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Outline

* Introduction
Leptoquark model

* Search for leptoquark pair-production
D0(#594), CDF(#490), OPAL(#731),

* Search for single leptoguark production
OPAL(#726), H1(#105), ZEUS(#496)

* Search for effects of virtual leptoquark exchange
H1(#99), L3(#192)

» Search for Lepton Flavour Violation
ZEUS(#498), OPAL(#724) < contributions covered in this talk
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Introduction

Leptoquarks: bosons (J=0,1) with lepton and baryon numbers

Interactions: strong
electroweak

Yukawa [-q-L() coupling A
Buchmuller-Ruckl-Wyler (BRW) model
SU(3)c x SU(2);, x U(1)y invariance of SM
lepton and baryon number conservation

either left- or right-handed couplings (bounds from rare decays)
— 7 scalar and 7 vector leptoquarks

fermion number F=0,2, branching ratio to lq: 5, = 0, %,1

Two parameters for each leptoquark (LQ): mass and Yukawa coupling
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Pair-production at Tevatron

Predominantly by gg fusion New results from Run II:
= Independent of A D{: 41 pb!

= depends only on spin

(scalar or vector) and 3y, CDF: 72-76 pb™"

- LQ gmmmmf—w—ffLQ Cross section increase by ~30-40 %
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Pair-production at Tevatron

D(): search for first generation leptoquarks LQ) LQ — ecjj

Total transverse energy: Cross section limit: (41 pb~1)
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For 5., = 1 mass limit for scalar leptoquarks is M >179 GeV (95%CL)
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Second generation LQs (upj7 channel): M >157 GeV (5,,= 1)

@ 'AF.Zarnecki Search for Leptoquark Production and Lepton Flavour Violation é - p.5/23




Pair-production at Tevatron

CDF : search for first generation leptoquarks LQ L) — vvjj

. . . . . . —1
Leading jet Er: Cross section limit: (76 pb~")
> 30 — CDF Run Il Preliminary (76 pb ™)
O CDF Run Il Preliminary g [ ' ' ' ' ' ' o]
g 25 - 1 o CDF Upper Limit, 95% CL
A - J. L dt=76 pb § 102 Theoretical cross section (PRL 79, 1997)
1) - XU O\ e CTEQ 5M, B =0, Q=m(LQ)
o 20: data ° CTEQ 5M, B =0, Q=0.5m(LQ), 2m(LQ) ]
0 15 [ ] sMprediction (no QcD)

B .om=100Gev/c?
10 ¢
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For 5., = 0 mass limit for scalar leptoquarks is M >107 GeV

for 8., = 0.5 (search in evjj channel): M >166 GeV
for 8., = 1 (search in eejj channel): M >230 GeV
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Pair-production at LEP

New OPAL results LQ mass 9 6 T
—1 . . . % - e OPAL data E
596 pb~", /s = 189 — 209 GeV  kinematic fit 3 s = o :
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s-channel v or Z° exchange events = ‘b TILla :
’ e ' E_ __,_l_ _:
- / - -7 0 '*wve;o 80 100
e vz o "L Mo (GeV)
! /

q o 4 A L B '()E
- - I% 35 é—E'ffF;’j(; deta E
LQ ~_LQ 3 F L wokg :
ot \\ e+/ Ny - E Bl 2 bkg 3
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Pair-production at LEP

Searchin [Tl7qq, lvqq and vvqq channels, forl = e, u, 7
= for 3, = 1 mass limits between 96 and 102 GeV,
= for 5, = 0 mass limits between 89 and 101 GeV
depending on generation and leptoguark type

For leptoquarks with 3, value depending on Ay, and Ag:
S1/2 (scalar LQ with Q=-2/3) Vi 2 (vector LQ with Q=—1/3)

OPAL OPAL
B A B lprmm T T T T T T T g
09 F 3 09 F 3
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07 F 3 07 F 3
06 F 3 06 F 3
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0:||I|||I||.I...I...I...I: O:nul....I....I....I....I........I....I....I....I.
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M, o (GeV) M, o (GeV)

—  1%gen. —  1%gen.
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Single-production at LEP

OPAL results for /s = 189—209 GeV LQ candidate mass

Single leptoquarks can be LG — 6? search
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Single-production at LEP

