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Introduction

 Flavor physics is mainly to test CKM.

— Measure CKM parameters using various ways
— Check consistency and look for anomalies

* Probe new physics directly (low mass dark photons)
or indirectly (off-mass contribution)

« Hadron collider and B factory are complementary.

‘/ud ‘/us ‘/u b
‘/Cd T/(::s T/L b
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Dual of two B Factories

* Run at Y(4S)- B°B°/B*B~ and Y(55)~ B!” B!"
e Clean environment; active particle identification
* (Good performance to detect neutrals and neutrinos

W=4 Belle Detector

e Aerogel Cherenkov ¢ 1 Electromagnetic Calorimeter Instrumented Flux Return
SC solenoid n=1.015~1.030 6580 Csl crystals 19 layers of RPCs / LSTs
1.5T SO il e §

\ "\ g -y |
CSI(TI) s e - Cherenkov Detector (DIRC)
l6X, \ TGS = = _ 144 quartz bars, 11000 PMs

TOF counter —

- N1 i/ y — Drift Chamber
v+ 2\ Central Drift Chamber = gl : 40 layers
— e \vaall cell +He/C,H, =0 S

Silicon Vertex
Tracker
5 layers of double

Si vtx. det. n 'K L detection sided silicon strips
3/4 lyr. DSSD 14/15 lyr. RPC+Fe
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Large Hadron Collider

Large bb cross section \
Decays with neutrals or RS R =
neutrinos are difficult. SINSHE Il =
Large boost & excellent [
vertex detector
LHCDb
— Active PID
— Fixed-target type
CMS and ATLAS
— General purpose
detector

— Di-muon trigger
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- Inclusive decays: X, ,, v
— QCD correction for parton level decay rate.
— Operator product expansion in a, and A/m,
* Exclusive decays: D2y, wfv, pfv ...
— QCD contributions parametrized in form factors
— Lattice QCD for low g# and LCSR for high g?
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Puzzle

e |V.,| = (40.5 + 1.5) x 1073, 2.96 discrepancy
V., = (4.09 + 0.39) x 10~ 3, 2.6 discrepancy

PDG 2016

m—— B D¥lv
B—=Dlv

—— Benlv

Ay—=puv [nclusiv
[] Average 68% CL. |\( TE; U
1 I GG
A"l"- 0_,-'3"‘_21 e
B Avecsse o V°E global it in K

HFLAV

2 44
IV, [107]
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New Measurements

* |Vl : B = D*fv Belle 2018 Preliminary
e |V, : Inclusive B - X, ev BaBar 2017
* |Vl :B - n") ¢y Hadronictag Belle 2017

Exclusive B® -» D*~£*v,

_M§+Mp — ¢’
YT oM, M,

Differential decay rate

dI'(B - D*~£%v,) 61§|Vcb|2 —
- F(w,0,,0,,x)G
dwdcos8,dcos6,, dx 483 0, ) G (w)

B to D* form factor  FNase space
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B — D*fv untagged

e Form factors

1. Caprini, Lelouch, Neubert (CLN) arXiv: hep-ph/9712417
Using theoretical assumptions to reduce number of free
parameters that describe form factors. = for small data set

F(w,8,,0,,x) = fit four parameter distributions to extract
three variables, R;(w), R,(w), p(w)

2. Buyd, Grinstein, Lebed (BGL) arXiv:hep-ph/9504235
F(w,8,,0,,x) is written in the most generic parameterization
with minimal assumptions

Belle 711fb -
Prelimina
Sign:

« Data sample
N(D*ev) = 91381
N(D*uv) = 89965
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Fit Results

|V.,| from CLN Fit to extract p?, R;(1), R,(1) and F(1)|V,].

