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Two Anomalies in B decays

e Two anomalies are found in missing energy mode and electroweak
penguin mode
— b—>ctv claimed by Babar, Belle and LHCb.
— b—=2>sl*lI' claimed by LHCb

e These two modes are important guidelines for Belle Il physics program

Missing energy signature b—>ctv electroweak penguin mode b—2>sl*l
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Belle Il @ SuperKEKB

* Highest luminosity collider experiment
— L=8x10%* cm=s?
— E=10.58GeV on Y(4S)
— Energy-asymmetric collisions 7.0GeV x 4.0GeV

* To boost B mesons to measure time dependent CPV

— 50ab™ will be accumulated by 2027

e Contain 1x10'! B mesons, 1.4x10'! charm hadrons, and 0.9x10'! ©
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Belle Il by summer 2019

We started data taking with almost full Belle Il detector
— 2" Pixel layer was partially installed.

Reached 1.2x 103* cm™s (1/2 of KEKB) luminosity while background is
higher due to vacuum level in LER beam pipe. Need scrubbing.

6.5fb! data (1/100 of Belle) were accumulated by this summer.

Belle Il online luminosity Exp: 7-8 - All runs
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Rediscoveries of B decays

e With 2.6fb!

— We observed B—2>J/psi K(*) which are used for calibration of b—=>sl+I-
— We rediscovered the penguin mode B> K*y.
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B Decays with Multiple v

e We need to tag the other B meson due to final states having
multiple neutrinos.

 Three tagging methods
— Inclusive tag
— Hadronic B tag
— Semileptonic B tag

tag-side signal-side




Improvement of Tagging

Full Event Interpretation (FEI)
— Tagging method using multivariate technique

* Hierarchical reconstruction
— More tagging modes than Belle 1
— Both hadronic decays and semileptonic decays can

be used
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FEI successfully reconstructed

hadronic B decays

FEI with real data

Belle Il preliminary

I Correctly reconstructed Jedt=5.15fb"1

U 4000 [ MW Continuum & mis-reconstructed ]
> ¥ Data
& Ngs, =7425 + 152
3000 ]
n Py > 0.1
[=]
<
S 2000
g
b
€ 1000}
&
0
_ 25} E
S pof——— |_|I_||—|_‘_‘_‘|—|_I_II
(=1
2sp
5.24 525 526 5.2/ 528

Missing mass distributions for

B—>Xe*v with the tagged B meson

Can be used for |Vcb| measurement
and extraction of HQE parameters
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B2>D(*)tv

A hint of LFUV are found in b—>ctv
— claimed by LHCb, Babar and Belle.
— ~15% deviation from the SM predictions
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Prospects on R(D*))

We could observe 5c deviation in

R(D) VS R(D*) in 2022 if central value

unchanged
— Sensitivity of R(D*) is 0.006 in 2027.
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Polarizations

Polarizations of tau and D* are also sensitive to NP

e Together with R(D) and R(D*), model discrimination can be
performed

P.(D%)

— Scalar, vector or tensor couplings

0.5

E. Kou et al. 1808.10567

Belle Il Projection

PROST 034028 (23}

— semecombination ~ O|d combination

jon: PRIES 094025 (2012), PRDET 034028 (23}
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Rp+ (£3.0£2.5)% (£1.0£2.0)%

P-(D") +0.18 £ 0.08 +0.06 £ 0.04
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B2>1tv, uv
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b=> sl

e Angular analysis in B2>K*|+I-
o B2>Xsl+l-
e LFU Violation




Wilson Coefficients in b—=2>s processes

In the SM 4Gy 10

— b>sy:C, Hefr = _ﬁv},bﬂi igl Ci(1)Oi(w)

— b=>sll: C,, Cgand Cy

— C,~-0.3,C,~4,Cp "~ -4 O = 1(;2 my (50" Pgb) F,
If NP contributes, e2 _

— Deviation from the SM values Qo = 1672 (57" PLb) (€v,t),

— Lepton flavor dependent Cg 2C,, .2 .

