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Physics Motivation

o Origin of particles generations and the role of flavor r Ve
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@ Where to look for NP at colliders?

o CP violation and matter-antimatter asymmetry
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o Energy Frontier — direct search of new particles
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First generation B factories

o Belle at KEKB and BaBar at PEP-II

o High luminosities:

o 711 fb~! at Belle
o 424 fb~! at BaBar
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@ Wide physics program
e confirmation of KM mechanism,
B decay
e 2008 Nobel prize in Physics

I I I I I I I I |
0 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year

direct CPV in

o Rich legacy left for next generation

experiments
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o Asymmetric beam energies

o boosted CMS to measure B decay time
by decay length reconstruction

o Collision energy at T(4S) resonance

(e+e- — Hadrons) [nb]

Y(4S)
on-resonance
"Here be B"

Y(1S)

20

off-resonance
Y(2S) "B free zone"
3 Y3S)

continuum background
0

944 946 1000 1002 71034 1037 7 1054
e*e” Center-of-Mass Energy [GeV]

10.58 10.62
o Coherent production of B°BY
ot
A

[

o Full reconstruction of one of the B’s,
tagging the flavor of the other B etc.
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Belle Il Experiment - Next generation B fac

@ Belle Il experiment is a leading Flavor Physics experiment at the Intensity Frontier

Interaction
Region Belle Il detector
T

electron / positron
linear injector

positron damping ring \

o Asymmetric et (4 GeV) - e~ (7 GeV)

collider with CM energy at BB threshold,

10.58 GeV
@ Design luminosity = 6 x 103 cm

e World record Lpeax = 4.7 x 103 cm—2s71

—25—1

KL and muon detector

esiatve lte Courtar el e leyers)
Sclsr . WLSF

— .— nd-caps . s et i
Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Acrogel RICH (forward)

EM Calorimeter
Csl(T), waveform sampling electronics

electrons (7 GeV)

Vertex Detector
2layers Si Pixels (DEPFET) + !
4layers Si double sided strip DSSD

positrons (4 GeV)

Central Drift Chamber
‘Smaller cel size, long lever arm

o Run | (2019 - 2022): Recorded 424 fb~!

of data: equivalent to BaBar and 1/2 of
Belle data sample during Run |

o At T(4S) resonance: 362 fb—!
o Recorded 532 fb—! of data from Run | and

Run Il (2024a, 2024b)

e Aims to collect 50 ab—1 of data
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Advantages of Belle Il

o Clean environment: Average 11 tracks per event compared to hundreds of tracks for
hadron colliders

PN pormryr———
§ vt o N —— @ Good particle identification and
E;i b tesonony performance
! + data Belle Il Pr ina
N == o fLot=712m7" .. i e
3000 I o Similar sensitivity for 1 and e
§ 06
g . 0, 1.025 . . ..
§o0s elD: ~ 900/"406;F- 3l oyttt sk @ High photon detection efficiency
202} T —e:~0.4% " oens
® 00 " : 5 4 — o Good 7% mass resolution
p[Gevic] Precoil [GeV/c]

tag-side signal-side

@ Unique for B factories:

ith 70 )
e channels with 7, v, '/, K ...
o final states with one or more missing v
@ Dealing with missing energy:

o fully reconstruct the partner B meson: full event
interpretation

-ty
- packground
60 |77 MCstat. unc.

o lIdentify invisible particle using,
M2yiss = (Pete— — Puisible)

Events / (0.29 GeV?/c*)
@

C10 Z05 00 05 10 15 20 25 30
M2, [GeV?/c*]
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Physics Programs

. mixing and CPV
Bs physics
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—Sxdlusive measurements

5 Bphi Ks, Bt ks

pin sum rules

- gamma and radiative penguins, B->K(*) nu nubar
6K g2




Rare B decays
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B — K*~ at Belle Il [paper in preparati

Involves b — s+ transition

New particles can contribute to internal loop, altering B as well as other observables

SR iy
W+

SM B predictions have large theoretical uncertainties (~ 20%) related to form factors [JHEP
04 (2017) 027]

o Acp and Ag, are theoretically clean
due to cancellation of form factor
contributions in ratio

o SM: Acp =~ 1%,

Observables;
e Branching fraction, B
o CP Asymmetry

rB— K'v)—T(B— K*y)
B — K'y)+T(B— K*v)

Doy = (4.9+2.6)% [PRD 88 (2013)

Acp =
- 094004]

‘A-ACP — Ap(B® = K™) — Acp(B — K*tr) ‘o Belle [PRL .119 (2017.) 191.802.] ha.s
observed evidence of isospin violation

o lIsospin Asymmetry at 3.10 using 711 fb~!
r(B° — K*%y) — [(B" — K*'v)
F(B° — K*0y) + T(B+ — K*+v)

o Used Run | data sample of Belle Il

o Measured Acp, AAcp, Ay in
addition to B

Aoy =

Seema Choudhury Recent B-Physics results from Belle 11 July 11 2024 8/36


https://link.springer.com/article/10.1007/JHEP04(2017)027
https://link.springer.com/article/10.1007/JHEP04(2017)027
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.094004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.094004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802

B — K*~v at Belle Il [paper in preparation]

K0 & K+, KOnO o 2D fit of My, (\/(Iz'bem/c2)2 — (pg/c)?)
K*+ — K+n0, KSO7T+ and AE (Eg — E, ) to extract signal
£ om B(B® — K*0y) = (4.16 £ 0.10 £ 0.11) x 107°
Saoo| Bellel R B(BT — K*Tv) = (4.04 £0.13 £ 0.13) x 107°
ool [ra-s02 B o8 Encrmmind B(B — K*y) = (4.12+0.08 £ 0.11) x 10~°
3

200

Acp(BY = K*0) = (=3.24+2.440.4)%

\ ) .
. A Acp(BY = K*Ty) = (1.0 £3.0 £ 0.6)%
03 02 -01 0 0.1 o'is[ee\?is Acp(B— K*y) = (—2.3+1.9+0.3)%
;200 + oam
%’ a
= — Fil
€ ool B oy B KK AAcp =(22+38+ 0.7)%o
£ fuomseen t qd Background Aor =(51+2.0+1.0+1.1)%
) I BB Background
5100

@ Results are consistent with WA and SM

50 // \\ ¢ * e SM: ACP =~ 1%, A0+ = (49 + 26)%

0&____&__ e Similar sensitivity to Belle [PRL 119 (2017)

