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Introduction: r physics

@ In the SM 7 decays due to the charged weak interaction
described by the exchange of W+ with a pure vector coupling to
only left-handed fermions. There are two main classes of tau
decays:

o Decays with leptons, like: 7= — £~ Dy, 77 — £ Dprry,
7T = 40T g, 0,0 = e, p. They provide very clean laboratory
to probe electroweak couplings, which is
complementary/competitive to precision studies with muon (in
experiments with muon beam). Plenty of New Physics models can
be tested/constrained in the precision studies of the dynamics of
decays with leptons.

e Hadronic decays of  offer unique tools for the precision study of
low energy QCD.

@ The world largest statistics of 7 leptons collected by e e~ B
factories (Belle I, Belle and BABAR) opens new era in the
precision tests of the SM.
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Introduction: Belle and BABAR

Integrated luminosity of B factories
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B-factories are also charm- and r-factories !
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Introduction: Belle Il

Next generation e e~ B-factory at the HEP intensity frontier
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SuperKEKB luminosity record (June 2026):

5.3 x 10% cm—2s~1

The project SuperKEKB luminosity: 6 x 1035 cm—2s~!
Planned integrated luminosity is 50 ab—"

o(bb) =1.05nb N,z = 53 x 10°

o(ct) =1.30nb N =65 x 10°

o(r7) =0.92nb N-r =46 x 10°
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Michel parameters in  decays

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= — ¢~ yvr (¢ = e, ) decays provide clean laboratory
to probe electroweak couplings.

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

*E N\ 7Y N v, (5 Um(v. i(t—
M= ﬁNgv,Tg,, [u,(/ v ,)] [um( i)

i,j=L,R

S =1, 1V =+# T = —(y#9” — y¥y*), chiralitics n, m are fixed by i, j

2f
Ten couplings g?’ in the SM the only non-zero constant is g{L =
Four bilinear combinations of g,j\’ which are called as Michel parameters (MP): P, 7],

E and 0 appear in the energy spectrum of the outgoing lepton:

dr(r¥) A4GEM.E%, 2
o @y \/ X2 — X2 (x(1 —Xx) + §p(4x2—3x—x )+ nxo(1 — x)

1 2 E, m,
— P, cosf x27x2{17x —&(4x — 4 17x2}),x:—e,x = 2%
T3 = o' X F oAt i —x) o’ " Enm

Inthe SM: p=3,n=0,6=1,6=2
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Michel parameters of 7, current status, NP

Michel par. Measured value Experiment SM value aLepn ALepH
14 0.747 £ 0.010 & 0.006 CLEO-97  3/4
o
(eor 1) 1.2%
i 0.012 £ 0.026 £ 0.004 ALEPH-01 0 s —
o s
(eor p) . o ancus —od AR
1.007 & 0.040 + 0.015 CLEO-97 1 P N oosiosss
(eor p) . 9 o Aeen aLepH e s
0.745 4- 0.026 + 0.009 CLEO-97  3/4
S - P
(eor ) 2.8%
fh 0.992 £ 0.007 & 0.008 ALEPH-01 1 cueo
1 o i6Us. LT —
(all hadr.) . o
R & omsfooz

In BSM models the couplings to = are expected to be enhanced in comparison with .

2
© Type I 2HDM: 1, (r) = it (122)"; 2u(2) — M ~ 3500
H:

2v2
—0.096 < nf’ < 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

w
@ Tensor interaction: £ = -2 w* {DWU — %) + ;”—*TB” (Dawm — ’ys)'r) },

@ Heavy Majorana neutrino: M. Doi et al., Prog. Theor. Phys. 118 (2007) 1069.
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Effect of the e beam polarization at the STCF

At the STCF with polarized electron beam the average polarization of single 7
is nonzero, hence the differental decay probability will contain both, 7
spin-dependent and spin-independent parts.

o(C, 0t 2
Gole ) = o B (Dot DU G+ PelF G+ F )

dQ,  B4E2
L Ne(+) — Ne(-)
Do =1 20+ — sin?0, Po— )T
o= e U SR e T R 1 Ne(o)
(1+ v%)sinZH 0 S-sin20
D; = 0 —B2sin%6 0
;—Tsin20 0 1—|—c0529—7i25in29
Single T studies at the STCF:
do(C) a? .
da, ~ s (Bt PR G

As a result, there are two methods to measure MP:
@ (I) Unbinned fit of the (¢, p) events in 9D phase space (spin-spin
correlations + polarized e~ beam)

@ (Il) Unbinned fit of the (¢, all) events in 3D lepton phase space (only
polarized e~ beam)
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Method at e e factory with unpolarized beams

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of the (rF — ¢Fuvv; 7% — pEv) topology are used to measure: p, 1, £,£ and
£p€0, while (rF — pFu; 7+ — p*v) events are used to extract £2.

