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Introduction: Belle experiment

Be\le

Belle Detector

. Aerogel Cherenkov cnt.
S(llss_lglenmd r n=1.015~1.030

demral Drift Chamber
\imall cell +He/C,H,

e X J
Si vtx. det./ M /K, detection
3/4 lyr. DSSD 14/15 lyr. RPC+Fe

Process o, nb
ete” —efe (v) 1235
15° < ¢ < 165° "] E,- =8GeV, Eg+ =3.5GeV
ete” — putu—(v) 1.005 @ Peak luminosity:
efe” —»qg(g=u,d,s,c) | 339 L=2.11x% 10% cm—2s~1
— 1
ete” —bb 1.05 @ Integrated luminosity:
ete” — eteff 72.6 det ~1 ab—l Ny, ~ 109
(f=u,d,s,c.epr) o
| e o () | 5910 | @ B-factory is also T-factory
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Introduction: Michel parameters

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

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

=2 % aaerem)| [ameonueo).
N=S,V,T
ii=L,R
rS=1,1rv=q*r1" = — AV
¥ 2\/—(7 7 =)
Ten couplings gi'j“, in the SM the only non-zero constant is g‘l_/l_ =1

Four bilinear combinations of gﬂ.\‘, which are called as Michel parameters (MP): p, 7, &
and § appear in the energy spectrum of the outgoing lepton:

dr(+¥) 4GZM.E? 2
SoaC = F(zﬂ)4max1 /x2 — x2 (x(l —X)+ §p(4x2 —3x —x2) + 7x%o(1 — x)

1 2 E m
:FéPTcosegf x2—x§[1—x+§5(4x—4+,/1—x§)}), X= % xXg= -2

Emax

IntheSM: p=2,n=0,6=1,6=3

n
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Status of Michel parameters in 7 decays

Michel par. Measured value Experiment SM value ALEPH T om0 ALEPH [
DELPHI 0.790+/-0.038 DELPHI 74.70 06+/-0.11
P 0.747 £0.010 £ 0.006 CLEO-97  3/4 A s .
1 20/ 0.762+/-0.035 0.27+/-0.14
(e orp) -£70 OPAL Lo OPAL <
571410033 0027410085
SID ——e—+——
0.72+/-0.09
n 0.012 4 0.026 £ 0.004 ALEPH-01 0 cLeo D N CT- R
e or 2.6% ARGUS —e ARGUS ——&———
M 0.731+/-0.031 0.03+/-0.22
p 0.75080.011 n 0,040,035
13 1.007 4 0.040 4 0.015 CLEO-97 1
0,
(e or ‘u’) 43 /0 ALEPH T 1oo0rr0076 ALEPH [*” 0.782+10051
DELPHI - DELPHI -
09740061 0.699+:0.028
&5 0.745+0.026 £0.009 CLEO-97 34 e T orovon
(e or p) 2.8% OPAL B soione OPAL U oesiios
sto 1.05+-0.35 SLo T osso27
CLEO > CLEO -+
101010043 0745410028
&h 0.992 + 0.007 + 0.008 ALEPH-01 1 ARGUS i wovs |
(all hadr.) 1.1% | S .
g 0.9884-0.029 & 0.7354-0.020
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Status of Michel parameters in 7 decays

With Belle statistics, which is about 300 times larger than the
previous experimental 77 data samples, we can improve MP
uncertainties by one order of magnitude.

In BSM models the couplings to T are expected to be larger than
those to u. Contribution from New Physics in 7 decays can be
enhanced by a factor of (m—;)z.

2
© Type Il 2HDM: ,(r) = 2= (2 ; 243 = ¥ ~ 3500
H

@ Tensor interaction:
2= ZQWW“{Dwu(l — )+ %a" (17(7“ (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.

(]

n
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Method, study of ({vv; pv) and (pv; pv) events

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of (7 — ¢Fvv; 7% — pEu) topology are used to measure: p, 0, £,€ and £,&5,

while (rF — pFv; 7+ — p*u) events are used to extract £2.

