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B Semileptonic B Decays

http://ckmfitter.in2p3.fr/

New boson like l_ T 08 % : o ﬂmqﬁ%&ﬂ% £y . _E
. ) = " EPS 15 =
charged Higgs (I"=e 1) os -E il |VuaVun =
1= * :::: aTrs_'ﬁ n;nts. .
o 04 % VCdVCb [/ / —
W, H A W, )
L i -
02 - =
> 2 > .'X,' 0.4 | o ‘—f
m |be | o0 ¥ ¥ f ia-_ | I — - i | | -
04 02 0.0 0.2 0.4 0.6 0.8 1.0
P

* Good environment for |V, | (x = u, c) extraction

— Theoretically, cleaner than hadronic B decays; QCD contribution exists
only in b — x transition part

 Semitauonic decays (e.g. B — D(*)T_V_T) are good probe for
indirect new physics searches
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B Recent Topics

e B> X.I"v; (I"=e~,u") measurements

— B - DI~ v; with hadronic tagging (Belle, 772M BB)
Presented at EPS 2015 -2 Phys. Rev. D 93, 032006 (2016)

— B —» D®r~r*1~¥; with hadronic tagging (BaBar, 471M BB)
Presented at EPS 2015 =2 Phys. Rev. Lett. 116, 041801 (2016)

* Semitauonic Decays w

—|BY > D**t~v, with semileptonic tagging (Belle, 772M BB)
Presented at Moriond EW 2016 (arXiv:1603.06711)

— BY > w77 v, with hadronic tagging (Belle, 772M BB)
Presented at EPS 2015 =2 Phys. Rev. D 93, 032007 (2016)

All the results above are based on the full statistics of each experiment
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B P Factories

{B Belle @ KEKB (KEK)

BELLE
Aerogel Cherenkov cnt.
SC solenoid P ) U = n=1.015~1.030
15T - SN N =
CsI(TI) | L= &5
16X, (s == T Sl gl
TOF counter — 8 o7 =
\\ b N de lDrlft Chamber
3 - TN ll cell +He/C,H,
KON S
; N\ '
\ t N\l
Si vtx. det. p/ K; detection
3/4 lyr. DSSD 14/15 lyr. RPC+Fe
Data take: 1999-2010 Data take: 1999-2008
Ngg =772M Npg =471M

e B factories with e*e™ colliders at /s = 10.58 GeV
— Produce B mesons via Y (4S) — BB

 Huge statistics: more than 1 billion BB have been accumulated
at the two experiments
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B Tagging Analysis

* Reconstruct one B meson (By,g) with specific decays

—Ensure all the remaining particles belong to the signal side
* Unique technique at B factories

— Beam energy is precisely known

— Exactly two B mesons are produced without any extra particles
Hadronic tag Semileptonic tag
Tag-side Signal-side

Pp-1(= Pp + Pl)
’ 6
B-D™]
= PB
' Ef . Ef. —m%—m?
Full Bi,g reconstruction cosO _ Epeamfpi B D*1
B-D*l =
2|p[>;eam”p5*l|
cosBr_n*; can be reconstructed by
measurable variables
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B Tagging Analysis

* Reconstruct one B meson (By,g) with specific decays

—Ensure all the remaining particles belong to the signal side
* Unique technique at B factories

— Beam energy is precisely known
— Exactly two B mesons are produced without any extra particles

3 Hadronic tag Semileptonic tag
0 510 600
— " L —
N 350 - NIM A 654(2011), 432 (Belle) P : #{ B — D*1-7, evénts are
o 300 = P S00F } b | obtained by taking
E 250 ;_New reconstruction with e R ~ 400 } tH lcosOp_pl < 1
o 200 E multivariate analysis (NeuroBayes) . % % : # 7
S 150 o 5 300F 'V phys. Rev. D 82, 0F1101 (2010)
o E X : o~ w s0ok i y (B~ = "V, by Blle)
w 100 £ Classical reconstruction : + 4
L O —_— " 0 é,:—:-_—__h-—‘-w“!“!’.‘f’.ﬁ%:r-r-r-r".".'T'r-;-,..l.-... ."t'm‘_l N
524 525 526 527 5.28 wee 2 b2t e 8
My, [GeV / 2] -
* Full reconstruction of By,g is possible * Reconstruction efficiency is better: 0(1072)
* Reconstruction efficiency = 0(10—3) * One neutrino exists in the tag-side
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Exclusive B - X_.l~V; Measurements

%:5255 B - DI™v; (I~ = e~,u~) with hadronic tagging (Belle)
Phys. Rev. D 93, 032006 (2016)

? B - D(*)n‘n+l‘171 with hadronic tagging (BaBar)
Phys. Rev. Lett. 116, 041801 (2016)

Flavor Physics and CP Violation 2016 7
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B |V, | Determination

 Discrepancy between inclusive and exclusive |V |
measurements

— |V, | determined by incl. measurements and by B = D™~ decays
show 2-3c discrepancy

