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The KEKB Collider

« Asymmetric energy collider
(8 GeV e x 3.5 GeV e*)

* Vs = My 4s) (r(ns), n=1,2,3,5)
* Lorentz boost: By =0.425

* Finite angle beam crossing

Belle detector
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Q& &\/* Peak luminosity (WR!) :
54 ‘\,,F/ T 2.1x10%** cm s
Ares RF cavity =2x design value

First physics run on June 2, 1999
Last physics run on June 30, 2010
hp— €' source Lo = 2.1x103%4/cm?/s
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Data at KEKB/Belle
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Physics at

Accelerator
“B-Factory”, KEKB @, KEK

2 B, B* E

Y (4S) u - L
\ Td BdO’ S

g 0

e'ery

“on resonance” production o
©

ete - r(4S) - B.°B.°, B*B"
o(ete — Bé) ~ 1.1 nb (~10° BB pairs) i
"continuum” production

ofe*te -» cc)~1.3nb (~1.3x10° X_Y, pairs)

r*7" production
ofete - 777)~0.9 nb (~0.9x10° z* 7" pairs)

B factory

Belle [Ldt ~ 1020 fb-L
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— Variety of Physics

Primary goal: search for and study
of CP violation in weak decays

Running at Y'(nS), e.g. Y (55)- (B.B,)

of B meson
DONE !
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Complete Test of KM & SM

Measurements of CKM Determination of UT

LQCD: important
roles

B— 7nw, pw, pp

B°-mixing (4Am )

B-—>D_, K

com

B?— DV 7 B® — (cc)K(™°
BY — D™*D(")-(K)




Measurements of |V | and |V, |

Leptonic Semileptonic Hadronic
Vub
b \ e, 1, T
W= < B\
g >‘ - B g &
i Ve, Py, Ur \qj
u Leptonic and hadronic Complex QCD
Helicity suppressed currents factorize interactions
Experimentally difficult Theoretically challenging

Semileptonic B-decays provide a clean environment

B ->D*{y B->XAtv
B->rlv B->X/{tv

Exclusive B — D™y

Inclusive B — Xiv
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General strategy for |V |, |V, | measurements

= Measure branching fraction of channel(s) involving the associated transition
(semileptonic decays used in most cases).
= Extract matrix element using theory input

Example for |V, |:

dB(B—)?Z'ZV) G.t, -
3p;z'|Vub| |fB (q )|

dqz'\ 24 /

Measure differential B and form factors to extract |V,

Differentiate between exclusive and inclusive measurements, both differ
in sample composition and type of theoretical input.



Identification of e*e- — Y (4S) — BB

Kinematic variables are used to identify B decays:

1.4
1.2 |+ ]
1
0.8 .
0.6 nNe;
0.4 InuUrn
0.2 ;
0 S - ' ' ’
5.2 5.25 5.3 02 01 0 01 02
M. (GeV/c?) AE (GeV)
My, = \/(Egeam)z _(pg)z AE = EE — Egeam

EB, Pg - energy, momentum of a reconstructed B-meson in the CM frame
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Background suppression

The dominant source of background ee — a9 (g=u,d,s, )

- Signal B
Continuum BB spherical g
Jet-likeo o
e a- e+
Other B

Continuum suppression: a multivariate analyzer based on

neural network Fisher discriminant
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Tagging techniques for Y(4S) events

recoll

=

* Tagging provides:

Xb.u at .
n ‘s — Background suppression
v — Information on B,
& 4-momentum
= tag - p(Bsig) — pe+e— o p(Btag)
" ow U
" PURITY
>
<€
EFFICIENCY
Untagged Semileptonic tag Hadronic tag

* No requirement on B
* High efficiency,
low purity

tag

* B, —> D1ty

* Efficiency ~ 0(0.2%)

* B, — hadrons

* Efficiency ~ 0(0.1%)

2 2

pv - mmis.s =0 — cos QB

* *

2
2Ebeam DMy Mg — M

2
DOy

oy — ~ =
o 2|p;|’|p;(*)£|

NeuroBayes NN package
Efficiency ~ (0(0.2-0.3%)
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B—> D*fv