T helicity —
+ - H o
1" helicity ot (VY pY) -
e RH Y . —
V.[ Qo <
o. L 167
07 26 it result =
: . L= An=40p
T[O ""’/l_ 01z 01 008 006 004 -002 0 002 004 006 008 0.
v
do(£Fvv, ptv) 4
= Ao+ pA1 + 1Az + §p6As + £pE0As = D A6

dE;dQ;dQdm2 dQ,dQ, —

b
o do(¢F v, pE ) /2 do(¢Fvw, pT o) ' (€], F, %, 0r) ‘do
_ — = . T
dppdQ,dp,dQ,dm2. dSr s dE;andQ;;dmgmdQ,rdnT APy, s Ppr U, Or)

N
L=TIPY, P = 7@%)/N(8), N(8) = / F(D)AZ, 8 = (1, p, 1, Epbe, EpE200)
k=1

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

phase space Z = (pg, coS 0y, ¢u, Pp, COSOp, ¢p, M2, COSOr, ¢r)in CMS.
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Selection criteria

@ Aiter the standard preselections we take events with two oppositely charged tracks, one of
them is identified as lepton (elD, 1D > 0.9) and the other one as pion (PID(w/K) > 0.4).

@ 7° candidate is reconstructed from the pair of gammas (E}*® > 80 MeV) satisfying
115 MeVic® < M., < 150 MeV/c?, PSH'S > 0.3 GeVic.
@ cos(Piep, P) < 0, c08(Piep, P_o) < 0,0.3 GeV/c> < M__o < 1.8 GeV/c?.

@ EZS <0.2Gev

Detection efficiency eget ~ 12%

60000)

g

8

g

(evv; 3mv)
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10000]

Ngyend0-02
T e o A
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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:

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%.

n
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=(x) S(x) Bgr (x) B (x) Bp(x)
P) = — (@ =D N)—= + Az +)\ﬂ- = +Ap —— 3
& ( T J 28 s (x)ax fi(ﬁs3,, 286 pf 205, (x)dx
sel
_ Nres{X)
+(1 iZN) Ngg(x)SSM(x))

= ~ P (Pe, Qo)

Bar(X) = /2(1 — e 0(Y))eadd(y)Bax (X, y)dy, Br(x) = miBw(X)
eh—p(Pe, Q)

. g2 , Qp - "
8,00 = S5 P [0 e o))ty 80,0, ) = B 00000

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);
P (Pe, Qo)/el'® , (pe, Q) is tabulated from MC;

e (), €D (x) - EXPIMC efficiency corrections.
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MC fit (with only dominant background)

For each configuration 5M MC sample is fitted. The other, statistically
independent, 5M MC sample was used to calculate normalization.

(etvvip~v) (wtvvip~v)
p = 07517 + 00010 p = 07494 T 00027
n o= 0 - fixed n = 00052 <+ 00101
€ = 10092 + 0.0043 € = 09995 + 0.0050
€& = 07538 + 0.0027 ¢ = 07519 + 0.0033
ge ge

Entries 6538651
Mean 2318
RMS 101

Entries 6749163
Mean 2,007
RMS 1054

vl (50 MeVIc)
vl (50 MeVc)
5
T

G 3]

(mv; pv)

o (evv; 3v)

L. ) L
05 1 15 2 25 3 35 4 45 5 55 05 1 15 2

CN%SE 3 35 4 45 5 55
PEMS (GeVic) PSS (Gevic)
006 Graph = Graph
IR 93171100 1l Xt 721194

PO 3578:05200005523 H PO 00002153+ 0.0005606

|
2 25 3 35
PSMS (GeVic)
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Full MC fit

