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B-PHYSICS

B-mesons
« Relatively light = Can be produced abundantly
« Relatively heavy — Thousands of decay modes M(B)—M(D)~3 GeV

B-factories (like Belle Il) have a rich program related to B-mesons
« Decays with large branching ratio = Precision measurement of SM observables %~ 0(107°-107?)
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B-PHYSICS

B-mesons
« Relatively light = Can be produced abundantly
« Relatively heavy — Thousands of decay modes M(B)—M(D)~3 GeV

B-factories (like Belle Il) have a rich program related to B-mesons
« Decays with large branching ratio = Precision measurement of SM observables %~ 0(107°-107?)

« Decays with low/zero branching ratio = Searches for rare/forbidden decays B <5%x107°

Flavor changing neutral currents FCNC b — s/d
They occur at loop level in the SM

Loop, GIM and CKM suppressed !
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RAREB DECAYS —

B-mesons
o Relatively light = Can be produced abundantly ‘
« Relatively heavy — Thousands of decay modes M(B)—M(D)~3 GeV

B-factories (like Belle Il) have a rich program related to B-mesons
« Decays with large branching ratio = Precision measurement of SM observables %~ 0(107°-107?)

« Decays with low/zero branching ratio = Searches for rare/forbidden decays B <5%x107°

Alterations/enhancements in FCNC due to NP contributions:

b S
SM . « New interactions at tree level
— +
4 < 4 :

b S « Weaker GIM cancellations due to
I — — new particles in loop corrections

Q
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THE FLAVOR WAY

-m
. o

Theoretical uncertainties arise from

5

Rare decays: more sensitive to NP and less limited by collision energy
but

- harder to interpret compared to a bump

- predictions for SM observables must be well-known

Wilson Coefficients

4G
geff=7;ztzi:( o;) + h.c.

NP can manifest through

+ Alterations of SMcouplings ~ C§'' = CoM + CF

 Additional operators

« WC and constants (e.g. Vckm) = small uncertainties

 Local hadronic ME = Moderate uncertainties (3-15%) 079,10 = (5I'b)
l
« Non-local hadronic ME — Large uncertainties ¢ 0, , = (SI'b)(clc)
c c
b > > S
Use ratios for (partial) cancellation of uncertainties — BB —Kup) BB —f) — BB—T)

both theoretical and experimental

AB(B — Kee) BB —T)+ BB —F)
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THE BELLE&BELLE Il EXPERIMENTS

« High resolution (momentum,
vertex) hermetic detectors

« Efficient reconstruction of
neutrals (y, 7%, #)

« Clean environment and low
background

« World luminosity records

T — T——
WR Luminosity of x 2.1x1034 cm2 s
(Currents 1.2/1.6 A) (June 2009)
KEKB
O 6% ~940 nm
150 ym
2¢ =22 mrad

GZ~6mm

WR Luminosity of 4.7x1034cm2 s
(Currents 1.1/1.5 A) (June 2022)

SuperKEKB

c* ~50nm

o ~10 ym 2¢ =83 mrad

0Z~5mm

By =0.28
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THE BELLE&BELLE Il EXPERIMENTS

« High resolution (momentum,
vertex) hermetic detectors

o Efficient reconstruction of
neutrals (y, 7%, #)

« Clean environment and low
background

« World luminosity records
R — B

https://www.belle2.org/research/luminosity/
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THE BELLE&BELLE Il EXPERIMENTS

0 00
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THE BELLE&BELLE Il EXPERIMENTS

1200
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Integrated Luminosity (fb 1)

Belle data are still used and often combined with Belle Il when statistically relevant

Due to to overall better performance at Belle Il, the two datasets bring similar sensitivity

Measurements are separately optimised for the two samples

Adapted from EPJ C74 (2014) 3026

Y(nS) : 155 fb™
1Y (4S) : 711 fb™

off~: 90 fb™'

Off-resonance
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B-PHYSICS AT B FACTORIES

0.09 } PEP:II /‘BAIBAn:.I r=l#( l ulti’hadrvon)/#(Bhablha) 1
| preliminary
_ . l
o Threshold BB production— (‘ ’ .
Relatively low backgrounds «‘ 0.05 | |

OFF = continuum
« Known initial kinematics + almost-4m detector coverage i _

. . . -50 0 50
— reconstruct final states with neutrinos Ecrm — M 4 [MeV]

o OFF-resonance data
— BB-free sample

Y (4S)

Hadronic cross-section
@4/s = 10.58 GeV

: AE = E; - El;keam Slgnal '_ Mbc — IE:eamZ _p;kZ

Continuum

BBbeckground | | Signa « Beam-constrained mass M, . and energy

[ Continuum
[ BB background

difference AE as discriminative variables
against combinatorial and peaking
backgrounds

