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Introduction: b= sy and b—sf +4 -

e Flavor changing neutral current (FCNC) b—s (d) transitions continue to
be of great interest. These processes proceed via one-loop (penguin or box)
diagrams and hence are highly suppressed in the SM
— BSM observability may be enhanced due to smaller SM background!

e b—syand b— sttt decays are theoretically and experimentally clean.
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b—sy (Radiative Penguin) b—sf+8- (EWK Penguin)
Br(b -> sy) = (3.32 + 0.15) x 10-4 Br(B -> Xs ¢+¢-) = (1.58 +0.37) x 10-6 (1 GeV2< g2 < 6 Gel/?)
Br(b -> dy) = (9.2 + 3.0) x 106 Br(B -> Xs ¢+¢-) = (0.48 +1.0) x 10-6 (q2>14.4 GeV?)

* @2: dilepton invariant mass squired

Refs: PRL109.191801 (2012), PRD91(5)052004 (2015), JHEP06(2015)176,
HFAG table (link)
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anqular observable Ps5’

Test of anomalies

= 1'_ e LHCbdata o ATLAS data —:
E m Belledata © CMS data i
. . . 0.5H— . || SM from DHMV ]
Belle Il will be able to provide independent = Dl SMiomASZE -
tests of the anomalies recently observed by NI T ]
the LHCb and Belle experiments in the -05¢ ﬁ . '—H W
angular analysis of B — K* €+€- (P5’) as well e %ﬁ . i E
. . . 0 5 10 15
as in the determination of Rk and Rk- ¢ [GeV?/cY]
[*] lately LHCb had an update to P’s, the excess going
down a bit but still significant, see PRL125.011802(2020)
Lepton Flavor Universality test _ B[B— KWputpu]
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Refs: PRL122.191801(2019), PRL118.111801(2017), PRL125.011802 (2020),JHEP08(2017)055
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Theoretical framework

o Effective Hamiltonian describes the full theory

at low energy (u) in model-independent way: §
Hetr ~ ) Ci(1)Oi(1)
Ci: Wilson coefficient, encode high energy

contributions .§< k
O.: local operators with different Lorentz

1 O,, O, 3
structures radlatlve penguin vector aX|aI vector

_psma o ae ) SN Aok B g focm

e (Contributions from new physics will modify B
Oy o (57, PLb)(ly"l);

O10 x (57,PLb) (byHs0);
Onp O7 o< my(50,, Prb) F'*.

SM contributions or introduce new operators.

CNP

A,;Lleff —

ANP
e b—sy and b—sfH-are sensitive to C7,Co, and C1o
e (Combined fits with different measurements will obtain model-independent

constraints on Cjand hence constrain BSM models
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SuperKEKB and Belle Il detector

KL and muon detector
IP Be"e " detector Resistive Plate Counter (barrel outer layers)
— Scintillator + WLSF + MPPC
B

(end-caps , inner 2 barrel layers)

s L~ “. '?i»'vi-»fa-.., —
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/ . . D ] PRSSEANS EM Calorimeter
electron ring @ ' Csl(T1), waveform sampling electronics
/ (HER) i
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positron ring (LER)

~—
S —

I

—_~ ( Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

£

positrons (4 GeV)

electrons (7 GeV) 3

injector Vertex Detector
and 2 layers Si Pixels (DEPFET) + g
4 layers Si double sided strip DSSD

- g
|
& LINAC

r 7

Central Drift Chamber .E

Smaller cell size, long lever arm

positron dumping ring

o SuperKEKB (KEK, Japan) aims for collecting 50 ab-1 of data, which is
~50 times larger than KEKB/Belle experiment.

e Belle Il detector composed of vertex detector, drift chamber, PID counters,
EM calorimeter and muon detector was designed to cope with higher

background and high trigger rate ~30 kHz.
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Operation status

