector)
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Multi-leptons events

The main SM process in ep collisions with multi-leptons in the
final state is that of photon-photon interactions: yy — [

et et et e’ et
o er y q
q
o P &
v/Z°
p X p q e

As this process is entirely described by EW physics, it is very well known...
so this QED process has a precise SM prediction (modeled by GRAPE MC)

Main SM backgrounds:

* ee: NC-DIS (ep —>eX), QEDC process (ep —> eyX)
* ew: NC-DIS

« euu, uu: negligible (from cosmic rays, non-ep)
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Multi-lepton event selection

Step 1: identify e and u candidates using
wider angular range and lower energy
thresholds

- Electrons identified in the polar angle
region 5°9<0<175° with E >10 GeV, with
E >5 GeV in the backward region (6>150°)

eee eventin H1

- Muons identified in the polar angle

region 20°<0<160° with P; > 2 GeV .
Step 2: classify events into independent, M= .,
exclusive samples S

- ee, eee, uu, ew, euu and so on.. |||

Step 3: require at least two of the leptons
to be in the central region (20° < 6 < 1509) < P = UGV

and to have high Py (P > 5, 10 GeV) euu event in ZEUS
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Results of different multi-lepton topologies

Multi-Leptons at HERA (0.94 fb1)

Sample Data SM Pair Production (GRAPE) NC DIS + QEDC
ee 873 895 £ 57 724 + 41 171 £ 28
[L1L 298 320+ 36 320 & 36 < 0.5
eu 173 167 £ 10 152+9 15+£3
eee 116 1197 117 £6 <4
efLlL 140 147 £ 15 147 £ 15 < 0.5
(vy)e 284  293+18 289 £+ 18 4+1
(vy). 235  247+26 247 £ 26 < 0.5

® H1+ZEUS (0.94 fb)
SM
SM Pair Prod.

® H1+ZEUS (0.94 fb™)
E=3sm
SM Pair Prod.

Overall good

agreement is
seen with the
SM prediction

VY selections are used
to measure the cross
sections in the photo-

production regime

In the high
mass region,
a few events
survive...
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Multi-lepton events at high mass (H1+ZEUS)

Multi-Leptons at HERA (0.94 fb1)

Mo >100 GeV

Sample Data SM Pair Production (GRAPE) NC DIS + QEDC
Hiah ¢ e p|collisions (0.56 fb~1)
Ll EVELL 1 1.68L01% 0.04 £ 0.11 0.74 £ 0.12
m 1| 0.32+0.08 0.32 £ 0.08 < 0.01
9 events from H1 el 1| 0.40+0.05 0.39 + 0.05 < 0.02
3 events from ZEUS . 4| 0.79 £ 0.09 0.79 =+ 0.09 <0.03
ey -2 0.1640.04 0.16 + 0.04 < 0.01
SM expectation e~ plcollisions (0.38 fb~!)
~ 6 events ce 0 1.25+0.13 0.71 £0.11 0.54 + 0.08
m 0 0.23+0.10 0.23 +0.10 < 0.01
el 0  0.26+0.03 0.25 +0.03 < 0.02
eee 0 0.4940.07 0.49 + 0.07 <0.03
ey 0 0.1440.05 0.14 +0.05 < 0.01
All high-mass [AT daia]0.94 5
ce 47 293+0.28 1.65+0.16 1.28+0.18
events are seen | 1| 0.55+0.12 0.55+0.12 <0.01
in e*p data... e 1| 0.65+0.07 0.64 + 0.06 < 0.02
eee 4| 1.2740.12 1.27 +0.12 <0.03
e L2 0.3140.06 0.31 +0.06 < 0.01
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Multi-lepton events at high 2P+ (H1+ZEUS)

..9 e+p ® H1i1+ZEUS (0.56fb“) ® H1+ZEUS (0.38 fb)
g 10! = ==sm
> 271 SM Pair Prod. SM Pair Prod.
Ll
10?
10
; _
10
2
10°0 20 40 60 80 100 120 140 160 180
¥ PT [GeV]

Multi-Leptons at HERA (0.94 fb~1)
> Pr >100 GeV
Data sample  Data SM Pair Production (GRAPE) NC DIS + QEDC

ep(0.56fb 1) 7 1.94+0.17 1.52 £0.14 0.42 + 0.07
e p(0.38fH1H 0 1.1940.12 0.90 = 0.10 0.29 +0.05
All (0.94 fb~1) 7 3.13+£0.26 242 £0.21 0.71+£0.10

