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Introduction

New determination of APV in cesium

Parity non-conservation in cesium atoms caused by ex-
change of the Z° boson between atomic electrons and
quarks in the nucleus.

New data and improved theoretical calculations (1999):

AQG* = Qnres — QM 1.13+0.46
previously : 0.71 £ 0.84

— 2.5 o deviation from the Standard Model

Unitarity of the CKM matrix

The Review of Particle Physics, 2000 edition, Euro. Phys. J. C15, 1.

IVidl® + |Vus|? + V|2 = 0.9959 + 0.0019
previously : 0.9969 + 0.0022

— 2.2 o deviation from the Standard Model|
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Introduction

New results from LEP2
Hadronic cross-section measurements presented in Moriond

LEP2 combined (preliminary)
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- 2.3 o deviation from the Standard Model

Possible sign for “new physics” ??7?
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| Leptoquark Models I

Consider leptoquark states described by

the Buchmuller-Rickl-Wyler (BRW) effective model
BRW model

First-generation leptoquarks:

o respect SU(3)c x SU(2);, x U(1)y symmetry
of the Standard Model

« only family diagonal couplings
(to avoid FCNC processes)

e couplings conserve lepton and baryon numbers
(to avoid rapid proton decay)

« couple either to left- or right-handed leptons
(very strong bounds from rare decays)

= 14 possible states (7 scalar and 7 vector)
(6 Isospin singlets, 6 doublets and 2 triplets)
Additional (simplifying) assumptions:
» different states within isospin multiplets have the same mass
» only one of the leptoquark types contribute
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Leptoquark Models

Aachen notation

Model Fermion Charge BR(LQ - ¢*q) Coupling Squark
number F Q 3 type
S« 2 -1)3 1/2 epu  wd dp
5 2 -1/3 1 el
S, 2 -4/3 1 epd
8{42 0 -5/3 1 €L
-2/3 0 Vil
Hﬁ*? 0 -5/3 1 ER*@
—2/3 1 Eﬁ_d
5:} fie) '0 —2/3 1 E,‘r_,[;i_ E
+1/3 0 vd dy
81 2 -4/3 1 epd
-1/3 1/2 eru wrd
+2/3 0 wd
V.- 0 ~2/3 1/2 erd v
VR 0 -2/3 1 erd
|74 0 -5/3 1 eRil
Vj{;? 2 —4{3 1 erd
-1/3 0 wd
1*’1"3? 2 -4/3 1 end
-1/3 1 eRu
Vis 2 -1/3 1 eLu
+2/3 0 v
Vi 0 —5/3 1 f’.'-L‘EI.-
-2/3 1/2 erd v
+1/3 0 vd
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Leptoquark Models
Cl limit

In the limit M,y > /s leptoquark production or exchange
is described by effective vector eeqq contact interactions:

Lo = Z TJ::E; - (eavMea) (@ Y0a8)
af=L,R

g=u,d | 2
— Contribution to the scattering amplitude: ﬂff ~ (;gﬁ) .
Mass effects
Contribution to the scattering amplitude for My ~ /s
— for u-channel exchange:

2
nm;f ’\LQ
r'rl.i‘ MEQ = ﬁ
LEP, HERA, Tevatron
-~ for t-channel exchange:
>
T?E!{L QALQ -~
o M LQ - f-
LEP Tevatron
—- for s-channel production:
;\?

wyt
”r‘.‘l'_H o

HERA
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Global analysis

High energy data

o LEP2 results

~» quark-pair production cross-section (¢ ¢ qq)
sensitive to all leptoquark states

= forward-backward asymmetries A}, A, AU
-+ heavy quark production ratios /7, /1.
little sensitive to first-generation leptoquarks

¢ HERA d%r? results

= NC ¢ p DIS data 1994-97
most sensitive to /" = 0 leptoquarks

-+ NC e p DIS data 1998-99
most sensitive to /' = 2 leptoquarks

= CC e¢*p DIS data 1994-99
sensitive to 5, 5y, V', W,
e Tevatron results

» data on high-mass Drell-Yan electron pair production
sensitive to all first-generation leptoquarks

-~ direct search results for first-generation leptoquarks
Mrpp > 242 GeV for scalar LQ  (CDF+D0)
My > 245 GeV for vector LQ  (DU)
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Global analysis

Low energy data

e Atomic Parity Violation experiments

AQu(Cs) = 1.13+0.46
AQw(Tl) = 1.94+3.6
Cl: AQy w~

3OS 0% —nil)
S

Unitarity of the Cabibbo-Kobayashi-Maskawa matrix
Vidl® + [Vas|2 4+ |Vis|*> = 0.9959 + 0.0019

el . et
Cl: VW = Vﬁ“-(l——u ! )
i ’ 4\/2Gy

electron-muon universality

F(n~ — ei) _
o = 0. 6+ 0.030 R
R M = pP) 0.996 0 §M
cr; Hmew (1 ) Rk )2
Rs 4+/2C

Polarization Asymmetry in low energy scattering
results from eD, eBe, eC and u*C scattering
direct measurement of the parity non-conservation

neutrino-nucleus scattering
constraints derived from the precise measurement of

N

R =
oL
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Global analysis

Method
Consider global probability function:

P = [1PGi

where the product runs over all experimental data points 4.

