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Introduction

* Successful SM has been confirmed experimentally but,
— Dark energy & Dark matter
— Neutrino masses
— Hierarchy problem, Gravity ...
* Mission for HEP = Find New Physics
* Possible new physics hints:
— muon g-2
—R(D*)=R(D), P: inB » K* £ ¢~
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Topics covered today: R(D*) and P measurements.



KEKB and Belle Detector
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Integrated luminosity of B factories
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>1ab™!
On resonance :
Y(5S): 121 fb!
Y(4S): 711 th !
Y(3S): 3!
Y(2S): 25 b
Y(1S): 6 !
Off reson./scan:

~100 !

~ 550 fb!
On resonance:
Y (4S): 433 b
Y(3S): 30 fb™*
Y(2S): 14 !
Off resonance:
~54 fb!



Belle B — D*tv analysis

* Lepton Universality R(D™)
— Belle Hadronic tag, T+ — £1v, v,
R(D*) = 0.293 + 0.083 + 0.015
— Belle semileptonic tag, T+ — £1v, ¥,
R(D*) = 0.302 + 0.030 + 0.011

— R(D")gy = 0.252 + 0.003 S. Fajfer et al.
* Polarization P, PRD 85, 094025

— P°M=—0.497 + 0.014 M. Tanaka, R. Watanabe

PRD 87, 034028
— No measurements!

= Try two-body 7 decays
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Possible New physics
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Analysis Strategy

* Fully reconstruct tagged B mesons and search foran™ /p™ and D*.

Tag side

— ldentify Tagged B’s in 1149 exclusive modes.
— M, > 5.272 GeV/c?, —150 < AE < 100 MeV
— >100 variables in NeuroBayes = Oy,
Cut on O,z = 90% true tags, 30% bkg.
Choose best candidate based on O,y
* Signal B reconstruction (both B° and B*)

— D*O — DO)/, D07T0,' D*+ — DO7T+,D+T[0
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8 DY decay modes and 7 D modes

B0
000

— Identify t+t - ntv,, pt v,
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Signal reconstruction and t helicity angle

* Mode dependent selections on AM = Mp« — My

* Proton veto for the m*mode to reduce B — D*pn background

* No extra charged tracks and °s

* Require q* = (Pete- — Prag — Pp* )* > 4 GeV2/c*for the signal mode.

* 7 helicity angle and P,(D*)
1 ar
[' dcosOpe]

a =1, T~ > T V;
=045, 77 - pTV;

1 X
= [1+ a P.(D*)cos 6y |

For the T = mv mode, cosfye) < 0.8
to reduce D*#v, background.
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T rest frame

d=morp

W rest frame

2E;Eg—mZ-m3
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Signhal and Background PDFs

* Normalization mode B —» D*¢v, = replace m* (p*) with £*.= Clean
M2

miss
* Fit on Eg(y, to extract signals.

is used to identify signals of the normalized mode.

— Signal PDF is modelled as histograms from the normalized mode.

— Backgrounds:
1. fake D* = AM sidebands. Yield is fixed in the fit.
2. D**Pv, and hadronic decays = Vary Egcr. shape from MC
(i) Vary B decay compositions in MC for modes with measurements.
(ii) For unmeasured decays, use calibration samples: 7B decay modes (D*nni)

3. D*¢*v,: fixed based on the yield of normalization mode. 4. ggq background.



Signal Extraction

* For signals, consider | | o
_(a)teo pt cross feed —> Fix relative contributions
P ' based on MC.

~ (b) other 77 cross feed. e 8 independent samples
¢ R(D*) — (EnormNsig)/(BTEsig Nnorm) (B*, B®) ® (Forward, backward)

B is the branching fraction of T - w(p)v Q(nFv,p*v)
e Fit normalization sample first.
* P.(D*) can be determined using the Tt
. PI(D'):F_F_I_F_
number of events in the forward and [+ for right.(left-Jhanded ©
backward regions. R i A o
—> Correct for the acceptance and efficiency R
based on MC. o~ [2(NF = NP)]
P‘L‘(D ) —

[a(N" + N5)]
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arXiv: 1612.00529, submitted to PRL
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Fit Results
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* Signal significance is 7o including systematics.