- Belle updated |V, | determination with B — D1~ v; with full data
x7 larger statistics than the previous Belle analysis: pays. Lett. B 526, 252 (2002)

HFAG B—DIv, (CLN, old) -

HFAG B—>D”‘lvl (CLN, old)
2-30

HFAG B—X,lv, L

PR S T I TR TR N (N SR SO T E TR T T N TR El il |E | I
320 34 36 38 40 42 44
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B B - DI7; by Belle e

* Signal extraction with missing mass squared

—> To be zero for signal

2
Mpiss = (pbeam ~ PBrag — Pp T pl) (t=en with only one v

i : : mg+mp—q?
* Signal reconstruction as a function of w =

2mpmp

Differential decay rate

2 3
= mg +mp ) (wW? = D2ngw|Ve, [2lgW)|?
3 ( B D EWI"ch
dw 48m 4 N
L Electroweak correction
Figures for B — D**u~v; Phys. Rev. D 93, 032006 (2016)

Form factor for B — D

C = data 160 = data 180 = data
Sy D 18— Div r 18— Div u 18 - Div
- QD 5 - Dy 140 E W5 - Dy 160 s - Dy
30 BELLE [ other background L [ other background 140 r ] other background
@ C < 120 < -
> o = L = r
3 p 1.00<w<106| 3 f 136 <w < 142 S 120F 1.54 < w < 1.60
pac - Feed-down from|s o F S - Signal events
w 15F B - D*l™v, P 605 » 80F distribute around
£ . . = C c C 2 _ 2 /.2
o - o r S 60F Mpiss = 0 GeV= /c
L 10 - L 40 C L »
- r 40
d: 20~ 20
OE 0 = 0 b
-0.5 0 0.5 1 1.5 2 -0.5 0 0.5 1 1.5 2 -0.5 0 0.5 1 1.5 2
2 2 2 2 2 2
MITIISS (Gev ) MI‘HISS (Gev ) MIT]ISS (GeV )
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|V, | Determination

e Results:

newl|Vep|? = (40.12 + 1.34) X 10~
newlVep|? = (41.10 & 1.14) x 1073 (BGL form factor)

* Two form factors are used to extract |V|

40

gw) = g(1)(1 = 8p? + (51p* — 10)z*
—(252p?
(Z_m—ﬁ>

— 84)z3)

VW 1+42

With heavy-quark symmetry etc.
1. Caprini, et. al., Nucl. Phys. B 530, 153 (1998)

3 (CLN form factor)

"\

+B|l |

a5 Fit

30

CLN form factor

dr/ dw[Gev]
n
o

Figures in Phys. Rev. D 93, 032006 (2016)

f4mD

mv P, (z)«m(z) Z Gin?"

Model independent

C. G. Boyd, et. al., Phys. Rev. Lett. 74, 4603 (1995)

T T T T T T T T T T [ S S T N T S S T T T ST Y S B R
E

IS

(]
~
(=]

—=— Belle
HPQCD
—=— FNAL/MILC
Fit

N
o0

dr / dw [GeV]

HFAG B—Xv,

Belle new B—Dlv, (CNL)

Belle new B—Dlv, (BGL)

HFAG B—Dlv, (CLN, old)

HFAG B—D*lv, (CLN, old)

1 l 1 1 1 I 1

New, CLN

—_——

New, BGL:

——ie——r

L

32 34 36

10 11 12 13
Two results agree with both |V,

1.4 15 1.6(w)
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B Branching Fractions of B = Xl /

e BF(B - X.l"v;) by Inclusive and exclusive measurements
are inconsistent
— About 1.5% difference (5.00)
— This indicates unmeasured exclusive B — X1V, decays

- BaBar measured additional exclusive decays: B - DM~

Figure based on the talk by S. Turczyk at CKM 2012

Sum of exclusive
BF(D"1V,) + BE(D' 'nlV,) —e—

5.00

«———»

Inclusive BF(X V) ~=-

................ Lo b v b by n bia s
6.5 7 75 8 85 9 95 10 105 11 11.5
Branching fraction (%)
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B B - D®r ntl"v; by BaBar

. : . _ o _ Plots in Phys. Rev. Lett. 116, 041801 (2016)
* Signal extraction with U = E,iss — Prmiss W b ey |+ 0u
— U has less dependence on modeling of 100 — ng::N
decay dynamics than M2 5 Eggﬂv
Y] Other BB
Ze'e - da
* Significant signals were observed D nrl v
40 BABAR
m Sig. (stat. only) | Sig. (stat.+syst.) g 20
D°rrl™ v, 5.4 5.0 g |
Dtmnl~ i 3.5 3.0 z 10
DOl ¥, 1.8 1.6 i
D**rml~v; 3.3 3.0
First observation for D°nml™ v, 0
First evidence for D™l =¥, 40
20
i b Qs ‘\"\-"'«.
E,é BAR' 0_.5 — 0 l‘l |(].‘5| = 1 \.\“
U (GeV)
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B Incl. vs Excl. Gap with B — D(*)nnl_ﬂlyzs

