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6 D™ because the massive 3" generation
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Sizable uncertainties on |V, | and the form factors



Hint of new physics in b = cfv tree decays

R(D*)

r(B - DY)
[(B - D™Mey)
Useful observable to probe
new physics since the
uncertainties on |V, | and
the form factors as well as
the experimental systematic
cancel out
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Deviation also in
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... b = sff penguin decays
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Violation of Lepton Flavor Universality (LFU)?
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D™ and t polarizationsin B - D" tv

Observable which could distinguish the type of new physics:
Longitudinal polarizations

rt(p*)-r=(np*

e P (D*) = T+ (D)4 (D) 't (D*): decay rate with T helicity 1, = i%
p* _ _ T(Dp) . -
FL = F(DZ)+I‘(D7*~) F(DL(T)): decay rate of longitudinally

(transversely) polarized D*
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Belle measured R(D), R(D*), P,(D*), and FL".



The Belle experiment

 Collected 772 x 108 BB events at KEKB factory (1999-2010),
asymmetric ee ™~ collider at /s = 10.58 GeV, in Japan.

— ete™ - Y(4S) » BB (very clean and well-known initial state)

— . |Aerogel Cherenkov cnt.
[SC solenoid| =~ . |  n=1.015~1.030
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CsI(T1) |
16.X,
TOF counter

5 Gel %R/Q N s C \1 1]1);;3 f}'lle’“(“;gj Hermetic spectrometer
SN\ U \\> capable of
* Tracking and momentum
meas. of charged tracks
* Vertex meas.
e Particle ID

* Yy energy meas.
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B — D™ty reconstruction in Belle

* Not arare decay
— InSM, B(Bt - D°t*v,) = 0.66% and B(B* - D*°t*v.) = 1.23%
* but reconstruction of 7 is challenging due to multiple neutrinos.

- Need full reconstruction of the event
* Suppress non-BB bkgd. and

misreconstructed events /
| " 1L
- quite low efficiency \ D /
- need a high statistics — Biag B:ig/, e >
—_ < R

~
N - 171_\ ~\
Reconstruct one of the B’s decaying (220N -

1. Hadronically (&5ig = 0.2%)
2. Semileptonically (&5 =~ 0.5%)
3. Inclusively (gsig ~ a few %) Select the other B of the signal decay with
e aD®
 acharged daughter of T

1. Leptonic T decay

2. Hadronic 7 decay

Efficiency
Purity



Separation of signal/normalization

Egcy: sum of ECL clusters which are not

etectedl2 _ _ _
associated with reconstructed particles

2 _ d
Mmiss - |pe e~ — Ptag — psig

D*#~ sample of B = D™ty with hadronic tag
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Phys. Rev. D 92 (2015) 072014



Separation of signal/normalization

2 2 2 2 2 2
|pB| + |pD(*)g| - |pv| . (Ebeam _ mB) + (ED(*){’ - mD(*){’
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Previous results on R(D) and R(D™)

BaBar had. tag
0.440 £0.058 £0.042

Belle had. tag

0.375 £0.064 £ 0.026

Average
0.407 £ 0.039 £0.024

PRD94,094008(2016)
0.299 £0.003

FNAL/MILC (2015)
0.299 +£0.011

HPQCD (2015)
0.300 £ 0.008

HFLAV

BaBar had. tag
0.332+£0.024 £0.018

= Belle had. tag
0.293 £0.038 £0.015

Belle sl.tag

Hadronic tag 0.302 +0.030 £ 0.011

T - Vv Belle hadronic tau

Hadronic
T = 4V
Semileptorn
AT
Hadronic tag

— & -

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
0.2571£0.005

HFLAV

T > TV, PVr

0.2

0.4 0.6

i R(D)

Only two (direct) measurements with hadronic tag
= R(D) with semileptonic tag has just been added by Belle.

R(D*)

tag

ic tag
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B — D™ty with semileptonic tag

arXiv:1904.08794

* Simultaneous measurement of R(D) and R(D™)

(*) ' ( (v .
R(D) = B(B - DWtv,) _ mgnal\ (D (y

B(B » D™#vy,) normalization © e 2> S (D
— In the previous result . vi% v, . v,
only BOB? — (D*~¢*)(D**¢7) / )
9 (Dy

—Q
Ve

— Add BOBO - (D(*)_'€+)(D(*)+'€_) and Vi€ =
B*B~ - (D°¢+)(DM0¢") D )

R(D(*)) — B(B — D(*)TVT) _ 1 . gnorm ] NSlg
B(B » DMev,) 2B(~ = €7 Vovy) | Esie ) Nnorm
MC Fit PDFs to

the data
* Analysis with the Belle Il software framework

— To reconstruct By,e We can exploit FEI (Full Event Interpretation;

Multivariate analysis with Boosted-Decision Tree classifier)
—> higher efficiency Comput. Softw. Big. Sci. (2019) 3: 6



Signal extraction

Boosted-Decision Tree
— Input variables: cos 0 ;)5 Miiss, Evis
— Classifier output: “class”

2D extended maximume-likelihood fit on “class” and EgcL.

