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Introduction

HERA data
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High Q2 DIS
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Introduction to the Leptoguark Model

LEPTOQUARKS
Hypothetical bosons which appear in many SM extensions to explain symmetry
between leptons and quarks

o LQs are coupled to both leptons and quarks and carry SU(3) colour,
fractional electrical charge, baryon (B) and lepton (L) numbers

— Fermion numberF=3B+L=0,2

Buchmuller-Ruckl-Wyler Model

v SU(3):xSU(2) xU(1)y invariance

Lepton and baryon number conservation

Strong bound from rare decays —-either left- or right-handed couplings
Family diagonal; if not LFV is introduced

decay to I¥q or v, with branching ratios [, 3,=0, 0.5, 1

depending on the quantum numbers

O R S

= 7 scalar and 7 vector LQs



Introduction to the Leptoguark Model

species

F' | spin
couple to I'q { ; g

2 1

0 0
couple to I*qg {
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So,L: So,r: So,R; S1,L labeled by weak

Vipo,iVij2,riVija,L | isospin and
S1/2,0:51)2,r: S1/2.L | lepton helicity

Vo.o:Vo.r: Vo.r: Vi L

Angular distribution
y=0.5(1-cosB*)

B* - e scattering angle in eq (vq) rest

frame

»Scalar LQs decay isotropicaly
»>Vector LQs decay ~ (1-y)?
»NC DIS ~ 1/y?

* Resonance width '~ A2M,q
« Each LQ characterized by two
parameters:

-LQ mass, M, q

L Q-I-g Yukava coupling, A



Leptoquarks at HERA

Single production

« LQ resonantly produced in the
s-channel

« LQ exchanged in the e
u-channel

Background LQ

« Events indistinguishable from 1
SM CC and NC DIS
respectively (if not LFV) q

« Photoproduction (yp—X)

« Lepton pair production
(ep—eltlX)

* W production (ep—eW X)

qi 9k



Invariant Mass Spectra from HERA | (e+p)

Events
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Invariant Mass Spectra from HERA Il (ep)
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Setting constraints on Leptoquarks

Fractional event counting method
o BRW model : two free parameters M, A
o Analysis in M-y binned plane (sensitive quantities)

o Apply weight to each bin according to each signal-to-background ratio
(W; = s;/ (s;+ 2by) )

o Two hypothesis (Monte Carlo)
o Background
o Signal + background

0 No generic LQ MC used but reweighted SM MC to LQ cross section
o In weighted bins compare data to both hypotheses

—)> calculate minimal A(M) to be excluded



Limits on scalar LQs with F=2 (HERA II)
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Combining NC&CC data for Sy, S¢ .
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At A = (4110)"2 = 0.3 lower limits on M_q > 276 — 304 GeV



Limits on vector LQs with F=2 (HERA 1)
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At A = (4ma)V2 = 0.3 lower limits on M, > 280 — 303 GeV



Limits on LQs with F=0 (HERA |)

;
4 BNPEFITE PRI Il T IPTa

H1 F=0
-----------
R ;
O H
\50@ ; r -
0\* a "_St'zL (e d)
L
é" o =ee 5,5, (8'U) 1
":_J-"J S, .5 le'd, "u)
'::'.'?‘..-.'-"“.

F=0 ]

------- .!

----------- v

\}50 $ —V,  (e'd) 3
c" ::_" ._E-H :‘
d. S o Vg (e'u) ]

Vg, (8°d, V)

«o=V,, (e'u,e’d, vu) i

100 200 300 400 500
M (GeV)

F=0 scalar BRW LQ model
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At A =0.3 lower limits on MLQ > 275 — 325 GeV



Comparison with other experiments
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Indirect search in qq pair production

LQ pair production, A independent

qq—I*-qq e*e'—qQq

For coupling of em strength (A=0.3) mass exclusion = 300 GeV



Limits on LFV Leptoquarks

hep-ex/0703004

[11r"lr'||'|'|'|'|'||!1||'||.'|'|'|'Ir'|'|r'|'|r
"‘.‘E 15 () HI1 E
n_ F 3
< __.,;\' |
ln-l: [:—_-“ :
Hll."r“- ul E
10? SR, (€7 ud)-
5 ;l}:tﬂ*‘dl :
ln—& il i il s aalissalsisglegasliy
lfﬂ' lSﬂ ]‘ﬂﬁ 250 3“ 350 400
Lu'l(j@"l‘
_ 'Ir'|'|r'||l'|r'll"‘r'llr"llll‘llll"lr"l
F 1Eo HI 3
i :
S [
< L
l'ﬂ";
s R
i 85 (e'u)
107, aR , og 3
S, (ed)
: H:'W'u.{hj
l']|||||.|||.||.||-|||||||I||;|||||||||

100 150 200 250 300 350 400

m; {GeV)

IARESN EREEN REREN RELEE REEERELERE R

H1 :

= (b

m, , (GeV)
_ 'Illl|'||r'||Illllllllll"l‘lllllllll
2~ 1@ HI 7
n_ t ’
g i
~ L o
lfl; F=2
Ef[,,lud}
107} Vi, (€ud)
: i}[. . :
mll‘lﬂ
1'}-31|||||||||I||||||||||||||||||||||
10 150 200 250 30 350 40

m {GeV)

ep—pX
1998-00 data
L=80 pb-



Limits on LFV Leptoquarks
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Limits on LFV Leptoquarks

H1 lower exclusion limits on myq (GeV) at 95% CL

P=0 || 85|88 |55 | V& | R | V& | v
eq— pq || 302 | 309 | 288 | 299 | 298 | 333 | 459
eq — Tq || 298 | 298 | 285 | 290 | 293 | 307 | 379

F=2 So | S&° L‘t’? Sy 1lsz 11{?2 111'2
eq— pq || 294 | 294 | 278 | 306 | 299 | 374 | 336
eq —T1q || 293 | 294 | 276 | 295 | 282 | 302 | 297

In general these exclusion limits are less stricter than
the ones from non LFV LQs.

The combination of two can improve more the

constraints.

Auq=Ag=heq=0.3



Conclusion&Qutlook

« Search for leptoquarks (including LFV LQs) using all HERA | data
collected by H1 and first generation LQs using HERA |l e data performed
No signal observed

« Limits on different LQ types have been set

« Limits extend beyond results by other analyses

« M < 275-325 GeV can be ruled out for A=0.3

Analysis of all HERA Il data is ongoing
« HERAII e*p dataset will improve limits with F=0
« All data HERA | & Il and possible H1 and ZEUS combination (~700 pb1)

—> more improvements are expected

High energy run in HERA has ended but many interesting events are waiting to
be analysed!



