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Introduction to Leptoguarks

Leptoquarks are col r triplet
bosons with spin zero or one
and with L = 0 and B # 0.

Buchmuller, Ruckl, Wyler model

Partial widths:
(A\?/167) Myq for spin zero
(A?/247) My,q for spin one

Dimensionless chiral coupling(s) A;,
Ar are SU(3) x SU(2) x U(1) invariant.

Scalar LQs decay isotropically
Vector LQs decay ~ (1+4cos 0*)?

10 LQ species, 4 of which could couple
to both A\, and Ay, but LQ mediated
rare = and K decays are not seen =
ALAR << (Mrq/10 TeV) So assume
either A\, =0 or A\ = 0.

F | spin species

21 0 | 50,L550,r; S0,r; O1,L
21 1 1 ViprnViprVipr
O O | S120:51/2,R51/2,L
O 1 | Vor;Vo,r;Vo,r Vi1

labeled by weak isospin and lepton helicity.
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Pair Production _
Resonant Production

et LQ) q LQ) e e
L

e~ LQ q LQ q q
Cross sect.~ \?
\ not needed! (except to decay the LQ)
_Q may couple to any flavor ¢, ¢

e limits: Mg > /s/2
Q> v/ . t- and u-Channel
Tevatron scalar My,q limits

+
gen ([, signal CDF DO | © 1 € 1
eeqq 242 GeV
vvqq 98 GeV Q Q
upqq | 202 GeV 200 GeV -
e~ q q €

vvee | 123 GeV 98 GeV

770D 99 GeV Sensitive for My,q > /s
3 0 vvbb | 148 GeV 94 GeV

3y = BR to charged lepton
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OPAL: ey — LQ + X (#309)

1+ (0 OPAL g
L leptoquark state with q=-4/3: 1
[ — B=10 S,
€ e
/ , ,
photon remnant (g)
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mLQ(GeV)
q eory,
L0 “1} © OPAL
o 1 .... - leptoquark state with q=-5/3:
[ —— BFLO V,
( i

80 100 120 140 160 180 200
M o (GeV)
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OPAL: LQ palir production (#516)

Frr T T 3
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. o o _ . 0.9 E(b) 1". /’f —g
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_ 07 S P V(R S
{=eoOrporr os b A 3
_ u d C S b 055_ ;,- ill.-: L 1§gen. _E
q 9 )~ 9 0.4 ;_ .,.’. /.’.-'. """ 2 gen. —z
03 F FE —=e- Fgen.
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41 . 01 F Ve 3
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LQ Search at HERA ep Collider

€

€

Use both NC (eq) and CC
(vq) data for LQ search.

2B
(K

u v/s =300 and 318 GeV

- : + _
Sensitive in up to 4 channels ¢ p ep

—1 1
u-channel helps for Myq>/s 115pb 1 17pb 1 ZEUS
102pb~! 15pb~! H1
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“H1land ZEUS LQ Search

08 ;l]{;u‘:rdl.iginary " 7]
[ mass 200 GeV
o7 [ NC decay ]
: ratio /B
] Search over 2-dimensional distribution

H1; (mass, y)
) SO ZEUS: (mass, cos6*)

100 120 140 160 180 200 220 240 260 280 300

GeV * .
S T —————— 6* = e scattering angle
[ H1preliminary
7 Xk
08 |- vector LQ _ ( . )/
T mass 200 GeV y 1 cOS 0 2
o7 | CC decay
- ratio S/B
06 [
03 |
02 |
O w0 B

mass[GeV]
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11, DO Limits in (M, j3.) for several \'s

SCALAR LEPTOQUARK e'u - LQ - e'X
A\ DO Run | — H1 Preliminary e'p

d’o'l \\\\\
TN

N

[ee]

02}

100 150 200 250 300
Mo (GeV)

VECTOR LEPTOQUARK e*d — LQ - e*X, vX
N\ DO Run | — H1 Preliminary e'p

']-_"—L\;--L'-i--T--L—’:’ ISR © &
loo 15 200 250 300
M, (GeV)