03 02 01 001 O-iE[G 3]3 191802] due to improved AE resolution and
e

Kg identification efficiency
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802

B — (n,w,m, p)ft~ at Belle [arXiv:2404.08133]

@ Involves b — d¢t ¢~ transition

o B for b — d¢T ¢~ is more sensitive to new physics than
b — s¢t¢~ as SM B is suppressed by a factor of
|Via/ Vis|? ~ 0.04

Typical B in SM is O(10~8) or smaller [PRD 86 (2012)
114025]

LHCb [JHEP 10 (2015) 034, PLB 743 (2015) 46]

BB — ntutp~)=(1.784+0.23) x 1078
B(B® — p°utp ™) =(1.98 4+ 0.53) x 1078
B(B® - ntnputpuT) = (2.11£0.52) x 1078

@ Search for e channels in addition to p channels: tests
LFU in b — déT¢— [

BEO 5 (n,w, 70, p*0)ee
B0 — (n,w, 7%, pF)up

o Used 711 fb~! data sample of Belle
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https://arxiv.org/abs/2404.08133
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.114025
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.114025
https://link.springer.com/article/10.1007/JHEP10(2015)034, https://www.sciencedirect.com/science/article/pii/S0370269315000738?via%3Dihub

B — (n,w,m, p)ft~ at Belle

channel BUL (1078)

BY — pete— <105
BY — nutpu— < 9.4
BY — nete— <438

CBY Swetem | <307
BY — wutpu~ <249
B® — wete <22.0

S BV S Vetem | <79
BY — x0uty <5.9
BY — m0¢te~ <38

Bt Satetes | <54

T BY S pfete | <455

Bt Sptetem | <467
Bt — ptutu~ <381
Bt = ptete- <189

[arXiv:2404.08133]

@ 2D M, and AE fit to extract signal yield

Belle Belle
% 25F — 525 —
S (b) B® — wete 2 (b) B® — wtte
220} @ 20
S5 215
2 o
§ 10 @ 10
5 # 5
AN T
%2 522 524 526 526 S5 01 05 o0 005 0.
M, [GeVic?] AE [GeV]
< 30 Belle =2 Belle
2 (d) Bt > ntete| 2 (d) Bt — ntete”
2% @« 20
@ 20 S
o %15 l
215 * g m |
§1o»++ .,,10»* H‘F
LN Lt
52 522 524 526 528 015 01 005 0 005 0.1
M, [GeV/c?] AE [GeV]

o World's best limits for BX0 — (1, w, 750, p=:0)ee and B0 — (n,w, 70, pT)up

o World's first limits for B® — wlt¢—, Bt — pT¢T¢—, and B® — plete—

e No LFU (b — du*p=/b — dete™) violation observed in b — d¢T¢~ transitions

Seema Choudhury
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https://arxiv.org/abs/2404.08133

Exclusive B — p~y at Belle & Belle Il [paper in preparati

@ b — d~ transition have one order of magnitude lower B compared to b — s processes and
can be affected by NP independently

B — py decay has been observed by the Belle [PRL 101 (2008) 200401] and BaBar [PRD 78
(2008) 112001]

o Current WA of Agy = (30f1163)% [PTEP 2022 (2022) 083C01] lies about 20 away from the
SM expectation of (5.2 £ 2.8)% [PRD 88 (2013) 094004]]

Used 711 fb~! and 362 fb—! data samples from Belle and Belle Il
Reconstructed p® — nt7~ and pt — 7t 70 for B® and Bt

Experimentally challenging due to the presence of B — K*+ background

My : invariant mass of p recalculated based on hypothesis that one of the 71 is a K+

o My, helps separate K*~ background better compared to My
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.200401
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.112001
https://inspirehep.net/literature/2106994
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.094004

Exclusive B — p~y at Belle & Belle Il [paper in preparati

e Simultaneous 3D fitting on My, AE, and M, with extended unbinned ML to 6
independent data sets: BT, B—, and B° +ﬁ in Belle and Belle Il
signal 4+ bkg, signal, continuum bkg,
generic B, B — K*~v

%I sof H (6 Bl Py (rlrinan) B(B* — p*y) = (13.1735%) x 1077

8 wf B(B® — p%y) = (7.5 £ 1.374%) x 1077

5 Acp(BT = pty) = (82712 37%)%
Do+(B = py) = (10.931577%)%

A%2(Ge\l%3 @ Results are in agreement with SM

@ Improved isospin asymmetry A; results: consistent
(1) Belle 1B~y (preliminary) with the SM prediction

SM: Agy = (5.2+£2.8)%

Events/(20.0 MeV)
8
b ua R

@ Most precise measurement of observables for
B — py to date

-0.3 -0.2 -0.1 0 0.1 0.3

0.‘2
AE (GeV)
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B® — ~v at Belle & Belle Il [arXiv:2405.19734]

@ No direct interaction between b and d quark

@ FCNC process through loop diagram as quark emits and reabsorbs a W~ boson

Y VA VoY 4

' q
0 !
B W_: Yq
. |
d—<«——<«— N \N\1Y

o B® — v is suppressed by a factor of |V2|/|V2| ~ 0.04 compared to Bs — vy decay,
B(Bs — v) (SM) ~ (2 — 37) x 107 [JHEP 08 (2002) 054]

e SM B = (1.4ﬂ)‘%) x 1078 [JHEP 12 (2020) 169], significant long distance contribution
o Best UL of < 3.2 x 107 by BaBar [PRD 83 (2011) 032006] at 90% CL with 426 fb—! data
o Used 1.1 ab™! of data sample: 694 fb~1 (Belle) + 362 fb—! (Belle Il)
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https://arxiv.org/abs/2405.19734
https://iopscience.iop.org/article/10.1088/1126-6708/2002/08/054
https://doi.org/10.1007/JHEP12%282020%29169
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006

B® — ~v at Belle & Belle Il [arXiv:2405.19734]

o 3D simultaneous fit between Belle and Belle Il using My,., AE, and CllaDT (transformed
BDT for continuum suppression) to extract signal yield

