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Physics motivation

New physics search in the tree level
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e Partial cancellation of theoretical
uncertainties related to hadronic effects
and measurement systematics.
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The Belle experiment

O Collected 772 x 10¢ BB events at KEKB factory (1998-2010),
asymmetric ete™ collider at /s = 10.58 GeV, in Japan.

e ete™ >Y(4S) - BB (very clean and well-known initial state)
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B —» DMty reconstruction in Belle

O In SM, BF(BT - D°t*v,) =0.66% and BF(B* - D*°t*v.) = 1.23%
O Difficult of reconstruction due to multiple neutrinos

- Need full reconstruction of the event

— Suppress non-BB bkgd. and
misreconstructed events —

DO
- quite low efficiency
— p+ +
Btag Bsig B
IZ;
Reconstruct one of the B’s decaying V1

1. Hadronically (g5 ~ 0.2%)
2. Semileptonically (&5 = 0.5%)
3. Inclusively (&g = a few %)
Select the other B of the signal decay with
e Q D(*)
* acharged daughter of t

1. Leptonic T decay

2. Hadronic 7 decay
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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

Hadronic tag
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0.2

0.4

17

0.6

R(D)

BaBar had. tag

0.332+0.024 +0.018 " ]
Belle had. tag : Hadronic
0.293 +0.038 +0.015 ; ° T - fvp
Belle sl.tag : ; Semilepton
0.3020.030 +£0.011 : .

: - T - PVv,v;

Belle hadronic tau
0.270 £ 0.035 £ 0.027

Hadronic tag

LHCb muonic tau : g T _T[VTr PV
0.336 £0.027 £0.030 : : =

LHCb 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

Summer 2018

R(D*)

Only two (direct) measurements with hadronic tag
= R(D) with semileptonic tag will be added.

tag

Ic tag



B —» DMty with semileptonic tag

O Simultfaneous measurement of R(D) and R(D*)

B(B -» DW1v,)

Signal\

R(D(*)) =

* |In the previous result

only B°BY - (D*=¢Y)(D**¢7)

e Add B°B? - (D™=¢*)(D™+¢~) and
B*B™ - (D®MO¢+)(D™0¢~)
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O Analysis with the Belle Il software framework

* Toreconstruct By, We can exploif FEI (Full Event Inferpretation;
Multivariate analysis with Boosted-Decision Tree classifier)

- higher efficiency

Close to opening the blinded signal box



Polarization measurements

Angular distribution of T decay
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sig——> W———>D
p, can be constrained to lie on the cone
with a half apex angle 6_:
2E.E, —m2 —m2

2|pe|1Px|
Boost in an arbitrary direction on the
cone to translate cos 6,,; t0 cos B¢ IN
the 7 rest frame.

cos ., =

Angular distribution of D* decay

1 dr
' d cos Ope

D* rest frame

[Pros]

— All T decays are useful.

— Not affected by cross-feeds of t decays.
[Cons]

— Strong dependence of acceptance on cos 8 and g?2.

= 2[2FP" cos? Be; + FE" sin? O]
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Result on P.(D*) PRL 118, 211801 (2017)

O Hadronic tag
O Two-body t decays (t = nv,, pvy)
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P.(D*) and FP" with inclusive tag

O Select candidates for B, daughters; D* + (£ or h).

sig
e BY > D™t 7y, -

— D*+ N D0T[+ ﬂ\ D;+_
L,T_<—,BO BY
- D> K nt, Kntn®, Kntn nt V¢ y i
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O Reconstruct B.,g inClusively from all the remaining particles.

e Proper assignment of the parficles without missing should lead to

Mtag = \/E‘geam o |ﬁtag|2 ~ Mp

AEtag = Etag — Epeam = 0

O Expect ~300 signal events = Statistical error of FP ~ + 0.1
and ~100 for = —» n~v, - Statistical error of P.(D*)~ + 0.8

Close to opening the blinded signal box



Search for B - pv,

o InSMB(B™ - u7,) = 22 (4

O More precise SM prediction of
5((5__:;:3;)) than R(D™)

O Untagged (inclusive) method

e Select a muon and check that
the rest of event resembles B

| Esig ® 38%
u
\B_B.FA
e =

— L/
[

B(B~ - uv,) =
(6.46 + 2.22 + 1.60) x 107

Significance: 2.4c
[2.9,10.7] x 10~/ at 90% CL
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Summary

O R(D), R(D"), P,(D*) and FP" are good probes for new physics.
e Precise theorefical prediction and small measurement systematics for R.

e Combined measurement of R and polarization could discriminate the type of
new physics.

e The measurement sensitivity is limited by the statistics.
O Belle is still active in producing new results:

e R(D) and R(D*) with semileptonic tag and a higher efficiency

e P.(D*) and FP" with inclusive tag

These results will appear in this summer.

B(B™—>1 V)
B(B~~1"Vy)
orovide additional insight on the R(D™) tension.

e B(B~ > uv,)=(646+222+1.60) x 1077 (2.4c significance)
with 711 fbo~! data - Promising at Belle || 50 ab -' data

will

O B - ¢y, is also sensitive to new physics and



