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Introduction

Standard Model (SM)’s prediction: A Lorentz structure of charged weak current
has a V-A structure.
We study the Lorentz structure through the measurement of Michel parameters.

L Y (gl G )DL, T /
ESVT DS = 1Y =y T = oW V2 0

In the SM, g}, =1, and others are gflp =0 V1 Vi

Michel parameters are the bi-linear combination of coupling constants gflp.
The different type of Michel parameter appears in three modes shown below.
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Introduction

Measurable Michel parameters (MPs) for each tau’s leptonic decay and what the

coupling constants g,‘lp are contained, are shown below.
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V.  Se s Ve 8 4
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T~ = vy

= ‘gHL’ + ‘gLFI‘ + 8 (QHL +2gRL‘ + ‘QLR+2QLF?‘ ) +2 (‘QEL‘Z + ‘QZFI‘Z)

Recent Constraints to g,ﬁp

Ek = ‘gRL ‘gLR‘ + % <‘gFIL +2gF?L ‘gfn +2gZ—FI‘ ) +2 OQEL’Z - ‘QLTRF)

TT =TV,

|ginl < 0.70 |92 | < 0.99 |‘JfLL| <2 |!!‘1:L| <2

. i |9knl < 0.17 lgipl < 0.13 |gke| < 0.52 gl €1

Some coupling constants g;, are not well ¢z, =0 0T < 0.082  |gL,| <051  |gf,| =0
known as shown in right-side table. = By

Measurement of MPs is the important clue |5, <07 03] < 0.95 95,1 < 2 ES

for studying Lorentz structure. (9ral <018 lgzpl <012 ghy| <052 gp| <1

lgfpl =0 la] pl < 0.079 lgF,| < 0.51 gl | =0
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Belle Experiment (Tsukuba, Japan)

* Integrated Luminosity: 1000 fb™1

- Energy of Collision e~ (8 GeV) / e™ (3.5 GeV)

- /s = 10.58 GeV (Same energy to generate BB-pair)

* Low background & Energy of center of mass frame is known

- Pair creation (BB, t+17,

etc). One-side can be used for tagging.

ete” —» BB

ete” - ttr~

ogg ~ 1.05 nb (neutral+charged)
=(0.919+0.003) nb

Belle is a B factory, and also a tau-factory

M. Tsukuba

S Pt

i

N,,~ 9.0x108

CsI&Tl)

3/4 lyr. DSSD

>1ab™!
On resonance:
Y(5S): 121 {b!
¥(48): 711"
Y(3S): 3!
Y (2S): 25 b’
Y(1S): 6 fb?
Off reson./scan:
~100 b

Belle Detector

- SC solenoid =& Aerogel Cherenkov cnt.
*‘. - \*—J JJ oty * ;m ¥ - 1 55’19 enoi M/ = ~:\ | “ AN . ‘
~ -‘ . S | -

n=1.015~1.030

= Cjen al Drift Chamber
i % small cell +He/C ,H,

M /K, detection
14/15lyr. RPC+Fe 7
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T~ =17V,
Michel Parameter

'
Target MPs: p, 1, &, O

1%}

3 3/, v v T T S T« S T«
P=4 7 4 <|QLR|2 +lgr % + 29/51° +2|gp I + R (9 r9iA + RLIAL)
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n = 5% (69RL9LR +69,r9r1 + 9rRILL t+ 9RL9R + 9iRIRL + 9119RR

S _Tx S T« V2 V2 V2 Vo2
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1 1 1 1
T 2 T 2 S 2 S 2 S 2 S 2
+5|9./1" = 3I9m” + 2 l9u|” — £ 19tRI" + 7 19RL"™ — £ 19RR
4 4 4 4
3, s2 383,52 3 s2 383 5o 3 172 3 710
£ = %|9L1_| — ﬁ|gm| + %|QRL| — %lgﬂlﬂ — Z|gLR| + Z|gRL| +
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Formalism of T~ — [T v;v,’s differential decay width

dr(r¥) 4GEM,E;,, 2
d§(2dx) — (27r)4 Z /X2 —x2 <X(1 —X) + —p(4x2 — 3x — Xx3) + nx(1 — x)

my
Emax Emax

1 2
:FEPTCOSng x2—x2{1—x—|—36(4x 4 4 1—x2 })

IntheSM:p:Z,n: = :—

Reference: D. Epifanov’s slide@PhiPsi-2017



Formalism of T~ — [T v;v,’s differential decay width

dr(r¥) 4GEM,E;,, 2
d§(2dx) — (27r)4 Z /X2 —x2 <X(1 —X) + —p(4x2 — 38X — X5) 4+ nxo(1 — x)

my
Emax Emax

1 2
:FEPTCOSng x2—x2[1 —x—|—36(4x 4+ /1 —x2 })
IntheSM:p:Z,n: = :_

Point of this analysis:
1. Information of T —spin direction is needed.
2 To extract T —spin direction, we use a mode

¥ - pEv for tag-side.

R T helicity s
T helicity

A Ry £

(Hyp+) L — V.
Ap } Z1H ’

Reference: D. Epifanov’s slide@PhiPsi-2017



Method, study of (/vv; pv) and (pv; pv) events

_ ] ] ] Reference: D. Epifanov’s slide@PhiPsi-2017
Effect of 7 spin-spin correlation is used to measure £ and § MP.

Events of the (T — (Fvv; 7+ — pTv) topology are used to measure: p, 1, £,¢ and
£p£0, while (77 — pTuv; 7% — p*v) events are used to extract £2.

do(tF v, p*v) = Ao + pA1 + 1Az + £,6A3 + £,E0A _24:’4'@'
dE; a0} aQyme  dfiat, ~ T TR TR TR T T
Q* Q1)

®
- do(¢Fvv, pEv) 2 do(¢F vv, pt o) a(E),

F z) = — g / — ‘
dpp dQ, dp, dQp,dm2.  dSir &, dE*dQ*dQ*dmgmdQWdQT Py, Qs Pp, U, Pr)

g0

L—HP“’ (“—f(z(k))/f\f(e) N(6) = / F(2)dZ, 6 = (1, p,n, Epe, €p€060)

Protar = (1 = Z Ai )PSIgna/ + >‘1ng o7 + )\27Dl;;_p + )\3'Pb + >\4Pother (MC)

MP are extracted in the unbinned maximum likelihood fit of (/vv; pv) events in the 9D phase

space Z = (pg, cos @y, b¢, Py, COSO,, ¢,, M- _, COSO., ¢pr)in CMS.