T . N ; - = -
Lasf Bt Lt = 694 b Signal Zasp el Lot = 634 Signal 8 | e = 694 1 Signal
- o - Background 3 . .
2o} & so|Preliminary ¥t ackgroun £ Yoretiminary 8- sacigrouns
3 %, +-Data H - Data
£ H
£ 2 @ 20
i= @ 2
15
15 15F
10 w0l 10
s 5
8 2 [ St Coveriweni 0 7 L b
524 525 526 5.27 5.28 5.29 06 05 -04 03 02 -01 0 01 02 0 05 06 07 08 09, 1
M, (GeV/c) AE (GeV)
G2f  seen ' Signal Sl a— = po A P - p—
3 Lot =36210 <+« Background . fm:asz i e und 8. f Ldt= 362 L
£ S tPreliminary ®™" n 5 Jiminary BT Za SN iy By
H :: relimipary - oata 8 1z [Freliminary o b 3o eliminary e
£1a 10 s
H 1 2
@12 8
10 . sk
8 6
6 . af
: ' : u s
o . . . . o L T L o b TR M
520 525 526 527 528 529 06 05 04 03 02 01 0 01 02 0 2 o A 05 08 b7 08 08 1
M, (GeV/c?) AE (GeV) [

sor

o Nsig = 11.0J:%"§ having a significance of 2.50

BYL(BY — v4) < 6.4 x 1078 at 90% CL ]

@ Most stringent UL: 5x better than best limit from BaBar [PRD 83 (2011) 032006]

@ Result is not too far from SM expectation
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https://arxiv.org/abs/2405.19734
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006

B+ — K*+uw at Belle Il [PRD 109 (2024) 112006]

o Bsm(BT — K+uvw) = (5.58 £ 0.37) x 10~ [PRD

v

107 (2023) 119903] 70
@ Experimentally challenging due to two neutrinos wH v
o Best limit of < 1.6 x 10~ at 90% CL from . ﬁ .
BaBar [PRD 87 (2013) 112005] b b

o Used Run | data sample of Belle Il
®. @,
F’T“s)‘e*_% S Yas — ”0//
B, ~ K~ B
ROE \ / tag
Inclusive Tag Hadronic Tag \ ~ ”0 3

@ ITA has low purity but high efficiency and HTA has high purity and low efficiency
o ITA: signal efficiency = 8%; purity = 0.9%
o HTA: signal efficiency = 0.4%; purity = 3.5%

B(Bt — KTvp)

o Parameter of interest: signal strength = 1 = W
SM — vy
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.119903
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.119903
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005

B+ — K*+uw at Belle Il [PRD 109 (2024) 112006]

@ Binned fit to extract u:

o ITA: Classifier 2 output [7(BDT2)] and g° [mass square of neutrino pair|

e HTA: Classifier output [n(BDTh)]

n(BDT,)
0.92 0.94 0.96 0.98 L0
3000 bt
Belle IT H

w JLdt=(362+42) b EEE B Ko
< = B'B’
3 ITA = BB
= B Continuum
g t  Data
o H—

5
E 0
.

P - P -

14 8251 4 8251 4 8 2541 4 8 25
Grec [GeV? /]

Candidates/0.1

Pull

o u=54+10+11
B=(274+05+05) x 1073
o 3.50 significance w.r.t bkg-only hypo

@ 2.90 departure from SM

125
Belle IT B Bt Ko
100 F JLdt=362b"1 — BB
HTA =
75 F 4 B i, dd, s5
{ Data
50
2 _'_|_|_|_‘_‘_
0
o |
0
_5 E ! ! ! ! ! |
0.4 0.5 0.6 0.7 0.8 0.9 1.0
n(BDTh)
1.841.6
o =225
— +0.940.8 -5
o B=(11753"%5%) x 10
o 1.10 significance w.r.t bkg-only hypo

0.60 departure from SM
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

B+ — K*+uw at Belle Il [PRD 109 (2024) 112006]

SM ‘\wmgv

'S
15.0 t - ——
F - . Belle I 1", combined)
E Belle IT SM ! 23207 1
12.5 [ Ldt=(362+42) " — HTA 4o Belle 11 (362 f!, hadronic)
— ITA H i i
"3 —— Combination | —— Belle 11 bt inclusive)
»qe I RN Belle T (63 fbl, inclusive)
~ ! 415 PRIL, 151503
= | o1 Belle (711 fb!, semileptonic)
a0 H 10406 PRDYG, 091101
S L e Belle (711 fb!, hadronic)
[a\] : 29416 PRDS7, 111103
I 1 BABAR (418 fb'!, semileptonic)
! 02208 PRDES, 112002
‘e BABAR (429 fb!, hadronic)
1 15213 PRDST, 12005
1 1 1 1
y 0 2 4 6 8 10
u 10° x Br(BT—K * vp)

@ Excluded common events from ITA sample

o Correlation between common systematic
uncertainties are included

o First evidence of BT — K*u¥ process

°op=46+10 :I:()Of @ Results are in agreement with all previous
o B=(23+05"9%)x 107° measurements

@ 3.50 significance w.r.t bkg-only hypo
e 2.70 departure from SM
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006

Semileptonic B decays: CKM and Lepton Flavor Universality I

g 041 H T T T 68% CLLonlours
E/ 1 BaBar E
035 =\ LHCH E
b llen ( N 3]
o3 N[ ¢ 3
E T N -
A 025 >
le Vub ME_ : ‘ _E
olz Ol‘i “l4
R(D)
B(B — Hrv
R(H, ) = 55 Hrv)
C v 1 Vb B B(B — H/,l/)
ad "¢
H=D,D" X m,..
g = 61 :U‘ \\

)
/ New! Featured today

“Traditional” modes
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Untagged | V| at Belle Il [paper in preparatio

Vud VUS Vub
VC KM = Vcd Ves Vcb
Vie Vi Vi

o |V,p| is important to constrain CKM
unitarity triangle and test SM

\ B o |Vy|? % f, f = form factor (LCSR, LQCD) \

Im
o Long-standing V,,-puzzle between pin
inclusive and exclusive decays vy, /=
o |V, for inclusive and exclusive differ by JoMa
2.50 experimentally v >
‘ Exclusive : B — mlv, B — plv ‘ Vol Re
‘ Inclusive: B — X, fv ‘ G 48E T T T T T
; u "9 46 E Exclusive [V,,| Ay = 1.0 contours E
= F Inclusive
= E = Exclusive|V,| ou
@ Used Run | data sample of Belle Il 44t Wy Netgomite
Zaaf —+— 3
. E HFLAV Average 1
e Untagged analysis af e ~30 3
38E
36F
34F
32F
3F
@ Sum of measured exclusive B is ~ 20% of 28F
inclusive B(B — Xylv) =
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Untagged | V| at Belle Il [paper in preparation]

e Simultaneous B® — 7~ ¢*v, and BT — p%ty, signal
yields extraction with binned 3D fit to M}, AE, and