# events

|V, | :Exclusive decays

B° — D*{*v with hadronic tag Belle, [arXiv:1702.01521]

Event reconstruction
* Tag side: By, reconstructed in over 1100 hadronic decay chaines, 0.2% efficiency
for neutral B mesons
* Signalside: By, assembled from an identified charged lepton (electron or muon)
and a D™* candidate
— D™ — DO%t*, D*n° (98.4%)
— D% — Kt Kntn®, Kttt (26.3%), DY — Kttnt (9.4)%
Signal is extracted from the missing mass distribution by an unbinned maximum
likelihood fit

Pmiss == Pete— — Ptag — Pp* — P¢ m?niss = p?niss

10° = dala o 1

; = g: g*: ﬁf\m’w, I V™8

fake lepton

i S b D e+ p | 2374+ 53
102 = M- 5 D"'N

z = o o e | 130640

- p | 1066 + 34
10 =

B (B° — D*¢*+v) = (4.95+0.11 + 0.22) x 102

-1 05 0 05 1 15 2 25 3 |argestsyst:tag calibration (~ 0.18 x 10 )4
m2 ../ GeV

miss



|V, | determination from exclusive B — D* £ v

Differential decay ratio with respect to the variable w
in the limit of small lepton masses :

ar G m3,. 2
o = agpe (M5 —mp:) ¢w2—1x<w|vcb|2

w: the Lorentz boost of D* meson in the B rest frame

9
Pgp - Py m% + mp(*) q

v MBM (%) - 2mpm s (9=Ps=Poe =Prtpy)

e Parameterization of the form factors in the framework of Heavy Quark Effective Theory.

Model CLN ( Caprini, Lellouch, Neubert, [Nucl.Phys. B530, 153(1998)] )

Flw) : F(1), p? Ry(1), Ry(1)

e The form factor normalization at w = 1 (zero-recoil) computed by Lattice QCD

F (1) = 0.906 +£0.013 [PRD 89, 114504(2014)]

Differential decay ratio is parametrized by 4 parameters: |V_|, p?, R,(1), R,(1)
HQFT 15



Variable | Bin  AI'/Az 107" GeV]

Differential fit result N

2
] 2.39 + 0.15
\ 4 2,57 £ 0.16
< B 2,63 + 0,15
i /?\\ , i 2,46 + 0.14
D T 2,25 4+ 0.14
] 2.08 & 0.13
1.99 + 0.12
10 1.B3 4+ 0.13
ooy 1 2,80 £ 0.19
2 2.30 £ 0.14
3 1.95 + 0.13
4 1.70 & 0.11
] 1.58 + 0.11
£ 165 £ 0.11
T 1.7V &= 0.12
-] 2.00 %= 0.14
2.50 £ 0.16
| 10 3.19 £ 0.25
oo 1 0.73 £ 0.07
2 1.18 £ 0.09
K] LG4 & 0.11
4 2,04 4 0.13
] 2.3 +0.14
1] 2.50 £ 0.15
* Kinematics of the decay is characterized by four variables 7 2.54 £ 0.15
B 2.68 & 0.16
W, 98, GU, X 9 2,83 4+ 0.20
10 282 +0.24

* Inthe experiment yield is extracted in 4x10 bins

¥ 1 1.B6 £ 0.16
2 2,31 £ 0.15
of w, cos 6,, cos 0, x : B 015
° 1 4 2,37 +0.15
Fit to w, cos(8,), cos(6,), x ! LT 08
1] LBV £ 0.15
T 2,11 £ 0.15
B 2.33 £ 0.15
2,15 & 0.15

| 10 1.89 + 0.16




CLN fit to the differential widths

X* = (vaig = vEY) 01 (v — w2d) + (m(l) - hisrl(l))Q/ (a%&lm)?
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5 30 ERE 7 .
uw E = u T ]
s J00E 4 =3 T 3mf EF- J
£ osgE = 3 & A o B .
£ 200 T ==l 200 o — e -
2 = = = . = ]
150 = u ]
100E-, 100F -
S0E5 n ]
nE I 1 L1 1 PPN U IR AU I EUPIPIN I I B e
1 11 1.2 13 14 -1 08 06 04 -02 0 02 04 06 08 1
W I:E."GB.Ihl
E sooF- T T T [TTTTTTT] T T T " E 4-0515—' T T LB T |-§
@ : 1 @ e E
& C J E = E
LE’ 4{IU: . E SUDE E
Sk e Do T g
5 — 1 . .