T
. ' 0.78F
T helicity W o urvvs pv) )
+ - 7
T helicit g .
It\ : Ty o 0.76 ///7
e - u Q0.75: /? g //
Vz : // c
0.74] T
WAi=4
/ 073 /25 Fit-result A 1A
0 2P 072
J'[: |://_ -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 008 0.1
'V 1
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Data fits and systematic uncertainties

“ —_ —_ —_
Helicity sensitive variable w = ¢21¢1 q)f (H, +, i_4)d® =< (H +,7i_1) >o,

4500F + . - SO0OF . P 3500F -
a000f o N (e750) 7000f i 50 I a000F .V)NM (e*;p) |
NP, A4 NN
wo & % % ol N iy o
}’f 0<-0.35 % 3 4‘%02 .;'_ 35 < <0.35 g JL w > 0.35 e
s J' .‘.‘\% £ 3000 | 3 "ﬂ.‘.‘&!
;s [ ! 3 *994;% [ N z B "1,,_!‘
1000 f }(e+;3n)i [other) ’ﬁ.\ 1000k j ‘(e+;3n)| _’j/i so0f [ ;39)] rewanl k“n
0E \ Y s ,_,._3\————— c r N\
"07 H-(';S 1 15 2 25 3 35 4 45 5 55 0 ‘(']’.5 1 15 2 25 3 35 4 45 5 55 () -(')’5 1 15 2 25 3 35 4 45 5 55
ESOS (Gev) ESS (GeV) ESMS (GeV)

Spin-spin correlation manifests itself through momentum-momentum correlations of final
lepton and pions.

Source A(p), % AM),% A(E,8),% A(£,89),%
Physical corrections
ISR+O(a®) 0.10 0.30 0.20 0.15
T — bvvy 0.03 0.10 0.09 0.08
T — prYy 0.06 0.16 0.11 0.02
Background 0.20 0.60 0.20 0.20
Apparatus corrections
Resolution ¢ brems. 0.10 0.33 0.11 0.19
0 (Ebeam ) 0.07 0.25 0.03 0.15
Normalization
AN 0.11 0.50 0.17 0.13
without Data/MC corr. 0.29 0.95 0.38 0.38
trigger eff. corr. ~ 1 ~ 2 ~ 3 ~ 3

We are working on the Data/MC efficiency corrections (trigger, ¢ID, track rec., ©° rec.).

27 June 2017 Experimental review of + lepton studies at the B factories D. Epifanov (NSU, BINP) 8/33

Reference: D. Epifanov’s slide@PhiPsi-2017 H
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Target MPs: 7], K

T~ = [Tvvy
|QRL| +|QLR| + 3 (lgRL+29RL| +|QLR+29LR| ) (|9£L|2+ |Q_{R|2)

|gRL| — |gLR| +3 (IgRL + 29RL| — |gLR + 29LR| ) (|9£L|2 - |QER|2)

15




T~ = ViV:V Target MPs: 1, ¢k
New Michel parameters (17, k) appear in a radiative decay of tau.
_ v |2 v 2, 1 S T |2 S o, T |2 ¢ T |2 T |2 v " " "
lorc|” + |orR] +§(|9RL+2!JRL| + |9zr + 291R] )+2(|9RL| +|gLR|)
v o2 vi2,lrs T |2 s T |2 T |2 T |2 o+ g
R lore|” — |9Lg] +g(|0nL+29nL| — |92k + 29| )+2(|.‘IRL| —|.’1LR|) ) -, ) ;
The purpose of this study is to measure the values of 7,k ~.

MPp | n | &
SM

3
I

0.75 0 0.75 1 0 0
EX 0.747 £0.010 0.013 +0.020 0.746 £0.021 0.995 + 0.007 not measured yet
PDG Chin. Phys. C38, 090001 (2014).
OObservation of y is equivalent to the measurement of 93l <070 okl <017 |gFs| =0
. . S v T
polarization of the daughter lepton: 1922 < 0.99 gzl <013 |gzal < 0.082
lga.| <2.01 |g},| <052 [gk,|<0.51
® coupling of T with the right handed daughter lepton < 1 — &’ 95,1 <201 g%, <1.005 |g% =0
I — ¢ __ . .
O = —¢ — 4k +856/3 ‘ Final piece to reveal T = Ul
the V — A structure! |9Rrl <0.72  |gkzl <0.18  |ghs| =0
— . . lg7al <0.95 |gVs| <0.12  |gl,| <0.079
O 77 gives a constraint on each term S1<200 lohl<05 Ikl <050
1
7 = |ghal” +1o¥al + 5 (I98e + 20Rs|” + |95n + 20%a|") +2 (|oFe|” + |oFa|") 95 <201 gl <1005 |gF,] =0
PDG Tau decav parameters
|9KL| <0.52
|9%.| < 0.51 These values are not
195,] < 2.01 well known yet 16
RL '
Reference: N. Shimizu’s slide@TAU2016 |g3r] < 0.95 W& Further constraint

on NP models



Method AR

Odl(t- > " vwy) x A~ —B~ - S~ F’,/J, @ is an angle

T along the arc

4
dlr = nV+(1——p)(2n5+nv—nT)+ﬁ(2n5—2nv+nT) A~
-5 & k= Ly € {n"f——(l——d)(ZnS+5nV—nT)+K(2nS —ZnV+nT)}

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 £ |
eversa

OWe use correlation of the 77 pairs

under the definite direction of spin (5~ F) is expressed

] do
® The cross section
do
dQ,

as = Dy + D;;S; S;": Dy spin-independent, D;; spin-dependent coefficients.

OWeuse 7t — p* (- ntw®)V decay as a spin analyzer.

® dr(t* - p*v) = AT —B*. S* do(z " - (I"vvy)(p*V))
/ % DOA—A+ + D;;B; B}
‘ 1
PDF of signal @ @ 4
OThe Michel Parameters are fitted using the |a(Ez | | 09, 0
. . . a(Pl a(P Qy) a(Pp: Qp: CI))
likelihood function: £(7, £x) = ¥, log(PDF) .
do o
®“bare” PDF= = 0
dE; dQ}dE;dQ}dQ,dm2di,dQ, dP,dQ,dp,dQ, dF,dQ,dmzd0d® v
T~ side 7+ side Convert to CMS integrate out

17



Method

PDF of signal
S(@) =

do J q’é do
dP,dQ,dP,dQ, dP,dQ,dm3dQ, ¢ dP,dQ,dP,dQ, dP,dQ,dm3dQ,d®

®5(x): the visible PDF for observable x (Ngj, = 12)
®5(x) has aform: # = {P, 0, P,, ., P,,Q,,m?,_,Q;}

T

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

®P,:(x) =(1-X1)- I Sl I ACILIC

dxS(x)e(%) L[ dxXB;(%)e(xX)
i: index of background B;(x): PDF of i-th background
S(x): PDF of signal A;: fraction of i-th background component

£(x): selection efficiency

Then Michel parameters are fitted by likelihood function:

L(7,¢x) = X log(PDF)



T — evvy candidates

x10°

T—=evvy

o
N

Blev/0.01000 Ge\s
o
o

F R

\ Exp.

