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e b — stransitions are FCNC =SM suppressed (Forbidden at tree level) =
sensitive to New Physics

« SMBR O(10™> — 10~7) with 10-30% uncertainty
* Ratios, asymmetries, angular distributions can be used:
- to improve precision

- to access Beyond the Standard Model (BSM) coupling properties
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Belle Il performance

The key features in the b — s transition
analysis are:

* High tracking and photon efficiency
and low fFake rate

» Particle Identification (e, i, K)

e Momentum resolution
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. /s = m(Y(4S)) = 10.58 GeV =~ 2m, =

constrained kinematics

reconstruction

» Hermetic detector = complete event “ ﬂ_

 Asymmetric collider =
Boost of center-of-mass

B-Fa

CS AE =E¥ —\[s/2 M, = N
] A Continuur ”
BB background -
Signal
Continuum

BB background
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» Excellent vertexing

measurement of B=<bqp -~
- At for time '

performance (6 ~ 15 um)|

» coherent BB pairs
production

e Excellent flavour tagging
performance
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Nnerg

In channels with missing energy = use of the the Rest of the
Event (ROE) information:

y channels

Y L]

Tag
reco

Step 1: Reconstruction of the partner B (B,,,) using well-

tag
known channels

Full Event Interpretation (FEI)
 Hadronic tagging: lower efficiency, but Full tag

|
reconstruction '« MVA based B-tagging algorithm

 Semileptonic Tagging: higher efficiency, but lower

purity 0©(10%) decay chains

Step 2: Using the Y (4) constraint, infer the information * Epag = 0.5%, &g, = 2%

on the second B (B...): flavour, charge and kinematic \ Tracks  Displaced Vertices  Neutral Clusters
i e N | =
constraints A ey am
€ } ( v’ | K | 7T J \ KL 1 /LJ
e 0

* Inclusive Tagging: signal reconstruction first, and then use :
of the ROE+Y (49) constraint to add information to the  popor

signal [T Keck et al, Comput Softw Big Sci 3.6.(2019) | (EESSER



https://doi.org/10.1007/s41781-019-0021-8

‘Neutral current opportunity

= = e e me e _ =

» Belle Il has similar (and good!) performance both in electron and muons

- Opportunity to LFU test and LFV searches (eg. Ry, B = K£'C')

 Some of the channels in Belle Il will become competitive with few ab—! so now
Belle Il is statistically limited (21 I = 362 fb~! at Y(4s))

1Int

* However, several unique opportunities in Belle Il (radiative, multiple neutrinos)
given:

- Almost full hermetic detector

- Y (4S) constraint

- Relatively low combinatorial background
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Fully incl Xy

e Motivation:

- b — s radiative FCNC transition, BR large (O(10™%))
- Precise SM predictions (5% uncertainty) [JHEP, 06 (2020),175] b

- allow to give input for |V , | and b-quark mass [PRL, 127 (2021), 102001]

- Inclusive measurement: no theory uncertainty from Form-factors
e Reconstruction:

- Hadronic B tagging

- Select the y with highest energy in the signal side, with Ey > 1.4 GeV
 Background suppression: main challenge of the analysis

- MVA to veto photons consistent with z7° — yy and 11 — yy decays

- BDT fore™e™ — gqg bkg with features not correlated with E, and M,

>

u,c,t
— B —|Y(4S) |~ —»s;j
// e
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https://link.springer.com/article/10.1007/JHEP06(2020)175
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.102001
https://arxiv.org/abs/2210.10220

& Fully InClUSIVe —> X _‘ [arXiv:2210.10220]
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& 2% Belle 1 preliminary 1.8 <EE <2.0 GeV
« Fit of tag-side Mbc in bins of E, > sl [£=189 fo~!
» allow to remove tag-side BB bkg é 100
 Residual background removal using MCinformation (mostly X ) g 50;‘
- 1.4 GeV < E, < 1.8 GeV region used to validate fit and selection ; g
g Cf
- 1.8GeV < E}, < 2.7 GeV: signal region _522-45 5250 5255 5260 5265 5270 5275 5280 5.285
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* Yields integrated in multiple bins to obtain the energy spectrum
(1.8., 2.0, 2.1 GeV threshold) e ————— — f |