E ] & = T E
= 200 4 = 150F 3
n . 100F- 3
100 = soF 3
l}: 11 II III 11 1 III III III 11 III III 11 1 III III 1 : E I 1 I 1 1 I 1 I I I IE

-1 08 06 04 02 0 02 04 06 08B 1 IDU 1 2 3 4 5 [

cosh

=

Points with error bars: Belle data,
red histogram: fit result, dashed histogram: Ax?=1 contour
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CLN fit to the differential widths (2)

1.6 -4 =
- Belle preliminary 1 &

1.4 World Average —

1.2~ .

e -
0.8/~ =
0.6/ .

-_I L T i T PR :

32 34 36 38 40 42

|Vcb| x 10°
Parameter | This result World Average
V| x 103 374+13 392107
;:r% . 1.03 013 1.21 £0.03
Ry(1) 138 =007 1.40 £0.03
Ra(1) 0.87 £0.10  0.85 £0.02

v

1.6

1.5

1.4

1.3

1.2

1.1

AR e L e |
E_ Belle preliminary _E
- World Average .
-_|1|11111_;
05 06 07 08 059 1 11 12 13
Re(1)
1 041 —020 —0.14
0.41 1 0.19 —0.86
—0.200 0.19 1 —0.46
—0.14 -0.86 —-046 1

Preliminary!
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3 8

Events / ( 0.09 GeV?)
8

8§ 8 8

Exclusive B— D £ v with hadronic tag

Event reconstruction

Identical event reconstruction method
Signal side: 15 D~ and 17 D° modes are used

Signal extraction from M?

16 992 £ 192 signal events

( 5150+95 B?events,
11 843 £ 167 B* events)

e Cata

18 - Div ‘S”‘:.
8 - Dr 8 s
I other background | o 300}
S

° -

1.00sw<1.06 - =0
~ -

£ =

B E

@ 1o

-,x:

xb

in 10 bins of wr

Belle, [Phys.Rev. D93, 032006 (2016)]

Sample Signal yield B [%]
B 5 D etw., 284B+T72+17 2.44 +0.06 +=0.12
B 5 D pty, 2302+63+13 2.39 +0.06 = 0.11

Bt = D%,
Bt 4 D%y,

6456 + 126 £ 66 2.57 £ 0.05 = 0.13
5386 + 110 £ 51 2.58 £0.05+=0.13

B’ 5+ D fty,
B" = D%y,

5150 £ 95 + 29 2.391+0.04 £0.11
11843 £ 167 £ 120 2.544+0.04 =0.13

B — Dfvy

16992 + 192 + 142 231 £0.03 = 0.11

e Oata
)8 - Dy
W5 - O

1369wt 42

M (GeV?)

@
3
v

I other background

In
-5
Y r

Events /( 0.09 GeV* )
2

-

s data
8 - Div
Il 8 - Div
I other background

154w .80
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dr’ / dw [GeV]

CLN fit to the differential widths

10"

—— Belle
—— Fit

L |1-3| L1 |1-4| L1 |1-5| L1

16

(Mn

0.048

cb

v 1G

0.046

0.044

0.042

0.04

0.038

‘:ollll‘ll\l\ll|l|l|\l\|l

o

Bt - D%*v, BY - D%utv, B D etv. B> D puty, | B — Diy
newG(1)|Vio|[1073] 42.31+1.94 4548 +1.96  41.84+2.14  42.99-+2.18 | 42.29+1.37
p> 1.05 + 0.08 1.22 + 0.07 1.01 4+ 0.10 1.08 + 0.10 1.09 + 0.05
Correlation 0.81 0.77 0.85 0.84 0,69—ou_
new | Ves|[1072] 40.14+1.86  43.15+1.89  39.69+205 40.78+2.09 (40.12+1.34)
¥2 /nas 2.19/8 2.71/8 9.65/8 4.36/8 Tore—
Prob. 0.97 0.95 0.29 0.82 0.80
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Exclusive Average

