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Introduction

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:

fN P 8.0 B ().
ii=L,R

=1,V =q*r1" = 2\/_(7 v =)

Ten couplings gi'j“, in the SM the only non-zero constant is g‘l_/l_ =1l
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(zw)4max /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= % xg= —"

IntheSM: p=2,n=0,6=1,6=3
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nbinned maximum likelihood fit

; ; _ulb Q
Byn 00 = [ 200~ <009 ))eu(y)Ban 5, )0, Brx) = %Bw(x)
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8,00 = S 000 [ (1 e o)ean)B (6,9, 260 = 0000

X = (Pes e, Poy Loy M2, )iy = (D0, Qo)

S(x) - theoretical density of signal (¢F, == =°) events;

B3 (X, Y) - theoretical density of background (¢¥, 7*2x°) events;

B (X) - theoretical density of background (¥, == 7°) events;

B, (x) - theoretical density of background (7 #°, 7 7°) events;

e(x) - detection efficiency for signal events (common multiplier );
?;(x)/N;Z'(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);

radd( 30 (y) /5, - ratio of the ELRE cut efficiencies (tabulated from MC);

)=
P (Pe, Q0)/el'® ,(pe, Q) is tabulated from MC;
x), €l

€9 (x), e52(x) - EXP/MC efficiency corrections.
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@ We established the contents of the remaining background, all modes with the
absolute admixtures > 0.1% were considered (19 modes for the (e*, pT) and
25 modes for the (u®, pF) events)

@ Switching ON/OFF modes one by one in the fitted MC sample we found 2 modes
with the largest impact on Michel parameters

@ (n%, #F70) (with the absolute admixture of about 0.15%) in (e*, ©¥#°) events

@ (n¥70, 7F70) (with the absolute admixture of about 0.5%) in (u*, 7Fx°)
events

@ They are described analytically in the total PDF, the accuracy of the description of
the remaining backgound is sufficient now.
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Remaining background for the (e*, pT) events

(e, h) mode eZ75 < 0.16ev ELAE < 0.3Gev

# ~ re
1 (e, other) 11.5% 13.2%
2 (e, m) 8.3% 7.6%
3 (e, 37) 2.4% 2.1%
4 (e, nKs) 4.9% 7.0%
5 (e, 7K.) 1.5% 1.3%
6 (e, Kz 11.6% 8.5%
7 (e, 37n0) 9.9% 8.5%
8 (e, w3n0) 8.8% 15.9%
9 (e, mKsKy) 0.7% 1.0%
10 (e, K7Ks) 0.3% 0.3%
11 (e, K7K.) 1.4% 1.2%
12 (e, K27°) 0.4% 0.5%
13 (e, nn’Ksg) 3.5% 3.2%
14 (e, nn°K.) 22.1% 17.1%
15 (e, w4x°) 0.2% 0.4%
16 (e, mwn®) 0.2% 0.3%
17 (w, nn0) 6.9% 4.9%
18 (w, m27°) 0.5% 0.7%
19 (77°, 7x®) 2.0% 2.8%
sum 97.0% 96.7%
rest 3.0% 3.3%
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p) MC fit wit alytical description of (7

p Michel par. for (", p) events & Michel par. for (¢”, p) events £ Michel par. for (¢' , p) events
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(u™, pT) events

AB CAB
moae E,y rest < 0-1GeV E’Y rest <~ 0-3GeV

1 (p, other) 9.1% 9.3%
2 (u, €) 0.8% 0.6%
3 (u, ) 0.6% 0.4%
4 (u, m) 7.6% 6.3%
5 (u, 37) 1.7% 1.5%
6 (u, 7Ks) 3.9% 4.9%
7 (u, 7KL) 1.4% 1.1%
8 (u, K7°) 8.9% 6.2%
9 (u, 377°) 8.8% 7.0%
10 (p, ©37°) 6.6% 10.6%
11 (u, mKsKL) 0.5% 0.7%
12 (p, KK 70) 1.0% 0.7%
13 (p, K27°) 0.3% 0.3%
14 (p, 7KsmP) 2.2% 2.0%
15 (u, 7K 7°) 15.5% 11.5%
16 (w, w27°) 4.4% 5.5%
17 (x7°, =x0) 10.8% 15.9%
18 (x7°, m27°) 0.9% 1.8%
19 (3w, n7°) 0.5% 0.4%
20 (w27, 7x®) 0.6% 1.1%
21 (K, nn°) 7.2% 4.9%
22 (K, w27°) 0.5% 0.6%
23 (7K, ) 1.4% 1.1%
24 (K70, nn0) 0.4% 0.5%
25 (KK, 77°) 0.4% 0.3%
sum 95.8% 95.3%
rest 4.2% 4.7%
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(1, p) MC fit wit alytical description of  (p, p)

p Michel par. for (u*, p)) events n Michel par. for (u*, p) events
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Trigger EXP/MC efficiency correction