0.006—

0.004—
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o
0
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=

0.002—

k“h::’%
st

\:| ()l ] (28.9%) |
|:| () Vv, ] (B28%)
B e, 05

‘J;lh - others (10.8%)
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E, (Ge'

1

GeV)

Nev/0.00175

x10°

T—evvy

25

Exp.

T (n'n“\")(e'vev‘)[ybrems] (52.8%)

TES TN, ,,, ] (7:5%)

| NI

others (10.8%)

TSyl ] (289%) |

\

e

N O

mmsase—-===%
0 0.02 004 0.06 008 0.1 012 0.14 0.16

(1

T — uvvy candidates

Nev/0.01000 GeV!

T—>UVvVVy
x10°
22? Exp.
2F Tl (56.5%)
18F # TRl ] (16.9%)
! G k Sl ] (7.7%)
: 'Z F lﬂ TSI, ] (4.9%)

others (8.8%)

CroE ) El,,, (6.8%)

SRR, 1(1.3%)

0.2F

2 111 NS

MR

T e S|

0 01 02 03 04 05 06 07 08 09 1
E, (GeV)

Nev/0.00030

T—>UVvVy
Ex. f 1

700 f

[ ] vo-@mmuvenl, ) (56.5%)

o K o
[ others (8.8%) &ﬂu %

: 1{41 #\ i
A

T |
0.975

P
098  0.985

L PN I T I
0.97 099  0.995 1

Ey Hey Ey I COSQMV W
Contour of likelihood
Result
Source a?] agﬁ a%‘ agn 155
Normalization 4.3 0.94 0.15 0.04 1
Background PDF 2.5 0.24 0.67 0.22
Branching ratios 3.8 0.05 0.25 0.01 05
Cluster merge inECL 2.2 0.46 0.02 0.06 o
Detector resolution 0.74 020 0.22 0.02 .
Data/MC eff. corr. 1.9 0.14 0.04 0.04 051
Total 7.0 1.1 0.76 0.24 _15_ ) -
Belle preliminary .5 Belle preliminary
_2|||1.||‘.|
_ = - - -2 -1 0 1 2
"7 — _1 03 :I: 105 :I: 008 n
Reference: N. Shimizu’s slide@TAU2016
5'4’ — 0'5 :|: 0'4 :|: 0'2 Reference: D. Epifanov’s slide@PhiPsi-2017 19
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Target MPs:

QLLJ QRLJ QLRJ QRRI BRL; BLR) IaU I,B

TS TRV g Lo

1

QL. = zlgff_ * +
1, ¢ ,» .

QrL = Z|9?u.|' + |9}u. o+
1 0 v

QrL = Z|92;a|' + loLg|® +
|

Qrr = 1|£lfm ‘4
R

BRL = —|gﬁL +()g}u é +
1 °

Bir = _IgLR +6gpp* +

1

I ==
*q

Is = gl 1L9nn/2 + 9

1 .
a1 plgns, + 6gh)" + Ig wt(91n + 69l p)

Ve §
RRYLL

gLl
ke
gLr|
kel

‘r -
9rL

Vo
9LR

/2

T [
'
yoU
V‘L’ w Vl
I'"

(N4
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Target MPs:
Qi Qre, QLr, QrR, BrL, BLr, Loy Ig

We measure the Michel-like parameters through the measurement

TS EUTU vy (LU = e, p)

of branching fraction of five-body leptonic decays of tau QL = %|g;1|2 + oLl
] {12 Y T 12

l 1+ l Qni = z|9?u,|' + |9k * + 9k

T ,— 1 ¢ L S

L + T ]/ [ QrL = 3|9i’1e|° + loLel® + |aLrl’

Lsm 1vo

,y ll - Qrr = ElgﬁRV + |aral?

Vv w w Bu = wlof + 6k + kP

T Vi V7 Vi 1) g o 3,1V 2

Bir = 119tk + Ggpel” + |9Lrl

Prediction from theory I, = %QER(Q;)&L +6gh) + %g}i(gfﬂ + 641 )

Channel

| ¢ Ve S 4
Is = a1,1.9rr/2 + 9nR91LL/2

4.21 +£0.01
1.247 £ 0.001

R(t~ — e"ete v, ) x10°

Reference:
W. Fetscher, H. J. Gerber and K. F. Johnson,

( )
BR(7™ — e puTpu~ verr ) x 107
( ) Phys. Lett. B 173, 102 (1986)

R(7~ — p~ete ) x10° [ 1.984 1+ 0.004
BR(r~ = pptp v, )x10" | 1.183 £ 0.001

Ref. [JHEP 1604, 185 (2016)]

1t I+ U

2F 2E 2E

dl's Mz‘p1||p2||p3’ s IQB(P) X1 = ]\/[1 X2 = M2 X3 = M3
T T T

dﬂ?ldﬂldIl?QdQQd:I?ngy, 3. 221710 /
Tasd*(P) = G| (QuuTf + QuuTRy + BTl + L & R) +Re( LT + 1,7} )

(TLQL, TRQL, TL%, T}SR, Try» Tirs Ta, and TBI are the function of kinematic variables) 22




Strategy of Measurement of MPs in rJ—“—>lJ—“l’+l’_vtvl

* We do not use a kinematical fitting due to a lack of statistics
* We only do the measurement of branching fraction of tJ—’—>lJ—rl’+l’_vtvl
* We use a discrepancy of branching fraction between MC and data

dl's _ M?|p1||P2]|Ps|
dﬂ?ldgldCCQdQleEngg 3. 221510

sl (P)
v

51°P(P) = e!|Gr|? [(QLLTIC,QL + QruTiy + BruTy + L R) +lte (I"Ti + [BTé)]



