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Electroweak penguin decays
e B— K"~
@ Towards R(K):
B*(B%) = JW K" (KS)
e B" - K'ui

Electroweak radiative decays

0 0 _+ -
e B 5 K*”r'r

o B - KIK2y @ Inclusive hadronic tagged B — Xy



Electroweak and radiative penguin decays

Box and penguin transitions

@ Flavour changing neutral current is not possible at
tree-level in the Standard Model

@ Mediated by loop/box diagrams
@ Branching fractions ~ 1077 -107* = ‘rare’ decays

@ Beyond-SM particles may also mediate b — s
transitions and affect:

@ Branching fractions
@ CP asymmetries
@ Angular distributions

— measure observables directly and/or as ratios

Radiative transitions

Notable example of a ratio observable:

BB - Ku'tu)

Ro = N2 AK I J
K B(B - Kete™)
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Measurement strategies at B factories

@ B factories are excellent suited to study rare decays
— Nearly 47 coverage
— Low combinatorial background
— Both B mesons can be reconstructed

@ Some studies may have signal B mesons with missing kinematic information, e.g.,
inclusive measurements, or when neutrinos are present in the final state
— Accompanying B meson (tag-side) can constrain the signal side

Tagging efficiencies, achievable sig-
-un'ties of the tagged samples

Fully inclusive, no tagging Hadronic tagging
B — anything B — hadrons,eg. B — D™ nr

Variables for candidate B meson quality:

beam-constrained mass energy difference
Mo =\/(F)? = (p5)? NE=E;-%
where

@ /s is the colliding beams’ center-of-mass energy
@ pf, Ej are B meson momentum/energy in the colliding beam rest frame
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Thermal imaging Emperor Penguins in Terre Adélie, Antarctica
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Electroweak penguins
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B — K*("(” arXiv: 2206.05046 Palfmd

Belle IT
€@ w|Belle II (Preliminary)
3 12_fLsrdt|: 189 fh~! .
@ K™ is used to denote K*(892)0 and K*(892)" implicitly @ . |- ssgoma (B = K'jee
8 10 = Total
@ Observation of B — K* ¢/ is the first step towards Ry+ SR T”ﬂ'ﬂ
- % 6
@ Reconstructs K* from K* or Kg with =~ or 7° e, .
Background suppression: Hoep l l
o Dilepton mass Veto),e(s: 52 521 522 523 524 525 526’\::7[G5e2\?lc52]29
=B - JY(- U)K
=B - w(25)(—> EE)K* T iz E Belle IT (Prelimi]nary)
¢ p 3 SE[Ldi=189 b
=:B,_) K™~ photon conversion S - asgrouns B K* g
@ e e — qq: boosted decision tree (BDT) 8 1| —Towm
g 12 F - Data
Results: % ol
3 °R 1.
@ Two-dimensional fit to My, and AE is performed g : #
0 + o + . . . . 2F
© 26% (1")/ 34% (e7) branching fraction precision )
M, [Gevic?]
Mode Observed events  Branching Fraction (><10_6) World Average (><10_6)
B- K'e e 22+6 1.42 £ 0.48 +0.09 1.19+£0.20
B K*utu 1846 1.19+0.3170:%8 1.06 + 0.09
P 5, o B


https://arxiv.org/abs/2206.05946

Towards R(K): B*(B®) - JlwK*(K2) arXiv:2207.11275 D

Belle IT

@ Not b — s transition, BUT a critical control channel for R(K)

@ Proceeds via b — ¢ favored tree level transition = high branching fraction
@ Reconstruct: B — Jfip[— £€]K from candidates that succeed a vertex fit
@ Extract signal by fitting My, and AE

> > .

g 800 [ Belle Il (Preliminary) J.Ldt —189fb"” g 800 [ Belle Il (Preliminary) ILdt —189 fb-1

0 s

s + + + - s B+ N K+ J + -

& a0k B" > K" Jy(e" €) & sool y(u" W)

3 + Data pil 4 Data

o 400 - === Signal % 400 | = === Signal

% wun Background ‘g ' Background

gu 200 b Bz Jy(e'e) S 200 F ‘:_ - 7 Iy (ew)

