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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 the NP

» One of the main targets of B factory experiments

2022/12/13 S. Watanuki @EWP meeting



Introduction of Belle/Belle 1l

Y (45) resonance

711/tb 362/fb
Belle on Belle Il +a.on

Y (4S) resonance

Solenoid (1.5T)

BELLE

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

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

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

2024}7I pgrades from Bel |e S. Watanuki @PASCOS 2024
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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



EWP process B* - K™vv ’

EWP
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Box Double-charged current
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» Dominated by the loop diagrams

Wl

— New particles can appear in the loop Enlarged B(B — Kvv) from SM
indicates LFV B(B — Ktu)
— e.g., Leptoquark, PRD98,055003(2018)
invisible (ALP, dark sector, etc.) 10

» Unlike b - s#*4~, no photon exchange 8
between the vv

— Theoretically clean

» Two Belle Il results with 362/tb:
1. Inclusive-tag

BB-KuFt*)x107
=

Belle excl.

2. Hadronic-tag 0t et
= 1.0 1.5 2.0 2.5 3.0 3.3 4.0
2024/7 S. Watanuki @PASCOS 2024 Rﬁf;,)ZZf(B—)K(*WV)/Zf(B—)K(*)VV)SM



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

B Analysis andresults - °

Tag side B : Signal 0.92 0.94 0.96 0.08 1.0
: | | Belle I1 pwlmundr\ B BT —=K*tw
= n /E(lt*(36)+4))fl) 1 BB’
I e\:\‘ g : . .
I I D tag Bgigh . = 2000 BN B'B
I ~~~~ ”J: B Continuum
P .
« All accepted ! @ HEC
(inclusive-tag) I .
- l 2 — .2 0
* Hadronic decays | q° = viy - 5
are reconstructed 1 T S N T
. I —o -
(hadronic-tag) 1 4 8251 4 8 251 4 8 251 4 8 25
Tagging method  BR (x10°) Grec [GeV?/ ]
- R =LY T%]\"(jmgv H ked s
Inclusive 28+0.5+0.5 Lol R v QINGCOOROL COINPATISON
H N — R(‘ll(‘ IT ( 3()"2 b1, (‘mnl)in(‘d) ' This
1 +0.94+0.8 [ 1 >4+0.7 This analysis, preli
Hadronic 117582035 d i S Belle IT (5())ﬂ>1 Hl(hom( .stud
: 1 1.1+ 1.1 This analysis. preli H
Combined 2.4+ 0. 5+8i i e ]3(11( ll 150) fb-! In(hM\( ) i
— —0U. 1 1 caalysls, prelimis
> Stud b Belle Il b N ——— ﬁTT<’TT'(TTﬁTT'IT.TTET\T """ nd
I 1 1 RL127, 18180
tu y wit clie 3 62 —.—L Belle (711 fbl, bomlleptonlc)* *Bellle reports
. . 1 1.0+ 0.6 PRD96, 091101 o On y upper
> First evidence of the decay (3.50) . Belle (711 fi-l, Hadronic) fimits.
- 1 3.04+1.6 PRDS7,111103
oy : ; N We calculat
> 2.8c away from SM prediction —— Babar (418 frl, Combined) | g’ ool
» Need to cross check with Belle, and —ot— | e L semilkplonic)
further study in Belle II i AR fadrono)
» Inclusive method established 0 2 4 6 8 10

2024/7 S. Wata 105 % Br(B—Jf—_)K + VI;)



Radiative B —» K*(892)y
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Electroweak penguin Spectator-dependent (minor) ; I - LEEta N
y g J-Ldt=362fb" _-qﬁ_;;ckgrYound
b s b s b 5 % 600 — B BB Background | \\
b S 8 400 — II \
200 | . . . // \\
q q ‘ \ : ! ’ : EE:.);*:_LT‘I"L lO/OLv\
» Golden channel of EWP s s R A
~ Acp is sensitive to the Im(C7) Preliminary results
* * ° * — -5
- Mgy = 45" — A5 is expected |7 BUCY) = (4123 0.08.40.11)x10
to provide a null test for SM cp(K7Y) o (=2. Tl EE )%
Ay, was found to be non-zero in CP CP ce.
Belle (3.16) =(2.21£3.81£0.7)%
Study with Belle 11 362/fb data * Doy = (Teoy = Loty )/ (Tieoy + Tigety )
' . . =(5.1+2.0+1.5%
» All results are consistent with SM
and the world averages I