T helicity —
4y n T |
T helicity b VY3 PY)
=
Qo 5
o. él
0.7. C/"/ ul AN =4/ P
0712038
0 " FEYY B 006 004 -0.02 02004 006 008 0T
I —
o, n
do(£T v, ptuv) 4
= = Ao + pA1 + 1Az + §,6As + §,60A = A©;
dEZ*dQ*dQ*dmz a%, do. o + pA1 + nhz + §,6A3 + §,60A4 Iz; =i
e
S do(¢Fvw, pt / do(¢F vu, pto) | a(Ey, f , 2%, 2r) ‘do
dE} d} dk dm2 . o6 dQr | 8(pg, Qs Pp s Rp, O7) T

dppd,dpp dedm2 dn7r

J
PR Pl = F(20)A(E), NS /]—'(z YOZ, & = (1, py 1y EpE0, EpEeSe)

f
=

>
Il

7
Prota = (1 — Z APy + MPry 5™ + XaPp? + AaPLy ” + APy (MC)

i=1
MP are extracted in the unbinned maximum Iikelihood fitof (/vv; pv) eventsiin the 9D phase
,m, cos O, ¢v,r) in CMS.

space Z = (pg, cosO¢, ¢u, Pp, cosl,, ¢p, M
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Michel par. at Belle, systematic uncertainties

Belle-CONF-1402 arXiv:1409.4969

Source Ap), % A1), % A(E), % A(E,E0), %
Physical corrections
ISR+O(a?) 0.10 0.30 0.20 0.15
T — by 0.03 0.10 0.09 0.08
T = pvy 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
o (Eveam) 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

At Belle, various EXP/MC (L1, L3/L4 software trigger, track and 7°
rec., 7D and /ID) efficiency corrections produce the systematic
uncertainties in MP of about few percent.
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Analysis of (¢, all) events in 3D

d
(;’g(z ) _ 3252 &5 (Do + PoFiC)
)

dr i e * =% Tk * * * *
(T éx*)d% - = K'Z(A(X ):F&‘ngC B(X ))» X = EZ /Eémax
A(X") = Ao(X") + pAi(X") + nAa(x"), B(X") = Bi(x") + 0B2(x")
do(¢F) B,
dE;dQ;dQ, ~ "'32E2

(DoA(E;) F Pele FiniB(EL))

a,

do(6F) / o(CF) | O(E;, Q)
dpngg dE; d05dQ- | O(pe, S2e)
Q. —sector

Q,-sector is determined by the kinematical constraint m,, > 0

@ All Michel parameters (p, 1, Pef, Pefd) are measured in the unbinned maximum
likelihood fit of (t— — €~ Dyv,; 7T — all) events in the 3D phase space.

@ The reduced 3D phase space allows one to tabulate various EXP/MC corrections
to the detection efficiency more precisely.

@ The crucial point in this method is to have high-efficiency 1-track trigger
and precise P, monitor.
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7~ — 7 /p v, decay to monitor P,

do(¢) a?
=2 38D "
aq, 32E$ﬁ (Do + PeFic;)
dr(r¥ — nfv) 2y dr (7T = pFv) o o g
—————— =k (1 £ &:(ny), ———=— = f(ki, ka)(1 £ £0CH;
dQ;kr & ( 3 Cnﬂ) dmgmdQ;‘)Q ( il 2)( 914 p)
do(nT) a?Br .
dodn, ~ "maagz (Do PetrFim)
do(p¥) ;
= = f(kq, k Do + Peé,FiH,
dQsdm2, Q.dQ. (ks 2)3252( o £ Pet, Fik)
27
do(nF) do(nF) | O(Q%, Q) do
dprdQr dQ;*TdQ-r 9(pr, i
do(pT) / do(pT) (25, 92r)
dp,dQ,dm2_ 5., s dm2,_6..dQ2, | 9(Pp, L,

