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Introduction : Why tau’s 5-leptonic decay?

—— — P :
L x z {g/llp [llrl(vl’)f] [(Vl)KrilP]} gorf;;:ain a coupling

i=SV,T :
A,p=L,R FS = I, FV — yﬂ, FT — O'”V/—\/E COV\StaV\t glp .

In the SM, the Lorentz structure of the
charged weak current has a V-A
coupling. We study the Lorentz
stfructure through the constraints of

RECENT CONSTRAINTS TO g5, /
Table 5: 95% CL experimental bounds for the leptonic 7-decay couplings [101] /

In < decays only s Tighter constraints to

polarization and
spectrum of daughters Igl%lt|<0'70 |gflf|<0'99 lgfu.ls2 |gfL|52 -I-hese Coupling Cons-l-cn-l-s

is measured. Possible |ghnl < 0.17 g} nl < 0.13 |ghe| < 0.52 lgrz) <1

to measure l9krl =0 loFpl < 0082 |gh| <051  |gF =0 iS possib|e from Michel-
KT like parameters

5l <072 Sl <095 Lyl lfl<
|gkrl < 0.18 lgfnl < 0.12 lgke| < 0.52 < .
S lepton decays in the SM & beyond @ Belle(-11) |9kl =0 lLpl < 0.079 lgge| < 0.51 = :

Reference: P. Roig et al., B2TIP@Pittsburgh ‘s slide




Michel-like parameters appear dl's

decays of tau

U vy (LU = e, p)

Prediction from theory

+ ot ot —

BR(7™ = e~ eTe v, ) x 10° 4.21£0.01

+

T_.eei‘u"'u_v‘[ve TFrom:

BR(7~ — e~ ptp ey ) x 107 [ 1.247 £ 0.001 W. Fetscher, H. J. Gerber and K. F. J

)
Ti—»,uieJre_vTv” BR(7~ — p ete ) x10° | 1.984 £ 0.004
BR(t~ — puputp v, )x107 | 1.183 £ 0.001

+ ot
TE=>uutu" vy,

(the detail will be described later)

in a width of five-body leptonic KA a N R

lv s o1y, lvi s  or
I, = 79Lr(9RL + 6gpL)” + AU B byrr)

M2|ﬁ1||ﬁ2| |ﬁ3| TSIBIQB(P)

(QLLTEL + QRLT;?L + BRLTI?L + L« R)+Re (L)T,f + 13T5>]

Michel parameters

1 o . -
QL = Elyf;.l" tlarel?
I [~ > F a9 d & 3
Qn = 7lapl* 4 gk | + 9k

QrL = ]Iyi.:fl' + lorrl* + oLrl?

; ] & ] F 2
Qrr = 1|£fjf.~ﬂ|’ + |9kel®

Bpp = —|gp + 6age|* + lope®
16

l . - N ] F 3
Bir = Telotr + 6gal” + azal*

¥V _Se g Ve 8§ 5
Is = a1,1.98R/2 + 9RRaLL/2

Phys. Letft. B 173, 102 (1986)




STRATEGY OF MEASUREMENT

» Use the value of branching fraction will be measured
by the data of experiment

» Use the theoretical formula of branching fraction
which depends on the Michel parameters

BRey, = BRsy|Qrr, + WQrr + cBrr + Qrr + dQpyr, + €Bprp, + R(f 1, + gl3)] + BRx10.

Assuming the discrepancy A,

Measured _ SM predicted /
BRf—”—)lilﬂ‘vrvl I BRTi-elizﬂ—vrvl +4

We constrain the Michel-like parameters by,

BRgmX [bQgy, ¢Brr, Qrr. AQr, €Brr, flg, OF glg] <A

To do this, we calculated each coefficient b~g.

/



one termin R CBrr, Qrr, AQpgr. €Brr, flg, OF glg].

We give tighter constraints to Michel paramete

—
Qrr < A/(BRsub). Bgy, <A/(BRsmc), Qgrr <A/(BRswm). QLr < A/(BRgmd),

Bir < A/(BRgme), Io < A/(BRsmf). Is < A/(BRsmg).

» Use the theoretical formula o
which depends on the Michel-like parameter
(] (]
BRoy, = BRsy[Qrr +bQpr + cBrp + Qrr + dQpy, + eBpy, + R(f1, + 9l3)] + BRx10. <—— P reVI O US S | I d e

Assuming the discrepancy A,

BR Measured — BRSM predicted +A /

= 1E 1ty T 13 Ty

We constrain the Michel-like parameters by,

BRsmX[bQgry, cBrr, Qrr. AQrr, €Brg. flg, OF glg] <A
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BELLE EXPERIMENT

- Integrated Luminosity 1000 fb~1
- Energy of Collision e™ (8 GeV) / e™ (3.5 GeV)
. /s = 10.58 GeV

+ — ~ Opp ~ 105 ﬂb
e"e” —> BB (neutral+charged)

ete” > 1t~ 0., =(0.91940.003) nb

Belle is B factory, SN @= =

PID (Aeragel)

and also fau-factory.

