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» H1 and ZEUS at HERA

> Searches in inclusive DIS

> Model based searches

» Model independent
searches

» Summary



HERA ep collider

»>HERA-I: 1992-2000 L~120 pb-1/exp.

»HERA-IT 2002-2007 L~350 pb-1/exp.
-Luminosity upgrade:
~10x more e-p data than in HERA-I
-Longitudinally polarized lepton beam

. Ecms:

27.5 GeV 820 Gev 301 GeV
920 GeV 318 GeV
= ep collision at H1 and ZEUS Presented results:

g ML 545 GeV H1 ZEUS
é- e+p 294 pb-! 272 pb-?
: = -1 -1
: e-p 184 pb 206 pb
g Total 478 pb-1 479 pb-!

Total luminosity ~ 1fb-!




HI1 and ZEUS hermetic multi-purpose

detectors

Liquid Argon Calorimeter Uranium-scintillator Calorimeter

optimized for precision measurement optimized for precision measurement
of the scattered lepton of the hadronic final state

o /E=12%/VE (ele) o /[E = 18%/VE (ele)
oe/E = 50%/VE (had) oc/E = 35%/VE (had)




Beyond Standard Model searches at HERA

Searches in inclusive DIS

v' CC: Polarization dependence

v NC: Quark Radius, Contact Interaction , Extra Dimensions

Model based searches

Test models and verify
predicted signatures

v Leptoquarks and LFV
v Single Top production o
v' Doubly Charged Higgs =
v’ Supersymmetry

Model-independent searches

Compare data vs SM, reveal anomalies
above small SM contribution

v General searches

v . v Isolated leptons and missing P+

v' Magnetic monopoles

Topics in red covered in this talk



Deep Inelastic etp Scattering

Main processes studied at H1 and ZEUS:
Neutral Current

HI Run 122145 Ewvent 69506

[@* = 25030 GeV?, y = 0.56, M = 211 GeV|

Jale 19/09,/1995
AL i )

Charged Current

Q? = -(4-momentum of propagator)? -
the virtuality of the exchanged boson.

x - fractional momentum of proton
carried by struck quark q

y - fractional energy of the incoming
lepton transferred to the proton in the
proton's rest frame 5



DIS at high-GF

Neutral Current and Charge Current cross-sections for e+p and e-p

HERA I
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New Physics would create deviations from SM at high-Q2!



Quark (sub)structure

Quark radius form factor _— _ZEUS —
012 2 ® ZEUS94-06 (prel) e'p o
e [t P R2= (0.6210%m)® ]
If a quark has finite size => B eeNNEESETR L R2208.10"%m)?
z | 09 T
SM cross-section decreases 2 | osll _—
B 10 10

at high momentum transfer:

S e e T, -
ey

. 2 : s Lim
do dab‘w 1 H;? Q2 L | IIllluark Hadul.ls L|rrI||t5 [Iprf-.ll.]I o | o
dQ2 T dQZ 6 : )
10 10 2 2
Q° (GeV)
95% CL limit:

where Rq is the root mean square . )
radius of the electroweak charge H1:Rq < 0.74 x 10-18 m

distribution in the quark ZEUS: Rq< 0.62 x 108 m

Limit below 1/1000 of the proton radius! '



General models:

If the scale A of new interactions is large:

»Effective contact interaction parameterization

Modification of DIS cross-section at high-Q?

ifferent models with different helicity structure =>

95% CL limits : A > 2.0-8.0 TeV

Vv
AA
VA
X1
X2
X3
X4
X5
X6
u1
uz
uz
U4
us
Us
LL
LR
RL
RR

Contact Interactions

ZEUS

94-06 (prel.) e*p 330 pb™
0 -1/Abest fit value

— allowed +1/A° range

A (TeV) AY (Tew)
20 —— 6.3
67 —— 6.1
a2 —_——— 35
19 —_— 4.7
55 —oe— a7
6.6 —t— 53
54 —or— 49
55 —— as
a8 —_—c— a6
58 —— 54
6.5 —— 53
79 — 6.2
6.0 —c— 5.1
6.6 —— 50
41 —— 5.1
a7 —— az
20 . 37
22 e 36
as ——— a7
0.2 0 0.2

& +1/A% best fit value

£

Sensitive to several TeV range !