— New coefficients appear O = 162 (3" PLb) (£ryuyst)

* Im(C),C/, Cs, C,, Crand Cg

Vib Vi Ia
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Anomalies in b= sl+I-

e Claimed by LHCb

— LFU violation

Ry =

Theoretically clean

Naive combination of R, and Ry« ~4c
e ~30% deviation from the SM

B(B— Hutp™)

B(B — Heve™)
H=K K* X

g8 s s =
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0.5 |
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Data
LHCb
BaBar

SM prediction |
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Anomalies in b= sl+I-
¥

e Claimed by LHCb 2

e I HCbdata — ATLAS data

’ I

— Angular Observable P . N B ]
* Theoretically dirty (charm loop) [ SM from DHMV

* About ~4c deviation g?=[4,8]GeV2 [ [ASM from ASZB 1

e ~50% deviation 0 I
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Global Fit to b=>s

NP effect in C*
D. Straub@MoriondEW2019

— Ry & Rg- { ‘
b — spp
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P, in BOK*|+l-

e |LHCb can observe the deviation with data
already in hand.

 In 2022, Belle Il can reach current LHCb sensitivity

_ . . 1] '0?? N \' T ' '
Be;lle Il can confirm or deny LHCb anomaly in P & gg X Belle Il Prospects
with o N Pﬁ
e Statistically dominated even with 50ab! 20| sm R N T
NN
_ . -1 ege e . oy ™, .
Wlth 50ab™, the sensitivity is competitive to LHCb 10 current LHCD DN
with 50fb! - RN
M,
NN
4 \\:\\ >
— P,4.0, 6.0]GeV? N
—P, [2.5, 4.0]GeV?
P, [1.0, 2.5]GeV*
Observables Belle 0.71ab™ " Belle IT 5ab™"  Belle I 50 ab™!
. 1 P L
P! ([1.0,2.5] GeV?) 0.47 0.17 0.054 10°" 1 10 10?
! ([2.5,4.0] GeV?) 0.42 0.15 0.049 [ab™]
P! ([4.0.6.0] GeV?) 0.34 0.12 0.040
P! (> 14.2GeV?) 0.23 0.088 0.027
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Reconstruction of B> Xsl+I-

We will use sum-of-exclusive method

— Xs is reconstructed from Knr (0<=n<=4).

*  We can add three kaon modes and 1 modes (two pi0
modes?)

— then combined with dilepton
Reconstruction efficiencies for electron
and muon modes are almost similar

— Good for LFU test

Backgrounds
— Dominated by B>Xlv and B2>Ylv

e Can be suppressed with missing energy and vertex
information.

— Second largest is ee>cc

e event shape information can suppress the background so

much.

We could also use fully inclusive dilepton

but need dedicated simulation study.

Y. Sato (Belle Collaboration), Phys.Rev. D93 032008 (2016)
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o~ C ‘ Pl
. & \\ Belle Il Prospec
BF and A.; in B2 Xsl+|- 5=\ ereox
FB Tl \ \
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© 25_ AN
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The uncertainty of BF is dominated by systematic one 20f \ \
with ~15ab™. ": \\

— Largest one is due to fragmentation modeling which could be - E\
improved by adding decay modes and data driven PYTHIA 105 (1.0, 3.5]GeVE \,:\
tuning. - —[35,6.0]GeV? A

. . 2 1 5F [14.4, max}Cn‘.’2

— We can use finner binning of 1GeV* with 50ab™ or can go :
higher M, cut of ~2.5GeV. 0= ]

A is still statistically dominated thanks to the ratio 10 1 10
observable.

— We can also measure CP difference (or asymmetry) of = 102 T
Forward-backward asymmetry = N Belle ii Pr

< 401 N (B =
Observables Belle 0.71ab~" Belle IT 5ab™"  Belle IT 50ab~! 30 \\ .
Br(B — X (T(7) ([1.0.3.5] G \'-) 29% 13% 6.6% \Q:\\
Br(B — X.((7) ([3.5.6.0] GeV?) 24% 11% 6.4% 20 %
Br(B — Xo(t07) (> 14.4 GoV?) 93% 10% 4.7Y% NN
Acp(B — Xo0+07) ([1.0.3.5 GeV?) 26% 0.7 % 3.1 % 10 Ny
Acp(B = X +07) ([3.5.6.0] GeV?) 2% 7.9 % 2.6 % " “
Acp(B = X 0H07) (> 14.4 GeV?) 921% 8.1 % 2.6 % 4 A
Ap .;(B — X 07 ([1.0,3.5] GeV?) 26% 9.7% 3.1% 3 _ 2 N
App(B — X 0107) ([3.5.6.0] GeV?) 21% 7.9% 2.6% 5 :Esigj 3;3}8::;; ) 3
.4”;(8 L Xt (> 14.4 GeV?) 10% 7.3% 2.4% 14.4, max]Ge
Acp(App) ([1.0,3.5] GeV?) 52% 19% 6.1% ’
Acp(App) ([3.5,6.0] G",\,;@) _]2[:/:[ Zl(i‘:/:[ >_>‘x( 10~ 1 10
Acp(Apg) (> 14.4 GeV~) 38% 15% 4.8%