Belle

iy [ F(1)|Ven|new 103= 35.1+0.2+0.5

B(B" — D*~(*1y) = (4.86 £ 0.02 £ 0.15)%

|
105 1.1 135 1.2 125 1.3 135 14 145 15 -1 08 06 04 -02 0 02 04 06 08 1

Fake Lepton, True/Fake D*
Fake D*

D\'.‘\'.‘

Non-Signal/non-D**

e T nrEr———— D* & | from different B°

-1 -08 -06 04 02 0 02 04 06 0B 1

cose, - ,_ Off-Resonance Data

0.05635 £ 0.0004
-0.0701 + 0.01834

Fake Lepton, True/Fake D| 5 . 12 -0.0276 +0.007
Fake D*

D™ al x 10? -0.3242 £0.1388
Non-Signal/non-D**

D* & | from different B
Off-Resonance Data

-0.1037= 0.0020

P B PSP PP e e
[11 —0.8-06-04-02 0 0204 06 08 1
cosov
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New |V¢p| Results

e V.| =(42.24+0.8) x 1073 Inclusive
e V.| =(425+03+0.7+0.6) x10~3  Exclusive (BGL)
e |V,|=(384+02+06+06)x10"3 Exclusive (CLN)

—— B D¥1lv
B—=Dlv
B—omlv
Ay —=puv

[ Average 8% CL.

- Average ﬁx_:=l

) Eﬁ

I\ I[lO ]
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|Vub|

PRD95, 072001 (2017) PRD96, 091102 (2017) b

e Untagged inclusive X,,£v * Search for B — n") ¢y

— update of el. endpoint analysis — Understand B — X, £v
— Use on- and off-resonance data — Hadronic tag

— Fit on electron momentum
with X,,#v and X.fv compon.
— 4 theoretical framework

3 4 5
M. [GeV]

" BaBar Ee 2006

B(B - n'€v) < 0.72 X 10~*@90% C.L.
V| = (3.59 + 0.58 + 0.13%933) x 1073

Lower |V, | value except for BLNP
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Status of |V, |

e |V,p] = (4.524+0.15 + 0.22) x 1073 Inclusive average
e |V,p] = (3.65+0.09 +0.11) X 1073 B — mfv average

B—=D*1v
B—=Dlv
Borwlv

A,—puv
[] Average 68% CL.

[ Average ay’-1

42 -
IV, [107]

3o discrepancy persists.
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e \Well understood Iin SM.
e Extract |V, | and |V, |

* Probe physics beyond the SM.
R(D®) = B (B > DVv)
B(B > DXy, £ =eorp)

* Accurate theoretic SM predictions. b
R(D) = 0.299 + 0.003 . ,ﬁ_{ S
R(D*) = 0.258 £ 0.005 —

* Other observables
P.(D™) and Pp-

Leptoquark(LQ) ,V

T
. b LQ /o
B D*I:
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Analysis Strategy for B Factories

» Tag accompanying B mesons

— Hadronic tag
— Semileptonic tag
— Inclusive™ (early Belle)
« Signal identification
- D** > D%, D°=°% D*~ - D°x~,D~n"
5~8 DY decay modes and 6~7 D~ modes
— ldentify % = [Tvv, T v, pT 7,

* Suppress backgrounds with various variables
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Signal Extraction, B Factories

Fit on m2,;.c and p; /O, Fit on E;, and O,

100 -

1.5
Ipz| (GeV)

Events / ( 0.05 GeV )

Egol [GeV]

~ Normalization

I B8 — D™ Iv
[ ] Others
B Fake p®

'nl'zzniss-:. (C'e"fz)
0B — D7 7, B — D*f" v, [ Background

,
2 .
Miniss = (pe+e_ — Ptag — Pp®™» — P{’) O,z = Neural-network variable
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Analysis Strategy, LHCb

+ Identify BY - D* 7Ty,
-D* > D%~ > (K*tm ) m™

* T > [

~- (pp)z = — (prec)z

Myrec

- 2 ES 2 20000 —0.40 < q* < 2.85 GeV2/c* LHCb
I Flt On mmiSS, Eu and q N - - ! -~ Data

Simultaneously obtain yields EEM
of D*"t*tv_.and D* utv,

e 7T > vy 7T+7T—T[+(7TO)

— B® - D*~3m as norm. sample § T o

)

2
>
3
o
<

-

3

Candidates / (75 MeV)