OPAL results for /s = 189—209 GeV LQ candidate mass

Single leptoquarks can be LG — 6? search
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Single-production at LEP

Mass dependent X limits from OPAL
Strongest limits for |Q| = 1/3,5/3, weakest limits for |Q| = 2/3

Scalar Vector
) Siz (519) P21 = — Vv, (5/3) p=1
L — s, (13) p=t OPAL L v, (23 pet OPAL

— S, (-213) B=1

| ‘ | | | | ‘ | | | | ‘ | ‘ | | | | ‘ | | | | ‘
100 150 200 100 150 200

M, [GeV] M, [GeV]

For A = vdra: Mg > 183 — 202 GeV
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Single-production at LEP

Mass dependent X limits from OPAL
Strongest limits for |Q| = 1/3,5/3, weakest limits for |Q| = 2/3

Scalar Vector
= = V., (-5/3) p=1 OPAL
Sy, (-5/3) B=1 OPAL ! LT ¢ =
P — s, (= Vo (29 L
— S, (-23) p=1 [ -o- YV, (-2/3) B=05

- S, (-13) B=05
- S, (-2/3) B=0

| ‘ | | | | ‘ | | | | ‘ | ‘ | | | | ‘ | | | | ‘
100 150 200 100 150 200

M, [GeV] M, [GeV]

Both eq and »q decay channels = limits weakly depend on 3
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Single-production at HERA

Direct eq interactions: Large SM background  H1leptoquark search

H1prel. e'p data (NC) Vs =320 GeV

from NC and CC DIS = [

eq invariant mass vs it
scattering angle =
Y = %(1 — cos %) L

(b)

ol o u‘»'r.'...:.\'m."m-u\u‘\Hf
01105120 140 160 180 200" 220 240 260 280 300
mas [(e\/1

H1 leptoquark search
scalar LQ (NC) m= 200 GeV

ey e e LQ signal can be
= 0 extracted from .
q ; 2-dimensional
b ' eventdistribution
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Single-production at HERA

H1 and ZEUS results based on analysis of 1994-2000 HERA data

etpand e p DIS at /s =300-318 GeV ZEUS. e p > e X

ZEUS
Comparison of observed and o3[ T T
expected invariant mass distributions 102
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Single-production at HERA
Combined analysis of NC and CC DIS events

Generic model BRW model
= B VS Mo limits Improved limits for 5 = 0.5 leptoquarks

SCALAR LEPTOQUARK eu - LQ - e'X

A2\ DO Run | — H1 Preliminary e'p ZEUS

(< B I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I
I F=0 vector LQ V% (e'd)
ZEUS 94-00 e'p
1 | 9 =
o ]
‘ $C\) I
100 150 200 250 300 © i
M o (GeV) -1
10 —
VECTOR LEPTOQUARK e*d - LQ - e'X, vX
N\ DORun | — H1 Preliminary e'p ]
SRR —— : 0 ]
o 7 (J ] CC only ]
- 102 10 2P — NC+CC |
6 ] B > 404 E ‘ ‘ ‘ ‘ ]
f 108 200 250 300 350 400
2 Jos M GeV
0™ 10 200 250 300
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Single-production at HERA
Combined analysis of NC and CC DIS events

Generic model BRW model ZEUS

- - 7\ T ‘ 1 T 1 ‘ 1 T 1 ‘ L T L \7 7\ T ‘ UL ‘ 1 T 1 ‘ 1 T 1
j /B VS MLQ IImItS < | F=Oscalar LQ limit 1 < | F=0vector LQ limit
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Search for virtual effects

Virtual LQ exchange can affect
HERA, LEP and Tevatron mea-
surements even for Mpg > /s

Tevatron

ad — 1"~

Interference with SM processes
Important

Ohaq at LEP:

Sensitivity to hadronic cross-sections (example)

1.2

L  Aleph data e published o preliminary
L Vs /s> .9 ,cos < .95

=
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[

I
i
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g
o
a
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0.95

09 -

085 |~ St 150 GeV
|— St 600 GeV

I T T S Ty I S T S R NI
0.8 130 140 150 160 170 180 190 200 210

NC DIS at HERA:

Leptoquark: SE, v, I

NO 3 IIIII I T T IIIIIII

= [ e epNCdaa Vi=319Gev | ® e’pNCdata ¥5=319 GeV |
2 | — S% MA=510Gev I — si mn=410Gev

S [ Vi MMA=1150 GeV JL o VL M/A=960 GeV

- ;

No: 2 |~ combined limits: . combined limits:

o L ... SLl M/A=490 GeV b e SL1 M/A=490 GeV /
.8 L VL M/A=1360 GeV E VL M/A=1360 GeV

Q’ (GeV?) Q? (GeV?)