/ events observed in the e*p data with ZP; > 100 GeV; SM Exp: ~2 events
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Measurement of the yy -> ¢/~ cross section

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

— 10"I
;I - ® H1+ZEUS (0.94 ™) > ® H1+ZEUS (0.94 fb™)
8 - e SM Pair Prod. Q e SM Pair Prod.
-1
B 10 E-.ﬁ ep—elte— X g
oY - P >10GeV,P% > 5GeV 'g_ 102
b - —a— 20° < 6% < 150° d
G - -2 01,02 = e
10 E- 3 " D.”5 > 0.5 EN
% F —— y<082,Q°<1GeV’ =
S, ] 3
@) B O 10
© -3 ©
10 I
10 o*
10 15 20 25 30 35 420 45 50 20 30 40 50 60 70 80 90 100
1
P;' [GeV] M,,[GeV]

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

Total visible cross section measured 0.66 + 0.03 (stat.) £ 0.03 (sys.) pb
and in good agreement with the SM prediction of 0.69 + 0.02 pb
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Isolated-leptons events and missing P-

(and accompanying hadronic activity in the detector)
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Events with isolated leptons events and missing P-

e 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:

Hadronic system,
typically low P X

T V| | Neutrino, P;™miss

Isolated Lepton, P,

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

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

e In events with large missing transverse Isolated Electron
momentum, require a high-P; lepton .
(electron or muon), in the main body of the \ Neutrino ?
detector L

e Common H1+ZEUS analysis phase space: R s _
events with an electron or muon satisfying ‘Hadronic Jet, X
P;>10 GeV, 15°<6<120° and P;Mss >12 GeV

e The lepton is also required to be well e + P;Mss event in H1
isolated from the nearest jet and track in
the event (rejects mainly CC events with a
lepton in the jet)

=l g Isolated Muon |
e Further cuts applied to reduce SM — -l H S 1
background such as rejecting back-to-back = —————
topologies (NC, lepton-pairs) = H 1

e Electron and muon channels are exclusive,
and are combined, also in the cross section
measurement

: Hadronlc Jet, X

u + PMss event in ZEUS
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Isolated leptons (H1+ZEUS): results

o 45 n n -
] 10 e H1+ZEUS (0.98 fb™) r= e H1+ZEUS (0.98 fb™) T e H1+ZEUS (0.98 fb™
0 == sm 0 == sMm gmz__ B= sm
w 35 SM Signal w SM Signal w 3 SM Signal
30
25 10¢
20
15
1k
10 i
o
/. A ;//./5%;:/ S=== I . L/ =2 S=ma = 10.1 L AAANNAANAN { (AL f 74,
20 40 60 80 100 120 140 20 40 60 80 100120140160180200 0 10 20 30 40 50 60 70 80 90 100
6, [deg.] M;" [GeV] PX[GeV]
H1+ZEUS Data SM SM Other SM
19942007 e*p  0.98 fb~! Expectation Signal Processes
Electron Total 61 (692 £ 82483 £ 74]209 £ 3.2 Overall
PX>25GeV | 16 |13.0 + 1.7[100 + 16| 31 + 07| good
Muon Total 20 |186 + 27164 + 26| 22 + 05| Aagreement
with the
Pr}(>25 GeV 13 110 £ 16| 98 = 16| 1.2 £ 0.3 SM
Combined Total 81 |87.8 £ 11.0|64.7 £ 99 |23.1 £ 3.3 prediction
Pf<>25 GeV 29 (240 £ 32197 £ 31| 43 £ 0.8
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Isolated Leptons (H1+ZEUS): positron data

0 F . .
E [, o H1+ZEUS (0.59 fb) e Excess of data events seen in the published
Z102p P oM Signal H1 analysis at large P;%, an area of phase

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

10

\ e Small excess remains in the common
- / phase space of the combination analysis
WISl %,& 1\ - Still driven by the H1 data
1070 10 20 30 40 50 60 70 80 90 100
P} [GeV]
H1+ZEUS Data SM SM Other SM
19942007 e*p 0.59 fb~? Expectation Signal Processes
Electron Total 37 [386 + 4.7(289 4+ 44| 97 + 14
PX > 25GeV 12ﬂ 74 £ 10| 60 £ 09| 1.5 £ 03
Muon Total 16 |[11.2 + 161 99 £ 16| 1.3 £+ 03
PX > 25 GeV 11” 66 + 1.0 59 + 09| 08 £ 02
Combined Total 53 1498 + 6.2(388 £+ 59|11.1 + 15
PX>25GeV | 23 [140 £ 19118 £+ 19| 22 + 04
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Single W cross section