03 02 01 O0 01 02 03 52 522 524 52 528 5.3
AE (GeV) M, (GeV/c?)
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BELLE II STRENGTHS

% Better with muons/charged particles that can be vertexed

A
Ny _
| B~ K#y B,
>2 - BE
10-7=107°
_ <1077
B'>yy
2 B—>7L’0(7t)ff
- K&y [BT>2tyy By
1 |B > puy (&
Bg)"ﬂl‘ Wiy [Bt—oetv IR Bk 23
IH -2
0 |BoskOun Wish |B—Ket Walal B Kor 0B | o
B—n(mpp Wiy |B* —pupy Wi |B—®)oe B | B )y 1B
0 T 2 >2

Better with yand v

Presented today
« No neutrinos

BO—>yy
B—{K*,p}ly
B — K*ee
b—df¥f

« With neutrinos
B— Kvy
B — Kt{¥¢,t}

11
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KEY—PERFORMANCES AT BELLEII

K ID Efficiency/n mis-ID rate
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Good kaon identification in full
momentum range
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Belle-like resolution on 7z°

mass

Belle [I TDR, arXiv: 1011.0352

12

( Muon ID >
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e~ ID efficiency, h~ -» e~ mis-ID rate

1.6 | Belle 1l (Preliminary) + Jly—ete”
T ete"oeteete~
14 | [Ldt= 190 fb~ ete- sete(y)
[ 4 K2-n*tm~ - m mis-IDx10
ECL Barrel S
12} ete™ - t*(1p)T¥(3p) - m mis{Dx10 )
| (0.56 =8 < 223 rad) D** »DO(K~r*)* - K mis-IDx10
1.0
0.8} |
[
0.6F
0.4F,
ol eID>0.9
OO—.—/H—( —— o e O
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p [GeV/c]

e~ 86%
7—e~0.4%

e~ 90 %
n—pu~ 1%

Good lepton ID performance

High photon efficiency e > 90% (p > 1.5GeV/c)

U~ ID efficiency, h~™ -»u~ mis-ID rate
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201011.0352

B — VISIBLE
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694fb~! || 362fb~’

B — yy SEARCH

—> Y
Rarest decay searched at Belle Il so far ' q
_ B° !
Bsm(B®—ry) = (1.431]3%) x 1078 [JHEP12(2020)169] v
d < : < 14
Sensitive to heavy NP [PRD 58, 095014 (1998)]
Require good quality high energy y Soof o flacn' tmm A el fazseaw’ .. S
Reject photon candidates form asymmetric n and =0 decays g
90% qq + B® — 7970 #
2.24I - 15:25‘ - IS;_’GI - I5.I27I - ‘5%2;(;3;V/I5)29

Main syst uncertainties: Photon eff (3%), f00 (2.5%) : Belle  flar-eoar’ . Sana f e fuaaet! L e
Signal efficiency for Belle (Il) is 23(31)% for ~0.8 bkg/fb-!

R P RrT Ry e e M e e P

CBDT CBDT

Ngg =11.07%2 2.5¢
BB°—yy) = (3.7 2%(stat) £ 0. 5(syst)) X 1078
BB =yy) <6.4x10°8@90%CL (exp4.4x 107%)

 Sensitivity approaching the SM prediction
« 5x improvement over previous best UL (BaBar) [PRD 83 032006 (2011)]


https://d-nb.info/1226205364/34
https://arxiv.org/abs/hep-ph/9803459
https://arxiv.org/abs/1010.2229
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)

* P TTB 5K ) +1(B— K*)
B—-K }/MEASUREMENT e e VP
"7 I(BY — K*09) + T(BT — K*ty)

AAcp = Acp(BT = K*"v) — Acp(B® — K*v)

Measure 3B, & ~p and isospin asymmetry
- Uncertainty on BF ~ 4%, close to Belle results [PRL 119.191802]

- stat ~ syst errors (%)
- stat > systerrors (&, Ag.)
- Belle had observed the isospin violation at 3.1 6 A = [+6.2+ L5(stat) = 0.6(syst) £ 1.2(f. / fo0)|%,

Belle II .t
1

1.4<E}(GeV)<3.4

[\S]
o
o

Ng [ ¢ Data
Channel Acp (%) B (10°9) S ol Bty o

B - KV[KTr~]y -324+24+04 4.15+0.10+0.11 g | ﬁdt=362fb"
B® 5 K*O[Kr0)y - 4.24 +0.37 £ 0.23 S woof

BY — K*0~ —324+24+04 4.16+0.104+0.11 SM: (4.21+0.68)10-5[1] S |
Bt - K*[KTn%y 154+£42+09 3.914+0.184+0.19 50 b ! }
Bt - K*[KJrt]y —-35+£43+0.7 4.13+0.19+£0.13 : ¢