1‘ 150 _><1O‘4 Belle Il preliminary [ =189 fb:1 o

* Leading systematics from data/MC mismodellig in the fit and bkg | - I Data ‘
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https://arxiv.org/abs/2210.10220
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.052004

Inclusive B

e Systematics trend:

y: pspectives [arXiv:2207.06307]

- lower threshold= higher bkg

trade off
- higher threshold = higher theoretical uncertainties
Lower E,? threshold Statistical uncertainty Baseline (improved)
1 ab™' 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%)

e Improved scenario = improved 7 - vy veto modelling

 Other possible improvements: different tagging approaches

* In the long term planning crucial to use ratios/asymmetries to cancel systematics
11


https://arxiv.org/abs/2207.06307

This talk will cover:

sector channel achieved results?
fFully inclusive
189 fb-1
B— X |
Radiative T Sh o im i
ﬁ“ B — K*y 63 fb-
Multi-neutrinos o B~ _’>VK+D S 63 fb-
B - Jly( - ¢O)K 189 fb-
B — K*f¢ 189 fb-
(Towards) LFU violation
BY = K0 prospects only
B — K®pgpgr experimental status only

12



Motivation:

u,c,t
- Cleanest exclusive mode of the B — Xy sector b > > >
W -
- measurement of the BR as a first step for asymmetries measurements
Reconstruction: U
- K'%(892) - K*7", K{nt and K °(892) — Kont, Ktn'
- reconstruct only 1 B of the event y
Photon bkg suppression: K’ N
- 2-body decay: E}jI< ~ mpl2 ~ 2.5 GeV = cut on photon energy « B '_[Y(4S)]'

- Veto on y from 7' and 7
K* bkg suppression
~ Helicity angle of the Kaon from K* follow sin? Ohel» While misreconstructed K* peak at cos 0 ~ * 1

- AE discriminate between signal K*(892) and other resonance like K T(1410)

MVA to suppress e e~ — ¢q background

13


https://arxiv.org/abs/2110.08219

B — K*;, [arXiv: 2110.08219]

- 90
s sof g Belle Il
 Fitto AE, including peaking bkg from other resonances = DF Tlekg (Preliminary)
g 99 SCF [ JLdt=628fb'1
» 50 / '
SR g
Signal yield world best by Belle with g %
454 - 3% precision ] WS T
[PRL 119 (2017), 191802] o AR« W e .1
-04 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE [GeV]
s — (a) B° = K*[KTn~ ]y
consistent with world
18
average 3 ata
g s F Lla Belle II
§ = — - Signal (Preliminary)
 Statistically limited 8 LE sF Jldt=62.8 fo
e Leading systematics from ¥ and 1 veto (plus MVA bkg % j: ! b7 0
suppression and misreconstructed signal) R B IV \
e eliretll RO, LT FEICERN . T § s e v < 7 u rr v
—% 4 -03 -02 -0.1 0 0.1 0.2 0.3
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https://arxiv.org/abs/2110.08219
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802

I'B— K ~) —T(B — K*v)

Acp =

I'(B— K v)+T'(B— K*)

A0+ —

['(B° — K*0y) — (B — K**~)

Extrapolation using Belle results (O(1072) precision)

['(B® = K*y) + I'(BT* — K*tv)

Also photon polarization (left in SM, right in BSM) is a future target

[arXiv:2207.06307]

Measurement of BR is the first step toward the measurement of asymmetries:

on contrary of the BRs, they do not suffer of Form-factor related uncertainties

= e
\\5&
RN

by Belle

191802]

3.10 evidence of |
isospin violation |

[PRL 119 (2017), |

Observable 1ab! 5ab™' 10ab~! 50 ab™! Systematic uncertainty
Ao (B—= K*y)  13% 06%  04%  02% 1.2%
Acp(BY = K*%)  1.4%  0.6% 0.5% 0.2% 0.2%
Acp(BY = K*ty)  1.9%  0.9% 0.6% 0.3% 0.2%
AApp(B = K*v)  24% 1.1%  07%  0.3% 0.3%