L T

Bty =ty = Continuum

5 2 2
@ = —
s q° = (Pg — Pr— ,0)
;
8
€
o
4
by 1
5 Belle Il [cot=364f0-1 Belle Il B 0%y,
- — 8l Bty _12f Jedt=364fb""
2 3 10f
St )
= = sf
| 3 3
xXar X o
~075 -050 -025 000 025 050 075 100 125 S | Loco+Lesk 8 afF
AE [GeV' T2 — saL 30 E) LesR
{ 1 ° -1 i Data ° 2F — BSZ mm 20 § Data
Balle 1t —— [ o= 20 oF -1 30
2.00 (0 CombSignal L s . . . s T T TV T PO T
[ —— 0 5 10 15 20 25 00 25 50 7.5 100 125 150 175 200
AT A R 42 [Gev?] 47 [Gev?]

B(B® — 7~ £Fvy) = (1.516 + 0.042 4 0.059) x 10~*
B(Bt — p%*uy) = (1.625 £ 0.079 4 0.180) x 10~*

| Vbl mer = (3.73£0.07£0.0740.16) x 10~3
| [Vib|g—sper = (3.19£0.12+0.17 £ 0.26) x 103

Z075 050 -025 000 025 050 075 100 125

AE [GeV]

@ B results are consistent with WA
o |V,p| results are consistent with exclusive WA, HFLAV: (3.67 +0.09 +0.12) x 103

@ | V)| results are consistent with previous exclusive measurements [PRD 107 (2023) 052008,
PRD 104 (2021) 034032], and theoretical uncertainty dominated
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008, https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.034032
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008, https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.034032

Tagged | V,p| at Belle [arXiv:2310.20286]

@ Angular coefficiencts from differential decay rate of
exclusive semileptonic B — D*{v,

o | V.| from angular coefficients of B — D* {7,

@ Angular coefficients also allow determination of form
factors for B — D* decay, test sensitive to BSM
effects and LFU

o Differential decay rate can be decomposed in a basis of angular functions with 12
coefficients, J;, all dependent on w

dF(E — D*fig) _2G%néw\\ﬂ;b|2m‘gmw
dwdcos 8y deos by dy 27t
+ (J2s sin? By + Jae cos? Ov) cos 20p + J3 sin? By sin® 6 cos 2x

X (Jls sin? By + Jy. cos? Oy

+ Jy sin 260y sin 20 cos x + J5 sin 20y sin 0 cos x + (Jes sin® Oy + Jg cos? fv) cos by
+ J7 sin 26y sin B sin x + Jg sin 20y sin 20 sin y + Jo sin? @y sin® f; sin ZX‘) .

2 2 2
mg + mp. —q

Hadronic recoil energy w =
2mgmp=

o Used full 711 fb—! data sample of Belle
) ) P Bt — D*0¢ty, D*0 — D70
e Hadronic B tagging BY s D*t¢—1 D*t — DO+t

o 12 J; coefficients in 4 bins of w
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https://arxiv.org/abs/2310.20286

Tagged | V,p| at Belle [arXiv:2310.20286]

This work
Betle Lat = 7110 BGL(332) CLN (410 £0.7)x1073
Lo L o s o a8 i . —— :
E = 2, = EM j p | biriocnos |
22 2 B2 ] 1 Inclusive
N s : Jic : 2s Pl e 3
H H et
. f I —,—+— E
37 £ 2, C| 3
: 7 o 7 o
& 2 g !
-6 ]ZC -6 ]3 o ]4- 1 1
E | 3
I e L2 -+ ! =
ED N 2, E o —t— E i 3
7 % o ) P =
22 22 i £, ] 32F 1 E
65 6c 0form, = 0| o
" SE RN v E
2 2 2 ! !
3 ey 3 28F i e
R 2, +.—0— T . L A
X i —+ 2 J ] joo—+= 36 38 40 ) 44
S oinsm| <2 8  oinsm <- Jo 0insMm| IV, [10%]
{ e
p Ot v R v Ot e T

@ Closing the gap with inclusive
o Coefficients are in good agreement with the fit using |Vep| measurement
BGL [NPB 461 (1996) 493, PRD 56 (1997) 6895]
and CLN [NPB 530 (1998) 153] form-factor
parametrizations

o Coefficients are consistent with the SM predictions

|Vep| = (41.0£0.3£0.4 £0.5) x 1073 (BGL)
[Ves| = (40.9 £0.3+ 0.4 £0.4) x 1073 (CLN)

o Similar values of |V | using CLN and BGL form o No significant deviation from SM
factors in LFU
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https://arxiv.org/abs/2310.20286
https://www.sciencedirect.com/science/article/pii/0550321395006532?via%3Dihub, https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/pii/S0550321398003502?via%3Dihub

Untagged |Vp| at Belle Il [PRD 108 (2023) 092013]

—=0 —
o Reconstruct B- — D*t¢~w,, D*t* — Dt and D® — K—xt

o Used 189 fb—! data sample of Belle Il

Belle Il Jear=189m
@ Extract signal yield with 2D fit to cos gy (angle A
2 g
between B and D*{ system) and 1y e
AM = M(D**+) — M(DP) in bins of cos 8y, cos,, X, § =
and w s
Belle Il [edt=1890"2 Belle Il Jedr=189m * I
w0, Foesirs . o
. 4 FEaast
5 e -
osos x
. .
T T e S e o In agreement with WAs and | V|

from angular coefficients at Belle

_ -3
|Veslpar = (40.57 £0.31 + 0.95 £ 0.58) x 10 @ Result limited by the slow-pion

|VeplcLn = (40.13 +0.27 4+ 0.93 4 0.58) x 1073 efficiency
@ Closing the gap between inclusive
HFLAV: and exclusive measurements
|Veb|Bxel. = (39.10 + 0.50) x 1073 ® R./, =0.998 £ 0.009 + 0.020,

i ith LF
|Vepliner, = (42.19 £ 0.78) x 1073 consistent with LFU
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013

03

025

02

[arXiv:2401.