Bt — K*ty —1.0+£3.04+0.6 4.0440.13+£0.13 SM: (4.42+0.73)105[1] 0 ———————‘

—- B’ > KKy
qq Background
I BB Background

523 524 525 526 527 528  5.29
B — K*v —23+19+03 4.12+0.084+0.11 Mbc [GeV/c?]
AAcp (%) Ao+ (%) SM: (4.9£2.6)% [2] s 10 + Data
B — K*’y 22+3.8+£0.7 5.1+2.0+L1.5 | Belle Il — Fit

100

® (Consistent with WA and SM

Candidates / (30 MeV

e Similar sensitivity wrt Belle due to improved
Ks efficiency and AE resolution

[1]1411.3161
[2] PRD 88, 094004 (2013)

| Preliminary

i ILdt - 362fb"

—-B® - KK n'ly
qq Background
I BB Background

0.1 0.2 0.3
AE [GeV]


https://arxiv.org/pdf/1707.00394.pdf
https://arxiv.org/pdf/1411.3161v3.pdf
https://arxiv.org/pdf/1305.4797.pdf
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I'(B—py)+T(B—py)

B py MEASUREMENT N T n i

A =

(—)
2I(BY — p%y) + T'(B* — p*=v)

B — py decays previously observed at

Belle (605 fb") [PRL 101 (2008) 129904] and BaBar (428 fb-) [PRD 78 (2008) 112001]

Sensitive to NP related to C7
NP search independent from b — s counterpart
</ WA shows a slight tension

0.09
0.08
Challenge Low BF, large backgrounds from 0.07

.06
- Continuum events: photon from largely asymmetric m®/n—yy decays 225

0.04
0.03

- B— K*y: K— rmisID and much larger BF | V,,/V, |°~0. 04 oo

0.01

— 2 MVA classifiers, one for m9/n veto, the other for generic qq

I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIL

— M(rt*rr), it* : kaon hyp. for the pion candidate with highest kaonID ‘Y8 TEEEVENEE:
K
G 45 Total | .
WA B+Bll 2023 > 40 B-K¥ Belle Il B"—p%
= 35 1
BBt —pTy) x 108] 0.98+0.25 1.29+920+010 S @ _[Ldt=362 fo
" 25 3
BB —p%) x 108| 0.86+0.15 | 075013775 § 2
w1 E : :
H H 10 H
A 7 0.30%016 0.14701;£0.09 — Consistent withSM ™ e
+ + 0.052+0.028 0 B ey s e
_ —0.0g8+0:15+0.01 -03 -02  -0.1 0 0.1 0.2 0.3
A cp(BT—>p7p) | 011203 e [PRD 88, 094004 (2013)] AE (GeV)



https://inspirehep.net/literature/784676
https://inspirehep.net/literature/792842
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094004
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B— K(*)f A

In the K£¢ sector, Belle(ll) can:
 Provide unique insight for

Inclusive B(B — X.£¢) - 10% accuracy @ 5 ab' expected

e Beredundant with LHCb for
LFU test R+ 180810567

Independent measurement of Ry« at Belle Il with 5-10 ab-!

3% precision at 50 ab-!
CY) constraints — B — K*ee (low q2)

2404.00201

00| T,
8 " new BDT-based electronID reduces ]
2 0.95 _
— mis-ID rates by up to x5
0O 0.90 | | .
- I P i ]
2 I ! ]
é 0.85 | —— LHR, [0.5, 1.0] i .
. | ——— BDT, [0.5,1.0] i ]
| { | ]
— 0.80 F LHR, [1.0, 2.0] ‘ I_
- —— BDT, [1.0, 2.0] \ ]
0.75 A B S S N S &
0.6 0.7 0.8 0.9 1.0

Signal efficiency

The value of C; is

- in agreement with the SM within 2o (this result only)
- consistent with the SM (combined without LHCb)

Candidates

Candidates

BELLE 17

Candidates

w -_ 1 1 1 1
% [ -@-Data — Fit
o 25 [ --- Signal (S) === Peaking (P)
2 20F - Other bkg. (B)
] X ‘
O 15
10H

)
- y
[ Lo oSS

Im(C7/C7)

1.00
[ % sM
| = B(B — X,v), PDG avg. 2023
0.75 [ —— CP(B° - K*v), HFLAV avg. 2023
[ = CP(B? — ¢v), LHCb 2019
[ — I(B° — K*%*e~) LHCb 2020
0.50F = T(B — K*ete™) Belle 2023 (10)
[ <=« D(B - K*ete™) Belle 2023 (20)
| Global
(0.25 = = Global without LHCb 2020
0.00 ................................
—0.25}
—0.50} ;
—0.757"
100.. .........
—1.0 —0.5 0.0 0.5 1.0

8.23 5.24 525 5.26 5.27 5.28 5.29
M, [GeV/c?]

g% € [0.0008, 1.1200] GeV?/c*



https://arxiv.org/abs/1808.10567
https://arxiv.org/pdf/2404.00201.pdf
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b—-df7

Better sensitivity to NP than b—s@8+0-?