— Fit = Fit
201 ;0105 0 0.05 0.1 0.15 0.2 90.1 —(‘).(‘)5‘ 0 L0.05 0.1 0.15 0.2
A E [GeV] AE[GeV]
Mode NJjyp —ete™ Nyppspt = RK(J/"Z) )

B - K+J/1j; 3706 £62 4578+ 62  1.009 £ 0.022 + 0.008
B - KgJ/w 1052 + 33 1343 +37  1.042 £ 0.042 + 0.008

— Lepton ID systematic <1% and smaller compared to Belle [JHEP 03 (2021) 105] result
N R


https://arxiv.org/abs/2207.11275
https://link.springer.com/article/10.1007/JHEP03(2021)105

B—>K*O+_

D
D

BELLE

arXiv:2110.03871

@ A highly suppressed decay proceeding via FCNC with B ~ (’)(10_7) in SM

at 90% confidence limit (CL) [PRL 118, 031802]

@ Hadronic tagging is used to reconstruct the

accompanying B meson

Four tracks required:

=Kaon candidate from K* and 7~

=7 >0 v orT ST vy

Signal region, Eﬁxctia < 0.2 GeV

— The total energy of the neutral clusters detected
in the ECL not associated with either tag B meson
or signal B meson.

Binned maximum likelihood fit to Eﬁ’gia is

performed, no significant signal found

o 31 generation version of B —» K*¢¢
@ Only BY - K'7"77 limit by BABAR
- BB > K'ttr7 ) <2.25%x107°
@ The first search for the neutral channel
E [ .:.Es)z;:al [x(-10)] iggﬁ"
by B -- BB qq
> i -- Rare B utv
;‘5; 1001~ Belle prellmlnary
I JL£=711 fb~
50
okt i R i i
=
R [ S ++ bty
e L0 LRI ?
i
0 0.5 1 15
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EZ® (GeV)

- Ngjg = —4.9+6.0 and Nz = 122.4 +4.9
- B(B® > K**"77) <2.0x 1072 at 90% CL
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https://arxiv.org/abs/2110.03871
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802

B+

- K'wir (1/2) PRL 127, 181802 Py

Belle I

@ b — svv are a complementary to b — s/ studies B
v v
@ No ¢F in final state: sidesteps some theoretical uncertainties
@ Predicted B(B* = K*vi) ~5x 107° W* .
[JHEP. 2015, 184 (2015)] , [arXiv:2207.13371] b w s/d
@ Challenging due to presence of neutrinos in the final state uet
@ Previous analyses use tagged approaches: low efficiency
— No analyses thus far observed signal b s/d
- B(B* - K*vi) < 1.6 x 107° at 90% CLPPC] z
14
@ An inclusive tagging technique is set up for the first time v
@ Performed on 63 fb™" of data
102
of melen TS0 ]
=3 Chrged @ Signal candidate: single highest-p1 kaon track

[

~

fraction of events

)

@ Rest-of-event: remaining tracks and energy deposits
= n (accompanying B meson)

¢ Exps Run3123

@ Two sequential BDTs are trained that combine event
topology, signal kaon and rest-of-event properties,
vertexing information, etc. to remove backgrounds

2 3 5
pr(K7) [GeV/e]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://link.springer.com/article/10.1007/JHEP02(2015)184
https://arxiv.org/pdf/2207.13371.pdf

BT -

@ BDT performance in data tested using
B — K" JJy) (= p* ™) validation channels
@ Simultaneous binned maximum likelihood fit is o2
performed in bins of kaon-p7xBDT, ’

K v (2/2)

SM Average
Ve

lle Ii (63 fb ,Iln(',lusl\u)

| _o—

o

_._Belle (711 b
PRDB7, 111103

Bcllc (711 fb !, SL)

PRD96, 091101

!, Had)

Babar (429 fb ! Had+SL)

PRDS7. 112005
1

4 6 8

10° x Br(B*—K " vp)

10

PRL 127, 181802 Pl

Belle IT
1.0 - - T T
Belle I ---- Expected
08 . [£dt=(63+9)f" mmm Expectedlo |
B K Expected+20
g —— Observed
e 0.6 1
4
3 0.4 90% CL 1
O Expected: 2.3x10°°
Observed: 4.1x10°° ]
0.0 i S x10 °
0 4 6 8