~5 ab-1 (2023-2024)
'
Belle Il Online lumi it Exp: 7-8-10-12 - All
ellie - n |r:ed IUmanStl ' Xp runs_ 5 10 — [ l : — ' 70
_ 7 ... Inegrate V\;Jerr;:(rwl;sn y o _Lpeak Before IR u;::grade —Int. Luminosity
8 ¢ | = Jcrecoresdt =74.10117) . - g —L__ After IR upgsade 60
%‘ 0 lg ‘;‘n peak :
=T U N /i T— ey ' 150 =
5 F50 8 ,_E, : =
S € @ c
E 40 2 e 6 : RF 40 ‘3:
= O — | 8 2, ’ [partiall S5
g 130 > 1 IR (QCS*) 30 2
S — .- 2 4 : g G
= = = 1 )
£ £ 120 =
o - 10 s —
= 2
0 @ 10
[
a
0 (Tuning) 0
||
ot on 2020/07/51.11:36 J5T 20191 2021/1  2023/1  2025/1 2027/1 2029/1 2031/1

e Belle Il achieved peak luminosity of 2.4 x 1034 /cm?2/sec (old record at KEKB
was 2.1x1034 /cm?2/sec) and integrated ~1 fb-1/day on average in June 2020
(maximum 1.3 fb-1/day). Total 74 fb-1 data has been collected so far.

e Toward the goal of 6 x 103%/cm2/sec and 50 ab-1, further upgrade to detector

and accelerator is planned
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Analysis strategy

e Exclusive mode:

reconstruct a specific decay channel

¢ |nclusive mode:

(1) sum-of-exclusive: reconstruct Xs from as many excl. channels as possible

(2) fully inclusive: all possible X; final states considered

Higher (~2 times) tagging efficiency at Belle Il

e

reco. method tagging effi. S/B ™ l ¥ final
sum-of-exclusive none high moderate DO 08 ( A S) pasrt;zfes
fully-inclusive had. B | very low very good K N PY [T
SL B very low  very good Bt_a,g [ Bsig\\\T _ = |m X|

L moderate good 70 R o

none | very high very bad e | Xs o

|

hadronization

e Energy difference (AE) and beam constrained mass (M) are key variables:

Ee— + Ee+
2

* in center of mass frame

AFE = EB — Ebeam Mbc — \/El%eam — p2B Where Ebeam —
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B— Xsy

® |nclusive measurement can be only performed at Belle Il !!

e B— Xy offers strongest constraint on Wilson coefficient C7
e For BF, ~6% (3.2%) precision with 5 ab-1 (50 ab-1) data:

e Fully inclusive (green and red):
reduce systematics by better modeling
neutral hadrons faking photons

e Sum-of-exclusive: increase the
number of models to reduce the
systematic from Xs hadronization

e Belle Il sensitivity in green considering

improvement in hadronic tagging

30 l lllllll l I||||lll | llll]ll
SRR Bellell Prospects

5 BF [%]

:_ Inclusnve + Iepton tag
— Sum- of Exclusnve

10~ 1 10 10°
Integrated Luminosity ab’
Belle 1l Physics Book: https://arxiv.org/abs/1808.10567
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B— Xsy — CP and isospin observables

e Three important observables, Acp, AAcp, and Ao+, are expected to be determined
to <5% (< afew %) level at 5ab-1 (50 ab-1)

8 = 2 ) A e a - v S A G = < - v AR = - ) v AR ==
Y O N Ul kP o Tt o ety N PO Tt B P S == aa a o Ny Y PN o A =

{ | _T[B=2Xn]-TBoXnl L _TB 2 Xa]-TB" 5 X
_T[B -
i " T[Bo X, +T[B— X [ [BY = X.v] + [ [BE — X

i

{ Adcp = Acp [BF = XTq] = Acp [B® = X09]  « aace~0inthe sm

X

e Precision driven by sample size — o
<

experimental systematic uncertainties can g

be reduced as well as theoretical
uncertainty on hadronic form-factors.
e Acp(B —Xs+ay) is sensitive to BSM thanks

to small theory unc. (while Acp(B —Xsy) has

10 1 10 10°

Integrated luminosity [ab™]