Previous results:

BELLE

711 fb~!

Many unexplored modes with
- Electrons

Belle (605 fb") B — 7z "¢~ [PRD 78 011101 (2008)]

BaBar (428 fb) B — {x,n}#+#~ [PRD 88 032012 (2013)]

LHCb (3 fb") observed BT — ztu =, B > 2t~ u* ™
[JHEP 10 (2015) 034, PLB 743 (2015) 46-55]

W
o

Two-dimensional ML fits

[\
(&)

N _ > _
S | BT s ntete 2 BT s ntete
= 0, 20
© 20 E
o o 15
1 L
S g
5 -

5t Jr 5 L

O 0 e I\ ! PR [T [ ———

52 522 524 526 528 0145 -01 -0.05 0 005 0.1

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

© 20 F > 20F _
S BY — plete 2 B° — pleTe
> = |
= 10
5 15 J N, 15 L J
o P
2 10 g
o T
>
wl

5

o

O "l d
5.2 522 524

526 5.28
M, [GeV/c?]

0
-0.15 -0.1 -0.05 0

0.05 0.1
AE [GeV]

— |epton-flavor universality in b — d transitions

- Neutrals
— First search for B - w£#, BY — plee, B* — p*¢¢

B—{rz,p,n,w}ft l n—oyy.atn o

Total
Combinatorial bg

p0 s 0

w—n 7P

Signal
Dominated by
continuum events
Peaking BB backgrounds

charmless/K® 21K Pce(£6)
are either vetoed or included in the fit

0

18


https://inspirehep.net/literature/784045
https://inspirehep.net/literature/1225276
https://arxiv.org/abs/1509.00414
https://inspirehep.net/literature/1335137
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b—-df7

Better sensitivity to NP than b—s@0+0-?

Previous results:
Belle (605 fb") B — 721~ [PRD 78 011101 (2008)]

BaBar (428 fb) B— {7, n}£+#~ [PRD 88 032012 (2013)]
LHCb (3 fb") observed BT —» ztu*u =, B > 2t~ pu~

[Phys.Lett.B 743 (2015) 46-55, JHEP 10 (2015) 034]

Obtained " intherange (3.8 —47) x 10~/

BELLE } Belle 1T

First search for B > w/Z ¢, B%— plete, B* - pt£tr— &0

7+ /pVee stat limited but consistent with
2" 1p°up from LHCb

No sign of LUV

Approaching SM

694 fb~! 362 fb~'
Channel UL or BR Collaboration
BY — nee < 10.8 x 108 BaBar
B — <11.2x 1078 BaBar
g
BY — mlee < 8.4 x 108 BaBar
B — moup <6.9x 108 BaBar
Bt — ntee <8.0x 108 Belle
Bt — wt 1.78 £ 0.22 +£ 0.03) x 108 LHCb
o
B — poup (1.98 +0.53) x 108 LHCb
o ..
o CL upper limits
Jlllllllllppll.
channel Nsig NSy e (%) E Bt (107%) B (1078)
B s nete” 0.0115 3.1 39 1 <105 - 0.0135 +0.1
B s nutu~ 0.8%17% 4.2 59 = < 94 . 1.975:5 +£0.2
B® - nete~ 0.5753 1.8 49 = < 4.8 : 1.3735+0.1
B s wete™ | —0.3732 3.7 1.6 = < 30.7 R —21728540.2
B s wutp~ |& 17428 5.5 2.9 < 24.9 . 777198 1+ 0.6
B® s wttem | & 1.0171% 3.6 2.2 . < 22.0 - 6.47107 +0.5
B® = n%te” —2.9t18 4.0 67 " < 79 = —58%35+05
B —» mutu~ —0.513% 6.1 13.7 = < 5.9 = —04%35401
B® — 70¢te- ~1.8%1¢ 2.9 102 = < 3.8 = —23"%14+02
Bt o atete 0.1+%3 5.0 11.5 . < 5.4 - 01737 +£0.1
B > plete” | 56133 10.8 32 " <455 = 236fMS+11
Bt s ptete | —4.4723 5.3 14 = <467 s 3821245 134
Bt = ptuty | ® 3.0750 8.7 2.9 a < 38.1 T 13.0155 411
Bt — ptete | ® 0.4+23 3.0 2.0 = < 18.9 . 2.5111:¢ +0.2

I


https://inspirehep.net/literature/784045
https://inspirehep.net/literature/1225276
https://inspirehep.net/literature/1391325
https://inspirehep.net/literature/1335137

