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Introductlon of EWP ’
Electroweak Penguin
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» Flavor-changing-neutral-current (FCNC) occurs only by loop diagrams
in the SM

— New physics (NP) appearing in the loop can change the variables like
branching ratio, CP asymmetry, and isospin asymmetry

e.g. B—Kn

Today’s topic!

— Electroweak Penguin (EWP) is one of such loop diagrams
» FCNC of B meson is relatively large thanks to Vy,~1

— Highly sensitive to NP

» One of the main targets of B factory experiments

2022/12/13 S. Watanuki @EWP meeting



Introduction of Belle/Belle 1l ’

Run1 Run2
Belle | Z11/fb on Belle 11| 362/tb + ~86/tb on
Y(4ﬂ resonance Y(4S) resonance

Solenoid (1.5T)

imeter
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BELLE Belle IT

B factory at KEK
» Quantum correlated BB pairs from Y(4S) decay
» World record luminosity

Belle Il Online luminosity Exp: 7-33 - All runs

Integrated luminosity
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— Belle Il updated the peak record of Belle
(Linse. = 4.7x103* /cm? /sec.)

» Clean environment with small background
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> Belle Il is smoothly operating with many

2024Hp8rad85 from Belle S. Watanuki @PASCOS 2024 B LA S ”




Topics
1. EWP process B™ — K"vv (Belle 1)

2. Radiative B — K*(892)y (Belle II) New!
3. Radiative B — py (Belle + Belle II)
4. Double-radiative B® — yy (Belle + Belle 1) New!

5. Time-dependent CPV of B® —» KJn% (Belle 1)

NEW!

2024/7 S. Watanuki @PASCOS 2024
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= EWP process B* - K*vv ’

EWP

AN

Box Y Double-charged current
i g
% ff . f’w— ;
b—* <
>

» Dominated by the loop diagrams

— New particles can appear in the loop Enlarged B(B — Kvv) from SM
~ e.g., Leptoquark, indicates LFV B(B — Ktu)

. PRD98 055003 2078
invisible (ALP, dark sector, etc.) : -

10F
» Unlike b » s#*£~, no photon exchange |
between the vv ’

W+

|

v

— Theoretically clean

> 2 reconstruction methods with Belle Il

B(B-KuFr*)x107
=

362/fb: i
1. Inclusive-tag :
. - i Belle excl.
2. Hadronic-tag 11 o AN

1.0 1.5 20 25 3.0 35 4.0
i ®) _ SM
2024/7 S. Watanuki @PASCOS 2024 RS’V)_B(B_)K( )VV)/.B(B—>K( )VV)


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.055003

B Analysis and results ’
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2024/7 S. Watanuki @PASCOS 20345 Br(Bt—K * vb)


https://link.aps.org/abstract/PRD/v109/e112006
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Radiative B —» K* (892)y

Electroweak penguin Spectator-dependent (minor)
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Golden channel of EWP

— Acp is sensitive to the Im(C;)
x4

— Mgy = AKY
to provide a null test for SM

— Ap, was found to be non-zero in
Belle (3.10)

Study with Belle 11 362/fb data

>

>

%>, 10:.be submitted to JHEP

All results are consistent with SM
and the world averages

BR precision is compatible with
that in Belle, even though
systematics dominated

| Bellell — Fit
800
- J' 1 —- B 5 Ky
[ JLat=362T0 qq Background
600 [ I BB Background

N
Candidates / (4 MeV/c?

iy
5.23 5.24 5.25 5.26 5.27 5.28 529
M, [GeV/c]

Preliminary results

— Agp 7 is expected

B(K*y) = (4.12+0.08 + 0.11)x107°>
ACP(K*V) = (Fl?*y - FK*V)/(FI?*)/ + FK*]/)
=(-2.3+1.94+0.3)%

Mep =AY — AT
=(2.2+3.84+0.7)%

Aoy = (FK*oy — Tg+y) /(FK*OV + Tg-+,)
=(5,1£2.0£1.0+1.1)%

‘ 3 error for Agy is due to f1/f0°

Good agreement with the evidence in Belle
ABelle — (62 4+ 1.5+ 1.3)%

S. Watanuki @B phy5|cs seminar (KEK)


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.119.191802

7> P ° °
o Radiative B — py ’
0 45 90 135 180
» The B — py decay occurs via another FCNC 04| o ]
process, b - dy ., Al (pY)
— BRis one order of magnitude less than K™y . /
— Independent NP search from B - K™y oo / |
> Possibility of hidden goldmine oal - b, (a)
Study with Belle (711/fb) + Belle Il (362/fb) 0 o 0 1% 180
> BR, Acp and isospin asymmetries é :Be"e”BO*"OY -
— (Fpoy — Fp+y)/(rpoy + Fp"‘y)) % 40
> In SM, A, should be close to that of B - K™y 2 Zz
— ~20 tension for A4 = (3011$)% to date 10

Conclusion

Preliminary results
* BR(p*y) = (13.1*% 8+%§)><10—7

AAPRPRPIN TPRPTRPIN TP PPPPID DPPP BPUTR BT, v Sl Lol .
5.2 521 522 523 524 525 5.26 5.27 5.28 5.29 5.3

M, (GeV/c?)

