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Introduction

Mass m = 0.1134289267 + 0.000000
Mass m = 105.6583715 + 0.0000035

OMichel parameters gy iialiet ~eorcy~tu
. . . . 5 . CT.=658.6384m
® Assuming QFT and Lorentz invariance, amplitude of 7’s leptonic Megaic ot sl (522
. . . . Electric dipole moment d = (—0.1 +
decay is expressed as a sum of S, V and T interactions with g{\]’- . ———

p = 074979 + 0.00026

vy Y n = 0.057 + 0.034

S . 1 . 46 = 0.75047 i+(t)) 3310634
" - scalar good unbiased test of B e 14
= V @ vector the SM, where only ey
z T : tensor gy, = 1is nonzero HTA (10 = 20)x 107
B/A = (4+6) x 1073

g/A=(2+7)x1073

4G 7=0.0240.
= 2. 95 @O un(w)] @ ()T (7) —
N=5V.T PDG summary table
ty=L,

® bilinear combinations of g{‘]’- are experimentally observable —p, n, §6, &, 17, K
® Measurement of p, n, §8, ¢ are already ongoing in ordinary leptonic decay t — lvv.

® Of all MPs, 17 and ¢k are measured only by the radiative leptonic decay T —» lvvy
Small branchingratio : B,(T = evvy) ~ 1.75%, B,(t = uvvy) ~ 0.36% ,E, > 10 MeV (CLEO experiment)

7= |abul?+ |aVal’ + = (|gRL+2gRL} + o n +2085]") +2 (|| + oFl”) Kf ﬁ )
k= |QKL| |QLR| + 3 OQRL_FQQRL‘ — |92r + 291 5] )+20 EL}Q | ER!

The purpose of this study is to measure the values of 1, ¢k \

SM 0.75 0 0.75

EX 0.747 ‘l_‘ 0.010 0.013 i 0.020 0.0746 i 0.021 0.995 i 0.007 not measured yet

PDG Chin. Phys. C38, 090001 (2014).



Physics motivation ?f ,% fi\
OObservation of y is equivalent to the measurement of
polarization of the daughter lepton:
®coupling of T with the right handed daughter lepton < 1 — ¢’

' = —{ — 48Kk +886/3 M) Final piece to reveal

the V — A structure!
O ;7 gives a constraint on each term

1
n = ‘QKLF"{_ |QER|2+g (|9§L+29gL|2+|g§R+29§R|2) +2(|9gL|2+|9gR|2)

T — elVelr

lgarl <0.70  |ghel <017 |gh.|=0

|92kl <099 |g/al <013 [g],| <0.082 V| <052
g5l <201 gl <052 |gh| <051 YRL '
g% <200 |glul < 1.005 |g%,|=0 gl ] < 0.51 These values are not
— S well known yet
grl < 2.01
|ggR| < 0.72 |g}?./R| < 0.18 ‘ggﬁl =0 .
|95l <0.95 gl <012 |gT,| <0.079 ng < 0.95 W»  Further constraint
lgac| <2.01  |gko| <052  |gk,| <0.51 on NP models

lgi,) <2.01 g}, | <1.005 |gl|=0

PDG Tau decay parameters



Method AR

»

Odl'(z™ - I"vvy) x A~ — B~ S— F»/+

T

4
dl = nV+(1—§p)(2n5+nV—nT)+ﬁ(2n5—2nv+nT) A~
SRR ) {nv——(l——S)(2n5+5nV n’%)+x(2n§—2n"§+n§?)} B~

where ek is direction of k = [,y and n; are known function, whose arguments are experimentally
observable.

OMeasurement of ¢k requires information of 7’s spin

OWe use correlation of the 77 pairs

) do
® The cross section
R dQ,
(0)

o Do + D;jS;S;": Dy spin-independent, D;; spin-dependent coefficients.

under the definite direction of spin (S-, F) is expressed

OWeusett - pt (-7 no)v decay as a spin analyzer.