W mt. Tsukuba




BELLE EXPERIMENT

- Integrated Luminosity 1000 fb~1
- Energy of Collision e™ (8 GeV) / e™ (3.5 GeV)
. /s = 10.58 GeV

+ — ~ Opp ~ 105 ﬂb
e'e” > BB (neutral+charged)

ete” 5> 1tt1t™ 4, =(0.91940.003) nb

Belle is B factory, > mo
and also tau-factory. « LA o
W Mt. Tsukuba |

Belle has large data of tau-pairs
T N,,~ 9.0x108

T Bfactory
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STUDY OF MONTE CARLO SAMPLE

» We developed the event generator of
T X1 v, v, by using full matrix elements given in
Ref. [JHEP 1604, 185 (2016)]

Invariant mass of (£1*1~ [GeV/c?] (Generated events)

Framework:
KKMC+PHOTOS+TAUOLA




Thrust selection is @

5 = Piy, © Momen
sig tag ["'th p‘} signal-side

Define thrust vector by ng, = max{ > =
sigtag/Fi

Prag - Momentum vector of charged particle

Separate signal and tag side by: in tag-side
(i~ By < 0}8&{7eh - Prag > 0}] OF [{7iey - Py, > 0}&&{Tir, - Brag < O}1- &

Require the number of charged tracks in signal side to be
three and that of tag side to be one

®
&
Require Zsng =11 and X, Q = +1

7

We use 1-prong decay of
tau as tag



the

15

Thrust selection is applied as folloy

Define thrust vector by ng, = ma

Separate signal and tag
[{(7th - Pig;, S8

Requd
.I.

Red

um vector of charged particle
de

-,

th'Fag)<0}]- ®

signal side to be

We use 1-prong decay of
tau as tag
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ttsetete vy,

Invariant Mass of Three Electrons Invariant Mass of pee
SIGNAL: (t* — e*eevv)+(t" — 1-prong decay) ; I:l SIGNAL: { ©* - n*eevv)+(t - 1-prong decay)
BG: (1*+ > e*vvym)-r(‘r‘ — 1-prong decay) - BG: (t* - uivvy_ )+(t - 1-prong decay)
BG: (t* - pv)+(t’ — 1-prong decay) - BG: (€8 - pivy, (<" - 1-prong decay)

BG: Two-Photon process ee->eeee
BG: (t* - w'n’z’v)+(t" - 1-prong decay)

m
H
H BG: Two-Photon process ee->eepj

BG: Two-Photon process ee->eeuu
BG: Other cpsicsevers o To evaluate the
background and calculate
| * s ot R Ll cfficiencies, a Monte Carlo
(MC) sample of 4 million
sl S/ONCI decays was used.
BG: 6 s (105 ) Histograms shown left are
B Tuc Photon process e oss plotted by assuming the SM
B Ot e cvene predicted branching rafio.

trsptutuTvey,
Invariant Mass of L

2 25 3 E 2 25 3
Invariant_mass of epp [GeV/c2] Invariant_mass of pup [GeV/c2]




ttsetete vy,

Invariant Mass of Three Electrons Invariant Mass of pee

I:l SIGNAL: { * - n*eevv)+(t" - 1-prong decay)
- BG: (t* = p‘vvym’u(t‘ ~» 1-prong decay)
- BG: (t* —» p’v'y“ADH(':' ~» 1-prong decay)
- BG: (t* - wa’z’v)+(t" 1-prong decay)

Entries
o
(=3

I:I SIGNAL: (t* — e*eevv)+(t’ — 1-prong deca

- BG: (1t —» e*vvym)-r(‘r‘ — 1-prong decay)

BG: (t* = p'v)+(t’ — 1-prong decay)

o
o

IIIIIIIIIIIIII
lIIIIIIlIIIlIII|IIIIIII|I

@
o

400 BG: Two-Photon process ee->eeee

j3
=1

300

200 - BG: Two-Photon process ee->eeuu

BG: Other t-pair's events
100
M eee

0 P RS E Lo
0 0.1 . . 0.4 0.5 0.6
Invariant_mass of eee [GeV/c"2]

BG: Two-Photon process ee->eepp

I
o

To evaluate the
background and calculate
L — efficiencies, a Monte Carlo
— vrvelnvariant Massofe p p CoREE Invariant Mass of p p p (MC) SOmpIe Of 4 m|||IOI’]
ERrTr———lll 5/JNCI decays was used.
T R R—— Histograms shown left are
[ e ot rocess oo plotted by assuming the SM
[ oo s predicted branching ratio.

