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Introduction: Belle experiment

Be\le

Belle Detector

. Aerogel Cherenkov cnt.
S(llss_lglenmd r n=1.015~1.030

demral Drift Chamber
\imall cell +He/C,H,

e X J
Si vtx. det./ M /K, detection
3/4 lyr. DSSD 14/15 lyr. RPC+Fe

Process o, nb
ete” —efe (v) 1235
15° < ¢ < 165° "] E,- =8GeV, Eg+ =3.5GeV
ete” — putu—(v) 1.005 @ Peak luminosity:
efe” —»qg(g=u,d,s,c) | 339 L=2.11x% 10% cm—2s~1
— 1
ete” —bb 1.05 @ Integrated luminosity:
ete” — eteff 72.6 det ~1 ab—l Ny, ~ 109
(f=u,d,s,c.epr) o
| e o () | 5910 | @ B-factory is also T-factory
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Introduction

In the SM charged weak interaction is described by the exchange of W £ with a pure
vector coupling to only left-handed fermions ("V-A”" Lorentz structure). Deviations from
"V-A" indicate New Physics. 7=~ — ¢~ v, (£ = e, p) decays provide clean laboratory
to probe electroweak couplings.

The most general, Lorentz invariant four-lepton interaction matrix element:

=2 % aaerem)| [ameonueo).
N=S,V,T
ii=L,R
rS=1,1rv=q*r1" = — AV
¥ 2\/—(7 7 =)
Ten couplings gi'j“, in the SM the only non-zero constant is g‘l_/l_ =1

Four bilinear combinations of gﬂ.\‘, which are called as Michel parameters (MP): p, 7, &
and § appear in the energy spectrum of the outgoing lepton:

dr(+¥) 4GZM.E? 2
SoaC = F(zﬂ)4max1 /x2 — x2 (x(l —X)+ §p(4x2 —3x —x2) + 7x%o(1 — x)

1 2 E m
:FéPTcosegf x2—x§[1—x+§5(4x—4+,/1—x§)}), X= % xXg= -2

Emax

IntheSM: p=2,n=0,6=1,6=3
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Status of Michel parameters in 7 decays

Michel par. Measured value Experiment SM value
p 0.747 £ 0.010 £ 0.006 CLEO-97 3/4
(eor ) 1.2%

f} 0.012 £+ 0.026 4+ 0.004 ALEPH-01 0
(eor p) . /0

1.007 + 0.040 + 0.015 CLEO-97 1
(eor p) 4 3%
f(; 0.745 4+ 0.026 + 0.009 CLEO-97 3/4

(eorp) 2.8%

Eh 0.992 + 0.007 + 0.008 ALEPH-01 1

(all hadr.) 1 1%

& oossfooz & 073540020

With x300 Belle statistics we can improve MP uncertainties by one order of magnitude
In BSM models the couplings to = are expected to be enhanced in comparison with .
Also contribution from New Physics in — decays can be amplified by (m—T)".

o

2
@ Type Il 2HDM: 7,,(7) = DuMz (tﬁgzﬂ) ; Zul) — Mz 3500
HE

5
—0.096 < kY < 0.037: DELPHI Abreu EPJ C16 (2000) 229.

@ Unparticles: Moyotl PRD 84 (2011) 073010, Choudhury PLB 658 (2008) 148.

@ Tensor interaction: £ = ;S-w* {177“(1 =577 4 = (170“ nu(l — 75)T> }

@ Lorentz and CPTV: Hollenberg PLB 701 (2011) 89
@ Heavy Majorana neutrino: M. Doi et al., Prog. Theor. Phys. 118 (2007) 1069.
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Method, study of ¢ — p and p — p events

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of (7 — ¢Fvv; 7% — pEu) topology are used to measure: p, 0, £,€ and £,&5,
while (rF — pFv; 7+ — p*u) events are used to extract £2.