B—oD*fv HFAG summer 2016

|V, | =(38.71+0.47 . +0.59

exp —
- HFAG 2016: Mew " F (1) -|Veb| = (35.61+£0.11
- LQCD: F(1)= 0.920+0.014

- Leading EW correction: n_, =1.015 + 0.005

) x 1073

+0.41

stat —

) x 103

syst

B—>Dfv

|V, | =(39.18+£0.94 ,_+0.31

exp —

) x 1073

- HFAG 2016: New- G (1) | Veb| = (41.57 £0.45 £ 0.89 ) x 103
- LQCD: ¢G(1)=1.0541 +0.0083
- Leading EW correction: n_,=1.0066+0.0016

PDG 2017: average of the results
fromB—>Dfv and B—>D*fv

|V, | =(39.2+0.7)x10°3

(exclusive)

ATFPH

310« 18=13
CLEQ

327 12= 148
(OPAL excl

358« 16= 16
(OPAL partial reco
370+ 12= 23
DELPHI partial reco
332 = 14=13
DELPHI excl
338 = 17=120
BELLE

344 02= 10
BABAR excl
336=03=10
BABAR. D0
I[I0=06=13
BABAR global fit
355« 02= 11
Average

5356 =01=04

3 fdof = 302723 (CL = 1440 %)

HFAG
Er=——r

25 30

35 40

1
]EW

F()IV | [107]

ALFFH

3557« 1005 £ 733

CLED
HIE =370 =347

BELLE
4194 2060 =121

BABAR global fit
4223=0T4 =214

BABAPF tagged
4260 £1.71 =126

Average
4157 £0.45 £ 080

HFAG

ot = 4.7/ 8 {CL =830 %)

]

10 20

30

40

. GV | [107]

502




| V_,| inclusive measurements
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|V, | inclusive measurements

B — X.ev
At parton level, the decay rate for b—cfv ~|V,|? and can be calculated

e To relate measurements of semileptonic B-meson decays to |V, |?

the parton-level expressions have to be corrected for the effects
of non-perturbative effects.

e Operator Product Expansions (OPE)/Heavy-Quark-Expansions (HQE) successful
tool to incorporate perturbative and nonperturbative QCD corrections.

The OPE/HQE parameters and |V, |? can be extracted from

the moments of the lepton spectrum (<E,">) <EI”>: 1 j Elnd—rdEI
FE|>Ecut EI>Ecut dE|

or the moments of the X_invariant mass squared spectrum (<m, 2">)

(1) = g

B >Ecut m X

o

Moments are measured with incremental cuts on the lepton momentum



Lepton spectrum measurements

Inclusive semileptonic decays B — X_.ev (+ hadronic tag)

Lh
=]
G

Entries per 0.1 GeV/c

s 3
=] =]

Entries per 0.1 GeV/c
=]
=

8

"'|"'|"'|"'|"'|"||"'|"'|"'|"
‘Belle B* data

40608 1 12141618 2 2224

p. (GeVic)

* B? data
Belle [IB—=X.ev

BB —X,ev
[L]Secondaries

[5]Combinatorial
FlContinuum

20608 1 10141618 2 5234
|:;'fe (GeVic)

Belle, [Phys.Rev. D75, 032001 (2007)]

No new experimental results since 2010

Rﬂﬂ

S

Entries per 0.1 GeV/c
&

200

0

8

B meson rest frame > o

[14{]608 1 12]41618 2 2224

ES (GeV/c)
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<Me> (GeV?)

Example of the X_invariant mass moments

grey band: fit error (including theory errors)
8

T '| T T T T | IIIIII
BaBar [1] Others
_ [5.6]

4.6

P> (GeV®)

2 2
'{Mx}
/ -

la'x 4
2 -
v N
o S FAG |
) __ Fall 2016 _ : .-:-
I Lo | I S T R T ! | 0 (IR R B | L1 [ R H]
0 0.5 1 1.5 0 0.5 1 1.5
E.. (GeV) E.. (GeV)
B(B— XLv) = (10.65 + 0.16) % [Veo| = (42.19 £ 0.78) x 10
PDG 2017 |V, | =(42.2+£0.8)x1073 (inclusive)
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Measuring |V, ]|

Exclusive measurement

* Charmless hadronic final states

* B— 7fv most precise, but only 7% of all B> X v

e Others include X, = p, o, i, multi-particle states, ...