15


https://arxiv.org/abs/2207.06307
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
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[Phys.Rev.Lett. 127 (2021) 18, 181802]

0.150 ———————
e Motivation: - Belle II -7
v 0.125 | o= Charged B
- BRpredicted ~ 4.6 X 107° [Prog. Part. Nucl. Phys. 92(2017), 50] / n / < — :
. . Q L - SS -
main uncertainty from B — K form factor Wj;f {;W+ > ; m— :
b | > > S E 0.075 :_ ; (113(1~>K+u1/ g
- no charged leptons = Lower theoretical uncertainties U, Gt S : ¢ Exp8, Run 3123 |
5 0.050} .
- BSM amplitudes can increase O(50%) the BR Z & - E
14 .
. N W3 :
- Not yet observed! Unique opportunity in Belle Il : |
b—>—— S MRS 3 O 2 4 6 8
e Reconstruction: 7 ROE AE [GeV]
- inclusive tagging
_ K+ — highestpT track. ROE information :0.93£BDT2-:::.0.95:0.951-'~'BDT2-::0.9750.97£BDT2-:::0.99§ 0.99<BDT,
. . | | 100 F CR1 1 :Belle I1 » -
 Bkg: 2 BDT in cascade to exploit the event information and suppress ] ;/Edt=<63+9):fb‘
the bkg 300 B B K v :
B [ Neutral B -
- main variables: event shape, kinematics, vertexing variables § EE Charged B |
I 200 B Continuum _|
 Fit: performed in (pg, BDT5) in signal region and 3 control regions $ Dat _
(lower BDT values) 100 . scaled by 2
e control sample: BY — J/y( = uu)K™ .

0.5 2.0 2.43.5/0.52.0 2.43.500.52.0 2.43.500.52.0 2.4 3.5
- ignoring muons (to mimic 7)) and py replaced from MC pr(K™)[GeV/c]


http://10.1103/PhysRevLett.127.181802
https://doi.org/10.1016/j.ppnp.2016.10.001

[Phys.Rev.Lett. 127 (2021) 18, 181802]
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. o ij) 06 _ —— Observed _
- No signal observed = Upper limit =
: : : = 041 90% CL E
- signal strength compatible with SM S Expected: 2:3x10°"
L 02k served: 4.1x107° _
prediction at 1o or bkg-only at 1.30 -
0.0 b— e o1 x107
. . 0 2 4 6 3
Inclusive tagging (e&‘0 = 4.3 % )= x3.5 better B+ s K* v branching fraction
of hadronic tag, 20% better of SL tag Average
Statistically limited N . Belle 11 (63 b !, Tnclusive)
Leading systematic: bkg normalization . S0 i oottor” 1)
o st 5 p 2w
. Babar (429 ", Had+SL
F . 5§

10° x Br(B*—K T vp) 18


http://10.1103/PhysRevLett.127.181802

[arXiv:2207.06307]

Uncertalntles on BR(meas)/BR(SM)

es

Decay 1 a,b_ 5ab~" | 10ab™" 50ab "
BT - K*vw | 055 (0.37) 0.28 (0.19) | 0.21 (0.14) 0.11 (0.08)
B - Ko | 2.06 (1.37) 131 (0.87) | 1.05 (0.70) 0.59 (0.40)
B* — K**vi | 2.04 (1.45) 1.06 (0.75) | 0.83 (0.59) 0.53 (0.38)
B® — K*%up | 1.08 (0.72) 0.60 (0 40) | 0.49 (0.33) 0.34 (0.23)

: — —

e —— s - ——— =

-

Projection based on published+MC study
baseline (improved) assume current scenario (+50% efficiency with same bkg)

Improvement coming from extra tagging scenario (semileptonic, hadronic)

with 5 ab~! we can achieve 56 signalon BT = K up


https://arxiv.org/abs/2207.06307
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actually b — c transition: no sensitivity to BSM
amplitudes expected