Parameters (Peér, Peép) are measured in the unbinned maximum likelihood fit of the
(tr7 — 7~ /p~vr; 7T — all) events. These decays can be used to monitor Pe with
high precision.
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Fit of (¢, p) in 9D at Belle Il and STCF

®
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Sensitivities to Michel par. at Belle Il (with unpolarized e~ beam) are
slightly better (by a factor of 1.2—1.5) than those at the STCF.
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Fit of (¢, all) in 3D at Belle Il and STCF

3D Fit of (lep, all) events

3D Fit of (lep, all) events
ol ¥ _
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<+ 08 T e
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34 \""zg
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3 15 elle I 9D fit of lep, o evenT
EE el I+ polarized ¢ O;E §)3 3 I |
9701702703704 0506 07 08 09 1 11 ‘o Ble I ¥ pplariped & i
& polarization %0102 03 04 05 0.6 0.7 08 09 L1

TR . . € polarization .
The sensitivities to all Michel par. at the STCF become slightly better than those at Belle 1l (with
unpolarized e~ beam) for Pg > 0.5.

Expected MP stat. uncertainties are ~ 10~*, to reach the same level systematic uncertainty,
the NNLO corrections (O(a*)) to the differential e*e~ — 77~ cross section are
mandatory.
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Michel parameters in = — (vv~ at Belle (1)

A. B. Arbuzov and T. V. Kopylova, JHEP 1609 (2016) 109. (m, # 0)

v, v

ﬁ Y 4

- Sl=ewy, o=y,

’ ’

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

additional parameters, 77 and £k, can be extracted.

These parameters were measured in T decays at Belle for the first time.
ar(+F — Z:Fulu,r'y) _ a By

=T 7—[F(x,y,d)iP By cos 0y G(x, y, d) + cos 6 H(x,y,d)],
dx dy dRy A O64r3 y 7 (B cos0e 7 )

Mo = GEmS /19273, By = \[1 — mB/E2, x = 2E¢/mr, y = 2E~ /my, d =1 — By cos O,

do(¢F vy, pi v)
* 40 * dE* dQ* dQ* dm2 9
dE} dQj dEX dQX d%am2 | df e dQr

F=Fy+7Fy, G=Gy+&rGy, H=Hy+&rHy, = Ay + 7A] + ErAp

.
2 e
do(eF vy, pEu do(¢F vy, ptu
F@) = ¢ WO _ / { oo/ [JACOBIAN| db.
92 9P Iy T i CE O OES AR o o, o 027
N #k) 7
F@ Fo + F1ii + Fobr .
=TI »®, p - ) Fot 7 2 ,Nk:/fk(i)dz,(k:o,1,2)
k=1 N(©) No + Ny7 + Npéw

7} and &€k are extracted in the unbinned maximum likelihood fit of (¢vvy; pv) events in the 12D
phase space in CMS.
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Michel parameters in - — /v~ at Belle (ll)

Nev/0.01000 GeV"!

N, = 646 x 108, selected: 71171 (uvvy; pv) and 776834 (evvy; pv) events

TOUVVY
x10°

2 | e

\ w
1
L
al [
pEinm |

o mm

o A Wl e, 1059
0.6 |:| others (8.8%)
0.4

02
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\

THUVVY

Nev/0.00030

T

[ remw vy, ) s65%)
185%)

T I 1 I
097 0975 098 0985 099 0.995
<o

E, (Gev)
Source o7 g, 4 r
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

Contour of likelihood

P

Belle result

7=-13+15+0.8

€k =05+0.4+0.2

N. Shimizu et al. [Belle Collab.], PTEP 2018 (2018) no.2, 023C01.
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Measurement of ¢’ at Belle (I)

Decay-in-flight muon polarization measurement (r— — pu~ vy, u= — € vv)
allows one to extract ¢’ Michel parameter (¢ = 1 ):