+1/A% (TeV?)
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Large Extra Dimensions

o< GGG,

f gravity propagates in the 4+5 dimensions

in strength to electroweak interactions

The contribution of graviton exchange to

the ep NCDIS => effective CI type coupling:

2
&

j\[ S

NG =+

where: A is the coupling strength
and : is related to the energy scale
of hard interaction (Vs, Q2)

the effective mass scale Ms can be as low as 1TeV

= Gravitational interactions become comparable

Arkani-Hamed-Dimopoulos-Dvali Model

i}

CTEQSD _

=
=
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ZEUS
® ZEUS94-04 e'p
1 — Mg=09Tev
-- M5=0.88TeV
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| Large Extra Dimensions Limits (prel.) f

L |
2 4
10 10

Q? (GeVy

® ZEUS93-06 (prel.) ep E

[ Large Extra Dimensions Limits (prel.)
1 1 1 1 1 1 1

L |
2 4
10 10

95% CL limits on LED

scale Ms:

Ms+ > 0.88 TeV

Ms- > 090 TeV 9




15 generation of Leptoguarks

Scalar or vector color triplet bosons carrying L and B numbers
=> Fermion number F= 3B+ L =0,2
e [ e A

u channel ->contact

Aeg. interaction M > /xs

s channel ->resonant
production M o< /xs
s-channel

q: a; g; u-channel G

Alg,

Buchmuller-Ruckl-Wyler (BRW) model => 7 scalar and 7 vector LQs:
v 2 scalar & 2 vector LQ

v All 14 LQs => LQ->eq couple to both eq & vq
Leptoquark Search, HERA I+11 Leptoquark Search, HERA I+l
% 10'E % 3k
D - H1 & 10°F H1
Q 10°F . 4 & I 4
N : e™p (449 pb™) g 102 = e*p (428 pb™}
@ 10%F e
o [ LQeq 5 1oL "RV
LLl 10E_NC Lﬁ B
: F cc
[ e H1 Data (prelim.) 1 | e~ H1 Data (prelim.)
TF —sm E — M
SM|Uncertaintly | | SM Uncertainty
100 150 200 250 300 100 150 200 250 300

M,/ GeV Mg/ Gev 10



IsT generation of Leptoguarks

Limit on LQ Yukawa coupling A as a function of M :

F=2 BRW LQ model F=0 BRW LQ model
=> e-p data more sensitive than e+p => e+p data more sensitive than e-p

Leptoquark Search, HERA [+l {449 ph g Leptoquark Search, HERA I+Il (449 pb™)

L < %/ 7 7y/

EE .-F' :
: | 696 3 ) |

#&“&6 Sou (1) E 10" § = (:?)p im. single LQ -

H1 prelim. single L& relim. single .

H1 (94-00) single LQ | § Q& H1 (94-00) single LQ ]

iy DO pair prod. ] \& \N DO pair prod. ]

-2 > N _

— ZEUS plrellrl'n IIC.‘.I //' L3 indir. limit | | _E 10 Q\\ \ \\\ - % OPAL indir. limit | E

25{] 300 35[} 400 200 250 300 350 400

M o/ GeV M, o/ GeV

For electromagnetic strength A=0.3:
M q¢ 291-330 GeV can be ruled out

Limits comparable to those obtained by LEP and Tevatron 11



Or..Lepton Flavour Violation

LFV can be in family non-diagonal models
Incoming e --> por t in the final state

Process: e"p-> n X mediated by F=2 LQ in e-p data 9
Signature: isolated muon and jet, back to back in events with
high missing Pt

Assumption: Aeq=Anq

Search for Lepton Flavour Violation

Search for Lepton Flavour Violation

% 10 & H1 preliminary
0 E @ HildataHERAllep
o C —SM
nH B [ SMuncertainty
= 4k 107 .
) = H1 preliminary
il o L
c f So
g i - H1 HERA | +ll {pralim.) single LG
w10’ E 10?
- H1 HERA | single LQ
[ 7
-2 Ll L1111 l 1 1111 I 1111 I L1111 I 1111 I L1 11 I L1 11 //% > palr prOd. (qq_)e\r)
0 50 100 150 200 250 300 350 400 107 G A
X
Mza GeV M,/ GeV
For a coupling of A%0.3:
433 GeV can be ruled out




Excited Leptons

Gauge mediated model for compositeness of fermions (Hagiwara et al.):

