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Electroweak and radiative penguins

b — s transitions: flavor-changing neutral current
not possible at tree level in the standard model (SM)

® Predictions for branching fractions ~10-7—10-4,
with 5—30% uncertainties (dominated by soft QCD effects)

Highly sensitive to potential new physics (NP) contribution
® Mediators in loops or new tree level diagrams

e Sources of missing energy (e.g. b — s + DM)
® Can modify rates, asymmetries, and angular distributions

=> Plenty of opportunities to probe the SM and explore the NP
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® Precise predictions for angular observables, asymmetries, and ratios
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Belle || @ SuperKEKB

Krand u detection
K p-resolution: 15 MeV

—nergy-asymmetric e "e collisions at 10.58 GeV

identification efficiency: ~90%

)

corresponding to the Y (4.5)-resonance mass EM Calorimeter

Energy resolution: 4%-1.6%

‘,.

Vertex Detector
Vertex resolution: 15 ym
e "

e BB at threshold production: low background

e Collide point-like particles and nearly 4z coverage:
: N : : : : - _
reconstrulct final s*l[a es with neutrinos or inclusively slectrons (7 GeV) ~re //{ \ \
e Flavor universal: similar performance for electrons and muons 1 el |
7 & T Jin
entral Driit Chamber K eff. 90%, fake mt rate 5%
' _ : Spatial resolution: 100 \
Selle 11in 2019 2022' | -~ pdE/d;i:solfﬁon: S%m §‘ E
g world-record luminosity by SuperKEKB: 4.7x1034 cm-2s- pr resolution: 0.4% %

g collected 424 fb-1 of data
g now starting one year stop for vertex detector completion and

Improved beampipe

~7.5m

Today’s results from 63 fo=1 and 190 fo~1
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Reconstruction technigues

A typical BB event generates ~10 tracks and ~10 photons

Challenge: measuremer

ts of inclusive decays or decays Including neutrinos suffer from missing kinematic info

For example, B— Ky, -

e|Nnformation from partner B (tag) provides insight about signal B

ully-inclusive B— X,y

e[\lethods specific to B-factory experiments
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Purities of the tagged samples, available physics olbservables

Tagging efficiencies, achievable yields
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arXiv:2206.05946

Preparing for R(K™) (1)

Belle || can provide independent check of R(K!) anomalies with few ab-

© 14| Belle II (Prehmlnary)
> 12_]%dt—189flt3r o
Q) - === Signal — e e_
Belle | search for B—K'(892)I+1- (I = e, u) with 189 fbo- B 10 7 Background A
g 8 — —— Data
Challenge: limited by sample size a ;L
e Reconstruct K'—= K+z-, K*z9, KOsz+ + 2 same-flavor leptons :EJ ‘F L L ‘\
e Background suppression: charm veto (e.g J/w—Il), BDT to suppress (2) !
Caﬂdldates frOm e+e'—>qq aﬂd Other e+e'—>Bl_5’ 52 5.21 522 523 524 5.25 5.26“::7[G5€.2\3/C2.]29
e Signal yield extracted from the fit of M, . = \/ b pB >and AE = EZ — Epeam NS': 2(2) Belle 11 (Prehriunary)
> 18 fﬁsdtl_ 189 fb~*
Q) 6 -—- |gnar ]
Decay Belle IT (10~°)  PDG (10~9) B 4 | - Backaround
Q ala
B— K*ete~ 1.424+0.48+0.09 1.19+0.20 S
B— K*utp~ 1.19+£0311)0°  1.06 £ 0.09 g ¢
g .
2
Precision for e and u channels in same ballpark, ~25—30% %2 521 522 523 524 525 526 527 528 529

M, [GeV/c?]
.


https://arxiv.org/abs/2206.05946

Preparing for R(K™) (1)

Belle Il measurement of B—J/wK decays with 189 fb-

Not an EW penguin process but a control channel for B— KI+I-

=> Validate Rx measurement, lepton identification

e Reconstruct B+— K+J/yw and B9— KOsJ/yw decays (J/y—ete, utu)

e Signal yield extracted from the fit of M. and AE

BB — KJIy( = u*uo))

Re(Jy) =

kW) BB — KJ/ly( — ete™))
Observable Belle 11 Belle (2021)
Ry+(J/v¢) 1.009 £0.022 £0.008 0.994 £+ 0.011 £ 0.010
RKg(J/¢) 1.042 +0.042 == 0.008 0.993 £ 0.015 £ 0.010

Lepton identification systematic uncertainty improved wrt Belle
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PRL 127, 181802

Search for Bt — K vo ()