T helicity

¥ helicity
RH

do(¢F, p*) = Ao+ pAL + 1A + £ A + € £6A4—24:A9
dE;dQydQsdme _df.de, O O r T IR TR et m 2 A

[}
do(¢F, pE) 2 do(¢F , pF)

F@) = _ :/ _ '
dp,ydQ,dp,dQ2pdmZ  dy e dEZ‘dQZdQ;’;dm?NWdQ"dQT (Pg, s Pps Qs Pr)

O(E}, 25,95, 2r)

6o

N
L=T]PY, P® = FE¥)/N(8), N(6) = /f(z)dz, 8 = (L, pym, €0, €€000)
k=1

MP are extracted in the unbinned maximum likelihood fit of (¢, p) events in the 9D
phase space Z = (pg, c0S 0y, ¢¢, Pp, COSOp, ¢p, M2, COSbOr, ¢r)in CMS.
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Selection criteria

@ Aiter the standard preselections we take events with two oppositely charged tracks, one of
them is identified as lepton (elD, 1D > 0.9) and the other one as pion (PID(w/K) > 0.4).
@ 7° candidate is reconstructed from the pair of gammas (E}*® > 80 MeV) satisfying
115 MeVic® < M., < 150 MeV/c?, PSH'S > 0.3 GeVic.
@ cos(Piep, P) < 0, c08(Piep, P_o) < 0,0.3 GeV/c> < M__o < 1.8 GeV/c?.

@ EL® <0.2Gev

resty

Detection efficiency eget ~ 12%
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Corrections, detector effects, background

Physical corrections:

@ All O(c®) QED and electroweak higher order corrections to
ete”™ — 7777 () are included

@ Radiative leptonic decays 7~ — £~ Dyvry
@ Radiative decay 7~ — 7 7vy
Detector effects:
@ Track momentum resolution
@ ~ energy and angular resolution
@ Effect of external bremsstrahlung for e — p events
@ Beam energy spread
@ EXP/MC efficiency corrections (trigger, track rec., #° rec., ¢ID, 7ID)

Background:

The main background comes from ¢ — 77%7°(~10%) and

7 — nrl(n — p)(~1.5%) events, it is included in PDF analytically.

The remaining background(~2.0%) is taken into account using MC-based
approach.

Background from the non-77 events is < 0.1%.
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) SE9 By (X) B (x)
Pe0 = =220 + A3 +Ax + A Pother (X)
¢ ( 'Z I J %ﬁS(X)dx I E(ﬁgh_( I %-ﬁéﬂ-(x)dx) other Zother
B % ‘#E“,(pl- Q)
B37|‘(X) = /2(1 —€,0 (y))&?add (y)Bg,,(x,y)dy, Bﬂ.(x) = ,J,\DiBw(x)
gﬂﬂu(pé- Qé)

m = €ggrr (x )eﬁl)?r (x)e(x)

x = (Pe, Qi Poy Qo Mar, Qe )iy = (Pro, Lyo);
S(x) - theoretical density of signal (¢F, 7+x°) events;
B3, (X,y) - theoretical density of background (¢F, 7£2x0) events;
B (x) - theoretical density of background (¥, 7+x0) events;
e(x) - detection efficiency for signal events (common multiplier );
ngﬁer( ) - PDF for the remaining background (MC-based procedure);
- i-th background fraction (from MC)
e0(Y) - 70 detection efficiency (tabulated from MC);
Sig

caddy) = e354Y)/€aqq - ratio of the EL8, cut efficiencies (tabulated from MC);

i (pe, Q) /el (e, Q) is tabulated from MC;

a9 (%), €¥D (x) - EXPIMC efficiency corrections.
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Validation of the fitter with MC

For each configuration 5M MC sample is fitted. The other, statistically
independent, 5M MC sample was used to calculate normalization.

(et; 7 70)
p = 07517 £ 0.0010
n = 0 - fixed
I3 = 10092 <+ 0.0043
&6 = 07538 <+ 0.0027
ge
=

PEMS (GeVic)

Graph

L
05 1 15 2 25 3 35 4 45 5 5

X I ndt

93.17/100

PO 3578:05200005523
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PEVS (GeVic)

= Lot
05 1 15 2 25 3 35 4 45

(770
p = 07494 & 00027
n = 00052 4+ 0.0101
€ = 09995 <+ 0.0050
€ = 07519 <+ 0.0033
ge

evendl (50 MeVIc)
5

05 1 15 2 25 3
PEMS (Gevic)

Graph

35 4 45 5 5

Mean
RMS

2318
101

Xt Indt
0

0.0002153 + 0.0005606.