September 22nd 2020, Keisuke Yost



Re-discovery of radiative penguin decay

< 10 _ Bellell 2019 [MB° —K® — K'ry
N ] XS, | preliminary B - K" — K'Y
e Search for B — K™y using three decays: > 8 [Lat-zozn’ EHE =K K
G : - s
K*moy, Kostrty, K*r-y S o
. — . S
e Dominant qq events suppressed with =
L . =
multivariate classifier (FastBDT) 2
. : Ll
Comblned Slgnlflcance more than 50 05.2 521 522 523 524 525 526 527 528 5.29
m, [GeV/c?]
8 N
o7 - Bellell 2019
* A L E preliminary
B - K*[K*n~]ly  19.245.2 4.40 % SF (Larern
+ *+T17+.-07 O 5F f r
BT - K [Kﬂ)/ 98i34 3.70 S F 1B - K% — K'my
1 Q 4
B* —» K**[Kdn*]ly 6.6 +3.1 2.10 S
E’ -
& 2F
. o 1F -
e Time dependent CPV can be measured : J( L.
0 i NI R I o IRTTY KR R PRI S PRI A §8 FETETCY I :
] 52 521 522 523 524 525 526 5.27 528 5.29
in B0 — K*(K0st0)y channel (bL —SRrYR) m, [GeV/c?]
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B— Xs £ + 4 - — simulation study

Belle Il is capable of performing inclusive measurement!

300

e Higher AE resolution (than Xsy) " Belle Il Simulation
¢ Sum-of-exclusive mode: © HOF det =1ab’ B — X[
» Xsreconstruction: é 200 |- [HSignal
Kntr (n=4) and 3K To)
N 150
» at most one Ks9, 0 ~ :
% 100
) Mxs< 2.0 GeV g)
Il 50
b b b b b b b b b

%2 521 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3
e Background: My, [GeV/ c’
» dominated by B(—X{fv)B(—Y¥fv) — it can be suppressed with
missing energy and vertex information

» mis-ID B —Kmi1r to be understood
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B—>X§-€ +-e j

5 dB/dq? [%]

In addition to BF, Arg Is also an important measurement to constrain
Co and C10— Smaller systematic uncertainty than exclusive mode
Uncertainty on BF will be dominated by systematics at ~15 ab-1,
while Ars measurement will be still statistically dominated at 50 ab-?

Acp and Acp(Ars) will also be measured

Belle Il Prospects

35—
—— Nk d B(B"?'1>'“'X"'I+I")'/d“q __
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.......... _ 1035(;ev2 N nans = | Y
— ] 3 | nE R— ,4_[10 35]GeV2/c ST — O

—[35, 60]GeV2/c | e | s
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Angular analysis — B K*@ +¢ - at Belle Il

- s J = i R @ S~ < St = \g S i e < 6 2 3 s - g S~
= e S , L S , B e DN A i m B e U A e e e N T A o el e o e e N e M i e e

£ ¢ Angular observables P’i=1 56, are theoretically

interesting and sensitive to C7, C9 and C1o

1 a‘r 9 [3 |
— —(1-F . 26 F 20 “(1=-F . 20 20
dr/dqzdcos@dcosel(dgbdqz 30 4( L)Sln Kk T I'[COS K+4( L)Sll’l k COS 20,

— F; cos?0y cos 20, + S;sin’0xsin’0, cos 2¢p + S, sin 20 sin 20, cos ¢

Si—4578

\/FL(I—FL)’

7

+ S5 5in 20, sin O, cos ¢ + Sesinfy cos O, + S sin 20 sin 0, sin ¢ P;-:4 568 —

+ Sg sin 20 sin 260, sin ¢p + S¢sin’Gxsin’, sin 2¢ |,

C pa o o —_ ‘g = ac _ 5 — = - P . o e P - . 5 " L pma o o e TNy ‘g = Az _ 5 = - e . e - ac o V7
_p.oama 2 CENS. Bl - Ak A poaa a3 2 e GRS g EXuts e a2 4 e Ach B¢ L sma 2 a2 WO (s a0 s o Sl _am fee 8¢ posma EXuds e s A et Ao A posna

e Precise measurement of B — K* {*{- in the low-g? and high-g< at Belle |l will
provide important cross-check to the anomaly in B — K*u*u-
e Sensitivity of ~5 ab-1 of Belle Il data (~2023) will be comparable to 4.7 fb-1 of LHCDb

1_' v L v ol F B o vt b

- e LHCbdata o ATLAS data ]

: = Belledata © CMS data 1 Observables Belle 0.71ab™! Belle Il 5ab™! Belle II 50 ab-
05— [0 SM from DHMV :

Tk Dsmsomaszs | PL ([1.0,2.5] GeV?) 0.47 0.17 0.054

[ ] [2.5,4.0] GeV?) 0.42 0.15 0.049

111

AT

IIIIIIIIII

llll

O f P (
+ . P} ([4.0,6.0] GeV?) 0.34 0.12 0.040
05 . ﬂ A P! (> 14.2 GeV?) 0.23 0.088 0.027
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-o-LHCb -m-BaBar -a—Belle

S A e

Lepton Flavor Universality < THCD -

* Rk anomalies will be cross-checked at Belle I S

» Similar reco efficiency/purity for electron and muon 03t

0'....1....1....1...1

» Sensitive to both low- and high-g? L
q* [GeV~</c?]