Excited leptons: spin 3, isospin 3 and the same currents as SM leptons

Effective Lagrangian to parameterize compositeness

@BV}FL + he
\

A compositeness scale I I f, f' weight factors of the gauge groups (U(1), SU(2))

et et, v e v, e~
e* v*
v/% v, 20 W+ W v, Wt 2°
P (a) p. X ! (b) q

Investigated channels:

Investigated channels:
e*->ey vE->vy

v* ->vZ with Z->qq

e* -> eZ with Z->qq

. ' 13
e* -> vW with W -> qq’ v* -> eW with W -> qq




Excited Leptons

Excited electrons Excited neutrinos

Search for e, HERA I+Il (V s = 320 GeV, 435 pb) Search for v* at HERA (e'p, 184 pb™)

H1 f=+1 H1 =-f

—t
T T TTTTI

Vv
f/ A [GeV

CDF Run |1 (202 pb™

t/A =1/(Me")

3 H1 HERA | {120 pb™)
107 E

H1 HERA 1+l (435 pb™)
(preliminary)

F/A =1/ My

102 e
\ E L3
10 LEP (direct) [
_IIIIIII 111 111 111 111 IIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
100 120 140 160 180 200 290 240 260 280 300 100 120 140 160 180 200 220 240 260 280 300 320
%
e* Mass [ GeV ] v* Mass [GeV]

for v*, ep much more
sensitive than e*p

For f/A=1/Mp , 95% upper limits:
e* 273 (f=+f'), GeV
v 196 (f=f'), 213 (f=-f') GeV

14



High-Pt leptons with missing Pt

In the SM, isolated leptons are produced by
single W production (c~1pb)

e e

Jet, P,
- . Neutrino, P
T Y
p |+
Isol. Lepton, P;!
Signature:

Jet hadronic system with large
transverse momentum

Isolated lepton

Large missing transverse
momentum

e+p data: PX > 25 GeV
H1: 21 events for 9 + 1.5 expected (~30)

FlUS: no events in excess of SM

10

10'1 11

N
isolated.’
electron °

|+P=* events at HERA I+ll (e"p, 294 pb™)

| @ H1Data (prelim) Np,,
‘f_ || A" SM NSM
- [ signal
||I||||I| |]||||Ill|ll||||I||||I|V|‘1,:J
0 10 20 30 40 50 60 70 80

PX (GeV) e andp channels

*;sysfem (X)

15



High-Pt leptons with missing Pt

H1 and ZEUS results combined in common phase-space _ﬁ

Total luminosity L = 0.97 fb-!

e, + P’“‘“ events at HERA I+1l (e*p, 0.58 fb)

e, + p:"“ events at HERA I+Il (e”p, 0.39 fb™)

>102 F — N - 53.1+ 6.4 S L ! ™) N = 30
L ] Signal D == Al sm .
310 = ] Signal N,, = 39.6 + 5.0
10 .
: N 10
NE a9 L . 3
g E A E
10k £ o
o3 10'F 5
- é £ w
0" 10 56" 30 40" 50 50" 70 8656500 o i caeadiiaiadia I
PX (GeV) 1075716563040 50" 60 70" 8)? ‘56100
PT (GeV)

Good agreement with the SM
Excess observed in H1 e+p PX > 25 GeV sample is reduced (~1.8 o)

Single W production is observed at HERA
16



Anomalous Single Top production

SM: single top production o<1fb

BSM: top production via flavor changing NC

| ; Isolated lepton
L\, p_miss H1 Preliminary (HERA 1+ll)
T

N |vmzl

W+
» Excluded
High P*
Ky Anomalous y magnetic coupling \ > Excl. by ZEUS

Vi, Anomalous Z vector coupling

—» Excl. by CDF

8 8F ——; * H1Data (prelim.)
S 7H P B AIsM
@ 6] . i ZJwwme 1 Excl. by L3
S i 7 Top MC 10
5 E.-$ T E ......... KEC_Y _ vmz _ 0
4 5,5 7 m, =175 GeV’
3%/% : | I T | |.I 1 1 1 1 3o
i H -
N: 10l 10 1 [y
ﬁ%zf//// Z i
16 gz = ///—y—l—l—
////////% T o mmNR
e ////Z////f// G0 s o, e i PEPY: ® ° °
05500 150 200 250 Hl . mOST st lngeNT llm”' on k‘l‘LIY