LFU Violation

In the SM, LFU holds.
— Well tested

While LHCb reported anomalies in the rate, Ry x,.

— Belle and Babar also measured the Ry,
e consistent with both SM and central values by LHCb due to large uncertainties.

Belle also measured angular observables for the first time, Q=P —
— Consistent with both SM and a NP model inspired by R, ., anomalies

Belle will measure the R,. with inclusive decays

Belle Il can measure everything, rate and angular observables



R, Ryx and R,

e Bellellis anideal place to measure the R
— Bremsstralung recovery not difficult
— Dominant systematics from lepton ID ~0.4%.
— Statistically dominated even with 50/ab

e About 20/ab (2022) is needed to observe the NP
in Ry» if central values unchange

Observables

Belle 0.71ab™"  Belle I1 5ab™!  Belle II 50ab ™!

* ~3% for both high and low g?with 50/ab % o c0cov

28% 11% 3.6%
_ Assuming SM values Ry (> 14.4GeV?) 30% 12% 3.6%
_ i Ric- ([1.0.6.0] GeV?) 26% 10% 3.2%
— elD improvement with TOP and ARICH not .. (> 11.4Gev?) 947 0.99 9 8%
included Rx. ([1.0,6.0] GeV?) 32% 12% 4.0%
Rx. (> 14.4GeV?) 28% 11% 3.4%
< 10? = 10° < 10°C
= b‘\\\\' | Prospect = & el Pras “x.ﬂ ““Q\ el Prospect
o N < . ; o
© 40N d = 40 \\ K o 40 \::‘\\
30 \ 30 b““%\ 30 NS
20 N 20 N 20 \\\\
N N AN
N N\ ~
10 N 10 10 NG
\\\ RN N
\ \‘\} N
e, \\. y
4 \\\ 4 X 4 ‘\\\\
31 _ 1.0, 6.0]Ge V2 AN 3 —[.0,6.0]GeV? N 3 1.0, 6.0]GeV? 3
2 —[14.4, max]GeV? 2 —[14.4, max]GeV - 2 —[14.4, max]GeV?
1 1 > 1
107 1 10 10 10 1 10 1C 107! 1 10 26 10
[ab™] [ab™] [ab™]



S. Wehle, Belle Collaboration, Phys.Rev.Lett. 118 (2017) no.11, 111801
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— Can disentangle the NP effect | 1 NP Example
_15 L L L L 1 L L L L 1 1
. 0 5 10 15 20
We can also measure A;; difference between ¢ [GeV?/e?]
electron and muon modes with inclusive decays.
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Overlaid Belle Il sensitivity



B2>K(*)vv



B> K*)vv

If C, is deviated from the SM value, vector
current in b—>svv might be also affected in
some BSM models?

If so, at Belle Il, we can test the deviation
with B2>K(*)vv

The BF is cleanly predicted in the SM.

— F also

Buras, Girrbach-Noe, Niehoff and Straub, JHEP 02 184 (2015)

Mode B [107°]

Bt - Ktviy 3.98 £0.43 £0.19
BY - Kgb‘l? 1.85 4 0.20 £ 0.09
Bt — K*tuir 9.91 +£0.93 £+ 0.54
BY - K*% % 9.19 + 0.86 % 0.50

FPM =047 £0.03

t c

<l <

A J

F 3
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Measurements of B2>K*lvvy

D. Straub, Belle Il Physics Book
Inputs from Al and E. Manoni

e We can observe the B>K*)yv at early
stage (several ab™!) of Belle I, and the
sensitivity of the BF is 10% level with 50ab.

