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Belle Integrated Luminosity

« The world largest integrated luminosity of > Tab!
« 711 fb'on Y(4S) resonance = 772X 104 BB pairs
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Semi-tauonic B decay: B—D{)tv

B Sensitive to new physics

£-3

Ratio of t to p,e could be reduced/enhanced
R(D™)) = B(B — D™ ry)

B(B — D™ {v) L=eu

Polarizations of T and D* can probe the NP model

It —T~ pe _ I'(Dr)

r++r- “ TO)+T(D7)

P, (D™) =

NP type (vector, scalar, tensor) dependence | [u. Tanaka and R. Watanabe PRD 87, 034028 (2013)]
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Prev1ous R(D(* ) Sltuatlon
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« 3.8 o deviation from the SM expectation in 2018
- New Belle R(D) and R(D*) results in 2019
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B->D®1v Analysis at Belle

Utilize the B factory specific feature :

only one B-meson pair is produced

Signal Side

Final state has two or
more neutrinos

B*—>D1'v,

Tag B pair event by reconstructing one B meson
in hadronic or semileptonic B Decay
- Provide pure single B event

Require no particle remains after removing
products of tagging B and the particle(s) from
signal decays

< Remaining energy in the calorimeter (Egc;)
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Tagging Methods

» Hadronic Tag - Semileptonic Tag
Exclusive tag o Reconstruct B=>D0lv
o Fully reconstruct in B>DX decays * Partial reconstruction with
«  ~1100 exclusive decay channels [NIM A 654, 432 (2011)] o Bz = Epeam

o Undetected neutrino mass ~ 0
o Tagging efficiency ~ 0.5%
o More background

o Tagging efficiency ~0.2 %

o Less background

Inclusive tag

o Reconstruct tag-side B with all particles
except signal-side

o Higher efficiency than exclusive tag

Belle B=>1v analysis [PRD 82, 071101(R) (2010)]
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Preivous R(D) and R(D*)

BaBar had. tag
0.440 £0.058 £ 0.042

Belle had. tag

0.3751+0.064 £ 0.026

Average
0.407 £0.039 £ 0.024

PRD94,094008(2016)
0.299 +0.003 T

FNAL/MILC (2015)
0.299 £0.011

HPQCD (2015)
0.300 +0.008

HFLAV

[ ]

0.2

0.6
R(D)

BaBar had. tag
0.332£0.024 £0.018

Belle had. tag
0.293 £0.038 £0.015

Belle sl.tag
0.302 £0.030 £ 0.011

Belle hadronic tau

0.270 £0.035 +£0.027

LHCb muonic tau
0.336+0.027 £0.030

LHCDb hadronic tau
0.291+0.019+0.029
Average

0.306 £0.013 £0.007

SM Pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257+£0.003

JHEP 1711 (2017) 061
0.260£0.008

JHEP 1712 (2017) 060
0.257+0.005

HFLAV

R(D*)

* Only two R(D) measurements with hadronic tag
= New Belle analysis of R(D) with semileptonic tag
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New R(D")) Measurement with Semileptonic Tag
* Previous Belle Semileptonic tag [PRD%4,072007(2016)]
Measure R(D*) with B® > D*~1*v (and charge conjugate) decays
o Good signal purity by using clean D*~ - DO 1~ decays
 New Semileptonic Analysis [arXiv:1904.08794] preliminary

o Full Event Interpretation (FEI) tool developed in Bellell software framework
[Comput. Softw. Big. Sci. (2019) 3:6]

o Multivariate analysis with Boosted-Decision Tree classifier

- Better efficiency and enable to use more signal decay modes
o Both R(D) and R(D*) with both B° and B*=>D*1v

o 2D extended maximume-likelihood fit on “classifier” and Eg,

Classifier: Boosted decision tree output of ‘ y ( signal vs normalization classifier)
c:OSGB,D(*)I ’ MmissQ ’ Evis
Phys. Rev. D 94 (2016) 072007
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NewR(D) Semﬂeptomc Tag Result
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NewR(D) Semileptonic Tag Result
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Belle R(D(*)) Results

New semileptonic tag (preliminary, [arXiv:1904.08794])

R(D) = 0.307 £ 0.037 £ 0.016 | New semileptonic tag results
R(D*) = 0.283+0.018 £ 0.014 consistent withSM in 1.2 o
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Latest R(D) and R(D*) Situation

;-‘\ B I I 1 I I I I I 1 | 1 I 1 |
a — [ HFLAV average sz = 1.0 contours .
o044 -
[ LHCbI5 5
u BaBarl2 _
0.35 c —
B LHCb18 1
0.3 = =
0.25 = T Belle19 ~ Bellel5 B
B Bellel7 -

0.2 — ~+ Average of SM predictions H F LAV
: R(D)=0.299 £0.003 pring 20189 :
N | IR(D*)=O_258 +0.005 | |P(x2)=27% 5

0.2 0.3 0.4 0.5

R(D)

Belle new semileptonic tag results are the most precise R(D(*)) measurements

Deviation from SM reduced to 3.1 o

peOuUTy 2017
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t Polarization Measurement

Hadronic tag

Two body tau decays : t2>nv, pv
o Helicity angle sensitive to the tau polarization