BB — Jy(p u")K)
Expected Ry (J/y) = BB = Jwere)K) ~ 1

Used as a control sample to validate B —» K¢£7
analysis

Reconstructed with K, Kg, C =e,U

Fw o , Agreement

RK+ (J/v) =1.009 £ 0. ‘ WIE.h I:-'I' l-_
satisfactory

RKO (J/Q/’) = 1. 042 : precision

Systematlc uncertainty driven by Lepton ID, and below
1% (smaller than Belle)

eV/c®

Candidates per 1.5 M

Pull
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- Belle Il (Preliminary) [{ 4t = 189 fb!
B* - K*J/y(e* e)

¢ Data

- = = Signal

.« Background

- B* — a*J/y(e'e)
[ e Fit

llllll

M, . [GeV/c®

;'?J-'rh i'-"““r“'r’""‘-""'-l-’l-'ln
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https://arxiv.org/abs/2207.11275
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test: B —» K*¢¢

= —_— = = e

Challenge: low BR = statistically limited

. k _ %k S
Reconstruction: K ' - K7~ K+t - K2 Kt = Kgﬂ'-l_

Bkg suppression: ¢ 2[Belle I (Preliminary)
S el J £ dt =189 fb~"
—_ EaY - 16 : iagcnalroun
» BDT (foree — ¢gg, BB...) B af o
g 12 | -» Data
= 10
» vetoon M(J/y, w(2S) — £C) g
o 4
2
e vetoon B —> K*}/ . M(e_l_e_) > 014 GeV %2 521 522 523 524 525 526 527 528 529
M, [GeV/c?
Fit to (M, ., AE) distribution S ?‘Zjﬁt? (Preliminary)
. . l;‘ (gg 10 E_---B:ckground ‘
Similar performance for electrons and muons S ol v
3 b _
: e YR
05..2 521 502 523 524 525 526 527 528 5.29 23

M, [GeV/c?]


https://arxiv.org/abs/2206.05946

m:(l.lg ~ | . E—
“B(B — K*eTe™) = (1.42 =
B(B — K*€+€_) — (1.25 +0.

e Statistically limited

Ground ready for more | = (106 £0.09)x10% |

data fFor R(K") w.a.
measurement

(1.19 £ 0.20) X 1076 ‘
(1.05 £ 0.10) X 1076

[

e Systematic uncertainty subleading, and driven by particle ID
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Entries / [0.0033 GeV/c?]

(&)

Belle II (Preliminary)
[L£dt =189 b~}

= Signal

= = Background K>I< f f

=== Total

- Data

)

) .
52 521 522 523 524 525 526 527 528 529
M., [GeV/c?]

Belle II (Preliminary)
dt = 189 fb~!
w—— Signal
= = : Background
| == Total

Entries / [0.0078 GeV]

AE [GeV]

015 01 005 0 005 0.1
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s + _ - Ctives [arXiv:2207.06307]

———— —— = = —— =
s p——

e SMBR~0O(10~7) = extremely sensitive to New Physics: BSM may
enhance the rate ~ 10°SM BR.

- Complementary to B —» K"Z¢, and experimentally UL only
©(107°) 90% CL

Br x 10*

B(B° — K*77) (had tag)

ab~! ”Baseline” scenario ”Improved” scenario

1 <3.2x 1073 <12x107°

5 <2.0x 1073 <6.8x 107

10 <1.8x 1073 <6.5x 1074

50 <1.6x 1073 < 5.3 x 1074 [PRL 120 (2018), 181802]

e baseline: Belle analysis (hadronictag, 7 — £uv) [arXiv:2110.03871]

e improved: extra tag, v — 7wv

e Additional improvementincluding 5 — KOt

: ] RD(*)&RJ/W 20
j 1 RD(*)&RJNJ 10

8 Br[Bs—> 1]

| W Br[B-K*r1]
. W Br[B-KrT1]
| O Br[Bs»>¢r1]

26


https://arxiv.org/abs/2110.03871
https://arxiv.org/abs/2207.06307
https://doi.org/10.1103/PhysRevLett.120.181802

Analyseso tline
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LFVExperlmental status of b — sz/” 0 =

Many LFV searches triggered b 4

in the last years by the current

B-anomalies s £
£, 0 ={e,u,1}

~

-
BaBar (429 fb-)