* We can measure the F (K*), which is less i
sensitive to form factor uncertainties than i
BF, with 20% precision with 50ab? N

2
6)
Op = = —— (57, PLb) (77" (1 —75)v)
e? i
Op = @(Sﬂ,«ﬁPRb)(u'}f"(l V5 )V)

Observables Belle 0.71ab™! (0.12ab™ %) Belle II 5ab™!  Belle II 50ab™?

Bl(B+ — KTvi) < 450% 30% 11%

Br(B" — K*%uw) < 180% 26% 9.6%
Br(BT — K*Tui) < 420% 25% 9.3%

Fr,(BY — K*0uw) 0.079

Fr, (BT — K* viv) 0.077

Br(B° — vi) x 108 <14 < 5.0 <15

Br(Bs — v7) x 10° < 9.7 < 1.1
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— Belle + BaBar B — Kvw 90% CL excluded

Belle + BaBar B — K*vr 90% CL excluded
Belle I B — Kvv 68% CL allowed

Belle IT BR(B — K*vv) 68% CL allowed
Belle I B — K*vv 68% CL allowed
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BF(B2>X.Y)

e Exp and theory are in a good agreement
— The uncertainties are almost comparable
— Exp WA ~5% : already systematic dominant
— Theory ~7%
e Strong constraint on new physics
— Constrainton |C,|?+ |C,|?
— Charged Higgs in 2HDM type-l|

e >580GeV Misiak and Steinhauser (2018)
— stop in natural SUSY

Baer, Bager, Nagata and Savoy (2017)

1750

Misiak et al 2015
3.36 + 0.23

Belle 2015 711fb”
Semi-incl.
M,, < 2.8 GeV

Babar 2012 429’
Semi-incl.
M, < 2.8 GeV

Belle 2009 605fb™’
Full-incl.
E, > 1.7 GeV

Babar 2012 347ib"
Full-incl.
E, > 1.8 GeV

CLEO 2001 9.1fb"
Full-incl.
E, > 2.0 GeV

Babar 2008 210fb”
Full-incl. had. tag
E, > 1.9 GeV

PDG 2018

WA
E,> 1.6 GeV
HFLAV 2017

WA
E,> 1.6 GeV

3.75+0.18 £ 0.35

. 3.52 £ 0.20 £ 0.51

3.47 £0.15+£0.40

3.32+0.16 £ 0.31

3.29+044+£0.29

3.90 + 0.91+ 0.64

3.49+0.19

3.32+0.15

15 2 25

[ M [GeV] ] 10 T
15000 |

1250}
1000} |\

750N\

— Model-TIT 4

BF (b->s7)

500¢

250¢

== - - 0.0 0.5 1.0

— taﬂﬁ I B R

* 15'(.&[_.'“,530
=15
== Belle

‘— Belle + 2¢

15 20 25 30 35

3 3.5 4 4.5 5
x 10™

B(B — Xs 'Y)E,{> 1.6 GeV
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BF(B>X.y) in

e Exp : Already systematic dominant

— But large Belle Il data can reduce the
uncertainty to (WA ~2.6%)

* Photon detection etc.

e Theory

— Part of Non-perturbative uncertainties (5%) :
data driven reduction possible

* [sospin asymmetry

Watanuki, Ishikawa et al (Belle), PRD 99, 032012 (2019)
Gunawardana and Paz 1908.02812

* Photon energy spectrum
* HQE parameters from b—>clv and b—=>sy moments

— Other uncertainties also reducible
— 3.5% in 2025 Private communication with M. Misiak

Some people say that BF(B—>Xsy) is already
uncertainty limited at B-factories but it is not true!

Observables Belle 0.71 ab=1  Belle II 5 ab=!  Belle II 50 ab~!
Br(B — X,)[P> "8 5.3% 3.9% 3.2%
Br(B — Xgy)had-teg 13% 7.0% 4.2%
Br(B — Xs7)sum-ofex 10.5% 7.3% 5.7%
Aos (B — Xov)sumeof.ex 2.4% 0.94% 0.60%
Aoy (B — X, qy)padtes 9.0% 2.6% 0.85%