Candidat

Combinatorial
BB =D v,

— Require AZ > 40,, : 0F 52 b
;Do

— Compute pg use kinematics E o
— Fiton t,, g% and a BDT output L
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Results of R(D) and R(D*)
| EXP | Tag  tdecays | RD) | RD)

BaBar 12 Hadronic fvv, mv 0.440 £ 0.058 +£ 0.042 0.332+0.024 + 0.018

Belle 15 Hadronic Lvv 0.375 + 0.064 + 0.026 0.293 + 0.038 + 0.015
Belle 16 Semileptonic vy — 0.302 + 0.030 + 0.011
Belle 18 Hadronic v, pV 0.270 £ 0.035 £ 0.027
LHCb 15 — fvv 0.336 £ 0.027 £ 0.030

LHcb 18 0.286 + 0.019 + 0.033

* Averages from HFLAV 7

R(D") = 0.306 + 0.013 + 0.007 N e
» Standard Model T~ S o Mnmaner)

R(D) = 0.299 + 0.003 ’ | |
R(D*) = 0.258 + 0.005

0.4 0.6 . S T T T T

1 ‘0.1‘ IIO.Q‘ IO.S‘ HDAI HO.S‘ I‘0.6‘ Ib.?‘ HCF.B
tanf/my (GeV—) tanfim_(c*/GeV)

2018/9/13 Semileptonic and Leptonic B decays




0

«— T Polarizationin B =- D"t v,

Pw = Pete- — PB — PD* d=morp

r+—r-

2EEq—mZ-mj
2|p<llpal

P(D")=—— _, #— C0sbra =

. r++r-
't for right-(left-)handed 1 o (W
— — pel
P.(D")sy = —0.497 + 0.013

By the Lorentz transformation,
M. Tanako ond R. Watanabe, - 2T 2. O 4
, ot cosby.1 = —PYE,; + y|p4|cosb.
Phys. Rev. D 87, 034028 {2013 (v, ‘pldl hel / *V d ]:h dl td

1 ar
[ dcosBOpe]

1 mZ —m3 A E;
= — [1 -|— (04 PT (D*) (] : m2 m; m; EY A
2 " W B DI,
W B - DI 7,
+had. B
B Fake D~ etc.
® Data

a =1, 77 SN
- + +
=045, 7 > pTy;

Event/ (0.05 GeV)

[2(N" = N*)]
[a(NF + NB)] 02 04 06 08 1 12 14

EgcL (GeV)

P‘L’(D*) N

Perform fits in forward and backward regions = P,(D*) = —0.38 + 0.51%242
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Summary of R(D) and R(D*)

The average Is 3.8c deviation from the SM

BaBar, PRL109,101802(2012) R

Belle, PRD92,072014(2015) Ay~ = 1.0 contours
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017) R(D) = 0.299 £0.003
LHCb, PRL120,171802(2018) R(D*) = 0.258 £ 0.005
Average

o Average of SM predictions

HFLAV

P(x*) = 74%
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B — D™ Py, Hadronic Tagged

* Important background for B —» D*fv
D** - D*m

.
o

L

=

[0

O]

N

) @

<

o

—

@

2

c

3

s]

o

* Fit on missing mass squared.

B(BT — D~ +!+y)
= [4.55 4 0.27 (stat.) £ 0.39 (syst.)] x1073,

B(B® — D'n=(*v) _
= [4.05 £ 0.36 (stat.) £ 0.41 (syst.)]x1072,

[ |B"=D%rrv
= Y v
[ OtherB = X1 v

II__ [l other BB

d ﬂ‘iii.. +++ [ continuum

B(BT — D* 7 (") _
— [6.03 £ 0.43 (stat.) £ 0.38 (syst.)]x 103,
B[B“—)D'“ [_I_I/) |

= [6.46 4 0.53 (stat.) & 0.52 (syst.)]x 1073,

arXiv: 1803.06444, submitted to PRD
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LFUon B, : J/Yytv Vs ]/Yyuv

e Similar strategy
Fit on mf ;e , T, and g*

-
o
=
oL

_ B(B-J/Yv)
RU/W) B (B - J/Puv)
e LHCbh 3 fb! (Runl)
—1t> Ty
R(J/Y)=0.714+0.17 +0.18
PRL 120, 121801 (2018)

— SM prediction: 0.25~0.28

Mis IDU\
[ J/y comb. bke.

