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signhature driven: model driven:
@ events with isolated leptons and * excited leptons
missing p'

* |eptoquarks

s |epton flavour violation

@ NC DIS: quark radius,
heavy leptoquarks

@ multi lepton events
@ general searches
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The HERA Collider

running from 1992 — 2007
integrated luminosity H1+ZEUS: =1fb"’

Status: 1-July-2007
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Isolated Leptons and p_miss

event selection l+P™ss events at HERA I+1l (e*p, 294 pb™)
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Standard Model process: :
single W production i
e 10-1lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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PX (GeV) e andp channels

in e*p and for P_* > 25 GeV.

s H1: 21 events
for 9+£1.5 expected: 3.0 0

p - * ZEUS observe no deviation from SM
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Isolated Leptons and p._™ss .)

H1 an ZEUS combined in a common phase space

e, + P:‘ss events at HERA I+ll (e*p, 0.58 fb™)

e, + P:iss events at HERA I+l (eTp, 0.97 fb™)
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» excess at P_* > 25 GeV in the e*p data

s remains with 1.8 o, but is not seen in the total sample (including ep data)
@ single W production has been seen at HERA
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Multi-Leptons E \
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Multi-Leptons

H1 and ZEUS combined
In common phase space

@ overall a good agreement between

data and SM

@ some interesting events at high masses

Di-electrons, HERA I+ll (¢*p, 0.94 fb™)
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all particles
o P.>20GeV
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® A(n9) > 1
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Excited Neutrinos

€

v* composite fermion at scale A
cross section proportional to coupling
fand f' (similar to electroweak: g and g')

» data well described by SM prediction:

no evidence for excited neutrinos ’ _ .
Search for v* at HERA (ep, 184 pb) _, .>earch forv”at HERA (e p, 184 pb™)
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Excited Electrons

similar process:

@ no evidence for
excited electrons

N, Z, W

Search for e*, HERA I+ll (V s = 320 GeV, 435 pb'1)
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lepton and quark at the same vertex
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Leptoquarks
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O
first generation LQ (outgoing lepton: e, v) %',
s final state similar to NC/CC DIS: :::’

interference terms modify cross section
signal: resonance in mass spectra

no evidence for a leptoquark

10°E

1

10E

103;
102;
10

103§

10%E

Leptoquark Search, HERA |+lI

E
E
e*p (449 pb™)
E
E NC
- - H1 Data (prelim.)
F o
SM Uncertainty
|

100 150 200 250 300

M/ GeV

Leptoquark Search, HERA I+lI

E cC

F — SM
SM Uncertainty
|

L - H1 Data (prelim.)

H1

e*p (428 pb™)

100 150 200 250 300

M/ GeV

Matthias Enno Janssen, H1, FLC, DESY

10



Lake Louise Winter Institute: Searches for new Physics at HERA

23" Feb 2008

Leptoquarks
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Lepton Flavour Violation

lepton flavour violation can be mediated by leptoquarks

B outgging lepton a muon/tau ins}ead of an electron

Search for Lepton Flavour Violation

= 1
<
1l
. g
T Q‘ 2. <
’ ﬁ;? s
/C‘)" 10™ .
H1 preliminary
L
Search for Lepton Flavour Violation SO
% 10L H1 preliminary , - H1 HERA | +lI (prelim.) single LQ
Q) E _@— HldataHERAIllep 10°
o F p H1 HERA I single LQ
o) B [ sM uncertainty
; 15— DO pair prod. (qq—ev)
E 3 L ¢ ¢ 5 o ¥ 5 ¢ 5 5 1 o8 9 s oy 1 oy 3 5 4
0>J - 10400 200 300 400 500 600
w10’ g . M,/ GeV
= |2 event seen » HERA || e-p: LQ
-2 | -l ?I I2IIIIOIIII ?%pl?lclt?ldllll 10 timeS more IuminOSity
10°%9 50 100 150 200 250 300 350 400 hi the limit d
puX @ pusnin e lImit aown
M, GeV p g
Matthias Enno Janssen, H1, FLC, DESY 12



Lake Louise Winter Institute: Searches for new Physics at HERA

23" Feb 2008

Contact Interaction

new interaction between electron and quark involving mass scales above

centre-of-mass energy can modify cross section

@ four-fermion interaction

® heavy leptoquarks

@ graviton of extra large dimensions
@ finite charge radius of the quark

do B do=M Ly Rg QQ
dQ?  dQ? 6
s |imit:

below 1/1000 of a proton radius

at high Q2
T T ‘ T T T T T T T T | T T T T T
10 - 1.2 — T e ZEUS 98-06 (prel.) e'p -
§ R S M/A=2.08 TeV :
£ Teeedee e y—% ... M/A=0.73 TeV
=
= 08 - -
10 10
1 -:—-——.—.—.W%:;;;t::::g:é ____
Limits on Heavy Leptoquarks (prel.) { 1
L ‘ L L L L L L L L | L L L
103 10 2 2
Q° (GeV?)
T T | T T ‘ T T T T T
10 F 12 4 - e ZEUS 94-06 (prel.) e'p |
8 | 1 U R2 = (0.62-10"°cm)? .
T S A A Rt = S R2 = -(0.8 -10""%cm)>
= | o9 g
2 0.8 U L
- 10° 10°

1 Mﬂﬁﬁ‘&‘.-w.“.wwu.uua“_ﬁ_ﬁi___.Q.___%__!__ﬁ.__%___ ]
Quark Radius Limits (prel.)
Il | Il Il Il Il Il ‘ Il Il
3 4
" " Q’ (GeV?)
Matthias Enno Janssen, H1, FLC, DESY 13



Lake Louise Winter Institute: Searches for new Physics at HERA 23 Feb 2008

Summary

* HERA data taking ended on June 30, 2007
after 15 years of successful operation
both experiments together have collected =1fb" of high quantity data

@ comprehensive searches for new physics phenomena
using all data and combining H1 and ZEUS are ongoing

@ some interesting excess in rare signatures:
Isolated lepton and muilti leptons

@ newest limits on various theories:
excited fermions, leptoquarks, quark radius

* HERA is competitive and unique
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Backup
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topology: 2 or 3 e/u

SM process:
lepton pair production
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EZ% Pair Production

H1 sees 5 events with
0> 100 GeV

SM expectation: 1.0
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Multi-Leptons

H1+ZEUS Multi-electron analysis HERA I+ (0.94 fb™!, preliminary)

Selection || Data S Fair Froduction | NC-DIS + Compton
2e 937 | 937+ 67 Ta6 + 48 181 £+ 39
e 148 161 £ 10 160 4+ 10 0.4+ 0.01
All 1085 | 1098 &£ 75 9164 58 182 £+ 39

HI+ZEUS Multi-electron analysis HERA I+II (preliminary)

My, =100 GeV
Selection || Data SM Fair Production | NC-DIS + Compton
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Isolated Leptons and p._™ss .)

H1+ZEUS Preliminary

E+P1‘f’j33 events at

HERA I+1I
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do/d(q cos6*) /pb

W - Polarisation

with isolated lepton analysis the W polarisation can be measured:

-

longitudinal F,

» left handed F_and right handed F,

W Polarisations at HERA
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