 The obtained branching fractions
BF(B -» Dn—mntl™¥;) = (0.152 4 0.023(stat) + 0.018(syst) + 0.007 (norm))%
BF(B -» D*rmr~mw*l™¥;) = (0.108 £ 0.028(stat) + 0.023(syst) + 0.004(norm))%

 Total BFs for B — D(*)nnl‘ﬂ with isospin symmetry:
BF(B » D®Wn~n*l~¥;)/BF(B » DWnnl~v;) = (0.50 + 0.17)
- BF(B - Danl™v;) + BF(B - D*rwl™v;) = (0.5210:351040)%

BABAR

BE(D"I¥)) + BE(D" 1l 7)) —e— DA

BF(D"1¥,) + BF(D"'nl¥,) + BF(D"'nnil ¥))

Inclusive BF(X IV)) o~

voaad e s e b s by b a Lo Lo s Ly v s L uay

65 7 75 8 85 9 95 10 10.5 11 11.5
Branching fraction (%)

The incl.-excl. gap was reduced to 2-30

Flavor Physics and CP Violation 2016




New Physics Search
with Semitauonic Decays

(D _O *+ —_—— . . o o
ey BY — D17 v, with semileptonic tagging (Belle)
Presented at Moriond EW 2016 (arXiv:1603.06711)

D

<[> BY - t T~ v, with hadronic tagging (Belle)
Phys. Rev. D 93, 032007 (2016)

Flavor Physics and CP Violation 2016
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B B> DWWt i as of EPS 2015

* Experimental results from BaBar, Belle and LHCb show about
40 discrepancy from SM prediction

Some common systematics are (partly) cancelled out

R D(*) . BF(E - D(*)T_V_t) » * Theoretical uncertainty of form factors
( ) o BF(E N D(*)l_ﬂ) * Uncertainty of [V]

* Experimental uncertainty of efficiencies etc.
— 0_5 | 1 1 T T I 1 1 1 1 I T 1 1 1 I 1 1 1 T i
* ~ N 1 http//www.slac.stanford.edu/xorg/
a 0.45 : : 323?;?;%?596;0013?;;2012) Ay =10 4 hfag/semifeps15/eps15 dtaunu.html
rg 0451 AT T
- _iljfr:'g:m"'lsoﬁ'ogm 3.90 by combination f
0.4 of R(D) and R(D*)
0.35— =
03 = — I
E HFAG
0.25 o 190
prediction 1 P = 55%
0. 1 1 L L I 1 1 1 1 l I L 1 1 1 I 1 1 1 L
%.2 0.3 0.4 0.5 0.6

R(D)
All the past results from B factories utilized hadronic decays for tagging

—>Belle released a preliminary result of R(D*) with semileptonic tag
(First R(D™)) measurement with S.L. tag)

Flavor Physics and CP Violation 2016
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. S I gn a | S I gn at u re Figures presented at Mariond EW 2016 by P.Goldenzweig

(Image credit: Y. Sato)

<_ - .
VvV — X\
v" vV

Numerator in R(D™) Denominator in R(D™)
= Signal event - Normalization event

« Only BY - D**17v_ was measured as it is the cleanest

* Signal events can be separated from normalization events
based on the kinematics: two more v in the signal

. Variable | Signal | Norm._
Missing mass squared (Mz;s) >0 ~0
Visible energy: sum of energy small T

used for event recon.
cosOg_p+; <0 [—1,+1]

—input for multivariate analysis with NeuroBayes

Flavor Physics and CP Violation 2016
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B Signal Extraction

* Two-dimensional fit to NN and EgcL

— Egcr, = sum of energies on the electromagnetic calorimeter, unused
for signal reconstruction = Background tends to be higher

Figures in arXiv:1603.06711

Normallzatlon Sign\al

_ oretimfary = S Y pREminay

~ 107} ;if; ~ Normalization Y 60 Sienal-enhanced

O . ) g

S I = B - A region

8 102k __] Others ) S

Q ~—

o ~

~— [%p]

~ 10§ E o

I S YL

< @

> 1H 0

W10 -0.5 0.0 0.5 1.0 00 02 04 06 08 1.0 1.2

NN E ey [GeV]
R(D*) = 0.302 + 0.030 (stat) + 0. Oll(syst)
Preliminary

\

MC stat. for PDF shape
PDF shape of B - D™ ™ v;
Flavor Physics and CP Violation 2016 etc.
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H New R(D(*)) Average by HFAG

 HFAG updated the R(D(*)) summary

— The new Belle result is 1.6c larger than the SM prediction

% 05— BaBar, PRL109.101802(2012) . ]
" = BaBar ] )
- : » 2 _ - http://www.slac.stanford.edu/xorg/
\@/ B = Belle, PRD92,072014(2015) Ax =1.0 - hfag/semi/winter16/winter16_dtaunu.html
o 0.45F LHCb, PRL115,111803(2015) —
= Belle, arXiv:1603.06711 =
N = HFAG Average, P(3%) = 67% 3
0.4  — SM prediction -
0.35 — —
0.3 1< New
0.25 [ = .
- R(D), PRD92,054510(2015) HFAG .
- R(D*), PRD85,094025(2012) .
O‘% 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
2 0.3 0.4 0.5 0.6
R(D)