— PDF from MC; yield by fitting

_ Exploit isospin symmetry:
e Signal: Free

R(D™) = R(D™*) = R(DMO
* Normalization: Free ( ) ( ) ( )

* B> D" fv: Free

* Fake D™: Fixed (calibrated using the sidebands)

* Feed-down for normalization: Free
— Bt > D% v & Bt - (D** > D°%/y)¢v, B - (D** - D) v
— BY > D v & B - (D*" - D*n9)¢v

* Feed-down for signal: Constrained

— Nfoed—down = K - N’ (K: Fixed to MC)

e Other backgrounds: Fixed to MC

— Continuum, fake lepton, B — DS(*)D(*), etc.
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Fit results (D€~ channel)
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Resulton R(D) and R(D™)

R(D) = 0.307 £ 0.037 + 0.016 [> Agree with SM within 1.2s
R(D*) =0.283 + 0.018 +£ 0.014

é042;_ I BellelHlaldlBTag,Tl—i'll‘lv'IVI o _;
X gaf Belle Had By, ., T>hv =
i == Belle 2019 SL B, , T | v V (Preliminary) §

038 ;_ T galziz::tti:;r;ation 2019 (Preliminary) _;
0.361 E
0.34F E
0.32F E
0.3+ E
0.281 E
0.261 E
0.24F E
0.22F TR

L1 1 | 11 | IIIIIIII I|IIII|I
02 025 03 035 04 045 05
R(D)



T polarization: P.(D*)

Angular distribution of T decay

1 dr

_1 * {1 fort->mv
Fm_z[l-l_aPT(D )COSHhel] a—{

0.45 fort — pv

W rest frame

Bsjg———> W—on— D"
VT

* p, can be constrained to lie on the cone with a half apex angle 0_,:

2E.E, —m? —m?2

2|p.||Pxl
* Boostin an arbitrary direction on the cone to translate cos 0, to cos Oy
in the T rest frame.

cos ., =
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Result on P,(D™) s oo eony

 Hadronic tag
* Two-body 7 decays (T = v, pVvy)

M signal " B>D*Iv, [l Fake D*and qq World average
7vcross feed M BRR71Tad 4 Dt HFLAV arXiv:1412.7515
— 15 4w
—_ 51000 * r =
=100 31 5 g
O o
S8 8 051
<} oF
0 -
-E 60 05—
] C
& e
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15—
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20 C L 1 1 1 L 1 1 L 1 1 1 L 1 1 1 I 1 1 1 1 I L 1 1 1 0
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SM prediction R(D*)

02 04 06 0.3 PRD 85, 094025 (2012); PRD 87, 034028 (2013)

1 12 14

EccL (GeV)

P.(D*) = —0.38 + 0.51(stat)* 321 (syst)
SM: P,(D*) = —0.497 + 0.013
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D* polarization: FP’

Angular distribution of D™ decay

1_dl  _3[ppD" D* D* | pD* _
Fd COS Bhel —_ Z [ZFL COSZ Hhel + FT Sln2 Hhel] (FL + FT —_ 1)
D* rest frame D
Bsiﬁ D*{f_ -
Ohel
7-[/ e
[Pros]

— All T decays are useful.
— Not affected by cross-feeds of T decays.
[Cons]

— Strong dependence of acceptance on cos B}, and g
due to the slow  from D*, which is softer at

a larger cos G- -1 0806-04-02 0 02040608 1
cos(One(D*))

Efficiency (au)

—> Used only cos Oy, < 0 in the Belle FLD* analysis.



FP" with inclusive tag

arXiv:1903.03102

* Select candidates for Bg;, daughters; D*" + (£~ or ™).

— B > D**r7y;
« D't > DOt
- DY s K nt, Kntn®, K ntn nt

*

sig

* Reconstruct By,g inclusively from all the remaining particles.

— Proper assignment of the particles without missing should lead to

Mtag = \/Eﬁeam _ |ﬁtag|2 ~ MB

AEtag = Etag o Ebeam ~ 0

17
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Signal extraction for F;° measurement

Simultaneous extended

unbinned max likelihood fit

to all 9 sub-channel

M, distrbutions for each

of 3 bins of cos Oy

sin the

Events / 0.005 GeV

Signal
Combinatorial
Peaking bkg.

Events / ( 0.005)

Events / (0.005)

Events /( 0.005)

K ntrnO

D° > K nt

K ntnnt

Events /{ 0.005)

Events /{ 0.005)

Events [ (0.005 )

E | L Led wil o g L
bl ey 3w o O R e

ighofo 5
My, [GeV]

(—1.0 < cos Oy (D) < —0.67)

Events / ( 0.005)

uuuuu

Events / ( 0.005)

......
-

............

