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Advantages

* Very clean sample of quantum correlated B-meson pairs.
* Low background environment — efficient reconstruction of neutrals (7° n, ..)
e Dalitz plot analyses, missing mass analyses straight-forward.
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-
e Measurement of B — K

*y and B — Xy VEW

~

[Belle, PRL 119, 191802 (2017)] and [Belle conf., arXiv:1807.04236]

 Measurement of time-dep. CP asymmetries B? - Kgny
L [Belle, PRD 097, 092003 (2018)] )
e )
e Angular Analysis of B —> K*£* £~

[Belle, PRL 118, 111801 (2017)]

» Search for LFV decay B — K*0pte~ NEW
[Belle, arXiv:1807.03267 [submitted to PRD (R)]

Search for the Bt — K* 1t 1~

\

[BaBar, PRL 118, 031802 (2017)]

E Search for B — h(*)yv

[Belle, PRD (R) 96, 091101 (2017)]}
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https://arxiv.org/abs/1807.03267

* The decay B — K*y proceeds dominantly via one loop electromagnetic penguin

diagram so-called radiative penguin (b — sy ) transition.
Y

WL(FF;:SJMWKI—‘;JHJJ#I

b (u,c,t) s
 These diagrams are sensitive to the particles from the NP models, that can also
enter in to the loop.

* Among b — sy transitions, B — K*y is one of the most important channel:
* Cleanest exclusive decay among B — Xy
* Large BF: ~4 x 10— about 12% of inclusive B — X,y

* The BFs give weak constraints on the NP as the SM predictions suffer from large
uncertainties (~30 %) in the form factor.
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Ratios with B — K*y

* Ratios of BF cancels important uncertainties (including the form-factor related).

e CPasymmetry (Aqp):
B [(B— K*y) —T(B— K*v))
- [(B— K*y) +T(B— K*Y))

Acp

* Isospin asymmetry (A,,):
- (B = K*9) —T(BT — K*7))
- T(BY — K*0y) + T(BT — K*t7))

Ao+

* Difference of CP asymmetry between charged and neutral B (AAp):

AAcp = Acp(B™ — K* ) — Acp(B” — K™7)

(AA, will be useful to identify NP once A, is observed)

* Ratio of the B.Fs. : BF(B® — K*%)/BF(B, — ¢vy)
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Reconstruction of B — K*y

* Four sub-decay modes: Signal
o [K*O. Ks°7t° K+ Self-tacei Continuum
o« K*t: KSO'J'C+ K*+7c© eli-tagging B—> Xy

« Signal Selection: 3500 MB(_(;:\:}’cz)
d '0.2 GEV < AE < 0.1 GEV 3uuuf be

*  5.20 GeV/c? < M, < 5.29 GeV/c?
* [My,— M| <75 MeV/c?

25003
20003
e Background Suppresion: 1500F

e Continuum: Neural network with

10003
event shape variables -

 photon selection with n° and 1 -
veto. 8 smsm s 528
M, (GeVic?)
e Best candidate selection: My distribution summed four
« Number of candidates per event is channels “with” M(K) selection
1.16 with MC. after ?TU'?] veto

e Random candidate selection.
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Extraction of BF, Ap, Ay, , AA

* Unbinned maximum likelihood fit to M,
distributions:
» Signal w/o 7% (w/ %) : Gaussian (Crystal Ball)
* Cross-feed : ARGUS + Bifurcated Gaussian (the yield is
proportional to signal yield)