721198
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Description of the remaining background

D. Schmidt et al., Nucl. Instr. and Meth. A328 (1993) 547.

PDF for the remaining background

NSEe (%) /Vi NS§ (Xi)/Vi Ngg (xi)/Vi
Potner (%) = —serror— Pois(%) = —Learror —» S04) = —Sgenvor
other sig sig
g . Nssizl or Ngi;n(xi) € P (X ) _ L= Z Ai Ngfhler(Xi)S(X )
_ e (%) = _
() NSE(a) NEEMTOT T e(x) T Xotner ~ NEE'(xi) ~
= S() B3 (%) Br(x) Noer )
PX) = — ((@=)_ ) +A3x +Ar +@=>" ) Sem (%)
S ( ; If%_ﬁs(x)dx : 7 E®E, (x)ix 286 2N NEE () M x')

4

MC statistics we have is not enough to tabulate PDF for the remaining
background in 9D with sufficient accuracy. Therefore we try to
determine PDF in the reduced phase space in such a way that the
main correlations are still taken into account.

The best scheme (with the lowest systematic bias of MP) we

found so faris:  Pap(Pe, Py, w, COSy),)
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(Ps, P,, w, cosiy,)-scheme, MC fit

Simultaneous fit of MC (e™; p™), (e 7;p07), (u™;p7), (u™; pT) events

p Michel par. for All events n Michel par. for All events
0.754F @ Ony sgmal T ® omwsona
E | # sionaivan 0015F| 4 signal+3n
E Signal + 31+ [ Signal + 37+t
0753 m E | moar
F L= smuaue [
0.752F 0.01-
E /I r — &
0.75 [
a * oo
o
. 4
Fl ~_
0.748F r 4
£ 0. +
0.747+- i £ i i
01 0.15 0.2 0.25 03 01 0.15 0.2 0.25 03
LAB LAB
EVS,, cut (GeV) EVAS,, CUt (GeV)
& Michel par. for All events &> Michel par. for All events
@ Only signal E @ Only signal
F | # sionaivan 0781 & signal+3n
1,005~ Signal + 31+ E Signal + 31+
L | ma O7S8E| m ai
FL—smua o — SMyal
F p » o 7545— —]
o o) R
W 1S os2E | |
osof 0.
E m— = 0.748F
. — Fa———a
o
T ]
0.744)
o. E
01 0.15 5 03 01 0.1 03

BV, cut (GeV) Bt (Ge)
Still, systematic bias of about 1% is seen for ¢,£ parameter.
We are working on to improve the description of the remaining background.
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EXP/MC efficiency corrections (

(e™; p~) event
Two independent subtriggers (neutral (ECL) and charged (CDC®TOF®KLM))

are used to evaluate EXP/MC trigger efficiency correction.

o

EXP/eMC
Erig lstng

>9 9

o

R

o

= 9
p).sample 1 E o
¢ ] osd . I
Sy AL
3 Qo E T
st ¢ 1t 1 22 og R
E w 3
T E o 078
X T 70.75156 3 [
Prob 0.0886 3 ws 0. 62.22/58
Po 0.8195 + 0.02345 E w 0.3284
pl -0.04571% 0.03367 3 11 0.65 0.5042 + 0.1581
p2 0.1782 + 0.02815 = X o6& 0.5684 £ 0.3535
3 002682 + 0.001994 3 -6 0.05718 + 0.006313
P4 0+ 0 3 ek
pS 085+ 0 3 0.5 E 0.0005679 23'5215901
s 115+ 0 E 0.5F -45 &
p7 4: 0 E ¥ 15+ 0
; E

g
o

Ak T T S DU SO !
"0 051 15 2 25 3 35 4 4!