SM probe complementary to explain b—sll anomalies (€.Q pross.0ss03, PRD102.015023)

Reliable prediction (ho amplitudes with virtual photon) Kt\ N Y4 N
BFSM(B+—>K+VV) = (4.610.5))(1 06 (aniv:1606.00016 U: BT <= ( S) — b ::
1

x 102

- l I l ' l ' I ' I l I I ' l l I l I l ' —~

g | Belle II gl _
i 1 Neutral B ]

[ Charged B

=> Unique to Belle |I
Challenge: two neutrinos in the final state and limited sample size

e Associate all remaining tracks and clusters to other B in the event

Use inclusive approach to search for B+— K+w in 63 fb- 6L F :
Signal kaon = candidate - track with the highest pr j —t _
4 1 B"—K"ww _

¢ Exp 8, Run 3123 -

fraction of events

® Use 2 consequent BDTs based on kinematics, event-topology,

tagged B, and vertexing variables, to suppress background



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.055003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.055003
https://arxiv.org/abs/1606.00916
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

PRL 127, 181802

Search for BY — K*ui (Il

Signal from maximum likelihood fit in bins of pt(K*) and BDT output

- Corresponding upper limit @ 90% CL

- Branching fraction BF(B+— K+w) = (1.9119) x 107>

—1.5
BF(B+— K+w) < 4.1 x 107

Signal strength comparable with the SM at 16 and with background

only hypothesis at 1.3¢

Orevious approaches

nclusive method offers 20% —350% sensitivity improvement over
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400

300

Events

200

100

0

0.93<BDT5<0.95]0.95<BDT5<0.97:0.97<BDT5<0.99: 0.99<BDT, ]

I -
CR1 1 : Belle IT _ ;
s :[£dt=(63+9)fb

B+ Kt i -
Neutral B -
Charged B
Continuum _|

Data

~HH0N.

: scaled by 2 ]

0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.5/0.52.0 2.4 3.5

pr(K™)[GeV/c]
Average

1.1+0.4

I T T T ]

—
. Belle II (63 fb~ !, Inclusive)

1

1.9%1% This work

Belle (711 fb~ !, SL)

1.0+0.6 PRD96, 091101

° Belle (711 fb~!, Had)

3.0+1.6 PRD87,111103

Babar (429 fb—!, Had+SL)

-
0 W W

0.8+0.7 PRD87, 112005
l ] ] ] l 1 1 1 I | 1 | l

2 4 6 8 10
10° x Br(BT—K " vp)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Radiative decays district
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nclusive BF(B = X ()

b— sy has higher rates and is sensitive differently to NP wrt b—sli Yo AT
Inclusi Exclusi S B e BT
nclusive xclusive . ~
“xperimental challenge X, + otc. 5

Theory challenge

Ef - photon energy In the Bsigrest frame

Study of inclusive B — Xy decay. In addition to NP searches extract:

e some SM parameters, €.g. Mass of b—quark [RevModPhys88.035008] c [ e T
O I [rdt= 189.3 fo?
e shape function describing the motion of b-quark inside B eaiizrioen @ 440, . me.
Today: BF(B— X,y) and photon spectrum with hadronic tag in 189 fo-1 & oneertainty band.
(O
Challenge: suppress and subtract background contributions lﬁ el I
® Reconstruct tag side using multitude of hadronic channels R
() S E E——— el i o
e Reconstruct signal photon candidate with highest EJ S
EIY 1.0 — } } ! Tl
B <|s 107
(EF > 1.4 GeV) = T tdrm

16 1.8 20 22 24 26 28
12 E5 reconstructed, GeV

=
~

e \/eto photons coming from z0 and » decays


https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.88.035008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.102001

® SUppress ete-—qq background by combining event-topology,

nclusive BF(B — X.y) (Il

Biag Kinematics, and vertexing variables in a BDT.

e Determine number of well-reconstructed Biag mesons in data and

simulation® by fitting the Mpc distribution in bins of Ef .

*B— Xy IS excluc

e From Ef distributions obtained in data subtract those in simulation

ng

ed f

rom simulation

=> QObtain number of B— X,y decays.

e Calculate partial branching fractions in bins of Ef

[pdE, e - Np

A]iDATA ( NB KG,MC)

- number of events in data (simulation)

U; - unfolding factor
€i - signal efficiency

NB XY _
NB number of BB pairs

number of B— Xy events
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Events/(0.4 MeV/c?

Pull

Fitted yields per E? interval

200

150 |

100 F

)
o
T I T T T

- Belle ll prellmlnary
- [£=189.3fb1

1.8 GeV = E{f < 2.0 GeVj

2k

5.245 5.250 5.255 5.260 5. 265 5.270 5.275 5.280 5.285

tag -side My, [GeV/c?]