D. Bodrov and P. Pakhlov, JHEP 10 (2022) 035
D. Bodrov et al., PRL 131 (2023) 021801; PRD 108 (2023) 012003

Ar(r —pvv) My oy o [ o Lo
oy = da Wi G~ 3 [Go+ (G- 0)
Go = Fis(X) £ Fas(x)P; cosf,
G = (Fr,(x)P:sin®, Fr,(x)P:sin6, +Fjp(x) + Fap(x)P; cosf),

2 2
F/P(x):;j\/)rxg{fg&/ (2x73+%°) + 4¢ (57%) (4)(,3,%0)}’

T (i — evv) Gf_—mi 5 -
= 3-2y)+(2y —1)(ne - .
dyan. = 3ean)’ (B2 @y - 1))
T g Crouvw 3 2\ /e —x2 [(372 )Go = (2y — 1)(A. -é)] X gtrmn
dxdcos@dydQ,dt TV — 3x2 g 0 Y)Go Y B ™ )

o°r 120 s 2 [ /
Fdy deanty = B e m [(3 = 2y)Fis(x) + (2y — 1)Fip(x) cos 6] J
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Measurement of ¢’ at Belle (ll)

The idea is to select events with ordinary leptonic 7= — p~ vv decays
in which we have additional out-of-beam track from the consequent
u~ — e~ vv decay, which appears as a kink in the original muon
track. BDT based selection allows one to suppress background
substantially keeping the signal efficiency at the level of 78%.

before BDT after BDT
107
) 5 [T
o [
3 ==y et
% 15 B K —3b
< K~ —3 body
S . K,
<09 B c-scattering
= E -scattering
0.3 hadron
- = e . scattering
0 20 40 60 80 100 0 20 40 60
Do [MeV/c] Pen [MeV/c] ¥ data
x102
140
> 1.0+
) [
s [
2 0.6
Z
z [
0.2+F
0 100 200 300 400 0 20 40 60 80 100

perc [MeV/e] Pur [MeV/c]
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Measurement of ¢’ at Belle (lll)

&' is extracted in the 2D ((y, cosfe) = (¥, ¢)) unbinned maximum
likelihood fit.

L=1[PWi ci &), Py, ¢: €) = pPag(y, € &)+ (1 = P) Poe(V; ©),

i=1

P = Nsig/(Nsig + Nockg) = 0.74. Both, signal PDF, Pg,(y, ¢; ¢’), and
background PDF, Py, (y, ), are obtained from the MC simulation.

’
Pag(y, €; &) = 3 {Pii(y, ©) +P_1(y, ¢) + &' [Py1(y, €) — P_1(y, O]}
£ =022+0.94+0.42 J

As £k = — (3¢ — 8¢5 + 3¢') ~ (1 — ¢') /4, from radiative leptonic decays

& ~1—-4¢(k=—-1.0£1.8,i.e. new Belle result on ¢’ is almost 2 times more
precise. However ij = 1(7 —8p — ¢”) is related to £”, so still radiative leptonic
decay provides additional Michel parameter constraint.

At Belle Il and STCF with the improved track rec. algorithm in the drift
chamber of the detector and higher statistics it will be possible to improve the
accuracy.

Belle Il developed the Kink Finder tool for the new ¢ measurement:

D.Bodrov et al. NIMA 1087 (2026) 171438
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Tau decays into 5 leptons (l)

D. A. Dicus and R. Vega, Phys. Lett. B 338 (1994) 341.
M. S. Alam et al. [CLEO Collaboration], Phys. Rev. Lett. 76 (1996) 2637.
A. Flores-Tlalpa, G. Lopez Castro and P. Roig, JHEP 1604 (2016) 185.

Mode Biheory BcLeo
efete 2v (421£001)x 105  (277}8)x107°
pFete 2v (1.984£0.004) x 1075 < 3.2 x 10-5(90% CL)
eFutp~2v (1.247 £0.001) x 107
pFutp—2v (1.1834£0.001) x 107

A. Kersch, N. Kraus and R. Engfer [SINDRUM], Nucl. Phys. A 485 (1988) 606.

‘%Q =Q101+Q RO+ QR 03+ QrRA4+Br 05+ B rds J

Up to now Qy1, Qir, Qri, Qrr, BaL, BL.r were measured only in muon
decays (1~ — e~ e~ e v, ) with the accuracy of about 10 = 20%.
Michel parameters can be measured in two ways: in the study of the
dynamics and from the measurement of the branching fraction:
Bexp/Bsm = Qui + arQur + ap Qar + arrQrr + BrLBAL + BLrBLr
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decays into 5 leptons (ll)