®dr(r™ —>pv)=A+— .St
do(z7t" - (Tvvy)(p™Vv))
X DOA_AJr + D;;iB; BJr

PDF of signal @ @



Method

OThe Michel Parameters are fitted using the
likelihood function: £(7, éx) = ¥, log(PDF)

do
®“‘bare” PDF= —
dE; dQ}dE;dQ;, dQsdm2d,dQ,
7~ side Tt side
— ‘a(El*’QD . ‘G(E*,Q;) ) ‘ 0(&p, &2r) Convert to CMS
a(PL)| |a(p,q,)| |9(B, 0, ®)
do

dP,dQ,;dP,dQ,dP,dQ,dm3d0,jdP _

integrate out

Final formula

® is an angle
along the arc

Reversal
Cone A

S(x) = =

dP,dQ,dP,dQ,dP,dQ,dm2dQ, 4P

do JCDZ do

@5 (x): the visible PDF for observable X (Ngiy, = 12)

®S(x) has aform: ¥ = {P,, P, ., P,,Q,, m

Yivi,

o, dPdQ,dP,dQ,dP,dQ,dmidQ,dd



Method

CEvent selection & existence of BG — the visible PDF is
formulated as sum of signal and BGs

> S(x)e(x)
'Ptot(x) — (1 _ Z}ll) | fde(f)E(f)
i: index of background
S(x): PDF of signal

B;(x): PDF of i-th background
A;: fraction of i-th background component
£(x): selection efficiency
O =(x) does not depend on 7, §k and drops when £ is
formulated: <no necessity of the tabulation of £(x)

B
LT axB(®)e(x)

+ 32

ONormalization is evaluated by MC o = [ dRAy ()
O S(®) = Ap(F) + Ag(®) - 7T + Age(F) - /T
® [ dxS(X)e(%) = [ dxe(X¥)A, (%) AO”ﬁZJ;Af;ch _ :/Z:IZR A0+Aﬁ':1:Asx€K

O-Oc'iT o . .
N.., |1+ N5 - + Ng - €k | 6,: absolute normalization
se

Ny, N, : relative normalization




Event selection

OWe use all data taken with Y(4S) energy: 703 fb~!
OPreselection of 7t

1. exactly two oppositely charged tracks
® dr < 0.5 cm, |dz| < 2.5 cm, one P; > 0.5 GeV/c, the other P, > 0.1 GeV/c
2. ECL cluster energy < 9 GeV
3. opening angle of two tracks 20° < < 175°
107 1071
4. N,<5 for E,, >80 MeV N o
g7 | 5
5. 1 GeV/C2<MmiSSing<7 GeV/CZ 3 s of
4 i
6. 30°<9missing<1750 %2.5 2.5}
E O | | | 0; | | |
In particular, the last two requirements 0 Omsswe 200 0 Opysgye 200

well discriminate other physics

-3
L=

10

. T&! - Bhabha, up MC . Two-photon MC
processes like S 75 7.5/
« Bhabhaete™ »ete” o 5 5/
- - 2
e ete” > utpu 825| 2.5/
« Two photon processes = ol _ ol
0 GM!SSING 200 0 G)J'IIMSSING 200



Event selection v

OFinal selection

P P
‘> 0.9, Muon: £

®Pion: > 0.4
PTL'+PK

o’ candidate: 115 MeV/c*<m,,, <150 MeV/c* for E, >80 MeV
®p candidate: 0.5 GeV/c?<m,,<1.5 GeV/c?

®0, ., > 90°

® cosb,, > 0.9848, cosb,,, > 0.9700

®Energy of photons which are not associated with any tracks
Eextray<0.2 GeV for T - evvy and

Eextray<0.3 GeV for 7 - uvvy

> 0.9

®FElectron:

Pr




T — evvy candidates
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T — uvvy candidates
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Analysis of the experimental data

> S(%)eME (%)
0P (%) = (1 = TA) * Tyzseone

Bi(f)SMC
T 24 [ d%B;(#)eMC

£EX(92'))
SMC()_C))

B (%) » eMC(X) - R(%) withR(X) =
o S(X)eMC(RR () B;(#)eMCR(%)
OPeoe () = (1 = X4;) J d%s(®%)eMCR(x) Zlif dxB;(X)eMER(X)

OThe difference of the efficiencies b.t.w MC and EX is
taken account by the correction factors R (x).