Events / (0.005 )

E ul

ETTTFT T4

P T
[ T3 WO W05 806 527 E28

kg e,
My, [GeV]

Miag (GeV)

N



Result on FP

FP™ = 0.60 + 0.08(stat) + 0.035(syst)

cf. in SM

— FLD* = 0.46 £ 0.03 [Phys. Rev. D 95, 115038 (2017)]

- FLD* = 0.441 £ 0.006 [arxiv:1808.03565]
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Consistent with SM within 2o 160

N/0.33

120
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80
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40+

140+

20F
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h
Entries 3
Mean -0.5902
RMS 0.2495
¥* | ndf 1.954 /2

p0 0.5961+ 0.0779

L

_IilllllllllllilIIIlIl]IlIlIIIItIl !Il]lillll]lll
1 -09-08-07-06-05-04-03-02-01 0

cosO, (D7)




Prospects for B — D™ v at Belle I
« Belle0.772x109 BB - Belle 1l ~50 x 109 BB (50 ab ! in 7 years)

Composition of the systematic uncertainties in each Belle analysis

Belle (Had, /=) Belle (Had, /=) Belle (SL, /=) Belle (Had. h™)

Source Rp Rp- Rp- Rp-

MC statistics 4.4% 3.6% 2.5% T30%
B — D™ (1 4.4% 3.4% 2% 2..3%_
Hadronic B 0.1% 0.1% 1.1% 2%
Other sources 3.4% 1.6% “_L} fq’f/ 5.0%
Total 7.1% 5.2% +3. 4V +10 D[/

The BeIIe Il Physics Book”, arX|v 1808.10567
* The uncertainty due to the MC statistics is reducible.
— MC stat affects the estimation of the reconstruction efficiency, understanding of
small cross-feed components and PDFs for the fit.
* The uncertainties from B(B — D**fv,), D** decays and hadronic B decays
have to be reduced.

— Need dedicated measurements of B - D**#v, and hadronic B decays with a
large data sample.
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Prospects for B — D™ v at Belle I

05 ||||||||||||||||||||||||||||||| - 1 T T T T T T T T I T
- | Measurements as of 2018 | & - e "'ijmm Measurements as of 2018 -
~ Belle Il Projection ] s B i
045:_ :Egléz::oméination _: & : ::;I:r:o:tii’;:a:“PORnDBS 094025 (2012), PRD87 034028 (2013) :
- LHCb ] 05~ Scalar d} . —
_ —— World Combination - ~ Vector PRDS7 034028 (2013 N
04 — - 5M prediction: PRD92 054410 (2015), PRD85 094025 (2012) —] L Tensor ( ) |
- . N <D |
0.35 — 0/%"%%7
O.Sf_ - _f E / " :
N 4 —0. 5 : —
0.25[~ = — - ‘\. // i
C 1@ contours n B N
L N N T T S . 4 | .\..I. | i}
' 025 03 035 04 045 05 055 06 6.2 0.25 0.3 0.35 04
R(D) R(D*)
Expected precision (stat and syst)
=i =0 a1 In addition, g* and other
- - — - distributions of kinematic
Rp (£6.0£3.9)% (£2.0£2.5)% observables to discriminate
Rp~  (£3.0+£25% (+£1.0+£2.0)% the new physics scenarios.
P.(D*) +£0.18 = 0.08 1+0.06 = 0.04

“The Belle Il Physics Book”, arXiv:1808.10567
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Prospects on LFU
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dI'/dq? (Gev 1)
o

Caveat

* New Physics could change the distributions and thus the

reconstruction efficiencies significantly.

—> To verify which New Physics model could explain the anomaly,
one has to run the detector simulation for each model.

— SM

B - Dtv
20 (@ -
SF -
I
sk .
:.-ﬁ“: N R T
0 4 6 8 10 12
q° (GeV?)

dI'/dq? (GeV 1)

tanf/my4+ = 0.3 GeV 1

[E—
h o

<
<

B - D*tv

- (b)

ek
T T

-

1012

tanf/mp+ = 0.5GeV !

e tanfB/myg+ =1GeV 1

Phys. Rev. D 88 (2013) 072012

0.05
0.04-
0.03
0.02

0.01¢

P, (lab frame)|

D+

T 0.05

025 03
P, (GeVic)

— D%t sample

0.1 015 0.2

S. Hirose, doctor thesis (2017)



Summary

The anomalies in the semileptonic B decays could indicate
violation of lepton flavor universality.

r(B—D™tv)
r(B->D™¢v)
B — D™ty are useful observable to probe new physics.

Belle measured those observables with different tagging
methods. They are still limited by the statistics.

R(D™) = and the polarizations of D* and 7 in

Belle Il will also play an important role on the B - D™ty
measurements with x50 data.