MB- DT,
W B oD,

+ had. B
B Fake D* etc.

® Data

R(D*) = 0.270 + 0.035(stat.)
P.(D*) = —0.38 + 0.51(stat.)

0.028
t%%ZIS (SYSt. )
To1e(syst.)
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P.(D%)

Compared with the SM

1_

0.5

~0.5}

This result
(68% (_;.L.)H

— 1 -World average

/ (without this result)

J3

025 03

0.35
R(D*)

Results consistent with the SM within 0.4c

Exclude P.(D*) > +0.5 @90% C. L.

First R(D™) measurement with hadronic
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R(D™) by HFAG
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e ~4c discrepancy remains
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More precise measurements will be from Belle || & LHCb




Angular analysis for B - K*£1 £~

* Advantages of B factory: Clean environment, Good acceptance,
Understandings the detectors
* Angular variables

1 d'T - 9 |3 2 2 1 32 "
= — |=(1 = Fp)sin“Og + Fycos“Ox+ —(1 — F )sin“O cos 20,
dl /dg* d cos 0 ,d cos Oxdpdg*> 327 |4 4 /

— F;cos?0f cos 20, + S3sin®0xsin’0, cos 2¢p + S, sin 20 sin 20, cos ¢

p! - Sj:ﬁl.S.?.S I S5 sin 20 sin @, cos ¢ + Sesin“Ox cos @, + S;sin 20 sin O, sin ¢

=456,8
| VFL(1=Fyp) o I
I Sgsin 20k sin 20, sin ¢ + Sosin“Ogsin“Op sin 2¢h | ,
P/ = Largely free from form-factor
uncertainties. JHEP 05, 137 (2013)

2017/4/4 DIS'17, P. Chang 14



Sighal Reconstructions
* Consider both K*eTe~ and K*u*u~ . |
c K05 K*n™; K > KOnt K*n® T ] e
= 0.6 GeV/c2 < Mg, < 1.4 GeV/c?
. . o« o . 2000;_ Mbcz\ls/q-_pétag i 2000; AE:'\/E/Z_EBMQ
¢ Slgnal identification: T R '5'_)29 L a_'oe'o‘(_é.@”o)_1
M, (GeVic? AE (GeV
M. = \/Eb — | Py? e Event selections:
AE = Eg — Epeam — Neural network output for all particles
* Veto J /Y and ¢’ — K* kinematics and vertex fit
—0.25(=0.15) < Am, < 0.08 GeV/c? — shape variables
— AE and AZ{{

—0.20(—0.10) < Am, < 0.08 GeV/c?

_ —> Cut on Ong based on Ng;,/,/Ngig + Npy
Amy ) = Mpp — My e



Extracting B - K*#7 £~ signals

)

/

 Unbinned extended maximum:s
likelihood fit to M,
» Signal PDF
= Crystal Ball function
function parameters from
B - J/1Y K" in veto regions
* Background PDF
= Argus function with
parameters floated in the fit.
e Obtain signal fraction as a

function of M}, for the angular 127 + 15 signals 185 + 17 signals
analysis.

—
8 8
Trr T

Events / ( 0.003 GeV/c')
o
T

Events /( 0.003 GeV,

I v

Pull

Pull
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Procedure for Angular Fits

Apply transformation to specific
region of angular space.

The transformed differential
rates are sensitive to P, and P

Divide data into 5 g* bins.

For each g#, obtain signal fraction

as a function of M,

Background PDFs: Kernel density templates
from sideband events

Signal: Transformed differential decay rate

Consider acceptance and efficiency as

event weights.

$ 1)
l“‘ 4!.

»
PL.