B" — K'ww branching fraction

@ No statistically significant signal observed: CL is
@ Statistically compatible with other results

@ More sensitive per integrated luminosity
compared to tagged methods:
— 20% better than semileptonic tagged
— 350% better than hadronic tagged

@ Belle Il in a position to provide world-leading
measurements in the near future
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

10.0°C

Biol. Lett.9:20121192

Radiative penguins


https://royalsocietypublishing.org/doi/10.1098/rsbl.2012.1192#d15291458e571s

B’ - KIKdv (1/2) PRD 106, 012006 Placy

BELLE
@ b — d transition, not measured before
5 — only B = py and B — w+y observed exclusively before
“ o KgKg system must have an even spin (Bose Einstein stat.)
b ~ ,jJKQ — Because it's a radiative decay, J = 0 case is excluded
B0 " {5 5 — Can occur via intermediate tensor states
s

4 v'}Kg, Neural network used for:

0 .
@ Kg selection

@ dominant e"e” — qg suppression

@ M, fit is performed in 10 bins of dikaon mass, Mk € (1.0,3.0) Ge\//c2
@ 2.5% average signal efficiency

P - —
§ © Bell : gg‘:(inupm MC Mgk GeV/c2 Partial OBF upperJ|7m|t
> 1 mam B-generic MC at 90% CL (107 ")
o 5 I L +711 fb B-rare-charged MC
o mm B-rare-neutral MC 1.0-1.2 0.7
S 4 o B->DoKOMC 12-14 238
g 1.4-16 1.7
2 1.6-18 1.1
< 1.8-20 2.9
w 20-22 25
22-24 2.4
24-26 13
1 15 2 25 3 2.6-28 23
My (GeVic?) 2.8-3.0 1.2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012006

D
D

BELLE

B’ - KIKdv (2/2) PRD 106, 012006

@ The number of observed candidate events is 9, no significant signal found

@ The expected number of background events is estimated from MC as 4.5 + 0.7 and

validated using a fit to the full Mk € (1.0,3.0) GeV/c2 region

— Total

o~ 0 Bell — signal
2 _ -1 ... Background
3 o JL=[T1 A
U]
©
S sf —+
o ——
P
£ <+
& o2l -

0 IR T T .
_ 2
20

-2

52 521 522 523 524 525 526 527 528 529

M, (GeVic?)

@ Upper limits at 90% CL are calculated:

o B(B - KIK2y) <58%x107"

Intermediate tensor states:
o £(1270) : 3.1x 1077 (1.00 GeV/c? <Mxx<1.44 GeV/c?)
o £(1525) : 2.1x 1077 (1.44 GeV/c? <Myx<1.63 GeV/c?)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.012006

B — X,y with hadronic tagging ICHEP 2022 .:B

Belle I
Motivation:
@ All b — sv final states are considered, hence inclusive
— Complementary to exclusive: e.g. form factor uncertainties avoided gl e

@ SM parameters describe E, spectrum in decaying B rest frame:
— my; Fermi motion of b [PRL. 127, 102001]

Measurement:

@ Inclusive analysis: only photon constrained on the signal side
— Large background process contribution
— Challenging to suppress them without breaking the ‘inclusiveness’

@ Accompanying B meson is reconstructed using hadronic tagging
— High purity sample

— Direct access to EE, photon energy in signal B meson rest frame v <
- Tag side
@ Hadronic tagged study performed only once by BaBar (210 fb 1) (Hidmnic)

[Phys.Rev.D 77 (2008) 051103]
— Belle Il is in a position to improve this in the near future
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https://agenda.infn.it/event/28874/contributions/169346/attachments/94601/129574/EW%2BRad%40ICHEP22_v5.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.051103

B — X,y with hadronic tagging ICHEP 2022 Al

Belle I

Signal candidate: Highest energy photon in event, E,"f > 1.4 GeV

General background suppression
@ A BDT is trained to suppress events consistent with ete” - qq transition
— Only use features that are not correlated with E,“f and My,
Signal-side (photon) background suppression
@ Main background: photons consistent with 7° - 7y and n — -y~ decays vetoed
Tag-side background suppression
@ My, fits in bins of reconstructed Ef extracts correctly tagged event counts