B! —))((]P// -B —)y(S}]
BB -yt
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Rare Semileptonic Decays

e B decaysin b — s/d £T £~ transition
provides good probe for new
physics in the penguin loop.

— Small SM branching fraction (5)

— More precise theoretical predictions
— Many observables: 8, A_,, A, Ps, A

RK RK™ ...
Decay amplitudes depend on g = (p,+ + p,-)*

cp’ iISo-spin 7

e Exclusive modes

— Belle, BaBar, LHCb, CMS, ATLAS
* Inclusive modes
— Belle and BaBar

Semileptonic and Leptonic B decays
2018/9/13
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Decay Branching Fractions

Prog. Part. Nucl. Phys 92, 50

iy
M

#CMS (7, 8 TeV) '
Jp $(25) Broad charmonium
4 LHCb N

\ resonances (above the
-+ BaBar open charm threshold)
Photon pole

-+ Belle & enhancement (from )
| CDF

iy
(=]

Sensitivity to
Cy and C'yg
ey

oo
T

* BFs consistently low.
* Consistent Exp. results

CKM suppressed

¥ light-quark resonances
._:I%
Sensitive to C7—Cy I’}lim‘ﬁ;h

suppression

dB/dg? (10° x Gev )

interference
—

1. — " |
I T T T T T T T T T T

2 4 6 & 10 12 14 16 18 o ,had5 ; 10 15 20
qz (GEVZ) < Increasing ronic recol q2 [Gevz]

increasing dimuon mass =

OO

—

. .CSR Lattice - Data B[.CSR Lattice —#Data B [.CSR Lattice -o-Data
JHEPOS (2014) 133, ar¥iv- 1405 8044 ' ] THEPDG (2014) 133, ariv-1403 20434 T THEP06 (2014) 133, arXiv- 1403 8044
B+_»“K+,H+H_ - BH_’ Kﬁﬂ+ﬂ_ B+—-"“ K**‘uﬂu'
LHCb 4 LHCb LHCb
20114+2012: 3 fb! 2011+2012: 3 fbl 2011+2012: 3 fbr!

TRl FEN T TS PN T

FETETEEN B SR ARTET A AR

dB/dg? [10°* x ¢*/GeV?]

—
-
()
)
S
¥
LS
X
=
=
(o]
=
=
T
o)
=

P PR N R TP T U- ] L
15 20 15 20 15 20

¢ [GeV¥/ 1] ‘ ¢ [GeV7ct g* [GeV¥/ei]

7

[e%GeV?]

LHCbH |
Bﬂ 95:“";: 4
2011:!-2012: 3 fbl]

JHEPO6 (2015) 115, arXiv:1503.07138

d.B i . =
= (107 GeV™Y +_+_,+
dg*
#——-.

JHEP09 (2015) 179, arXiv:1506.08777 ILHCb
B Pguu
20114+2012: 3 fb'!

o

-

LHCb
A" PAuu
2011+2012: 3 fb! %

dBldg
9.6 GeV?

f

wi)

(Wi 25))=13.6 GeV

m

[ R T Y T - - Y}

S L L L L T ey e

L1 . 1 Detmeold et al, arXiv:1602.01399
15 R 15 , 5 10 15 2
& [GeV¥cH] #[GeVYet] ¢ [GeV?

dB(BY - ¢pu)idg? [10°5Ge V2]

— L

=
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@ Contributions from Charm

EPJ C77, 161 (2017)
 Phase difference between short- (b — s#£) and long-distance

(b — scc) contribution. N
il | { k|37 |Llnf+l’4 1| #kl”’f”w ~II| C
50 My + Ms
H{“mq )+ 2C- m:erh friq J' J Ceff Cg +Z n:e 16 Ares(qz)
J
* Fit to m,, with 980000 B* - K u*u~ j=9 (rges%s)w( )
’ p,w,d, /P, Y(2S) ...
e I : | ' e Default fit:
= YTE 2|
background ; - 4 & f | ’on S ' |C9| > |C(§M|

* FiIX |Cqo| = |C§8/I
|Co| < |C<§M|

1000 2000 3000 4000
mis; [MeV/e?]