SRV

) M, (GeVi
e Continuum bkg : ARGUS Csob NER Y N
* BB bkg : ARGUS + Bifurcated Gaussian Esnﬂé— (b) K~ ﬁ ; EEDD () K'm H] ;
L, S ¢ ] & [
3 400 1] 400 e
BF, Acp, Ay, and AA is extracted in 8 200k crtpos o] ’;—; Ezun T ,.j 5
_ ) T . .
5|.mu.ltan.eous fl't perfor.me.d to seven M ST PR R 597 52 r?ﬁ?a?v?fﬁ
distributions with the likelihood: T R T e &%
s @km 3 @5 ?‘H.z
[ (- C 1]
L(Mye|BY, B, AR5, AS L) <100 f1 umn F 1
, O, Acp, Ac 2 2 ' ]
= LR (M BY) 5 Sﬂ”“*“i”i**‘ﬁ%ﬂﬁ** 5.- § 5n*#i#%ﬂ*h*¥%+n%ﬁ?
— 1o _ :
_ _ Oyt e R Ot eSS
< TILE ™ (Mo BN, AN p) ) TILE ™ (Mo BN, ANp) 7 7 Wiy MGE‘”Eﬁ
G300} 3 G 300f ]
K7/, C AC KTz% 4, C AC = f‘,:“‘ . 1
X TLLRTT (M B, AGp) x LR (Mo |BY. AGp) 3 | (O KSw 2 (9) Ko f%_-
K2m™(q, c 4C K&nt C 4C o 1€ ¢ :
x TILHS™ (Mo |BY, AZp) x TILNs™ (M, |BY . ASp), 2 H; 2,00 H—f
b F‘HMW%# L] T i aua s S Y
=355 55855 508 ”"5!2:'2'5'24'525"51?9’2
M, (GeVic) M, (GeVic?)
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Result: A,

* First evidence of isospin violationinb — s
transition with 3.1c significance.

Ao, = (+6.2 £ 1.5(stat) £ 0.6(sys) = L.2(f, /)% 71—
* Dominant uncertainties are statistical one Ef“:fi“:::‘;’ - °

and due to f, /f,,.

Babar 2009 347fb"

* New Belle result is consistent with BaBar emeines

[Phys. Rev. Lett. 103, 211802 (2009)], and also P06 2017

theoretical predictions within the SM by 52426 —®

Kagan and Neubert [Phys. Lett. B 539, 227

(2002)] and [Phys. Rev. D 88, [ @ e H— o

094004 (2013)].

-10 -5 0 5 10

* This result will be used to constrain NP Ao, (B = K* y) (%]

For example,
Mahmoudi, JHEP 12 (2007) 026 Descotes-Genon, Ghosh, Matias, Ramon, JHEP 06 (2011) 099
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Result: Aqp

T
B— K"y
Tosaiie b . Y
* New Belle results are most precise to date. Tetezeor et
rrdes il oo
* Consistent with zero and previous 4215 e
measurements by BaBar [Phys. Rev. Lett. 103, gy yetivrel —e—
211802 (2009)] and LHCb [Nucl. Phys. B 867, 1 B K™y
(2013)]. Srirasir o
—
* Consistent with theoretical predictions within PDG 2017 —
the SM by Matsumori et al [Phys Rev. D 72, Balls 2017 718"
014013 (2005)] and 5Ky
[JHEP04(2017)027]. . _
* AA. =(+2.4+2.8+0.5)% consistent with zero. I
13+17 =
ryveriied i
re bl a1l ol e a a3y
15 -10 -5 0 5 10
Ace(B = K™ ) [%]
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https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP04%25282017%2529027&v=894a781e

B—> X,y

* For BF. [B — X, 7] Exp. and theory are consistent — Misiak et. al (PRL 2015)
putsastronglimitOnNP lIIIIllIIIIIIIIIIIIlllllllllllllllll
Balla 2015 711 b 3.75+0.18 + 0.35
* Evaluation of constraint on BSM scenario depends [ :<**c" e oo 0o
. Semi-incl. b 3 - e e -
crucially on both the central value and the W, <28Gev )
. . Eﬁh'ﬁ.ﬁ:?_og 6051 347 +0.15+ 040
uncertainties on the B.F. E>17Gev
E:’Jllb?r:g?l? 3471b 3.32+0.16 £0.31
Ffa 1.8 GeV
* WA and theoretical prediction and comparable CLEO 2001 0.1 32940442029
. . E, > 20 GoV
precision ~ 7%. b 2008 2100 3900812 064
E,>1.9GeV o ) o
« At Belle II, precision on the BF will be 3% level. OR o oo —
\Fﬂ.f\v 2017 — 332 + 015
* Need to reduce theoretical uncertainty to search for| ;"
NP! '_:L.I\~|rl1::cs GeV -
IIIIIIIIIIllllllllllllllllIIIIIIIIII