n
o

oo

L T
0.2 X . 0.8 1 1.2
Invariant_mass of muee [GeV/c"2]

SIGNAL: (t* — e*u'i'vv)+(<" — 1-prong decay)

- BG: (* — p*v)+(t" — 1-prong decay)

BG: Two-Photon process ee->eeupt

- BG: Other t-pair's events

Mepy

| 1 |
| 5 L |2.5 L : | : 5 s 3
Invariant_mass of epp [GeV/c2] Invariant_mass of pup [GeV/cr2]

My

IIII|[III|IIII|IIII|]III]IIII|III
III|III|III|III|III|III

OO
oo

. Detection Efficiency 1.76 % 1.20%
After the selection — °00

Main Background(s) eV VeV, T Vi |UVeV,Y, T T Ve
anl (- ete y)v,
NN ( 19)
Expected number 1300 430

of signals at Belle
Purity of signal  |47% 50%
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BR[tt—1%]
Signal-side Tag-side

Niotal: Number of entries after applying all selections

£>'8: Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg : Number of backgrounds

L : Integrated Luminosity we use ata
etrg epihy (1) epfb () B W)

R: Correction factor of detection efficiency R = etrg epip() epp W) epp(l)




Contents of systematic uncertainties

contents
PID correction
Tracking efficiency
Trigger correction N total N bg

Tag-side .
Luminosity 2 %) L o S18 R
1T

Background
Selection Cut

Niotar: Number of entries after applying all selections

¢*'®:  Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg @ Number of backgrounds

L : Integrated Luminosity we use S

i ' P etrg epib (D) epIR (W) epfE ()
R: Correction factor of detection efficiency R = = —fic—mMc = Mo —
eirg €pip(1F) epip(U™) epp (™)




contents

PID correctio

Tracking efliciency

Trigger correction

Tag-side
Luminosity
Background

Selection Cut

Niotar: Number of entries after applying all selections
8. Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg : Number of backgrounds

L : Integrated Luminosity we use .
gtrg

€trg




Contents of systematic uncertainties

contents For charged tracks’ reconstruction

PID correction in the signal-side
Tracking efficiency > |

Trigger correction N total N bg

Tag-side .
Luminosity 2 %) L o S18 R
1T

Background
Selection Cut

Niotar: Number of entries after applying all selections

¢*'®:  Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg @ Number of backgrounds

L : Integrated Luminosity we use S

i ' P etrg epib (D) epIR (W) epfE ()
R: Correction factor of detection efficiency R = = —fic—mMc = Mo —
eirg €pip(1F) epip(U™) epp (™)




contents

PID correction
Tracking efficiency
igger correctio [ 3
Tag-side .
Luminosity 2 %) L < S18
Background 1T
Selection Cut

Niotar: Number of entries after applying all selections
8. Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg : Number of backgrounds

L : Integrated Luminosity we use
epib (1) efi5 () effF W)

eMCat) eMSWH) MG W)




Contents of systematic uncertainties

contents For charged tracks’ reconstruction
PID correction in the tag-side

Tracking efficiency

Trigger correction N total N b g

|
Luminosity 2 O L < S18 R
1T

Background
Selection Cut

Niotar: Number of entries after applying all selections

¢*'®:  Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg @ Number of backgrounds

L : Integrated Luminosity we use S

i ' P etrg epib (D) epIR (W) epfE ()
R: Correction factor of detection efficiency R = = —fic—mMc = Mo —
eirg €pip(1F) epip(U™) epp (™)




contents
PID correction
Tracking efliciency

Trigger correction
Tag-sid

Background
Selection Cut

Niotar: Number of entries after applying all selections

£>'8: Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau
Npg : Number of backgrounds

data _data,,+y .data, ;,+y -data,;,—
. . — € I+ b lr
R: Correction factor of detection efficiency R = & 2eip (2) 2pip () 2pip (1)

etrg eppE) epp ) epfp )



contents

PID correction
Tracking efliciency
Trigger correction

Tag-side s lg
Luminosit
Background 2 O-TT L < R

Selection Cut

Niotar: Number of entries after applying all selections

£>'8: Detection efficiency of signal

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau

L : Integrated Luminosity we use
data _data data data

: i i el _ &g epip (1) epip (W) epip (U7)
R: Correction factor of detection efficiency R = —= 5= —Mc = —mc =
erg Epip(F) epip(U™) epp(Ur7)




contents
PID correction
Tracking efliciency

Trigger correction
Tag-side
Luminosity

BR[1 — prong]=0.8524+0.0006 : Fraction of 1-prong decay of tau

L : Integrated Luminosity we use — . :
Eirg” £pip (1) epin (™) epip (I17)

R: Correction factor of detection efficiency R = etrg epip() epp W) epp(l)




Contents of systematic uncertainties

contents
PID correction
Tracking efficiency

Trigger correction N total N bg

Tag-side

> Sig
Luminosity
Background 2 O-TT L 2 R

Selection Cut

In next page, we show the preliminary results of systematic
uncertainties for four modes.