Nl lade IS =Nzl B(BT— K ™) = (4.37 £ 0.15 (stat) £ 0.23 (syst)) x 1077
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Angular Analysison B » K* 7 ¢~

c K* > K'n  ,K™n?, Kdntand £=e, u
for B factories; K*m—u*u~ for collider

« Background suppression

 \eto candidates in J /3 and 1’ regions
- Perform angular fits in several g2 bins
] d‘T

dT/dq? d cos,d cos Oxdpdq?

32r |4

— F; cos?0x c0s 20, + S3sin*0gsin®0, cos 2¢p + S, sin 20 sin 20, cos ¢

9 |3, o, , [, L,
—(1 = Fp)sin“Og + F;cos 0 I[l — F} )sin“0g cos 20,

P/ - Sj=4.5..7.8 F S5 sin 20x sin 0, cos ¢p + Sesindy cos O, + S sin 20 sin O, sin ¢
i=4568 /= 71 =
VEFL(I=Fp)

v . ; . ; . v « ) « ) . ;
F Sgsin 20k sin 26, sin ¢h + Sosin“Ogsin“0p sin 2¢ |

P/ = Largely free from form-factor
uncertainties. JHEP 05, 137 (2013)
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P. M m
e aS u re e n S ® LHCb, JHEPO2 (2016) 104
5 u BEHE‘:, PRL 118 {jEDl?} 111801

O ATLAS-CONF-2017-023
o CMS, PLB 81 (2018) 517

2011+2012: 3 fb!
LHCDb

SM from DHMV

e LHCbdata o ATLAS data
m Belledata © CMS data
[ SM from DHMV
A SM from ASZB

—
15
q* [GeV/ Y]
LHCb, JHEPOZ, 104 (2016) i il 1705 05545

e Tension in g° = 4~8 Gev* range
* Need to have precise measurements
 CMS has compatible accuracy.
* Global fit to K*) £+~ results

assuming new physics scenario. — e
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I
<>  Separate Lepton Flavor

BALLE

. — pl_“ — Pf
* Deviations from zero are sensitive to new physics.
* First presentation of Q, and Q<

I SM from DHMV
] NP Example

1 0 SM from DHMY
1 MP Example
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e CMS recent analysis using run 1 data.

1 dIy
'y dcosB,

= 43(1 — Fy)(1 —cos?6) + %FH + App cos0,

Arg: Forward-backward asymmetry of the di-muon system.
Fy;: Contribution of pseudo scalar, scalar and tensor amplitudes to
decay width

—> Consistent with SM expectations
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@@@r& Angular analysis on Au™u~

« LHCb angular analysison A, - Au"u~. = 5 fbl
34

l

* 5 angles and 1 normal direction
observables K;

15 < g% < 20 GeV/c?

: ; - [Boér et al, JHEP 01 (2015) 155],
Compatible with SM expectations [,
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Evidence of By - K*0utu~

e RO 7*0,,+,, — + p— arXiv:1804.07167
B¢ = K™ u™u~ proceeds through b —» df™¢ LY

transition, similar to B) — p°u*u~. = Low decay rate.
e 38 + 12 events with 3.4 significance

(Bd-» K*%uty™)=(294+1.0+02+0.3)x 1078

A0 . - ]+ -
A, — pK utu
I Comb. bkg.

Candidates / ( 10.0 MeV/¢?)

0 5200 5300 5400 5500 5600
m(K - mtutu) [MeV/c?]
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Test Lepton Universality

* Weak couplings are the same for leptons in SM.
BB-K*utu)
B(B-K*ete)
Identifying electrons are challenging in LHCDb.