IIIIII

rrrrrrrrr

' Belle II prellmlnary

[£=189.3fb1

BB backgrounds
Total simulation uncertainty
{ Yields from data fit

AAAAAAA

l

Signal region

——

1.8 2.0 22 24 26
EYB reconstructed, GeV



Inclusive BF(B — Xy (Il

e Integrate results for various E,’ thresholds

E? threshold, GeV

B(B — X,v)(10™%)

1.8 3.
2.0 3.

54 + 0.78 (stat.) £0.83 (syst.)
06 & 0.56 (stat.) £0.47 (syst.)

® [ argest systematic effects due to simulation mismodelings

and bkg normalization data-simulation discrepancy.

e BaBar hadron tag result for E; > 1.9 GeV (210 fb-1):

(3.66 + 0.85 + O.60)X1 04 [PRD77.051103]
o SM prediction for Ef > 1.6 GeV: (3.40 + 0.1 7)><1 O~ wHEP0B(2020)175]

Competitive with the Ba

" —

1 dl

M5 dE,

per E7 interval

Sar hadronic tag measurement

14

150 x10~* Belle Il preliminary fL‘ =189.3 fb~!

{ Measured result
1.25 | L__1 Hybrid B - Xy model

[ Hybrid model uncertainty
1.00 _ _
0.75 | . —

: === T 1
0501 T ... | ! R

: I ‘- ]

_ I — 1 |
0.25 Eeist " f = :

I 1 I
0.00} .................................................................................................. S

—-0.25 F
1.8 20 22 24 26
E® [GeV]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.051103
https://link.springer.com/article/10.1007/JHEP06(2020)175

Summary

e h— s transitions offer powerful probe of the SM and physics beyond

e h—s studies are essential portion of the Belle |l physics program

> Unigue access to radiative and missing energy modes

® Measurements with 63 flbo-1and 190 fb-1 presented:
> B— K'll branching fraction;

NEW! > Branching fraction, isospin asymmetry, and Rx(J/y) of B—J/wK decays;
> B— Kvv branching fraction;

> B— K™y branching fraction;

NEW! > Partial branching fractions of B— X,y decay with hadronic tag approach.

Belle Il is on track to carry out independent and/or unique searches of NP indications In

15

-\W and Rad penguins
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arXiv:2206.05946

Measurement of BF(B — K*£¢

B — K*ete™

Entries /[0.0033 GeV/c?]

Entries /[0.0033 GeV/c?]

M, = \/ B2 2 AE = E% — Ey .

22 . - —
.o | Belle II (Preliminary) = 18F Belle II (Preliminary)
oF J £ dt =189 fb~! G 6F [£ dt =189 fb~!
= Signal O | = Signal
16 N M
= =1 Background 8 | == Background
14 | = Total o 2l = Total T
12 F & Data — 10 | - Data ~
8 = :
6 -
6 5 : uszr iy
4 “r \
2 2F
0 ok e
52 521 522 523 524 525 526 5.27 5.28 5.29 -0.15 -0.1 -0.05 0 0.05 0.1
M, [GeV/c® AE [GeV]
14 | Belle IT (Preliminary) >, [ Belle II (Preliminary)
[ L dt =189 fb~! o _f[Ldt=189 fb!
12 ' signal ~ 14T " signal
[ o [
10F == Background 2 12 | == Background -
| == Total ~ | === Total
i 10 F -
8 H —# Data 3 . —# Data
: ‘ S 8F + *
6 = - .
: L 6 -
4 F :_ LT . - .
“ 4 [ . --
2 ! 2
0 X 0 L : . M T B
52 5.21 522 523 524 525 526 5.27 5.28 5.29 -0.15 -0.1 -0.05 0 0.05 0.1
M., [GeV/c?] AE [GeV]
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https://arxiv.org/abs/2206.05946

arXiv:2206.05946

Measurement of BF(B — K*£¢)

Entries / [0.0033 GeV/c?]

30

25

20

15

10

(6))

0 -
52 5.21 522 523 524 525 526 5.27 5.28 5.29

B - K*¢f1¢~

Belle II (Preliminary)
[L£dt =189 fb~*

= Signal

= = Background

== Total

—4 Data

M, [GeV/c?]
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Entries /[0.0078 GeV]

Belle II (Preliminary)
[ £ dt =189 fb~!