_|_

tfsetete v v, Tt v

—>,u-'—_e+e_vr I

tTsetutuv,v,




Preliminary : estimation of systematic uncertainties

tTsetete v v,

Table 11: Systematic uncertainties of the 7= — e"ete .1,

TT>utete vy,

Table 12: Systematic uncertainties of the 7= — p-ete v v,

contents syst. error (SVD1) syst. error (SVD2) contents syst. error (SVD1) syst. error (SVD2)
PID correction 7.3% 5.0% PID correction 6.9% 6.4%
Tracking efficiency 1.1% 1.1% Tracking efficiency 1.1% 1.1%
Trigger correction 0.1% 0.1% Trigger correction 0.1% 0.1%
Tag-side 0.35% 0.35% Tag-side 0.35% 0.35%
Luminosity 1.4% 1.4% Luminosity 1.4% 1.4%
Background 5.5% 2.8% Background 9.6% 4.8%

Selection Cut - - Selection Cut - -

Total 9.3% 6.0% Total 12.0% 8.2%

tTsetutuv,v,

Table 13: Systematic uncertainties of the 7= — e~ utu~ v v,

+ ot -
TE=>u U vy,

Table 14: Systematic uncertainties of the 7= — p~putp v,

/

contents syst. error (SVD1) syst. error (SVD2) contents syst. error (SVD1) syst. error (SVD2)
PID correction 8.7% 7.4% PID correction 6.2% 8.4%
Tracking efficiency 1.1% 1.1% Tracking efficiency 1.1% 1.1%
Trigger correction 0.1% 0.1% Trigger correction 0.1% 0.1%
Tag-side 0.35% 0.35% Tag-side 0.35% 0.35%
Luminosity 1.4% 1.4% Luminosity 1.4% 1.4%
Background 1% 35% Background 1% 35%

Selection Cut - - Selection Cut - -

Total 72% 36% Total 72% 36%




Preliminary : estimation of systematic uncertainties

Table 12: Systematic uncertainties of the 7= — p-ete v v,

Table 11: Systematic uncertainties of the 7= — e"ete .1,

contents syst. error (SVD1) syst. error (SVD2) contents syst. error (SVD1) syst. error (SVD2)
PID correction 7.3% 5.0% PID correction 6.9% 6.4%
Tracking efficiency 1.1% 1.1% Tracking efficiency 1.1% 1.1%
Trigger correction 0.1% 0.1% Trigger correction 0.1% 0.1%
Tag-side 0.35% 0.35% Tag-side 0.35% 0.35%
Luminosity 1.4% 1.4% Luminosity 1.4% 1.4%
Background é%f % Background & 4.8%

Selection Cut - - Selection Cut — —

Total 9.3% 6.0% Total 12.0% 8.2%

+ B + +,,t,,-
TT=eutu vy, s utututv, /
Table 13: Systematic uncertainties of the 7= — e utu v, Table 14: Systematic uncertainties of the 7= — p~putp v,
contents syst. error (SVD1) syst. error (SVD2) contents syst. error (SVD1) syst. error (SVD2)
PID correction 8.7% 7.4% PID correction 6.2% 8.4%
Tracking efficiency 1.1% 1.1% Tracking efficiency 1.1% 1.1%
Trigger correction 0.1% 0.1% Trigger correction 0.1% 0.1%
Tag-side 0.35% 0.35% Tag-side 0.35% 0.35%
Luminosity 1.4% 1.4% Luminosity 1.4% 1.4%
Background 1% 35% Background T1% 35%
Selection Cut @7 ; Selection Cut & B
Total 72% 36% Total 72% 36%




Preliminary : estimation of systematic uncertainties

Table 11: Systematic uncertainties of the 7= — e"ete .1, Table 12: Systematic uncertainties of the 7= —

_+_—
ete v,

contents syst. error (SVD1) syst. error (SVD2) contents syst. error (SVD
PID correction 7.3% 5.0% PID correction
Tracking efficiency 1.1% 1.1% Tracking efficiency
Trigger correction 0.1% 0.1% Trigger correcti
Tag-side 0.35% 0.35% :
Luminosity 1.4% 1.4%
Background 5 2.8%
Selection Cut \

Total 9.3% . Se\ec

+ + .+,
—_ o ——>[]—
T——> (\\(\g o\ TE=>uTuT v, /
d S Table 14: Systematic uncertainties of the 7= — p~putp v,