Simultaneous fit of MC (e*wvv; pTv), (u*vy; pTv) events

p Michel par. for All events n Michel par. for All events
E T ® omsema F T ® onysemar
0.754 1~ + Signal +3m E + Signal +3m
E Signal + 3+ 002 Signal + 3+
0753 W Al E|ma
El—smuaue fl=—smuaue
0.752F 0015F
£ 3 i
0.751F 0.01
Q E —9 — T
o075 £
E /4/’_‘_* 0005E
0. = E
E E
0.748F- £ | o~
£ -0.005}- 1
0.747 i i i [ i I
01 015 02 025 03 01 015 02 025 03
LAB LAB
EVS, clt (GeV) EVS, clt (GeV)
& Michel par. for All events £ Michel par. for All events
1.006f—] ® Ony signal E T ® owsem
E | + sinai+an 0761 4 signal+3m
1.004f- Signal + 3+ £ Signal + 3+
Elma 0758 m an
1,002 == smvaie 0756 L= SMale
E 1 e — e o mE A
E v & —— E e
0998 g VO 0.752F
bl 00060 W FEoo—— >
5 e 075k
st 8 . — o.748f
0.992F N PN e S —
E " E
0.99F 0744
0.988E 0.742E
01 015 02 025 03 0.1 015 0.2 025 03
LAB LAB
EVS, clt (GeV) EVS, clt (GeV)

All parameters agree with their SM expectations within syst ematic
uncertainties ( p(0.3%), 1(0.8%), £(0.5%), £6(0.4%))
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Remaining background in  (evv; pv)

The remaining background in the (evv; pv) events is populated
mainly by 18 different + decay modes (see backup slides)

p Michel par. for (", p) events & Michel par. for (", p) events £3 Michel par. for (e, p) events
o 1
o
o 1
3 | 1 1 SM o
SO AERENE S ARATTRRIRAEI 2,
IR RRRRESRARARRANN
t
3
o A =
SNV ot M
o
FERN TR FERNS TR FERN TR
# background mode # background mode # background mode
p Michel par. for (¢, p") events £ Michel par. for (¢, p') events £5 Michel par. for (¢, p') events
o ) o
3
1 o
] ot . N
3 A 1V
v o0
Qo v (53
3 o
o o
o 0.
o
1 14 L 1 14 o 1 14
#background mode #background mode #background mode

Switching off each mode, one by one, in the fitted MC sample we
(conservatively) tested the impact of the MC description of all modes
on Michel parameters (< 0.2%).
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Remaining background in  (uvv; pv)

The remaining background in the (uvv; pr) events is populated
mainly by 24 different + decay modes (see backup slides)

p Michel par. for (u°, p) events n Michel par. for (4, p) events
I Lt
TR bttt | = et Tl DL o
o ] | (IR N I
SIS ilius
) S |
# background mode ’ # b‘ackground mode
& Michel par. for (4, p) events &5 Michel par. for (', p) events
ol 100
N\ ISV
#background mode ’ # blackground mode

Switching off each mode, one by one, in the fitted MC sample we
(conservatively) tested the impact of the MC description of all modes
on Michel parameters (< 0.5%).
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EXP/eMC
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w

0.0886
0.8195 + 0.02345

-0.04571:+ 0.03367
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62.22/58

0.3284

0.5042 + 0.1581

o

MC

trig

o
°eSogo

EXP,
g /€]

R
o

0.1782:+ 0.02815 @ 0.5684 +0.3535
002662 + 0.001994 0.05718 + 0.006313
0 0
085: 0 0.0005679 ch.é)(zlseﬂl
115 0 .45 +
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We found that the EXP/MC trigger efficiency correction, Ruyg, is the dominant
one. Two independent subtriggers (energy trigger and track trigger) are used
to evaluate it.