@ Continuum and combinatorial BB event contributions removed
Selections and fit validated on 1.4 < Ef < 1.8 GeV control region

IS
S
S

Belle Il preliminary 1.6 Ge\/sEe <1.8 GeV:
[c=189.3b1

w
S
S

»4
o
)

Events/(0.9 MeV/c?)
w0
5
5

No

0 Fam T - Py

Pull

L L L 3 L \- L L
5.245 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
tag-side My [GeV/c?]
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https://agenda.infn.it/event/28874/contributions/169346/attachments/94601/129574/EW%2BRad%40ICHEP22_v5.pdf

B — X,y with hadronic tagging ICHEP 2022 .:B

Belle I

@ After fitting: correctly tagged non-B — X can still remain
— Simulation is used to determine the size of this background

Belle Il preliminary [c=1893fb" 1.50 X10~* Belle Il _preliminar, [c=189.31b1

2000

I Measured result

BB backgrounds
125 T2 Hybrid B~ X.y model

©
>
g 17%° Total simulation uncertainty —
€ 1500 | Yields from cita ft [ Hybrid model uncertainty
& 0 g {‘ I
U £ o
& 1000 == W oso | | W
n o ! ]
8 Signal region @ ke !
E 750 fl) 0.25 i
> 500 SIE o0 L
E 250 i e i
£ e -025
01 4 1.6 18 2.0 2.2 2.4 2.6 2.8 18 2.0 22 24 26
E8 reconstructed [GeV] Ef [GeV]
B . . _4
E. threshold, GeV Branching fraction (10 )
1.8 3.54 +£0.78 (stat.) * 0.83 (syst.)
2.0 3.06 + 0.56 (stat.) * 0.47 (syst.)

= Dominating systematic uncertainties related to data-simulation differences
Competitive with BABAr (210 fb_l) measurement [Phys.Rev.D 77 (2008) 051103] :

3.66 + 0.85 (stat.) = 0.60 (syst.) x10™* (EE > 1.9 GeV)
Consistent with world average (includes all tagging approaches):
(3.49 £ 0.19) x 10 *[PDG]
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https://agenda.infn.it/event/28874/contributions/169346/attachments/94601/129574/EW%2BRad%40ICHEP22_v5.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.051103

Summary

@ b — s/d transitions are highly interesting for the theoretical and experimental
developments in the SM

@ Belle / Belle Il continue to provide unique and competitive electroweak penguin results

Results covered:

0 *0 _+
@ B oK - }Updated upper limits

@ B% > KIK2y
° * o+ )—
B KL First steps towards Ry
@ B- KJlY
@ B - K'ui — New approach, higher sensitivity
Belle I @ B — Xy with hadronic tagging

— First Belle/Belle Il b — sy measurement with this method

= stay tuned for many more exciting results with larger datasets
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KEKB and SuperKEKB colliders

@ SuperKEKB is an assymetric e" e collider constructed by upgrading the KEKB B-factory.

@ Located in Tsukuba, Japan

KEKB:
@ 3.0 GeV e and 8.5 GeV e beams

@ Max. instantaneous luminosity:
2.1x10* em™s™

Belle Il detector

Henrikas Svidras (DESY)

electron-positron
injector linac

o (e'e’ — Hadrons)(nb)

SuperKEKB:
@ 4.0 GeV e' and 7.0 GeV e beams
@ X1.5 beam currents

@ x1/20 vertical beam size
— Target: Up to 20-30 times higher
instantaneous luminosity

@ Current record instantaneous luminosity:
4.7x10* cm s

25 e . ‘ ‘ ‘ ‘
¢ CLEO ]
15f ]
10r a BB threshold ]
i
sl 4.‘ 't S
[ e e, UYL TR SN
T(18) Y(28) T(38) Y48y
944 946 10001002 1034 1037 1054 1058 1082

Mass (GeVic)
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Belle and Belle Il detectors

@ Collected/collects data of e’ and e collisions at 10.58 GeV center-of-mass energy

@ Belle Il is an upgraded version of Belle, optimised for higher instantaneous luminosity

Be“e Belle Il

Aerogel Cherenkov cnt.

