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tDAREE helicity
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Fig. 4.16. The decay 7~ — @ vr
in the rest frame of the 7. The solid
arrows mark the spins of the parti-
cles, the open arrows their momen-
tum. The double arc indicates the
Gottfried—Jackson angle #*. Boosting
the decay in the direction of the ar-
row on the dashed line corresponds
to the decay of a T with negative he-
licity in the upper plot and positive
helicity in the lower plot
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LNV decay LNV&BNV decay
doubly LFV decay LNV: BNV: Baryon number violation

o lepton number violation
total LF variation: 4
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A.Stahl: tau physics near threshold
Int.J.Mod.Phys.A 21 (2006) 5667-5674
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a,(1260) IG(JPC)y=1-(17")

See also our review under the a; (1260) in PDG 06, Journal of Physics G33 1 (2006).
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CPV in tau decays
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CPV search in 1=K
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» |Im(n.)|< (0.012-0.026) at 90 %C.L.

- SEHEN'GH DDA FD5: (L E B AERI RO AN
DHBRVNS. (BEZEINL CEHN)

m Application: In the 3HDM

EFXZ

M. : mass of lightest charged nggsmMHDM

s =

Z : complex coupling constant btw Higgs and lepton.
X : complex coupling constant btw Higgs and down-type quark

® The result (Im(n,)<0.026) limits the coupling

[l X7 [<0.15 M 10 20 30 40 50 60 70 80 90 100
[ Im(XZ) 1015 =20 \Im(xz*)
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u LaT = Ksw,) — T — 7 Kevr)  ag = (033 +£0.01)% in SM due to CPV
Q ' — 7T+Kgl7,r) +I'(r7 — W_ngf) in K — K" mixing.

COFEL2TAITE, FEDHDIOZETCEVS>HETZEL TS !

Ag = (—0.36 £0.23 £ 0.11)%
2.8 O from SM prediction

> IRERBOHAFEL FEEIUAZESTRS RO
foR IS0

(BelleDERATIEZKODCPV (& R RV \EEAT)
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» 1=>Knv, 12 Knnv TRIKD(E

ZNTNANT— TEANT—,

» IER DD %% S ATTERAT(E

EARINIEZ RTWDDN ?
(6553 A. purelCKLOCPVORIRIZR TWS, )

EFVWZREBIBITRBOEVNTRODT

|

Belle ITHIEITE

—EINFNNTEDHEBIAREE T DWAEHD
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PLB551, 16(2003)

ADEZIIBRTFE—A> MOEIE (1)

ERDERIEFET
'Jﬁ%ﬁﬁ%ﬁ”

> K YRED S L optimal
observable

2021/5/31 TERETEZE RS 1 0OlEs 39



ATIDEIBFE—A> MOAITE (2)

» Optimal Observable (C&2HIFE
- B REMDIRIE(X
Mp'rod M2SM + Re(dT)MQRe + Im(dT)M%m

My = Gl +m? + k) (kp)? — S [k(1 — ((kp)?), p:e” mEHE

+2(kS4) (kS ) (K[ + (ko — my)*(ip)?) R
Cokolh - m) () (S)3S) + (S sy KT OEBE

+2k5(pS. ) (pS-) S.:7° mREY
M, = A2 K| [~ (my + (ko — m.) (kp)*)(Ss x S_)k
+ko(kp) (s x S_)p

Ope = 2| (One) o [ Onedo « [ OpeM2ade v 5EDMZE BT 2
. 0 2 (Tjt‘J I\, IL;\I#
EEBLT - [Mha@ad] G EMC TR

=E
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A DESIUEFE— A MOBEITE(2)

» 30fb1, t=>evv,uvv,nv,pv
{BU. bhabha, di-muonES Rz kI3, 1>evv/i=>evy, 1= uvv/r=>uvvldEDR

x10°* | | | 10
e _
18
B F—aL
2 1 MChH 1 :
: momgntum ° GeV.‘g EL\Z&‘ X104 ORe GeV/e
e E LT 1t
ThNT
A 2T s
| %0 =10 0 10 0
- 0 GeVle

m
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IIDBRIUETE— > MOBITE(4)

Re(d,) (10 °ecm) Im(d,) (10 '®ecm)
ew|  F—=| 2.25£1.26£0.92 ey [———— | -0.41%0.22£0.46
en| b= | 043£064£060 em| F———— | -0.2240.1940.45
pm| ——e | -041£0874074 pm| +———— | 0.15£0.1920.44
ep | r—-—c 0.00£0.36+0.14  ep e | ~0.01+0.1420.13
1P s 0.04£0.4240.18  up - ~0.02+0.1440.10
o | i | 03480252022 mip | b | —0.22+0.13+0.16
oo| v | -0.08402540.17  pp | | —0.1240.1420.11
nm| et | 042£1.17£046 7w | et | 0.24£0.3420.42
total | [0.115£0.170] total| =  |[=0.083%0.086

