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Belle 11, a flavour -factory,
a rich physics program...

> We plan to collect (at least) 50 ab ' of e"e” collisions at (or close to)
the Y (4 S) resonance, so that we have:

— a (Super) B-factory (~1.1 x 10° BB pairs per ab™ ')
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o 2 B's and nothing else !
o 2 B mesons are created simultaneously
in a L=1 coherent state
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— a (Super) charm factory (~1.3 x 10° cc pairs per ab™")
— a (Super) T factory (~0.9 x 10° t* v~ pairs per ab™')

— with Initial State Radiation, effectively scan the range [0.5 - 10] GeV
and measure the e e = light hadrons cross section very precisely

— exploit the clean e"e” environment to probe the existence of exotic
hadrons, dark photons/Higgs, 2light Dark Matter particles, ...



SuperKEKRB, the first new collider in particle physics since the LHC in 2008
(electron-positron (e+ e_) rather than proton-proton (p-p)

Phase 1 Super
Background , Optics commissioning KEKB
Feb -June 2016 = T—

Brand new 3km positron ring

| Belle Tl detector |

Positron ring collision point
i p— ﬁ-__ r!.'

—-._)_

Phase 2: Pilot run
Superconducting Final Focus
add positron damping ring
First Collisions (0.5 fb™)
April 27-July 17, 2018

o

Phase 3: Physics run 7

March 27-June 30, 2019

Electron-Positron

Nano-beams and more beam current to increase luminosity linear accelerator

Super-KEKB

Positron damping ring

E (GeV) *y (mm) B*. (cm) [0} 1 (A) L (cm?s?)

LER/HER | LER/HER | LER/HER | (mrad) | LER/HER = {0 reach 8)( 1035 Cm_zs_

KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1x10%

SuperKEKB 4.0/7.0 1%::.:;_? 3.2/25 415 {36{25} 80 x 10% — Cumula te 5 O ab—l by ~ 2 0 27
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Belle I1 detector

EM Calorimeter: CsI(Tl)
waveform sampling

- — K, and muon detector
Resistive Plate Counter (barrel )

—_—

Vertex Detector
2 layers DEPFET +
4 layers DSSD

(phase 3)

Particle Identification

77 scintillator + WLSF + MPPC
Time-Of-Propagation

‘ (endcaps)
counter (barrel )

' .
\ ' o Prox. focusing Aerogel RICH
L _

He (50%):C,H, (50%)
small cells, long level arm,
fast electronics
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Phase?2, BEAST II

phase 2 » phase 3

collision + partial Belle II
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first studies of performance of hadronic
tagging in Belle II data
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Detector performance with data...
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Total integrated luminosity per Day [fb~1]

Spring 2019, first phase 3 physics run

Only 2 months

Belle Il online luminosity Exp: 7-8 - All runs ..
of collisions
| Integrated luminosity [fb~1] 33 2
0.30 D2y per Day . L (peak) ~*5.5 X 10™/cm” /sec
. m— Total Tﬁ (By = 3 mm)
| Total [ £ dt =6.49 [fb~?] 5 &
0.20 A _4.§
5 L (SuperKEKB peak ) ~
0.15 - 5 E 1.2 X 10*/cm?® /sec
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0.10 A |, £
©
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0.00 _M .................. = e 0 to turn on Belle II
..;1.- Qﬁ"" {CE' n:fr' {,;:— {F
S & & &
0 -E9" » » 0 0

Plot on 2019/07/01



First results of phase 3... shown at LP 2019, Beauty 2019

step by step... observation of B & DK

...observation of B » D(Knx)n
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In the context of B anomalies...

T I T T T | T T T | T T |
[ [ HFLAV average Ax* = 1.0 contours

R(D*)

[ LHCbl5

- BaBarl2
0.35 — 16
B LHCb18
0.3 :_ @
025 F * Belle19 Bellel5

@ LHCh i
B 5M from CDHMY ]

8M fom EOS ]
¥ 8M from flav.io 7]

Bellel7

02 + Average of SM predictions HF LAV. .
0.2 0.3 0.4
R(D)
b-_c
anomalies anomalies
Found by several experiments Found by LHCDb
(LHCb, BaBar and Belle)
Two observables: R(D) and R(D*) Many observables: global pattern
Charged current Neutral current
Tree-level in the SM 1-loop (and CKM-suppressed)

in the SM
The New Physics must be light 10 The New Physics can be heavy




Event reconstruction in B> D"t v at B factories

Btag
/. B,
W‘L hadronic tag
- ~ B->D"x,D...
e~0.2%

B, >D"tv semileptonic tag
B-»D"1v X N
T2EeVV, uvy, T
tnv, na’y, 3wV
(70 % of all © decays) n
WS y

Require no particle and no energy left
after removing B,  and visible particles of B, u

main signal-background discriminator

2 2
M iss = (pee - ptag — Ppo — pl) )

m
2HDM (type I1): B(B»Dt'v)=G; 5 |V, | f(Fy, Fy, —tan’p)
m

2

ol
c O

uncertainties from form factors F,, and F, can be studied
with B»Dlv (more form factors in B»>D tv)

11



Summary for B>DVtv

R(D*)