Table 13: m
S

(SVD2)

m\(\ crror (SVD2) contents syst. error (SVD1) syst. error (SVD2)
PID coi \6( 7.4% PID correction 6.2% 8.4%
Tracking ¢ 1.1% Tracking efficiency 1.1% 1.1%
Trigger co d 0. 1% 0.1% Trigger correction 0.1% 0.1%
Tag-sid 0.35% 0.35% Tag-side 0.35% 0.35%
Luminosity 1.4% 1.4% Luminosity 1.4% 1.4%
Background 1% 35% Background 71% 35%
Selection Cut ( ; Selection Cut @7 —
Total 2% —36% Total 2% —36%
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STRATEGY OF CALCULATION
OF b~g

BACKUP : MICHEL-LIKE PARAMETERS

We show the method of calculation of b~g and
calculated coefficient b~g from next page.

BReyy, = BR\[Qrr +bQup + cBrr + Qgr

BRey, = BRsu[Qrr +bQrr + cBrr + Qrr + dQgy, + eBrr, + R(f1, + gl3)] + BRx1o0-

+dQpy, + eBpp, + R(f1, + glg)| + BRxvo. Assuming the discrepancy A,

BRMeasured - RSM predicted
tt= 1ty T =1t v,y

We constrain the Michel-like parameters by,

PreVIOUS Sllde _ BRsmX [bQgy, CBrr, Qrr, dQrr, €Brr, fla, OF glg] <A

» Method of Monte Carlo integral is used

» Take the ratio of BRgy 10 avoid considering the complicated
common factor appears in the theoretical formula

B 1 dl'Np
- / Axpd(PS) = £~ [ e [(dTsw/Tsw)d(PS)

dFNp 1 1 dFNp(x) . 1 dFNp(X) (5.2)

- dTsn)d(PS)] ~ — = - ’
Lsm [( sm)d(P5)] Lsm Ngen xen dlsm(x) Neen x€N dTsu(x)

where, deM = dl'sm/T'sym is a normalized differential decay width of the SM, Q is an allowed
phase space (PS), x follows the distribution of dI'sy, and Nge, is the number of generated

events.

T from my note



: s, vp
STRATEGY OF CALCULATION Que = gloral” + lovel

] | ¥ i 0 T 2
OF b~g m. = gl + ke | + |k

Bltey = Bis(Q11 099 +cB1) D = Sataf + ol +

+dQny)+EBr)+ R 1) gl5) + BRxio-

Qrr = EIH‘ERI* + lgkrl?

1 n T 12 V12
Em;u + 69" + |9pL|

Previous slide —

s n T 12 ¥V 2
Eh’tm + 6gpp|” + loLgl

, | Lo = 790 R(9Re + Og7e)" + I" t(gin + 6alp)
» Method of Monte Carlo integral v Ve 8
Is = 91,19R/2 + 9RR9LL/2

» Take the ratio of BRgy 1O avoid consiaerng the compliicarea
common factor appears in the theoretical formula

B 1 dl'Np
- / Axpd(PS) = £~ [ e [(dTsw/Tsw)d(PS)

"FN"[(dPSM)d(PS)lfvi1 Tl Y )

= - = — —, (5.2
Lsm J dlsy Psm Neen £ dTsm(x)  Neen £ dlsm(x) (52)

where, deM = dl'sm/T'sym is a normalized differential decay width of the SM, Q is an allowed
phase space (PS), x follows the distribution of dI'sy, and Nge, is the number of generated
events.

T from my note



» Method of Monte Carlo integral is used

» Take the ratio of BRgy to avoid considering the complicated
common factor appears in the theoretical formula

1
9= BRsm

1 dFNp ~
= — - dlsm)d(PS)| ~ — — , (5.2
1-‘SM dPSM [( SM) ( )] FSM Ngen xeQ dFSM(X) Ngen xeQ dFSM(x) ( )

where, dTsy = dTsy /Tsm is a normalized differential decay width of the SM, €2 is an allowed
phase space (PS), x follows the distribution of dI'gy;, and Nge, is the number of generated
events.

1 from my note

From next page, we show the result of calculated coeffic
for our four target modes.

1 dFNp

1
BRw = / Awed(PS) = 5 [ et {(dTow/Tsw)d(PS)]

1 1 dlnp(x) _ 1 dl'np(x)

b~

Nnts



| from my note
74.1 Caseof 77 — e ete v
The result 1s,

BRoy, = BRs\{Qur + (1.051 £ 0.036)Q 5 + (—0.2053 + 0.1431) By + L ¢+ R
+R](0.2416 = 0.0002)1, + (0.8606 + 0.0001)[5]} + BRyo.  (7.19)

The formulation of coupling constant g;-,= is written by,

: s, |2
BRexp = BRsu{|g) )2 (1 + J—r ) + (0.2501 + 0.0001)|gz, |° + (0.8465 + 0.1073)[g), |*

4(2.693 + 0.215T >+ R[—(0.1540 + 0.1073 ERI + (0.4303 + 0.0001 g} L aLh

+(0.06039 + 0.00004) g7 rak; + (0.3623 £ 0.0002)g} poki] + L < R} + BRy10.