10

10

ZEUS

R e e
. F=0vector LQ limit |
- ZEUS (prel.) 1994-2000 €"p, 130pb™ ]
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4-Fermior1 Contact In_teractions

et U U U U ot

4 eq s _
L=55 00 > > e ea)@suas)

g=u,da=L,R 3=L,R

The nz% define a contact int. Some combinations represent leptoquarks.
LQ | w1 nik R MER MiL Uik NRL R
L 1

S +3
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DO | —
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H1 Contact Interaction Limits

, HERA | H1 preliminary o
D ep N LB R AL | T T 1T T T
S} Neutral Current o - . ol L
g 10 J2=318 GeV 2‘9 i Leptoquark: S5 , V3 S
ey % | ® Hldata
S 1 © [ — s%  MA=400Gev
3 Al V5 M/A=890 GeV
-1 2 e
10 o
Q L
5
-2 o -
10 i
-3 S
10 1 - - -~
- e Hildata - + + """"
10 — SM (CTEQ5D) | e+p
5 = Neutral Current
10 - Vs=318 GeV
O 1 IIIIIIII 1 IIIIIIII 1 L1
aaal i a2 aaaal i a\a 103 104
102 103 104 2 2
Q? (GeV?) Q° (GeV?)
Curves show models ruled out at 95% CL
Contact Interactions are flat in d% (Interference with SM~ é)
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L3 indirect LQ limits (#462)

1
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EP Combined indirect LQ limits. 2nd and 3rd Generation Quarks

LIEF; preliminary - Coupling to %nzd generation (Scalar LQ) LlEE preliminary- Coupling to :irg generation (Scalar LQ)

! ~ 1 1
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 . 0.2 0.2
0 ol b b Py O ol b b Py 0 ol b b e Py 0 ol b b By
250 500 7LSO 1000 250 500 7?0 M1000 250. ':'E{OO 750 1000 250 5|_OO 750 1000
S Mo (Gev) s° Mo (Gev) M, . (GeV) S,- M, (GeV)
012 - . 012 > Mo 12 S
< L
1 ~ 1
0.8 0.8
0.6 0.6
0.4 209 GeV 04 - < 100 GeV : 226 CeV.
0.2 . 0.2 - .
0 AR I E T TN I TE I BRI O o b P b Py O ol e b P O o b P b Py
250 500 750 1000 250 500 750 1000 250 500 750 1000 250 500 750 1000
$° Mg (Gev) S," Mg (Gev) S (e Syt Mo (Gev)
Uses R., A%z, qq cross section. Uses Ry, and A% .
b content fixed to SM. c content fixed to SM.

Limits also exist for vector leptoquarks
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Lower Limits on Mpq/\ (TeV™1)

species | LEP | L3 H1 | ZEUS
S 1209[1.20]0.72| 0.75
S& | 166|085 |0.67 | 0.69
SE 1064039033 031
SQQ 0.57 | 0.36 | 0.87 | 0.91
Sf, |0.74 050 | 0.37 | 0.69
ST, : - 1043 | 0.50
SL11.15(0.86 | 0.48 | 0.55
vE 1293]1.78[0.77 | 0.69
VE 1053|051 |064| 0.58
VE 156 |1.21|1.00 | 1.03
vE, |097]0.81|042 | 0.49
Vi, 072|069 |094| 115
Vi, 056|053 |1.02| 126
Vi 1210|167 |138 | 1.42

LEP combined and L3 limits
were converted from lower
limits on My,q for A = v4mao.
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LQ Mediated Lepton Flavor Violation
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Summary
e direct LO searches at the Tevatron exclude
scalar vector

gen | Fe=0 Le=1| Ge=0 _Ge=1) s tabulated b
08 GeV 242 GeV | 238 GeV 292 GeV I\/Ielzljzz arf‘ ) ‘#Zﬁois y
123 GeV 202 GeV | 238 GeV 275 GeV | |

148 GeV 99 GeV | 199 GeV 170 GeV

wWN B

e Indirect Limits from LEP and HERA exclude scalars with
Miq/A < 0.5...2.1TeV and vectors with My,g/A < 1.0...2.9TeV.

e HERA direct searches provide a factor of 1 — 10 reduction in the X limit for
200 < Mrq < 300 GeV.

e LEP indirect search rules out LQs coupling to e and 2nd or 3rd generation
quarks for Mg up to 1.0 TeV for A = v4na.
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Future
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