Bt - K*z/: (1.5-4.5)x1 0‘5)

\/

1999 2010 2012

¥

Belle: 711 fb

1

€, T

\

B+

B+/O

LHCDb (3 fb)
B, —7u: 3.4x10-5

—K*ue: (6-7)x10-9
Belle (711 fb-)
—K%e: (4-9)10-¢

2018
R

>
LHCDb (9 fb™)

N

Belle (711 fb-1)

B*—>K*rtu™: 3.9x10-5

\/

Bt - K*1u:0.6 — 2.4 x 107
BT - Kt7e:1.5x 107

2022

< U > < > <

Belle (711 fb)
>\B° — K %e: 1.8x107

BaBar: 429 fb LHCb: 3 fb- LHCbh: 6 fb-

Limits on modes with 7’s are not as constraining as those with ye because of

the more challenging 7 reconstruction

<€

>

Belle ll: 365 fb-1

. (2-5)x10-5 range for B* — K*7# (BaBar and LHCb)

— e === = . —— e e

BO

HCb (9 fb-)

:

B - K"ue: 1.0x10-8 |

— K %u: (0.8-1.0)x10-5|

@S — peu: 1.6x10-8

| 28


https://www.theses.fr/2022UPASP144

experim

ental methods

R e e — = —_—

_—— e e ——————

* B-tagging (hadronic or semileptonic) Wi,
» Reconstruct B, and K, ¢ tracks )

e Missing energy only from 7 decay = recoil
T Mass:

Pr = Poto- — (Px + Py + P )

tag
2 _ 2 2 % 2%k | | ok
m; = mg+ myg, — 2(EXEg, + | pk| \pKf | cos QBtag,Kf)
replacing £ — E, .., Pp = Ps,,
B - Ktu
. - 0.30
NU 020 Belle simulation 771 BB : SL tag
~ : = 0.25} [ HAD tag
% KT/ = | |
s 0.15 8 020 |
- 3 :
™M 0.10 3 0151 o ~30MeV/c?
d 5
E 0.05:— g ‘*Q =— e ————
S ~ |[from G. De Marino thesis ||
0.00 00 125 150 175 200 225 250 00 e S S

m. (GeV/c?) m. (GeV/c2) 29


https://www.theses.fr/2022UPASP144

e Current BR measurements in radiative decays are on par with world best
measurements

- few ab-' allow to explore asymmetries and improve the NP sensitivity

« B — Kuvis aunique opportunity for Belle Il, Few ab-1 allow to observe the decay
or access to NP

. Despite R(K) anomaly disappeared, B — K*#¢ measurements prepared the
ground for rare decay searches:

- strongly SM suppressed: B — KOrr

- LFV decays: B —» K¢y

Data taking will resume from winter 2023-24,
'with an upgraded detector and improved collider,
* aiming for more luminosity!

e e — — p— —_—— ——
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Thank you for your attention!
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Belle Il experiment at SuperKEKB collider

SuperKEKB Belle ll
» Energy-asymmetric ee™ collider Electromagnetic|

' Calorimeter

. \/s = m(Y(4S)) = 10.58 GeV =

electrons (7 GeV)

* Successor of KEKB (1999-2010,

KEK, Japa n) {Beryllium beampipe |
1cm radius )f
 Target peak luminosity: Vertox Detector WXD) |
6 - 10 em—2s7! (x30 of KEKB)  |iiaveoesd / \.

(Magnet |

(U)o B=15T

Superconducting solenoid |

z (mm)

KL and muon detecor (KLM)

'Resistive Plate Chamber (barrel)

Scintillators+WLSF+MPCC (endcaps)

positrons (4 Gev)

Part|cle Identlflcatlon

TOP: Time of propagation counter (barrel)

ARICH: focusing Areogel RICH (forward) J

Y

Central Drift Chamber (CDC)

56 layers of longitudinal and stereo wires
He(50%):C2He(50%)

]

-/

[Belle Il Technical Design Report, arXiv:1011.0352]

Nano-beam scheme:
250 um (Z) X 10 um (X) X SOnm (YY)