Ll

0.35

0.3

0.25

0.2

12

S
R(D®) = BF(B->D"tv.)
- *
7 BF(B->D"1v,)
W' 1) BaBar
H c R(D) = 0.440 + 0.058 + 0.042
R(D)=0.332+ 0.024 + 0.018
u u
Belle
I LA A —— | ] R(D)=0.375+ 0.064 + 0.026
[ [ HFLAV average Ay’ =1.0 contours ] R(D’) =0.293 + 0.038 + 0.015
- Licels 1 R(D)=0.270+ 0.035 '5.528
B BaBar12 |
= - — R(D)=0.307 + 0.037 + 0.016
- e - R(D)=0.283+ 0.018 + 0.014
— — LHCDb
N . R(D")=0.336 + 0.027 = 0.030
__ T Belle19 ~ Bellels ]
B ] R(D") =0.280 + 0.018 + 0.029
B Bellel7 7]
. + Average of SM predictions HFLAV & average
B R(D) = 0.299 +0.003 |_Spring 2019 |+
_ RD*)=0258£0005 ray-27% 7 | R(D)=0.340 + 0.027 + 0.013
0.2 03 0.4 0.5 o) R(D")=0.295 + 0.011 + 0.008
R(D

difference with SM predictions
is at 3o level




Projections for Belle II R(D")

~ 05
)]
4
0.45
Predictions of uncertainty using
hadronic full reconstruction: 0.4
AR(D) [%] AR(D*) [%]
Stat Sys Total Stat Sys Total 039
Belle 0.7abt 14 6 16 6 3 7
Belle Il 5 ab! 5 3 6 2 2 3 0.3
Belle 1150 abl 2 3 3 1 2 2
l l 0.25
0.2

Systematic uncertainty dominated
by D™ and missed soft pions:

> Studies of D"1v and D™ tv planned

projection for 50 ab™*

Belle Il Projection
—— Belle Combination
—— Babar
LHCb
—— World Combination
« SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

I|IIII|IIII|IIII|IIII

Sia

1 0 contours

IIII|II

1 1 1 | 11 1 | l 111 1 I 1 11 1 | 11 1 | | 11 1 1 I 1 1 1 1 | 1 1 1 1

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

R(D)

o Branching ratios and decay modes from data

13



Test of lepton universality using B'>K”1'1” decays

—o-LHCh —g-BaBar - Belle

- T
E : LHCb -
i =N . p
e 5M) = 1 :
S ! '} SM 1
N * LH[::—: rZ +. i
" LHCb Preliminary | E:f:r ] -.}:— I ||I ::lll:.Jl |E|!:|. 1 —:

D.D- 1 P T N N P T T N ' 111 ] - PFRL 109 TLEDL -
0 5 10 15 20 B | [, [ Dl s ]
* PRD 86 (2012) 032012 qz [Gevzfc‘i] 0 7 10 15 20

* PEL 103 (2009) 171801

¢ [GeV¥/ ]

Model candidates

b S
. S b s
<> Model with extended gauge symmetry b eptoquark 8 J
v’ Effective operator from Z’ exchange 7! X i ) o
v Extra U(1) symmetry with flavor dependent charge G
< Models with leptoquarks [ oM p
H p

v Effective operator from LQ exchange Leptoquarks are color-triplet bosons that

v Yukawa interaction with LQs provide flavor violation carry both lepton and baryon numbers

< Models with loop induced effective operator .
Lot of those models predict also LFV

v" With extended Higgs sector and/or vector like quarks/leptons b-se u, b->sex Jooe

14

v' Flavor violation from new Yukawa interactions



~

+ o+

1}

[=1]
[=]

[43]
=]

Entries / (0.0036 GeV/c?)
L
[=]

(%]
[=]

10

o=
=2

u
M,

i

C

Ertries / (0.014 GeV)

1t

& -

b e d 35

2.2 5.215.225.235. 245 255.265.275.285.29
M, (Gevic?)

+ __+

for the whole q° range: of course excluding the ...

K

Entries / (0.014 GeV)

SRTNY FRTUN RURTHRURTE RERTH RUWTS NP LT P
g.Z 5.215.225.235.245.255.265.275.285.29

M, (Gevic?)

R, = 1.06

m*

|Belle, arXiv:1908.01848]
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Rk

*

J RK’ o000

[Belle II, arXiv:1808.10567]

u:-_..._- 1 i 1T S S | . 1 o I . e
o F Belle Il Prospects | £ | Belle Il Prospects
107 = 10 =
— Bell _
T | oER |
elllowg Belle Il low g2
— Belle Il high g2 — Belie Il high 62
'1':'-2 i i i | oo 0oyoyowog bowoyoyow by I 1 e . i | TR T T I N A T [ T T T 1
2000 2005 2010 2015 2020 2025 Dhﬂﬂn 2005 2010 2015 2020 2025
year year

Observables Belle 0.71ab™ ' Belle I 5ab™ ! Belle IT 50ab !

