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Novosibirsk, BINP, 2002.12.17-1¢

7. Tau Physics

1o ooy
10
T-lepton bg
Heaviest lepton (point=structureless particle) 109 T
sensitive to new physics S
0w L O
semileptonic l"l'
mg¢ 7 -
= 2( —— 2 10
Tt = o0 2( oy Yam¢ V) doO
108 |-
® Decay to various modes e‘
® Unstable while e,u = stable: high precise measurement 105 |-

Tk=124ns, Tg=1.7 ps,
Tu= 22ns, Tr=0.3ps,

Beyond he SM (a)(s)(D)

® NewPhysics 3> Rarephenomena 3> High intensity ( ve) <Vl-l> (v1>




Novosibirsk, BINP, 2002.12.17-*

Test of T/CP Invariance inete-—>t * ¢ -

Test of T-invariance: EDM (n, e, atom), n B-decay, triple correlation (o, p) of nucleon
P=even, T=odd

@ pure leptonic transition :
UL — eV V (no violation, 2.3% : H. Burkard et al. PL 160B('85) 343.)

CA >=<Pq(P2+xP3") > inetee— 1*t ~ 1 =W/ vy

p i = momentum unit-vectors

+
» (P9 SM = no violation.
needs two interfering amp's with opposite CP phases.

¥
ooee R New Physics:
o— (P1) ¢ leptonic CKM (m,,#0) ;
— ¢ tEDM;
et ¢ multi-Higgs model ;

-------- e e scalar leptoquark model ;
£ BELLE exp ® SUSY/(R-parity conserving/violating) model ;
) ® Dirac/Majorama v-mass
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Tau lepton's Nutshell (by Kuhn)

(VT“—"-(XIV1>+ BIV2>)
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hadron \\
o’ f N
_ :k Resonances,
C Vp 8r, do, sin?e, L. ) N isospin relation,
.. form factors,
‘“ /V structure fcts,
CcvC

[Michel parameters] t N %o % J

h,, , universality
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Prospective View of Tau Physics

® multi-Higgs, SUSY
® Compositeness,
® Leptoquarks

@ 4th generation
® anomalous EM couplings

----------------------------------------

® Wk ® sin2 &,

O CC universality ® Miliggs [ l(_gL\j S% UT. LR, superString)
CC', NC coupling (Ppol, AF8), v -less decays, CPV,
. BR's, Lifetime, ; g W&EM dipole moments :

"Bread&Butter’ ph

. Hadronic BR's, Hadron \fynamics Neutrino mass physics

structure functions ¢
® ag(m ) ® V. A S, Tinteractions ® mass & miixing
® QCD sum rules ® SU(3) violation, mixing ® (cosmology)
écve Oms (7<)

® (9'2) AL
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Experimental search on Tau's Moments

= Grifols et al.
o EDM
L3
Delaguila et al. PG @ ARGUS
o OPAL
O :
o ® ‘
QL
X e
O 0
m%L‘\\\
WDM(Re, Im)
~ | Electric / Weak Dipole Moments

l |

(from PDG)
ahsolute value
a1l @ »
i PDG

L3

PETRA

@
0.01 + Anomalous Magnetic Moment
1990 2000
PDG |d¢l <3.1x10°16 ecm at 95% CL

ARGUS |Re(d;)] < 4.6 x 10-16 ecm
llm(dy)l < 1.8 x 10-16 ecm

1990 2000

IRe(do)l < 4.6 x 1017 ecm

(Not ofﬂcianea‘luees)
lim(dy)l < 1.8 x 1017 ecm
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® Search for new CPV interaction > parametrized by dipole form factor (EDM, WDM) >
Dipole moment interactions arise from quantum loop effects > introduce a mass dependent

e+ e+ multi-Higgs mT3
SUSY mr T EDM
e- e lepto-quark thmT 10-19 ecm
Majorana vV mv2m1;
exchange scalar field exchange lepto-quark
in multi-Higgs model in lepto-quark model

® CPVlagrangian: Lcp =- —'2 Tl Y5 Tdy(s) Fyy

M = Mgy + Re(dy ) Mre + Im(dy )My, + |dy |12My
MRe < (S+XS_)k,, & + (S4+XS)p,, B ; Mim < (S+—S)k, JH + (S4+S)p.. K

o Belle analysis

_ Mg |2 |M;.|2
e+e _’T+T '—)X+Y- O = I Rel — _ﬂ.