R i (in g bins)

Magnet

(b) 0.002 < q?<1.120 GeV2/c* LHCb

=

@ =]

=] o
et

&

‘lr
E,

i Data
low mass tail — moder
; i Br_i - K"'nt?"'é’_

s o R

Combinatorial

Upstream PP ~ Downstream
brem . - brem

Candidates / (40 MeV/c?)
3

JHEP 04 (2015) 064

5500 6000
m(K*n e*e’) [MeVic?

2018/9/13 Semileptonic and Leptonic B decays
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LHCb Runl Results on R ¢

Double ratio:

BB-(KDutuT)) BB - (ptu))
BB-KHete ) /

BB - (J/perer))

[JHEP 08 (2017) 055] --LHCb -mBaBar —aBelle

15 20
q? [GeV?/e4
BIP [EPJC 76 0] @ LHCb [PRL ) 151601]

w CDHMV [JHEP 04
m BaBar [P

o Ry-(0.045 < ¢*> < 1.1 GeV?) = 0.6670:L% +0.03:
o Ri+(1.1 < ¢?><6.0GeV?) =0.697911+005 24250
o Rk (1<q*><6.0GeV?)  =0.7457090% +0.036: 2.60

2018/9/13 Semileptonic and Leptonic B decays
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.hZK*+)K*O;K+;K3917T+)7TO) ¢

Search for B - hvv

BaBar hadronic ®  BaBar scmileptonic

+ 0 + A Belle hadronic result == SM prediction
rt, piue

e Clean SM expectation on B.F.
BB - K**vv) =9.2 x 10°°
B(B° - nlvv) =N

* Need a B tag to perform the anal
Signals are identified in Eg

* References:

A  Belle recent result

Exp. Tag
BaBar Hadronic
BaBar Semilep.

Belle  Hadronic

Belle Semilep.

2018/9/13

Ref.erence
PRD 87, 112005
PRD 82, 112002
PRD 87, 111103
PRD 92, 091101

—
o
1
=
N
(=)
R
=
Q
e
=

K'vo Ksvv K*'wo Ko wtvw 7w pJPuv ptow
B decay channel

Good topics for Belle |l
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Search for BT

D
O

BELLE

%
=
@
[0}
o
o
o
=]
@
1=
(_l\
L

50

2018/9/13

Violation of LFU = LFV
Veto K*° ] /1 events

BUL
““
Bo_)l(*olfe* m‘
ﬂ L 40f1§ III

M fG“E_'WC:z)

arXiv:8307.03267; submitted to PRD

—» Ktttt~and B® - K*0ute™

Fi,i
[ﬁ'

e Possible new physics particles
coupletot*t~
« Hadronic tags with t* — £*tvv

ete” Hp e
494+244+29 458 +24+32 592+28+35
1.1+024+01 13+02+01 21+02+02
45 349 92
—0.6 —0.9 3.7

PRL 118, 031802 (2018) 90 C.L.
B(Bt-> KO1tt7) < 2.25x 1073
BN 0T ) = (1 — 2) x 1077
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Leptonic B Decays

GZ MyM?2 M2\ 2
B (B* - ervp)ow = UL (1 =S8} x 21V, P

8 Mg
5 G2 a? y 2 3 o N
B (B - £ LN 63ﬂ3’;in4 ™ Vi, Vegl?tpMs f2 x  arXiv: 1712.04123
4m? 2 2 _ | _
155 1\1;'; 2;;% YZ (]T\Z_‘%,) T (8.45£0.70) x 1077

p (3.80+£0.31) x 1077
e (8.89+0.73) x 107"

» Clean processes with accurate theoretical branching fractions.
« Diagram involved in W is helicity suppressed.
« Small SM BFs. enable good probe for new physics.