» Consistent with world average and SM

* BR(p%) =(7.5+1.3%}

¢ ACP = ( 8.2 i 152t12

)x10~7
« A; =(10.9%113188+3. 8>/o
%

2024/7
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prediction
— Especially, the A, is close to B = K*y
» World best precision is achieved
be submitted to PRD
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Double-radiative B - yy ’

Box diagram Penguin diagram expected small,
but can lead Acp

q
b —s ; f\M—/'?Z q
)4 b W v

> In the SM, the decay is allowed only with loop

diagrams; Exp. U.L.
-7
_ BSM(BO N Y)/) _ (1_4_:1):3))(10_3 Belle (104/tb) < 6.2x10
L - . . BaBar (426/fb) < 3.2x1077
Highly helicity suppressed in comparison to

By — yy (factor [Viq|?/|Vis|? ~ 0.04) 4 ;
> NP effect in the loop can enhance the BF
To be updated by

— Complementary test of C; for different Belle + Belle Il joint
contribution of 4-quark operators — More than 1/ab

— Similar to B - X4y with Wilson coefficient C;

2024/7 S. Watanuki @PASCOS 2024



- D
U[OoUD

(EAFLILE Belle IT
: _ /] - -1 Signal
g - ; e ch(l't =AD" e Background
G30F B =1y — Fit
< F —+— Data
~ 25
~ —
12
220F
Q
@15 F
10 e gl \
- Beam-constrained 43
5F
- massof B,
8.24 5.25 5.26 5.27 5.28 5.29
M, (GeV/c?)
:22 2 1 Signal
§ 20 F PeRoil Ldt0= 62fp- ... Background
g 18 F B —yy — Fit
<« 16 _ —+— Data
; 14 F
€ 12F
810} i
agh | [T 4Ty
af
r13
eataaiadi e e e e ] e i
8.24 5.25 5.26 5.27 5.28 5.29

M, (GeV/c?)

% 35 - Belle f Ldt = 694 fb" Signal e 55 1 Belle det - 694" Signal
= g gy, Background Q Gy e Background
r5 30 F Y — Fit - " — Fit
: 25 E —4— Data E E —4— Data
o : ‘ $20¢}
& 20F —e— a
I | 15}
15F e : Converted
3 L G e < By X 10 :
1% Energy dif. T 8% BDT output
: 5 1 TP
°tb/w beam and B _ e
[ Y S A e ol Peal, 0 Eeeca T

-0.5 -04 -0.3 -0.2 —0.:| I 0

0.1 0.2 0

ol s et er e bl s s TUT P Ryepae
-0.6 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1
AE (GeV) Caor
=*F Belle Il [Ldt=362 " e 8.k semi [a=son Signal
g 14 F f to_ ------ Background o 12¢ e t”— ...... Background
~ B —yy — Fit o B —yy — Fit
© —4— Data Z10 —4— Data
12
S
Q
>
w

N » (=2} -]
T T T

|

e

-0.4 -0.3

o:....l....l...ii.:.l.. IVII P AT Leerail A
0.1 0.2 0 0.1 02 0.3 0.4 05 0.6 0.7 0.8
AE (GeV)

> arXiv:2405.19734
> Observed signal significance is 2.5¢
» U.L. is order of 108

-02 -01 O 09 1

C'BDT

Preliminary U.L. (90% CL)
Belle 54133 4+0.5 <9.9%x1078
Belle Il 1.7537+ 0.3 < 7.4x1078
Combined 3. 7f%:§ + 0.7 < 6.4x1078

(same order of the SM prediction)

— Expected U.L. from the simulation is

2024/7

< 4.4x1078 at 90% CL

S. Watanuki @PASCOS 2024


http://arxiv.org/abs/2405.19734

T'me-dependent CPV of B? - K

0. .11
'y

C’ = (suppressed in SM)

/

* New physics which enhances the right-handed
photon process can allow a non-zero TDCPV for
BY - Vy

» The NP effect can be independent between V =
K*0andV = p°

2024/7

S. Watanuki @PASCOS 2024

b—sy S¢p

Interference is suppressed in the SM
Non-zero TDCPV indicates NP
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e = +1

D o
<5 B? - K2n%y in Belle II
" S !

e - 35 50
Belle Il (preliminary) Belle Il (preliminary)
—> L
tracks T 30T Jede=362 o w40 | JLdt=362fb!
ey KON e B 8
intermediat Bsig (70 »yy S =
---— intermediates @ = ~
Y(4S) - 2 2s(f £ 20}
: E 10
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<A R Y gRAN
beam spot N
0.2um X10 pmx240 pum  Drag i R | L4 g

Y > + | 2
e € il k é
> 362/tb, preliminary result i} Jr*l L4 + t il | .4
-10 -5 0 5 10 -10 -5 0 5 10
> No charged track from the primary vertex At [ps] At [ps]
— Assuming beam spot to which the Ky s K*(892) resonance
momentum is extrapolated K0y
— Very challenging Belle (2006)
Unique analysis for B factory Y (preliminary)
> Belle Il result is better than Belle (2006) for the
* S 0
K*(892) resonance KTV py (o)
— Thanks to the improved flavor-tagging and vertex € (0.6,0.8)U(1.0,1.8)GeV/c?
resolutions K¢y
> TO be SmeItted to PRL | H—O.G‘ | ‘—04‘1 | ‘—0.2” ‘O‘ | ‘0.2‘ | ‘0.4‘ | ‘0.6

2024/7 S. Watanuki @PASCOS 2024 CP asymmetry



Summary
» Reported the EWP analyses in Belle and Belle Il

— Some studies use Belle + Belle Il data to achieve the current best
precision

— No evidence for new physics so far

» Many world-leading results

— 3.5c evidence for Bt - KTvv
— World best precision for B — py, B = yy by Belle + Belle

— Most of them are unique to Belle / Belle 1l for the final states with
neutral particles or missing energy

» Thanks to many updates, some studies in Belle Il showed
comparable (or rather better) precision than Belle

» Please look forward the new results from Belle Il run2!