M | GeV 17

evb



High Pt multi-leptons

leptons (e or p)

L1
(P; = 62 GeV)

=

Small and very precisely known SM contribution
v' Mainly produced via yy in SM
v Look for events with at least 2 high-Pt isolated

v Topologies: ee, eee, ey, pu, epp

- — 1 0N — 177 =
E o etp (286 pb~1) £ .0 e p (173 pb71)
@ ]
> 243 leptons > 2+3 leptons
w < w - '
10° 10*
1 1
10" 107
10.2 P A 0 A O A O A W 1 [ W S A 10,2 P U U S S O 1 W
0 20 40 60 80 100 120 140 160 18 0 20 40 60 80 100 120 140 160 18(

3 P, [GeV]

0

H1 e+p data, =P+ > 100 GeV:
4 obs. vs. 1.2 £ 0.2 exp.

3 P, [GeV]

® H1 Data (prelim.)
[ 1 DIS+Compton
Pair Production



dnouig) Buppopp sanox3 vy3H

£

.38 fb™)

H1+ZEUS (common phase space)

Multi-electrons, HERA I+l (e p, 0
® Data (prelim.)

SM

—SM
[~ SM Signal
Z
1.82 + 0.

> P, [GeV]

R //// N
Ny
W\

\
NN N

1.194+0.14
3.00 + 0.34 19

Data
5
1
6

20 40 60 80 100 120 140 160 180

OO,
OO OO
RN
RRERERRN
PR RSN

=

0.94 fb!
0
Data sample
e p (0.56 b~ 1)
e p (0.38

e=p (0.94 fb—1)

ZPt > 100 GeV:

SM Signal

=
~
s

@ Data (prelim.)

— SM

> P, [GeV]

—~
g
g
o
g
o
g
7
g
7

Total luminosity L

H1+ZEUS (common phase space)
20 40 60 )80 100 120 140 160 180

H1 and ZEUS results combined in common phase-space

Multi-electrons, HERA I+l (e+p, 0.56 fb'1}
2e + 3e

High Pt events
mainly in e+p data

E
0

Multi-electrons H1 and ZEUS combine




HERA I (L=117 pb™) published
[PLB 602(2004)14]

All topologies with >= 2
isolated particle:
e, Y. u,jet, v

A common phase space:
Py > 20 GeV
10 < 0 < 140 deg.

HERA IT data (L=337 pb-1)

e+ Events
102 10" 1 10 10®> 10° 10* 10°
j-j EMFFWFMFW
e [}
pej
J-v

1)

e-v

e-e
e-u
pept

i g
ey

J-i-i
e-j-j
j-i-v
e-j-v 3 p
Ho-v
iy
e-j-y
e-j-j-j

LB IKARARL R R BB L
L=
n)
©

-
W

e H1 Data (prelim.)

— SM
IEERY -

EEEN S ¥ 4p

H1 General Search, HERA Il e’p (178 pb™)

[

The largest deviation from
SMin p-j-v (e+p)

Good agreement between data
and SM predictions

e-p
102 10" 1 10 10® 10° 10* 10°
j_jEmuq::mq::mq::mq:mq:mW
e-j T
u-j
j-v

-

e-v

e-e
e-u
H-p

i

e-7
J-i-
e-j-j

JH-v
e-e-j

IELINL RN AL LN R R L
= =

L
w
e

e-e-e

e-j-v
Hej-v |
ey
j‘V'Y ]
e-jj-j
JgH-v
IEER]
jH-v 5p
H1 General Search, HERA Il e'p (159 pb™

o H1 Data (prelim.)

,,!',—SM
p__-#“

+

—1
-
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Summary

v HERA data taking ended on June 30 2007 after 15 years
successful operation:
=>the two experiments combined have collected ~1fb-! data

v Many analyses use already full dataset
v H1 +ZEUS started to perform common analyses
v Results show no significant deviations from the Standard Model

v HERA provides strong results in searches beyond SM

21
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General searches

Agreement to SM quantified by looking
for maximum deviation in =P and M,
distributions

=> Statistical analysis to quantify
the significance of deviations (P )