* Needs LQCD or Light Cone Sum Rules (LCSR) as theory input

Pseudoscalar

dB(B — zlv) Gizg
dg’ 24 7°

P, Ve Il £.27(@%) I°
Vector (helicity basis)

dB(B —>VIv) Gip,q’ry
dg’ 967°m;

Vi F[IHo (@) F +1H, (@) F +IH_(a°) [ ]

Experimental measurement of the branching fraction and
theoretical input on form factors needed to determine |V, |



B —> 7{f*v tagged at Belle

X % Dmm Belle, [Phys.Rev. D88, 032005 (2013)]
L 100 )
© | Bt
E sof— |lB-X)v
s .F [Hes
= 60
g L * Data sample: 711 fb!
(I 2{]5_ * Signal candidates
: Ny, ~ 500 £ 30
o R N
2 1 0 1 v, (‘?Gevzfcﬂ Ng, =200 £ 20
250 * dB/dg? spectrum in
200 4 t 13 (7) bins for 7~ (7z°)

-
=
=]

Entries/(0.10 GeV?/c*4)
o
=

4]
=]

=

B* B? combined result:
B(B — 7 £*Vv)=(1.49 + 0.08,,, +0.07,,) x 10
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Bo rfv

(}.|_| i I T T T T I T T T T I T T T T l T T T T I T T T T I l_
E 10 [Vub|™¥ = (3.65 + 0.09exp + 0.11theo) x 1073 —
we - A|Vub|™V [ |Vub|™ =~ 4 % _
= gL -
R T :
6 ! -
o i .
DcTo 4 +—+— -
2 7 4+
© - —— Average Belle + BaBar -
2— —&— LCSR: Bharucha ]
: Summer2016 ——— BCL (3 + 1 parameter) Fit prob.: 61% :
0— | | | | | | | | | | | | | | | | | | | | | 1 | | I_*_I:

0 5 10 15 20 25
o? [GeV’]

Fit, data averaging: [F. Bernlochner, S. Duell, J. Dingfelder]
LQCD averaging: [FLAG-3 review (arXiv:1607.00299)]
LQCD: [Fermilab/MILC, Phys.Rev. D92 (2015) no.1, 014024]
LQCD: [RBC/UKQCD, Phys.Rev. D91 (2015) no.7, 074510]
LCSR: [A. Bharucha, JHEP 1205 (2012) 092]

Optimal |V, | extraction
with simultaneous fit to:
averaged data (full g?) +
averaged lattice + LCSR
with model independent
FF parametrization



|V, | - inclusive measurements



0.4

0.3

0.2

0.1

Electron spectrum from B decays at Y(4S)

* B — X_.ev decays dominate (I'(B—> X.ev)=50I(B — X,ev));
B — X, ev contribute a sizeable fraction only above the b — ¢ kinematic endpoint,

E,>2.3 GeV

e Large contribution from e*e- — cc¢ — eX decays; dedicated sample of data
collected below BB threshold (off---resonance) needed
e Additional contributions at lower energy from secondary processes b >c— e

and misidentified hadrons

e Statistical uncertainties on BB spectrum dominated by continuum subtraction
* Region above 2.3 GeV shows clear contribution from B — X, ev decays

-------------
-,
-

IH[IIII|IHI|IIII|IIIIIIIIIIHII|IIII[IIII

-
-
-
-
.-
-
-
)
'
=

Electron Momentum (GeV/c)

25 3

N, .. /(50MeV/c)

107
108
10
104
10?
10?2

10

-
-
.—.‘
-
-

f

m On-resonance
A Off-resonance

- .
=_--Fit to off-resonance

L ! |IIIIIII| I|IIIIII|:“I IET"
-

Q On-off resonance
A BB MC with

B—=2>X_ ev excluded

BN

1.5

25 3 37 -3.5
Electron Momentum (GeV/c)