We use all bits with prescaling = 1

> JsvD-2 mc & ExP}

F

} We use all bits with prescaling = 1, 2 —

|SVD-1 MC & EXP| ™

H
g !
S x
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i o o e A
A“”A“ 5 2oy “adrond 57-im_op
y k57 “Radron L - L.
L 8 -5 n Raffone 6= [
015 2 55 60 65 7 2 55 57

25 35 40 45
GDL output trigger bit

EXP
_ (NN&Z Nyez >

25 30 35 40 45 5
GDL output trigger bit
Nn o Nz

Rirg MC MC MC MC
Eir
9 Nyez _ [ Nnez Nnez
_|_
Ny Nn o Nz

SVD1 GDL output bits assignment:

Charged trigger : Z =4 or 24 or 25, Neutral triger : N = 13 or 27
SVD2 GDL output bits assignment;
Charged trigger : Z =57 or 58, Neutral triger: N =17 or 18
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EXP data fit with

SVD1 (e, p) SVD2 (e )
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p—0.7586 + 0.0013 + 0.0115 ™
1 = —0.0276 + 0.0062 + 0.0219

€ — 0.9973 + 0.0039 + 0.0479

€5 = 0.7520 + 0.0025 + 0.0478

The second uncertainty is systematic one. It was obtained as a maximal difference of
Michel parameter over 4 configurations and over 3 extra gamma energy cuts (very
conservative estimation).

We think that the systematic uncertainty can be substantial ly reduced.
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Fit of EXP (e, p) events
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We observe notable disagreement between experimental and optimal p
energy spectra for ONLY (e, p) events (especially for events with
w < —0.35). This is certainly an effect of the trigger efficiency correction.

BAM, August 30th, 2016 D. Epifanov (BINP) 11/25




Fit of EXP (u, p) events
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EXP data fit with the (2D x2D)/1D scheme

R Rop(Pe, €08 ve,)Ron(Pe, Pp)
9 Rap(Per)

(e*; p7)

p Michel par. for (e, p) events & Michel par. for (", p) events £ Michel par. for (", p) events
—
a ¥ W . — o
\"\
o5 oz 3 o3 o1 3 oz o o3 o 3 oz o
£, cut (Gev) B, cut (Gev) B, cut (Gev)
(n™5 p7)
par [( ) (", p) events £ Michel par. for (4", p) events : [0 ) ever
a = v [ . 1
—
R
£}l (GeV) £ Ut (GeV) £ Ut (GeV) £ Ut (GeV)

Notable impact on the & ((2.5 + 3)%), p (up to 1%), n (up to 2%) and
&6 was observed.
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Fit with the (2D) ’/(1D)> scheme
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(e*; pT) events: notable impact on the £5 ((3 + 4)%) was observed.
(u; pT) events: very large impact on the n parameter (large deviation of the

EXP and optimal spectra at small momenta)



Fit with the (2D) //(1D)> scheme, n = O-fixed

(wt; p7)
p Michel par. for (u* , p) events £ Michel par. for (4", p) events £ Michel par. for (u° , p) events
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Agreement between different charge configurations is < 1%
Michel parameters agree with the SM expectation within (1.0 + 1.5)%
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The second way to tabulate trigger efficiency

In reality, the GDL output trigger bits are constructed from a few simple
parameters, characterizing physical event, i.e. the neutral trigger depends
on the number of isolated clusters (icn)  in ECL and the total energy
deposition in ECL ( Eit). Charged trigger ((cdc_open OR cdc_bb)&
kim_br) depends on the transversal lepton (p_ () and pion (p. ) momenta
and track acollinearity (Ap,.) in the R — ¢ plane. It is enough to tabulate
charged and neutral trigger efficiencies as a functions of th ese, natural,
variables: €N (icn, Etot)y €z (pu, Pix, AgOzﬂ-).

It is easy to show that in this approach there are no additiona |
multiplicative factors like in the previous method.

To increase an accuracy of the approximation of ¢z, it is written as

((2Dx2D)/1D): . ,
> ez(Pre,Pix(i), Aper) D €z (PLe, Pir, Apex(]))
i ]

Sz (Piepin(), Dpen()))
0]
So, the procedure is: tabulate eM° (icn, Erot ), €¥C(P1e, Pins Apen),
e (icn, Ewot), €2F (P Le, P, Aper) (instead of icn we use number of extra
photons in the event), and then for each experimental event in the fit calculate
the trigger efficiency correction according to the formula:

Rew — GEXP + EEXP _ EEXP EEXP
0 eyc + ENC - e%"c ENC
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Fit of EXP data with the new scheme

(e*; p7)

p Michel par. for (", p) events £ Michel par. for (", p) events £ Michel par. for (¢" , p) events
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(e*; pT) events: large impact on all Michel parameters.
(ut; pT) events: very large impact on the n parameter (large
deviation of the EXP and optimal spectra at small momenta)
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Fit of EXP data with the new scheme, 17 = O-fixed
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Agreement between different charge configurations is < 1%
Michel parameters agree with the SM expectation within (1.0 + 3.0)%
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Summary & Plan

@ We reached acceptable description of the backgrounds in the PDF.
@ We are working on the EXP/MC trigger efficiency correction, Ruyg.