Ry ([1.0,6.0] GeV?) 28% 11% 3.6%

Ry (> 14.4GeV?) 30% 12% 3.5%:> _ Soconfirmation
RK* ([I.D,ﬁ.ﬂ] Ge‘!,vr‘l} 26%, 10% 3.9 p0551b1e with Belle II 20 ab
Rk- (> 14.4GeV?) 24% 9.2% 2.8%

Rx, ([1.0,6.0] GeV?) 32% 12% 4.0%

Rx (> 14.4GeV?) 289, 11% 3.4%
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(*) [D.Du et al, arXiv:1510.02349]
BK ‘17 [D.Straub, Flavio]
q° range for predictions for B» Ht't : from 4 m? (~ 12.6 GeV”’) to (m, — m,)’
to avoid contributions from resonant decay through ¢(2S), B>Hy(2S), ¢(2S)>1" 1
predictions restricted to q* > 15 GeV?:

B(B"»K't" 1t )g,=(1.22+0.10) 107’

0 0 _+ - . _7
B(B+ ->1<*+1;+1:_)SM =(1.13 = 0.09) 10_7 [B.Capdevila et al,
B(B"'»K "t'1 )5, =1(0.99 +0.12) 10 arXiv:1712.01919]
B(B°>K" 1" 1 )g,=(0.91 £0.11) 107’ B(B—>K—c+—c—)SM (1.20 +0.12) 1077
_B(B2K 't )5, =(0.98+0.10) 10

greatly enhanced in NP models... 1o}

O Ry &R 20
1 B Ry« &R 10
B Br[B;=11]
| W Br[B=K"11]
B Br[B-=Kri]
O Br[Bs=gr1]

Br = 10*

11 12 13 14 15
17 RylRM



*k
B>K%tx [BaBar, arXiv:1605.09637]
strategy used: B fully reconstructed (had tag), t"=1"v,v

ground. The inpu.t. variables are: the angle between the background mOStly B _)D( )1 Vl , *) >Kl1'v-

kaon and the oppositely charged lepton, the angle be-

=+ M= T
tween the two leptons, and the momentum of the lep- g - + .
ton with charge opposite to the K, all in the 777~ "%' 250 —
rest frame, which is calculated as pp — px: the an- g E .
gle between the B, and the oppositely charged lepton, [E' MJ: -
the angle between the K and the low-momentum lep- 1sab E
ton, and the invariant mass of the K™/~ pair, all in the E -
CM frame. Furthermore, the final input variables to the ]f](]:— =
neural network are E . and the residual energy, FEies, - -
which here is effectively the missing energy associated SO L ]
with the 777~ pair and is calculated as the energy com- - e | | ]
ponent of plgawa = Ph,, — Pk — Pr+¢-» Where pp . B2 020 m u4 06 08 112 14 16
pk and pj, , are the four-momenta vectors in the 777~ MLP output
rest frame of the B, K, and lepton pair in the event,
ete~ T et pu~
N‘;kg 49.44+2.442.9 458424 +3.2 59.242.8 +3.5
Eiig{}( IU_E} 1.1 £0.24+0.1 1.34+£0.240.1 2.1+£0.240.2
b 45 30 02
Significance (o) -0.6 -0.9 3.7

BaBar's result with had tag: B(B*'»K"'t't )< 2.25 x 10° at 90%CL

[Belle II, arXiv:1808.10567]

Observables Belle 0.71ab™" (0.12ab™') Belle Il 5ab™"  Belle Jadgh™’
Br(BT — Ktrt7—)- 105 < 32 < 6.5 < 2.0

result with had tag only.... (on—going thesis at LAL)
= exploring additional tags in B> K" tu/e (see following slides )




LFV b->sll'decays

Glashow, Guadagnoli and Lane, 1411.0565, LUV = LFV, such as B»Kue, Kut
could also be generated ...

0.5

uuuuu

05 ' 00 ' 05 10

A .Crivellin et al, 1706.08511

Cy*=-Ctf

19

M Br{u—ey]<5.7 - 10773 with @y
M Br{i—ey]<5.7 - 1073 with V{
B Briu—ey]<5.7 - 107" with V{

W bosufu (10)

“1 b syt (20)

----- Br[B = Kife®] - 10° with y = 1/2

e Br[B = Kpite™] - 108 with y = 1

- - - Br[Bo Kite™] - 108 with y = 2



LFV B->K'11' decays

L YF
= B B decays
] Bl & —chamiess
2 _F I 57 continuum
o A
2 F
E 15
)

10

d

Ln

1]

521 522 523 524 535 526 527 528 5.4

—
[T

M, [ Gevic?)
e [
3 sk I 8 decays
ol = Bl & —chamiess
S Mf I o continuum
[ -
= F
= 150
il
=
L

-
(=]

1 a)

521 522 523 524 525 526 521 5.28 579
M, ( Gevic’)

[Belle, arXiv:1807.03267]

Mode 5 N,  Nir B"
(%) (1077)
B K*ute 88 —-1577 52 1.2
B K*'u—e* 93 04073% 74 16
B"— K*"u*e™ (combined)| 9.0 —1.18785 80 1.8

B(B°»K™ u'e )<1.2x 10" at 90%CL

B(B°»K u'e )<1.6 x 10" at 90%CL

Belle II can get 90% UL at 10° level with 50 ab™'

20



R(D’) and basup = B>Ktp

ErlEHI{ T p]xmf'

