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Introduction: Michel parametersin 7 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=~ — ¢~ yv, (£ = e, p) decays provide clean laboratory
to probe electroweak couplings.

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

_ 46 NG (1) (@) | | Gm (7 )T (77)
= \/é Z gu |:U|( ) n mA¥TJENE] ’
NYISLVRT

S =11 =9 FT—Z\/—(V“ =)

Ten couplings gi'j“, in the SM the only non-zero constant is g‘l_/l_ =il
Four bilinear combinations of giz.“, which are called as Michel parameters (MP): O, 7],
5 and 0 appear in the energy spectrum of the outgoing lepton:

dr(=7) 4GEMTE4 2 2 2
o = (ZW)“max /x2 —x2 (x(l —X) + §p(4X — 3X — X§) + mXo(1 — Xx)

1 E
:FéPTcosegg X2 —x2 {1—x+ 6(4x—4+\/1—x§)}),x:—l,xozﬂ

Emax

Inthe SM: p=3,7=0,6=1,6=32
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Introduction: Current status

Michel par. Measured value Experiment SM value
p 0.747 £+ 0.010 £ 0.006 CLEO-97 3/4

(eor p) 1 2%

T] 0.012 £ 0.026 + 0.004 ALEPH-01 0
(eorp) 2.6%

1.007 &£ 0.040 4 0.015 CLEO-97 1

(eor p) 4 3% meew ] e
f ) 0.745 4 0.026 + 0.009 CLEO-97 3/4 . o
orp 2.8%

Eh 0.992 + 0.007 + 0.008 ALEPH-01 1

(all hadr.) 1 1%
In BSM models the couplings to = are expected to be enhanced in comparison with .

& oossfooz & 07350020

2
2
@ Type Il 2HDM: 7,,(7) = T (t,jf;f) : Z'T(;)) =Y ~ 3500
H

2V2
—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

w
@ Tensor interaction: £ = -9_w* {177“(1 — )7+ 5= (170“ (@ = y5)7> }

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

With x 300 Belle statistics it was confirmed that the statistical uncertainties

of Michel parameters can be reduced by one order of magnitude
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Introduction: e*e~ Super Factories

Belle Il with unpolarized beams

Planned integrated luminosity is 50 ab—?!
o(bb) =1.05nb N,; =53 x 10°
o(cC) =1.30nb Ngz = 65 x 10°

o(r7) =0.92nb N,, =46 x 10°

Super Charm-Tau factory with polarized e~ beam

In five c.m.s. energy points
(2E = 3.554, 3.686, 3.770, 4.170, 4.650 GeV) i
it is planned to accumulate 7 ab—?!, which
corresponds to N, = 21 x 10°

The polarized e~ beam results in the nonzero average
polarization of single tau, which provide advantages in the
measurement of & and § Michel parameters.
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Method: e*e~ factory with unpolarized beams

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of the (+F — ¢Fuv; £ — p*v) topology are used to measure: p, 7, £p€ and
5055 while (¥ — pFv; 7% — p*v) events are used to extract £2.

T helicity sy .
11 helicity Vv oY) _—
)” o8 o. /7
Vi Qo 2
0. éxcr'
0.7 C/ NS AN
| 07239
v
do(£Fvv, ptv) 4
= = Ao + pA1L + nAz + £,EA3 + 0As = AQ;
dE;dQ,’fdQ;dmi"dQ"dQT 0 T PAL T NA2 ‘Epf 3 505 ; i Di
b
P G s, =) _ 2 ST sy =) ' o}, ), 9%, 9r) ‘do
dp,dQ,dp,dQ,dm2. dSr dE*dQ*dn*dmgmdﬁ,,dQT O(Pg> R, Ppy s &7) |
N
L=TIPY. PY = 7@9)/N(6). N(8) = [ F@Z, 6= (1, p. 1, €60 £,6050)
k=1

Proal = (1 — Z Ai )PS|gnal + /\1Pfg S ,\Z’pk:;*f’ + ’\SPb Py /\A,Pother (MC)

MP are extracted in the unbinned maximum likelihood fit of (¢vv; pv) events in the 9D phase
space Z = (ps, €0S 6, br, Py, COSO,, ¢pp, M2, COSBr, br)in CMS.
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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  64E2

dr(rF (") — % S M S g
e = eAG) F €, EBOC), X = [Eiy
A(X") = Ao(X") + pA1(X") + nAs(x"), B(X™) = B1(X") + 6B,(x")
dr(r*(") — p*v)

B+(Do + Dy ¢i¢)

= k(A" F BT IW(MZ,) = koA (LF EH, )W (mZ )

dm2_dQxdS.