(7.20)
NEIaNIIYZE Not Sensitive
Because of pseudo peculiarity which appears in some terms,
some result include large error. This pseudo peculiarity is caused

mainly by the factor of virtual gamma conversion (y — ee)
11/qee”?~[1/0(1MeV)?|?
INn the matrix element.




l  from my note

74.2 Caseof 7 — pu ete i
The result 1s,

BRexy = BRsw{Qrr +(1.220. + 0.049)Qpp + (~0.8717 + 0.1957) By + L ¢ R
+R|(1S1.3+ 0.0, + (104.4+0.1)15)} + BRyio.  (7.22)

The formulation of coupling constant g}, is written by,

2
BRyy, —BRSM{|g”|2(1+ '9 2| —E2) + (0.2506 + 0.0001) g, [* + (0.3484 + 0.1468

1.6995;0.29472”?[— 0.6538 + 0.1468) a3, gpi + (52.20 + 0.01

+(45.33 £ 0.01)g] papt + (272.0 £ 0.1)g) papt] + L ++ R} + BRx1o.
(7.23)

Super Sensiti Not Sensitiv
Sensitive ve

Because of pseudo peculiarity which appears in some
terms, some result include large error. However, there are
some parameters which is super sensitive.



_|_

tIsetutuv,v,

l  from my note

743 Caseofr e ptp v,

The result 1s,

BRoxp = BRsm{Qrs + (1.226 £ 0.001)Qrr + (=0.8456 + 0.0001) By + L ++ R
+R((0.2253 = 0.0001)1,, + (0.5231 £ 0.0001) I3} + BRypo.  (7.24)

The formulation of coupling constant g}, is written by,

r 2 r
BRexp = BRsu{|g; 1 2(1 + Li'—-"sr ) +(0.2536 + 0.0001)[gp, | + (0.3802 + 0.0001) g}, |*

+(1.775 4 0.001) |y |* + R[=(0.6342 + 0.0001) gy o + (0.2616 + 0.0001)g  afe
+(0.05633 + 0.00001)g7 pagi +(0.3380 + 0.0001)g; ppi] + L <+ R} + BRyio.
(7.25

)
Sensitive Not Sensitive /
This case is peculiarity-free and the error of all
coefficients are small.




l  from my note

744 Caseof = — pu ptp v,
The result 1s,

BRexp = BRsw{Qurr +(1.216 £ 0.005 +(=0.8459 + 0.0005)Byg + L« R
+R[—(18.00 £ 0.01) [, + (197.3 £ 0.1)I5]} + BRyio.  (7.26)

The formulation of coupling constant g}k 1s written by,

. 1 )
BRep = BRsu{|gl ]?(1 + 1 lgis|?) + (0.2512 4 0.0001) g, |* + (0.3704 £ 0.0001)| gy |*

+(1.745 £ 0.015)|gpp; [* + R[=(0.6344 + 0.0004) g, apf + (98.67 +0.01)g7 gk
—(4.510 + 0.001)g; papt — (27.060 + 0.006)g] pgpi] + L ++ R} + BRx1o.

(7.27)
Super Sensiti Not Sensi’riv/@/

Sensitive ve

This case is peculiarity-free and the error of all
coefficients are small.
There are some parameters which is super semsitive.
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Prediction from theory

The statistics of other two modes ttsetete vy, Channel

( : b et

BR(T_ — e eTe Vply)X 1()"-’ 4.21 +0.01
BR(m — € U T Vely ) X 107 1.247 4+ 0.001

expected to be small because of - ufetev,y, [EagEEETpRnY BECTEUT
its expecied branching fraction s+, ,*y+ vy,
small. And the measurement of

Michel parameters is difficult from

these two modes.

BR(t~ — pptp v, )x107 R 1.183 = 0.001

Result of Monte Carlo simulo’ricp//

efete vy,

toto—
prete vy,

Detection Efficiency

1.76 %

1.20%

Main Background(s)

evVy, v,

uvv,y, nlnlv,
anl(— ete y)v,

Expected number
of signals at Belle

1300

430

Purity of signal

47%

50%




tt>ptete vy,

= —3 n~ote—0
74.1 Caseof v~ = e ete vy 742 Caseof 7 — pete pus

The result is. The result is,

_ (19 o -
BRoy = BRo{Quy + (1051 +0.036)Q; 5 + (—0.2053 % 0.1431)Byp + L ¢ R BRey = BRsw{Qu. + (1220 £ 0049Quz + (OSTIT £ 01T Bug + L o+ R