B — VISIBLE + MISSING ENERGY
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CHALLENGES FOR MISSING-ENERGY MODES
E-lagging o :jB/+ psBsig
<

The reconstruction of the B, _ allows to infer the properties of the signal-side

Typical BB events:
10 tracks and ~10 photons

tag Y(4S)
o

with missing energy - B;, = D7v, Kvo... and to have a handle on backgrounds
g

=
BEE _ A .
INCLUSIVE =. O(100%) Full Event Interpretation (FEI)
= ) Displaced ‘ Neutral ‘
racA _S Vertices Clusters
WV = S pa——— o~
EXCLUSIVE @ - N EO/ i
SEMILEPTONIC ‘:Df 0(2.0%)at -5% purity ]
Y > J
EXCLUSIVE & = .
HADRONIC ,, 8 0(0.5%) at -10% purity
D} e
Ll

FEl is the algorithm for HAD/SL B, reconstruction at Belle Il [1] 36 (32) hadronic B*(B%)-modes

~2x higher efficiency wrt previous algorithms [2]

Employs BDTs trained on MC Y (4S) — BB events Large data/MC efficiency corrections

Hadronic B-tagging: pure but very low efficiency
Prer Used to select best By,

[1] Comput Softw Big Sci 3, 6 (2019)  [2] Nucl.Instrum.Meth.A 654 (2011) 432-440



https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201102.3876
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CHALLENGES FOR MISSING-ENERGY MODES
Neuleals recondluction

1.0
| Belle II preliminary + Data
0.8 J£dt=362fb ¢  Simulation
- Currently KE are not explicitly reconstructed due to modelling =]
issues. The impact is validated on a case-by-case basis T 06}
- KE escaping ECL can mimic neutrinos = prominent background = N i : S o i
. 0.4
in missing energy analyses =
- Improvements in KE reconstruction can allow to veto on them 0.2 | K? efficiency in ECL using
! ete™ — y¢ control sample
O_O_ | PR A T S TR S (N S S R S |

2.0 2.5 3.0 3.5 4.0
K} energy [GeV]

1200

I Corrected BT —K * J/y simulation
1000 [ Uncorrected B+ —K * J/1 simulation
I ¢ Data

800 [

Belle II preliminary

600 |
I JLdt=362fb"!

400

Eeci: Sum of the energy deposits in the calorimeter
that cannot be directly associated with the

reconstructed daughters of the By, OF the Bgie

Arbitrary units

200 F

Candidates/(250 MeV)

1.5

10:’00 PSP ltlnl
UE ---e - LA B S Tl
e '

Data

Corr. sim.

Hadronic showers or track’s deposits mistakenly reconstructed as photons
Differences between data and MC
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CHALLENGES FOR MISSING-ENERGY MODES

MC mode%zg

qq background validated on off-resonance data. Corrections needed in

- Normalisation
- Shape » event-by-event data-driven correction g 1g0 - Belle Il (reiminary) ¢+ pam
[J. Phys.: Conf. Ser. 368 012028] cé Eg [Lat=se2v” s
8 120 F 8 BB background
éﬂégf 0.55 <c0s8, <0.70
B — hadronic for B, g
More precise measurements for better B-tagging S 2 - -
-B — DMKIK (Possible new mode for FEI) [2305.01321] 015 01 005 0 005 01 015 02
-B* - DY~z 2 7% (Ongoing at 1JS) 85: : AE [GeVI
-B~— D%~ NEW (FEI calibration factor was 0.75) [2404.10874] o T it Sl

L L

40

7777, Sim. stat. unc.

Bops=(1.34+0.18)%
@Be”eHI(O.939 + 005)%

B — hadronic for By,

sPlot weights/(1GeV?2/c?)

Measurements + isospin assumptions

Improved modelling of rare decays like B — Knf, KKK° = e
(not only BF but also decay model) R T - D=

B — SL (for Bsig) ... | M(kgKg) [Gevkc2]


https://arxiv.org/abs/2305.01321
https://arxiv.org/abs/2404.10874
https://iopscience.iop.org/article/10.1088/1742-6596/368/1/012028
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BT —> Ko DECAYS

Precise SM prediction — no hadronic uncertainties for charm annihilation likein B — K®#Z ¢~ ;

SM ce-loop

E; g\
\
(4

LS

BF gy =(5.6 % 0.4) x 1078 [PRD 107 014511 (2023)] W jj’ jfw—
u, C, t

Short-distance contribution
(Long distance: 10% of the total BF)

Axions: PRD 102, 015023 (2020)

. _ , , ALPs: JHEP 04, 131(2023)
NP in b — sv does not necessarily show upinb — sZ ¢~ too Dark scalars: PRD 101, 095006 (2020)