= B’ . 2Re(cyca) )

H, = — — polarimeter vectar§, = ——————— = —h h,_ = —1inthe S
TP T = Tt foar ~ e (e ¥

2 = 2
A =2(,Q)0; — Q%5 B = QK" +2(4,Q)3", W = [Fy(n, ) Po{Tmn Pl
do(£¥, pt) B S — 2
= = kek,——— (DoA'A(E, ) + Din, B B(E W (m
dE;dQ;dQsdmZ_df.dQ, ”64E£( OAA(EL) + Ep€eDin BIB(E, )W (M)

)
do(eF, p*) _f do (€%, p*) O(E;,9;,95,07) |
dp,dQ,dp,dQ,dm2_d$. _o dE;dQ;dQsdm2 dQ,dQ, [ 8(pe, e, Pp, Qp, @) |-
1
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Method: helicity sensitive variable

Fw<-035 03550035 w2035
M. Davier et. al Phys. Lett. B 306 (1993) 411. [" N (e'w ; pV)
Helicity sensitive variable w is introduced as: 3 /
1 >y . R . N Z% Vi "\\
w= W/b (Hpe,nos)d® =< (H, 1,0 1) >0, 0 7, CE T T
. R
-0.8 -0.6 -0.4 -0.2 &ﬁOZ 0.4 6 8 1

w=<(

LH RH RH LH
w>?+5 2 - 7 — w>0_ + 7

- ’ _ preferred Plep @ ~

T
w<0 ®RH TH p\\/ﬁ’g w<0 h RrA p+\<TP

: ; 2 oo
¥ (e'w; pv)| o, (e'vv ; pv D™ [etw; p’v)|
P . ™,
s > S X =
Lot 7 i g % :
B 0O
s £ w<-0.35 ‘&\ g {5t < é\s\ g™ Jer> 035N
3 g ,
z ; Z \ Z ; N,
1001 j(e‘w 3 pv) Gig N (v 3my+; ov)] e o J? m m@‘l\ -
05 1 15 2 25 3 35 4 45 5 5 05 1 15 2 25 3 35 4 45 5 5 05 1 15 2 25 3 35 4 45 5 5
ESYS (Gev) ESYS (Gev)

ESMS (GeV)

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(c®) QED and electroweak higher order corrections to
ete”™ — 7777 () are included

@ Radiative leptonic decays 7~ — £~ Dyvry
@ Radiative decay 7~ — 7 7vy
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., #° rec., ¢ID, 7ID)

Background at Belle:

The main background comes from (¢vv; m27°0)(~10%), (nv; 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-r7 events is < 0.1%.
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Initial state radiation (ISR)

v, Muon energy spectrum for ( '; '°) events
|
CMS frame P 001 E|L. ey o
S 0.016} T ..I:l::
T, - < oouef- B e |
e S 0.014}- ql“ 1 |
() r ™ /
+ = 0.012| -“‘1
g 8 oof Y,/
g o —l"‘nh /
X. E uJDOG -
2=beam R 1"“-.,"[,1_
=" 0.006f] o o
0.004H HL‘I..H
T[+ 0.0024 m
05 25 35 4 55
E, (GeV)
doyi 1 do(s(l — il = aph, Q) o,
—UV'S(S) = :// dxq dxyD(xq)D(xp) Ao ) Xz)z ‘ (B Z)H ®p p)'
dpydQdppdQpdm2 dSr 0 dedQde;dQ;}dmg‘_ﬂ_de A(pg, ) 11 8(pp. )

@ D(x) = x?/2=*h(x) - probability function for initial e to emit a y-quantum jet carrying x; »
part of e energy Epeam= v/5/2. B8 = ZTa(In = — 1), h(x) - smooth limited function.

m2
apl.al)| . . .
6((';' ’Q')) ’ (i = ¢, p) - Jacobian of transformation from the 77~ rest frame to the Belle
1220
CMS.