33
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Belle Il experiment at SuperKEKB collider

SuperKEKB Belle ll
» Energy-asymmetric e e~ collider Electromagnetic|
Calorimeter
| CsI(T) KL S e A e (KLM)
® S = mt 1| — 1().5& . B N\ o ReS|st|ve Plate Chamber (barrel
o - - ] S S - )
Current Status !
, | | 10 60
* complete detector data taking started in| — ——r—
2019 % g| [ 50
|« Current peak luminosity % - l
4.7 - 10°* em—2s! (reached the é ° I ~
22/06/2022) 2 4 5 : ;
e current mtegrated luminosity: E - )
~ 424 fb~! (~Babar~0.5 Belle) x 2 | |
a |
e ~ 362 fb~!atthe Y (45) 0 | 1
2019 2024 2029 2034
|

- Currently in Long Shutdown 1 (LS1),
restart |n Wmter 2023-24

— — —_— e ———— ———————————



https://arxiv.org/abs/1011.0352
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Long S

Long shutdown 1 (LS1): LS1 activities:
czjgléaz-takmg sopped In JUly * replacement of the beam-pipe

* replacement of PMT of central PID detector (TOP)
e installation of 2-layer of pixel detector

- shipped to KEK mid-March

- final test scheduled in April

e improvement of data-quality monitoring and alarm
system

e complete transition to new DAQ boards (PCle40)
 replacement of aging components

On track to resume data

taking in winter!  additional shielding against beam backgrounds

e accelerator improvements: injection, non linear-
collimators, monitoring



B-Fa ctoryldea B

Asymmetric collidere™e™, E,. = m(Y(4S)) = 10.58 GeV

= coherent BB pairs

Boost of center-of-mass (f/y = 0.28)= measure of Az

High luminosity = precision measurements

Hermetic detector, high precision in vertexing = closed

kinematics /
_ N /

Y (4S)=<bb»

) 7/ 2
Iy sy = 10.58 Gel / C

. _ —19
T ~ 1.5 x 10 l“S
mp ~ 5.279 GeV/¢?

25
- Y(1S)
[}
—20[ e
Rk 0
£, R « C
— L 0 = N
» [ ! = 0
S 150 | ! =
O B T
3 | m
L [t Y(2S) :
T 10} P .
3 - |' ," ‘ /.‘ E
O 5_ " ‘,‘ y'o ‘\‘o " x :Y(4S)
! ¢ 7oy :
: t te :’ ‘.3:' :‘ e Neret . -
ol Qi (R YO Y
9.44 9.46 1())0 1002 1034 1037’ 10.54 10.62

e* e Center-of-Mass Energy [GeV]

ete” —  Cross section [nb]

Y(45) 1.05 + 0.10
cC 1.30
S8 0.38
UY 1.61
dd 0.40
777 () 0.919
prp () 1.148
ete () 300 £ 3
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‘B-Fa ctoryvarlables -

_ _ *2 =) o i
o Mpg=M,. = \/Ebeam — Dx 2 variable mostly uncorrelated

e tag-signal relation:

« Expected M, . ~m

o Expected AE ~ 0

oK K
for properly For properly - bp = Eg, =/s/2,
reconstructed signal reconstructed . -,
signal o Pg. = ~Pp,
u - V) —~~ 03—
D I i -
50000 |- (2) 260000 - (©) “ %) 0ol
- - h - <
qC) | < 50000 |- g - i
40000 | Ty S
40000 [
30000 | ' < .
30000 [
20000 20000 | oI _
10000 | 10000 |- | J &L 02 -
o03 052 522 524 526 528 53 035 5m 5.54 5.06 5.08 0

mES(GeV/cz)

mbC(GeV/c )



PMmpatlblllw

of single-y events with 7 Uand 7 |
decays using:

- invariant mass, angular |
distibutions, energy, helicity...