Misiak et al 2015
3.36 + 0.23

Belle 2015 711fb”
Semi-incl.
M,, < 2.8 GeV

Babar 2012 429’
Semi-incl. I —
M, < 2.8 GeV

Belle 2009 605fb™’
Full-incl.
E, > 1.7 GeV

Babar 2012 347ib"
Full-incl.
E, > 1.8 GeV

CLEO 2001 9.1fb"
Full-incl. H =
E, > 2.0 GeV

Babar 2008 210fb”
Full-incl. had. tag — i
E, > 1.9 GeV

PDG 2018

WA
E,> 1.6 GeV
HFLAV 2017

WA
E, > 1.6 GeV

Belle Il 2025
Full-incl. =
E, > 1.8 GeV

3.75+0.18 £ 0.35

. 3.52 £ 0.20 £ 0.51

3.47 £0.15+£0.40

3.32+0.16 £ 0.31

3.29+044+£0.29

3.90 + 0.91+ 0.64

3.49+0.19

3.32+0.15

3.36 £ 0.01 £ 0.11

|IIIIilllliIIIIiIIIIiIIIIiIIIIiIIIIiI|
5 2 25 3 35 4 45 5,
X
B(B_)XSY)E,{>1.BGGV
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Limit on Charged Higgs

e R,atLEP Assuming SM values
— tanf3>~2.5
e BF(B>XsY) Future(2027)
. o
— =>>%900GeV in 2027 Ishikawa’s private estimation E
e BF(B—>1V)in 2027
— tanP/M,, < 0.008/GeV (4% on BF)
— Iftanp=60 > M, >7.5TeV 105 E’Egﬁm‘““’"s il
1 H—=1vitb served, tv .
e And BF(BBSQMH) at LHC IJMS'?QA_F’\;’ IExpected, ;
— i I ,
octan®P in SUSY!! 3:__,3;1*}3'1__6__-?9@&%@____
2 e NN - Fxpecled, tb .
|
10 : =
i I ]
Before ILC measures Higgs couplings, B physics 0.6 \\ : ]

200 400 600 800 1000 1200 1400

observables might give the strongest constraint
m,,. [GeV]

on charged Higgs in 2HDM type-II.
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AA(BOX.y)

A (B2X,y) is sensitive to CPV in NP but theoretical
uncertainty already dominant

I'B— X,v) -1(B—= X,7)

B — X)) +1(B— X,9)

ACP —

New observable AA.;is null in SM and sensitive to NP
AAcp = Acp(BT = X1 y) — Acp(B? — X2v)

5 Azs Cy
e’ p— m(C?)

Azs Cs
~ 0.12 (7100 MoV ) Im (C_7> .

Benzke et al 2011
-0.6 < ACP <+2.8

Belle 2004 140fb

+0.2+5.0x3.0

Semi-incl. Lep. Tag. H 1

M, <2.1 GeV

Babar 2014 429fb”’ 17419410

Semi-incl. b—{ —#

M, <2.8 GeV

PDG 2018 +1.5x2.0

WA —¥—

Belle 2018 711fb™ +1.44+128+0.11

Semi-incl. =

M, <2.8 GeV

IIIIIIIIIIIIIIIIIIIIIIIIIIIII

-15 -10 0 10 15
%

Acp(B = X.Y)

Recent estimation gives larger uncertainty
Gunawardana and Paz 1908.02812

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

Belle measured the observable in 2018

AAcp = [+3.69 + 2.65(stat.) £ 0.76(syst.)] %

Watanuki, Ishikawa et al (Belle), PRD 99, 032012 (2019)
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AA, at Belle |l

* The latest Belle result
AAcp = [+3.69 & 2.65(stat.) =+ 0.76(syst.)] %
— We found the systematic uncertainty is much smaller then statistical one
— And also most of the systematic uncertainties are reducible

At Belle ll, we can reduce the uncertainty to 0.3% level

— If current central value holds, the deviation is about 126 from zero

— If consistent with zero, strong constraints on Im(Cg/C,)
e Theoretical improvement on ~A.4 is desirable.

Observables Belle 0.71ab~" Belle IT 5ab™'  Belle IT 50ab!
AACP(B — Xs“/)sum—of—ex 2.7% 0.98% 0.30%

e |f deviation found
— EW Ba ryogenesis in G2ZHDM Modak and Senaha Phys.Rev. D99, 11, 115022 (2019)

— SUSY Wlth FV trilinea I COU pllng Endo, Goto, Kitahara, Mishima, Ueda and Yamamoto, JHEP 04 (20%8) 019.