Interplay with other anomalies [2309.02246, 2401.10112, 2401.11552] Z': PLB 821,13607 (2021)
Leptoquarks PRD 98, 055003 (2018)

Unique to experiments at e*e~ machines

Challenges

e LowBF

e 2 neutrinos in the final state + 3-body (no kinematic constraints)
e Large backgrounds


https://arxiv.org/abs/2309.02246
https://arxiv.org/abs/2401.10112
https://arxiv.org/abs/2401.11552
https://doi.org/10.1103/PhysRevD.107.014511
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BT — Ko SEARCH WITH BELLEII 3621t

2311.14647 (Accepted PRD)

Two tagging approaches leading to almost statistically independent samples

Inclusive Tag, e = 0(100%) Hadronic Tag, e = 6(1%)

ROE: Rest Of Event
(remaining charged and neutral particles)

K:ig . reconstructed

applying kaon-enriching selection

« Approach leading the final sensitivity « Less sensitive but well-established
 Two consecutive MVA classifiers approach, used for consistency check
basic filter (BDTy) « Single classifier BDTh
+ main background suppression (BDT») - Total efficiency ~0.4%, purity ~3.5%
- Total efficiency ~8%, purity ~0.8% - Fit to n(BDT,) for ON resonance data

« Fitto g%, x n(BDT,) simultaneously for ON

and OFF resonance data

Q% = s/(4c*) + M2 — \/sE¥/c

BDT2,h: uses information of signal kaon, ROE and event topology


https://arxiv.org/pdf/2311.14647.pdf
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B> K urITA

26

362 fb~"

2311.14647 (Accepted PRD)

Analysis relies on simulation for background suppression and fitting (sample-composition fit)
The quality of simulation and corrections is validated via several control channels on data

* Kaon ID selection with B* — D%(— K*z7)h*, h = {r, K}

* Signal efficiency withB™ — K*J/y
Remove B — K*J/y and correct K* kinematics to match BY - KT

e B— X (K!X)K" background
corrected/validated using pion/lepton-
enriched sidebands

Measuring a known and rare mode with similar BF to B™ — K*vp
to further validate the inclusive analysis strategy
pion-1D instead of K-ID

BB - ztKN=(2.5+0.5) x 107>, consistent with PDG

Candidates

Candidates/(1 GeV?/c?)

Pull

6000 7’ Belle II preliminary [ £dt = 362fb~"
)
_ <
5000 _5 1000 1
40001/ & g
S
3000 0 —
0.0 0.5 1.0 \
sooo P BDT, (BDT; > 0.9)
[Z1B* — KT J/1 simulation § Bt— K+t J/y data \
1000 7|  ©B*— K+ J/¢ simulation ¢ B*+— K+ J/¢ data
Bt — K*v v simulation M
0 a l e o, o 2 Lo o o al o o L I
0.0 0.2 0.4 0.6 0.8 1.0
BDT,
8000
I 03 B —=r"K°
f Belle I1 preliminary:! BB
6000 - S [Ldt=362fbt EE B'B-
B Continuum
{ Data
4000 _,_,_ /77 Sim. stat. unc.
2000 }
0
Dr
i
T e S
_5 g ! | ! !


https://arxiv.org/pdf/2311.14647.pdf
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B—-Kwvo COMBINATION

u=>5.4+1.0(stat) = 1. 1(syst) p=2.2+15(stat)*1(syst)
2 . 90 deviation from SM exp 0. 60 deviation from SM exp

Consistent within 1. 20

15.0
Belle II preliminary o SM
[ Ldt=(362+42) fb! —— HTA
—— ITA
—— C(Combination

ITA + HTA Likelihood-level combination:
- Include correlations among common syst unc.
- Common data events excluded from ITA sample

. ?\I lA\(Id"(
. L - (
(2.3%0.7)x 107 (ITA + HTA) 3. 50 €1——>» Belle IT (362 fb"!, combined)
(1.17H %107 (HTA) 1|16 <—90-i— Belle I1 (362 fb'!, hadronic)

Belle II (362 ﬂ)", in(‘,lusivo)

2.7+ 0.7 This analysis, preliminary

Belle II (63 fb!, inclusive)

1.9+1.5 PRL127, 181802

(2.7£0.7)x 107> (ITA) 3|50 €

Y

1.8¢/

Belle (711 fb!, semileptonic)

1.0+£0.6 PRDY96, 091101

First evidence of Bt - KTvi

QK)

Belle (711 fb !, hadronic)

3. 5 o deviation from background-only hyp : 2/2 ; 29416 PRDST, 111103
. E i o BaBar (418 b, semileptoni
2 .7 o deviation from SM exp — < BaBar (418 fb!, semileptonic)
: e BaBar (429 fb'!, hadronic)
1 1.5+ 1.3 PRDS87, 112005
1 l L ll l 1 1 1 I 1 1 L I 1 1 1 l L 1 1
0 2 4 6 8 10