* Unfolding: bin-by-bin multiplicative
Factor based on signal model 1
(Nexp/Ngen)

BKG, MC B—X v
NPKGMC _ yBXary

1 1

1 dr,
[pdEB

U; X ( NiDATA _

)

EiXNB

addltlon oFB — K*y

i
4
i
* Signal MC: BTOXGAMMA with the ]

Fully inclusive B — Xy - extra info

— e e — m:_

Fit Signal Background

‘ EB [ GeV | Fl y EB( 10~%) Statistical Systematic brocedure efficiency modelling Ot her |
18- 2.0 0.48 0.54 0.64 042  0.03 049  0.09
20-21 0.57 0.31 0.25 0.17  0.06 017  0.07
2.1 2.2 0.13 0.26 0.16 013 0.0l 011  0.01
2.2 23 0.41 0.22 0.10 007  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 0.0 0.02  0.09
0.13 0.10 0.02  0.09 0.00  0.04

ﬂ 2.0 —2.6 0.71 .
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Table III. Relative systematic uncertainties (in %) for the branching fraction measurement.

-extrain F

_—— e e ——————

Source K Ktn ]y | K*[K3n]y | K* T [KTn0]y | K* T [Kdn ]y
No. of BB events 1.6 1.6 1.6 1.6
Photon selection J_rgjﬁ fg:i fg:i ig;ﬁ
7V /1 veto 3.8 3.8 3.8 3.8
Pion identification 0.6 — — 0.6
Kaon identification 0.8 — 0.8 —
K reconstruction - 2.4 . 2.4
7V selection o 3.4 3.4 o
Tracking efficiency 1.4 1.4 0.7 1.4
MVA selection 2.0 6.0 2.0 4.0
MC statistics 0.2 0.5 0.3 0.3
PDF shape parameters 1.0 fg:i J_rgfll 0
Misreconstructed signal 1.5 i ! e
Total 5.3 5 ry: 73

Candidates / (20 MeV)

Candidates / (20 MeV)

90
80
70
60
50
40
30
20
10

Belle Il
(Preliminary)
_[Ldt =62.81b"

- -
----------

Belle Il

(Preliminary)
det =628

(¢) Bt — K**[K*+7n0)y

Candidates / (20 MeV)

Candidates / (20 MeV)

¢ Dat
Ij -y Belle Il
— = Si | . i
e BKg (Prellmmary}‘
i SCF jl.dt =62.8 fb
8
6 e
y TN
: \
2 L 4 N
:“ T o e T — 155 = an nin n g of sl TN —"———
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
AE [GeV]

(b) B® — K*°[Kgn°]y

Belle Il
(Preliminary)
det -62.81fb"

-02 -0.1 0 0.1 0.2 0.3
AE [GeV]

(d) BT = K*F[Kmt]y

helicity angle definition: angle between the K from K* and the B, in the K7 rest frame
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£¢ extra |
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systematic uncertainties

Source

Systematic (%)

Kaon

identification

Pion identification

Muon identification

Electron identification
K g identification

7V identification

Tracking

MVA

selection

Simulated sample size

Signa,
Signa,

B(Y(4S) — BTB7)[(B(Y(4S) — B°B))

| cross feed

| PDF shape

Number of BB pairs

0.4

Total

e ————— —— —_— .

Yields:
u:22=x6

e: 186
£:38 9
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o (-

CO)K:

— e ———————

* _extrainfo

- Table III. Relative systematic uncertainties (%) on B (B — J/YK), Rk (J/v), and absolute un-
~ certainty on A; (B — J/YK).

Source B(B — KJ/v) Rk Aj

K" K" K! K! K"K’

ete” prp etem ptpT ete” prp~
Number of BB events 1.5 15 15 15 - - - —
PDF shape 0.2 02 02 02 0202 01 0.1
Electron identification 0.6 - 0.6 - 0.6 0.6 - -
Muon identification — 04 - 04 0404 - —
Kaon identification 0.2 02 - — - - 0.1 0.1
K2 reconstruction — — 30 30 - - 15 1.5
Tracking efficiency 09 09 12 12 - - 04 04
Simulation sample size 0. 01 01 01 0101 0.1 0.1
Y(4S) branching fraction 2.6 26 26 26 - - 26 2.6
(t+/TRO) - - - - - - 02 0.2
Total 3.2 32 44 44 08 08 3.0 3.0
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Events / 0.05