" R[(181.3+ 0.1) I, + (104.4 + 0.1)I5]} + BRx
+R[(0.2416 £ 0.0002), + (0.8606 = 0.0001) 5]} + BRyo.  (7.19) T (04.420.1)]) NLO-

-

(7.22
. . . . The formulation of coupling constant g is written by,
The formulation of coupling constant gj, is written by, plng Gk )

.
)+ (0.2501 % 0.0001) |95, |* + (0.8465 + 0.1073) g} |* BRay = BRsu{lafu*(1+ 5 ) + (02506 + 0.0001) g5, * + (03484 + 0.1468) gy |

BRexp = BRsu{|g}|*(1 +

A

+(2.693 + 0.215)|gh, |* + R[=(0.1540 + 0.1073)g3, gft + (0.4303 + 0.0001)q7, g} R e ?.r;,ss LIS S‘ T.z T v
2. 21F i 1E 3 X A a1 S Vs e I Ts .
+(0.06039 £ 0.00004) g7 pahi + (0.3623 + 0.0002)g} poki| + L <+ R} + BRx10. LB = Uy - (22020 [+ Lo Ry+ BR‘\LO'- .
7.20) (7.23)
Py Ny Super Sensiti Not Sensitiv
ensitive ot Sensitive Sensitive ve

Because of pseudo peculiarity which appears in some terms,

some result include large error. This pseudo peculiarity is caused Because of pseUdQ peculiarity which appears in some
mainly by the factor of virtual gamma conversion (y - ee) terms, some result include large error. However, there are
11/qee®|?~|1/0(1MeV)?|? some parameters which is super sensitive.

in the matrix element.

v
/

Tighter constraints on for example:
Vx T S . Vx S .V
9irIrL Y9irIRL Y9IiLIRR
are possible from the measurement of BRs' of
tTsetete v, TT>uteteT vy,
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» Belle Experiment

» Study of Monte Carlo Simulation

» Study of Systematic Uncertainties
» Study of method to measure a Michel parameter
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RESULT OF TRIGGER EFFICIENCY'S CORRECTION FACTOR

| from my Belle note

data
R, — €g  (Ez +EN — €ZEN)data Bt 6B = gpata | fepatn  gfata gdata [ gedata GelS
rg o : trg trg = MC |, s.MC '~ _MC MC d - _MC
GMgC (E:Z + €N - 5Z£N)MC gtrg + 58trg Etrg etrg 5tfgta etrg

and Ry, of SVD1 for each channel just after applying pre-selection

Table 9: e}lC, egata,
a0+ depc (%] egtta £ feddta (%] Ry + R
93.5£0.2 0.981 £ 0.0004

Channel Etr
e"ete v, 95.34+0.1
97.5£0.03 98.4 £0.09 1.01 £ 0.0006
97.9+0.5 0.992 4 0.005

pete v,u,
e ut T o, 98.7 £0.07

poptuT oy, 92.2+0.4 99.3+0.4 1.08 + 0.0008
and Ry, of SVD2 for each channel just after applying pre-selection

Table 10: e{fo, eqate,
Channel MO+ 6eMO (%]  egata & defa (%]  Rirg + 0 Rurg
94.7+ 0.2 91.9+0.3 0.970 £ 0.0006
95.3£0.1 97.8 + 0.06 1.03 £ 0.0009
97.7+£0.3 1.00 £ 0.002

97.6 £0.05
94.1£0.1 98.1£0.3 1.04 £ 0.001

e"ete v,
pete v,
e ut T oy
P oy




Measuremen
heavy Neutrino Model
(The detail is described in my Belle Note !l

Sensitivities from BR(tt—efete v, v,)

|U‘L'N|2 VS MN |UTNU6N| VS MN |UeN|2 VS MN

ALLOWED
REGION

ALLOWED | ALLOWED
REGION REGION

New information



POSSIBLE SEARCH: HEAVY NEUTRINO

Measurement of branching fraction allows us to constrain the region of

heavy Neutrino Model
(The detail is described in my Belle Note !l 1)

Sensitivities from BR(t*»u*ete v v,)

|UTN|2 VS MN |U7:NU/,LN| V3§ MN |U,LLN|2 V3§ MN

ALLOWED

ALLOWED ALLOWED
REGION

REGION REGION

Weak!! New information

Only > 100 MeV is calculated because of on-shell condition.