~
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Trigger EXP/MC efficiency corrections (lI)

Rug varies in 9D phase space, appropriate parametrization is
needed. One of many parametrizations, which we tested is:

Rit — Rtrg(Péa Ccos 1Wp)lRtrg(Péa Pp)
" Rug(Pe)

Graph2D Graph2D

Still, we have notable Ryg-related systematic uncertainty:
€, £0 (~ 3%), n (~ 2%), p (~ 1%).
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Fit of the experimental data, (¢{Tvv;pv)

f.’#‘*’ e pv)] b [ww; pv)]
B ; N, 3
= [=} F -
g &b | N
E [e'vv ;3w \" [ A "\\
3 %J Z 1000
= r other £ #\(u'\/v T3m) + (T o) —
i) N 3 | e
P AR Y e .
05 1 15 ZEC""ZSIS(G;JV)SS 2 45 5 5 08 s ZECMZSS(GeSV) 54 s st
g. TRV pv 1
2 ook o |
- il oo | —_
0 | o oo 1, Frdi ]
o " i) &8 It gL sl
g i i T ]
Soor iR 510 f i
2o, | o
2 -0
0. 0. I
-0.1 05 175 225 355 445 5 55
05 1 15 2 25 3 35 4 45 5 55 ESMS (Gev)
ESVS (Gev) "
EG<-0.35
WE=0iso M, [(e'v; pv) Huwy; pv)| ™
s ) < KV, p C
s 4 " g \
E 8 X
c“ 4 g vV, B1V) + (v, pv) \
Z (ev; )+\( Tpv) other = ! { (v, pv)  other |
N— \
fo——_ | MW N )
05 1 15 2 25 3 35 4 45 5 ¢ 05 1 15 2 25 3 35 4 45 5 5
ES*S (Gev) ESYS (GeV)

Experimental data sample of 485 fb—1 (446 x108 7*7~) was analyzed

" |nternational Workshop on epton Physics Beijing, China, 19-23 September 2016 D. Epifanov (NSU, BINP) 16/24




Systematic uncertainties

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 0.21 0.60 0.38 0.26

without EXP/MC corr. 0.33 1.0 0.51 0.45

Rirg ~1 ~ 2 ~3 ~ 3

We are working on the EXP/MC trigger efficiency correction, Ryg.

n
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@ The procedure to measure 4 Michel parameters (MP) (p, , &, £9)
in leptonic T decays at B factory has been developed and tested.
It is based on the analysis of the (¢Tvv; p*v), £ = e, u 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; ©27°), (tv; pv),
(pv; pv)) are described analytically in the fitter, the remaining
background (with the fraction of about 2.0%) is described with
help of the MC-based method. We reached acceptable
description of the backgrounds in the PDF.

@ Various EXP/MC efficiency corrections provide the dominant
contribution to the systemtic uncertainties of MP. The largest
contribution comes from the trigger efficiency correction
(1-3)%. We are working to improve this uncertainty.

@ The analysis is going on.

n
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Backup slides
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Helicity sensitive variable w

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 . . N . Z% Vi '\\
W= (Hpiznri)dq) =< (Hpivnfi) >¢‘T 200 ’/‘19“"?3’"‘(’"""” Gilier Y\
D — Py o, N
-0.8 -0.6 -0.4 -0.2 & 02 04 6 8 1
w=<(H /)>
LH RH —_ R A
w > 0_‘_9 RH w>0_ 7
T T__. - T Lo
- _ preferred Plep @ i+
- é F
w<0 RH p\\/ﬁg w<0 n R”H p\\/Tp
* e pv) i (e'w;pv Pk [ ; pv)
R & g R N, |
2 & % 3 N S
: F 0035 % e A Y 3\ H j@>035%,
< N g < M
Z§ t - 1‘\ Z§ W z% J \\
oW I e (v 3w o) () 50 J?m ™ -
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
ESMS (Gev) ESVS (Gev)

ESMS (GeV)

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

n
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Multidimensional unbinned maximum likelihood fit

4 Michel parameters (é =(1, p, M, &€x&e, €pE€d0)) are extracted in the unbinned maximum
likelihood fit of (4vv; pv) events in the 9D phase space in CMS,