<
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Search for virtual effects

L3 limits on \ LQ | H1 | L3* | ZEUS | ALEPH*| LEP2*
O;g;s/[,ug?ﬁ L3prel. @ SL 1071124 075 213 | 2.16
o]  Lme S;¢ 064 088 069 041 | 172
Soa] e SE 033 040 031 057 @ 067
S Sf, 085037 091 053 | 0.59
TSRS Aaas S FAA Sk, 037 052 069 061 | 0.77

1} L3 prel. 7 (b) S{’/2 0.43 - 0.50 - -
i SF 049 089 055 148 | 1.19
S gul V& 073 1.84 0.69 259 | 3.03
b oy VE 058 053 058 049 | 055
0160200300'“4;;“”500 VE 099 125 1.03 129 | 1.62
m,[GeV] Vi, 042 084 049 081 | 1.00

For \ — \/Ara: Vl% 095 071 115 068 | 0.75

M > 112 — 375 GeV (scalar) V1/2 1.02 055 1.26 0.55 0.58

M > 159 — 557 GeV (vector) vi 136 1.73 1.42 1.98 2.18
- calculated from My g limits for A = \/47wa(0)
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Comparison of leptoquark limits

Limits on S¥ (1°" gen.)
Best constraints:

pair prod. = Tevatron
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Comparison of leptoquark limits

Limits on S¥ (1°" gen.)
Best constraints:

pair prod. = Tevatron
Run |

<

10 |

10 =

- OPAL
| CDF Run I

1 0 [ | ‘ |

St (-'/,) B=0.5

100 200

200
M o [GeV]

300

= A F.Zarnecki

Search for Leptoquark Production and Lepton Flavour Violation @ - p.16/23




Comparison of leptoquark limits

Limits on S¥ (1°" gen.)
Best constraints:

pair prod. = Tevatron
Run |

virtual effects = LEP
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| CDF Run I

1 0 [ | ‘ |
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Comparison of leptoquark limits

Limits on S¥ (1°" gen.)
Best constraints:

pair prod. = Tevatron
Run |

virtual effects = LEP

<

10 |
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- OPAL
| CDF Run I

1 0 [ | ‘ |
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100 200

200
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Comparison of leptoquark limits

Limits on S¥ (1°" gen.)
Best constraints:

pair prod. = Tevatron
Run |

virtual effects = LEP
single prod. = HERA
Complementary

constraints from
different machines

<

- OPAL
| CDF Run I

1 0 [ | ‘ |

g
N
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100 200

300
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LFV at HERA

Leptoquarks could also ZEUS searchforetp — 7 X
mediate lepton flavour 66 pb ! of e™p data 1999-2000

violation: No events found

= limits on \.,, x /BR(LQ — 7q)
a) ZEUS
o o

q : ‘ I I I I ‘ I I I I ‘ I I I I : ‘ I I I I ‘ I I I I ‘ I I I I
a mﬁ': 1 - (a) ZEUS (prel.) e'p 99-00 - CQE 1 - (b) ZEUS (prel.) e'p 99-00 -
e u ~ 1 u o=
- Sis - Vj‘;’ D 3
-+ + g 4l Y g 4 Vo oV /
e )\ T < 10 = < 10 = — VII‘ ¢ =
eq ] C s .
G “\\ | — \obe * —
“\\“\‘ _ L < "“ _

LQ 0t o B

3| | 3| |

AT 10 ‘ | | | | ‘ | | | | ‘ | | | | 10 ‘ | | | | ‘ | | | | ‘ | | | |

qB qB qO( 150 200 250 300 150 200 250 300

i M, , (GeV) M, , (GeV)
assuming Aeq, X Aig, 7 0 o 0
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LFV at LEP
OPAL analysis of LEP2 data (189-209 GeV)