R Mgz ™ Mgyl
(XY =evv, uvv, iy, pv, ...) SM SM
8 combinations = pp, X, TP, LP, pE, UK, eT, el Optimal observable method

1.2M events in total




Tau-pair event selection

Data
29 5fb”" at KEKB/Belle experiment — 26.8 x 10° 1-pairs

ete” = 71~ > e*uT + (4v) candidate

Event selection

Exp 7 Run 996 Form 1 Event 14042

select 8 final state modes exclusively | BELLE i iseim izt

1T — eudyv, endv, un3v, ep3v,

up3v, Tp2v, pp2v, TR2V
2 charged tracks, no y except for n°
Barrel region, high momentum track
e, U, . probability
e: purity 99%, eff. 92% e
w: purity 98%, eff. 91%
. purity 89%, eff. 81%
ot :ontn’
" not (e,p)
7% 0.11<M(yy)<0.15 GeVI/c?

.———-
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Observable distributions @ Exp. data [IMC(d,=0) BMIMC background

x10* | , | x10"*
1.5t MO R |
1 0.2
0.5t 0.1
%0 5 0 5 0 Y ‘
x10"* Ore GeVie 4ot \
|
1 0.4
0.5t ] oal
RS R—— .
%o 10 0 10 0 %0 10 0 10 20
O, GeVl/e O GeV/e

- Good agreement btw. data and MC (d.=0)

2002/09/10-13 TAU2002@ University of California at Santa Cruz E




EDM vs. observable

Mean of observable is proportional to EDM.

(Ope) /Ufzed(f = /M cd¢ + Re(d )/ (Mp)” —5t—d¢
Mz
(Ogrenm) Vs EDM d, from MC
In the expenment, - ! 1 |
- initial radiation etc. 0.4—dtmta)—T
& o+
G 0.2
use full MC simulation 0.
<0Re> = GRe Re(d'r) + bRe 0.
(O1m) = arm - Im(d;) + brm e "0 (N I TS
A e

Re/im(d,)  (10'°ecm)

D
2002/69/10-13 TAU2002@University of California at Santa Cruz M/ D




Result

Re(d;) (10 "%ecm) Im(d,) (10 '%ecm)

e h——] 225£1.2620902 ey [t ~0.41£0.22£0.46
env| ke | 043£0.642060 en | ————i | -0.2240.1940.45
ur| b——w | -041:0.87£074 | et | 0.15£0.19+0.44
ep| | 000£03640.14 ep|  med | -0.0120.1420.13
wo| | oosxoaztois o | b4 | -0.0240.14£0.10
o | bt | 03430252022 mp|  wed | —0.22£0.13£0.16
pp| e | -008t0.2550.17 pp | e | —0.12£0.14:0.11
nn| ot | 04241172046 | e | 0.24+0.34+0.42
tOtOIHJ STT5E6.170] o]+ | Coossrases
~2-170 1 2 —1-050 05 1

- consistent with zero

D
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Summary

Electric dipole moment of the tau lepton

- exclusively selected tau samples from 29.5fb™" data
- Optimal observable

- Parameters (sensitivity, offset) are obtained

from full MC simulation.
Result (preliminary)

Re(d.)=( 1.15 £ 1.70)x10""7 ecm
Im(d.)=(—0.83 + 0.86)x10™"" ecm

- Improvement by one order of magnitude

95% C.L. limit :

Belle: -2.2<Re(d.)<4.5 (x107"" ecm), -2.5</m(d.)< 0.9 (x10™"" ecm)
LEP : d.|< 3.1 x107"® ecm

ARGUS : |Re(d,)|< 4.6 x107"° ecm, IIm(d,)] < 1.8 x107"° ecm

2002/09/10-13 TAU2002@ University of California at Santa Cruz