Z = (pe, €0S8¢, ¢o, Pp, COSB,, bp, Mrr, COS Oy, Hr). The PDF for individual k-th event is
written in the form:

p® = Fzt) , N(© )—/.7: Z)dZ
N(8)
Likelihood function for N events:

N
=[IPY, £=-mL=NInN(S Zln]-' FO = 770
k=1

4
7O = Ao, + A6, + AN, + AVe; + Ao, =S Ale,

i Al
N =Co®0 +C101 +C20; + C303 + Ca@s, Cj = P

Il
o

4

N
6M¢ = (1, 0.75, 0, 1, 0.75), —NIn(ZC@>7ZIn(ZAfk)@,>
k=1 i=0

As a result fitted statistics is represented by a set of 5 x N values of Ai(k)

(k =1+ N, i =0+ 4), which is calculated only once.
Ci (i = 0+ 4) are calculated using MC simulation.

In ideal case (no rad. corr., e = 100%): Cqg = 1, C; = 4my;/m,, C134 =0
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) correctionsto ete™ — 777 ()

0
BOX >-’-’-’-’-’.‘.‘%.‘.‘.‘::::
—~— U= — - Electroweak

Vertex corr. Vacuum polarizatio

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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Remaining background for the

(e*vv, pTv) events

# (e/hiv(v); hov) mode EX2 < 0.1Gev EMAR < 0.3Gev
1 (evw; othen 115% 13.2%
2 (evv; mv) 8.3% 7.6%
3 (evv; 37v) 2.4% 2.1%
4 (evv; wKgv) 4.9% 7.0%
5 (evv; 7K v) 1.5% 1.3%
6 (evv; Knv) 11.6% 8.5%
7 (evv; 377%) 9.9% 8.5%
8 (evv; n37%) 8.8% 15.9%
9 (evv; mKgKLv) 0.7% 1.0%
10 (evv; Kn%Ksv) 0.3% 0.3%
11 (evv; Kn%K v) 1.4% 1.2%
12 (evv; K27%) 0.4% 0.5%
13 (evv; wn’Ksv) 3.5% 3.2%
14 (evv; 7KL v) 22.1% 17.1%
15 (evv 7T47r01/) 0.2% 0.4%
16 (evv; mwnv) 0.2% 0.3%
17 (nv; om0 v) 0.5% 0.7%
18 (pv; pv) 2.0% 2.8%

sum 97.0% 96.7%

rest 3.0% 3.3%
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Remaining background for the

, pT) events

# (¢/my(v); £/hv(v) mode EME < o0.1cev EFAS ) < 0.3Gev
1 (pvv; othep 9.1% 9.3%
2 (pvv; evv) 0.8% 0.6%
3 (prv; pwrv) 0.6% 0.4%
4 (pvv; wv) 7.6% 6.3%
5 (pvv; 3mv) 1.7% 1.5%
6 (prv; mKsv) 3.9% 4.9%
7 (pvv; 7TK|_l/) 1.4% 1.1%
8 (uvv; Kx® 1/) 8.9% 6.2%
9 (uww; 3nn') 8.8% 7.0%
10 (pwv; 737%) 6.6% 10.6%
11 (pvv 7TK5K|_V) 0.5% 0.7%
12 (pvv KKL7r v) 1.0% 0.7%
13 (pwv; K270 v) 0.3% 0.3%
14 (pvv 7rK57r v) 2.2% 2.0%
15 (pvv 7TK|_71' v) 15.5% 11.5%
16 (mv; 727%0) 4.4% 5.5%
17 (pv; 727%) 0.9% 1.8%
18 (37v; pv) 0.5% 0.4%
19 (w27°v; pv) 0.6% 1.1%
20 (Kv; pv) 7.2% 4.9%
21 (Ky; n27%) 0.5% 0.6%
22 (7rK|_1/ pv) 1.4% 1.1%
23 (Kxlu; pv) 0.4% 0.5%
24 (KKuw; pr) 0.4% 0.3%

sum 95.8% 95.3%

rest 4.2% 4.7%
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