Electron and muon candidates Search for lepton flavour violating

OPAL processes:

E T T T SM exp. = Observed

“f : ete” —en  0.019 1

o b ete” —er  5.01 5

002 ete” — ur 14.3 11
E%“’"_‘ | | | | I‘: Upper cross section limits:

. 22t0 58fb for ey

7810 144 fb for er

R 64 to 166 /b for ;u7
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Lepton Flavour Violation

OPAL eTe™ — ep event

Ebeam 94.32 Vix ( —.04, .08, .44) Hcal(N= 4 SumF= 5.1) Muon(N= 1) Ebeam 94.32 Vix ( -.04, .08, .44) Hcal(N= 4 SumE= 5.1) Muon(N= 1)

Run:event 9298:115615 Ctrk(N= 2 Sump=168.4) Ecal(N= 4 SumE= 84.9) | Run:event 9298:115615 Ctrk(N= 2 Sump=168.4) Ecal(N= 4 SumE= 84.9) dP

@ 'AF.Zarnecki Search for Leptoquark Production and Lepton Flavour Violation @ -p.19/23




Summary

New results from leptoquark searches at LEP, HERA and Tevatron
No signal of LQ production observed

Complementary limits from different processes and experiments

No signal of lepton flavour violation for charged leptons

Single ete~ — ep event from OPAL:
Interesting, but not a discovery yet...
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Pair-production at Tevatron

D(): search for second generation leptoquarks LQ LQ — uujj

Reconstructed mass: Cross section limit: (41 pb—1)
> _F —
o 6F DO Preliminar =25 —
O y a I DU Preliminary
8 50 . —e— p+jj Data -, I A\ _
; : [z~ wu+2jets (weighted) 09 2r B:BF(I;\l?_ch:(J))s: iection
O 4~ . Scalar LQ ;, M, =160 GeV| i 5 \y Error Band
= - - W%\ [ LO cross section
E i 1.5 -x-----o 9506 C.L. upper limit
L 3j - %\,
20 1F
1r 0.5F
OF S R S SEm AT S R
0 100 200 300 400 500 140 160 180 200
Ui Invariant Mass [GeV] Mo, [GeV]

For 8,, = 1 limit for scalar leptoquarks is M >157 GeV (95% CL)
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Pair-production at Tevatron

CDF : search for first generation leptoquarks

L() L_Q—>eujj L() L_Q—>eejj

Search for first generation L. Search for first generation ..
scalar Leptoquarks | CDF Run 1l Prellmlnary, 72pb-1 scalar LeptoQuarks CDF Run Il Prellmlnary, 72 pb-l
N Theoretical Cross Section, Phys. Rev. Lett. 79,1997 B
o) 0.6 CTEQ4M, Q =m(LQ) g - Theoretical cross section, Phys. Rev. Lett. 79, 1997
= - CTEQ4M, Q =2m(LQ), 0.5m(LQ) _ 0251~ CTEQ4M, Q = m(LQ)
2 B Br(LQ->eq) = 0.5 2 |
8 0.5~ g o CTEQ4M, Q =0.5m(LQ),2m(LQ)
3 - ; L
- . . 12 02 I
A CDF Upper Limit, 95% CL g
504 = CDF Upper Limit, 95% CL
a R 0.15—
203 2 F
= F s L
= o -
X B 0.1
o 0.2 B
A B
R T m(LQ) > 230 Gevich2
“ o1 0.05—
A m(LQ) > 166 GeV/ch2 B
O _I I ' L L I L L L I L L L I L L L I L L L I L L L O _I 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1
160 180 200 220 240 260 280 200 220 240 260 280 300 320
m(LQ) GeV/ch2 m(LQ) GeV/c"2

Beq = 0.5 = M >166 GeV Beq =1 = M >230 GeV
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Comparison of leptoquark limits

Limits on Sp, (1° gen.) .

1
O@PY\
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oe" 4
10 H1
B //\/ —
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| < nd LL
3B | ©
10 f‘ ‘ ‘ | | | | | | | | | | | | ‘ |
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M o [GeV]
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