. : 5 2 25 3 35 4 45 5
 Measurement of Isospin Asymmetry improves the x10*

. . . : . . B(B = X Y)g, > 16 Gev
theoretical uncertainty if the value is consistent with TR e
7ero M. Misiak, Acta Phys. Polon. B 40, 2987 (2009)

) M. Benzke, S. J. Lee, M. Neubert, G. Paz, JHEP 08 (2010) 099

e Also, If finite AA, is measured, it is clear sign of new physics
M. Benzke, S. J. Lee, M. Neubert and G. Paz, PRL 106, 141801 (2011)
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B—> Xy

* We reconstruct 38 Xs decay modes with Mode ID|Final State Mode ID|Final State
2 1 Ktn- 20 Kont 7070
M[Xs] < 2.8 GeV/c , P - P
» 11 flavor non specific (fns) modes as 9 Jo 0 oo KO+ 070
marked * are only used for A, 4 K 23 K*n
5 Ktata™ 24* K2n
measurement. - - KOt ne - K-
* Five M,_distributions (B+, B-,B° B%and 7 K*r=r° 26 Knm™
- A0 _ 40 ¢ -+ 0
fnsB) for on resonance data and three M 8 Kgm™m 27 K tnm
. ) ] be 9 Ktata n~ 28%* K%nn®
distributions (charged neutral and fns) for Kortnta— |20 Ktnntn
off-resonance data are fitted 11 K*rtr—x" |30 Kgnmtm™
simultaneously to extract physics 127 Kemtn™n® |31 K
y pny 13 Ktntete 77|32 qu.r]‘r""rc'
parameters. 14%* Kirtntr—n~ |33 KTKTK~
] ] 15 Ktntn—n—n0 |34* K"K K2
AL 22 5= (Ngo + Npo + Ni,,) = (Np- + Np+) 16 KOrtntn—a® |35 R’+R’+R’;Tr_
0— = apn e %
22t L= (Ngo + Npo + Np,,,) + (Np- + Np+) 17 K*a%x 36 K*K~K$
Ne — Npe 18* K3n%x° 37 KtK "‘}g— 0
ASp = ‘\B‘ - \TB charged 19 Ktr nz° |38 K*K~Kgn°
Ngo — N
AN, = BY T BY peytral
’ \BO + :\BD

(;\TB— + N BD) — (f\’TB+ + Np )

fltOt _
(Np- + Npgo) + (Np+ + Npo)

combined
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* We

oo
\
>

<

reconstruct 38 Xs decay modes with

M[Xs] < 2.8 GeV/c?.

» 11 flavor non specific (fns) modes as
marked * are only used for A,
measurement.

* Five M, distributions (B+, B-,B° B%and
fnsB) for on resonance data and three M,
distributions (charged neutral and fns) for

off-

resonance data are fitted

simultaneously to extract physics
parameters.
AO = :B;—g ff:;; (E\TBO + E\TBO + iIT\:T-BI:HS) T (*?\:TB_ + *?\:TB“‘)
T Je= (N o + Nipo + Np,,,) + (N + N+
. Ng- —Npg:
4’46\‘ —
CP = N_._ + Nps charged
AN, = A"TBO — ‘NTBD neutral
’ N BO T N BO
41:0‘5 o (:\T - _'_*?\:TBD) T (*?\:TB‘F _'_*?\:TBD) Comblned

7-May-18
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Results: B = Xy

A, = (+1.70+ 1.39+ 0.87 + 1.15)% | ..A?(BTX.Y).. |
AA, = (+1.26 +2.40 + 0.67)%
Babar 2005 81.9fb N0B6+58+286
Semi-incl. H & H
M, <2.8 GeV
* Theresult for A, is consistent with zero: Bete 2018 711" 170+ 130 21,44
* Can be used to reduce the theory Vi <25 e i
uncertainty for BF[B —>X,v]
 The result for AA, is consistent with zero: | 2 20+ ey RS
e Constrains NP models. e
L Bele 2018 711" +1.26% 2.40 £ 0.67
* Strong limit on Im(C,/C,). e —e—i
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

* Our A,p measurement is also most precise 55 15 -10 -5 0 5 10 15 20
. ) . o
till dat.e, and is consistent null asymmetry AA (B — X21)
and with WA value.
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Measurement of time-dep. CP asymmetries B — K(S)ny

* Mixing-induced CP asymmetry in an exclusive b — sy CP eigenstate mode such as

B? — Kgny is an excellent probe for particular class of NP scenario.