/






PRE-SELECTION OF TAU-PAIR

Table 3: Pre-selection criteria of tau-pair

Selection Criteria
2 < Number of charged tracks < 8
[Sum of charge| < 2
Sum of momenta of charged tracks in the CM frame (P™) < 10 GeV/c
Sum of energy deposit in the ECL E(ECL) < 10 GeV
Maximum Pt of charged track (Pt > 0.5 GeV/c
Event vertex |r| < 0.5 em, |z| < 3.0 em
For 2 track events, 7-1,7-2, and 7-3 must be satisfied:
Sum of PM < 9 GeV/c
Sum of E(ECL) < 9 GeV
5 deg < Omissing momentum < 175 deg
E,c=[Sum of PM + Sum of ES™ (energy of v in the CM frame)| > 3 GeV
or. Pty > 1.0 GeV/e
For 2-4 track events, 9-1 and 9-2 must be satisfied:
Ewor=Eree + PEM] < 9 GeV .or. maximum opening angle < 175 deg
[Number of tracks within 30 < # < 130 deg| > 2
or. [Sum of E(ECL) - Sum of E{M| < 5.3 GeV
Maximum opening angle > 20 deg




SECOND STAG







NS G

10.
11.
12.
13.
14.

Number of photons (with E(y) ¢y
Total ECL energy deposition < 92 GeV
1.5 GeV/c? < Mpissing < 7 GeV/ c?
Number of tracks in signal side = 3 && Number of track in tag side = 1

Max transverse momentum of electron in signal side |ﬁ_{| >0.15 GeV / c (CM-frame)

tfoetetevy,

Reconstructed vertex position of y(— ete™) should be r(xy — plane) < 1.5cm
Reconstructed vertex position of y(— e*e™) should be r(xyz — space) < 3.0cm
The number of y in signal-side <=1 && The sum of energy of y in signal-side
Sum of cos 8;; : (X<jcosb;;) >2.90

| dz; | of electrons in signal-side should be |dz; |< 1cm
The momentum of virtual gamma in lab frame <3 GeV/c

eV

Polar angle of the missing momentum 30 deg < 6 < 150 deg



3. Number of photons (with
4. Total number of gamma in sig & tag —side <= 4
5. Total ECL energy deposition < 9 GeV

o

]5 GeV/CZ < Mmissing < 7 Ge\// C2

7. Number of charged tracks in signal side = 3 && Number of charged tra
tag side =1

8. Reconstructed vertex position of y(— e*e™) should be r(xy — plane)
9. The sum of energy of y in signal-side < 0.5 GeV
10. Sum of cos 8;; 1 (X;<jcosB;j) >2.93

11. Polar angle of the missing momentum 30 deg <8 < 150 geéeg



Total char
3.  Number of photons (with E(y)cy>
4. Total ECL energy deposition < 9 GeV
5. 1.5GeV/c? < My;ssing <7 GeV/ c¢?

6.  Number of tracks in signal side = 3 && Number of tfrack in tag side = 1

8. The number of y in signal-side <= 1 && The sum of energy of y in signal-side < 0.5
9. Sum of cos8;; : (Xj<;cosb;;) >2.70

10.  (E./p), of muons in signal-side should be < 0.5

11.  Polar angle of the missing momentum 30 deg < 6 < 150 deg

12.  Invariant mass of u*u~ should be < 0.5 GeV/cA2



Number of photons (with E(y)cp>

Total ECL energy deposition < 9 GeV
5. 1.5GeV/c?< Mmissing <7 GeV/ c?

6.  Number of tfracks in signal side = 3 && Number of track in tag side = /
8. The number of y in signal-side = 0

9. Sum of cos §;; : (Xj<;cos ;) >2.85

10.  (E.), of muons in signal-side should be < 0.4 GeV/cA2

11.  Polar angle of the missing momentum 30 deg < 6 < 150 dgg

12. | dz;| of electrons in signal-side should be |dz; |<0.1c



PREVIOU




PREVIOUS EXPERIMENT

CLEOII measured the branching fraction of t*—(e/u™)e*ev,v, ),

Br(t—eete~viv,) = (2-7t1'5t0'4t0'1
Result of CLEOII 1.1-0.4-0.3

Br(t—pete~vvy) <32x10-° (at 90% C.L.)

)X107°

Events / (4 MeV / ¢?)
(-]

CLEO-Il experiment

Decay mode Number . . .
¢ of events Detection efficiency:

ttsefete vy, 1—eete vy, (2.7£0.1)%
ttoputete vy, Topete vy,  (1.9£0.1)%

Integrated luminosity 3.6fb™1
N,, = (3.28 £ 0.05)x10°

%
>
2
e
<
§

S
S 3
a .
¢ 2
S :
Reference: Phys. Rev. Lett. 76, 2637 (1996) - ce* ¢~ br, Monie Catlo (. lne)and the dars Ghoded

histogram) for events passing all selection requirements: (a) the
e*e™ invariant mass averaged over two possible combinations,
M+ .-, (b) the 3-prong invariant mass, M3-prong, and (c) the
momentum of the electron on the 3-prong side with the charge
opposite to that of the parent tau, popp. The normalization of
the plots is arbitrary.