@ In the scheme where all 2D-correlations are accounted in the Rug
((2D)7/(1D)®) large impact on the n parameter was observed (induces
bias in the other Michel parameters through correlations), region of
small lepton momenta shows the largest difference between
experimental and optimal distributions. It might indicate that at this
point we already encounter with the effect of the track
reconstruction EXP/MC efficiency correction, which is expe cted to
be large at small lepton/cherged pion momenta.

@ As the mentioned schemes suffer from intrinsic inaccuracies (effect of
the additional multiplicative factors, distorting true shape of the Ryg), we
developed another scheme, where the trigger efficiencies are tabulated
as a functions of natural variables. Fit of experimental data in this
scheme showed the same problems, as in the previous (2D)"/(1D)°
scheme. We are still performing various tests with the new scheme.

@ We plan to add the remaining corrections, track reconstruction efficiency
correction and #° reconstruction efficiency correction, to observe the full
picture and establish the appropriate scheme for the trigger efficiency
correction.
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Current status

@ Belle note N1351 :
http://belle.kek.jp/secured/belle_note/gn1351/michel_note v1.2.pdf
Version v1.4 is ready (will be issued after we solve the problem
With Rirg).

@ Belle-CONF-1402: http://arxiv.org/abs/1409.4969
Central values of Michel parameters are not published in the
Belle-CONF-1402, only statistical sensitivities and expected
systematic uncertainties are given.

@ Two talks at the international conferences: Tau-2014 and
17th Lomonosov Conf. 2015
No contributions were sent to the proceedings of the conferences
(don’t want to publish only sensitivities).

@ Plan to make report at the coming Tau-2016 conf.

@ We are studying systematic effects related to EXP/MC
corrections.
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Backups
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Trigger efficiency as a function of kinematical par.

Nz = No [ P(X,y)e(X,y)ez(x, y)dxdy
Nn = No [ P(x,y)e(x, y)en(x, y)dxdy
NN&Z - NOf P(x,y)s(x,y)eN(x,y)ez(x,y)dXdy,

where P(x,y) - initial PDF determined by the differential cross
section, £(X,y) - detection efficiency, ;(x,y) (i=2Z, N, N&Z) -
i-trigger efficiency. Suppose we want to tabulate the Z-trigger
efficiency as a functions of "x” or "y” from the data:

— N — JPn(xy)ez(x.y)dy
200 = EF = e

where Py(X,y) = P(X,y)e(X,Y)en(X,y). If the ez(x,y) can be
factorized as: ez (X,y) = e(zl)(x) . e(zz) (y) we obtain:

(2)
GtZab(X) J Pn(x y)fz (X)Ez (y)dy _ f(z)( )6(2 )(X), f(z)(x) _ J Pn(Xsy)ez” (v)dy

JPu(x, y)dy) z IPN(x,mdy
P € € 1 1 Pn(X,Y)e d
6tzab(y) S N(XfszNZ(X(;;df( (y)dx fz( )(Y)ﬁz )(y)’ fz( )(y) _J ?(;(N)E))(7)Z/)((j>;) x

As a result the total tabulated Z-trigger efficiency:

2
€20(x,y) = €2 (x)e20(y) = 117 (x)FLV (v )ez (X, y)



Similar situation we have for the N-trigger:

€lab(x) = Nnez () _ JPz(X.y)en(x,y)dy
N Nz (x) JPz(xy)dy

where Pz (x,y) = P(x,y)e(X,y)ez(X,y). If the en(X,y) can be
factorized as: eN(x,y) = ef\,l)( X) - (2)( ) we obtain:

P, s f 2 1 f 2 P s 6(2) d
P s ™ f 1 2 1 P € 1)
etI\Tb(y) f Z(Xfy)Z(Xf;; (y) \l( )(y)6(|\ )(y)’ f(\| )(y) f j‘PXzy?( y)d(x)

As a result the total tabulated N-trigger efficiency:

B(x,y) = e0(x)e@ (y) = 7 )F (v )en (X, y)

We don't earn additional factors only if we tabulate Z- and N- trigger
efficiencies in the total phase space (9D). If we tabulate effi ciency in the
reduced space, additional multiplicative factors appear, and they distort

the true shape of the tabulated efficiency:
EXP tab EXP ,tab 6E)(P,tabeEXP,tab fZEXPeEXP—Q-f,EXPeﬁXP _fZEfoIEXP EEXPgExP

Rtab + N —
tri - MC tab MC,tab _ _MC,tab _MC,tab - MC __MC MC _MC __§MC¢MC _MC _MC
g +en 5 n fZ € +fN e fZ fN e eN
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