2
* Inthe SM, expected asymmetry |Sqp| = nT
b

>sin(2¢,) ~ a few %.

* NP with right handed current increases the fraction of right handed photon.
* Interfere with the SM occurs and large TDCPV possible

<

i

S =-1.32 £ 0.77(stat.) £ 0.36 (syst.)
A =-0.48 £ 0.41(stat.) £ 0.07(syst.) 0.5

This result is out of physical boundarym

consistent with the null-asymmetry 0.5

hypothesis within 2o as well as with the
SM predictions.

Belle [PRD97, 092003 (2018) |
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Angular Analysis of B > K*£1 £~

d d d d d d
B’ @& 9 KB’ @ T, 0 K B K
b s b b s

w
it
SM NP

/ I

* LHCb reported 3.4c deviation from a SM prediction in P’ for 4 < g2 < 8 GeV?/c?
which was obtained from full angular analysis of B®— K*%u*u-.

T
4 W ss3%CL
[ oss%cL

* Global fit to radiative and EW penguin B decays = —
. 2F i7 Tocludes Low Recoil data
gives Wilson coefficient C,\? deviated about -1 from
SM values 5. of '

* Motivates to check lepton flavor dependence in
angular analysis. _a}

—0‘.15 —Ol.l() —0..05 000 0.65 0..10 0..15
Descotes-Genon, Matias, and Virto &
PRD 88 074002 (2013)
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Result P.": for Combined Data

1.5 [ o e 1.5 e
[ DHMY ] - 0 DHMY

Lol 4 LHCb 2015 ] ok #  LHCb 2015 1

: ATLAS 2017 ] : 4 CMS 2017 ]

i HH  This Measurement | ATLAS 2017 )

051 ] H+  This Measurement ]

:+ | ]

ﬁ:“ D.D;T 7

T T | T ]

—15 L 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | —1 5 L 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 5 10 15 20 0 5 10 15 20

q° [GeV?/c*] q° [GeV?/c?]

* Measurements are compatible with the SM.
* Similar central values for the P.” anomaly with 2.5c tension.
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Result - Separate Lepton Flavor!

15— - 15 —— —
! = DHMV ] ! =1 DHMV

10 _ HH  All Modes _ 10 _ HH  All Modes i
- 1 Electron Modes rT 1 Electron Modes

T HH  Muon Modes | i HH  Muon Modes |
o5 - 05 | | ]
i — ] i ' _ ]
. | 1

= i | 2° oo
.

i | ! . i ' ' :
i ] i I

-1.5 L I I I I | I I I I | I I I I | I I I I ] =15 L I I I I | I I I I | I I I I | I I I I
0 5 10 15 20 0 5 10 15 20

¢ [GeV?/c] ¢ [GeV?/c']

.
r

* The Largest deviation in the muon mode with 2.60.
e Electron mode is deviating with 1.10c.
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Result - Separate Lepton Flavor!

* Test lepton flavor universality.
* Observables Q, = P’*— P’ [JHEP 10, 075 (2016)]
* Deviation from zero very sensitive to NP.
L5 —— B ——

[0 SMfrom DHMV |
[ NP Example

10[

-05
-0 ~1OT =3 sM from DHMV
- 1 NP Example
_l 5 ||||||||||||||||||| _1‘5 I R SR
0 5 10 15 20 0 5 10 15 20

* No significant deviation from zero is discerned.
* Qg and Q;observables in agreement with SM and favoring NP scenario.

Belle [Phys. Rev. Lett. 118, 111801 (2017)]
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Global fits to b—>s

* Including P;, Q,, b—>sy R[K™], B, —>pu

37\

T T
[T i i
i ~ . .
[ s :
i B et
L H o H
b : e, :
[ c il [TIATLAY
L . 2— (i Bell
o e U : = ome]
F : ; 1 117 LHCb:
(@

7-May-18

1 flavio w212

LFU observables
b — sup global fit
all

all, fivefold non-FF hadr. uncert.
|

=15 =10

—0.5

0.0 0.5 1.0

ReCl

i :
i : @
i ! N
2-2-- --------- I S
E ' T ATLAS
10 __‘w Belle
i ] cMs]
; 1 LHCb
[ : .EI All
w0 : S
-1 H L ¥y ooUUr
i 5 J 5
1 . . 3
—2H A R e tescccosct e
i i i J
-1 0 1 2 3
NP
Cgp