Sa:

Events /| 0008 Gey )

P — —q
{ P —nrm—q

5. { P — —¢
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Summary Table of Fit Results

TABLEIL Fitresults for P, and P; for all decay channels and separately, for the electron and muon modes. The first uncertainties are
statistical and the second systematic.

g* in GeV?/¢? P pe’ pl P, pe! pl
[1.00, 6.00]  —045705 £0.09 —0.723040 £006 0227037 +0.15 023755 +£0.07 —0222037 £0.03 0435058 +0.10
[0.10, 4.00] 0115537 £0.05 034704 £0.11 0387070 £0.12 047705 £0.05 05175, £0.09 0427550 +0.14
[4.00, 8.00]  —03470/8 £ 005 —0.52203 £003 —007037 £0.07 —030017 £0.09 -0.52:028 £0.03 —0.03203) £ 0.09
[10.09, 1290] —0.18507% 4+ 0.06 v 0407033 £0.09 —0.17753 £ 0.01 ves 0005025 +0.02
[14.18, 19.00] 0145058 £0.05 =0.15704 £0.04 0105035 £0.07 =0.51703 £ 0.01 =0.917735 £0.03 —0.137032 + 0.06

T

Ganarasor CAsrbuton

e No sufficient statistics in 10.09 < g% < 12.90 GeV/c? =
for the electron mode due to the Y’ veto.

e Range 1.00 < g* < 6.00 is preferred by theorists. \@ © © ®
: 5 q {:I‘:. ,-"4'|| ; )
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Pi, P5’ Fit Results prL118 111801 (2017)

1.5 T T T T T T T T T T T T T T T T T T 1l5 | T T T T T T T T T T T T T T T T T T T ]
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10L 44 All Modes i 10k H+ Al Modes 1
Tl 4 Electron Modes ] I 4 Electron Modes 1
HH  Muon Modes 1 [ H#  Muon Modes 1

J 0.5 | | ]

1 2% oop—+—— } .

] 0.5 [ : -

. r [ .
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0 5 10 15 2( 0 5 10 15 20
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« P, measurements are consitent with the SM predictions
* The largest deviation is 2.60 for the 2" g bin in the muon mode.
It is 1.30 for the electron mode.
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P,, P with Combined data

15 . ——
I 1 DHMV/LQCD

Lok LHCb 2013 1
i LHCb 2015 1
i HH  This Measurement |
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r_‘l_“ D.D::!
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10 15
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20

15 —

10|

DHMW/LQCD
LHCb 2013
LHCb 2015

HH  This Measurement 1

BE=N

e

10 15
q* [GeV?/c"]

e Results are consistent with SM and LHCb measurements.

e Similar central value of P; with 2.5¢ tension.

 SM predictions displayed are for the muon modes.
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Check Lepton Universality

¢ Q; = pl,” — Pf
e Deviations from zero are sensitive to new physics.
* First presentation of Q, and Q«

1.5 T T | I B T | I T 5
[ ] 1.5 , ,
[ I SM from DHMY -
[ - [ NP Example | i
Lo+ P . 1,0 |
[ | ! *
G -t —— 7 0o T —
[ ] =] 1
00 i ——— * 1 & 00 -
0.5 | -0.5
: ]
~L0 s ] —L0 | SM from DHMVY
[ 3 WP Example
-1...':| 1 T 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 _l.b i 1 1 1 ! | 1 1 1 1 ] 1 1 1 !
] 5 10 15 20 i 5 10
q'.i. [GH‘;LA -'_lrl'J' l{;e'likx.:_.e
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summary

* B - D*tvand B —» K*¥¢ are two decay modes that show
discrepancy or tension from the SM predictions.

* Recent Belle measurements presented in this talk:
— First measurement of R(D*) int" » w*tv_and 1% - p*v,.
R(D*) and P.(D*) results consistent with SM, but the world average of
(R(D), R(D™)) still has ~4c deviation from the SM.
— First lepton flavor-dependent angular analysis for B — K*£¥¢.
Observe 2.6c deviation in P for the muon mode.= Same place for LHCb

The deviation of the same bin for the electron mode is 1.3c
* Need high statistics from LHCb and Belle Il to verify the deviations.
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Back up



Summer 2016 with Belle preliminary results
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B — D*tv,
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PRL paper figures
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