10° x Br(BT—K " wp)
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WHAT FOLLOWS B+ — K+I/I/ 231114647

Do
ot

7
/

2 PRD 109, 015006 (2024) T ™ ipacophys.Rev.D107.015102028) O
B— K X 2. PNAL/MILC PhysRevD.93.025006 Flag 21

5 LQCD Phys. Rev. D 107, 014510 (2023) 3 e -
X LCSR JHEP 01(2019) 150 2 ‘
/'§ j B — K* — less precise (15% vs 3% of K+) tob
3 _ LQCD 1501.00367 gi 050 EurPhys.J. C 83,252 (2023)
:& 10+ - < T
1 : LCSR JHEP 01(2019) 150 i 0
- 1 E LU region = 0 2‘
A EFT region | 3
E ] excl B(B® — K* %) | ; :

f B(B" = K'vr)yu | R 10 15 20

0l ¢ SM o Phys. Rev. D 96, 091101 (2017) ¢ [GeV?]
0 10 20 30 > 7TE Ngg=-—2.0£3.6%1.8
B(B* — Kvi) - x10° © 6 BB°—>KOp)<1.8%x 107
S 5F

Lepton flavor universality does not = 4 |4

intersect with Belle Il data below 5 3 4 4 | 4

the excluded region from Belle PN = B G S e

1

OO

Lepton flavor universality is
violated? W L
multi-TeV-scale? _
light new physics?



https://arxiv.org/pdf/2309.00075.pdf
https://arxiv.org/abs/1501.00367
https://arxiv.org/abs/1811.00983
https://arxiv.org/pdf/2311.14647.pdf
https://arxiv.org/abs/2301.06990
https://arxiv.org/abs/1702.03224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014510
https://arxiv.org/abs/1811.00983
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014510
https://arxiv.org/abs/1509.06235
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WHAT FOLLOWS B+ — K+I/I/ 231114647

PRD 109, 015006 (2024)

201 —>B — K

S [ LQCD Phys. Rev. D 107, 014510 (2023)
X LCSR JHEP 01(2019) 150
/'§ j B = K* — less precise (15% vs 3% of K+)
‘i 10, LQCD 1501.00367

1 I LCSR JHEP 01(2019) 150
- 1 B LU region

A EFT region |
— 1 excl B (BO — K*OVD) I

Q B (B+ - K+VZ7)BclluII

0l ¢ SM Phys. Rev. D 96, 091101 (2017)
0 10 20 30 N., =—2.0x3.6%x1.8

B(B" — K*vw) - x10°

Lepton flavor universality does not
intersect with Belle Il data below

the excluded region from Belle

Lepton flavor universality is

violated?
multi-TeV-scale?
light new physics?

sig —

o

Events /(0.1 GeV)

I|IIIlllllllllIIIIIIIIIIIIIII

= N wWw b 00 o N

OO

02 04 06 08

B(B°—>KOp) <,1.8%x 107

1 .
Eeol (GeV)

[\]

IN| 72 dB(B — Kvp)/dg® [x107]]

no
ot
y

=
ot
— ‘

0.5

29

© HPQGD Phys. Rev. D 107. 014510 (2023)

.= FNAL/MILC PhysRevD.93.025026

Our Fit

Flag 21

Important to corroborate the 2023 result

- More data

(ITA: stat~syst, with some syst being statistical in nature)

- Additional b — sz channels

(NP can couple differently to K, K*)

- Additional tagging approaches

(uncertainty SL~ITA)



https://arxiv.org/pdf/2309.00075.pdf
https://arxiv.org/abs/1501.00367
https://arxiv.org/abs/1811.00983
https://arxiv.org/pdf/2311.14647.pdf
https://arxiv.org/abs/2301.06990
https://arxiv.org/abs/1702.03224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014510
https://arxiv.org/abs/1811.00983
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014510
https://arxiv.org/abs/1509.06235
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LFV SEARCHES WITH B—Kz?

- Forbidden in SM
- b— svi: KTuw observation + K*vo UL compatible
BB —Kur) € [2,3] X 10~° PLB 848.138411(2023)

« 7 bump hunting in Mrecoi

» Current sensitivity has entered the 10-6
regime (LHCb and Belle-ONLY!)

 Further modes are being explored

_! B A g : é
O 4r A |
X 3L° Tie
B e mim
o | O =
S 2| £1a
. T O O
A 1
—! 1p o L O :
D) | ! | | !
AR AT SV T S
) * 5
® x;‘\# x)\# /'%. 7'\{. x;l%. x;:{.

Events/(47 MeV/c?)