P_(D*)gy = -0.497+0.013

[Tanaka,Watanabe, PRD 87, 034028 (2013)]

B signal B->D*lvi [ Fake D* and q7
7rcross feed M B-ﬁa%rorm M 4 Data g’ 15
51000 E{; 1
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0
-05
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-15

=]
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1.2 14
Ecc (GeV)

[PRL118, 211801 (2017) PRD97, 012004 (2018)]

1 dr
I' d cos Oy

1
= 5(1 + a-P,cosOy,)

_{ 1 fort->mv
“=10.45 for T=p VvV

R(D*) world average
HFLAV winter 2016
4 |«
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3 2
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R(D*)

R(D*) = 0.270 + 0.035(stat) 70922 (syst),

P.(D*) = —0.38 = 0.51 (stat) T35 (syst),
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D* Polarization Measurement

« Reconstruct BO>D*1v

« Utilized inclusive tag method

« Extract signal yield in three D*-> D1t helicity angle regions
« Fit the helicity angle distribution

I 11 1 dr _ 3 D* 2 D* .2
a0~ e[ % T dcos Orel = [ZFL COoS ghel + FT sin Bhel]
40 : 40 . I II III
20 b " "--?4, 20 o r
.2 5.25 3 . g 140;
2 -
o “or = 120
30 E C
2 ' 100t
10 Lu 80:_
L 60
12: 1 L 40;_ — Fitwith F,”=0.6
10 1ol % 20 sSMm
: : 04060807 0605040502070
) ’ 8 L '3 cos@hel
M, [GeV] M4 [GeV]
B FP = 0.60 + 0.08(stat) &+ 0.04(syst)
preliminary cf. in SM
[arXiv:1903.03102] |- FLD: = 0.46 + 0.03 [PRDYS5, 115038(2017)] within 2 o of SM
— FP = 0.441 4 0.006 [arXiv: 1808: 03565] 15




Summary

B->D(*)1v decays are good probes for New Physics
Tension exists between measurements and SM

New Belle Semileptonic tag R(D) and R(D*) results:
R(D) — 0.307 £ 0.037 £ 0.016 (prehmlnary)

R(D*) = 0.283 + 0.018 £ 0.014 Within 1.2 0 from SM
o First R(D) measurement with Semileptonic tag
o Most precise R(D) and R(D*) measurement

T and D* polarizations are also measured at Belle
o First D* polarization measurement in B> D*1v decays

x (preliminary)
FP" = 0.60 £ 0.08(stat) & 0.04(syst) it o o fro cnp

Still there is large tension in R(D)-R(D*)
Belle Il has started - More interesting results in future
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New R(D) Semileptonic Tag Result
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R(D) = 0.307 + 0.037 £+ 0.016

First R(D) measurement with Semileptonic tag
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New R(D*) Semileptonic Tag Result
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R(D®) Systematic Errors

TABLE 1. Systematic uncertainties contributing to the

R(D™))results.

Source AR(D) (%) AR(D") (%)
D** composition 0.62 1.26
Fake D™ calibration 0.18 0.10
B:ag calibration 0.06 0.04
Feed-down factors 1.52 0.37
Efficiency factors 1.73 3.60
Lepton efficiency and fake rate 0.33 0.28
Slow pion efficiency 0.07 0.07
MC statistics 3.94 1.92
B decay form factors 0.50 0.24
Luminosity 0.09 0.04
B(B — D™ iv) 0.05 0.02
B(D) 0.31 0.12
B(D*) 0.04 0.02
B(t™ — (" vr) 0.13 0.12
Total 4.66 4.32
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T Hadronic decay: R(D*), t Polarization

Systematic Errors

TABLE II. The systematic uncertainties in R(D*) and P,(D*), where the values for R(D*) are relative errors. The
group “common sources’ identifies the common systematic uncertainty sources in the signal and the normalization
modes, which cancel to a good extent in the ratio of these samples. The reason for the incomplete cancellation is
described in the text.

Source R(D") P.(D*)
Hadronic B composition i s
o : 4.0% 0.146

MC statistics for PDF shape Py 1008
Fake D* 3.4% 0.018
B — D*( iy, 2.4% 0.048
B — D$$T_Ljr 1.1% 0.001
B — D¢y, 2.3% 0.007
7 daughter and ¢~ efficiency 1.9% 0.019
MC statistics for efficiency estimation 1.0% 0.019
B(t~ = n v pug) 0.3% 0.002
P.(D*) correction function 0.0% 0.010

Common sources

Tagging efficiency correction 1.6% 0.018
D* reconstruction 1.4% 0.006
Branching fractions of the D meson 0.8% 0.007
Number of BB and B(Y(4S) — B*B~ or B'B") 0.5% 0.006
. o 10.4% 0.21

Total systematic uncertainty Wy ST
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D* Polarization Systematic Errors

TABLE I. Summary of systematic uncertainties

*

Source AF7
Monte Carlo AR shape and peaking background +0.032
statistics CB shape +0.010
Background scale factors +0.001
Background B — D**lv +0.003
modeling B — D**rv +0.011
B — hadrons +0.005
B — D*M +0.004
Signal modeling Form factors +0.002
cos By resolution +0.003
Acceptance non-uniformity J_rgjg%]g
Total o037
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