» In addition to Rk, Rxs can also be measured Y J

410) RX — 0.5 [ I‘H(‘h_:
........ p— L ) BaBar -
s B [B N Xs€+€_] [ LHCh B :

,,,,,,,,,, : 0.0 PN TR SR T SN TN TN SN TN NN TR SO SN S N
| | | 0 5 10 15 20

¢ [GeV? /1]

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

R Ry ([1.0,6.0] GeV?) 28% 11% 3.6%
_[.0,6.0/GeVIc® Ry (> 14.4GeV?) 30% 12% 3.6%
L —[14.4, max]GeV2/c' Ry ([1.0,6.0] GeV?) 26% 10% 3.2%

R (> 14.4GeV?) 24% 9.2% 2.8%
N O N O 0 1 BN B 51 Ry ([1.0,6.0] GeV?) 399, 1997 0%
10” 1 10 10° Rx. (> 14.4GeV?) 28% 1% 3.4%

S
S

Integrated luminosity [ab™]
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Qs = Ps% - Py N
10 B
[t 2 -[ 1
. . 05 F _
e Further lepton universality test can be u 3;
performed by looking at other observables :
-05 _
such as Qs (or AArg) in B — K* {*{-channel |
| L0 F = sM from DHMV ’
S R B o O R S e S o R A e R S e T N SR R S R s i O s .} [ NP Example PRL 118.111801 (2017)
£ -5 . vy
. g Q; = PZH — P¢ j’{ 0 5 2 G elg/ , /62] 15 20
Aspn = App(B — K*utp~) — App(B — K*ete™) |
o S A o s S st X 40
| | | o a~ 30
. 2@
e First measurement of Qs at Belle (2017) 20
— Belle Il will be able to measure it with 0
much higher accuracy
5
4
Observables Belle 0.71ab™! Belle IT 5ab™!  Belle II 50 ab™* 3
([1.0,2.5] GeV?) 0.47 0.17 0.054 2 _Q (0, BO]GWM...Z.‘
Qs ([2.5,4.0] GeV?) 0.42 0.15 0.049 i i
Qs ([4.0,6.0] GeV*) 0.34 0.12 0.040 NS R N
2
5 (> 14.2GeV?) 0.23 0.088 0.027 10 1 10 10°
Integrated Luminosity [ab]
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B—- KO)vv

e Theoretically and experimentally cleaner than b—s{*{- thanks to

no photon mediated contribution

\ Aoy
YO

e The decay has never been observed yet
Theoretical prediction:

B|BY — KTvp| = (4.7£0.6) x 10®

HEP02 (2015)184
B[B° — K*vp] = (9.5 £ 1.1) x 10® S L

e Belle Il is expected to observe B—K(vv with 5 ab-1if it’s at the SM rate:

e 10% BF measurement at 50 ab-1

September 22nd 2020, Keisuke Yoshihara
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B—- KO)vv

Since there’re two neutrinos in the final state,

the other B meson needs to be fully

reconstructed (Full Event Interpretation”)

— hadronic (low eff) and semi-leptonic

(higher eff) tagging

Distributions of missing 4-momentum in the CM

frame with hadronic tag. Bkg norm corresponds

to 1 ab-1, while the signal norm arbitrary.