R(D™) slightly increased: 3.0c0 = 3.30

Di ' ith SM f
Iscrepancies wi of {R(D(*)) slightly increased: 3.90 = 4.00

Flavor Physics and CP Violation 2016



B NP Test

* NP tests with R(D*) + D* and lepton momenta

— Efficiency was corrected as a function of the model parameter

1. Type-ll 2 Higgs Doublet Model (Type-Il 2HDM)

— Some SUSY models have the same structure as Type-ll 2HDM
— BaBar excluded the model at 99.8% C.L. = Independent test by Belle

19/2s

2. Leptoquark as another scenario
— Part of the phase space is compatible with the results from BaBar

Figure in Phys. Rev. Lett. 109, 101802 (2012) by BaBar

Favored regions
are different

/\

FExperimental result

~ by type-ll 2HDM

tanB/my+ (GeV ™)

R R A R vivimaeiv s e
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B NP Model: Type-II 2HDM

* Type-ll 2HDM

— Parameter tanfs/my+

* tanf = VEV ratio of two Higgs doublets, my+ = charged Higgs mass

* Ourresult
— R(D*) favors around tanfS /my+ = 0.7
— Attanf/my+ = 0.7, pp~ and p, distributions are compatible with

type-ll 2HDM
’
g + Data (bkg. subt’d)
* - . . .
8 .sF Theoretical prediction=> l MC
= - 30 30
0.36 [~ S [ Preliminary o | Preliminary
N = | = |
034 (] [«}]
N i — 0 X
Ezo—p_37'9/0 220
0.32 e oS R o L
03 ! S |
028 § 10 § 10
L I L i
0.26 i [
024f Preliminary 0 o
T ST FUTIN FETT PR DU TS PUUT P PR H
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 TR Y A S S S NI E R S S R RS N S N R T R
1 0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0
tanB/my, [GeV '] Py [GeV/c] p, [GeV/c]

Figures in arXiv:1603.06711
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B NP Model: Leptoquark Model

* R,-type leptoquark model withm;, =1 TeV

— The model is constructed by Y. Sakaki et al., Phys. Rev. D. 88, 094012 (2013)
— Scalar-type (S, in the PRD paper) and Tensor-type operators contribute

* The result favors around Cr

0.6

0.5

0.4

03

0.1+

0.2

with the relation

21/2s

Wilson coefficients

—

CSZ — 78CT

= —0.03 and Cr = +0.36

— However, at C; = +0.36, pp+ and p; distributions disfavor the

leptoquark model

w
(=]

1 &No LQ contribution
|

|
& Thkoretical prediction
|

[ Preliminary

Fp=14%

20

Events /(0.1 GeV/c)

-0.1 0 0.1 0.2 0.3

Figures in arXiv:1603.06711 C T

0
[ H
. . [T TR TR T AN SRR TN TR TN AN TR TN SN SN NN T TN N
reliminary 0.0 05 1.0 15 20

Py [GeV/c]

w
o

N
o
T T

Events /(0.1 GeV/c)
(=]

[ Preliminary

1.5 2.0

p'I [GeV/c]

. ._..or Physics and CP Violation 2016




— ) — 22/
B B - DWWty Status at Belle

¢ B0 > D**1~v, result with semileptonic tagging is going to be
published soon with further NP studies

e Two more B = D*t ™V, analysis are ongoing for summer
— Hadronic tagging + hadronic tdecays (t~ = ™ v,, p~ Vv;)
— Inclusive tagging+ 1t~ = " Vv, TV,

—> Both analyses aim at polarization measurement of t/D*, which provide
additional pro bes to NP Theoretical studies in M. Tanaka and R. Watanabe, Phys. Rev. D. 87, 034028 (2013)

E.g. (B~,7~ - m v,) for had. T~ decay analysis

x40 signal MC

Measure these angular distributions
to extract polarizations

35

S
S
2 30 x10 bkgd. MC
S 25
§ 20 "
=> ]
w155 i
105_ [ Signal
- M Signal (otherthant™ - T v;)
SE | Background

PN SN TR N TN TN TN (N TN T T N TN T N T PO TR N W N T N1
OO 02 04 06 08 1 12 14
Plot presented at JPS 2016 Spring by S. Hirose EECL (GeV)
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T
W=, H™ 12
> u
|Vub|2
d d

« BO T, contains b quark and 7~ lepton like B » D™t~y
— May provide hints to the 4o discrepancy between experiments and SM
prediction in B - DM,
e Branching fraction is suppressed by |V,,;, /V.,|* compared to
B - DMt~y
BF(B® - n*t™¥;) = (9.35 £ 0.38) X 1075
— This may be enhanced/diminished by NP effects