Theoretical models and results

* The OPE calculation is only valid for partial rates that include
large portions of the available phase space

- near the endpoint non-perturbative shape functions (SF) are needed
- different prescriptions different “models”

* DN DeFazio, and Neubert, JHEP 9906, 017 (1999)

* BLNP Bosh, Lange, Neubert, Paz, Nucl. Phys. B 699, 335 (2004)

* GGOU Gambino, Giordano, Ossola, Uraltsev, JHEP 908 10, 058 (2007)
* DGE Andersen, Gardi, JHEP 0601, 097 (2006)

PDG 2017 [Vub] (in units of 10) from inclusive B — X £ v measurements

| BINP | GGOU | DGE _

HFAG average 4.4510.16%, 4.51+0.16,. 4.52+0.16'
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Overview of various |V, | values

World Average
Wm B - plv(data + LCSR)
/
e . M B - n1v (BaBar2012 + LCSR)

s —

o B - nl1v (data + LCSR + LQCD)

Other channels
. CKMFitter — indirect

B->rfy ——

- CKMFitter — direct
Inclusive —_ .

\ Inclusive (BLNP )
e — —

0.002 0.003 0.004 0.005

PDG 2017 (average results)
|V, | =(3.72£0.16)x103 |V, | =(4.49 +0.23)x1073

exclusive inclusive 34
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 |V,|and |V

v" Inclusive B— X.tv, B— X,£v, Hadronic tag, Semileptonic tag, Untagged

|V,,| measurements summary

»| are measured with different methods

v’ Exclusive B— D* fv, B— nfv
* Inclusive-Exclusive tension in both |V

2.80 <

294 /V|Vcb| Inc.

« Belle Il will provide more precise measurements (B2TiP)

Measurements (103)

|Vuo| Inc.  4.49 £ 0.23

|Vub| Exc. 3.72+0.16
42.2 +0.8

T*|Veb| Exc.  39.2 0.7

| T T T_]

> B -
= " Belle I Projection ]

o 5 " 7
E i Exp. Bysmmaics limded b
- - -
g 4 Tokal -
=} X Eaaiistics ]
'il 5 - b - - Syabermafos 4
:-8 - Theary |expacied) 3
ey [ Thaory [current)

ol -

i 8

0 [ il pial

1 10

integrated Luminosity [ab™)

|

3

31V I[%

20¢

10

| and |V

| still exist

dV/IV
5%
4%

2%
2%

TYT

Belle N Projection

T
(lvwl Exc. had-tag.)
(Iv_linc.)

(IV..I Exc. untag.)
(lvwl leptonic)

10
Integrated Luminosity [ab™)
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Belle ll: |V, | fromB— nfv

B2TiP  Toy MC studies based on Belle Il MC, LQCD forecasts
estimated for 5, 10 and 50 ab!

i T T T

| ' e—® tagged + current LQCD
B @ untagged + current LQCD ||
tagged + LQCD in 5 yrs

B @ untagged + LQCD in 5 yrs
| ®—® tagged + LQCD in 10 yrs
untfigged + LQCD in 10 yrs

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

!

:\:\ L o o :__
= " : :
15" 3k : S &

‘il ' _
.. _._ = Dy R e S NIR
. \ -.:-'_ I S

5|V, | estimates for 5, 10, 50 ab

Tagged: 3.2, 27, 1.7%
Untagged: 2.1, 19, 1.3%
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New physics searches in B— D*/tv decay

SM extensions - enhanced coupling to the third generation charged Higgs

New physics could change B and 7 polarization (P,) ) H' T
) — <
R(D(*)):B(B%D*TV) 0= e i) B ‘ D’
B(B—D"¢v)
Uncertainties are largely cancelled:
V_,, form factors, efficiency etc.
SM:

« R(D)=0.300 £ 0.008
Fermilab Lattice and MILC Collaborations,
Phys. Rev. D 92, 034506 (2015)