J.Sasaki (Belle Collaboration) J. Phys. Conf. Ser. 912 (2017) 012002.

dl“; 1 Q Q B I 78
: : x T5% + Ty, +BriTr, + L < R)+ [R(T,) + {3R(T;
d3p1d3p2d'3p3 ElEgEg[(QLL LL QRrL RL RLIRL ) a ( a) ] ( ,3)]

BR;Q;C"“‘”«V* = BR;]([*’C“”’“"'{[QLL +(1.051 £ 0.036)Qrr + (—0.2053 £ 0.1431) B g
+L < R] + (0.2416 % 0.0002) I, + (0.8606 + 0.0001)I5}.
BRLg ™ = BRI M [Qup + (1.220 £ 0.049)Q g + (—0.8717 £ 0.1957) B
+L ¢ R+ (181.3 £ 0.1)I, + (104.4 £ 0.1)I5}.
BRI T = BRISETITITI (G ) 1 (1,226 £ 0.001)Qr g + (~0.8456 £ 0.0001) Brg
+L ¢ R] + (0.2253 4 0.0001),, + (0.5231 + 0.0001)15}.
BRI R = BRY TRFTRITQ L + (1.216 4+ 0.005)Q g + (—0.8459 + 0.0005) Br g
+L ¢ R — (18.00 + 0.01)1, + (197.3 + 0.1)I5}.

7~ decay mode e ete vy poete vy et v, Wt v,
Detection
efficiency (1.769:£0.004)% (1.204£0.003)% (3.561£0.006)% | (1.674:£0.004)%
Main =7, R 00, 700,
backgrounds “ovr(eter) — 7 (v Y)vr
X - e | = (e )
- 7;'77Y+ﬂ7117
(mis-ID 7 as z)
(mis-ID 7 as €)
e D,

Expected number
of signal events 1300 430 8 4
Fraction of
the signal 47% 50% 37% 16%

If we measure B(r~ — u~ et e v, ) with 10% relative accuracy it will
be possible to constrain /, and /5 on the level of 10~2 for the first time.
Belle Il Collaboration started this analysis.
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Belle Il is the main player in 7 studies in the nearest future.

Nonzero average polarization of single = at the STCF with polarized e~ beam makes STCF
to be competitive with Belle Il in 7-lepton studies.

Measurement of the main Michel parameters (p, n, &, £5) in ordinary leptonic decays at Belle
is pending, systematics of 3% should be improved.

At Belle Il with much better detector and DAQ performance it is possible to reach the world
best accuracy.

Measurement of Michel parameters in the radiative leptonic = decays:

A.B. Arbuzov and T. V. Kopylova, JHEP 1609 (2016) 109. (m,; # 0)

First experimental result from Belle:

N. Shimizu et al., PTEP 2018 (2018) no.2, 023CO01.

Statistical improvement at Belle Il and STCF. At the STCF the polarized r allows one further
to inrease sensitivity to £x parameter.

Decay-in-flight muon polarization measurement (r — uvv, u — evv) to measure £’ Michel
parameter:

D. Bodrov et al., PRL 131 (2023) 021801; PRD 108 (2023) 012003

The Belle result ¢’ = 0.22 4 0.94 =+ 0.42 has almost twice better accuracy than that from
the &~ from radiative leptonic decays.

At Belle Il and STCF with the improved track rec. algorithm in the drift chamber of the
detector and higher statistics it will be possible to improve the accuracy. With the whole
expected Belle |l statistics the relative accuracy of ¢’ will approach the level of 0.5%.

Precise study of the five-body leptonic ~ decays = — £¢'"¢'~vu:

A. Flores-Tlalpa, G. Lopez Castro and P. Roig, JHEP 1604 (2016) 185.

While 7~ — e~ eTe"2vand 7~ — p~ ete” 2v modes can be studies already at B
factories,the 7~ — e~ p p 2vand 7~ — p~ uTu~ 2v modes can be discovered at Belle
Il and STCF. The analysis has been started at Belle Il.

