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HERA and the H1 Experiment

e HERAT (1994-2000)

etp: L~ 104 pbl; ep: L ~ 14 pb'!
e HERAII (2003-2006)

etp: L ~ 53 pbl; ep: L ~ 140 pb!

T _ / 2005 highest
2003 °p delivered

luminosity ever !

e*(27.6 GeV)\'\ p (820/920 GeV) > 2003: longitudinally
e N / polarlseid lepton beam
_ / e'p
e At HERA electrons or positrons are | /
collided with protons resulting in a / 2002/03: HERA Il startu
centre of mass of up to 320 GeV 'u_jﬁ,f/ — P

e e —— i -

e C(Colliding experiments: H1 and ZEUS

David South (DESY) Page 2



Introduction to Isolated Leptons

's. Isolated Muon
= Isolated Electron

_»> Neutrino

g Hadronic Jet, X

HERA I u + P;™Miss event HERA I e + P;™iss event

e H1 measurement of events containing P;™ss and high P; leptons (e or u)
e HERA T analysis (118 pb):

— 19 events in the data (1 in ep) compared to 14.5 £ 2.0 expected from SM

— An excess of data events is observed at large hadronic transverse momentum
e The events continue to be seen in the new HERA II data
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Standard Model Signal Processes

Main SM contribution to signal from real
W production via photoproduction with
subsequent decay to leptons

Jet, PX

— Total cross section of order 1 pb, with
10% of W decays to each lepton flavour

Neutrino, Pmiss

— Modelled using the EPVEC generator
with a NLO QCD correction (Diener et. |, >

al.): modifies LO cross section by about

Isol. Lepton, P,

10%, reduces theoretical error to 15%
Two additional processes included that contribute to the signal topology:

B q

q £ q’
CC W Production Cabibbo-Parisi Z° production (e channel only)
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Phase Space Selection

e Initial event selection:
— NC / CC / muon triggers
— Event timing requirements, clean event sample
— Non-ep background finders
» Phase space selection for all subsequent selections employed:

— Look for a high P- lepton (electron or muon), in the main
body of the detector (extends in polar angle to 6, < 2.44

rad), in events with large missing calorimetric transverse
momentum

Phase Space Selection
50 < 6, < 1409, P{! > 10 GeV, P;cl > 12 GeV
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Standard Model Background

e Main SM Background processes:
— Neutral and Charged Current and lepton pair production (also photoproduction)

e: Neutral Current e,u: Charged Current | u: Lepton Pair Production

e

P

real electron and fake | misidentified electron real muon and fake
missing P, from or muon and real missing P, from
mismeasurement missing P+ mismeasurement

Dedicated study samples employed to ensure control of SM background
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Isolated Lepton Event Selection

Variable Electron Muon
6, 5°< 0, < 140°
P > 10 GeV
p calo > 12 GeV
p miss > 12 GeV
px - > 12 GeV
D, > 1.0
D, .. > 0.5 for 0, = 45° >0.5
g2 > 5000 GeV? for P el < 25 -
GeV
V'V, <0.5(<0.15 for P,* <25 < 0.5 (<0.15 for P <25
GeV) GeV)
Ad, x < 160° < 170°
O, i >5 GeV® -
# isolated n 0 1

®& only if one e candidate is detected, with the same charge as the beam lepton

Phase space
selection

Only cut on hadronic
4 P, in muon channel

}Isolation of lepton

Cuts designed to
reduce SM
background,
whilst preserving
large signal purity
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Events

Phys. Lett. B 561 (2003) 241

H1 Results from HERA I Analysis

5 [ Combined Electron and Muon Z » [ Combined Electron and Muon
10 ?Ndata =18 L H1 Dﬂtﬂ 5 10 ?Ndata =18 H1 + d t
C Ngy = 124+L7 [ All SM processes = ~ Ngyy = 124517 €’p data
i 1 SMerror . -
10 3 21 Signal 10 =
1 1
10" i 10 <2 ST
= 090990 1O OOV N OO
SR A OCASEEEK
R ASORIREEIES
= e 102 KRS RREREARARIRERES
0 50 100 150 200 0 20 40 60 80
M,/ GeV P,/ GeV
H1 e*p data e channel w channel e and n channels
HERA I (118 pb1) obs. / exp. obs. / exp. obs. / exp.
Full sample 11/11.5+15 8/29+0.5 19/145 £ 2.0
PX > 25 GeV 5/18+0.3 6/1.7 0.3 11/3.5+£0.6
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Analysis of HERA II Data

e HERA upgrade has provided and continues to provide a
rich harvest of new data for analysis within H1

e The data is of good quality, providing new measurements
of the polarisation dependence of the NC and CC cross
sections

— See talks by A. Nikiforov and'B."Antunovic

e We now have a factor of 10 more e p data than in the
HERA I phase - and more coming in right now

e The isolated lepton analysis has been performed on this
new data, resulting in more than double luminosity than in
the published paper
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Isolated Lepton Event Display

.JY

e Elastic HERA II e + P/™issevent in e*p data
o P2 =47 GeV, P{mss =47 GeV, P = 0 GeV
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Isolated Lepton Event Display

e High PX HERA II e + P Miss event in e*p data
o P2 =37 GeV, P{mss = 44 GeV, PX = 29 GeV
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Results from H1 e*p data

e Total analysed luminosity from
HERA I and II datasets : 279 pb-!