« R(D*)=0.252 +0.003
S. Fajfer, et al., Phys. Rev. D 85, 094025 (2012)

— Belle, BaBar, and LHCb measured Belle: Phys. Rev. D 92, 072014 (2015)

. hadronic tag, leptonictdecay: T — fvv
« P (D)=-0.497 +0.013

M. Tanaka, R. Watanabe, PRD 87, 034028 (2013) . R(D) ~0375+0 064(stat ) +0 026(syst )

_ Belle measured * R(D*)=0.293  0.038(stat.) + 0.015(syst.)
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R(D*) with semileptonic tag

Belle, Phys. Rev. D 94, 072007 (2016)

“Clean” channels are only used to get high purity
— leptonictdecay: 1 — fvv

— B9BY— (D*=€*) (D**£~) channel

. e
" normalization

D’ Py ) ))
Signal and normalization are tagged v>("’*\ P

by double semileptonic tag. £ ) "
Vv
Signal/normalization separation based s aaS
= Signal MC i
on smaller cos 85_p,, 5 g i
5 -
E 0.10 B°— D* fvy ¢
< §
r ¢
005
B%— D* Ty mwﬁ'**#
o &
I oy .n'”"."“.” ‘ o ¢
0.00 bemsams e donE e
-20 -15 =10 -5 0 5 39



Signal extraction

Belle, Phys. Rev. D 94, 072007 (2016)

Two-dimensional fit to neural network output (O;) and E,
—_—

* cos@
B-D*{ Summed energy, not used

miss for the event reconstruction

 Total energy of B, +B,
B >D"/, B° >D"rv.
—~ " I signal >
10° E, T izati ()
% ¢ =] Normalization v
S S
O o
C:: ~—
° 7
~ =
% 9]
>
P | L
} 3 ISR R LA LA LA AL AL L AL PL AL LA LA LA AL Sy 0
1.0 -0.5 0.0 0.5 1.0 00 02 04 06 08 1.0 1.2

Ong Eec [GeV]
R(D*) =0.302 + 0.030(stat.) + 0.011(syst.)

v 13.8 o significance including syst. error.
v' Compatibility with the SM is 1.60
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R(D”) and P_(D") with hadronic T decays

Belle, Phys. Rev. Lett. 118, 211801 (2017)
-

[+
0 for right-(left-) handed ©

P(D") =

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

L‘ P.(D") is modified

e 7 polarization is a variable sensitive to NP
— It can be measured using two-body decays of T

Target of this analysis

e First measurement of P (D") using 7= —> wv,, pv,
e New measurement of R(D*)
— Independent study of previous measurements using T —> £ vv

Different final state - different background
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80
70
60
50
40
30
20
10

Event/ (0.05 GeV)

%

Results

mB-Dti;
L] E —* D*l_ﬁl
_ m5- D"l v
<1000 + had. B
+ + :::' M Fake D* etc.
‘{' S @ Data
>
i

02 04 06 08

1 12 14

EecL (GeV)

coso

hel

Signal significance of about 70

— First observation of the B— D*tv signal using only hadronic 7 decays

R(D*) =0.270 + 0.035(stat.) "0 oas (syst.)

P_(D")=-0.38 + 0.51(stat.) fgz%é (syst.)

Compatibility with the SM within 0.40
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Results cont

—~ T -
% I _World average
0_5:_ This result L/ (without this result)
- (68%C.L.)
o T
I SM %
-0.5- .
E ~_
1 ! ) . | ) . . . .
02 0.25 0.3 0.35

» Result is consistent with the SM within 0.40
* Excludes P_(D*) > +0.5 at 90% C.L. —> First measurement of P _(D")

* First R(D*) measurement only with hadronic 7 decays
— Precision of 16%; comparable to the previous measurements (9-14%)
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Status of R(D"))

Moriond 2017
—~ Qb=
Q .
nd L
0.35
] LHCb
0.3 :
i aBar
I Be—lle”/(aver‘age of 2015,
0.25p e _..-2016, 2017 results)
] | =L | i

* ~40 discrepancy from the SM remains

025 03 035 04 045 05

~0.55

R(D)

— All the experiments show the larger R(D')) than the SM

« More precise measurements at Belle Il and LHCb are essential
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Future