0.7 L.Calibbi et al, arXiv:1709.00692
0.6
0.5
)
0.4 m R(D"H 20
Er!__ﬁl} m RiD*Y e
[ jig Jiji
03 Cy'=-Clh 2
[ - G.w.'z ':m.' 1o
0.2
0.1 Key Features of PS?
. |
0.0 —_— 0.5 — 2 . . . common to all PS-type models
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.44 ", - °" 7 " _
Sﬂ_ L vector and 7’ ) B Sl
2 —_ 2 _ — 3.24 Excluded at 90% CL £
o decent fit to low-energy data 1 =
o large 7 — u LFV effects S 2.4 ;,,"[
specific to PS3 f; 1.6
e hierarchical symmetry breaking T |
pattern relates % 0.81 \
flavour-dependent LQ couplings A peifl
to Yukawa hierarchies Wle o =8 g En o
e LQ coupling also to B(T-py) x 108

21 right-handed fermions



LFV B->Kxl decays

[BaBar, arXiv:1204.2852]
strategy used: B fully reconstructed (had tag), t* 21" v,v,, (nx’)xv, with n>0

using momenta of K, I and B, can fully determine the t four-momentum

B'— K'tut B'— K't'n
(] | AL L LR NEL N N B B R LI LR B LR N (2] i T T L T T T
oo — 5]
= I =
= . = =E
L J .
= wEEz 4 =% zz
— --_;E [T }.1 -—:E
a8 €3 S GEE3
= - - e
[=] =]
o o
- -
&l jai]

- N
[rrrrerrd
C .__“m.
o
—t— ]
"
_+_
1
o = b R oo
| R IR A L R LA LAY R A R R

m, (GeVich) I, (GeV/ic™)

B(B*»K't u')<4.5x107°at 90%CL, B(B*»K't"u )<2.8 x 10~ at 90%CL
(also results for B»K*t"e™, B>n't"u", B>x't"e” modes)
[Belle II, arXiv:1808.10567]

Observables Belle 0.71ab~ " (0.12ab~!) Belle Il 5ab~! Belle 11 50 ab~!
Br( B+ — Kt7*eF) . 108

Br(B+ — K+t7Eu¥)- 106
Br(BY — 7%} - 105 =
Br{ B® — v¥u¥) - 108 <13

= can we do better ? combining hadronic tag with an inclusive tag...
= can do K'te, K tp with similar sensitivity...
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cLFV: begLond the Standard Model

3o Am? (5)
- 31 C
B;JSIM(T — P'f}’) — U* U,uz L=Lsn+
327 ms,
T30 Topy Tourtt T pKK ropx T — pnp®
Model Reference Ty T—HUY 4-lepton o, v _ _ _ _ _
SM+ v oscillations EPJ C8(1999) 513 10-40 1040 di _+0Op v v/ v v = -
ipole 04 - - v(I=1) /(=01 - -
SM+ heavy Majva  PRD 66 (2002) 034008 109 10-10 o 7 y E[—U) /}1_0.1;
s ] - - - Sy - -
Non-universal Z' PLB 547 (2002) 252 10° 108 lepton-gluon —»Occ _ _ s / _ _
SUSY SO(10) PRD 68 (2003) 033012 108 10-10 Of v (I=1) v (1=0)
] ] Op+— - - - - v/ (I=1) v (I=0)
mSUGRA+seesaw  PRD 66 (2002) 115013 107 109 o | - - ) 3 ,
GG
SUSY nggs PLB 566 (2003) 217 100 107 — lepton-quark |Ce|is, Cirigliano, Passemar (2014) ‘
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Conclusion

o Few tantalizing results on rare decays in B sector covered in this talk...
but much more in B decays: LFV searches, BoK"”vv, B> tv, uv...

also in charm, charmonium, bottomonium, light Higgs, t, DS, kaon sectors...

o Not only complementary, but stimulating competition between
(super) B-factories and LHCDb (upgrade)...

... especially for the modes with ~
B->K"”<tt, LFV B >K"”(u, e)t, LFV T decays

HL-LHC era

Rumn 1 Run 2 Run 3 Run 4 Rumnm 5+
(2010-12) (2015-18) (2020-22) (2025-28) (2030+)

3 fb1

[;.92] 1 "3uI

[ A
N
o

=
(o]

Lo
2027 ... and beyond 50 ab™' ?






Rediscovering beauty: B> D"h...
Results for 2.6 fb™*
AE = E¢y/2 -

Candidates per 6 MeV

]."ECOII

500
Be!!e H

2019 (preliminar
400 (P y)

_[ L dt = 2.62 fb”

—%.2 -015 -01 005 O

B" — D(Kn Krtrr K3mnx
B" — D(Kn, Knr', K3mp
B* - D°(D°(Km, Knr',
B° D (D°(Kn, Kar,
B’ & D' (Knmr

B’ = D' (Knmp*

B” - D' (Kgon®

005 041 0.15

K3mn' )
K3mnnE

0.2

AE (GeV)

2200 fully reconstructed hadronic B decays

Candidates per 1.5 MeV/c®

600

200

100

M, = V(Ecy/2)" -

Candidates in signal box
(M, > 5.27 GeV/c’,

2

_ precon

|AE|<0.050 GeV)

B*

[ B
500f
:B
400f
| B
300f ©

B"

0
0
B

0
0

T
— D(Kn Krm K3n)n

— D(Kn, Kn v, K3mp

=D (D (Km, K, K3n)rt e
— D (D (K, Kmt K3
— DY (Knmn*

— D'(Knm)p

- D" (K o

il
Ben’e H
2019 (preliminary)

J Ldt=262fb"

B2 521 522 523 524 525 526 527 528 529
M, (GeV/c?)