New physics in tree for B+ and in loop for B
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BT - 1ty
A

Belle | Hadronic | 0.72+927 +0.11 PRL 110, 131801 (2013)
Belle | Semilept. | 1.25 + 0.28 + 0.27 | PRD 92, 051102 (2015)
BaBar 1.83+4534+0.41 PRD 88, 031102 (2013)
BaBar | Semilept. | 1.7 + 0.8 + 0.2 PRD 81, 051101 (2010)

BB - V)

= (1.09 + 0.24) X 10~* PDG

avg

B(BT> tTv)ey = (0.845 % 0.70) X 10™* arxiv: 1712.04123
Test CKM

1000

ICHER 18

Exclusive |V,;|
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BT - u™v,
« Belle New analysis
— Full data sample 772M BB
— Loose kinematic selections
— Combine 14 variables in to 0,,,,

— Fit to extract yield ratio of signals and B — mfv
— Yield =195 + 67, B =(6.46 +2.22 + 1.60) x 10~’@ 2.4c

= B (Bt - tTv,) =[2.9, 10.7] X 10~’@ 90% CL. interval.
v signal

. M
* Unique feature pj, ~ TB

e BaBar 8 <1.0 x 107° (no tag)
e Belle 8<1.7 x 107° (no tag)

[
[==]
(=]
[]

3
o
7}
2
=
=
L
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Bgq = 1~

CMS + LHCb Nature 522, 68-72
6.20 (7.4c expected) for B - u*u~

CMS and LHCb (LHC run 1) | O/ (S"'B) V\(eilghtedl mass

—4— Data
= Signal and background
T
B gty
= - = Combinatorial bkg.
- ===+ Semileptonic bkg.
= = Peaking bkg.

<1.1x 10°@95% CL

ATLAS: (0.9%53) x 107? for B
< 4.2 x 1071 for B,
SM: Robeth et al., PRL 112, 101801 (2014)
B(Bs > utpu~) = (3.65+0.23) x 107°
BBy > utu) = (1.06 + 0.09) x 10710

S/{S+B) weighted cand. / (40 MeV/c2)
[a¥]

e Some new physics models may boost
the branching fractions of B - u*tu~

« Stringent test MFV hypothesis

* \When can we have Run Il results?
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A Few Remarks

* By > 1717, Bpy — invisible (v)
— Need a breakthrough in analysis technique to reach SM

values forttz . BB, > ttt) = (224 0.2) x 1077
— Looking for surprises.  #Ba > e = (2.2 £0.2) x 107

« Boyfte~, yf v, and yvv

— Experimental results give limits at 107>~10"".
Theoretical uncertainties may be large.

EXP. Mode Data BF. Reference
BaBar T1t71~ 232M BB < 4.1x103 PRL 96 241802
LHCb BY - t*r= 3fb!  <2.1x103 PRL 118251802

LHCb B? -1t~ 3fbt <6.8x103 PRL118 251802
BaBar invisible @ 471M BB <2.4x10° PRD 86051105
Belle invisible @ 657M BB <13x10°°> PRD 86 032002
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Search for Bis) — efe?

JHEP 1803, 078 (2018)

& 16

e Data sample: 3 fb!
e Control samples:
-B* > J/YK*
— BT - KT~ (peaking background )
« Improvement since last measurement
— Improved electron ID
— Fit perform in different Bram. cate.® Fit to ey mass and
— Better BDT calibration no signals are seen.

BB - etpt) < 1.3(1.0) x 107°
B,(BS - etut) < 6.3(5.4) x 107°
B,(B? - etut) < 7.2(6.0) x 10~°

s at 90 (95)% C.L.
(1) Light (left) and (2) heavy (right) dominant
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Global Fits to Current Observables

* Extract Wilson coefficients and compare with their SM values

e (QObservables could be more than 100.