Ref: [*] 10.1007/s41781-019-0021-8
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Events

Efficiency

. Semileptonic Tag /D:
€ = 0(1)% _B"»\f
Knowledge of B, e,
Hadronic Tag
e = 0(0.1)% -———éﬁ;éi
Exact knowledge of Btag\<

6000 |-
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2000

1000

1 2 3 4 5

Emiss+CPmiss [GeV]

Alund
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B—- KO)vv

¢ |n addition to BF, fraction of longitudinal polarization (FL) is sensitive to BSM
e Full Belle Il sensitivity to FL (~0.47 + 0.03 in SM) is about 0.08 for K'0*vv

Observables Belle 0.71 ab™! Belle IT 5ab™'  Belle IT 50 ab™!
Br(BT — KTvb) < 450% 30% 11%
Br(B0 — K*0up) < 180% 26% 9.6%
Br(BT — K*Tvp) < 420% 25% 9.3%
FL(BO — K*ui) - - 0.079
Fr(BT — K*Tvp) - - 0.077

Constraint on Wilson coefficients: Cr and C/NP

——- Belle + BaBar B — Kvv 90% CL excluded

----- Belle + BaBar B — K*vv 90% CL excluded

—— Belle II B — Kvr 68% CL allowed

—— Belle II BR(B — K*vv) 68% CL allowed
Belle II B — K*vv 68% CL allowed

2

€ _
O = (3, PL) (77" (1 = 13)¥)
flavio | 5
0. 8_0 8 0.6 - 04 0. ZCNPO/OCSMOTZ 04 06 08 OR 1(6)7T2 ( 5V PRb) ( ‘ ( 1 — s ) l/>
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Summary

H [6,] (o)} ~
!

w

Total integrated Weekly luminosity [fb~!]

Belle Il has been running well collecting 74 fb-1 data even during

COVID19 pandemic.

Many interesting results (B—Xsy, B—Xs {*{-, K*vv) will be out in

the area of radiative and EWK penguin searches — Stay tuned!

Belle Il Online luminosity Exp: 7-8-10-12 - All runs

| = [ Lrecordeadt =74.10[fb™"]

Integrated luminosity
B Recorded Weekly

T T T T
w B w (o)}
o o o o

T
N
o

Total integrated luminosity [fb~1]

- 10

10 — —
—Lpeak Before IR upgrade || ——Int. Luminosity
= 8 —Lpeak After IR upgrade
q‘m
£
o
2 6
Q RF
2 [partial]
2 IR (QCS*)
g &
£
g , PXD
~ B G
©
[
a
0 _ (Tuning)
2019/1  2021/1  2023/1 2025/1 2027/1 2029/1 2031/1
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Interplay between incl. and excl.

200 T
: | Bellecd Proections:nelusive sl | o Hadronic uncertainties in the
)/ Contours: SM Pull with 50/ab: BR & AFB . ] i
1.5 Red: Exclusive Fit (anxiv:1510.04239 [hep-ph) || Inclusive and exclusive
10 / measurements are independent, and
X | hence the difference between the two
) 03¢ may be explained by these
o_of uncertainties (e.g. charm loop
contribution)
e e Belle Il is capable of doing both
10000 NN e measurements!

~20 -15 -10 -05 00 05
Cyr
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TCPV in K* (KsiP)y

e |nthe SM, vy is mostly left-handed and right-handed vy is suppressed by O(ms/mp).

2m,

Sep| = sin2¢ ~afew %

m,
e However, the right-handed may be induced by BSM effect and mix with the left-

handed. If the hadronic system is in CP eigenstate, large TCPV can be seen

Large mixing in BSM scenarios
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Sensitivity of B—= Xs € +4 -

Belle IT 5ab™ !

Belle IT 50 ab~!

Observables Belle 0.71 ab~!

Br(B — X ,0T¢7) ([1.0,3.5] GeV?) 29% 13% 6.6%
Br(B — X,7¢7) ([3.5,6.0] GeV?) 24% 11% 6.4%
Br(B — X 0T07) (> 14.4 GeV?) 23% 10% 4.7%
Acp(B — X 0707) (1.0, 3.5] GeV?) 26% 9.7 % 3.1 %
Acp(B — X 0707) ([3.5,6.0] GeV?) 21% 7.9 % 2.6 %
Acp(B — X 0T07) (> 14.4 GeV?) 21% 8.1 % 2.6 %
App(B — X 0747) ([1.0, 3.5] GeV?) 26% 9.7% 3.1%
App(B — X 0747) ([3.5,6.0] GeV?) 21% 7.9% 2.6%
App(B — X 4T07) (> 14.4 GeV?) 19% 7.3% 2.4%
Acp(Arg) ([1.0,3.5] GeV?) 52% 19% 6.1%
Acp(Arg) ([3.5,6.0] GeV?) 42% 16% 5.2%
Acp(Arg) (> 14.4 GeV?) 38% 15% 4.8%
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