H1 General Search, HERA Il e'p (178 pb™) - M_ Distributions

w CRy ek v
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0'E 07
L 107
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1k s 1t
10'E ‘ J 107 10 0
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e-]-v e-j-J-j| 1% Jf-J-J-V 1=1-1-]
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® H1 Data (prelim.)
—— SM
- Region of greatest deviation

H1 General Search, HERA Il e'p (178 pu
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Observed fluctuations compatible

with the SM prediction 23



General Models

Coupling structure

ed d ped ed eu o
Model 5t 2% 15 wie o5t %

Couplings 1) ?, are related to the “new LL 47 +n
physics” mass scale A by the formula: LR +1 +1
RL +n
.-'-:;r% RR _|'7?
= _ﬂ;‘?‘r_ W 45 4+ v +n 40 4+
AA 4n —n —m +n 4+n —n
where g is the coupling strength of ;’? - =y =Y i” d
: : = —1 T =1
new interactions and = = 1. X2 47 +1n +7
o=y X3  +n +1 +n
901 X4 +n 47 +1
X5 +n 17 +n
Different models assume different Ef = e
helicity structure of new interactions —> U2 +n
K +7n
U4 ~+1
Also referred to as compositeness models Us +7
U6

(A - compositeness scale)

J.Sztuk-Dambietz LQs and Cls at HERA




‘ Contact Interactions I

Cross-section

Contact Interactions modify tree level eq — eq scattering amplitudes Uﬂ‘z

' 2. 2 gt gl o

7 e O - Eg o e e 3 ¥

_‘lllrﬂ.;:.](@ ) — 02 Si?]-zﬂii"ﬂﬂsiﬂii Qz—f—ﬂlg —]_ Nas

~ 7
: : : : : =
Resulting contribution to the differential e

NC DIS cross-section:
10

() = 455 [1 4 Az, Q?) n + B(z, Q%) ]

_— it | —
General formula for all Cl type models i

J.Sztuk-Dambietz LOs and Cls at HERA
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J.Sztuk-Dambietz L= and Cls at HERA A1




Polarized e*

e beam acquires transverse polarization by the Sokolov-Ternov
effect (magnetic moment couples to the dipole B field, spin flip
by synchrotron radiation emission).

Spin rotators provide longitudinal polarization at the experiments
(Hermes since 1995, H1 and ZEUS since 2003).

Spin e Polarization typically

Rotator HERMES =~ a5

(exists) _ {- LPOL 3‘ 0 ‘40% .

e Polarization monitorec
by Compton
backscattering of laser
beams.

-

/‘3 Spin Rotator {new)
H1

!
|

HERA RIMNG F'

% Spin Rotator =
Y

)




Standard Model prediction

Real W production in photoproduction ¢ 3
with W decay into leptons

main process for this event topology
Hadronic system with typically low pX

Selection cut

X For p only:
Jet, Py P*>12GeV

Neutrino, ;"™ >12Gev

S

|+

Isol. Lepton, P;! >10GeV

GW ~ 1.3 pb_l
W decay branching ratio into e or p ~20%

Other signal processes:
CC W production ~7%
Cabbibo-Parisi ZO production ~3% (only e channel)

odeled using EPVEC generator with NLO QCD correction:
odifies cross section by ~10%, reduces theoretical uncertainty to ~15%

28



Anomalous single top production

single top production s<1fb-1

op production via flavor changing NC in BSM
andidate process for excess
ut: same rate for e*and e

|

L\, PTmiss
earch for FCNC based on isolated lepton events of HERAT+]
dditional good top quark reconstruction and positive leptol «, : Anomalous y magnetic coupling
Charnge r-equir-emen-r (|f possible) V, . : Anomalous Z vector coupling

ELECTROMN CHANMEL MUON CHANNEL
24 events selected, . o

w B &
26 events SM prediction § - § -
w e Wz~ 2 alls &
g . g s ' liminaty)
No significant signal found . i ||
using multi variant analysis * 5 T
e i - i
8 200 250 200 250

M, GeV M,.'.-'b { GeV 29

Isolated lepton



Single top results

imits on FCNC cross section derived
sing maximum likelihood:

H1 Preliminary (HERA I+ll)

N
(ep->etX) < 0.16 (95% CL) _1 — > Excluded
: ™
HERA 1 results: : \H el by 7ELe
H1: o(ep->etx) < 0.55 pb \ ey
Zeus: o(ep->etX)<0.23 pb
— Excl. by CDF
i Excl. by L3
Upper bound on the anomalous coupling:
k. < 0.14
oY 10" Ky =¥,z =0
N mo= 173 GreV
New limit extends into region of phase space |
ncovered by other colliders - W I B A
10" 1K,

30



Multi-lepton events at HERA

How are lepton pairs produced ?