KL and muon detector
SC solenoid n=1.015~1.030 Restve Pl Couner b uter o)
1T - 3.5 Gev et ] or 2 barel ayers)
Csln S cuorimeter_ S8
0

electrons (7 GeV) iy e ok rpaesot oagt e
L Prox. focusing Aerogel RICH (forward)
Chamber Vertex Detector

. 2 layers i Pixels (DEPFET) +
mall cell +He/C,Hs 4 layers Si double sided strp DSSD

positrons (4 GeV)
1/ K, detection Central Drift Chamber
§2

Smato oo e g ver
14/15 Tyr. RPC+Fe

3(4) lyr. DSSD

Largest integrated luminosity Goal: total integrated luminosity 50 ab™’
collected by a B factory:

L @ Currently in a 1 year operational pause
11 fb~ T4 -
7 b on T(45) mass @ 363 fb! on T(4S) mass

@ 42 fb! below 7(4S) mass

~100 fb™* below T(4S) mass

Henrikas Svidras (DESY)
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B — K*¢¢ additional material

Table I. Relative systematic uncertainties (in %) for B — K*{£.

Source Systematic (%)
Kaon identification 0.4
Pion identification 2.5
Muon identification +19
Electron identification 'Rg
Kg identification 2.0

0 identification 3.4
Tracking 1.2-15
MVA selection 13-17
Simulated sample size < 0.5
Signal cross feed < 1%
Signal PDF shape 0.5 - 1.0%
B(I'(4S) — B*B7)[(B(Y(4S) — B"BY)) 1.2
Number of BB pairs 2.9
Total e

Jfh: M(ptpm) & [2.946,3.176] GeV/c?, M(ete™
25): M(u*p) ¢ [3.539,3.719] GeV/c?, M(ete
ras (DESY)

nrikas Svi

) & [2.846,
) ¢ [3.439,

Belle TT (Prclinfoary)

Balle 11 (Preliminary)
C d ri dt = 189 fb!
]

Entries / [0.0033 GeV/c?]
Entries / [0.0078 GeV]

2 10

10 N

s A N

o

B 4

2 2

Y2 5o 522 525 528 528 52 527 52 629 S o s o oo o1
M. [GeV/cT] AE [GeV]

14 f Belle IT (I’nlmmmn)

1o Belle T (Prclifiary)
JEde—
Signa

J £ dt =189 fb
 Signal

Entries / [0.0033 GeV/c?]
Entries /[0.01 GeV]

3
%2521 522 525 524 525 526 527 528 620

M, [GeV/c]

T o
AE [GeV]

Belle 11 (I’relmnnm))
OF [£ dt =189 fi

" aetgouna
— Total

S oma
" +
10 " 8

.
s . |
T Y R

M, [GeV/c]

Belle TT (Prelluuary)
IE 2 m =

T oenround
"

— Tor

Entrles / [0.0033 GeV/c?]
Entries / [0.0078 GeV]

o1
*AE(GeV]

Figure 1. Distributions of My, (left) and AE (right) for B — K*up~
(middle), and B — K*£*(~ (bottom). Points with error ba
which shows the total fit function, whi
the signal and background components, res
are restricted to My, €
AE € [~0.05,0.05] GeV.

3.176] GeV/c?, and
3.719] GeV/2.

(top), B — K*e*e~
are superimposed on the blue (solid
red (solid) and black (dotted) lines represem
ctively. Candidates shown in the AE distribution:
[5.27,5.20] GeV/c? range and the M, distributions are restricted tc

curve,
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B — J¢ K aditional material (1/3)

All M, fits

1200 ~,1200

o

%) - ) -

s Belle Il (Preliminar, -1 s Belle Il (Prelimina -1

§1°°° b ( Y |Ldt=1891b Emoo b ( V) |Ldt = 189 fb

© 800k B* K" Jy(e'e) © 800 | B K" Jy(u 1)

g 600f + Daa g 600 [

by -=== Signal a

£ 400 ... Background £ 400 . Background

3 200f ‘F’“ - 7 Jy(e'e) 2 oo} tFa“ > ()

© ©

[$) o .
B 522 5.3 504 5.05 5,56 5.27 528 529 2 521 5,02 523 5.04 5.25 5.26 527 528 529

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

2F 2F

5 '_IJ . T B | l__l L s JE .