At the Super Charm-Tau factory the impact of the ISR is expect ed to be

essentially smaller.
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escription of und at Belle

E6) s() By (x) B (x) B (x)
P) = — (@ =D N)—= + A3 +Aﬂ — + A — +
& ( T J 28 s (x)ax fi(ﬁs_,m 286 pf 205, (x)dx
sel
(%)
+(1 - iZN) Ng%(x)ssm(x))
- - P (Pe, Qo)
Bar(x) = /2(1 — £,0(¥))eadd(y)Bax (X, y)dy, Bxr(x) = wﬂiBw(X)
ep—u(Pes Qo)
~ et® (P, Q) —— _ Ex
B0 = T P [ (1 o)) eady B, ()Y, S) = B (0)=(x)
ep—u(Pes Qo)

X = (e, e, Poy Loy M2, )iy = (D0, Qo)
S(x) - theoretical density of signal (¢F vv, p*v) events;
B3 (X, Y) - theoretical density of background (¢¥ v, % 27°v) events;
B (X) - theoretical density of background (= F v, pTv) events;
B,(x) - theoretical density of background (pT v, pTv) events;
e(x) - detection efficiency for signal events (common multiplier );
NE(X)INSE(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 o(y)- 70 detection efficiency (tabulated from MC);

cadd(y) = €354y ) /ety - ratio of the ELAE cut efficiencies (tabulated from MC);

uID 2ID : .

e (pe, Qg)/E“ ,“(p“ Q) is tabulated from MC;
EXP . :

ccon (X) - EXP/MC efficiency correction.
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Systematic uncertainties at Belle

Source A(p).% Am) % AL % AE,E) %

Physical corrections

ISR+O(a®) 0.10 0.30 0.20 0.15

T — vy 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 (Epeam) 0.07 0.25 0.03 0.15

Normalization
AN 0.11 0.50 0.17 0.13
without EXP/MC corr. 0.3 1.0 0.4 0.4
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Effect of the e~ beam polarization

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

do(¢".¢T) _ o

507(Do + D¢ ¢ + Pe(F ¢ + F¢H))

dQ, 64E
1 Ne(+) — Ne(—)
Do=1+cos’f+ = sme Pe =
0 72 © 7 Ne(+) + Ne(—)
(1+ %)sin’6 0 L sin2¢
Dj = 0 —#2sin?0 0
L sin26 0 1+c0320—7izsin29

Single 7 studies at the Super Charm-Tau factory:

do({) o

JST(DO + Pe Fi7 Ci7 )

dQ, ~ 32EZ
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Belle 1l with polarized e~ beam

In case of the usage of spin-spin correlation as well as the polarized electron
beam for the ¢ — —p events, the improvement of the sensitivity due to the
electron beam is < 10%

13p 4.1¢ —
o) ;
1.”uf 4.0! E n
v 1.24F < “E bow oy
o E o E
— 1.22F 6% = 395
= E = E
2 1% £ 3% 5%
§ 1.18F T 3g5F
o 116 o
1.1 E 28k
1.14¢ E
£ 3.75F
1.12F £
k e AS
1 01 0 0.1 02 03 04 05 06 07 08 09 1 11
0.1 0 0102 03 040506070809 1 11 Degree of e beam long. polarisation
Degree of e beam long. polarisation
1.5¢
28F E
g &
2.6F L < Ll4f —_
3 o E
v 25F 5
R oL
4E 0 = B 0
= 24% g 13 18%
@ 23F < F
5 22F t:% 125
@ 3 E
o 21 1.2p
3 1.15f
1.9E N E
1.8E 0.1 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 11
01 0 0102 0304 0506 07 0809 1 11 Degree of e beam long. polarisation