Strategy of Measurement of MPs in rJ—“—>lJ—“l’+l’_v,vl

* We do not use a kinematical fitting due to a lack of statistics
* We only do the measurement of branching fraction of tJ—’—>lJ—rl’+l’_vtvl
* We use a discrepancy of branching fraction between MC and data

dl's _ M?|p1||P2]|Ps|
dxldQldCUngQdiEg,ng 3. 221710

sl (P)
v

=, I°0(P) = €| Gyo|? [(QLLTEL + QrT% + Br T, + L+ R) +Re (IaT(f + 1T} )]

‘ Integrate a differential decay width
BR, = BRsy[Qrr +WQrp + cBrp + Qpr + dQpy, + eBpy, + R(f 1, + gl3)]

Ab~ g are the integrated value of the terms related to T}?L, TL%, TRQR' TS, TE, Tt and Tﬁl

24



Strategy of Measurement of MPs in rJ—“—>lJ—“l’+l’_v,vl

* We do not use a kinematical fitting due to a lack of statistics
* We only do the measurement of branching fraction of tJ—’—>lJ—rl’+l’_vtvl
* We use a discrepancy of branching fraction between MC and data

dl's _ M?|p1||P2]|Ps|
dxldQldCUngQdiEg,ng 3. 221710

w17 (P)
r4
=, I°0(P) = €| Gyo|? [(QLLTEL + QrT% + Br T, + L+ R) +Re (IaT(f + 1T} )]
‘ Integrate a differential decay width
BR, = BRsy[Qrr +WQrp + cBrp + Qpr + dQpy, + eBpy, + R(f 1, + gl3)]
Ab~ g are the integrated value of the terms related to T}?L, TL%, TRQR' TS, TE, Tt and Tﬁl

' M predicted
Assume the discrepancy A Measured — SMp
ssume the discrepancy BRTi_,lim—vTvl BRTi—nim—vTvl +A

We assume that, the discrepancy A is brought by only one term in BR¢yy,

We give constraints to Michel parameters by the discrepancy A:

Qrr < A/(BRsmb), Bgp <A/(BRsmc), Qrr <A/(BRsym), QLr < A/(BRsmA),
Bir < A/(BRsme), Io <A/(BRsmf), Is < A/(BRsmg),

25




Result of MC study:

Monte Carlo (MC) sample of 4 million
signal decays was used.

Histograms shown below are plotted with
assuming the SM-predicted branching ratio.

Arbitral Units

Arbitral Units

7~ decay mode

e ete v,

pete o,

—
e u vy,

BT,

Detection
efficiency (1.769£0.004)% |  (1.20440.003)% | (3.5610.006)% | (1.674+0.004)%
Main € Uplry WOy 7 1, 7 mou,
backgrounds — e p.(ete) = v (ete) =7 (v, = 7 (YY),
0 =0 (et e ~((c+e
T Ty, Ty, =7 ((ete )V | 2> 7 ((eTe)y)vs
=7 (yY)vr =7 (ete y)v, mrtry, T rtru,
=7 ((ete”)y)v, 7 o0, (mis-ID 7 as p,e) | (mis-ID 7 as p)

(mis-ID 7 as e)

=7 () (s

=7 ((e"e ) (ry)v-

BB, cc,uds

BG: uds-process: e'e ->uds
BG: cc-process: e'e ->cc

026 03 035 04 045 05
Invariant Mass of eee [GeV/c?]
SIGNAL: (T — e*u"u vv)+(t — 1-prong) g
I sG: (v - piv)+(r - 1prong) 2
[ &G (r* — = =" = v)=(t — 1-prong) g
B G (v o x 2+t — 1-prong) g

I BG: (v — ="V )+(t — 1-prong)
"] BG: Two-Photon process ee->eeee
BG: Two-Photon process ee->eeuy
- BG: Two-Photon process ee->eeuu
|:| BG: Other t-pair's events
[ BG: BB-charged process e'¢ ->B'B
- BG: BB-neutral process e'e ->BB

[ &G: uds process e’e->u, d.

BG: charm process e'e ->¢c

IIIIIII|III|III|III|III|III|III|III

1.2

1.4

1epul 1.8 2

Invariant Mass of pup [GeV/c?]

0.5

T I NS

0.6

Invariant Mass of npee iGeV/czl

|||||I||I||II|||I|||I||I|||Il||||

0.4 0.6

SIGNAL: {t* - w'u'uvv)+(t” - 1-prongd

UM

BG: (t* - p'v)+(t” - 1-prong)

BG: (t* » ' ' W v)+(t” - 1-prong)
BG: (t* - n'n* @ n’v)+(r" - 1-prong)
BG: (t* - n*n’zv)+(t" - 1-prong)
BG: Two-Photon process ee->eeuu
BG: Two-Photon process ee->eeuu
BG: Other t-pair's events

BG: BB-charged process e'e ->B'B
BG: BB-neutral process e'e ->BB

BG: uds process e'e ->u, d, s

BG: charm process e'e ->cc

caoa b b b b

0.8 1

Invariant Mass of T iGeV/cZ]

(mis-ID 7 as p) Processes
Expected number
of signal events 1300 430 8 4
Fraction of
. 0
the signal 4% 50% 22% 16%
E = o E
E SIGNAL: (1= — e“e’e vv)+(T — 1-prong) g E ] SIGNAL: (z* — p*e'e'vv)+(< — 1-prong)
= B 5G: (- - evvy_, )+(¥ - 1-prong) s E I (- “"’"‘fm]*(f — 1-prong)
~ P 5 = . = E [ BG: (vt —» me'eyv)+(c — 1-prong)
— e R g p:v)+(1 _):1 prong) g E I BG: (< - n'n°1°v)+(<" — 1-prong)
C I BG: (= - wn%%)+(¢ - 1-prong) = I BG: (v — wiv)+(t” — 1-prong)
F [ ] BG: (1= - e*v)+(t — 1-prong) o [ BG: (& — wn°v)+(¢" — 1-prong)
I BG: Two-Photon process ee->eeee — I BG: Two-Photon process ee->eeee
I 5G: Two Photon procsss ee e = [ o0 Two Pt s oo
[ BG: Two-Photon process ee->eeuu g "] BG: Other t-pair's events
. Other 1-pair's events = BG: BB-charged process e'e->B'B
[ BG: Other t-pair [ eoB'E
"] BG:BB-charged process: e'e™->B'B’ = ] BG:BB-neutral process e'e->BB
. e E BG: uds process e'e->u, d, s
oy BG: charm process e'e->cc
[ BG: BB-neutral process: e'e->BB 3 | .
[ E
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(AR A VA VA A A

ttoerete v, gbout 10%
Dominant errors:

- Statistical error
- Particle Identification’s error

_I_

T_'éei_.u-*-.u_vrve abOUt 70%

Dominant errors:
- Statistical error

Preliminary Estimation of systematic uncertainties
(for branching fraction)

_l_

tt—>u*ete vy, gbout 15%
Dominant errors:

- Statistical error
- Particle Identification’s error

Ti—>,llili+.u_v‘rvu abOUt 70%

Dominant errors:
- Statistical error

The data will be opened soon and the preliminary result of
branching fractions will be finalized

27



Contents

* Introduction
* Belle experiment

e Study of Michel parameters at Belle
* T~ > [TV,
e 7™ = [Tvvyy
B A VR VA A

e Conclusion & Future Plan



Contents

* Introduction
* Belle experiment

e Study of Michel parameters at Belle
* T~ > [TV,
e 7™ = [Tvvyy
B A VR VA A

e Conclusion & Future Plan

29



Conclusion & Future Plan

* To verify the SM’s prediction that the Lorentz structure of the charged weak
current has a V-A coupling, we study the Lorentz structure.

* For the study of Lorentz structure, a measurement of Michel parameters is
ongoing for three modes below at Belle.
e 7 =1 Vv, (Target MPs: p, 1, &, )
e 7 =1 vy (Target MPs: 17, ¢k)
* T - v """ (Target MPs: Qy 1, Qrp, Qrr, Qrry Briy Birs Lo, Ig)

* Belle has a good environment for the measurement of MPs of tau-lepton.
* Low background & Energy of center of mass frame is known
* Pair creation (BB, t¥77, etc). One-side can be used for tagging.
* Large number of tau-pairs (N, ~ 9.0x108)

* Fort™ = ["viv;andt™ = [Tvv,y, theresultof p, 1, &, 6, 17, ¢k will be
published.

* Fort™ - vy I'""l'", we try to give the constraints to MPs
(Qr1, Qrr, QLr, Qrr, Bri, Bir, Lo, 1) from branching fractions and the

estimation of its systematic errors is ongoing and finalized soon then open
data.



Thank you!
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Selection criteria

@ After the standard preselections we take events with two oppositely charged tracks, one of
them is identified as lepton (elD, nID > 0.9) and the other one as pion (PID(w/K) > 0.4).

@ =° candidate is reconstructed from the pair of gammas (E5*® > 80 MeV) satisfying
115 MeV/c® < M~ < 150 MeV/c?, P<3° > 0.3 GeVic.

@ cos(Pyp, Pr) < 0, cos(Prp, P_o) < 0,0.3 GeV/ic® < M__o < 1.8 GeV/c?.
@ EL° <0.2GeV

resty
. . 0
Detection efficiency 4t ~ 12%
60000 7 o hse15 45000 f— hsth15
Entries  1.578516e+07 - Entries  1.578516e+07
C ' Mean 2013 40000 _— Mean 1.557
50000— AMS 1.032 - RMS 0.5301
c) - 35000
> 40000 g 30000f-
= - = -
- o Y 25000f
1, 30000~ : -
i) - 2 20000F~
z§ 20000 (el/V, 371'1/) Z 15000F (e]jlj’ 37]']/)
- 10000
10000} 3
- 5000}
C , ) o N
0O 05 1 15 2 25 3 35 4 45 5 % 0.5 1 LilMS 2 25 3
PSMS (GeVie) 0,
— hmpp015 : 0 i hexlab15
- Entries 3809464 K S Entries 4307307
10° Mean 07786 ) Mean  0.05401
o E RMS __ 0.1509 0 RMS 0.112
“E -
% 10° = % 10*
z 2 s \r\m
(—] wn -
10° | - = 10
S (evv; 37v) S
: L e Wt | el (evv; 3mv)
: 10
z f
r 10l
1= ’;ﬂ 0 !: i
£, . 1 ) L
0" 020408 08 1 =2 14 1.8 8 '0 005 0.1 015 0.2 025 0.3 0.35 0.4 0.45 0.5
LAB
Mmo (GeV/c ) Ey AB 2 (GeV)
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Status of Michel parameters in 7 decays

Michel par. Measured value Experiment SM value ALEPH B vone | ALEPH |
P 0.747 £ 0.010 £ 0.006 CLEO-97  3/4 P Bice] R B
(eor 1) 1.2% R S TR S
T] 0.012 & 0.026 + 0.004 ALEPH-01 0 S0 o
(oor ) 2.6% o ] e R
5 1.007 4 0.040 £ 0.015 CLEO-97 1 P orsodoon N oouskooss
(eor ) 4 . 30/ (o] ALEPH 4 ovome | AvEPH
f 0 0.745 4+ 0.026 + 0.009 CLEO-97  3/4 P el N
(eor ) 2 . 80/0 opaL oPAL
fh 0.992 + 0.007 + 0.008 ALEPH-01 1 P
(all hadr.) 1.1% A e

13 0.988+/-0.029 E0  o0.73540.020

With x300 Belle statistics we can improve MP uncertainties by one order of magnitude
In BSM models the couplings to T are expected to be enhanced in comparison with L.
Also contribution from New Physics in 7 decays can be amplified by (”m7—;)” :

2
© Type Il 2HDM: 1 (r) = g™ (2 ) 25 = e = aso00
H

@ Tensor interaction: £ = rg@ w# {5%(1 — ¥°)r + %a” <Dau (1 — 75)7) }
—0.096 < k¥ < 0.037: DELPHI Abreu EPJ C16 (2000) 229.

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

@ Lorentz and CPTV: Hollenberg PLB 701 (2011) 89

@ Heavy Majorana neutrino: M. Doi et al., Prog. Theor. Phys. 118 (2007) 1069.

36
4
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Corrections, detector effects, background

Physical corrections:

@ All O(c®) QED and electroweak higher order corrections to
e"e” — 7777 (v) are included

@ Radiative leptonic decays 7= — £~ Dy
@ Radiative decay 7~ — 7~ 7%v,y
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., 70 rec., 41D, 7ID)

Background:

The main background comes from (Yvv; m27°0)(~10%), (7v; 77°v)(~1.5%)
and (pv; p~v)(~0.5%) 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%.

" International Workshop on Tau Lepton Physics Beijing, China, 19-23 September 2016 D. Epifanov (NSU, BINP)
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Helicity sensitive variable w

9000f.0.<.20.35... % -0.35 <0.<.0.35...0.».0.35....