> BR precision is compatible with Good agreement with the evidence in Belle

that in Belle, even though ABelle — (62 +1.5+1.3)%
systematics dominated


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

D P ° o 8
BELLE Belle IT Radlatlve B ﬁ py
0 45 90 135 180
» Rediscovery decay B — py is another FCNC 04 T ]
b — dy process - A(py)
— BR is one order of magnitude less than K™y . § /
— Independent NP search from B - K™y 0 / |
> Possibility of hidden goldmine oal b, ()
Study with Belle (711/fb) + Belle Il (362/fb) 0 4 1% 180
» BR, Acp, and isospin asymmetries é N S
= [ [Lat=3621b"
(4; = (Tyo, = Ty+, )/ (Tyop + Tyt)) 2 o
> In SM, A, should be close to that of B —» K*y 8 Zz " H
— ~2c tension for A4 = (3071%$)% to date ol I ” I"

Conclusion

Preliminary results

* BR(p*y) = (13.113:3113)x1077
« BR(p%) = (7.5+ 1.3} 9)x1077
+ Ap=(10.91115125535)%

e Acp = (—82+15.2115%

prediction

2024/7 S. Watanuki @PASCOS 2024
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» Consistent with world average and SM

— Especially, the A, is close to B = K*y
» World best precision is achieved



D P o o
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

»> 2405.19734

2024/7 S. Watanuki @PASCOS 2024

— Similar to B - X4y with Wilson coefficient C;



https://arxiv.org/abs/2405.19734
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» Observed signal significance is 2.5¢

> U.L.is order of 108

Belle 54133 4+0.5 < 9.9%x10°8
Belle Il 1.7537+ 0.3 < 7.4x1078
Combined 3. 7f%:§ + 0.7 < 6.4x1078

— reached to the same order of the

2024/7

SM prediction!

S. Watanuki @PASCOS 2024



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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Belle IT

g=+1

D o
<5 B? - K2n%y in Belle II "
; v, ISR,

o . 35 — 50 —
— tracks P el B e
s y KSQ A ’,”:: T 2-25 g_
---— intermediates Bsig @ﬂoﬂ 144 o 2op A =
Y(4S) G Zsf g 56 | Pt
\ \\\ @ 1(5): -+— '+‘ @10t 4 :
beam spot ¥ R Rt S B . 8 .
B AN e 1 >
0.2um x10 pmx240 pm ~ “tag \. | o3 } -
.l_ -+—, -+ e | €
+ | —r 0 £ | 0 £
Lo (s LI
.. -10 -5 0 5 10 -10 -5 0 5 10
> 362/tb, preliminary result At [ps] At [ps]
> No charged track from the primary vertex ¢ K'(892)resonance
. . K0y
— Assuming beam spot to which the K¢
Belle (2006)

momentum is extrapolated C,vo,) Belle
— Very challenging (preliminary)

> Belle Il result is better than Belle (2006) ¢
for the K*(892) resonance Y M(Kksn®) :

. . € (0.6,0.8)U(1.0,1.8)GeV /c
— Thanks to the improved flavor-tagging and ~ Cg 0,

vertex resolutions
-06 -04 -0.2 0 0.2 04 0.6

2024/7 S. Watanuki @PASCOS 2024 CP asymmetry




Summary

» Reported the EWP analyses in Belle and Belle |l

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

best precision

— No evidence for new physics so far

» Many world-leading results

— 3.50 evidence for Bt - KTvv
— World best precision for B = py, B — yy by Be

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

le + Belle 1l

le [l showed

Belle

» Please look forward the new results from Belle Il run2!
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Results
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Acp (%) Bx10°

B - K°[K*n"ly -32+24+04 4.15+0.10+0.11
B® — K*°[Kny - 4.24 + 0.37 + 0.23
B* > K**[K*n°ly 15+424+09 391+ 0.18+0.19
B* > K**[K{n*]ly —-35+434+07 4.13+0.19+0.13
B - K*y —-234+194+03 4.12 4+ 0.08 +0.11
AAcp (%) Aoy (%)
B - K*y 2.2+3.8+0.7 51+2.0+1.5
2024/6/19 S. Watanuki @B physics seminar (KEK)
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Results
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Preliminary result

BR(p™y) =
BR(p%y) = (7.5 + 1.3%}3
— (10.9+11'2+6'8+3'8 %

(13.1123*13)x1077

)x10~7

—-11.7-6.2-3.9

= (—8.2

+15.2119%
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