Summary

Belle Il has started data taking aiming for 50ab! by 2027.

Missing energy signature is one of the keys at Belle Il physics program
— B-2>D(*)tv

— B2>1v

— b2svv

EW penguin and radiative B decays are very sensitive to NP in the loop
— b>sl+l-

— b2svv

— b2>sy

Stay tuned
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Belle Il Detector

Two significant detector improvements for Radiative and EWP B decays
— Better PID = Kaon ID for B> py(I*l"), B> X,y(I*I"), low momentum lepton ID for b=>sll
— Better and Larger VXD =» TCPV in B->Ksn%, B meson tagging for b>svv

KLong and muon detector:
Resistive Plate Chambers (barrel outer layers)

EM Calorimeter: E
Csl(Tl), waveform sampling -‘\\\\\\\

— Scintillator + WLSF + SiPM’s (end-caps , inner 2
Ty Cbarrel Jayers).
- E— : ¥ —

fication
electrons (7 GeV) ystem (barrel)
Aerogel RICH (fwd)

Beryllium beam pipe . ; | R e ' F
2cm diameter :

positrons (4 GeV)

i

Central Drift Chamber ,_
He(50%):C2Hs(50%), small cells, long. ’“
arm, fast electronics (Core element)
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AA p(B=2>Xsy) and EW

Additional Yukawa coupling p appears in general
2HDM (no Z, symmetry)

A P
Ynij = ﬁ%s@m + 73
o )\{5 P
Yaij = ﬁ ijCp—a — E%‘fa:
o
f ;.
Yaij — + \/g:

If p has complex phase, this could generate CPV
and thus one of the conditions of EW
Baryogensis is satisfied.

AA.p is sensitive to phase in p

Combining H=>bb coupling measurements at
HL-LHC/ILC, additional bottom Yukawa and its

phase can be searched for AAg, =015k

— If found it=> Higgs self coupling measurements at ILC500 BF

Modak and Senaha 1811.08088

Baryogensis

CPV phase ¥
t

H- /W~

Cﬁ_a = 0.1, Pt = At’ Mmy+ = 600 GeV

0. 0.05

ACME Electron EDM Re(Ppb)
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Constraint on Im(C,/C,) and a NP model
with the Belle Result

e Belle result excludes positive region ¢ Exclude parameter space in SUSY.

of Im(C,/C,) better than Babar. — Gluino mediated EWP which explains &’/¢
from CPV trilinear couplings
UI:D Ul"'- 1 T T
é 45 14}

E Most probable value ‘ ]
3 — 15 L

—
N

A N P 2% S Excluded at 2c
2_ .'._‘ s : % 10 l
PN
! N . é /\
1 o
[ \“‘“a__ &_) 8'{
E T <
On e i It i it sy
L RS 6l
1
20 40 60 80 100 120 140 160 180 ale e e
R,5(MeV) 30 35 40 45 50 55

M. Endo, T. Goto, T. Kitahara, S. Mishima, D. Ueda and

—0.17 <Im(Cs/Cr) < 0.86 Tor Azg =89 MeV Yamamoto, JHEP 04 (2018) 019.
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Constraints on Wilson Coefficients

With BF and A,

— We can test the anomaly in exclusive

decays with inclusive decays

Helicity decomposition gives third
observables
Hy Hy, Ha

d2r 3
dg2dz 8

(L +2*)Hp(q%) + 22Ha(q?)

+2(1— ZQ)HL(QZ)J )

z = cos0

MIAPP 20161109

Huber, Ishikawa, Virto, Belle Il Physics Book

2.0 :
: L “ | Belle-2 Projections: Inclusive bsll
. Hubwer, Ishikawa, Virto "2016
15 Y Contours: SM Pull with 50/ab: BR & AFB
. Red: Exclusive Fit (arxiv:1510.04239 [hep-ph])

,"f ~ T T
y lL;/' i '_’\/ - “(a) \\ \ /l
i (g% - \ "II 1
] 1

\ \_\_( I\
—050 0 (B)\
. \\\__5,\-\\ NS
\ N
Saob MAN el A
-20 -15 -10 -05 00 05 10 15

NP
Cq

1 5 5
= = Hp(@?) + Hi(q?).
dqg?

dArp 3 o
= SHa(q?).
dg? 4 alg”)