M. Davier et. al Phys. Lett. B 306 (1993) 411. sooof- f0N (Ewioy)
Helicity sensitive variable w is introduced as: N

1 ¢2 -, — —, —
w = W . (Hpj:,n,r:l:)dq) =< (Hp:t, n,,.j:) o, = .
1 “il -0.8 —6.6 —0.;1 -02 0 _‘0.2 04 06 08 1
o=<(Hi)>,
LH RH ~ RH LH
w>0 LI R - T — o>0_Z~& = _+ T
- 4 _ preferred P, ep = 4 +
- - Ny T —_, = T
w<0 RH LH p /71:0 = w<(0 LH RH p+ /no
SHRURRESRNS SR - + 8000F +
sof € 50v) WS e
~ 3500F— % 6000 ’), \\\

E 3000f— — v : ; I
§ 2500?' 0-35 - % 4000i :’_r 35 < (1) n "iq
za’a 1500} . . . : F

z . F

1:$§(e[*w;§3nv)+(m'; PV)I Sther| ‘\ :xi(g*w ‘;.?:w)f(m'; pv) IWI
GH”A‘-_ﬁ : k! 3(50511.5225335443555 6605115225;3;54415555
0 05 1 15 ZEEL%"f ((;3ev)35 4 45 5 55 ESMS GeV) EEMS(GeV)
Spin-spin correlation manifests itself through momentum-momentum
correlations of final lepton and pions. -

14" International Workshop on Tau Lepton Physics Beijing, China, 19-23 September 2016 D. Epifanov (NSU, BINP) 20/24
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Reference: N. Shimizu’s slide@TAU2016
Method

PDF of signal
. do P2 do
S = == | do —
dPldQldPdeydededmp d.Qn D, dPldQldPdeydededmdendCD

®5(x): the visible PDF for observable X (Ngj, = 12)
®S5S(x) hasaform: # = {P,, P, Q,, P,,Q,,m2_,Q,}

T

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

- S(x)e(x) B;(x)e(x)
® — — ) . .
Proc(X) = (1 = XA) [ dZ2S(%)e(2) + LA [ d#B;(R)e(%)
i: index of background B;(x): PDF of i-th background
S(%): PDF of signal A;: fraction of i-th background component
£(x): selection efficiency
ONormalization is evaluated by MC oo = [ dZAy (%)

O S(%) = Ag(®) + Ay(®) - 1 + A (R) - §x¢ /

Ag+AgT+Agdk  ooF o« Aot+Apii+Agdx

® [dxS(H)e(X) = [ dXe(X)A(X) » = N 2k 4

0-08_
Nsel

|1+ N - 77 + Ngie - €] | o, absolute normalization
N5, 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°
10, 10
4. Ny<5 for Ey>80 Mev NQ 75; Exp. data 75; 1t MC
5. 1 GeV/C2<MmiSSing<7 GEV/CZ § . | s
6. 30°<‘9missing<1750 éz.s 2.5
= o . oo
In particular, the last two requirements 0 0 Opssne 200 0 0 Opssne 200
well dlscrlrplnate other physics oy | Bhabha, uMC g
processes like S 7.5 751
« Bhabhaete™ »e*e~ o, 5 5
e ete” > utu” 525! 2.5
« Two photon processes s ki |
0 ®MISSING | 200 0 @MIS;INZGH‘ 200



Event selection v

OFinal selection

P P
‘> 0.9, Muon: £

®Pion: > 0.4
PTL'+PK

o1’ 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
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Michel parameters in = — (vvvy, (¢ = e, i) (1)

C. Fronsdal and H. Uberall, Phys. Rev. 113 (1959) 654. (m, = 0)
A. B. Arbuzov and T. V. Kopylova, JHEP 1609 (2016) 109. (m, # 0)

— l=esu 1:_\@@\( I=e,u v

Photon carries information about spin state of outgoing lepton, as a result two

additional parameters, 17 and £k, can be extracted.
These parameters were measured in 7 decays at Belle for the first time.

ar(r+ — E:Fuevﬂ,-'y) o By
=Ty — [F(x, y,d) £ P+ (Bpcos 6,G(x,y,d) + cos O~ H(x,y, d))} ,
dx dy dQ, dQ~ 64m3 y

2 5 3 /
o = Gam>./1927°, B, = 1—m§/E§, X =2Ep/my, y=2Ey/mr, d=1—3,c086,,

do(eT vvn, pj: V)
dE; dQj dEX dQ% dQ% dm?2. . dSr dQ~

F=Fy+7nF, G= Gy +£&rGy, H=Hy+E&rHy,

P
. do(£FTvvn, p:tu) ¢ do(£ T vy, p:tl/)
F(2) = 5 = —— = |JACOBIAN| do -
* JO* JO*
dpyp dQpdp~ dQ2~ dpp dQ2pdms.__dQ Y dE; dQ7 dE,de,depdmﬂ_ﬂ_dQﬂ-dQT

L =

N (k) _
Pl pk) _ FET) _ Fo+ Fafi + FpE€8 Nk:/]-“k(f)df, (k=0,1,2)

—

= N(B)  No+Nya + Npes
v
71 and &6 are extracted in the unbinned maximum likelihood fit of (¢vv~y; pv) events in the 12D
phase space in CMS. 43
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Michel parameters in = — (vvy, (¢ = e, 1) ()

N, = 646 x 10°, selected: 71171 (uvvy; pv) and 776834 (evvy; pv) events

Contour of likelihood

T UvVVYy TUVVY
. X0 o £ 2=
Y [ e 8700 o il .
g “r ! S [ ] wo— =™ evvaly, ] (66.5%) * 15
S 2 i |:| T (O v, ] (66.5%) $ 600 B T, (16.9%) I B
2 “F & R [
I z P o=@ m Tl g (7.7%)
1.8 e . o ]
% Eot - TR, ] (16.9%) B el (4.9%) N
.6 500 N N |
=18 ﬁ P et o) 7:7%) [ v, ,, ] @8%) i : 05
1.4F B e, 108 |
: ﬁ B e, @ o) 400| [ otvers %) %ﬂu t ol
2F L i b
F WA» T (RO, (0 3.8% r W r
£ |:| TV vy, ) 300 + M I + +H F SM
= th - T (O (OOl ] (1.3%) WW%WH\ ! -0.51
0.8; %& o Y rom o - H H + # + + + r
0 6} % |:| others (8.8%) 200’ _17
r N r ai .
0. N I Belle preliminary
E b T, el L) P4
0.2f- B F
r o s et O C
T B I M oo = = === === == U KOy N N NSO S Y MO co b v b 0 T T I N A
0O 01 02 03 04 05 06 07 08 09 1 0.97 0.975 0.98 0.985 0.99 0.995 1 -6 -5 -4 -3 -2 -1 0 1 2
E, (GeV) cosb,, bl
[ e 2 2
Source o o fog o
n K n Er