For low-anargy experiments and LLEF data:
Gaussian probability distribution is used for P;(7)).

For HEHA high-Q? and Tevatron results:
Folsson distribution for the observed number of events.

Probability function is normalized to the Standard Model
probability:

PO)=Pgy = 1
Maximum probability value P, is found using MINUIT

e 95% CL exclusion limits:

P < 0.05  Pyy
or InP@) < =3.0

¢ 95% CL signal limits:

P(F) > 0.05 P
or |H'P(ﬁ) < 'n Pmﬂ.m = 3-0
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Leptoquark limits

Exclusion limits
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Leptoquark limits

Signal limits
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Leptoquark limits

Summary of results

95% CL best description 95% CL
excl. limits signal limits
Xy ;
Model & Mg (#) e Prmas - M
TeV-!] [GeV] [Tev1] [TeV 1]  [GeV]

St 0.27 213

Sk 0.25 242

g, 0.28 242

St 0.29 229

S 0.49 245 0.32+0.06 358 0.00-044 258
S5 0.26 233

S 0.41 245 028+004 367. 0.15-036 267
VL 0.12 230

VR 0.44 231 0284007 117

Vo 0.52 235 084+006 122. 0.16-046 259
Vi 0.47 235 030+0.06 317 0.08-042 254
Vs 0.13 262

Vi 0.47 244 0304007 148

Vi 0.14 254
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| Leptoquark limits I

Possible 51 signal

Contributions to the probability function, M = /s
s O

0 0.2 04 086

Mo/Myq [TeV']

Maximum probability 7., = 367. (IN Prmaz = 5.9)

corresponds to 3.4 ~ deviation from the Standard Model:

- APV measurement: P=195 24¢
= LEP oj,4: P=1.7 106
» Low energy CC (CKMande/u): 77=109 224

‘ A/M = 0.28 +0.04Tev~1 \

A.F.Zarnecki Leptoquark sigral from global analysis 12




| Leptoquark limits I

Possible 1, signal

Contributions to the probability function, M, = 276 GeV

- 3
£ | v — man 1
8 101 M=278 Gev APy .
§ : e LEP26,, 4
HERA &'p NC £
10 .
1 0
o 0.05 04 016 0.2 0.28

Maximum prebabllity Pmax = 142. (In Praz = 5'0)
corresponds to 3.1 ~ deviation from the Standard Model:

— APV measurement: =201 244+
= LEP O had: P=33 1950
-~ HERA NC e*p DIS: P=38 170

— Tevatron direct search: [’ =0.36

I M =276 + 7 GeV A=0.095 + 0.015 \
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o Some recent data indicate possible deviations from
the Standard Model predictions...

¢ Data from HERA, LEP, Tevatron and low energy
experiments were combined in search for first-
generation leptoquarks.

e Possible signal for “new physics” observed for:

-~ ; contact interaction model

AN =1324+1.8 TeV
— 54 leptoquark model

A/M = 0.28+ 0.04 Tev—!
— . leptoquark model

A =0.095 + 0.015

¢ Leptoquark “signal” region accessible in many future
experiments (Tevatron, LHC, TESLA/NLC, THERA...)

More details:

Global Cl analysis e hep-ph/9904334
Euro.Phys.J. C11 (1999) 539

Leptoquark analysis e hep-ph/0003271
Updated CI results e hep-ph/0006196
LQ in future experiments ¢ hep-ph/0006335
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I?osﬂale Cl sig_na_l

Best description of all data —
model with ¢ d; contact interaction

Contributions to the probability function:

0.04

n/an [TeV™]
Maximum probabflity Pmaz = 1570. (In pmam = 7-‘4)
corresponds to 3.8 - deviation from the Standard Model:

- APV measurement: P=211 250
= LEP oagi P=74 200

. Low energy CC (CKMand e/u): 1I’=181 240
Contact Interaction mass scale: n=73%

A%h =13.2 + 1.8 TeV
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Searches at Future Colliders
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Current limits
|~ Possible signal
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