Show capacity for charm physics in e e” = cc

o D', D", D

o Cabibbo favoured and suppressed modes

...for B-physics

> hadronic modes from b-c, including modes with neutrals and K.
o semileptonic decay modes from b-=>c
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Belle results for both ee and nu
[Belle, arXiv:1612.05014] Z .

z
15 i ! - ' ! | ! ! ! ! | ! ! ! ! | ! ! ! ! |
[ ,:B [ SMfromDHMVILOCD
1 o [ HES HH  All Modes 1
ot T HH  Electron Modes :
- T HH Muon Modes :
0.5 =—mt—— .
R 00 E— .  —
I ﬁ —— £
2.60 from SM ’ ! ) ]
for uu mode, /lv | L ]
1.1 for ee mode ‘ \ ]
—1-5 i L L L L I L L L L I L L L 1 I L L L 1
0 5 10 15 20



Inclusive di- lepton , B»X_1"l" (at Belle II)

Observables Belle 0.71ab~! Belle Il 5ab~! Belle IT 50ab!

Br(B — X ¢ ([1.0,3.5] GeV? ) 20% 13% f.6%
Br(B — X,;f"’f_:l ([3.5,6.0] GeV? ) 24% 11% 6.4%
Br(B — X £+6-) (> 14.4 GeV?) 23% 10% 4.7%
Acp(B — X it ) ':[ .0, 3...:] GeV ::' 26% 0.7 % 31 %
Acp(B — X, 0407 ([3.5,6.0] GeV?2) 21% 7.9 % 2.6 %
Acp(B — X.0417) (> 14.4 GeV?) 21% 8.1 % 2.6 %
Apg(B — X,6+£-) ([1.0,3.5 GeV?) 26% 9.7% 3.1%
Apg(B — X.£+67) ([3.5,6.0) GeV?) 21% 7.9% 2.6%
Apg(B = X 0H67) (> 14.4 GeV?) 19% 7.3% 2.4%
Acp(Arg) ([1.0,3.5] GeV?) 52% 19% 6.1%
Acp(Apg) ([3.5,6.0] GeV?) 42% 16% 5.2%
Acp(Arg) (> 14.4 GeV?) 38% 15% 4.8%

E-U_Ill||I||||;||||I|||||||||I||||I||||I_

F . Belle=2 Praojections: Inclusive b—sll 7

e Huber, Ishikawa, Viro 2018 ]

1 5 . Contours: SM Pull with S0/ab: BR & AFB b

-~ ) Red: Exclusive Fit (arXn:1510.04230 [hep-ph]) ]

1.0f :

2o [ |

ZL:'!_ 0.5 ]

0.0{ :

~05} ]

-1-U;I|||~||||||||||'t||||||_||||||||f||;|||:

-20 -15 -10 -05 00 05 10 15

2
o
7]

[arXiv:1808.10567]

— Belle Il high g2
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what about inclusive b = sll?
for E, > 1.7 GeV, B(B>X,y)=(3.45+ 0.15 + 0.40)x 10"

predicted BF for 1 <q*<6 GeV?, B(B»X_11)=(1.62 + 0.09)x10°°
and lot of leptons in B decays...

— difficult to achieve using inclusive method (a la b>sy)
— some on-going efforts using full had. tag, but e<1%...

sum-of-exclusive method instead...
[BaBar, arXiv:1312.5364]
10 modes for X_: K7, K'n', K'n,K'n 2°, K+nn:+,}

0 0 0 0 + 0 + 0 0O + -
Ks, K, Kgn', Koo, K o'

M(XS) <1.8 GeV
70% of total inclusive rate

Bin Range

B XzeTe

B— Xeptp

B— X:£7¢

Acpp r X AT

0 1.0 < g% < 6.0

1.937,

).47 +0.21 PR
.45 _0.16 = 0-18 (L.71)

0.66° 022 +0-20 £+ 0.07 (1.78)

1.607 038 015 £0.18  —0.06 £0.22 £ 0.01

S S
o p)

—

dB /dm,_(10°/[GeV/c?)

dB / dq’ (10° / [GeV/c])

: : _ 'y
1+  ESE o= % l |
SO % .
—— = pe=as | | 1
0.5F = : +T [
o I° T E= o, oF I
5 10 15 20 04 06 08 1 12 14 16 18

o (GeVic?y my (GeV/c?)



inclusive as sum-of -exclusive

[Belle , arXiv:

1402.7134]