“2-170 1 2 ~1-050 05 1
IRe(d,)| < 4.0 x 10 e cm, [Im(d:)| < 2.2 x 107 "ecm,

INT—RZ@E > -RFDBNERENLEL 59 S Hji'd' !
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Belle IIT(&:--

» EHEL(C(EFEETH _ EHNIEIREEHH D
BelleD#EER Tldlow momentum tracklcxd9d a3 NH—>=1
l/—/5|/0) BIRMENRY)
» 21 —23 FEDDECANDDBDT., +0R>z1L—23> 574
MERTESAINMNERE (BFEINICEE=/ICH)
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Lepton Universality
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Lepton universality(1)
> UTR DU T NZwIRRRD DI (Bo1E) O

B B(\ — v\ov G\ G, m> m>
FA = vap7p(7)) = ( Tx A£7e) N ;9271'; ' (mg) RWRA
A

2
g
G,=—F2—, f(x) =1—8x+8x> — x* — 12x°Inx ,
4y/2M3,
3n72 ﬂ’(m}t) 25
Ry =14+=—2, R)=1 = _x%) .
W=t 5w, L =

EREEG, BAF) &G, BRAIF) [FR—HBRI DD,
BZTHIZLTHL
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Lepton universality(2)
> u=>evy,1=2uvy,12>evwD I EE S

(g"') — 1.0010 + 0.0015 (g”') — 1.0029 + 0.0015 . (g—”) — 1.0019 + 0.0014 .

s Loy 1= KyDS LS e

2
g\’ B(r—hy) 2mymi7 1—m?/m? R, /x = (0.16 +0.12)%
g.) B(h— uv,)(1+6R p)m3r, \ 1— m2/m2 SR, /k = (0.90 £0.22)%

(&) — 0.9961 + 0.0027 (&) — 0.9860 + 0.0070
8/ 5 8/ Kk

HTELOTREL?

EFCET1ITEDIFAN? (g—’r) = 1.0000 + 0.0014
gﬂ- T+r4+K
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(W Leptonic decayl(d--

> EET (L_LEPh gﬁb\

Mp=Zuvr)/Tiotal rs/r
To minimize the effect of experiments with large systematic errors, we exclude exper-
iments which together would contribute 5% of the weight in the average.

VALUE (%) EVTS DOCUMENT ID TECN  COMMENT

17.39 +0.04 OURFIT

17.33 +0.05 OUR AVERAGE

17.319+£0.070+0.032 54k 1 SCHAEL 05C ALEP 1991-1995 LEP runs
17.34 £0.09 +0.06 31.4k ABBIENDI 03 OPAL 1990-1995 LEP runs
17.34240.110+0.067 21.5k 2 ACCIARRI 01F L3 1991-1995 LEP runs
17.325+0.005+0.077 27.7k ABREU 99X DLPH 1991-1995 LEP runs

r(e_ Ve u.,)/rm.. s/l
To minimize the effect of experiments with large systematic errors, we exclude exper-
iments which together would contribute 5% of the weight in the average.

VALUE (%) EVTS DOCUMENT 1D TECN  COMMENT

17.82 £0.04 OURFIT

17.82 +0.05 OUR AVERAGE

17.837+0.072+0.036 56k 1 SCHAEL 05Cc ALEP 1991-1995 LEP runs
17.806+0.104+0.076 24.7k 2 ACCIARRI 01F L3 1991-1995 LEP runs
17.81 4+0.09 +0.06 33.1k ABBIENDI 994 OPAL 1991-1995 LEP runs
17.877+0.109+0.110 233k ABREU 99X DLPH 1991-1995 LEP runs

2021/5/31

Low energyld...

F(p=v,v;) /T (e Tery)

M3/l

Standard Model prediction including mass effects is 0.9726.