1.5

—— LFU observables
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----- b — spp global fit
ip«t all
: :I T - - T - : T T
-20 -15 —-10 —05 0.0 0.5 1.0
ReC¥

Capdevila, Crivellin, Descotes-Genon,
Matias, and Virto
JHEP 1801 (2018) 093

suggests Cy ¥ ~-1.1

Altmannshofer, Stangl, and
Straub
Phys. Rev. D 96, 055008 (2017)

A combined fit singles out
NP in the Wilson coefficient

CILl as a possible explanation.

20




Search for LFV decay BY — K*Outet

* Measurements from the LHCb have exhibited possible deviations in R(K) and
R(K*) from LFU. PRL 113, 151601 (2014), JHEP 08, 055 (2017)

* Violation of LFU i mpani LFV.
olation of LFU is accompanied by LFV. ¢ |, "\ how et.al PRL 114, 091801 (2015)

* Recently, LFV decay B® — K*%ufe* is searched at Belle.
arXiv:1807.03267 [submitted to PRD(RC)]

* K% m* u*ande* candidates are selected from tracks near IP and satisfying PID
requirements. Inv. mass from K-t should be within 100 MeV window around K*°
nominal mass.

e continuum background events are suppressed using input variables based on
event topology in a NN. Another NN is used to suppress background originating
from B-decays. B® — K*%/y was a good control sample and it is also used to
calibrate the NNs.

set of vetoes applied to suppress events from B® — K*0 [K*r ~]J/y[€* €] decays
in which one of the leptons is misidentified and swapped with the K* or .
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https://arxiv.org/abs/1807.03267

Search for LFV decay BY — K*Outet

e good agreement between data
and MC for both the number of
events observed and the shapes
of the distributions.

* No signal is observed — UL is

derived.
Mode € \ BUt
(%) (107)
B >K*u‘e- | 8.8 |—-1.5%7 | 1.2
B®— K*ou-e* | 9.3 | 0.40748 | 1.6
B® - K*opte® | 9.0 | —1.27%8 | 1.8

Upper limit at 90% CL.

Babar, Phys. Rev. D 73, 092001 (2006)

K*Ou=e*

220MBB
O

Belle (2017)
TT2MBE

K*uFe™

107"
|
L
107 -
I K*ute
7-May-18

Events / 0.003 GeV/c? Events/ 0.003 GeV/c?
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30F —
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20F Q r
S 20
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i)
c
10_+ + +++ ++ +H% + 2 10
r wr
55 + H 5F
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W L
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077521 5.22 523 524 5.25 526 5.27 528 52¢
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o
BD? o
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, gl
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Search for the Bt— Kttt 1~

* Thedecay B™ - KTt 1t is the third gen. family equivalent of B* - K*£*¢~;
may provide additional sensitivity to NP. L. Calibbi et. al [PRL 115 181801 (2015)]
 An important potential contribution to this decay is from neutral Higgs boson

couplings, where the lepton-lepton-Higgs vertices are proportional to the mass
squared of the lepton. T. M. Aliev et. al [J. Phys. G 24 49 (1998)]

« Analysis based on the 424 fb~! (471M BB pairs) data sample at BaBar.
* Hadronic B-tagging technique is employed. (t© - p*v,v;and T° - e*v V)

amm o . . e U ety
Signal with arbitrary norm. . c e FE s
% . . Ni 4944+24+29 458 +24+32 5924+28+35
A Combinatorial. bkg
- e iy (1075 1.1+£02401 13+£02+01 21402402
— Peaking in M, Nipe A5 19 92
Data Significance (o) -0.6 -0.9 3.7

T T T T T

The UL on the BF(B™ —» K*t*t~) with all the 3
modes combined at 90% CL is:

<2.25%x 103,
BaBar [Phys. Rev. Lett. 118, 031802 (2017)]
[SM prediction: 1-2 x 1077]
: s, : C. Bouchard et. al [PRL 111 16202 (2013)]
oa Rz o ez TR T J. L. Hewitt [PRD 53 4964 (1996)]