& gpreped Lo M | 1 L | a SF
SE ZE

«, 400 «, 400

s Belle Il (Preliminary) Ldt = 189 fb" s Belle Il (Preliminary) Ldt = 189 fb"

Q [}

2 %ok B 5K yte e) 2 doof B S K y(u i)

8200F 4 pata 8200F 4 pata

8 === Signal 3 === Signal

8 100 | - Background 8 100 | - Background

-E — Fit 'E — Fit

© T

o o
& ot 522 528 504 .55 5.6 527 5.28 5,29 &2 52T 5,22 523 5,04 5,55 526 527 528 529

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

2F 2

— 1k = 1

s JLalm. . AL ko 3

£ Sprm T 1T B oo
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B — J¢) K aditional material (2/3)

All AE fits

>
% s00 b Belle Il (Preliminary) ILdt _189fb" % s00 b Belle Il (Preliminary) ILdt _1891fb"
5 B* > K*Jy(e e 5 B" - K*J L
2 600 f viee) g soof v i)
K + Data 3 + Data
S 400f - --- Signal S 400f - --- Signal
= Background = Background
(‘E 200 | B_. - 1t Jy(e'e) (‘E 200 F B_‘ S i)
— Fit — Fit
0 2 s 0 o "
-0.1 -0.05 0 0.05 0.1 0.15 0.2 -0.1 -0.05 0 0.05 0.1 0.15 0.2
AE [GeV] AE [GeV]
2F 2F
5 ok 5 S‘ﬂpl!!n H‘
L 4 [
2 2 F
= 300 = 300
2 250 b Belle Il (Preliminary) ILdt _189fb" 2 50k Belle Il (Preliminary) ILdt _ 1891’
0 0 0 - 0 0 0 -
g 200 B” > KgJyle'e) g 200 B S KgJ/y(u' i)
8 150 + Data 8 1s0f + Data
3 --- Signal 3 --- Signal
T 100 . Background T 100 F .. Background
S sof — Fit S 50 — Fit
0 1 . 0 .
-0.1 -0.05 0 0.05 0.1 0.15 0.2 -0.1 -0.05 0 0.05 0.1 0.15 0.2
AE[GeV] AE [GeV]
2F 2F
5 5 ok
g 9 Y
2 E 2 E
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B — Jiy K additional material (3/3)

Results:
Uncertainties:

Channel e (%) nsig B (107%)
Table I1L. Relative systematic uncertainties (%) on B (B — J/$K), Ry (J/%), and absolste BT — J/1b(eTe™) KT 30.4 3706 + 62 6.00 & 0.10 + 0.19
cortainty on A1 (B —» J/K). B = JJu(utu)K* 37.2 4578 £62 6.06 £ 0.09 = 0.19

Source B(B - KJJ0) Ric A BY — J/ip(ete)KS 204 1052433 2.67+0.08+0.12

K+ Kt K% KY K+ K" s

< ) ,

e wtu ete- itk | B — J/p(ptp™)KY%  25.0 1343437 2.78 +0.08 £ 0.12
Number of BB events 15 15 15 15 - - |- -
PDF shape 02 02 02 02 020201 01
Electron identification 0.6~ 0.6 | 0.6 06 [~ - ObSCI‘V&blC Measured value
Muon identification - 04 - 04 0404 |- -
Kaon identification 02 02 - - - - .1 0.1
K reconstruction - - 30 300 - - 5 15 AI (J/'U?(ee)K) —0.022£0.016 = 0.030
Tracking efficiency 09 09 12 12 - - j4 04
Simulation sample size 0.1 0.1 0.1 01] 0.1 0.1 0.1 0.1 AI (J/w(#N)K) 70006 :l: 0015 :t 0030
T(4S) branching fraction 2.6 2.6 2.6 26/ - - [2.6 26
(rm ) At [ o Ryc+ (J/¢) 1.009 £ 0.022 £ 0.008
Total 32 32 44 44| 08 08 B0 3.0