Possibility to measure Ia and Ig Michel parameters with the accuracy of 10~2 with already
available statistics at Belle and Belle Il, and to search for T-odd correlations for the first time
in the purely leptonic decays.
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Michel parameters

8 3 * *
p= 3 = 2 (10tal® + lob P+ 21glal? + 2108 + R(oFaals + 90K )
1 VT V T« | S Ve, S Vi, S Vi, S Vs
77— §§R<69HLQLR +69/r9R. + 9rRIL. + 9r9ir + 9iRIAL + 9i19RR
_ S T« v 2
€ = 4R(giralR) — 4R(gR.9R") + 194 1° + 3l9lal® — BlgmI* — |gaal®+
s 1 s s 1 s
+519/I* — 5lgp[* + 192/ — ;190l" + ;195 — ;195"

3 s2 38 52 3 s2 3 52 3 75 3 70
56:E‘QLL‘ —%\guﬂ +ﬁ|gRL‘ _%‘gﬁﬁ‘ _ZlgLRI +Z\9RL| +

IgLLI - *|9Fm| +2 %(gfngfg* )= Z%(gﬁLgEZ
7= ‘QRL’ JF|9LF: <QRL+29RL’ +|9LR+29LR’ ) +2<|g.‘§L‘2+|gZ—R‘2>
Er = |gHL‘ |gLR ( 9r + 2gFaL - |gfﬁ‘ + 29[}?‘2) +2 (|QEL|2 - ‘gZH|2)
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Method: theoretical framework

W. Fetscher, Phys. Rev. D 42 (1990) 1544. K. Tamai, Nucl. Phys. B 668 (2003) 385.

do(¢,¢) _ o
dQ B4E2

ar(r¥(¢*) = £Fuv) N S
W :NZ(A(X ):anéc B(X ))7 X :EZ /Elmax

A(XT) = Ag(X") + pA1(x7) + nAa(x"), B(X™) = Bi(x") + 6B2(x")
dr(r=(¢"") — p*v)

B+ (Do + D;¢ic))

= kp(A FEBTIW(M,) = r,A' (1 F €,H,CT)W(,)

dn_dQsd,
- B . 2Re(cyca) .
b= polarimeter vector, &, = —7“:‘/'2 +V\CA|2 = —h,, (h,, = —1in the SM)
= . . 12 Vo (2
A =26,00% ~ @G, B = FR" +2(6,Q)T", W = |Fy (i, ) PeTre )P (Tes)
do(£%, p*) o®Br
= DoA'A(E}) + €,60Dyn; B B(E,))W(m
dEE‘dQZfdQ;;dmz 49, d0. B2 p64E2( 0 ( e) 5» il ( e)) )
do(£F, pt) / do(£F, pt) A(E; . Qp, 5, Q;) .
dpedQap,dQ2, dm2 L, dE; dQ; dQ*dm2 Q- dQ, | O(pe, e, Py, Lp, Dr) "
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Multidimensi ned maximum likelihood f

4 Michel parameters (© = (1, p, n, £,&¢, £,600¢)) are extracted in the unbinned maximum
likelihood fit of (¢vv; pr) events in the 9D phase space in CMS,

Z = (pe, cosbq, be, Pp, 050,, Gpy Mrr, cosbr, ¢r). The PDF for individual k-th event is
written in the form:

F(ZH)
N(©)

P _

, N(8) = / F(3)dZ
Likelihood function for N events:
N N
L=T]PY, £=-mL=NN(@) - > InFW, 7O = Fz")
k=1 k=1
4

FO = Ao + AVe; + Ao, + AYe; + Aoy = S AMe;
i=0

1N
N = CyOg + C1©1 + G0, + C303 + G404, C; = N Z Cj(k)7 Cj(k) =
k=1

4 N 4
8M° = (1, 0.75, 0, 1, 0.75), £ = Nln(z c,e,) —S In <Z Af.“e,)
k=1

j=0 i=0

As a result fitted statistics is represented by a set of 5 x N values of Agk)

(k =1+ N, i =0-+4),which is calculated only once.
C;i (i = 0 + 4) are calculated using MC simulation.
In ideal case (no rad. corr., e = 100%): Cp =1, Co =4my/m;, Ci 34 =0
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Method: helicity sensitive variable