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

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

e Measurement done differentially
as a function of hadronic
transverse momentum, P*

- There is no measurement in the
P-X < 12 GeV bin in the muon
channel, so the electron channel

is used under the assumption of
lepton universality

-t
o
)

t
|

-t
o

do,/dP’ [fb/GeV]

Single W Production at HERA

° H1+ZEUS (0.98 fb™)
SM

0 10 20 30 40 50 60 70 80 90 100

P} [GeV]

Inclusive single W cross section measured 1.06 £0.16 (stat.) & 0.07 (sys.) pb
in good agreement with the SM prediction of 1.26 + 0.19 pb from EPVEC at NLO

Recontres de Moriond, La Thuile

Amita Raval

16



Summary

« Analyses of events with multi-leptons and isolated leptons with P Miss
have recently been published by H1 and ZEUS, individually

« Combined H1+ZEUS analyses have also been performed to take
advantage of the full HERA statistics:

Multi-leptons: JHEP 0910 (2009) 013
Isolated Leptons + P;"ss: accepted by JHEP, arXiv:0911.0858 [hep-ex]

« Cross sections of rare processes measured with greater statistical precision
In general, a good agreement with the SM is observed

- A few 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

Final word on these subjects from HERA! More combinations to come...
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More fun stuff...
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Multi-leptons: doubly charged Higgs?

+ > , >
2. o/:/ Hi
e L —
Y H™ Y} H
p  p(X p  p(X) p  p(X

Figure 1: Diagrams for the single production of a doubly-charged Higgs boson in e p collisions
at HERA via the h,; coupling. The hadronic final state is denoted by p (X) in the elastic
(inelastic) case, where the initial proton remains intact (dissociates). The contribution of Z
exchange can be safely neglected.

Within the mass range considered in this analysis, it is assumed that decays of the H== into
gauge bosons and other Higgs particles are not allowed kinematically such that the doubly-
charged Higgs only decays via its Yukawa couplings into a lepton pair.

A search for the single production of doubly-charged Higgs
bosons coupling to ee, ep or et was investigated by H1
No significant excess over the SM expectation was observed
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Isolated leptons: RPV SUSY?

Figure 1: Supersymmetric R-parity violating interactions generating isolated lepton events
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Multi-lepton channels: mass distributions

el ® H1+ZEUS (0.94fb™)
E==sm
SM Pair Prod.

107020 40 60 80 100 120 140 160 180

M,, [GeV]

® H14+ZEUS (0.94 o) 9

&= sm 5

A sM Pair Prod. s 10?
w

H1+ZEUS

2 ee ® H1+ZEUS (0.94 fb") 2 10° - UM ® Hi+ZEUS (0.94 fb") ® H1+ZEUS (0.94 fb")
g T =gy g i sV B=sm
= EZIsMm Pair Prod. > SM Pair Prod. EZAsM Pair Prod.
wl i 10

10°

10

1 7 -
10"
10°0°"20 40 60 80 100 120 140 160 180 120 140 160 180 10 bl %120 1'1'so
M, [GeV] M, [GeV] Me}1 [GeV]
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Multi-leptons (H1+ZEUS): cross sections

Multi-Leptons at HERA (0.94 fb—1)

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

Pp do /dPy

10, 15] 101.1+£7.1 £5.5 97.7+7.7 £9.2 99.9+5.3 £4.9 101.3+3.1

15, 20] 224+3.1 +£1.3 15.94+3.2 £1.7 19.44+23 £1.0 23.9+0.7

20, 25] 50£15 £0.6 4.9+16 +0.6 5.0£1.1 £04 7.3+£0.2

25, 50] 0.56 £0.22+0.05 0.75+0.290£0.09 0.63+0.18£0.04 0.93 +£0.03

My, do/dMy;

(15, 25] 27.3+28 £1.5 31.9+29 +£3.0 29.0+2.1 £1.5 30.0+0.9

25, 40] 184+16 +1.1 149+18 £14 16.9+1.2 +£0.9 19.5+£0.6

40, 60] 3.4+06 £+0.2 2.0+£05 £0.2 26+04 £0.2 3.1+0.1

(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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Isolated leptons + P;Mss: signal diagrams
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Isolated leptons: event selection (H1+ZEUS)