CeepO

30
B'»K'tu*

12— [ —e— Data

- PRL130, 261802 (2023) e oo )

- = = = Background

10 —— All components
8:— - -
6:— —-9—

4: - =5 ) nauly
OZL.,LJ..LJ..l...l...l.LJlLi.lL
1 1.2 1.4 1.6 1.8 2 2.2 24

recon (GeV/ c )
0.5
MreCO|I mB + sz/” 2 <E§Ezg + |5E’; | |5§5 | COs 9)]

LHCb (3 fb~!) PRL123,211801(2019)

LHCb (9 fb~1) JHEP06(2020)129

LHCb (9 fb~!) JHEP06(2023)143

BaBar (342 fb~1) PRD86,012004(2012)

Belle (711 fb~1) PRL130,261802



https://arxiv.org/abs/2309.02246.pdf
https://arxiv.org/abs/2212.04128
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MOTIVATION FOR b — stz SEARCHES

10

— B(B - K*rr)
94 |== B(B — K7"17)
8 _igﬁjﬁrf)) ° ‘@SMN@(1O_7) [1]
— RE®/RM(1, 2, 30)
Z N . Correlation with Ry, [2] —Large enhancements to SM BF ©(10%—10%) [3]
e} C"=C% ~ — _ﬂ cb () _ 1]
% 9 10 a vt vt>|; A _ . . . . ’
= i i b - Recent B* — K*vi excess, combined with R, constraints, suggest LUV inz's [4,5]
’ B(B— Kuvv)
2 =5.4+£1.5 (Bellell)
1 AB(B — Kyy)SM
_— = AB(B—Krz7) BB —->K*r7)
070 11 12 13 14 = € [16, 48]
Rx/R3! BB—->Kro)SM BB - K*z7)SM
@[m. dlatud
~ 6 —\/ I
_i - @ LHCb (3 fb~!) PRL118,251802(2017)
. 5 [ a @ BaBar (342 fb~!) PRL118,031802(2017)
U B @ Belle (711 fb~1) PRD108,L011102(2023)
X L f
o 4 -
& i
92 3 [ @
15 20 25 30 35 — X ] O
— KTt 77) x10° = S | !
< A K&
Q?‘v) x ~ N A
o Q0

[1] PRD 107, 014511 (2023)

[2] PRL 120, 181802 (2018)

[3] PRD 105,113007 (2022) Many unexplored modes, unique opportunity for Belle I
[4] PLB 848, 138411 (2023)

[5] 2309.00075



https://arxiv.org/abs/2207.13371
https://arxiv.org/abs/1712.01919
https://arxiv.org/pdf/2201.08170.pdf
https://arxiv.org/abs/2309.02246.pdf
https://arxiv.org/abs/2309.00075.pdf
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B — K77 AT BELLE II: THE CHALLENGE .
E - e Data — F|t
C7(@)X = ©  mESignal Br=31x10°) - -BB
ey 5 2| B'B qq
K+‘; K*OY(4S) @ ﬂ+ G 100 --- Rare B uv
> s D B

e <f>x*y b
BELLE e
S'ea/wé at Belle

Hadronic B-tagging Belle algorithm (Neurobayes FR)

- 7 vrU, rv modes considered
- Cut&count analysis

. BB°->KO71)<3.1x1073(90%CL)

D
o

Belle IT

nprovements at Belle /

« ~2x hadronic B-tagging efficiency rFr - FEI
« Multivariate analysis

« Add 7— pvmodes %(r—pv)~25%

200 p
' Belle preliminar - 0R0
175 }Simulgtion ! 575
i . +p-
150 F B™B
B B rare
125F boul
[ ULV
=100} _
< 755— ¢ -
i uu/dd/ss
50 F 0 0
; B -KsTT
25F

0 N L |
046 048 050 _ 052  0.54
M(K?)

85: At IJS: Search for B® — K2z decays (never searched for)

Events

Compared to K™ narrower resonance and cleaner signature but even lower efficiency

Exer (GeV)

10000 —

5000

" []Signal| Icross-feed [ ] B°B° 1B*B

aq Rare Culv



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L091101
https://linkinghub.elsevier.com/retrieve/pii/S0168900211011193
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CONCLUSION

Belle (II) producing world-leading results in rare B decays

Best precision
B —py

Best UL
B—yy
b—dfte¢

First observation
BT Ktw
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OUTLOOK

Belle (II) producing world-leading results in rare B decays

Best precision e s
B — py  First Belle li(+ Belle) measurement of b — d. Most precise on B — py parameters
Best UL

b dprp-  Approaching Bey  More datanceded

Firstobservation e

Bt —> K vy Tension wrt SM at 2.7¢ for the combined (inclusive+hadronic) result

féwbé%ow(/o‘c
your allention .y

B— K%y B—>Kt¢ B—-Klww B—Krzt B—K¢¢ B-K'%

OO0 0B