10 modes, M(X )< 2.0 GeV

50% of total inclusive rate S < 0
€ [ L
(goal here was A, flavor of B needed) = AL = ol
e~ N
BY decays B~ decays E o\ E 10:
ey K= g 4{ 5 W
I{_ﬂ—"_ (I{gvﬂ'o) I{_’:TO I\'SH - L “ :1 \ - Jc '4' .:!- %L
— 0 A0 — — — 0 _—_0 TSRS SN SRS TR SO ISR Tl S N I 1T e ate 2l o dedoala.® 1k 1
I"__“i”_ N (I"_gﬁ_ﬂﬂ o I"__ “+W_ o I"S“ T & 524 526 528 530 9% Tsoa 526 528 530
K™= ’r T (Kgm™ ntm®) K rntnn Kdn~ntrm M. [GeV/c’] M. [GeV/c’]
(I'\ m T m TO)(I{.%W_W+W—W+)(I{_W+W—ﬁ+ﬁ_)(j{g'ﬁ_ﬁ+ﬂ_ﬂo) (a)B — X ete™ candidates with cosé > 0 (b)B — X,ete™ candidates with cosfl < 0
1.0 ' 30
";% 25 J; 25—
0.5¢ 2 20f £ 20f
i ot 15 ot 15%
E - . e il
< 00 = 2 10 H Jﬂ% 2 10# }
i E 5 E 5:_Jr 1" i
_D_S E ] [P TN L
i E 22 524 5. 26 5 28 .31) 322 5.24 5.26 528 530
: M, [GeV/c] M, [GeV/c’]
-1.0 (e)B — X,utp~ candidates with cosf > 0 (d)B — X,utp— candidates with cosd < 0
q? [GeV?/c?]
1st ¢° bin 2nd g° bin 3rd g° bin 4th ¢ bin
2 r 16V2 /2 0.2,4.3] [43.73]x, - [105,118]x 4 14.3, 25.0 1.0, 6.0
q" range [GeV*/c 0-2,4.3] 438105 win 11021255 win [14.3, 25.0] [1.0, 6.0]
Arn 034 +024+003 0044031 +0.05 0284021 +£0.02 028+0.15+0.02 0.30 +£0.24 +0.04
Arpp (theory) —0.11 £0.03 0.13 = 0.03 0.32 £ 0.04 0.40 = 0.04 —0.07 = 0.04
Naiz 45.6 =109 30.0 +£9.2 25.0+£7.0 39.2+906 503+ 114
"lf:::'; 43.4 + 9.2 239+ 104 30.7+9.9 62.8 + 10.4 35.34+9.2




Entries/ (0.5 MeV)

s
=
Ql

Events/(0.25 GeV?)

Events/(0.25 GeV?)

g

s

= Purity: 75%

Eff.: 0.40%

-...-..‘ T 'H t
_ Bug_ ]
. - PO e - )
K:tK® — _o° -+ D
: w*, w’
3 xc
o 2D unbinned fit to miﬁss and pf

o fitted samples
— 4 DY1 samples (D°1, D1, D'l and D™*1)

. (*)_0 *k
d 528 529 — 4 D"’n 1 control samples (D (l/t)v)
o i
s = Dtv and D tv clearly observed
E 1(!05— 10sm?_ <120GeV?, D"”‘ é g 10sm2, <120GeV
% ; .D""'I:'lr"% g
5 50:_ .Dw g E] :
[ e :
T T N BD*lv \ R N RO T
# ¢ lDly A o

Events/(100 McV)

10sml_ <120GeV’, D

+

100-

Events/(100 MeV)

—

m2,. (Gev)

05 1 15 2
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B-> D(*)T v [BaBar, PRL 109, 101802 (2012)]

SM Aver. M Aver.
Ddde 02 —— 535M BB
R —t— A B 232M BB
059 016 | | 020 ~+—e—— | 657M BB
0szoal | " Dz —— 657M BB
0440 - 0,072 | e i ot (411M BB )
02 04 06 08 ' ' | '

o combined 3.4 ¢ away from SM 0 02 04 0.6 0.8 i
o doesn't fit 2ZHDM Type II tanf/my. (GeV™)



B-» D(*)t v at Belle [Belle, arxiv:1507.03233]

(with hadronic tagging)

projections for large M?. region, N(Dtv)~300, N(D tv)~500

miss
+ 0 * *
B->D tv B->D" v B->D " tv B->D" tv
: | : T mBoDw | aef : i
80 so0k SR B> Dry ! 100 B Dy
70 : B—D*lv | | [ M- DM
: wu. & =uBt;:;PE;."(I} 20l | [ other BG
EGE [ ‘ Wb D=y || L W5 Dy
50- - 15 B
N 3““— 1L,
40- | I
30~ 200;- %
20, 100- S
10—
g g 8 6 4 -2 68 6 4 2 0 2 4 6
' Opg’ Ong’ Opg’
R(D) =0.375+0.064 = 0.026
— *
D o7 SM H(I) ) =0.293+ 0.038 £ 0.015
I:I: B BaBar ¢ 8
0.6 ® Belle -1 : :frv &
0 ~e777 7 m--.. [disagreement with SM at 1.50]
LT R
03 it 2
0.2 : :
i
0.1
s
g 0.1 v

e babhoe v b v b v by by v b Ly
4 5 6 7 8 ] 10 1 12
R(GaV)

P U S INAT YNNT T H T ST T  T BT AT A S H I S S AR
4 5 [ 7 8 ] 10 1 12
RCeVd)



sk (*) . . . . .
B 3 D B D"’ leptonic with hadronic tagging, arXiv:1507.03233
TV at elle D" with semileptonic tagging, arXiv:1607.07923
[Belle, arXiv:1612.00529]