Entries/0.04
@
=]
[

100 f—
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Search for B — h{*)yv

* Search for B— h*) vv at Belle, where h = K*, K?, K**, K*0,1t*, n° p*, p°

* Proceeds via penguin or box diagrams:

b (u,c,t) s b (u,c.t) s Belongs to the
e theoretically cleanest
woow modes in the field of

FCNC processes.

r
As the transition
\\ mediates by a Z-boson
v Y

alone

N
<l

\Y

* SM prediction for the BF ranges from 1.2 x 10”7 (B—>n%v) to 9.2 x 10® (B—>K**vv).
[A. Buras et al. J. High Energy Phys. 02 (2015) 184; C. Hambrock et al. Phys. Rev. D 92, 074020 (2015).]

* Experimentally challenging, tagging of companion B meson needed.
* measured at Belle using Hadronic tagging [Phys.Rev.D87 111103 (2013)].
* measured at BaBar utilizing both hadronic [Phys. Rev. D 87, 112005 (2013)] and
semileptonic tagging [Phys. Rev. D 82, 112002 (2010)]
* Semileptonic tagging in this analysis.

Belle [Phys. Rev. D 96, 091101(R) (2017)]
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Reconstruction of B — h{*lyy

* Semileptonic tagging for companion B

(Biag):
* Hierarchical reconstruction of B —
D™ £y using Neural Network. T(48)
2 -3times efficient than hadronic /" Biag  Buig
tagging. K-
* B, candidate is combined with the

reconstructed signal (B..,) decay product

sig
to form an Y(4S) candidate or signal event
candidate. for eg. B* — K*vv
.. . -r:%re m-“continuu_m‘ I B*-background
* No additional charged track, n° or K? in an B*background {113 SM predicton * 4
10—
event. o

e Continuum events are suppressed with the
event shape variables.

entries per 0.1 GeV
[e2]

* Signal extracted in extra (additional)
energy in the calorimeter

Egq in GeV
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Results

e Signal Extraction:
* Fit with template histograms.
e Signal and Background ( ,
continuum, light quark pairs).
* Relative fractions are fixed to MC
values.

Events /(0.1 GeV)
Events / ( 0.1 GaV )

02 04 O

- 6 08 1 1.2 02 04 06 038
Ere, (GeV)

Egp (GeV)

(a) Bt — K*ui (b)y B°  KEui

Events /(0.1 GeV )
Events / { 0.1 GeV )

7
G
5
4
3
2
1
00

* No statistically significant signal yield

02 04 06 08 1 12

observed. e
(¢) BT - K*tup
‘ : : — _ 1 J ;
Channel Observed signal yield Significance 2 2
| T G it 15 L]
Koup 0.6+42+14 0.06
K*tup 162+74+1.8 236 °2 04 St ' T 02 04 Se0l 1 12
K9p —20+£36+£1.8 0.00 (&) B —n'vp () B® — =vp
ntup 5.6+ 15.1+59 0.06 N " —
up 024+56+1.6 0.00 S = JF = J( o
prup 6.2+123+24 0.30 5 1] J_r er 5" %'@
POvi 119 +£9.0 £ 3.6 1.20 7o 1 ity i Jq:—
Ece, (GeV) E.q (GaV)
Belle [Phys. Rev. D 96, 091101(R) (2017)] (@ B — prvi () B® — pwi
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Upper Limits

¢ BaBar hadronic ®  BaBar semileptonic
A DBelle hadronic result == SM prediction
* Most stringent upper limits A Belle recent result
on BF[B = h*)vv], where
h(*) — K+, KSO’ K*o; TC+, 71:O’ p+ R A A
0
and P . B 101} : ¢ ’ A
O A
xS A A A
* Golden channel for Belle ll. & 0 A - R
©
£ A
@5 A ® A =
5 1075} _— A
107°

Ktve Ksvwv K*'vy K ©tve 7 v ptuw
B decay channel

7-May-18 FPCP 2018 Hyderabad | S. Sandilya




Measurement for B — K* v is performed and First evidence for Isospin
Violation in b — s transition with 3.1c significance.

New measurement of B — X.y is performed A,_ and AA; are studied.