Normalization 4.3 0.94 0.15 0.04
Background PDF 2.5 0.24 0.67 0.22
Branching ratios 3.8 0.05 0.25 0.01
Cluster merge in ECL 2.2 0.46 0.02 0.06
Detector resolution 0.74 0.20 0.22 0.02
Data/MC eff. corr. 1.9 0.14 0.04 0.04
Total 7.0 1.1 0.76 0.24

Belle preliminary

7=-134+1.540.8
¢k =05+0.440.2
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Preliminary Results

T E T vy (LU = e, )

Preliminary : Estimation of systematic uncertainties

ttsetete vy, tTsutete vy,

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%

~10% ~15%

ttsetutu vy, TroututuTvy,

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 2% 36% Total 72% 36%

~70% ~70%

We are working to finalize the result and the estimation of systematic errors
will be finished soon.
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Theoretical Formula of BRs depends on Michel parameters

* Method of Monte Carlo integral is used

* Take the ratio of BRg)y to avoid considering the complicated common
factor appears in the theoretical formula

b~ g= 1 dI'np(x)
* A'gen e drSM(x)
1 1 1 dl'np
b~ g= BRxp = — | dnpd(PS) = dlsy /Tsm)d(PS
g BRsy 0 Tsm npd(P5) Ism J dl'sm/Tsm [(@sm/Tsm)d(PS)
d ~ d d
Psm J dlgy Psm Neen £ dTsm(x)  Neen 5 dlsm(X)

where, dfsm = dl'sy/T'sm is a normalized differential decay width of the SM, €2 is an allowed
phase space (PS), x follows the distribution of dl'gy, and Nge, is the number of generated

events.

From next page, we show the result of calculated coefficients
for our four target modes.
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4 from my note
t¥sefete vy,
BRoy = BRew{Qus + (1.051 £ 0.036)Q 5 + (—0.2053 £ 0.1431) By + L ++ R
+R](0.2416 £ 0.0002)1, + (0.8606 + 0.0001)/5)} + BRyio.  (7.19)

The formulation of coupling constant g, is written by,

97|
4|9}:L|2
+(2.693 £ 0.215)|gk, |* + R[—(0.1540 £ 0.1073) g3} ahf + (0.4303 £ 0.0001)g;, gk

+(0.06039 £ 0.00004) g7 raki + (0.3623 £ 0.0002)g} pohi| + L <+ R} + BRx10.

BRexp = BRsw{|a . |*(1 + ) 4 (0.2501 4 0.0001) g5, |? + (0.8465 + 0.1073)| gl |

T>utete vy,
BRoxy = BRsm{Qur + (1.220. £ 0.049)Qrr + (-0.87T17 £ 0.1957)Br+ L& R
+R[(181.3+0.1)1, + (1044 £ 0.1)13)} + BRnio.  (7.22)

The formulation of coupling constant gj, is written by,

) S 12 i -
BR., = BRsy{|g} 1[*(1 + 4||9+{*||,) + (0.2506 + 0.0001)|g5, |* + (0.3484 + 0.1468) gk, |
H9LLI®
+(1.699 £ 0.294)|gh, |* + R[—(0.6538 £ 0.1468) g3, gkt + (52.20 £ 0.01)g7 , akh
+(45.33 + 0.01)g] pant + (272.0 £ 0.1)g) poni | + L <+ R} + BRx1o.

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?|?~11/0(1MeV)?|?

in the matrix element.
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+ +,,+,,—
T—=>e-U'"Uu vy, J from my note

BRey = BRsw{Qrr + (1.226 £ 0.001)Qrp + (—0.8456 + 0.0001)Brp + L+ R
+R((0.2253 £ 0.0001)1, + (0.5231 +0.0001)15]} + BRyo.  (7.24)

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

Rexp = BRsm{lgp |"(1 + -5
4|9u,|

+(1.775 £ 0.001)|ghs |* + R[—(0.6342 £+ 0.0001)gR,0hi + (0 2616 + 0.0001)g; L.akh
+(0.05633 = 0.00001)g7 paki + (0.3380 £ 0.0001)g} pgki] + L < R} + BRy10.

—LLL ) 1 (0.2536 + 0.0001)|g5; |* + (0.3802 + 0.0001)| g}, |2
RL RL

+ -
TE>ututuvy,
BRexp = BRsm{Qrr + (1.216 £ 0.005)Qrr + (—0.8459 £ 0.0005)Brp + L < R
+R[—(18.00 £ 0.01)1, + (197.3+£0.1)I3]} + BRx1o.  (7.26)

The formulation of coupling constant g;-,, 1s written by,

BRexp = BRsw{|gl L]*(1 + 4|g,,| ) 4+ (0.2512 + 0.0001) g |* + (0.3704 + 0.0001 |qm|2

+(1.745 £ 0.015)|gh, |* + R[—(0.6344 £ 0. 0004)9m g{u 4 (98.67 £ 0.01)g7 , ghk
—(4.510 £ 0.001) g} pgkt — (27.060 + 0.006)g} pgr; | + L <+ R} + BRx10.
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POSSIBLE MEASUREMENT

Because of expected statistics, we
concentrate on the measurement through
two modes:

ttsetete vy, Ti—>uie+e‘vrv# Expected BRs from the Standard Model

Prediction from theory

The statistics of other two modes Channel
+ + 4+ — + + 4+ - = JEm—— 5 421 +0.01
(T_ee_ﬂ l’l vTve’ T_éu_u u v’tv“) BR(T_ — (_( (’_I/_GI/T)X1O~ .
. BR(7™ — e~ putp wery ) x 107 [ 1.247 £ 0.001

expected to be small because of its BR(r~ — pmete=iv,)x 107 [ 1.984 £ 0.004
expected branching fraction is small. And BR(7_ oy gy ) <107 1183 4 0.001
the measurement of Michel parameters is Ref. [JHEP 1604, 185 (2016)]
difficult from these two modes. Result of Monte Carlo simulation

Detection Efficiency |1 76 % 1.20% 3.56% 1.67%

Main Background(s) ev;V,Y, 7-[7-[01/1_ UV VY, n'n'on'OVT 7'[7'[01/1. 7T7T+7T_VT

arl (- ete y)v,

Expected number 1300 430 8 4

of signals at Belle

Purity of signal  |47% 50% 37% 16%
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CLEOII measured the branching fraction of t¥>(e/u*)e*e v, v, ),

BT(T9€€+€_VTV3) _ (2_7+1.5+0.4+0.1

Result of CLEOII —1.1-0.4-0.3

Br(t>uete vy, <3.2x107°% (at 90% C.L.)