-6 -4 -2 0 2 4 6 8 10
c‘)

Lee, Ligeti Stewart and Tackmann, PRD 75, 034016 (2007)
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Photon Polarization in b=>sy

In the SM, photon is predominantly left-handed b—=2>sy,.
— Right-handed is suppressed by O(m./m,)

€ .
Oy =15 2"Mb5aL0 oar Left handed
il

e _ , .
Oy, = T MySaro™ bar Flu Right handed

If new physics has right-handed current, fraction of right-handed
polarized photon could be larger than SM.
— Ex. LRSM, SUSY

There are four methods to measure photon polarization on Y(4S)

— Time dependent CPV in B2>f;y & Golden modes at Belle I
— Ayp in B2K (Knm)y

— Very low g? analysis in B>K*ee

— Photon conversion



Atwood, Gronau, and Soni (1997)
Atwood, Gersion, Hazumi and Soni (2005)

Time Dependent CPV in B> K*(K %)y

 Time dependent CPV in BO2>K*% is small in the SM.

‘SCP‘~ m Sln2¢1 a few %

* Ifright-handed new physics contributes to the decay,
larger CPV is possible
2Tmle

IC.[*+[C; 7
* Theoretical uncertainty cancels out by taking a sum of Sin Gratrex and Zwicky (2018)
exclusive B>K*y and B->K,y

S~¢&

SM case NP case

o BO —>XC BO XSCPVL
BY
(bd) " go S 3X CPVR 2 XSty

dotted : helicity flip suppressed by m./m, red : helicity flip + NP
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Measurement of S(B°—> K*0y)

637|At‘/TBO

P(At) = {1 + ¢ [Ssin(AmgAt) + Acos(AmgAt)]}

TRo

e Both Belle and Babar performed the analysis
with 535M and 467M BB pairs.

Sg~0,, = —0.327735 £ 0.05 (Belle)

Sk-y = —0.03£0.29 (stat) £ 0.03 (syst) (Babar)

Entries / (0.02 GeV)

e Belle result is slightly worse than Babar’s since #

of Ks with vertex detector hits, which can be ED 7;;
used for TCPV analysis, are smaller due to o 0.5k
smaller vertex detector. %0-23:
e Of
E-U.25_'
@ -0.5}
>-0.75F
g f




S(BY=2>K*%) at Belle Il

Belle Il vertex detector becomes larger

— R of second outmost layer is 11.5cm (was 6¢cm)
— 30% more Ks with vertex hits available.

1
w s
ffecti : ffici is~20% b © K*y Belle Il Prospect
* Effective tagging efficiency is ~20% better B b (to be updatec
e We can reach 0.03 uncertainty on S. e \\
» .
— Still statistically dominated B N
N 4
10-1 ™~ < \
Mode 5 ab—! 50 ab—! N N
_— —_ o Y,
K*y 0.09 0.030 Belle I N
O 0.19 0.064 Py
: —Kgm'y
102~
20 10 1 10
o] Jayers DSSD strip layprs ab™’
Belle 1 1ﬂ: S ~

pixel layers
Illll.llllI]l.lllllll]lll]lllll

80 20 0 o 90 20 a0 ao s
[em]




Photon Polarization

We can constrain on C;’ from Sy., and
angular observables in B>K*ee at low g?
region, A;?) and A (™)

— Bellell

— LHCb (additional observables S¢y @nd AAM)

Adding S(B2>K,(Kmnm) y) is one of the keys to
improve the sensitivity

— Both experimentally and theoretically
Gratrex and Zwicky (2018)

Akar, Ben-Haim, Hebinger, Kou and Yu (2018)

Ohservables Belle 0,71 ab 0.12 ab Belle I 5ab Belle 1T S0 akb
S 00,29 (0, (KK} (0,030

5 (.63 .19 0.064
Observables Belle 0.71ab~"  Belle II 5ab~'  Belle II 50 ab™!
AF ([0.002.1.12] GeV?2) - 0.21 0.066
Al (10.002,1.12] GeV?) - 0.20 0.064

Im(C/NP)

Belle Il Physics book

0.20

0.15¢

0.10¢

0.05¢

0.00+

—0.05¢

—0.10}

—0.15}

—0.20

—0.15-010-0.05 0.00 0.05 010 0.15
Re(C{NP)

LHCb have additional observables
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