Bs = py

....... Matlas_et_alj__

: : . -2 Grinstein et|al,
JHEP 1801 (2018) 093 91 tlavio oz 0 S | PRD 96(2017) 093006

-3 -2 -1 0 1 2

oC 9

* Some of the global fits show new physics contribution with c.
* Most of the fits point out that C3'" is the reason.
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Hadronic B Decays

« Hadronic B decays provide rich samples for physics.
— 3 CKM angles, ¢, CP violations, spectroscopy
— testing KM mechanism, probing new physics ...
 Large hadronic uncertainties in the theoretical decay rates.
— Ratio of branching fractions, A.p, Ac-p, polarization
Sometimes even A.p has large theoretical uncertainty.
« Hadronic decays and CP violations = See Barsuk’s talk
* Recent results:
— 2-body charmless decays
— 3-body charmless decays
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(D <> Charmless Two-body Decays

771 M BB
e Update on B® » °%x PRD 92, 032007 (2017)

— Apply B tagging
— Fiton M., AE and T,
T, for continuum suppression

Confidence limit on ¢,

0 d‘o(deg;eoeos) 120 140 160 180

N |2
- ; 529 526 527 528 5.29 ACP - +O 14‘ + 0 36 + 0 10
Mg (GeV/c?) My, (GeVic?)

B(B® > n°7°) = (1.31 + 0.19 + 0.19) x 10~
e Update on BY - nn ( > )

n-vyy,n>ntnn’

Events / ( 0.004)
Events / (0.004 )

5 5.26 5265 5.175.172 528 5285 529 .25 5.255 526 5.265 5.27 5.2?; 528 5285 529
M, (GeVic?) M, (GeVicY)
=y R0 [
(C_)B — N3n137T

B(B® - nn) = (7.675311%) X 10 - @ 3.75
First evidence, arXiv:1609.03267
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CP Violation for Two-body

 Direct CPV for B(OS) — KT~ arXiv:1805.06759
Agé’ = —0.084 + 0.004 + 0.003 |JNEENEAC il (S

AB B(B'— Ktn) 7,

Af; = +0.213 £ 0.015 + 0.007 0114004+ 003 £ .3-Bod;b'k;.

— Most precise 59 Comb. bkg.

* Direct CPV for A}, —» PK(m) preliminary

A@’{f = —0.020 £ 0.013 £ 0.019

\Y recise
APT = —0.035 + 0.017 +0.020 V0 Prec!

« CPVforB) > mntm~,B? > KTK~
C o+~ = —0.34 £+ 0.06 + 0.01
S +.- = —0.63 % 0.05 + 0.01

CK+K_ - +0.20 i 0-06 i 0-02
Si+x- = +0.18 + 0.06 + 0.02

1
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®Charmless Three-body Decays

BELLE A
/71 M BB

e Bt — K*K 1™ PrD 9%, 031101 (2017) K*K-m* K*K—m~
First bin: 0.8 < Mg < 1.1 Gev/c? .

= MC (Phase Space)
o data

-

as
2
=
g}
=

. - e E ] PR
03 -02 -0. ( ). ).2 03 h-en =
03 -0 0L 0 e b3 0 oq 02 03

Br(Bt > KK 77) = (538 £0.40 £ 0.35) x 10~ °
Acp=—0.170 £0.073 £0.017

s s s s N 5 2 25 3 35 4 45 5
My tGeV/cl My (GeV/c?)

Mk <1.1: A, =-0.90 £ 0.17 + 0.03 @4.8c
« Bt > Ktn~K{

— ICHEP preliminary
— Observe 490139 events
—B=(3.60 * 0.33 4+ 0.15) x 107° .
Acp = (—85+£89+0.2)% " Preliminary
— Structure at Mg, = 1.5 GeV

Events/(0.88 MeV/c®)

v b L s
5?255 5.26 5.265 5.27 5.275 5.28 5.285 52.29
M,, [GeV/c?]
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Summary

 Many profound results from B decays have been reported. No
striking new physics evidence is seen but several measurements

show possible anomalies or tensions,
R(D(*)), R(J /), S€T¢~ branching fractions, R+, Ps

« Converging |V, | inclusive and exclusive is a triumph. Need more
effort and ideas for |V, |. Close communication with theorists.

» Precise measurements and excess of rare decays are achieved
with more data. However sometimes new ideas matter.
—> Detecting B decays with neutrinos in the final states in LHCD.
* Looking for the era of Belle Il and LHC Run 3.
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