Variable Electron Muon Major di_fference to
0 150 <6, <120° H1 nominal analysis
P, >10 GeV
Pyeale >12 GeV Analysis phase
M, >10 GeV space selection
P miss >12 GeV
PX - > 12 GeV
D;,, >1.0
D,vac > 0.5 for 0, = 45° >0.5 Isolation of lepton
G2 > 5000 GeV? for Pl < 25 -
GeV .
Cuts designed to
Va/ Vo <05 (<0.15 for P;* <25 < 0.5 (<0.15 for P2lo < 25 d SM
GeV) GeV) reauce
Ady <160° <170° bic:(% round,
wnli I 'vin
O, iss 5GeV < 9§, <50 GeV > p €€ g
large signal purity
# isolated 0 1
# electrons <3 -
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Isolated leptons: all distributions (H1+ZEUS)

Events

Events
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r e H1+ZEUS (0.98 fb™)
255 == sm
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Isolated leptons: etp and ep (H1+ZEUS)

e f ] H1+ZEUS Data SM SM Other SM
= C e H1+ZEUS (0.59 fb™)
Q.02 €'P R sSu 19942007 e*p  0.59 fb~? Expectation Signal Processes
w 10 E SM Signal
- Electron Total 37 | 386 4+ 47289 £ 44| 97 £ 14
10% PX>25GeV | 12 | 74 + 10| 60 £+ 09| 1.5 + 03
- Muon Total 16 [112 £ 16| 99 + 16| 1.3 £+ 03
1 , PX¥>25GeV | 11 | 66 + 10| 59 + 09| 08 =+ 0.2
/// Combined Total 53 |49.8 + 62388 £ 59111 + 1.5
Jor i %% N ... PX>25GeV || 23 |140 £+ 19118 £ 19| 22 + 04
0 10 20 30 40 50 60 70 80 90 100
PX [GeV]
"2 - e H1+ZEUS (0.39 fb™) H1+ZEUS Data SM SM Other SM
(] I |
D 10%E °p gm Signal 1998-2006 ¢ p  0.39 fb~! Expectation Signal Processes
Electron Total 24 306 + 36194 £ 30([112 £ 19
10? PX >25GeV || 4 56 + 0.8 40 &+ 06| 1.6 £ 04
/ = Muon Total 4 74 + 11| 66 &+ 1.0| 09 £ 03
1 : PX >25GeV || 2 43 £ 071 39 £ 06| 04 + 02
//%/ . Combined Total 28 [38.0 £ 34(2.0 £ 34[120 £ 20
VA AR AA AR AA A AA AR X
10751656 " 5040 50 60" 30 80" 65100 PX>25GeV | 6 |100 £ 13| 79 £ 12| 21 £ 05
PX [GeV]
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Isolated leptons: W cross sections (H1+ZEUS)

H1+ZEUS Differential Single W Production Cross Section
Pff [GeV] | Measured =+ stat. £sys. [fb/ GeV] | SM NLO [fb / GeV]
0— 12 33.6 £12.3£5.0 62.7 £ 9.4
12— 25 206 6.0L£1.9 20.7 £ 3.1
25— 40 127+ 3.6+=1.0 9.8 £1.5
40 — 100 21+ 0.7£0.2 1.5 £0.2

Recontres de Moriond, La Thuile Amita Raval
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Multi-leptons: H1 published results
|Phys. Lett. B668 (2008) 268 |

Multi-Leptons at HERA (463 pb~!)