— 10 events (1 muon) observed
in 53 pb-1 of HERA II e*p data,
SM: 6.1 £ 0.9

— 11 events (1 muon) observed
in 107 pb-! of HERA II ep data,

+Ps events at HERA 1994-2005 (e'p, 279 pb)

(7))
L
@® H1 Data (prelim.) Np.,=40
S1°E == Aiem O™ N 343148
Lﬁ [ Signal
10

_+_

)

f

SM:13.8 + 1.9 -1 1 | | | 1 Losvaloneg
10 6-"70""20 30 40 50 60 70 80
X
P> (GeV) e andp channels
H1 e*p data e channel u channel e and u channels
HERA I+II (279 pb1) obs. / exp. (signal) obs. / exp. (signal) obs. / exp. (signal)
Full sample 30/ 27.2 £ 3.8 (68%) 10/7.2 £ 1.1 81%) | 40/ 34.3 £ 4.8 (71%)
PX > 25 GeV 11 /4.7 £ 0.9 (69%) 6/4.3 £ 0.7 (78%) 17 /9.0 £ 1.5 (73%)
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Results from H1 e*p and ep data

I+PT'*s events at HERA 1994-2004 (e'p, 158 pb) l+Pss events at HERA 1998-2005 (e'p, 121 pb™)
2101 - LR _
c 'Y E @ HiData(prelim) Np,=28 C £ ©® HiData(prelim) Np,=12
o | = Al SM Ngy =18.5+£27 O [ = SM Ng, =15.8+2.2
- [ signal - [ signal
Ll B g T i g

10§?+—1 __+__ 10§-
L + ' Fitecls

1 . 15

10-1_|I||] IIIII||||IIIII|IIIIIIIIIIII ﬁ 10-1-|l||l IIIIIIII||kli|||||||||l|.||| L

0O 10 20 30 40 50 60 70 &80 0O 10 20 30 40 50 60 70 80
PX (GeV) e andp channels PZ (GeV) e andp channels

HERA I+II e*p data: 158 pb-! gl HERA I+II ep data: 121 pb!

Clear difference observed between e*p and ep datasets
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Summary of Isolated Lepton Results

e channel u channel e and u channels

X
Py" > 25 GeV obs. / exp. (signal) obs. / exp. (signal) obs. / exp. (signal)

H1l e*p data 158 pbl | 9/ 2.3 £ 0.4 (80%) 6/ 2.3 £ 0.4 (84%) 15/ 4.6 £ 0.8 (82%)

H1 ep data 121 pb! 2 /2.4 % 0.5 (62%) 0/ 2.0 £ 0.3 (76%) 2 /4.4 £ 0.7 (68%)

Hl e*p data 279 pb! | 11/4.7 £ 0.9 (69%) 6/4.3 £0.7 (78%) 17 /9.0 £ 1.5 (73%)

e Excess observed at large P-X in e*p data but not in ep

o Probability in e*tp sample for SM to fluctuate up to
observed number of data events = 3.40 effect

e More information can be found in

http://www-h1.desy.de/psfiles/confpap/EPS2005/H1prelim-05-164_PRC_NovO05.ps

e For the H1 analysis of the t channel, see talk by S. Xella
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Single Top Production at HERA

T |r|| T I T I | T T T |

EXCESS Of Observed events at hlgh PTX L\;; i tagn — Baz CXClI3ON region IZI:I]LJIS 94I_I][Il:
unlikely to be due to W production... = IR\ -
— But! Typical signature of top decay t — bW - = M sirheey
. . : 0.8 \ (7 Mup=lin ey —
— Tiny SM top production cross section < 1 fb E \r* My =180 Gey
— Anomalous top production via FCNC ? sl \ '5| Lttt it 4
— Cannot explain asymmetry between datasets | 'zl". '|_
"_4; -!!. ]|I ll fite = Vg = ]
K, - Anomalous y magnetic coupling \T%L _ D
v L | —> Excluded by L3, M| =175 Ge¥ e
V.7 - Anomalous Z vector coupling 0.2 !| :, .
I | ‘ > Excluded by H1, M, =175 GeV |
Iepton & jet u_ 1 1 1 1 1 I l|I 1 L | 1 1 1 J 1 1 1 I 1 1 ]
- channels 0 0.2 0.4 0.6 0.8 1

considered Rty

e HERAT analysis (118 pb1):
— 5/1.31 £ 0.22 top like events

— o(ep — etX) < 0.55 pb HERA
competitive!
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Certain BSM Models could favour

etp over ep

e Particle coupling to e-q with fermion number F=0 :

e’ e Large mass i.e. large x;.
NP NP)* _ )
d >> d, hence o(e+) >> o(e-)
d d

e Another example : Squarks in R-parity violating SUSY

e’ i~
;\'1>...T...</ . IfLSP ig v_ and no large _RpV coupling involving
d N thex: v, could be long-lived
N133 '
EBR RpV via couplings involving two 3" generation
d/Ni\Vr fields, light sbottom. Large M,,, — large X
313
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Future Prospects from HERA II

e Extrapolation for e*p data
— Assume that events continue

to show up at the rate
observed in H1

— A4 -5 o effect is possible
with ~ 8 further months of

H1 e*p data from HERA II, if

20 pb1 / month

This analysis represents the
best chance for a discovery

at HERA

Significance (in sigmas)

20 pb-1 / month
15 pb-1 / month

10 pb-1/ month

Months
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Conclusions

e An excess of events containing isolated electrons or muons with
large missing P; was observed by H1 in 118 pb! of HERA I data

— This data was mainly etp collisions

e H1 has now analysed 279 pb! of data, which includes a
substantial increase in statistics of ep data

e The observed HERA I excess persists in the e*p data only

e Several BSM or exotic scenarios could provide the signal but no
there is no definite candidate

e More (e*p) data needed from HERA II to clarify the situation
— And it’s coming in right now!
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