Ry (J/4) 1.042 + 0.042 = 0.008
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B° —» K*7*77 (1/2) additional material

Validation of analysis procedure using:

e B°- D™ (- K*07r_)£+1/g decays

3 ol o Outa —r - o
© L DY, D* v, 3 *
=] (4]
[ 2
§ 3 100
o =
5
g
&
50
{+
ol R
4 4
2 2
s Nty +1¢ | IR i 3 Gl“xluulﬂ*u
g T L S ST T I EAUALARIGS
-2 4 4 2F Ty it
-4 s
05 T 5 g

o —
=D~ Fv, D" #*v,
--B°, B -- B*B~
qa Rare B
utv
4
st
Bt b Hﬁ
Q Aid ol ‘
5

Ezo’ (Gev)
Extracted BF agree well with (2.31 + 0.10)% world average
@ (2.26+0.17)% (fitting Eger
@ (2.19+0.15)% (M2:..)

statistical errors only
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B—>K*0+

Main background suppression

requirements:

o B> D (- K*
other background suppress

07 ¥ vy and

using My .0 selection

@ M,,iss: missing mass of event

TABLE I Summary of the selection criteria imposed on
My, and M2, for each of the signal modes.

Signal Mode Mo, — Mies
(GeV/c?) (GeV?/ch)
Kete™ > 1.4 > 32
K%Tu®  >14 > 1.6
Kt~ >16 >16
K*OnFet  >14 >2.0
KOnTpt >14 > 2.0
Ktz >15 <9

(2/2) additional material

@ Signal efficiency (from simulation): 1.2 X 107°

@ M,..>355 GeV/c2 suppresses combinatorial
background

@ L, > 0.8, identification efficiency 92%, pion fake
rate 2.5%

Uncertainties:

limited MC sample size 5.2%
Tagging efficiency 4.6%
Tracking uncertainty 1.4%
Total particle identification uncertainty 2.55%

Veto uncertainty due to reconstruction efficiency for o~ 017%
Veto uncertainty due to reconstruction efficiency for Kg 1.56%
The total systematic uncertainty 7.88%
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B — Kvv additional material (1/2)

Sequential BDTs:

E T T ]
05 Expectation for 63 fb ! 25
0.4} ™ 120
m JRTTSTTRY .
+ 03fe et 415
v T
Zo2f T . 110
@0 Tl
Belle I ~.e
0.1 el ~. 15
simulation ~
0 0 L L 1 L \\\ 0
0.990 0.992 0.994 0.996 0.998 1.000

Lower threshold on BDT,; output

Henrikas Svidras (DESY)

Signal efficiency [%]

BDT, > 0.9

r T T T
Expectation for 63 fb~!

20
115
RN 110
Belle IT N
0.1} e S
simulation
0.0 L L 1 L > 0
0.5 0.6 0.7 0.8 0.9 1.0

Lower threshold on BDT, output
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B — Kvv additional material (1/2)

Validation and signal extraction

2000 —
Belle II preliminary
Jedt=63m !
200
1500 |- 2150 .
3 100
S g
51000 [ 5 90 g
g 0
j 0.0 02 04 06 08 1.0
BDT,(BDT, >0.9)
500 /B 5K+ )/t MC & B*5K*J/y,,-, Data| -
B >K*J/t_y-y MC ¢ B*5K*J/v_,-, Datal
B*—=K*vw MC
0 . . "
0.0 0.2 0.4 0.6 0.8 1.0
BDT,

Events

<0.99% 0.99<BDT,

elle II preliminary

400
dt=(63+9)fb"

CEE BT K o

300 [ Neutral B 7]
= Charged B
Continuum
200 ¢ Data
100 scaled by 2 ]

0
05 2.0 24350520 24350520 24350520 24 35
pr(K*)[GeV/c]

@ Total uncertainty: profile likelihood scan: parameter free fit with
different signal strengths fixed around the best fit value

o Systematic uncertainty: total — statistical difference in quadrature
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B” —» K2K~ additional material (1/2)

° KgKg system has a parity (—1)(—1)(—1)Z

@ According to Bose-Einsten statistics this needs to be 1
= ( = even

o If this proceeds via an intermediate state, f, — KgKg, it must have
an even spin number

o B - f(— KZK2)y, and J(7) = 1, helicity= +1

@ Spin projections against B decay axis must be zero — KgKg cannot
have spin-0
= lowest allowed state is J = 2

Henrikas Svidras (DESY) August 15, 2022 12/19



B® - KK~ additional material (2/2)

TABLE II.  Systematic uncertainties in branching fractions.