Belle performed the first measurement of B9 — Tt T

Flavor Physics and CP Violation 2016
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0 + =
B B ->nt v,

Uset™ — e v,v,, ™ v; and p~ v, for signal reconstruction

— Oppositely-charged two particles (and °) in the signal side are the
sign of the signal

* Signal extraction with Egcy,

Signal component: 2.40 including systematics ‘D
Eiqures in Phys. Rev. D 93, 032007 (2016) I (combination of all the T~ final states) BELLE
wFE = |—=Data S ' " |——Data " |~ Data
160 Il Signal Il Signal Il Signal
0 0 0
> 140 | -B - X, > -B — X, > -B — X,
10} 2 fixed BG 15 2 fixed BG G 2 fixed BG
o 120 . Iy 0 =
S 100 i S S
2 i @ 8
w 0’:’::1:0;94.. - 3 w -
S A .
R R R e remd] R R ot | B RRRRRKS
4 2 4
Egc, [GeV] Egc, [GeV] Egc, [GeV]
T = e Vg T T V; T~ > p Vv

BF(B® » n*177;) < 2.8 x 10™* @ 95% C.L.
cf. BF(BY - m*t7#;) = (9.35 £ 0.38) x 1075 for SM

U.L. is not so far from the SM prediction, interesting topic at the early stage of Belle |l
Flavor Physics and CP Violation 2016
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B Summary and Prospects

* Results for tree-level semileptonic B decays
— |V, | determination with B — DI~ ¥; by Belle
— First observation/evidence of a few B — D(*)n‘nﬂ‘ﬂ decays by BaBar

— New B9 - D** 1~ result by Belle; Semileptonic tag was used for the
first time to the semitauonic decay analysis

- Combined R(D(*)) by HFAG show 4.00 discrepancy with SM

— Belle set U.L. for BO — tt T~ v; for the first time

Belle and BaBar are still active for semileptonic B decays

* Prospects for near future

— Belle and BaBar continue releasing interesting results at the era that
Belle Il is starting soon

— Also, LHCb is a great competitor as they have shown their capability for
semileptonic B decay analyses; Interesting news must be provided soon

Flavor Physics and CP Violation 2016
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B Hadronic Tagging

 Comparison between Belle and BaBar

# of decay chains 1104 1768
Algorithm Exclusive recon. Semi-inclusive recon.
with NeuroBayes
Recon. eff. (typ.) 0.2% (B°) 0.2% (B°)
0.3% (BY) 0.4% (B™)

e BaBar uses “semi-inclusive” reconstruction
— Require Bryg = SX*
« S =Seed meson with a charm (D,D*, Dg, DS, ] /Y)
X7 = charged state with up to five hadrons (KZ, m* and up-to two °)

— Analysis-dependent efficiency/purity adjustment by selecting decay
chains

Flavor Physics and CP Violation 2016
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V.| Measurement by B = DI[™v; /

* Average by HFAG

ALEPH B—Dly
Phys. Lett. B 395, 373 (1997) .

CLEO B—Dlv
Phys. Rev. Lett. 82, 3746 (1999) .

Belle B—Dlv, 10.8M BB
Phys. Lett. B 526, 258 (2002) ——e

BaBar B—DIv (global fit), 230 BB
Phys. Rev. D 79.012002 (2009) o

BaBar B—Dlv (ta gfed? 460 B
Phys. Rev. Lett. 104, 011802 (2010) )

HFAG average (as of 2014) B

G(1)=1.0541%0.0083 (Phys. Rev. D 92, 034506 (2015))

—10 0 10 20 30 4() 50
etaEW\VCb
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V., | Measurement by B — D[~ /

* Average by HFAG

ALEPH B—D*lv

Phys. Lett. B 395, 373 (1997) H— o
CLEO B—D*1v

Phys. Rev. Lett. 89, 081803 (2002) Sr
OPAL B—D*lv

Phys. Lett. B 482, 15 (2000) H®—H
OPAL B—D*lv (partial reco.)

Phys. Lett. B 482,15 (2000) e
DELPHI B—=D*]v (pﬁrml reco.)

Phys. Lett. B 510, 55 (2001) e
DELPHI B—D*1lv

Eur. Phys. J. C33, 213 (2004) o
Belle B—D*lv, 772 BB

Phys. Rev. D 82, 112007 (2010) 8
BaBar B—D*1v. 8.6M BB

Phys. Rev. D 77. 032002 (2008) g
BaBar B—D*lv (D*’e). 223

Phys. Rev. Lett. 100, 231 7008) i
BaBar B—D*1v (global fit), 230 BB

Phys. Rev. D 79, 012002 (2009) .
HFAG average (as of 2014) .