T T T T T T T
HFLAV

Bellell

Ax? = 1.0 contours

T
@ Semileptonic decays provide theoretically
clean probes to test LFU

@ Long-standing tension between
LFU-sensitive quantities R(D) — R(D*)
and SM predictions

B(B — D*Tv;)

World Average

R(D*) =

B(B — D*lwy)

$HFLAV SM Prediction R(D) =0357 £0.029,,,
R(D)=0.298 +0.004 R(D*) =0284 0013,
R(D*) =0.254 = 0.005 ;;(:i;]jzx% . . N
. ! ! ! ! DI ! @ 3.20 deviation from SM expectations
02 025 03 035 04 045 05 055
RD)

Used 189 fb~! data sample of Belle Il
Tag-side B decays hadronically

D*+ — D7t and D*x0

D*O — DOﬂ.O

D — Kr, Knm, K, KK

Leptonic 7 decays: 7~ — e~ Vv, and

T = U Vplr

Seema Choudhury
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Tagged

(Full Event Interpretation)
Comput. Softw. Big. Sci.

3,6(2019)

Signal

Leptonic = decay
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https://arxiv.org/pdf/2401.02840

R(D*) Measurement

[arXiv:2401.028

@ Main challenge: Understand significant and poorly known B — D**{v backgrounds
o Data-driven validation of background and signal modelling based on studies of sideband regions

e 2D fit in the M?

2 s — pp+ — pe)? and Egcy, (residual calorimetric energy)

= (Pete— = PBiag
Signal-enhanced projection

1.5 < M2 < 6.0 (GeV/c?)?

Zoom of M2, projection
for D** - D7+ mode

- - - -
ol Belle Il Preliminary —+— Data 1 | Bellen Preimnay ppr < baa |
[Lot=18031" MDY [Lat=18031" W Doy
sl DD [ pHiv [ pHiv
[0 p*i(v)v 20 B Dty

3 : [ Hadronic B 2 [ Hadronic B
S e0f : [ Fake D 138 15 [ Fake D 4
5 : [] Other BG ] [] Other BG
& ! ! 5
S ol Fit uncertainty S 1o rtunoenainty k|

20 5

0 L 0

_F 3.V . . ;
ci_g:-.....- g :"-"'“"'"i‘i_g?"' set e "..i

e s s . . 8 E Y T Y-

. 0 2 4 6 ) 0 0 02 04 06 08 1 12 14 16 18
M [(GeV/cY) Eger [GeV]
0.001.10.09 @ Result is consistent with SM and previous
*Y +0. —+0.
R(D*) = 0.2627 7 056 6 03» measurements
o Comparable precision to Belle inspite of smaller

R(D*) (SM) = 0.254 + 0.005
R(D*) (HFLAV) = 0.284 + 0.013

Seema Choudhury
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https://arxiv.org/pdf/2401.02840

R(X;/¢) Measurement [PRL 132 (2024) 211804]

@ Semileptonic B — X7(£)v is inclusive b — c7(£)v transition I

o Test LFU in charged-current weak interaction by measuring
tau-to-light-lepton ratio

B(B — X7v B
R(X:/0) = B(B = Xrv)

B(B — Xtv)

o Experimentally LFU in exclusive B — D(*)T(Z)V has a tension
of 3.20

Tagged

(Full Event Interpretation)
Comput. Softw. Big. Sci.

3,6 (2019)

o Used 189 fb~! data sample of Belle Il

o Tag-side B is fully reconstructed
hadronically

-~ ~Signal

.V , Leptonic r decay

@ Hadronic system X is reconstructed using
remaining tracks and energy deposits in
the calorimeter

@ Inclusive decay with 7 is challenging due to X a

larger background from less constrained X
system
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804

R(X;/¢) Measurement [PRL 132 (2024) 211804]

o 2D fit to p? (in the Biig rest frame) and M2, . (mass squared for undetected neutrinos) to

miss
extract signal yield

@ Simultaneous extraction of signal yields for B — X7v and B — X{v

Belle II L dr=189fb~!

M2 <1 | M2 €(1,23]| M2 €(23,4]| M3 €(4,6] = §IHMWB
£20 =1 5B Background # = with expected SM contributions of Dy, X, removed
f Emm Continuum
gle . Ié/lxcp.t(;técuanc. 035k Ee//e 2 68.3% CL contours
£12 '?(«Ij»
S /1(99
s 8 ~ 030 2~
E 8
) IS HFLAYV 2023
% . 0.25 S S R(DO)
& 2 R(D®)
£ 2f | | 0.20F
2 358858 $581%% 02 03 0s 05
p¥ [GeVic] R(D)
® R(X;/¢) result is consistent with SM
R(X;/e) = 0.232 £ 0.020 £ 0.037 predictions [JHEP 11 (2022) 007]
R(X,,,) = 0.222 4 0.027 + 0.050 R(Xz/¢)(SM) = 0.223 £ 0.005

R(X,,¢) = 0.228 +0.016 +0.036 | © First measurement at B-factories with T(4S5)

@ Result is also consistent with R(D(*))
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804
https://link.springer.com/article/10.1007/JHEP11(2022)007

CP Violation and CKM Angles

1.5 T
[ excluded area has CL> 095 % ]
[ % % ]
1.0 — % —
[ 2 Amy & Amg ]
[ sin 2:1)1 ]
0.5 - 1
r Amy ]
[ & 6, ]
IS 00 . %
E ‘DZ - |
[ Vi 9, ]
h 05 3
electron positron F 1
L y 4
= Ny —|
.0 0, .
ks sol. w/cos 20 <0
F ‘Summer 23 (excl. at CL > 0.95) -
Ry SR AN S SR SR A
1.0 -0.5 0.0 0.5 1.0 15 2.0

p
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Time dependent CP violation

o Flagship measurement for B-factories
o CP violation arises from irreducible complex phase in CKM matrix

2, A, p,  With 2= 0.22 |

|Vublxe—iy [—
2 -
Vud Vus Vub 1_1/2 i AﬂB(p_l”)
Vo =| Vg Vo V, |= ) .Y S Yo V)
Vo Vs Vo) |AZ(M-p—in) -AZ 1