Selection Data SM Pair Production (GRAPE) NC DIS + Compton
ee 38?13 3519(13 i gg gﬁ ;—“ gg iS (;—fogg i Multi-Leptons at HERA (e*p, 285 pb™)
Bl .
ep 132 12849 118 +8 10.04+2.5 £ 10 H1 ° o
eee 73 70+7 69.8 + 7.0 0.2+0.1 9 "~ Pair Prod.
e 97 102 + 14 102 + 14 < 0.005 TR 243 leptons
eep 4 1.434+0.26 1.18 £ 0.20 0.25 +0.14 P .
eeee 1 0.33 +£0.07 0.33 £ 0.07 < 0.005 10
(vy). 146 138+12 135+ 11 3.0+ 1.0 2 _LF_T_*_ (b)
(vy). 163  162+24 162 + 24 < 0.005 1 [
M, >100 GeV 1 - _\:\:
Selection Data SM Pair Production (GRAPE) NC DIS + Compton 10
All data (463 pb~!) .
ee 3 1.34+0.20 0.83 £0.11 0.51 £0.13 1020 40 60 80 100 120 140 160 180
m 1 0.17+0.07 0.17 £0.07 < 0.005 T P; [GeV]
ep 1 0.5940.06 0.59 + 0.06 < 0.005
eee 3 0.66+0.09 0.66 + 0.09 < 0.005 Multi-Leptons at HERA (e'p, 178 pb™)
ELLL 2 0.16 +0.05 0.16 & 0.05 < 0.005 ,.Q 10° H1 e H1 Data
e*p collisions (285 pb~1) s = AlISM
ee 3 0.76+0.11 0.49 £ 0.07 0.27 £ 0.07 > 402 "] Pair Prod.
I 1 0.1040.04 0.10 £ 0.04 < 0.005 w 2+3 leptons
ep 1 0.35+0.04 0.35 + 0.04 < 0.005 10
eee 3 0.39+0.05 0.39 +0.05 < 0.005 ©
m 2 0.09+0.03 0.09 £+ 0.03 < 0.005 ]
e~ p collisions (178 pb~1)
ee 0 0.58+0.09 0.34 £ 0.04 0.24 £0.07 \
m 0 0.07+0.03 0.07 + 0.03 < 0.005 10
ep 0 0.24+0.03 0.24 +0.03 < 0.005 N riipiddttt,
eee 0 0.27+0.04 0.27 + 0.04 < 0.005 1079 20 40 60 80 100 120 140 160 180
m 0 0.07+0.03 0.07 £ 0.03 < 0.005 * P; [GeV]
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Multi-leptons: ZEUS published results

38 — T 8q03 l T
= 1 = .
° . * ZEUS 480 pb o NC DIS
=10 7, Total SM - =Rqp2.. = - QEDC
i 10 “-. . .
. Eof==q | e Di-t
10 ¢ * 10 - ' .
1 E T ) 1 :L posraiey  bmemmy f o b
B : : Eios
-11 ] -1
10 g 10 e R
10 2 (a? | ! | o 10 -zi_(b;) | ) | - -
0 50 100 150 0 50 100 150
M,, (GeV) Zp; (GeV)
ZEUS (L = 480pb™ 1)
Topology, , )
‘ ! Multi-lepton Production | N Compton
M,y > 100 GeV Data | Total SM P NC DIS p
ee 1 1.740.2 0.940.1 02401 0.6+0.1
L 0 0.440.1 0.440.1 < 0.01 ~
ep 0 0.06° 503 0.05 £ 0.02 < 0.02 -
eee 2 0.7+0.1 0.7+0.1 < 0.01 < 0.02
epp 0 |0.1840.05 0.18 £ 0.05 < 0.01 -

Amita Raval
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Multi-leptons: multi-Tau analysis (ZEUS)

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 || 27.277-1 || 202788 | 14433 | 4931 | o774
ditau MC || 13.2400 || 91705 | 1.4+£0.1 [ 22+£0.1 | 0.5+£0.1
(purity) (49%) (45%) (97%) (46%) (74%)
*E 18| S S *E 20 U e 2RUS (plrel.)' 036 r
: ® 16F i1 o 18F — AnMC g
e Analysis uses 2 14l R Dt ~ee RaPE)
HERA II data 12F 3 14¢
10f ; 12} :
: ] 10F | E
8¢ : 8k :
e Topologies with jets 6 —‘—F : 6 L
and electrons o ] L 4 | :
investigated Py 3 S : Py S J
0 10 20 30 40 50 60 0 10 20 30 40 50 60
. » TT
I\ Ivnsnble (GeV) ZpT (GEV)
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Isolated leptons: published results (ZEUS)