P (GeVic)

Tl
3354 45 5 55 6 6.
P (GeVic)

N

The lepton detection efficiency is corrected using the
ete” —efe (¢, £ = e, utwo-photon data sample.

o

o
©
b

o o

o

EXP/eMC
seID /seID

o o o

o
©
)
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E R E E 1 E
£ o E £ ~T1 1.00
P L =+ ! E g b E
E bl NV E 3 2 E
- = q- B
ot T ndr H %% o4 = s
E Prob E E n 252475 |
9% H =, 09% Prob 0.728 |
F pl; E ﬁ% P PO 0.9806+0.01035 | J
I P ERS 3 pl -0.0167+ 0.01703 |3
adh p2 7 ad p2 0.02198 + 0.006707 |
¥ p3 E 088 p3 -0.08046 + 0.02131 [
8q p4 = F p4 001918+ 0006282 |
F F 5 B E \ 5 075+ 0 | 4
sAf C E 84 p6 225+ 0 |
SHe P )sampleTles 3 E 084 ) b ars: o]
1 15 2 25 3 35 4 45 0'8‘0 2 25 3 35 4 45 5
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Fit of the experimental data, (¢*;p")

i (€ :m] e Lwo) |
s s
Tt \ : N
Q "" 8 r T
g A < A
oty 3 / hY
2 ==
fo EEE e ecer P
L/ S N
05 1 15 2 25 3 35 4 45 5.5 05 115 ZECMZéSGSV 35 4 45 5 ¢
EC" (GeV) S (Gev)
= o) ]
0 F . - 1
ooa%l(e ’p)! i ‘ { 1L i
oot I ] T
Y oot fi (A fuah
AP RT | b L
shook Y A : % L
geoor ] o
0. 0.
0. o 1
N 05 1 15 2 25 3 35 4 45 5 55 | 05 115 2 28 3 35 4 45 5 55 (
ESHS (Gev) ESVS (Gev)
= fa [wip)
il [ m] f \ |
3 . y
g 5 g y
! / X
z z
e / B
S = | s |
-1 2 3 4 :\6 7 8 -1 1 2 3 4 ;\6 7 8
Likelihood / Event Likelihood / Event

Experimental data sample of 485 fb—1 (446 x108 +7~) was analyzed
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Systematic uncertainties

Source a(p). % o(n),% 0(£:£), % 0(£,80), %
Physical corrections
ISR+O(a®) 0.10 0.30 0.20 0.15
T — bvvy 0.03 0.10 0.09 0.08
T — pUYy 0.06 0.16 0.11 0.02
Dom. background 0.20 0.60 0.20 0.20
Apparatus corrections
Resolution & brems. 0.10 0.33 0.11 0.19
o (Epeam) 0.07 0.25 0.03 0.15
Normalization
AN 0.21 0.60 0.38 0.26
Total 0.33 1.01 0.51 0.45
We observe a systematic bias of about 1% in w0
the £,& MP, which originates from the RIRERDZ-7 40
incomplete description of the remaining i
background. il

The dominant systematic uncertainties coming from the various
EXP/MC efficiency corrections are under investigation.
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@ The procedure to measure 4 Michel parameters (MP) (p, , &, £9)
in leptonic T decays at B factory has been developed and tested.
It is based on the analysis of the (¢F, p*), £ =e, pand (pT, p*)
events and utilizes spin-spin correlation of tau leptons.

@ We confirmed that with Belle data the statistical accuracy of MP
is by one order of magnitude better than in the previous best
measurements (CLEO, ALEPH).

@ Various EXP/MC efficiency corrections provide the dominant
contribution to the systemtic uncertainties of MP. The trigger and
lepton identification EXP/MC efficiency corrections have been
already taken into account.

@ The main background components (¢ — 77°7°, 7 — 779 (7 — 1))
are described analytically in the fitter, the related systematic
uncertainty is (0.2 + 0.6)%.

@ The remaining background (with the fraction of ~2.0%), coming
from the other 7 decays, is described with help of the MC-based
method. Currently we have about 1% systematic bias in £, MP
due to incomplete description of this background.