0 <=0.35 -0.35 35...0.».0.35.
M. Davier et. al Phys. Lett. B 306 (1993) 411. !" . (e'vv;pv)
Helicity sensitive variable w is introduced as: 5 fi N
1 b _ o Y B
o= ot [ (A o)d® =< (Fpe,firs) >o, T o g\
! T A R T
T e
LH RH _— RH LH
w>0 LI - - 7 (‘0>Qt_é < it 7
- _ preferred Plep - 4 +
- - = 3 L
®<0 R®i IH p<o ®w<0 L[H RH p 0
" [, s [e5m] o 0]
g o n g » g A
% 2 S w<-0.35 \'v.\ % ) /.0.35 < < 0.35 E o> 0.35 kY
Z" s kY A g R
1000 ; (¢330 — i G o) ) © ;30 other] ~
) S O e/ | J e sl A
05 1 13 ZF‘z‘i(CJtng 5 F s 05 118 ZES“‘[(evy“ 4 45 5 85 05 1 15 Zkf%'it(le\)“ 445 5 55

Spin-spin correlation manifests itself through momentum-momentum
correlations of final lepton and pions.
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Method: corrections, detector effects, background

Physical corrections:

@ All O(a®) QED and electroweak higher order corrections to
ete” — 777 (y) are included

@ Radiative leptonic decays 7~ — ¢~ Devry
@ Radiative decay 7~ — n~ 7%u,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., £ID, 7ID)

Background at Belle:

The main background comes from (fvv; m27°1)(~10%), (7v; m7°v)(~1.5%)
and (p*v; 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%.
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Initial state radiation (ISR)

\7 Muon energy spectrum for (u’; n*n°) events
CMS frame v o.o1°f Jh_""'\
; 7 oot ;'L.H_'n by with ISR
A0.014f b } without ISR I
% o I""bﬁ“
= 0.012f b /
[ =3 o
% oot ﬁ'ﬁ
>, F
EO_OOQ: 11:_‘1.. V.
3 E
Z 0.008[] o,
v H H'“i
P 0.004f =N
o.oozf T
o iy
0.5 1 15 25 35 4 45 55
E, (GeV)
doyis(s) 1 do(s(1 — x)(1 — X)) |8}, 2,) || dP,, QL)
0ppddppdQ,dm2. dlye 0 dplan[dppdnpdmgmurz,r a(pg. ) 11 8(pp, 2p)

@ D(x) = xP/2=1h(x) - probability function for initial ¥ to emit a y-quantum jet carrying x »
part of eT energy Epeam = v/5/2. B = %"(In ﬁ — 1), h(x) - smooth limited function.
a(p] . 20)
a(pj, Q)
CMS.

(i = ¢, p) - Jacobian of transformation from the 77~ rest frame to the Belle

At the Super Charm-Tau factory the impact of the ISR is expected to be
essentially smaller.
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Born ISR FSR

0
Box }{i A
—~ N\ e —<— -

Electroweak

Vertex corr. Vacuum polarization

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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Description of background at Belle

Total PDF

Br(x) Bp(x)

. . ghlD , QU
Bsr(x) = /2(1 — £,0(¥))eaa(y)Bax (X, y)dy, Br(x) = %B (%)

et (pe, Qo) ——
By0) = =55 [ (1= < o ()=n(y)By(x, 1)y, 00 = B (x)e(x)
eh=su(Pe, Q)

i

R E TR O PR

+

X = (Pe, o, Por Qs Mo, Qx)iy = (0105 Q0);
S(x) - theoretical densny of signal (¢F vv, p*v) events;
Bs (X, y) - theoretical density of background (¢ vv, ©*27x°v) events;
B, (x) - theoretical density of background (7 ¥ v, pil/) events;
B, (x) - theoretical density of background (pT v, pTv) events;
e(x) - detection efficiency for signal events (common multiplier);
I\I,‘;\‘(X)/Njﬁg'(x) - number of the selected (remaining/signal) MC events in the
multidimensional cell around "x”. Admixture of the remaining background is (1 + 2)%.
)\, - i-th background fraction (from MC)
e o0y)- =0 detection efficiency (tabulated from MC);
u.ﬂm( )= KM( )/ - ratio of the E-AP, cut efficiencies (tabulated from MC);
(

~yrest
et (pe, Q0)/eh’5 (e, Q) s tabulated from MC;

€EXP(x) - EXP/MC efficiency correction.