T polarization result using: Iﬁ:g;gxg gaeggg’rf;f TIT AT VLV

* T — 1 Vg p Vparegood 0, = angle of v daughter meson momentum
with respect to direction opposite to

leEl‘IIT‘IEtEI' fort leEII'IEHtIGI‘I momentum of tv system in t rest frame

+

A T

_ W= H e e .
P(D") =
'~+I- 5=1 _
I+ for right-(left-)handed T | e \
P.(D*)gy = —0.497 + 0.013 L* . .
‘ ﬁil;:!ﬂﬂkﬂﬂﬂﬂ'ﬂ- Watanobe, ‘P‘E{.D ) is modified ,
Phys. Rev. D 87, 034028 (2013) 1 dr(D’) _ l

. . . . - -~ ==|1+aP, D )cosH .
T polarization is a variable sensitive to NP (D) dcoso,,, 2 [ (D')cosby]

WmE- DT, a=1for v >n v,
W B - DI a=0.45 for v =»p v,
Sum of all samples W5 - De,
S1000 +had. B

Signal events ——- < "~ B Fake D* etc.

® Dsta

Event / (0.05 GeV)

R(D")=0.270 + 0.035 0%
P.(D)=-0.38+0.51 *021

T

02 04 06 08 1 12 14 1
Eeq, (GeV) costl,,



Hadronic full reconstruction at Belle 11

# channels # channels
(Belle) (Belle 1)

D*/D**/Dg* 18 26 o More modes used for tag-side hadronic B
DO/ D* 12 17 than Belle, multiple classifiers
B* 17 29
RO 14 26

Belle v1 (2004) Cut based (Vcb)

Belle v3 (2007) Cut based 0.1 0.25
Belle NB (2011) Heurobayes 0.2 0.25
Belle Il FEI

(2017) Fast BDT / 0.5 0.25

o Good performances on Belle II predicted

Improvement to tagging efficiency in Belle || beam background conditions:
Hadronic charged B Hadronic neutral B

g T Thaenwe 1 €07k o BdlleliMe

g 1? e without background | é 0.6;— e without background E

% 08 e with background - % 05F e with background ]

0.6; ] 04f :

i 0.3F .

0.4 ] - 1

i 0.2F r

0'2; ] 01; _E

0 o630 ~ae 50 e0 70 B0 2073040 50 60 70 80 90

34 S purity (%) purity (%)



Other observables from B->D"tv

Additional observables as P,(D") (F, (D")) and g* distribution can help
discriminate between New Physics models
Projections for P_(D") at Belle |l

[Belle, arXiv:1612.00529]

* +0.21 Stat. Sys.
= — =+ w
P‘(D ) 0.38 £0.51 o6 P(D%) uncertainty uncertainty
at 5 ab 0.18 0.08
at 50 ab™! 0.06 0.04
g L B ——
~ : elle rojection : 2 *
D_'_ | :e::e I(|::ml:ina:tion | q S p e Ct ru m B _} D TU
05 ; zzla:;r:ditlon: PRD85 094025 (2012), PRD87 034028 (2013) ; 5 Oab_‘l p rD] e{:t] Dn
= Vector PRD87 034028 (2013) T
- Tensor - n B
i 1 81200 1 .| *
T
0 — o 1000}
| i 800F
0.5 — ; ] 600
| _— \/ i 400
! N i 200
02 0.25 0.3 0.35 0.4

9 10 11 12
36 R(D*) o (GeVeic)



B-» D" tv and other observables

~ OS5 g
=) u - . *)
T T el e rroieston. ICHEP 2016 Preliminary . R(D") = B(B-»D “’) _in red
0450  poter = B(B>D']
- LHCDh _
0 4: _:r:rmm{;??m::?mmm{ﬂmm PRDS5 094025 (2012) . R .= b B(B-)r V) in blue
e | E s Tp B(Baatlv)’
u ] B(B>ntv) .
0.35— — R(m)= , 1n gre
- : %)= B (Banly) - 97V
0'3;_ _; Dashed: Belle II
0.25F = 3 e
B 1 o contours i o
0-2_| 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 111 1 | 11 1 1 | 11 1 1 | 111 I_ |.

025 03 035 04 045 05 05 06

" q R(D)
—Leff =?‘+"ﬁﬂ?I-'1",?,l}[{ T = (_"”-' )y C:,.H )

Vo, 51,52 T
o g8 ) oy (G108 )
+ Y. cEgrog],
X=

where the four-Fermi operators:

Di-ri-w ) _ (qy" PLb) (Fyu Prve)
OV = (" Prb) (7 PLve) .
OF™) = (qPrb)(7PLwx) .
Dgw ) _ (GPLb) (TP,
Ol — (qo PLb) (70 PLik)

[Details in Watanabe et al, B2 TiP3Jieory]