<

5//.\\! W /<

Yy process dominant

- ee -> ee Drell-Yan negligible

annihilation &
Scattering

Multi-lepton production is a QED process

-very well understood in the Standard Model

Any excess over SM prediction at_high mass region
is sensitive to new phenomena (e.g. H* )

31



Multi-lepton events at high mass

Selection:
> Look for events with at least 2 high Pt leptons:
» P,1>10 and P,2>5 GeV and 20°< 6, < 150°
> Additional lepton: Ee>5 GeV or P>2GeV (5°< 6, < 175°)

> Covered topologies:

* H1: ee, ey, py and eee, euy * ZEUS: ee, eee

Dominant background:

> NC DIS: DIS e + fake electron
» QED Compton: y misidentified as e

Invariant mass M:
» Reconstructed using 2 highest Pt leptons




Multi-electron mass

H1: L= 459 pb-!

2.0 ® H1 Data (prelim.)
g [] DIS+Compton
I 102 [_1 Pair Production
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1 A
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Overall good agreement with the Standard Model
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H1: L= 459 pb-!

Topologies with 4(s)

® H1 Data (prelim.)
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Di-lepton topology

Tri-lepton topology

Overall good agreement with the Standard Model
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Event yields at high M, > 100 GeV

H1 Preliminary: L= 459 pb-!

| Selection | Data | SM | Pair Production [ NC-DIS + Compton |
¢" p collisions (286 pb—1)
e+p ee Ms =100 GeV 3 1.0 0.2 0.6 +0.2 0.4 + 0.1
prpr M, =100 GeV 0] 0.06 = 0.03 0.06 + 0.03 -
ep M, =100 GeV 1 0.53 £ 0.05 0.53 £ 0.05 — All h|gh mass events
eee M5 =100 GeV 3 0.6 £0.1 0.6 £0.1 -
eppr M, =100 GeV [T UO0T =002 0.04 + 0.02 - M, > 100 GeV from
eppe My, >100GeV | 1| 0.007 £ 0.005 | 0.007 + 0.005 — e+p data
e~ p collisions (173 pb— ')
ep ee Mo =100 GeV 0 0.95 £ 0.1 0.3 £0.1 0.25 + 0.07
jpr M, >100GeV | 0 | 0.03+002 | 0.03+002 —
ep M., =100 GeV 0 0.3 = 0.05 0.3 x=0.05 —
eee N5 =100 GeV 0 0.32 = 0.06 0.32 = 0.06 —
eppe M., >100GeV | 0 | 0.04 =0.01 0.04 + 0.01 _
epp M, =100 GeV 0 0.006 = 0.004 | 0.006 =+ 0.004 —

ZEUS Preliminary: L=478pb-!
e+p (L=272pb-!) e+p (L=206pb-!)

Data Data SM Pair Production Compton NC DIS
sample
ee 1 0.9 £0.1 0.5 £+ 0.07 0.4 £+ 0.12 0.07 + 0.03
2 0.6 *05 . 0.6 £+ 0.07 <0.01 < 0.5
0.8 + 0.08 0.4 + 0.04 0.4 +0.1 0.04 + 0.01
0 (4403 85 0.4 £ 0.05 <0.01 < 0.5
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Multi-leptons:

scalar ZPt distribution

H1: L= 459 pb-!

etp (286 pb1)

243 leptons
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Good agreement with SM




Event yields at scalar ZP, > 100 GeV

H1 Preliminary: L= 459 pb-! multileptons: electrons and muons

Data sample Data SM Pair NCDIS +
Production Compton
e+p 4 1.2 +0.2 1.0+ 0.2 0.2 + 0.1
L=286pb
e-p 0 0.8 £+0.2 0.6 + 0.2 0.2+0.1
L=173pb
All 4 1.9+0.4 1.5+0.3 0.4+0.1
L=459pb

ZEUS Preliminary: L=478pb-!