€corr
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Toy MC studies of the effect of polarized e~ beam

@ 66 10M (u, p) samples, at 6 center-of-mass (c.m.s.) energies
(according to Table 1.1 in STCF CDR part I) : 2E = 3.554 GeV
(77~ production threshold), 2E = 3.686 GeV (¢(2S)),
2E =3.770 GeV (¢(3770)), 2E = 4.170 GeV (¢(4160)),
2E = 4.650 GeV (maximum of the o(eTe™ — AFAD)),
2E =10.58 GeV (Belle II), for 11 values of e~ beam polarization:
0.0,0.1,0.2,0.3,0.4,0.5,0.6, 0.7, 0.8, 0.9, 1.0, were generated
for the calculation of the normalizations. 66 statistically
independent 1M samples at the same energies and polarizations
were generated for the fit.

@ To evaluate MP sensitivities (rescaling the sensitivities obtained
in the fits of 1M samples) we took the detection efficiency of
(1, p) events to be 20% (to be compared with 12% efficiency
obtained at Belle, where the 7° rec. efficiency is only 40%). The
detection efficiency of (u, all) events was taken to be 30%.

@ To measure p, £ and £6 MP, samples with ¢ = e, 11 were taken
into account, while n MP is measured in samples with £ = 1 only.

August 31st, 2026 Michel parameters of T at Belle/Belle Il Denis Epifanov (BINP, NSU) 31/33



¢ from the fit of (¢, all) in 3D at Super C-Tau

3D fit of the (lep, all) events

\

™

v E,.-(1.78-2.33) Ge\/t

\ L
~ 3.5/ \
] E \
o 3F \ :
- I 2.58 K Belle 1l 9D fit of: (lep, ip) events
=~ 2.5 A
wp F 2.23
~— Ftotal A 399, 17%] 1.8
= 2F 4 1.8
- F 699 26% 16% 44% 1.60
“ 1.5F 239 1% 1.40
© i 20% 2% ] 1.25
r 4
1 [Faccepiak
[FHuminosity decreas

0.5t
0 01 02 03 04 05 06 07 08 09 1 1.1
e polarization

For the increases of the e~ beam polarizations, 0.5 — 0.6, 0.6 — 0.7,0.7 — 0.8, 0.8 — 0.9,
the corresponding improvements in the sensitivities to the & parameter, 17%, 16%, 14%, 12%,
respectively. If we move from the polarization of 0.5 to the higher polarizations: 0.5 — 0.6,

0.5 —0.7,0.5 — 0.8,0.5 — 0.9, the acceptable luminosity decrease factors

(to keep the sensitivity at the level of that we have for polarization 0.5) are:

(1.86/2.23)% = 0.70, (1.60/2.23)% = 0.51, (1.40/2.23)2 = 0.39, (1.25/2.23)? = 0.31,

respectively.
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¢o from the fit of (¢, all) in 3D at Super C-Tau

3D fit of the (lep, all) events

?ccgp:able

2ofce v ¥V E,..=(1.78-2.33)GeV
Z:F b \(
LD \
< 1.8¢
o 1 6:
- TE1.42 Belle 11:9D fit of the (lep, p) events
1.4¢
&081 *"[total | 1.26
\:81.25 299, 16°o+ 106
2 1167%| 26%14% 43% 0.91
F 23%: 129 .80
© 8 19% 0% § Y 0:72
6

Y
Idecrease

0 0102 0304 0506 07 08 09 1 1.1

e’ polarization

For the increases of the e~ beam polarizations, 0.5 — 0.6, 0.6 — 0.7,0.7 — 0.8, 0.8 — 0.9,
the corresponding improvements in the sensitivities to the £6 parameter, 16%, 14%, 12%, 10%,
respectively. If we move from the polarization of 0.5 to the higher polarizations: 0.5 — 0.6,

0.5 — 0.7,0.5 — 0.8,0.5 — 0.9, the acceptable luminosity decrease factors

(to keep the sensitivity at the level of that we have for polarization 0.5) are:

(1.06/1.26)% = 0.71, (0.91/1.26)? = 0.52, (0.80/1.26)2 = 0.40, (0.72/1.26)? = 0.33,

respectively.
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