2000

—_-— = = —_— e —

- K"wp

info

e

1500

ANES

\ |

500

\ |

0.0

Belle II preliminary
[£dt =63

\®)
S
-)

N
o O Ol
o O O

Events / 0.05

-]

0.0 02 04 0.6 08 1.0
BDT,(BDT; >0.9)

7B —K*J/1_,,+,- MC
:IB+—>K+J/¢_>//+M— MC
BT*—K vv MC

& BY*K*J/y.,,, Data
¢ B+—>K+J/’¢_>M+//— Data

1 o | PN |

0.2 0.4 0.6
BDT,

rmation

fraction of events

example of discrimination variable

=
o

Le-

.
U1

O
N

=
o

-
N

—
e

.0
0.0

0.1

[ Belle II preliminary

0.2

0.3

-JIRRE000

0.4

TT

Neutral B
Charged B

cC

SS _
uu i
dd

BT =K vw

Exp 8, Run 3123 -

0.5 0.6

Fox-Wolfram Moment R,
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R(K*) prospects

 Given recent LHCb result, there is an L
excellent agreement with SM x4

* Currently Belle Il is not competitive

 Uncertainties dominated by statistics

»{;[I_(H' rérence: af#1ﬁ2.0 53 ] }}f —

e ——— e ————— | _——— B —

!

H )
1.4 ) LHCb Ry

s R 1+0.094

9 fb—l Ry central-¢> = 09494:(())(())?

12| R lowg® —0cori |

‘ o R+ central-¢°> = 1.0271)0% |

\ J

< 1.0 I : \

‘l Q‘? I . J_ b
- 08f

| : t Data X>=16,p=0812, 0 = 0.2

| — SM

“ . I |
\ Ry low-¢° Ry central-¢> Ry low-¢° R~ central-¢° l

| |

| |



https://arxiv.org/abs/2212.09153

Belle Il | ince

\ —~
| ¥ I S A S S S S — 2.5¢ g |
‘ MA _ al ANAA A | L .+.Cosm|c E 1.0 ‘”..’..,'.oooooooooooooooooooooooooooo"T |
:A ' : WA AL L AN A : : — ‘{‘ |
% 0.8} e H “‘“‘m i‘m~ — 2~ + Plon - " . barrel region onl ‘
@] - A K ID eﬂuc:ency (data) 32 A e o 05Fh 9 y r
'é.:’ : L K IP eﬂucn;enCY (W) : Belle Il 2020 g - E 4 data Belle Il Prelmjilnary i
w 0Bt e Sliinary) ] £ 1.5 g boMC [Ldt = 71.2 fb
g : [Lat-37.0 1" 3 F : 00 |
S 0.4} S — S — e ' w
5 : Yy = mis-1D rate (data) a - 1.025
= 0.2 Vv nmis-lDrate(MC) i %"’ u <), , ' 19054et 144 ."* ” ‘
¥ 0. - [ —-— <|% 1.000 Proftele ol ' oft »
- 0.5 ———— T | bl I” "”"“ i
0l - |
Momentum [GeV/c] %6204 08 0. 8 b ¢ G'.ev/c; 274 76 T8 2 1 2 3 4 5 |
. 1 [GeV/c]
PID still 20% worse than Belle but . . Phecol
. . Momentum resolution 20% better than Belle High photon effic
Improving : Ign phaoton efliciency, |
|
e |

P01 4 BelleSVD2 ([ £ dt = 571 b)) |
12541 ¢ Belle I1 2019 (preliminary) ([ £ dt = 8.7 ") i

Bellell

+ - 1)()”:

‘ . = 10.0- \
Belle 'F 7 a1 K00

Crecnive

o 207 + A ‘ |
) + 4 * | [From D. Tonelli]

) A
. \!u 004 & Aol |
; : 2 ' [ps? 0,000 ~ 0100 0300 0.250 0200 ~ 0.50 0500 ~ 0629 0.620 7 01 0750 ~ 08T 0810~ 1000 )
Nearly 2x better decay-time resolution r interval
than Belle Tagglng performance similar to Belle and |mprovmg |