@ The analysis is going on.
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Helicity sensitive variable w

2<.-0.35 -0.35 <@ <0. ©>.0.35.
M. Davier et. al Phys. Lett. B 306 (1993) 411. !f' [€in)
Helicity sensitive variable w is introduced as: 3 /
@, J / =N
! o2 )dd =< (Fou fe) > / e S
w = + + = + + le_i3m} "
R A
T e <(F¥uﬁ,)>m
LH RH RH LH
00>§l_)+ < 2o 7 —_— w>? - 7
- ’ _ preferred Ple @ 4 -
F +
w<0 RH p\\/Tp w<0 1 RA p\\/\Tp
o i(e+ i p) | T [e.m] P ©:p) |
g ,««‘ﬁ %, B iy g N
2 §  w<-035 % é 038 crye 02t H 35 %,
g " < € ok M
X S \ 2 ok | h
R CED R GEN R T
[ - = N ==
R SRR oo AT

SV (Gev)

Spin-spin correlation manifests itself through momentum-momentum
correlations of final lepton and pions.
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Multidimensional unbinned maximum likelihood fit

4 Michel parameters (é 1, p, n, &, 5p5;5;)) are extracted in the unbinned maximum
likelihood fit of £ — p events in the 9D phase space in CMS,

Z = (pe, €0SOg, do, Pp, COSO,, ¢p, Mrr, cos b, ¢-). The PDF for individual k-th event is
written in the form:

].'
Pl = (Z ) , N(©) = /.7: 7)dZ
N(8)
Likelihood function for N events:
N
=TI7P%. £=-mL=NmnN@E Zln}' = F(z%)
k=1

4
7O = ale, + AMe, +ale, + AVe; +Ale, = > AWe

(k)
1Q A

N = Co@0 +C101 +C20; +C303 + Ca@s, C = >, e s ——

k=1 Ak gme

NS

i=0

4

8¢ = (1, 0.75, 0, 1, 0.75), —NIn(ZC@) ZIn(ZAk)@)

(k)

As aresult fitted statistics is represented by a set of 5 x N values of A
(k =1+ N, i =0+ 4), which is calculated only once.
Ci (i = 0+ 4) are calculated using MC simulation.
In ideal case (no rad. corr., e = 100%): Co = 1, C; = 4m;/m;,C134 =0
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) correctionsto ete™ — 777 ()

0
BOX >-’-’-’-’-’.‘.‘%.‘.‘.‘::::
—~— U= — - Electroweak

Vertex corr. Vacuum polarizatio

S. Jadach and Z. Was, Acta Phys. Polon. B 15 (1984) 1151 [Erratum-ibid. B 16 (1985) 483].
A. B. Arbuzov et al JHEP 9710 (1997) 001.

Charge-odd part of the cross section comes from the interference of
the ISR and FSR diagrams as well as box and Born diagrams, and
Z%-exchange and Born diagrams.
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Contents of the remainin

(e, h) mode EL bt < 0-1GeVELE | < 0.3Gev
(e, mn°K.) 22.1% 17.1%
(e, ©3x0) 8.8% 15.9%
(e, 37n°) 9.8% 8.5%
(e, K70 11.6% 8.5%
(e, ) 8.3% 7.6%
(e, mKg(— 700 4.9% 7.1%
(e, 7mKg(— 7°=0)) 3.5% 3.2%
(7, ©7°) 6.9% 4.9%
(nn0, 7x0) 2.0% 2.8%
sum 77.9% 75.6%
rest 22.1% 24.4%
(i, D) I;’lode ELABg < 0-1Gev ELAB | < 0.3Gev
(1, 7n°KyL) 15.5% 11.5%
(u, 7370) 6.5% 10.6%
(u, 377°%) 8.8% 7.0%
(e, K70) 8.9% 6.2%
(s, ™) 7.6% 6.3%
(1, wKg(— 0x0)) 3.9% 4.9%
(nn0, 7x0) 10.8% 15.9%
(r, w270) 4.4% 5.5%
(K, 7x°) 7.2% 4.9%
sum 73.6% 72.8%
rest 26.4% 27.2%
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