Vol xe TP

@ Measurement relies on ability to identify flavor of tag side B

RO
Blz\g /

T(48) —» NS

e

A (At) — F(Btag:B“(At) i fL‘P) - F(Btag:E“ (At) - fCP) _
> AK% “ T(Brag=5o(A) = fcp) + [(Brag=50(A0) > fep)
Az = BycAt cp
At = top — tmg

= § - sin(AmyAt) — C - cos(AmgyAt)

J/y L

Mixing induced Direct CP
CP violation violation

<Az> ~ 130 um at Belle II

o CKM angle ¢; or 8 from mixing induced CP violation in B — J/v,Z)Kg decay

Seema Choudhury
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B® — J/¢K2 & CKM angle ¢

Used 362 fb—! data sample of Belle Il

Graphical NN approach for flavor tagging —
improved tagging efficiency by ~ 18%

° atGa?g*}Eg = (37.40 £0.43 £ 0.26)% compared to

31.68 £ 0.45% for category-based

o Extract yields from AE and subtract At background
from sideband (sPlot NIMA:555:356-369,2005)

Belle Il 200

@ 800 aon BYy (q=+1) w fetie !l oot By (a=+1)

8% [rat=362 LB (g= - 1) S yoof Jrde=362M07 4l g )

N goycgene | = o Btk o

8500 9 :

S 300

o 3

£ 400 200

S =

2 200 D 2 100

© % S

3 o
~1= 2 i !
B)g e eyt
R £35S e
Li“"'u "w} LR TS g\f-
Iz Eicd

%[
EE . OEELL
10 = [ B o -10 -5 0 H ©
At [ps] At [ps]

[arXiv:2402.1726

Belle Il simulation
9000

0
8000 B°, GFlaT
0 — B GFlaT
S 7000
=] BY, category-based
= 6000 _
g2 B°, category-based
5000
]
§ 4000
i3 3000
f=4
© 2000

1000

5700 —0.75 ~0.50 ~025 000 025 050 075 1.00

qr

r

\

S =0.724 + 0.035 + 0.009
C = —0.035 £+ 0.026 + 0.029

SM:
S =sin2¢;,C =0

@ Results are consistent with

SM

@ In agreement with measurements from BaBar [PRD 79 (2009) 072009], Belle [PRL 108

(2012) 171802], and LHCb [PRL 132 (2024) 021801]
@ From S, the CKM angle ¢1 = (23.2+ 1.5+ 0.6)°

Seema Choudhury
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https://arxiv.org/abs/2402.17260
https://www.sciencedirect.com/science/article/pii/S0168900205018024?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.072009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.171802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.171802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

Gluonic Penguin: B® — 7/ K?

@ Gluonic penguin with b — sqq transition, ¢ = u, d, or s
@ Golden mode: Relatively large B and limited contribution from tree

amplitudes b
@ In SM: S = sin2¢; by 0.01 +0.01 and C =0
@ Used Run | data sample of Belle Il
o Fit to My, AE, Cgpr, At, and giag (tag-flavor)
Belle I Preliminary [cdt=362 fo? 150, Belle I Preliminary [cdt=362fo!
@ B n'(= ny,mnKs Background 2 500 B® - n'(- py)Ks Background
s 50 4 B°tag S' ¢ B°tag
g 20 t B°tag g 250 Y B°tag
g)— gZOO
v 30 ("]
I O 150
© ®
o 2 2 100
T T
% 10 H
o G = /7 N
0 0 p==t =
2 os Z os M
[ [ —r
£ € i
g °° E TR %
& -05 & -05
< 2
-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
At [ps] At [ps]

5 =10.67£0.10 £ 0.04
C =-0.19+0.08 +0.03

Seema Choudhury

@ Results in agreement with WA
HFLAV: S = 0.63 4+ 0.06 and C = —0.05 £ 0.04

o Precision comparable with Belle [JHEP 10 (2014) 165] and
BaBar [PRD 79 (2009) 052003] is spite of small data set
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https://arxiv.org/abs/2402.03713
https://link.springer.com/article/10.1007/JHEP10(2014)165
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.052003

Radiative Penguin: B® — K270 [paper in preparation]

o Radiative penguin with b — s transition Res:
2 *0 0.0
@ Used Run | data sample of Belle Il MKgWO €(0.8,1.0) GeV/c* i.e., K2 — K57r
. o . Non-Res:
o Challenging to get BY vertex without Moo € (0.6,0.8) U (1.0,1.8) GeV/c2
prompt tracks s
80 80 o M. and AE followed by At fit to extract
Belle Res Belle I Non-Res signal yield
" JLdt=362 fo~! [Ldt=362 b1
S % (- B2 *or f +0.27
g e EE):Z + : $=0.007;% +0.03
PR a0t Al C =0.1040.13 +0.03
s +BB i L
S20p 99 J 20 - f -
i 0.45
, AR IR $=10.04T37, £0.10
> 1 1 C =—-0.06 £ 0.25+ 0.08
aé o _+_ + 1 ] = h
ST T T HFLAV
=10 -5 0 5 10 =10 -5 0 5 10 Res:S=-0.164+0.22, C = —0.07 +0.12
At [ps] At [ps] NRes: S = —0.1540.20, C = —0.07 £ 0.12
@ Improved precision compared to o Results in agreement with WA and SM

Belle [PRD 74 (2006) 111104] and

BaBar [PRD 78 (2008) 071102] @ Results for S are most precise due to

better Kg identification
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.111104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.071102

B® — 7970 at Belle Il [paper in preparati

@ Tree-level b — u processes allow extraction of ¢, or a (least known CKM angle)

o Theoretical B [PLB 794 (2008) 154, PRD 90 (2014) 014029] is 5% smaller than
experimental results as amplitude calculation is challenging involving low-energy,
non-perturbative gluon exchanges

o Experimentally challenging: no tracks, « trajectory and energy less precise than tracks

@ Used Run | data sample of Belle Il

3 % T Lo FT o Fit to My, AE, C, and w (wrong tag

g =r N probability)

Bl g [B(BO — 7070) = (1.26 & 0.20 + 0.12) x 10~° ]
&

Normalized
residuals

[ Acp(B® — m7°%) = 0.06 £ 0.30 & 0.05

-03 -02 -01 0 01 02 03 04 05 5252155555354 5555657508520 53
AE [GeV] M, [GeVic?]|

Bl T ey Qg5 BeleT pamnay ] ]