8 BF(B — tv)

B>tv status and projections -~
EX ANOMALY ! | I
| : BdBdr semileptonic tagging : 1
' = ' (1.7+0.8 £0.2) 10~ o 1 e
: ' ' ? - 1 Hos
: BaBar hadronic tagging o El
l-*—l [ ey ) 52 " 0.4
: (1.83 7515 £0.24) 1071 @ 1 8.,
H 0.2
5 Belle semileptonic tagging (old) kR X
W - ] —

: (1‘1—3?’.§i“€f)101 oo e e o Lo L L 0.0

‘_ . -sm ZB.
: Belle hadronic tagging 020 190° prvae
= 5 (0.72 7335 £0.11) 10°* i os
: 015-_ _— 0.8
T il
Eg n.m} + { 0.5
Belle semileptonic tagging I | B~
I—*—' o5 L B 03
CKM fit ; o N
1 2 3 ! e ettt et ] Uy

B(B ) (1079 not a single observation |1 " e e e e oo oo

LR | T T

80 - T - — . p— .
- e 1 Statistical Systematic lotal Exp Theory  Total
Belle I  Projection ] - -
70 —‘ﬂ\ — Belle II (reducible, irreducible)
ED- \ . L _ Vsl B — 7 (had. tagged)
AL \, _::_m 1 711! 19.0 (7.1, 2.2) 20.4 2.5 .5
3 - Systematics 1 5ab! 7.2 (2.7, 2.2) 7.4 1.5 8.1
w_ g :: :::":;‘“ _ 50 ab—! 2.3 (0.8, 2.2) 3.2 1.0 3.4
3'3‘ - 1 |V B — 7v (SL tagged)
20 ™. ac 3 605 M 12.4 (9.0, 737 el 2.5 Tl
105— SRR ] Sab™! 4.3 (3.1, :ﬂ?] :E:l. 1.5 f?:g
Dé | | .--.._._.‘.Ttg 50 ab—! 1.4 (1.0, :T:E'J :g:]’ 1.0 fg:g

E . observation of B v is also expected (from 5 ab ™)
Integrated Luminosity (ab ) %



what about inclusive b> sy?

105 %% OFF -resonance data is scaled
o — U AT . . . .
=, 9%, SO according to luminosities and
n o OFF
5 aﬂﬂaﬂﬂcﬂ g’f subtracted from ON-resonance data
Sog
4 Co
~ %LED 'DD
) D':UEUDDDD o}
fi} . == EIDD < 25
: [m| © % 20 | ?! TIs)
i g o gL
_ - £ 4 T energy threshqlel
10° = mlo T 10 ; * 2 I for BB production
= o) o b I e Y(48)
DDD o B 7F 4 4 O Ve riinns e aget . o o
= I AN A S | T
U q] (914 9.46 IOOO 100’7 10.34 1037 10 10.58 10.62
10 E_ I ﬁ Mass (GeV/cl)
= I |
- I8 1119
- 0| LI
j A o o1+ 9 e e e e I 1 R [ A R
15 2 25 3 35 4 45 5 5= >_ y < o= hadrons
TE [GeV) _‘_____* hadrons



for E,> 1.7 GeV,
B(B-»X.y)=(3.45+0.15+ 0.40)x10™*

4000

2000

Photons ! 50 MeV

-2000{[ :

V10| NP SR PEPEPIP B IR
1.5 2 2.5 3 3.5 4

EIE.H'I.E [GE"'J.]

b S b 5

H
THOM Type Il - Flavour constraints | aTrXiv : 1706.07414 |

1 1 1 1 1 1 | 1 1 1 | 1 1
200 400 600 800 1000
M, (GeV)

WA: B(B->X_y)=(3.49 +0.20)x10* (for E,> 1.6 GeV)

VS

SM: B(B-»X_y)=(3.36+0.23)x10"" (for E,> 1.6 GeV)

[Misiak et al, arXiv:1503.01789]

[model — dependent]

Charged Higss bound (2HDM Typell): M. > 400 GeV @ 95% C.L.




Current limits

and more...

®  BaBar hadronice = 5M prediction
®  Belle hadronic A Belle semileptonic
A DBalar semileptonic
* B .
B->K®v¥v 1.
L
10 o . ® ]
O .
o= L .
= | e ’ A,
N
—- A
g 107 _—
0 Ko If_ﬂrm K~vp j{‘“hrm. T T Irj“.i.-'i.-' . IrJ‘-w/ .
11 decay channel _
v W
* Standard Model: v
« Flavour changing neutral current prohibited at L WE EWKT voov
tree level B 3 a K(°) ,
» Measurement of B — K() vir would allow high . ra s
accuracy extraction of B — K(*) form factors B W K(*)
» SM estimate of branching fraction known to g q
By 0 ]
10% LII'IICEI"tEllI"It‘_-,-’ Projected precision on branching ratios at
* New Physics: 50 ab-' Belle Il data, with FEI hadronic tag
« Contribution from NP may be similar in size to — ——
SM contributions, decreasing time required to Mode uncertainty uncertainty
make discovery. B = K vo 9.5% 10.7%
» Light dark matter scenarios: e = =
« B— Kvvisidentical in the detector to . 3 ,
. ; B* = K™ wWw 8.2% 9.6%
B — K + invisible soarches for light dark matter -

» Increased B — K vV branching ratio may suggest a Standard model obsorvations of thoso
light dark matter component modes could be made with ~18 ab™
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