First Lepton Flavor dependent angular analysis of B — K*£* £~ performed:
Consistent with both SM and NP with Cg "* ~ -1.1.

Searched for the LFV decay B® — K*u*e* at Belle, and the most stringent
limit derived.

B* — K*t*1~is searched at BaBar. No significant signal is observed and UL is
derived < 2.25 x 103 (90% CL).

Search for B — h(*)lyv is performed. Most stringent limits till date in most
channels. Close to SM prediction in K*) mode. Golden channel for Belle II.

Thank you 6‘5‘6563"’6"@)0 Ygdiq
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Extra Slides
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Result : BF (B > K*v)

* New Belle result is consistent with the previous
measurements
* smaller (~10%) than BaBar [Phys. Rev. Lett.
103, 211802 (2009)] result which dominated
the PDG average.

e Also consistent with the theoretical predictions
by . [J. High Energy
Phys. 08 (2016) 098.]

* Most precise measurement of the BF(B — K*y)
and splits the difference between theory and
experiment.

Belle measurement from 121 fb! of data at Y(5S) for BF

(B, = ¢y) is used for the:
BF(B® — K*%y)/BF(B, — ¢y) = 1.10 £ 0.16 + 0.09 + 0.18

Belle result is consistent with LHCb [Nucl. Phys. B 867, 1
(2013)], and theoretical predictions [Eur. Phys. J. C 55,
577 (2008)] and [Phys. Rev. D 88, 094004 (2013)]

7-May-18

B—uI{"}T

Belle 2004 7oL’
4.01+0.21+£ 017

Babar 2002 347
447 £010 £ 0.16

POG 2017
433 *0.15

Belle 2017 T11fb"
396 £0.07 £0.14

B K™y

Belle 2004 THiE!
4,25 + 0.31 + 0.24

Babar 2009 3470

4,22 +014 + 016

PDG 2017
421+ 0.16

Balle 2017 711fb"
376 £0.10 + 0.12

=

2.5
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Result : BF(BO — K*9y)/BF(B. — ¢y)

* Belle measurement from 121 fb1 of
data at Y(5S) for BF (B, — ¢y) is used.
[Phys. Rev. D 91, 011101 (2015)]

* Only K*0 — K*r~ mode is used to cancel
. LHCb 2012 1.0fb™
common SyStematICS 1.23+0.06 +0.04 £0.10 i
* BF(B°— K*%)/BF(B, — ¢y) :
1.10+0.16 £0.09+£0.18

Belle 2017 711fb™ + 1210 — Py
e Belle result is consistent with LHCb 1.10+£0.16 £0.09 +0.18

[Nucl. Phys. B 867, 1 (2013)], and
theoretical predictions by Ali, Pecjak o~ 02 04 06 08 1 12 12
and Greub [Eur. Phys J.C55,577 (2008)] B(BO BN K*D Y)XB(B — 0 .“,)

]

and [Phys. Rev. D 88,
094004 (2013)]
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Theory uncertainty on BF[B — X_ V]

Theory uncertalnty in total : 7%
lops to the total uncentainty are of f 03 t

mmpt'muhilw:: (£5%)) higher-order (£3%), interpolation ’%
)

(L£3%), and parametric (£2%) origin. They are combined
M. Misiak et al, PRL 114, 221801 (2015) i, d - qu/l/l/

— Largest one is nonperturbative effects which ]/Ill/L
are dominated by resolved photon contributions
(AB.,). A hard gluon (Og) absorbed by a (spectator)
quark, and then a photon emitted. S. J. Lee, M. Neubert, G. Paz, PRD 75, 114005 (2007).

* |Interference between this effect and leading
hard process is proportional to quark charge

resolved photon contributions

— AB_, can be related to Isospin Asymmetry (A,.)
An. — (B — X»4)-T(BT — Xv)
T (BY = X))+ (B — Xov)
AB  QutQu (1£0.3)
B - Qd_'@t: 3

Measurement of Isospin Asymmetry improves the
theoretical uncertainty if the value is consistent with zero

M. Misiak, Acta Phys. Polon. B 40, 2987 (2009)
M. Benzke, S. I. Lee, M. Neubert, G. Paz, JHEP 08 (2010) 099

ﬂu_{]ﬂzﬂ.g}: Ap_
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AAsin [B — X_y]

* However, by taking the difference of A, between charged and neutral B
(AA ), the terms having CPV in SM cancel out, and only the term
proportional to Im(C,/C,) remains.