VALUE (units 1072) EVTS DOCUMENT ID

TECN COMMENT

97.62+0.28 OUR FIT

97.9 +0.4 OUR AVERAGE
07.964+0.164+0.36 731k 1 AUBERT
97.7740.63-0.87 2 ANASTASSOV 97
997 +£35 +4.0 ALBRECHT

10F BABR 467 fb—1 ES5= 10.6 GeV
CLEO EE§,— 10.6 GeV
92D ARG

E8,= 0.4-10.6 GeV

1

Belle [T % X 1{TH
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Michel parameters, Vus

pECVCH (BFfEhd i)
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Lorentz Structure&Michel parameters

> Tau Leptonic decayOEBVERSI 527> % —MR{ELTWEISLD
Rz M9 5 "
M(T — TV, 'Vg) — TZFZ g{}’ [zirN'Vg] [VTFNT]']

N=SV,T
i,j =L R

Ep my

X = ,XO=

cnhsdifferential decay widthzEtEH 5L Emax

dr(t%) 4GEm,E,,,, ] 2 2
dQdx (2m)4 \/xz — %o x(l—x)+5,0(4x2 — 3x — x§)

1 2
+nx0(1 — x) $§PT COSH{)f\/xZ — x§ {1 — X +§5(4x — 4+\/1 —x%)}]

p,1,&, 6 &Michel parameter & EUIZEEERIfZ L p = %»77 —0,6=1,6= i
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HRAR

Michel par. Measured value Experiment SM value
[Y 0.747 4+ 0.010 = 0.006 CLEO-97 3/4
(eor ) 1 .20/0
7] 0.012 4+ 0.026 = 0.004 ALEPH-01 0
(eor ) 2.60/0
5 1.007 £ 0.040 £+ 0.015 CLEO-97 1
(eor ) 4.30/0
5() 0.745 4+ 0.026 = 0.009 CLEO-97 3/4
(eor ) 2.80/0
é’h 0.992 4 0.007 = 0.008 ALEPH-01 1
(all hadr.) 1 . 1 0/0
1511 Z (4 . myme (tan“B\”
I Z(&Type II 2HDM f&n = ™4 ( o )
H

BelleTEITH (F2IFE. MEDFBERRIBEEN RV \A VA2 ED)
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VusDiH IJL

» E9BH 1t T
Vuszalld&

KTHIzDE
1EOIAEER(C
B3 (&)

L3 95’

(0.950 + 0.150 + 0.060) % ' -
CLEO 95’

(0.704 £ 0.041 £ 0.072) % — &

ALEP 98 -

(0.855 + 0.117 + 0.066) %

ALEP 98’

(0.928 = 0.045 = 0.034) %

OPAL 007

(0.933 + 0.068 + 0.049) % —

Belle 07° -
(0.808 + 0.004 + 0.026) %

This experiment -
(0.831 £ 0.002 + 0.016) %

[ R T N TR TN N [ TN TN TN NN TN TN MO (N MU N T N N M

0.2 0.4 0.6 0.8 1

——

T average
0.2221 = 0.0013
] ] ]

B 1prongAa+ T -
AIh&H2d0h ?
AN NBEEDDMNIARAREL)
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0.225
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o < = =+ — = T decays ) ol 1 elle
T /J\%*EEI!%%EZ@L\EE o L %L%SMHO'SQ

254420122042

ALEPH
e 25.49+0.10 £0.09

» Conserved Vector Current (CVC) T B

L3
2462=x0.35=20.50

¢ IMBEUE D = (CARIET DIRSR(E T e
ete—n n EIEF(CLAUTNS, B o I 5

H—e—Hi 34.82:022%0.22

T V - W — p H——0—H SR %%
KLOE 08 (0.59-0.97
e + e — 0 H—8—H 24.4?i0_22(i- 022 )
a a BABAR 09 (0.3-m
y p H—e—  554i5:018 4_-(0_22 )
e KLOE 10 (0.32-0.92)

24532022=022

Tau leptonh"FER SNZIER(IECOE R e s,

h\Bﬁ”jS'Zttb\‘@'(ﬂ:%%éﬂt 235 24 24_5B(T_25_) Vz:_.ls-la) 26(%)26.5 27 275
I (IBERCETE TS 3L,

ESBEENRLY-- BelleD X HEREANDFEIIODEHERK
—Belle lfF&HL > ERBRIZTEES

2021/5/31 FERETEEE RS 1 0 s 52




.

c

N\

> AL TRz TR RYPIENEUSHET
- LFV, CPV, Lepton Universality, Lorentz Structure, V., -

» SDECAB-factoryhVgzs8 T 9

- LFV (§FZ3p) ([E5Hh5hLTENRLNE

- BelleTRIFIDHRED(II =) T4 (TG UEZENERIF TEED,
- BelleTYor TRVDE 74T 7 HENE

>

RDLOFETLEFOTLEDIDE
AT A INE
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