= Signal
==+ Background

| — Total
—& Data

2015 _0.1 _0.05 0  0.05 0.1
AE [GeV]


https://arxiv.org/abs/2206.05946

Measurement of B — J/wK decays

Branching fraction

Decay Belle IT (10~°)  PDG (10~°)
Bt - K*J/¢Y(—ete”) 6.00+0.10+0.19 6.09+0.12
Bt - Kt J/¢Y(— utp~) 6.06+0.09+0.19 6.08+0.12
B —» KQJ/{p(— ete™)  2.67£0.08+0.12 2.66+0.10
B - KQJ/Yp(— ptp~) 2.78+£0.08+0.12 2.65+0.10

BB — Klly(— u*u))
BB = KJly( — ete™))
Observable Belle 11 Belle (2021)

R+ (J/¥) 1.009 £0.022 +0.008 0.994 & 0.011 =+ 0.010
Rio(J/1)  1.042£0.042+0.008 0.993 £ 0.015 = 0.010

R (J/y) =

A, — (T8+/T80) (f*/ f) (nsig/€) K97 w(ee) —(Msig/€) | K+ /w(e0)
=

(7B+/7TB0) (f*/ ) (nsig/€) KQ.J/(¢¢) +(Nsig/€) |K+1/p(e0)
Observable Belle II Belle (2021)

AI(J/’(ﬂ — 6+6_) —0.022 £ 0.016 £ 0.030

— —+ +
Ar(JJ — ptpm)  —0.006+0.015+0.030 O00e* 000720024

19



Measurement of B — J/wK deca

& > 140
S - . . % - . .
S a0 b Belle Il (Preliminary) > 0 f Belle Il (Preliminary)
2 C |Ldt=1891b" g Z Ldt =189 fb’
g 200 |- :(ﬁ 100 :—
2 - B’ > KgJy(e" @) S sf B° — K% Jip(e* &)
§ 150 [ = N
"g - ¢ Data & 60 :_ ¢ Data
S 100 | === Signal - - = = Signal
: Background 40 Background
50 - I Fit 20 — Fit
O 2 521 522 525 524 525 520 527 528 529 %1 005 o oos 0.1 0.15 0.0
M, [GeV/c?] A E [GeV]
= S E = 3 F
- 2 o 2 |
1 ;— ] §_
0 E- ................................................................. 0 ;__ _________________________________________________________________
-1 3 -1 %—
S E LE
N = > -
LQ 350 |- o [} o ..
3 = Belle Il (Preliminary) > 250 | ¢ Belle Il (Preliminary)
300 [ - E p
2 - f Ldt =189 fb” S 500 | f Ldt =189 fb
o 250 | % K
Q C . - 0 0 + -
8 o0 B = Ksdp(uw) S 150 | B” — Kg Jip(u" w)
: = -
S 150 b ¢ Data O ; ¢ Data
8 g - Signal 100 N - Signal
100 £ Background - Background
o | = Fi 0 — Fit
0 1 L A 1 L) A
%52 521 522 523 524 525 526 527 528 529 ~0.1 ~0.05 0 0.05 0.1 0.15 0.2
M, [GeV/c?] A E [GeV]
g g °F
2 2 E
1 1 E—
cAR e el e a0 o Erand s L B Al M o
B iy
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Measurement of B — J/wK decays

Candidates per 1.5 MeV/c?

Pull

Candidates per 1.5 MeV/c?

Pull

900 F
soo i Belle Il (Preliminary)
700 £ f Lt = 189 fb
600 | * , ,
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2 E
1 E
0 g.. .................................................................
4 B
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2 :
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2 600 f Ldt = 189 b
(0] N
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S : B" — K" Jip(u" n)
S 400 |
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Events/(0.4 MeV/c?)

Pull

Events/(0.4 MeV/c?)

Pull
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Inclusive BF(B — X %)

TABLE I: Partial branching fraction measurement results and uncertainties. Note that
signal efficiency and background modelling uncertainties are correlated (see Sections \7_2

and ED

E7 [GeV ] 1“13 jgi (10~%) Statistical Systematic profelfiure . f?ilcgllelriy Bri((:)l:igeﬁ(l)ilrllzd Other
1.8-2.0 0.48 0.54 0.64 0.42 0.03 0.49 0.09
2.0-2.1 0.97 0.31 0.25 0.17 0.06 0.17 0.07
2.1-2.2 0.13 0.26 0.16 0.13 0.01 0.11 0.01
2.2-2.3 0.41 0.22 0.10 0.07 0.05 0.04 0.02
2.3-2.4 0.48 0.22 0.10 0.06 0.06 0.02 0.05
2.4-2.5 0.75 0.19 0.14 0.04 0.09 0.02 0.09
2.9-2.6 0.71 0.13 0.10 0.02 0.09 0.00 0.04
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