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Leptoquarks and LFV at HERA

Leptoquarks Parameters
colour triplet bosons mass
fractional charge coupling
both lepton and baryon number quantum numbers

q;

s-channel o~X\2 u-channel o~\*
MLQ ~ (sx)l/z MLQ > 51/2
Specific angular distribution

Lepton Flavour Conservation (LFC) decays: LQ ->eq, vq (BRW)
Lepton Flavour Violation (LFV) decays: LQ -> g, LQ -> 1q
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Buchmiiller-Riickl- Wyler-Model

F=2 Prod. /Decay Be I F=0 Prod. /Decay Be
Scalar Leptoquarks
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14 first generation LQs

-classied by Spin, Weak
Isospin, e chirality

‘Fermion number F=L+3B
F=2(eq)or
F =0 (e*q)

-all can decay into e*q
only 4 of them can also
decay into vq

-branching ratio fixed to
bep,=10or0.5

‘two free parameters:
- LQ mass M,
- Yukawa coupling
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New Leptoquark Searches

» Search for LQs with LQ -> eq, vq
- full HERA I data published in ‘05 hep-ex/0506044v1
- new ep polarised data from HERA II: L = 92 pb-!

» Search for LFV via LQ -> ug, LQ -> 1q
- e*p data from 1999-00: L = 65.5 pb!
- e’p data from 1998-99: L = 13.7 pb-!
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http://de.arxiv.org/abs/hep-ex/0506044v1

Search for LQ — eq,vq

Standard NC/CC DIS
selection cuts

Q? > 500 GeV?
0.1<y<0.9

NC: P, > 11 GeV

cCc. P >12 GeV

Tmiss
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Events / 20 GeV

Events / 20 GeV

Search for LQ — eq,vq
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Exclusion Limits for LQs with F=2

Scalar LQs Vector LQs
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- strongest constraint for resonant production, M g = (sepx)l/ 2
* at X = (4na)/2 = 0.3 lower limits on M g : > 276 - 304 GeV
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Comparison with LEP, Tevatron, HERA I
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Tevatron:
LQ pair production - X
independent

LEP - indirect constraints

= improvement in the resonant region
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LFV: ep — uq

Signature: isolated high pr muon (no electron) back-to-back to high p; jet

\§
- H o e\
\\\\\ wc) M \\\
e | e— /
~=—=pi
7 S ¥
et .
J Jet
Main selection criteria
One muon with pr> 10 GeV
Muon escapes calorimeter P,cdlo > 25 GeV
Back to back topology AP, x> 170°
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events

events

Control distributions of the uX sample
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events

events
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In agreement with SM
No LQ signal observed
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LFV: ep — 19

=: jetl
—h L _
N
- |
|
L
17 Tjet
o R Y
\'FS 88 pt['lllfhfﬁ 7 }\’.
Main selection criteria
Electronic T decay Muonic T decay | Hadronic T decay

One jet with pJet> 25 GeV | Asforep—>pq | One jet (jetl) with petl > 20 GeV
Pencil like jet (jet2) with low track

Electron with p;¢> 10 GeV multiplicity and pet2 > 15 GeV
NN for identification of jet from t
Q2 > 1000 GeV? pmiss> 12 GeV
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events

events

Control distributions of the tX sample
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Limits on the coupling constant
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Limits with free p gy

«  First limits with free
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Upper limits on A\uq
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Upper limits on Atg
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| New limits

1+ extend to larger LQ mass

» For coupling of em strength,
lower limit on M, at 379 GeV
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Summary

Search for LQ coupling to first generation fermions using
polarised e-p HERA II data

- Increased sensitivity to F=2 LQs due to increased sample
- No signal observed, limits on LQs set
- For coupling of em strength lower limits on M  276-304 GeV

Search for LVF using full HERA I data
- No LFV process induced by LQ with F = 0, 2 found
- For coupling of em strength LQs with M g < 459 GeV (e->p),
M q < 379 GeV (e->1) ruled out

HERA II data to be fully exploited

- High luminosity
- Polarised lepton beam
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Backup slides
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Leptoquarks

Type | J | F Q ep dominant process | Coupling B:::;lt;fg ° The 14 IepT_o uark (_qu Types Of
—— — the Buchm™uller-R"uckl-Wyler

SE|of2| =13 equ ~{ i | x| 1 classication in the Aachen
S0 2]|-1/3]egup —  (u AR '1 nhotation.
SE 10| 2|-4/3]|epdp —  (d AR 1 + The LQ SLIbSCF‘ipTS refer to the

e { Cu o |12 weak isospin and the superscripts
sbolofa | vd | A |12 refer to the lepton chirality.
- + Columns 2-4 display the spin J,
Vip [T]2 4B eqde = Fd] A : fermion number F and electrical
ol 2 |~ ra| e | charge Q.
T2 /3 [erun = a | A 1 *  The dominant resonant

— A 7 production process in ep
K e *{ o | A 1/2 scattering and the corresponding
Vi 10| +2/3|efdn —  0td | g 1 coupling iS shown in columns 5 and
v [1[of+5/8]efun —  ru| s 1 6 respectively.
o |y | |2 | e ﬂ{ “" e | - Leptoquarks which couple to a
i IR I i I left-handed lepton doublet and
— T 1 can decay into a neutrino-quark
L2 e 1 air, have a charged lepton decay
S R R D D B : ranching ratio B= T,/ (Fg-T,,).
SEo 10| 0| 42/3]|epdr —  €*d AL 1
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Double differential cross section for the
s-channel LQ process

: 2 V2 g2 -
(FJS 1 )\eq/\ﬁqb' . % scalar LQ
1vd — 3974 22 02 N2 | a2 2 - gl 5) X 5
(le(y QLTS (b — nZLQ) + T”LQ LQ 2(1 T y) vector LQ
SN N ~~ 7 N —
phase space  Breit-Wigner LQ propagator term  parton density
Branching ratio for LQ -> p(t)q:
o L L) { L scalar L
BR = I‘D‘)g X .‘jL FvV with .jL FV — 4 #(7)g _ and ng = MLQ )\éq X 1£W Q
I'yiryg +1e 5= vector LQ

s

,,fif_: [ey/ (Iqur +1,,,) Fraction of decays into charged leptons
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Angular distribution of LQ decays

e Angular distribution
y = 0.5(1 — cosO*)
6* - e scattering angle in eq (rq)
rest frame
Scalar Leptoquarks

da
dy

— flat

scalar

Vector Leptoquarks
vector ™ (1 — J.U)Q

NC DIS (Background)

+

do® P
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dy

1
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Limits with free Pry

"3+ For very low values of
DLFV (>\eq>> >\urq' >\w:q)
reproduce published
results

}“uql

|+ For p.ry >> 0.5 the
' analysis extends the
published limits on X\,

to lower values
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