Degree of e beam long. polarisation
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Single 7 decay with polarized e~ beam

do() _ o
. = SZ—EE&(DO + PeFi¢i)
dr + & H€$ * =% Tk * * * *
(T CS)C(*LQZ VV) = H[(A(X ):F&nlc B(X ))a X = El /Elmax
A(X") = Ao(X") + pAL(X") + nA2(x"), B(X") = B1(Xx") + dB2(x")
do’(ZZF) az/B‘r * * *
dE;ds2;d, = Ky 32E2 (DoA(E?) F PeleFingiB(EL))
do(¢F) _ / do(6F) |(EL,9%)| 4
dpedQ, dE;dQ;dQ. | 9(ps, ) |
Q. —sector

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

@ All Michel parameters (p, 1, Pe&, Pe&d) are measured in the unbinned maximum
likelihood fit of (t— — ¢~ D,v,; 77 — 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.

Due to the nonuniform detection efficiency for the decays of t he opposite tau,
there is still some contribution from the spin-spin correla tion term.
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T~ — 7 /p_ v, decay to monitor Pe

do(() _ o?
=_—__3,(D (=
dQT 32E72_IB( 0+7De |CI)
dr(rt — ntv) = dr(r+ — ptv) = = .
7:ﬂ'1iﬂn;77~:fk7k 1+ ,H*
dQ:r (e ( gc ) dm%wdQ;Q (1 2)( ‘EIC p)
do(nT) B, .
dn:dn, " 3oez (D0 E PetaFing)
do(p¥) o o a?Br
— o _f(ky, ke Do + Pet,FiH*
dQdm2, 0.dQ, (a )32E2( o & PelpFiHg)
27
do(nF) do( (2%, Qr) do
dp-dQ, ) dQ:dQ, |8(pr, 2, )|
0
27
do(p¥)  _ do(p¥) 0 2) |40
dp,dQ,dm2_ G, 70 dQxdm2, 9.dQ, [9(pp, ), ®7) [

Parameters (Pe&r, Pe&,) are measured in the unbinned maximum likelihood fit of the
(7 = 7 /p~vr; 77 — all) events. These decays can be used to monitor Pe with
high precision.
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@ The procedure to measure 4 Michel parameters (MP) (p, n, &, £8) in leptonic T
decays at B factory has been developed and tested. It is based on the analysis of
the (¢Fvv; pTv), £ = e, p events and utilizes spin-spin correlation of tau leptons.

@ We confirmed that with the whole Belle data sample the statistical accuracy of
MP is by one order of magnitude better than in the previous best measurements
(CLEO, ALEPH).

@ The main background components (({vv; w27%), (7v; pv), (pv; pv)) are
described analytically in the fitter.

@ Various EXP/MC efficiency corrections provide the dominant contribution to the
systemtic uncertainties of MP.

@ Nonzero average polarization of single 7 at the Super Charm-Tau factory
provides the possibility to measure all Michel parameters without tagging the
opposite tau. Better systematic uncertainty can be reached due to the smaller
impact of the ISR as well as notably reduced phase space (PS).

@ Effect of the remaining contribution of the spin-spin correlation due to the
nonuniformity of the detection efficiency in the PS for the decays of the opposite
tau should be studied with realistic MC simulation.

@ Better background description in the smaller PS.

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

@ Good potential for the Super Charm-Tau factory to improve th e results
obtained at B factories and compete with Belle II.
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Backup slides
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Michel parameters

p= 2 = 2 (1o + 1% + 2lalal” + 2168 + R(ahals + 080
n= 5% (Gakal + alaoky +ofall” + R0l + kol + oloke )
€ = AR(GROLK ) — AR(GRLOR]) + 10LLI” + 3IalR | — 3l0R° — Iore "+

+510lR 1* — Slaf, * + 710812 — Zlak/? + 519517 — 7 loSl?

65 = 2101~ 1okl + o8l — =105l — Slalkl® + Slak 2+

3 ve 3 v, 3 S 3 S i
+Z|9LL\ - ZlgRRl + Z%(QLRQLR) - Z%(QRLQRL)
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