£ - ' I T 1 ' | ' ]

() * | Current Combination
N’ ~ —t

ez 0357 Belle 11
L |_|LHCb |
SM prediction

03— —
0251 =
- A ! i ! j | . ]
0.25 0.3 0.35 04 0.45

R(D)

Belle Belle Il Belle Il
~1/ab 5/ab 50/ab
R(D) ~15.8 % 5.6 % 3.2%
R(D?) ~6.9 % 3.9% 2.2%



Bt >
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+ +
B*—> t*v,
(Decays with Large Missing Energy)

b (" b | 4
f Vio L
| Rt L Sensitivity to NP
B AW Ee
7 v, u Ve
SM: 5
Gimp . m?2
BB — ) = CE2 (1= 22 ) p3ivPrs
’}T m%

NP effects (2-Higgs doublet model (type 1)) | * very clean place to measure f5- [V, |
and/or search for new physics (e.g. H*, LQ)

BB —>7tv)=8,,(B" > 7v)xr,

* helicity-suppressed: B « mj
B(B*—e*v) < B(B*—»u*v )< B(B*—>7*v)
r, =[1—(m: /mZ)-tan’BY° ~ 10 ~10° ~10*

* experimental features B* = 7*v,
large BF, but multiple v




B — tv: Experimental Challenge

Always > 2 neutrinos appear
in B > 1 vdecay Signature : 1 track +invisible

Experimental Challenge !
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Events / 0.05 GeV

Belle experimental results

Belle, hadronic TAG

Phys. Rev. Lett. 110, 131801 (2013)

— +23
N, = 62 57 + 6 events

B(B*—>7*V) = (o.7zfg%i 0.11)x10%

30 significance

Belle, SL TAG
Belle 2015

B—-1U

T0E 1.0
Epep (GeV)

Phys. Rev. D92, 051102 (R) (2015)

Ny =222 + 50 events

B(B*—>7*v) = (1.25 £ 0.28 + 0.27)x10*

4.60 significance



B*—>7*v summary

éaBaH

B=(1.7+08+02)x 10"
SLta
g ———— B=(1.25+02840.27) x 107*
Belle
Bel = B = (1837033 +0.24) x 10*
i elie apar ;
hadronic tag ~ Z2€ B = (0.727027 4 0.11) x 104

0 0.5 1 1.5 2 2.5 3

Belle combined: B(B*—7*v)=(0.91+0.22) x 10*
BaBar combined: B(B*—>7*v)=(1.79 + 0.48) x 104
World average: B(B*—>7r*v)=(1.09 +0.24) x 10

» Belle vs. BaBar — consistent within ~ 1.7¢

» The average is consistent with SM (B(B*—>7*Vv)gy = (0.83 £ 0.08)x104)



Prospect at Belle |
B2TiP

Semileptonic / Leptonic decays with T final states:

Observable Belle / LHCb SM Prediction Belle Il 5/ab Belle 1l 50/ab LHCb 10/fb LHCbk 22/fb
Measurements
R(D) 0.397 +/~ 0.040 0.300 +/-0.008 5.6% 3.2% 4% 205
+/- 0.028
R(D%) 0.316 +/- 0.016 0.252 + 0.003 3.9% 2.2% 4% 2%
+/- 0.010
Rim) 1.05 +/- 0.51 0.641 +/- 0.016 19% 2% - -
BFB — tv) (1.06+/~ 0.19) x (0.83 +/- 0.08) x 9% 4% - -
10 10
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Summary

* |V,|and |V, | are measured at Belle with different methods

v Inclusive B— X_€v, B— X,£v, Hadronic tag, Semileptonic tag, Untagged
v' Exclusive B> D*Pv, B—> nfv

* Inclusive-Exclusive tension in both |V, | and |V, | still exist (~30)

« ~4¢ discrepancy from the SM remains for the world average of R(D®)
v' All the experiments show the larger R(D"™) than the SM

 The world average of B(B*—r*v) is consistent with the SM

* The precision of these measurements will be improved by the Belle |l
experiment (factor ~2-3) (NP ?...)