F(li 0.906 f 0.013 (IThys. Rev. D 89, llThO (2014))
—10 0 10 20 30 40 50
etagy |V,

riavor rnysics ana urr violaton £Zuio



B Old vs New B —» DI v

* Old analysis in 2002

— Use missing mass squared by
Emiss = 2Epeam

Pmiss = —2Di

_ EZ

miss

MZ

miss

— 3E;

v, by Belle

30/ 25

D

/[O

|pmiss | 2

— Not but hadronic tagging, so systematic error was large while
statistical error is small

Large uncertainty arose from

imperfection of detector simulation

Phys. Rev. D 93, 032006 (2016)

Table 3
Summary of the relative Sy(tematic EITOrS.
Source of uncertajity A|Va|Fp(1) (%)  Ap3, (%) AT (%)
v reconstruction simulation 10.6 9.7 15.5
Correlated background normalization 24 4.4 1.9
D* form factor 1.5 2.8 0.9
Other background normalization 0.6 1.8 0.4
D7 vertexing efficiency 4.7 5.8 5.3
Lepton finding efficiency 1.5 - 3.0
Ngs 0.5 - 1.0
Br(Dt — K—ntznt) 3.3 - 6.7
Tgo 1.0 - 2.1
Total 12.5 12.6 18.2

Phys. Lett. B 526, 258 (2002)

TABLE IV. Itemization of the systematic uncertainty in
AT;/Aw in each w bin. Refer to the main text for more details
on the systematic error components.

oA/ Aw) (%)
O 1 2 3 4 5 6 7 8 9
Tag correction 3.0 32 33 34 34 34 34 33 33 32
Charged tracks 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

B(D — hadronic) 2.0 1.8 1.8 1.8 1.8 1.§ 1.8 1.9 1.9 19
B(B—= D*"fy) 1.3 08 0.8 09 08 0.7 05 02 02 04
B(B - X,fv) 0.4 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
FF(B — D*¢v) 04 02 0202 02 01 01 0.1 0.1 02
FF(B = D*¢v) 25 1.2 09 0.7 05 0.5 0.7 0.5 0.1 04

Signal shape 50 08 0.6 0.5 05 04 03 0.3 0.2 0.1
Lifetimes 02 02 020202 0202020202
70 efficiency 09 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7
K/ r efficiency 1.1 0.9 09 09 09 09 09 1.0 1.0 1.0
K efficiency 04 02 020202 020202 02 02
Luminosity 14 14 1514 14 14 14 14 14 14
Total 7.3 47 47 47 47 46 47 4.6 45 45
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B BFs by New B — DI™v; Measurement 3/

Sample Signal yield B (%)

B" - D=ety, 2848 £ 72 £ 17 2.44 +0.06 +0.12
B’ - D u'y, 2302 £ 63 £ 13 2.39 £0.06 £ 0.11
BT — DV, 6456 £+ 126 4 66 2.57 £0.05 +0.13
Bt - Duty, 5386 4+ 110 £ 51 2.58 £0.05 +0.13
B - D¢, 5150 495 + 29 2.394+0.04 £0.11
Bt = D tu, 11843 £ 167 £ 120 2.54 £0.04 +0.13
B - Dtv, 16992 £ 192 £ 142 2.31 £20.03 £0.11

HFAG 2014: (2.13%+0.03%0.09)%

D

/O
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Fit

32/2s

V. 1G(1)n

2
* Fit parameters are n§W|Vcb| g(1) and form factor parameters

* Form factor parameters
— CLN: p for gw) = g(1)(1 — 8p? + (51p? — 10)z? — (252p? — 84)z3)

[
— BGN: g(w) =152 ——

mp p. -
1+mB Pi(2)pi(2)

Z1I¥=O ai,nzn

i =0,1,2 are determined by LQCD
calculation

(Fermilab Lattice and MILC Collaboration,
Phys. Rev. D 92, 034506 (2015); HPQCD
Collaboration, Phys. Rev. D 92, 054510 (2015))

= N = 3(4) is used; Combined fit to Belle data and Lattice data

0.048

0.046

0.044

0.04

" —0
B*—=D u'v,

Phys. Rev. D 93, 032006 (2016)

1.3

1.2

1.1

0.9

0.8

0.7

0.6

—»— Belle

—— HPQCD
—=— FNAUMILC
— f, fit

1 1111 1111 1 1 111 1 111 1 1
1.1 1.2 1.3 1.4 1.5 1.6
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B Correlation between R(D) and R(D*)

33/2s

Because of huge feed-down from B->D*tv to B->Dty, there is
a negative correlation between R(D) and R(D*)

— If R(D*) looks large, feed-down from B> D*tv to B> Dtv also looks

large. Then R(D) looks small. Figure in Phys. Rev. D 92, 072014 (2015) by Belle
B—>Dtv sample B—>D*tv sample
I B— D*tv q
=D mm
I B— Dlv

W other BG
W B— Dy

Events

Feed down

02 04 06 08 A
E.. (GeV)

ECL (

02 04 06 08

. 0 0.2 0.4 0.6 0.8 1 1.2
EgcL (GeV) Egqy (GeV)

FIG. 4 (color online). Projections of the fit results and data points with statistical uncertainties in a signal-enhanced region of
M2 > 2.0 GeV?/e* in the Egcy, dimension. Top left: D*#7; top right: D*#7; bottom left: D%/~ ; bottom right: D*07~.
Flavor Fnysics and Ur violation ZU 10
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B Distributions to Separate Sig. vs Norm.