Jra-ome’ g gof Jra-wer’ o Results in agreement with WA
E s ~+Data
I PDG: Acp(B® — n07%) =0.33 £0.22
5 16 * BB background

Continuum

@ Results have superior or comparable
| precision with Belle [PRD 96 (2017)
e R 032007] and BaBar [PRD 87 (2013)
e 052009] in spite of small data set

Normalized
residuals

| bbows
Normalized
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https://www.sciencedirect.com/science/article/abs/pii/S0550321307008462?via%3Dihub, https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.014029
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.052009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.052009

Projections for Belle |l

@ Plans to collect 50 ab—1 by 2035

Observables Expected the. accu-  Expected Facility (2025)
racy exp. uncertainty
UT angles & sides
#1 [°] haid 0.4 Belle 1T
62 [°] ok 1.0 Belle IT
83 [°] i 1.0 LHCb/Belle 11
|Vep| incl. HRE 1% Belle IT
|Vep| excl. Hokx 1.5% Belle 1T
|Vaup| incl. Hok 3% Belle IT
[Vup| excl. o+ 2% Belle II/LHCh
CP Violation
S(B - ¢K°) il 0.02 Belle II
I S(B = n'K®) o 0.01 Belle 11
A(B = K°7%)[107% Horx 4 Belle 11
AB = Ktn™) 1077 wE 0.20 LHCb/Belle II
(Semi-)leptonic
B(B - 7v) 1079 * 3% Belle II
B(B — w) [1079] b % Belle 1T
R(B — Dv) i 3% Belle 1T
R(B — D*rv) e 2% Belle IT/LIICbh
Radiative & EW Penguins
B(B = Xsv) b 1% Belle 1T
Acp(B = X, gy) [107%]  xxx 0.005 Belle II
S(B - K2n%) o 0.03 Belle II
S(B = pv) *x* 0.07 Belle IT
B(Bs = vy) 1079 el 0.3 Belle 11
B(B — K*vw) [107°] o 15% Belle II
R(B — K*tf) b 0.03 Belle 1I/LHCh

@ High luminosity Belle Il is perfect to search for Physics beyond the SM

Seema Choudhury
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Conclusions

0 Belle Il Online luminosity Exp: 7-33 - All runs
Integrated luminosity
o Exploited full data of Belle or/and Run 1 E T, 500
data of Belle Il < g
o Belle and Belle Il have provided many z s
world's leading measurements, best upper H &
limits, and evidence g %
3 s
o Run Il data taking of Belle Il has started

from early 2024: collecting quality physics
data

@ Waiting to enter 103 luminosity era

— L peak(Target)

50

2
@

@ Many new results are on their way

[,.qeh ui

[ A long way to go ... Stay tuned ...

Peak Luminosity [x10°°cm _s™']

Q —
2019 2024 2029 2034
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Super-KEKB

Energy (GeV) [ 8.° (mm) _(um) € ) 1 (A) [Luminosity (cm’s’)
LER/HER HER |LER/HER |LER/HER [(mrad) |LER/HER =
KEKB 35/8.0 9 18/24 [0.13/0.09 | 11 1.6/12 211
Achicved
—
SuperKEKB | 4.0/7.0 | 0.27/0.3_) 3.2/2.4 |0.09/0.09 | 41.5 (| 2.8/2.0 65

factor 20

Factor ~30 in the luminosity

Seema Choudhury
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Design peak luminosity of
6.5 x 103 cm—2s~1 (30 times
that of KEKB) to be achieved
by;
o reducing beam size by 20 times
e increasing beam current by 1.5
times
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Possible Belle Il detector upgrade in LS2

Vertex detector
* Fully-pixelated CMOS DMAPS detector

Middle-term upgrade plan during LS2 (2028 or later)
_;§—

Drift chamber
* New front-end electronics (less cross-talk,
better radiation hardness, and less power)

e (7GeV) Particle identification
Barrel: Time-Of-Propagation counters (TOP)

K /u detector (RPC + scintillator)
* Option 1: Replace RPC w/ scintillator
¢ Option 2: RPC avalanche mode operation

Level-1 Trigger
* Replace electronics with latest technology to allow more
sophisticated ML algorithm and more data bandwidth
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B — K*~ at Belle Il

‘Table 3. Sy i inties (%) for branching fraction
Source KOK*r ]y KKy KK rly K [Kdrtly
B counting 15 15 15 15
/10 1.6 1.6 16 16
7 selection 0.9 0.9 0.9 0.9
70 veto 0.7 0.7 0.7 0.7
7 veto 0.2 0.2 0.2 0.2
Tracking efficiency 0.5 0.5 0.2 0.7
«* selection 0.2 - - 0.2
K* selection 04 - 0.4 -
K{ reconstruction - 14 - 14
¥ reconstruction - 3.9 3.9 - Table 2. inties (%) for Acp
X2 requirement 0.2 10 0.2 10 Source KK rly KK’y K~[K¢rt]y
CSBDT requirement, 0.3 0.4 0.4 0.3 Fit bias 0.1 0.2 0.2
Best candidate selection 0.1 1.0 0.6 0.2 Signal PDF model 0.1 0.1 0.1
Fit bias 0.1 0.9 0.5 0.2 KDE PDF model 0.1 0.4 0.2
Signal PDF model 0.1 04 0.3 0.2 Best candidate selection 0.1 0.5 0.2
KDE PDF model 0.1 08 0.6 0.2 K™ asymmetry - 0.6 -
Simulation sample size 0.2 08 0.4 0.5 «+ asymmetry - - 0.6
Self-crossfeed fraction - 10 1.0 - K*n~ asymmetry 0.3 - .
Total 2.6 5.4 4.9 32 Total 04 0.9 0.7

o Dominate systematics from number of BB events and f* or £0°

o Acp measurement dominate uncertainty is coming from interaction of charged hadrons with
detector material which give rise to asymmetries in track reconstruction efficiency

eema Choudhur hysics results from Belle 11



b — dtt

@ Used a classifier to suppress backgrounds from continuum (ete™ — qg, q € u,d, s, c) and
generic B (BB)
o Peaking backgrounds are either vetoed or included in the fit of signal yield extraction

channel background source
B® — nup B — nKn
BY — mOupu BY - mOKr & B® — 7KK
Bt — ntee Bt — KTee
BY — plee J/p 2 e& K* 5> K+ e
Bt = ptpp | J/p— pu& K¥ = K<< p, ptDY(Ktn™)
source nee | nup wee_wuu_ﬂ“ee»n“;m wtee|pee|pOpp| ptee|pt pp
n - 0.6 - |06 — |06 — - 06| — |06
e 0.8 - 08| - /08 — |08 /08| — |08 —
at 1.0 1.0 [1.0/1.0| — - 05101005/ 05
0 2.3 23 |23(23/23 23| — - - |23 3
M 40 | 40 | — - --1- -

