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Katarzyna Wichmann on behalf of the ZEUS Collaboration

leptoquark
* HERA Accelerator & ZEUS Detector & |

* Search for leptoquarks at HERA
* Limits on leptoquarks
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B HERA Accelerator -~

Proton

* HERA: ep collider, /s = 320 GeV

* From 2003 polarised lepton beam

* 2 colliding beams experiments: H1 & ZEUS
* collected 0.5 fb-!/exp of luminosity in 1992-2007
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: multi-purpose detector at HERA
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o — v /et * Neutral Current (NC):

W y/Z0 y, Z° exchange
. Vo q * Charged Current (CC):
W: exchange
p >
NC: electron + jet CC: missing p. + jet
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& Leptoquarks @ HERA

* Leptoquarks - scalar or vector colour triplet bosons, carrying both
lepton (L) and baryon (B) humber
* HERA is well suited for leptoquark searches

* Fermion number: F=L+3B, (F=0,2)
* spin: 0,1

(a)@ HERA leptoquarks can be pro-
duced in s-channel for M < /s

(b)...or exchanged in u-channel

* LQs @ HERA have the same initial

and final state as NC/CC DIS
* e-jet oru-jetin the final state

- interfere with the SM
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& Search Strategy @ HERA

) LepToquar‘k evenTS: The same W. Buchmiiller, R. Riickl, D. Wyler, Phys. Lett. B 191, 442 (1987)
signature as NC or CC events J * * o

* LQ contribution in SM: peak in s’ P eX @jc:;g:,
invariant mass distribution (for M, ' e
<Js)

* LQ cross section has different
polarization dependence than NC
(or CC) cross section

— data Samples with different 02 | 0|3 | 0L | 0S . 06
polarization examined separately

Q
10°}
510"

daldxdQ’ (pb/GeV?)

>

* Lepton scattering angle 8” in the lepton-jets scattering frame can be used to
reduce DIS background

* resonance has different distribution than NC DIS

Look for LQ-deviations from SM in NC & CC distributions
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Leptoquarks in ZEUS Detector

Integrated luminosity of 366 pb™ (2003-2007)
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v+jet final state
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g NC Invariant Mass Distribution

in red: with cut on cos6* < 0.4
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Good agreement between data and MC — no evidence for LQs
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Q CC Invariant Mass Distribution

in red: with cut on cos6* < 0.4

g ZEUS
4] K I L B B B N B I ALY RS B L 4] 9
Q @ 102} e ]
O o Ty -
Q : : -
N o] L ¢ ZEUSEp(106 pb”, P,=-0.27) : ij E
< E Hgiss SM Im.ritl'! syst. uncertainty (exp.+theory) =13 F o ZEusop e, p—037) R : i ]
) ,[ o ZEUSep (106 pb, P,=-0.27), cos*<0.4 01| %555 SMwith syst. unceriainty (exp.+thsory) L. __
£ 107 . sM(coso*<0.4) T hlcosiag o costrs ; 2
.'L T B e e -
vl t1s 3 1.5;- . Be
2 osf ¢ 1
110 | 11 | 111 | 110 I 11 | 111 I 111 I 111 | 111 I 111 | 111
100 120 140 160 180 200 220 240 260 280 300 320
ZEUS
‘lﬂ | ! L I I I 3 ‘lﬂ E|
c s b c i ]
S S 07T epovX 4 S qe2ko -
e ] g St O 3 w g E
Yy O ] X i
- 10_ I““@“i__%__ _E 10; _E
o i[ o zEusepops P03 i i il
o) F £222%f SM with syst. uncertainty (exp.+theory) —  usssig E s ZEUSe'p (104 pb, P=0.32) : | E
< joil © ZEUsep(® pb”, P.=0.30), cos6*<0.4 b el S55551 S with st uncertinty exp.stheory) m
O E - SM (cost*<0.4) E F M (cose'<0.8)  — 7 b3
N - y I L I o RN RE 1 B B e B B B O e B
| 1.5 ] 1.5
$ 5 ST
E 3 0 ;_ e Ww 0 E‘:_ - e - 'r"'r'r'rffffff
m ' 111 | 111 I 111 | 111 | 111 I 10 | 1131 | 11 | I+I | 113 | 11 ’ 110 | 11 | 111 | 110 I 11 | 111 I 111 I ITI | 111 I 111 | 111
i 100 120 140 160 180 200 220 240 260 280 300 320 100 120 140 160 180 200 220 240 260 280 300 320
Mejs (GeV) Mejs (GeV)

Good agreement between data and MC — no evidence for LQs
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% Leptoquark Limits

* No evidence for LQs observed — limits set within BRW model
* The Buchmiiller-Rickl-Wyler model:
* Standard Model symmetry conserved

* Lepton and baryon number conserved
* LQ resonance production
* LQs couple either to right-handed or to left-handed leptons

* No flavour-violating couplings

— 7 scalar and 7 vector 1st generation leptoquarks
* All 14 LQs couple to eq, 2 scalar and 2 vector LQs also to vq

* Limits are set on Yukawa coupling A(e-q-LQ coupling) using Bayesian
approach
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Full HERA statistics of 0.5 fb-! used for limit setting
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B F-IJ scalar LQ Ilmlt
| ZEUS e'p (498 pb™)

Scalar LQs:
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Vector LQs:
» Lower limit on M, assuming A= 0.3

292 GeV - 699 GeV
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Scalar LQs:

» Lower limit on M, assuming A= 0.3

290 GeV - 506 GeV

Vector LQs:
» Lower limit on M, assuming A= 0.3

292 GeV - 376 GeV

vdaH & syJonboida €10251Q ‘SI'¥0 2 "Uupwydim N




— |

* New results using full HERA
luminosity of 0.5 fb! on LQs
Phys. Rev. D 86, 012005 (2012)

Summary

<

1

* No evidence of leptoquarks observed

= Coupling limits set as function of LQ

mass

* Limits for some LQs compared to

results from other experiments <
HERA limits similar

* In some cases most stringiest limits

* ZEUS results competitive and com-

from ZEUS

102

plementary to other experiments
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HERA limits are the best to date at high masses
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