0045

0.1 0.06 - 0.04F

[ . C 0035 [

wf [ [ Signal cos | ;

- . . r 0.03 F

[1 Normalization oo | ;

006 - - 0025

03| 002

004= X 0015 F

0.02 = 3

- 001F

002 = - E

L 001 ]

[ - 0.005 F
s o1 05 0 o5 1 15 D 15 20 25 0

atan(cos G:f_g,‘) M2 [GeV 2/c*)
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B Signhal Extraction

— —
o o
N w

Events / (0.0666667 )
o

* Two-dimensional fit to NN and Egy,

™ Component | Vild | Shape

Signal Float 1D x 1D
Formula for R(D*):
Normalization Float 2D 1 Enorm Nsig
D )k ] — — R(D*) — — —_
B - D™ v, Float 2D BF(t~ =» I"Viv) &g Nnorm
Others Fix 2D €norm/&sig = 1.289 £ 0.015 (by MC)

Falsely-recon’d D*  Fix 2D

—_

Plots in arXiv:1603.06711

Nre/ifninary}

)

- B signal =
N 77 Normalization Signal-enhanced 1 8 600F  Normalization-enhanced
— Il B — D" Iv region 1 | region
7 . [ ] others s
~ + EErakeD” 40

Events / (
S

-1.0 -0.5 0.0 0.5 1.0 00 02 04 06 08 10 1.2 ) 08 10 1.2
NN Eec [GeVl Eec [GeV]

R(D*) = 0.302 £ 0.030 (stat)
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B Systematics

* Limited MC statistics caused uncertainties of PDF shapes
— Evaluated with toy MC studies with changing PDF shapes within their
statistical errors
 PDF shape uncertainty for B - D**1~v; arises from poorly
known B — D**1~v;/D** branching fractions

Figure presented at Moriond EW 2016

— Varied composition within their uncertainties by P.Goldenzweig
R(D™) [%]

Sources 8=y | 58 = | 58 =y
MC statistics for PDF shape 2.2% 2.5% 3.9%

PDF shape of the normalization fé:é% t(Q)‘.(l)% fg'_g%
PDF shape of B — D** 4, 0% 1% T22%
PDF shape and yields of fake D*) 1.4% 1.6% 1.6%
PDF shape and yields of B —+ X_.D* 1.1% 1.2% 1.1%
Reconstruction efficiency ratio eénorm/€sig 1.2% 1.5% 1.9%
Modeling of semileptonic decay 0.2% 0.2% 0.3%
B(r™ — " 5ovy) 0.2% 0.2% 0.2%

Total systematic uncertainties fg:g% ié"},% fg‘_g%

R(D*) = 0.302 + 0.030 (stat) + 0.011 (syst) (13.80)

(preliminary)
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B NP Model: Leptoquark Model

37/2s

* Belle also tested the R,-type leptoquark model

Y. Sakaki et al., Phys. Rev. D. 88, 094012 (2013)

M. Tanaka and R. Watanabe,
Phys. Rev. D. 87, 034028 (2013)

TABLE . Quantum numbers of scalar and vector leptoquarks Effective Lagrangean forb — CT_17L- transition
with SU(3), X SU(2), X U(1)y invariant couplings.

s, 3 v, R, _Leff = zﬁGFVcbZhe,u,T [5TOV1 + 2:i=V1,V2,Sl,SZ,TCi Oi]
spin 0 0 1 0 ] ]
F=38+L -2 -2 -2 | 0 R,-type LQ model has contribution to S; and T currents
SU(3), 3* 33 3 [ —
sU(), L3 2 |2 Os, = CRDLTRVL Cs, = 7.8Cr at my, scale
U)y—o-r, /3 1/3  5/6 | 7/6 Or = ao-uv bRﬁG”VVL

* The result supports around Cy

= —0.03and Cr = +0.36

— At Cr = +0.36, pp+ and p; distribution look inconsistent

0.6

R(D*)

0.5
0.4
0.3

0.2

01—l

|
1 &No LQ contribution

1
1
1
|
0

|
<Thkoretical prediction
I

-0.1

M B L
0.1 0.2 03

Plots in arXiv:1603.06711 (Preliminary)

30 30
< | p=1.4% < o =16.2%
v [ )
© 0l Y2
St =
< S |
2 1 g L
§1o g 10
Ll i (|
-~
0 0
H
TR T T T T T TN TN TN (NN T T ST TN AN S O 1 T T SN T N T TN TN N NN TR TR SR T N ST T
0.0 05 1.0 15 20 00 0.5 1.0 1.5 20
04 P, [GeV/c] p, [GeV/c]
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B Motivation of T Polarization Analysis

M. Tanaka and R. Watanabe, Phys. Rev. D. 87, 034028 (2013)
— Lo = 282GV, > [, +CY)O, +Cl 04,

I=e.u.7

+ C5 05 + C§ O + C1071],

0.2 o &t
Exp. result 2 |
0.0 '
2 . /S
S 0.2 C...enT A
o vi'
—04l
~0.6 5
e,
C,' Cy,*H
00 01 02 03 04 05

R(D")

e Polarizations may give us additional information for 4.00 discrepancy of R(D(*))
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B Analysis procedure for P .