)X1075

CLEO-II experiment

Detection efficiency:
ti>etete v v, 5 >eete vy, (2.7£0.1)%
T>utetevy, 1 T>pete vy, (1.9%0.1)%

Integrated luminosity 3.6fb~1
N,, = (3.28 + 0.05)x10°

* Main source of systematic error
* Uncertainties of lepton identification efficiency
e Uncertainties of reconstruction efficiency of slow tracks

Reference: Phys. Rev. Lett. 76, 2637 (1996)

9

(a)

0.1

Events / (4 MeV / ¢?)

0 ' 0.1 0.2
M, -(GeV/ )
0.2 —r———

(b)

Events / (10 MeV / ¢2)

Events / (50 MeV / ¢2)

0 1

2
Popp (GeV/ ¢?)

FIG. 3. Comparison of the kinematical distributions of the
T — ee* e v, v, Monte Carlo (solid line) and the data (shaded
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, p,p,. The normalization of
the plots is arbitrary.
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Selection

Pre-selection of tau-pair and thrust selection are applied at the first
stage

Thrust selection is applied as following method (in the CM-frame).

) Ysiet [TenDil E’ > momentum vector of electrons in signal-
« Define thrust vector by 7y, = max{—=—t———} side
ZSlg’taglpll
o Separate signal and tag side by Fag’ * momentum vector of charged particle in tag-
) side
[{m ’ pisig < 0}&&{n—th) * Prag > 03] or [{n—th) ) pisig > 0}&&{ny, * Ptag < 0}]. I+

n
* Require the number of charged tracks in signal side to be three and that of ;?_

tag side to be one
* Require }i5jg @ = £1and X, Q = +1

Signalside

Tag side

¢ Pre-selection of tau-pair and second stage selection x*

are written in a backup
We use 1-prong decay of tau as

tag



Pre-Selection of Tau-pair

Table 3: Pre-selection criteria of tau-pair

Index Selection Criteria
1 2 < Number of charged tracks < 8
2 |Sum of charge| < 2
3 Sum of momenta of charged tracks in the CM frame (P™) < 10 GeV/c
4 Sum of energy deposit in the ECL F(ECL) < 10 GeV
5 Maximum Pt of charged track (Pt,,..) > 0.5 GeV/c
6 Event vertex |r| < 0.5 em, |2| < 3.0 em
7 For 2 track events, 7-1,7-2, and 7-3 must be satisfied:
7-1 Sum of PM < 9 GeV/c
7-2 Sum of E(ECL) < 9 GeV
7-3 5 d('g < omiuin; momentum < 175 d('g
8  E..=[Sum of P°M 4 Sum of ESM (energy of v in the CM frame)| > 3 GeV
or. Pty > 1.0 GeV/e
9 For 2-4 track events, 9-1 and 9-2 must be satisfied:
0-1 Ewi=|Eree + PEM]| < 9 GeV .or. maximum opening angle < 175 deg
9-2 ‘Number of tracks within 30 < # < 130 deg| > 2
or. [Sum of E(ECL) - Sum of EM| < 5.3 GeV
10 Maximum opening angle > 20 deg

53



Second Stage Selection



Explanation of defined word

Sum of cos 6;; : (Zi<j cos 6;;)

1
> 2

L /s
©
3
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o0

10.
11.
12.
13.
14.

Second Stage Selection

tIsefete v,

Number of charged track =4

Total charge (sum of Qg;4 + sum of Qy44) =0

Number of photons (with E(¥)cp> 0.06 GeV) <=8

Total ECL energy deposition < 9 GeV

1.5 GeV/c? < My;issing < 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)
t¥>etete vy,

Reconstructed vertex position of y(— e*e™) 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 < 0.5 GeV

Sum of cos 6;; : (X<jcos 6;;) >2.90

|dz; | of electrons in signal-side should be |dz;|< 1cm

The momentum of virtual gamma in lab frame < 3 GeV/c

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



Second Stage Selection

tT>utete vy,

Number of charged track =4
Total charge (sum of Qgjg + sum of Qrag) =0

Number of photons (with E(y) > 0.06 GeV) <=8

Total number of gamma in sig & tag —side <=4

1

2

3

4

5. Total ECL energy deposition <9 GeV

6. 1.5GeV/c? < Myjssing < 7 GeV/ c?

7. Number of charged tracks in signal side = 3 && Number of charged track in tag side = 1
8. Reconstructed vertex position of y(— e*e™) should be r(xy — plane) < 1.5cm

9. The sum of energy of y in signal-side < 0.5 GeV

10. Sum of cos 8;; : (X< cos 8;;) >2.93

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



Second Stage Selection

eyt utvv,
Number of charged track = 4

1

2. Total charge (sum of Qgjg + sum of Qr,g) =0

3 Number of photons (with E(y)y> 0.06 GeV) <=8

4 Total ECL energy deposition < 9 GeV

5. 1.5GeV/c? < Mpssing < 7 GeV/ c?

6 Number of tracks in signal side = 3 && Number of track in tag side = 1
8. The number of y in signal-side <= 1 && The sum of energy of y in signal-side < 0.3 GeV
9. Sumof cos8;j: (X;jcosb;;) >2.70

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

11. Polar angle of the missing momentum 30 deg < 0 < 150 deg

12. Invariant mass of u*u~ should be < 0.4 GeV/c/2



Second Stage Selection

Tr>ututuvy,
1. Number of charged track = 4
2. Total charge (sum of Qgjg + sum of Qrae) = 0
3. Number of photons (with E(y) > 0.06 GeV) <=8
4. Total ECL energy deposition <9 GeV
5. 1.5GeV/c? < Myjssing < 7 GeV/ c?
6. Number of tracks in signal side = 3 && Number of track in tag side =1
8. The number of y in signal-side =0
9. Sumofcosf;;: (Q<jcosb;j)>2.85
10. (E;), of muons in signal-side should be < 0.4 GeV/c"2

11. Polar angle of the missing momentum 30 deg < 0 < 150 deg

12. |dz;| of muons in signal-side should be |dz;|< 0.1cm