electron channel muon channel

‘é’ o 3 ‘% 14 *  ZEUS 504 pb” 9 FT T T @ : e ZEussoapbt -
> 14 = > 12 SM MC 5 = 5 SM MC 3
w g, -3 ) a E & 4 W non-WMC =
10 3 8 E : 3
: E : - ) é
= = 2 -
4 -3 4 = 3
; 3 : z : -
00 20 40 60 80 100 120 140- 00 20 40 60 80 100 120 140 160 180 = 00 20 40 60 80 100 120 140 160 l-&)
0.(deg) 9,000 (d€Q) 0,(deg) Pcop (d€Q)
-2 75 7 s =
@ “ s E
3E 2 —f
2 E
1E ! E
% 10 20 30 40 s0 e 70 80 9 00_ 5 10 15 20 25 30 35 40 45 50 % 10 20 30 40 50 60 70 80 ;o
P¥(GeV) P} (GeV) PX(GeV)
Qfg 925:—””IH”I”HI”H'HH‘E Isolated Lepton PX <12 GeV 12 < PX < 25 GeV PX > 25 GeV
€16 § »f- ‘ } = Candidates T r T
@ W E E ep208pbt | 9/11.3+ 1.5 (54%) | 6/5.1+0.7 (67%) | 5/5.5+0.8 (75%)
10 oF : etp 296 pb~! | 7/12.6+ 1.7 (68%) | 7/6.2+0.9 (75%) | 6/7.4+1.0 (79%)
¢ £ A | e*p504pb~! |16/23.9+3.1 (61%) | 13/11.2+ 1.5 (71%) | 11/12.9+ 1.7 (77%) |
2 3 3
Oy 10 20 30 40 50 60 70 80 Us 50 00 TR R R
! p$"-(7Gev) ! ' M, (GeV) e p (208 pb 1) 20 / 21.8 - 2.7
_ +0.25 ¢+, rQ e*p (296 pb! 20/ 26.2 £ 3.2
Tepwx = 0.89735 (stat.) £ 0.10(syst.) pb p (2% p 1) /
. + =
SM cross section: 1.2 pb e*p (504 pb™) 40/48.0+5.9
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Events

Isolated leptons: published results (H1)

§1:.'.§;'f H1 g :z ‘g : g :::Ig;la H1
25F (signal Nou = 53 @ 1efCISianal Q & 107 F O signal N,,, =53
. Ny, =54.1:7.4 14 30 : N, =541:74
12 25 =
(a) ,: 20 10 @
21 15
! /// '° | L
' /./:Y/I,/I'IIII,-_-" y: /////// ? '//hl s
0,[deg] A@,x[deg] 0 20 40 60 80 10012014015?;3‘?0 0 10 20 30 40 50 60 70 :))I(IOGOe‘}]OO
Hl 1994-2007 e~p || Data SM SM Other SM
- . 1 . .
Main difference to 474 pb Expectation Signal Processes
combined H1+ZEUS Electron Total 39 143.1 £ 60 (303 £ 48 (129 £ 34
analysis: extended PX>25Gev | 10 | 75 + 13579 £ 099|171 =+ 071
golar ?L_n95|(e) range Muon Total 14 [110 £ 18[ 101 + 1.7 |08 = 029
own 1o -
Pj} > 25 GeV 8 6.1 &£ 10564 £ 099|047 £ 0.15
Combined Total 03 |541 £ T4 (404 £ 6.3 |[13.7 £ 3.5
PT\ > 25 GeV 18 136 £ 22| 114 £ 19 |2.18 = 0.80
ow = 1.14 £ 0.25 (stat.) £ 0.14 (sys.) pb SM cross section: 1.27 £ 0.19 pb
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Isolated leptons: published results, e*p data (H1)

Hl 1994-2007 e p || Data SM SM Other SM
291 pb ! Expectation Signal Processes
Electron Total 28 1256 £ 35 ||[186 £ 29 69 = 17
P > 25 GeV 9 1432 £ 071|356 £ 061076 = 0.32
Muon Total 12 6.7 £ 1.1 6.2 + 1.0 |055 = 0.18
P > 25 GeV 8 1370 £ 063|342 £ 0.60)028 £ 0.09
Combined Total 40 1323 £ 44 ||248 = 3.9 75 £ 18
P > 25 GeV 17 80 £ 13 70 £ 1.2 |1.04 £ 037 /
e,u+ P'T"i” events at HERA (e*p, 291 pb™)
7]
§ H1 = nisw
w102 Signal

(a)

4
70 80 90 100
PX [GeV]
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Isolated leptons: Tau channel (H1)

e Look for hadronic 1-prong tau decays in events with P Mss
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 |08 £ 012|038 £ 0.06 044 £ 0.06
1999-2006 e~ p Total 9 (110 £ 19 ||1.00 £ 0151100 =+ 1.8
183 pb~! P¥ > 25 GeV 1 (068 £ 0.11 021 £ 0.03]047 = 0.07
1994-2007 e*p Total 18 1232 £+ 38 |[|266 + 040|206 £ 3.4
474 pb~! P > 25 GeV I [150 £ 021059 £ 0.09]091 =+ 0.12
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Isolated leptons: Tau channel (H1)
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Deep inelastic exp scattering: basics

Two deep inelastic scattering processes:

— Neutral current: exchange of y or Z°
— Charged current: exchange of W=

0> D q - Q% is probing power
X =5 Yy =" - X is Bjorken scaling var.
2p-q pk
- y is inelasticity of e
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