* Inthe SM, both C, and C; are real while in NP models, this observable
could be a level of 10% in magnitude.

* |If finite AA.p is measured, it is clear sign of new physics.
AAcp = Acp(BT = XFy) — Acp(BY — X2v)

= 477~ agﬁlm ( Cﬂ)
TTg C’T

<012 A\ - r % - ,
-~ 100 MeV c, ) L7 MeV <A-g < 190 MeV

M. Benzke, S. J. Lee, M. Neubert and G. Paz, PRL 106, 141801 (2011)

* We performed measurement of A, and AA., as well as A, for charged,
neutral, averaged and combined B decays
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Constraint on Im(Cg/C,) and a NP model

* Qur result excludes positive region of * Exclude parameter space in SUSY.

Im(C;/C,) better than Babar with a — Gluino mediated EWP which explains &'/e
factor of 3. from CPV trilinear couplings

14]

< 180F
=

Excluded at 2c

"?'E 1 60} SR N ; HE ': N

< : .

120}

100[-
80[
60

12}
t L

AAcp(b-sy) [%]

C, M. Endo, T. Goto, T. Kitahara, S. Mishima, D. Ueda and
—0.34 < 1111(('&#'(_"?) < 0.58 for A-s = 89 MeV K. Yamamoto, JHEP 04 (2018) 019.
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Time dependent CPV

» At Belle Il, significant improvement in the determination of A(t) in K0 is
expected.
— Belle Il vertex detector is larger than Belle (6cm — 11.5cm).
— 30% more Ks with vertex hits available.
— Effective tagging efficiency is 13% better (conservative estimation).

* Expected errors for S measurements of K% and p%.

o1 Mode |5ab? |50ab! < S— BRARRESRRaSS ny

L. ——— Belle 2006 ! —

o E Kn% |0.09 |0.030 08| — wroans | :
Pewvibmnncdeie i i =2 o} 1 Belle Il, 5ab :

e O O 1 o v N N I P [ Belle Il, 50ab” : 7

________ pOy 0.064 0.4 ]

L SvsAin B—>K®y
-0.6 i
1 I 1 L 1 I 1 1 1 I 1 1 1 | L 'l 'l I 'l Ll I Il Il Il I Il
06 -04 02 0 02 04 06
S
160 deviation with 50 ab-1.

10?
ab”
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Full Angular Analysis

[ Generator rI:Ii5,1rl|:-utn:|n ' "\\\\I //// I

B /i Sideband J % ;//7

B 1Y) Rideband % %
by s
\ /
\ o

© © jJeof o

_:;\\ ,:;
| /
1 B
§ 7
6 B

o] 5 10 15 20
¢ [GeV*® [c!]

The observables are depended on qz = M? +o—
The differential decay rate for B — K*{T™ ¢~ can be written as

1 il _° 3{1 F; ) sin® 6 + F, cos® §
dr/dg? dcosf, dcosfx dp dg® 32w | 4 L Rt K

1
+ 1[1 — F.)sin® f cos 26,

— F; cos? B cos 26; + S5 sin? A sin® §; cos 2¢)
+ S, sin 26k sin 20, cos @ L+ Ss sin 20 sin §, cos @
+ Sg sin? B cos B, + S5 sin 20k sin B, sin ¢

+ Sy sin 26 sin 26, sin ¢ + Sg sin® B sin® 6, sin2¢ ] :
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Folding Procedure

» With a transformation of the angles, the
dimension is reduced to three free parameters

» Each transformation remains three
observables S;, Fi and S5

¢ — —0 for ¢ <0 » The observables
F’,;,Sd,: O—T— 0O for€L>?r/2
o 6, forf, > /2 P! = J=tere
m— T/ 2. i=4,56,8 — ;
L — [ lort/ = .-'I./ _ \/F;_(1 — FL)
Pl o= -0 forgp <0 are considered to be largely free from
505 O — m—0, forf, > /2, form-factor uncertainties

» Transverse polarization asymmetry

A(Tz) _ 25
(1 — F;_)
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