OR (3_5 ) = Rtrg .- trigger efficiency correction
X R I ( Pl' cosB l) .- lepton efficiency correction
X Ry (Py, COSQY) .- photon efficiency correction
X Rn (P ) COSQT[) ... pion efficiency correction

X R 0 (P 707 cosf no) .- neutral pion efficiency correction



Analysis of the experimental data

OR; (P, cos6;) = Rrec * Ruip
®reconstruction efficiency correction is taken using t —» v
®lepton ID efficiency correction is estimated from two photon

events: ete” - ete T
O Rn(Pn» COSH,T) = Ryec " Ruip
®pion ID efficiency correction is estimated from D** —» Dz ™
decay
DRY (Py, COSQ],), R o (Pno, COSHno)

®photon and n° efficiency corrections are taken from a
comparison between T - w’v and T - nv decays

OR

®trigger reconstruction efficiency correction is extracted
based on the independent neutral and charged signal
information



Evaluation of systematic uncertainties

T > evvy T = Uvvy
[tem oc 0%, or Ot
Relative normalizations 4.2 0.94 0.15 0.04
Absolute normalizations 1.0 0.01 0.03 0.001
Description of the background PDF 2.5 0.24 0.67 0.22
Input of branching ratio 3.8 0.05 0.25 0.01
Effect of cluster merge in ECL 2.2 0.46 0.02 0.06
Detector resolution 0.74 0.20 0.22 0.02
Correction factor R 1.9 0.14 0.04 0.04
Beam energy spread negligible negligible negligible negligible

Total 7.0 1.1 0.76 0.24




Evaluation of systematic uncertainties

Olnput of branching ratio
®Uncertainties from existing Br values
®the error is taken from the PDG values
®the selected fractions 64,/1; are varied and movement of
fitted MPs are evaluated
COONormalizations
®The uncertainty comes from finite number of MC events
®The errors from the normalizations are estimated based on a
central limiting theorem: §N? = Var(4/4,)/Nyc
OCorrection factor tables R(x)

®The effect of the error of R (6R) is estimated by varying the
R values and observing the shift of MPs.



Evaluation of systematic uncertainties

OEffect of the detector resolution is estimated by
turning on/off the unfolding with the resolution
function.

OThe effect of the beam energy spread is evaluated by
varying the +/s values based on the uncertainties when
we calculate PDFs: S(x) and B (x).



Result

ODue to the poor sensitivity of T — evvy events, 17 is
extracted from only T — uvvy events

O(&x)e is fitted by fixing 7 = g = 0.

On* and (éx)“ are fitted simultaneously

Fit contour for t - uvvy

=

(€k)® = —0.5+0.8+ 1.1, ke g

7' = —2.04 1.5+ 0.8,
k)W = 0. : 2, )
E)W = 0.84£0.5+0.2 |

The first error is statistical and the o5t | >
second is systematic. 1o to 30 statistical

“deviations from
¢k are naively combined: " “inner to outer side

5/’% = 0.6 = 0.5 R R R R o"1%z
OCorrelation between 7 and (Sx)* is small (~7%)

16



Conclusion

OWe present the first measurement of the Michel parameter
n and éx in radiative leptonic decay T — lvvy using all
703 fb~! available Belle data.

OBoth 77 and éx are important to constrain general couplings
of T into leptons

OThe 7 is obtained only from 7 —» uvvy mode due to the
poor sensitivity of electron mode while the &k is obtained
using both modes

OThe results: (¢x)9 = —-05+08=+1.1,
At = —2.04+1.5+0.8,

(k)W = 0.840.5+0.2,

OThe statistical uncertainty is larger than the systematic.
The Belle IT experiment (x50 stat.) allows us to do further
precision tests.

OThe conference paper (BELLE-CONF#1610) will be
submitted on arxiv.









Belle experiment

OKEKB accelerator e
® ce collider located at Tsukuba, Ibaraki, ]apan :
® Energy asymmetry: (E.-, E,+) = (8.0,3.5) GeV, /s = Ey(45) = 10 58 GeV
® B-factory: collects ee collision data for 12 years.
® Total integrated luminosity: 1ab™1: Y(4S) - 0(10°) BB-pairs, tr-pairs

COBelle detector

® 1.5 T magnetic field

: = Aerogel Cherenkov cnt.
o Vertexmg SC solenoid /\\ \\ J n=1.015~1.030
15T Y 1 [/ !

» double sided silicon strip detector
® Momentum tracking CsI(TI)

16X

e drift chamber (He + C,Hs) °

. TOF counter .

® Calorimeter e

« y: CSI(TI): 16X, 8 Gev %:» =< ( .i‘\  Drift Chamber
® Particle Identifications S - T\" cell +He/C,Hj

« TOF (time of flight) counter K .

* aerogel Cherenkov counter /m Si vtx. det. n /'K, detection

3/4 lyr. DSSD 14/15 lyr. RPC+Fe

. Z—i using drift chamber e/n
* K;,u: RPC/Fe sandwich K; 20