Source Uncertainty (%)
Number of BB 1.4
Branching fraction of Y(45) — B°B 12 Helicity angle distribution:
Photon detection efficiency 2.0
Two K9 reconstruction 14 9
NN selzction and 7%/5 veto 0.6 sk —— Data
MC statistics in Mgy bin efficiency 0.5-0.7 I Background MC
Total 30 7 1 signal MC

N 6

o
Mass bin €g Goys UL I s
(GeV/e?) (%) Nug (%) Naw S (107) -
1.0-12 33 08403 32 0 18 07 E 3
12-14 30 09403 32 3 65 28 R
14-16 27 08403 32 1 36 1.7
1.6-18 25 03+01 32 0 21 1.1 1
1.8-2.0 23 08403 32 2 51 29 0
20-22 22 02401 32 1 42 25 0 01 02 03 04 05 06 07 08 09 1
2224 22 04402 32 1 39 24 Icos 6,
24-2.6 22 02402 32 0 22 1.3
26-2.8 23 00+00 32 1 42 23
2.8-3.0 24 01400 32 0o 23 12
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B — X, additional material (1/4
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B — X7 additional material (2/4)
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B — X,y additional material (3/4)

e'e” = ggand B - Xwo/n validation
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B — X, additional material (4/4)

Partial branching fraction results and uncertainties:

Fit Signal Background

EB [GeV ] %ﬂ%(l[l’ij Statistical Systematic procedure efficiency modelling Other
1.3-2.0 0.48 0.54 0.64 0.42 0.03 0.49 0.09
2.0-21 0.57 0.31 0.25 0.17 0.06 017 0.07
2.1-22 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
2324 0.48 0.22 0.10 0.06 0.06 0.02 0.05
2.4-25 0.75 0.19 0.14 0.04 0.09 0.02 0.09
2.5-2.6 0.71 0.13 0.10 0.02 0.09 0.00 0.04
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Prospects (1/2)

Snowmass white paper: [2207.06307]

B - Kvi

Table 3: Baseline (improved) expectations for the uncertainties on the signal strength p

(relative to the SM strength) for the four decay modes as functions of data set size.

Decay lab ! S5ab ! 10ab | 50ab !
BT — Ktwiz 055 (0. J?) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
B — Klvi 2 06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
BT — K'fpip 2.04 (1.45) 106 (0.75) 0.83 (0.59) 0.53 (0.38)
B — K*%p  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)

B — Kt

Independent check of R(K) anomalies at 5-10 ab™*

B - Krr

Table 4: Projected branching fraction upper limits for the B — K077 search in two

scenarios (see text).

BB — K7

7) (had tag)

ab~! “Baseline” scenario "Improved” scenario
1 <32x1077 <12x107°
5 <20x107* < 6.8x 107
10 <18 x 1074 < 6.5 x 107
50 < 1.6x107% 5.3 x 107*

Henrikas Svidras (DESY)
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https://arxiv.org/pdf/2207.06307.pdf

Prospects (2/2)

Snowmass white paper: [2207.06307]
B - X5y

Table 5: Projected fractional uncertainties of the B — X+ branching fraction measure-
ment for various EP thresholds. The systematic uncertainty is presented for a baseline
scenario when the remaining background is known to the 10% level, and an improved
scenario, when the background is known to the 5% level.

Lower Ef threshold Statistical uncertainty Baseline (improved)
1ab™' 5ab' 10 ab™' 50 ab™'  syst. uncertainty
1.4 GeV 10.7%  6.4% 4.7% 2.2% 10.3% (5.2%)
1.6 GeV 9.9% 6.1% 4.5% 2.1% 8.5% (4.2%)
1.8 GeV 9.3% 5.7% 4.2% 2.0% 6.5% (3.2%)
2.0 GeV 8.3% 5.1% 3.8% 1.7% 3.7% (1.8%)
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