* Measure cosO,) dlstrlbutlon at T-rest frame
1 T polarlzatlon

— _ 1 + ‘OSH ex. A R(?uge “Tau de”cavsas
chosHh 1 ( hel)

polarization analysers” (1990)
e Utilize the W -rest frame instead of the T-rest frame

— Where Pw = szig — Pp* = 0 szig = Pbeam — thag
DB, is obtained by full reconstruction

— On this frame, T and v; fly back-to-back therefore |p.| is fixed

2

2E-E.—mZ2—m
tt_T T can be calculated

2|p<llpxl
* The cone on p; is rotation-symmetric around the direction of T /p

— Boost an arbitrary direction and obtain correct cos6},;

—>cosl,4 =

@--
@

T-rest frame

tag

Reconstruct B, from V1,

hadronic decays

W -rest frame
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B Inclusive Tagging Analysis

* Firstly, reconstruct D* and tin the signal side = collect all the
remaining particle and calculate an invariant mass

— If the event is signal, the particles except for D* and t daughter are

associated with Btag—> The invariant mass must be equal to m;
Exploited in two analyses by Belle: PRL 99, 191807 (2007, 535M BB) and PRD 82, 072005 (2010, 657M BB)

e Tt polarization and D* measurements with inclusive tagging

* .
cos(Bhel(D*)) by event generator cos(Bhel(D*)) after detector sim.

N~ T T \ T \ 1 T T ‘ r — T T Entries 533
8 120—_ .................... ;:.:(?; .............. Red:generated .................. i Mean -0.2522
~—Z‘=-’_ ook ke Black: reconstructed || . %
1 5000 | | : : Overflow 0
- : Integral 533

10000 | . - -

5000 | . .

20_— =

(9 - - . " L : L KX X I/« 29,020,994 R :

-1 -0.8-0.6-0.4-0.2 0 O. 2 0 4 O 6 0 1 95 -1 0.5 0 0.5 1 1.5
cos(6 hel(D ) €0S(Bp. p)
Huge distortion due to inefficiency of
Image credit: K. Adamczyk (Belle) slow 1+ from D*+-> DO+
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B NP Example forB> 1T T v e

4.5e-05F S, Spin the paper
4e-05} (scalar-type NP)
3.5e-05F B — mtv

DBR(GeV™?)
N
o
(0]
S
()]

SM]

0 5 10 15 20 25 30
q7(GeV?)

e Scalar-type NP can enhance the branching fraction

— (1.69, 119.66) X 10~
—> 1t can reach 10 x BF,, at the max. (= partly the parameter space was
excluded by Belle)

R. Dutta et al., PRD 88, 114023 (2013)



B Two Higgs Doublet Model

up type down type charged
Iepton

type-I

type-Il ¢2 d>1 d>1
type-X $, $, ¢,
type-Y $, ¢, $,

Same structure

type-ll 2 Higgs Doublet Mode
m,m m.m
ct = -2 “tan?B, CE = ———
Sl Sz 2
HT mHi

TABLE II. Parameters &,;, 1n each type of 2HDMs.

Type 1 Type Il Type X Type Y
& cot? 3 tan >3 —1 —1
&, —cot?f3 1 1 —cot?

M. Tanaka and R. Watanabe, PRD 87, 034028 (2013)

42 /10



43 /10
B | eptoquark

* Leptoquark (SUG), x SUQ2),x U(1)y) = { (3,2,7/6) (R,)
| ~ l _ (3%,1,1/3) (51)
— Csl = +7.8Cr Y. Sakaki et al., PRD 88, 094012 (2013)

— Some phase spaces are compatible with BaBar results

51 type
R, type , : .
- Might cause instability of protons
1.5~ SN I IS S LSF™ _
: (e) m 68% CL]|] : (E) m 68% CL
[ m 99.9% CL | [ m 99.9% CL
1.0 1.0}
0.5| 0.5¢
I [ U‘;‘
S o0f O 0.0}
E CH
—0.5] —0.5¢
— L0} _ ~1.0]
: : Cs, =+7.8Cr] :
—1.50. . . N i —158 0 )
—-1.5-1.0 -05 00 05 1.0 1.5 -20 —-1.5 -1.0 -=0.5 0.0 0.5
Re[Cs, | Re[Cs, |

Y. Sakaki et al., PRD 91, 114028 (2015)