Multileptons: electrons only

H1:All events at high ZPt
come from e+p data

Data sample Data SM Pair Production Compton NC DIS
e+p 2 (095010 | 0.672+0.07 | 026207, | 0.02z%0.01
L=272pb
1 0.68+008 0.41 £+ 0.04 | 0.27 *0.97_, . 0.01 + 0.01
3 [1.63+016 ., | 1.08+0.11 | 05315 | 0.03+ 0.01

Sil




Search for doubly charged Higgs

In extension to SM:
= H::t gppears in Higgs triplet(s) of non-zero hypercharge
= Left-right symmetries: SU(2), x SU(2), X U(1)_,
= provides mass to Majorana neutrinos
= Couplings to leptons hR-L unknown
Democratic scenario: h, =h_=h,,

One dominant coupling h,>>0, others ~0

Yukawa couplings

h_..h_.h_

« otp->lt Htt € N L--HTeeT
HERA: e:p->It H:t X S g ~ g
where H::-> et |¢ .\\

LT




Double charged Hliggs

Selection:

v'Data: HERA-I L=118 pb-1

vee, ey: based on multi-lepton analysis
vet with T->e,u and hadrons

v' 2 high-Pt leptons with the same charge as a beam lepton

v'Reconstruct inv. mass Higgs candidates - M

Results:
M, >65 GeV

Obs SM exp.
ee 3 2.45 +0.11
ey 1 4.17+ 0.44

e1 sl aiuedre0. No evidence for H:t => set limits

M,;>100 GeV
Only one ee event satisfies

the final selection createria

39



o X BR (pb)

Double charged Hliggs: results

| (a) H1|
H_ et —
H"—> ee’ |
H™ o e |
80 100 120 140
M, (GeV)

Best sensitivity:
oxBr(h,,)<0.05 pb

Upper limits for H::
production at 95%C.L.
derived by modified
frequentist method

t: — etTt
++ — etei‘

£ —p @t
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Double charged Higgs: upper limits on h,,

Topologies:

** boson couples to electron-electron pair only

ee and eee (excess was observed in HERA I data)

L,R
ee .

. Excluded by
LEP

Excluded by CDF, h\

Excluded by
CDF, hl,

OPAL

BR(H - e“e*)=100% |

Excluded by OPAL

.....
.
»

ded via Bhabha Scattering,

120 140

160
M, (GeV)

, TeVatron:

-H** Pair Production: h, independent

OPAL:
-H** single production

Limits are set for left- and
right-handed h,, couplings




Doubly charged Higgs: upper limits on h,, and h,,

= H** boson couples = H** boson couples
to electron-muon pair only to electron-tau pair only
= Topologies: ey and eyy = Topologies: er and erT
1 I T ] 1 1 1 I I I
e | e, |
55 1(© | 55 | (d) )
- L 6‘0
c,\"‘e'ﬁa
<t
‘e\‘\
| Excluded by Excluded @; | Excluded by
LEP O LEP
6@
10 ‘1__ BR(H— u)=100% | 10 i BR(H™- ¢™r')=100% |
j H1; j H1;
1 1 1 ] 1 1 1 1 ]
80 100 120 140 80 100 120 140
M,, (GeV) M, (GeV)

For couplings of em. strength h,,~0.3: mass exclusion M,,,, > 141 GeV

h.,~0.3: mass exclusion M., > 112 GeV

HERA limits extend beyond LEP, TeVatron reach
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High mass events ZEUS

¥
Py
#
Py
&
xY 'nllmi ZR Wiaw
e

Mass = 100.8 GeV, Pt¢l = 50.4 GeV, Pt¢2 = 50.0 GeV,
eel = 1.12(r‘ad), eez = 0.97(l"ad).




Motivation

»H1 results for ee and eee channels (HERA-I data)

Distribution of inv. Mass of 2 highest Pt electrons

H1 Coll,, Eur. Phys. J. €31 (2003) 17
- @ HiData 115 pb™ 8 o L 3e
B ?éﬁ_flg%(;ucnou E, E b
DIS = C .
*Compion_2¢ |\ LA = General good agreement with SM
3 -
Wl = Interesting events at Mee >100 GeV

. :?E 10

e e 10

P it P Vi G et e e

100 150 0 50 100 150
M, (GeV) M, (GeV)
air Production (GRAPE) | DIS + Compton

0304004
310232004

0.210.03
0.23£0.03

0,09+0,02
<00 (3mCL)

=

*+ production?
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