FastBDT 7.1 66 |71/66|71 6614|1408/ 7166
MC statistics| 0.48 | 0.37 |0.73/0.53|0.34| 0.24 | 0.24 |0.53| 0.34 | 0.80 | 0.54
decay model | 0.57 | 0.45 0.75/0.69 0.49 0.76 | 0.40 |0.66 0.51 | 0.81 | 0.52
mass window| 1.05 | 1.05 [1.21/1.21) — | — — 3.03/3.033.03| 3.03

BCS 0.03 | 0.11 |0.15/0.43/0.21|0.23 | 0.11 |0.02| 1.09 | 0.6 | 0.5

Tracking 0.7-1.4(0.7-1.4| 1.4 | 1.4 | 0.7 | 0.7 |1.05 | 1.4 | 1.4 |1.05| 1.05

PDF shape | 0.04 | 0.04 (0.43/0.07/0.100.09 | 0.50 |0.20|0.06 | 0.34 | 0.32

/0 245 | 245 |2.452.45|2.45|2.45 | 2.45 |2.45| 2.45 | 2.45 | 2.45
Npg 14 | 14 (141414 |14 |14 |14|14 | 14| 14
Total 9.35 | 8.95 [8.37(7.91/8.07| 7.64 [3.56 4.804.76 |8.75 | 8.29

TABLE XVII: Systematic uncertainties for b — d¢¢ decay channels. The uncertainties are
shown in %.
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b — d?/¢ results

channel BYL(1078) B (10798)

BY — nete <105 0.0M49% +0.1
B - putu~ <9.4 19731 +0.2
B — nete- <48 13728 +o0.1
BY — wete™ <307 —2.17%82 + 0.2
B — wutu~ <249 77708 £ 06
B — wete— <220 6.4 £ 05
B — n0ete™ <79 5838 +05
BY — nOutp~ <59 -0.4732 +0.1
B — n0¢te— <38 —23721 402
Bt — ntete <54 0177 +0.1
B® — plete~ <455 23.67146 +1.1
Bt — ptete <46.7 —-38.2M31% £ 34
Bt — ptutu~ <38.1 13.073553 £ 1.1
Bt — ptete- <18.9 257146 0.2
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B — py Systematics

Source B

oty X 10° B, x 10° A1 Acp
Particle detection 4.1 1.3 1.4% 0.5%
Selection criteria 9.0 3.4 4.0% 0.5%
Fixed fit parameters 1.1 2.7 1.8% 0.2%
Signal shape 4.7 3.0 3.1% 0.5%
Histogram PDFs 1.0 0.6 0.5% 0.1%
Peaking K*v bkg 3.4 5.4 3.1% 0.1%
Other peaking BB bkgs 2.2 0.8 0.9% 0.2%
Peaking BB Acp 0.1 <0.1  0.1% 1.0%
Number of BB’s 1.7 1.4 0.3% 0.1%
Tp+/TRo 0.1 <01  0.2% <0.1%
f+—/ foo 4.0 3.6 3.8% <0.1%
Total 12.5 8.6 75% 1.4%
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B® — ~v at Belle & Belle Il

@ Signal reconstruction by two back-to-back highly energetic photons, with
E} €[1.4—3.4] GeV

To reject background from Bhabha scattering or ete™ — ~, timing requirement is applied

o Classifier is used to distinguish photon from KE showers

@ Used classifiers to reject background from continuum, 7% — v and n — vy

TABLE II. Summary of multiplicative systematic uncertain-
ties.

Source Belle  Belle IT

%) (%)

" . e Photon detection efficiency 4.0 2.7

TABLE I. Summary of additive systematic uncertainties. MC statistics 0.4 0.3
Source Belle  Belle IT Number of BB pairs 1.3 1.5
(events) (events) f00 2.5 2.5

Fit bias +0.14 +0.10 Cepr requirement 0.4 0.9
PDF parameterization Ho-e Aoos 7°/n veto 04 0.6
Shape modeling +0.06 +0.04 Timing requirement efficiency 2.8 —
Total (sum in quadrature) nn 2% Total (sum in quadrature) 5.7 4.1

@ Photon detection systematic is dominate, obtained using recoil technique in radiative
Bhabha events ete™ — eTe~+y in Belle, and ete™ — uT =y in Belle Il
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BT — Ktuw ITA result validation

@ Trained two consecutive BDTs and signal efficiency was checked with B* — J/¢ K™ decays:

o Remove J/v and correct KT kinematics to match KTvw

6000 1 Belle I [ £dt =362fb~!

'

1000 |-

S 0 M

S oo 0.5 1.0
BDT, (BDT, > 0.9)

[ZB* 5 K+ J/ simulation § B*— K* J/i data
B+ — K+ Jf simulation § B+ — K+ J/¢ data

B* »y Ktvw simulation 4_._,_,*{\
0 sk .
0.0 0.2 0.4 0.6 0.8 1.0
BDT;

o Closure test with measurement of B(B™ — ntK2) = (2.5 +0.5) x 10~°
o Result is compatible with PDG value of (2.38 + 0.08) x 10°

o Controlled background using
o Off-resonance data for continuum background

o Background from charmless hadronic B decays with K2 or neutrons i.e., B — K*K°KO,
BY — K'nn, and B — K*vD, are considered.

dates/0.05

o BT — K+KOKO bkg is validated by reconstructing BT — K+K50K2 and B — K2K+K7 decays

o B — D(— K™ X)¢™ v, background is studied by combining K™ with other charged tracks in the
event
o Used pion-enhanced sideband for misidentification study
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BT — Ktuw ITA result validation

Belle II preliminary [ £dt = (362 + 42) fb~"! Belle II preliminary [ £dt=362fb!

I DataSet =71 2021/ _ 540 9001

I Ouniss <7/ > 15 - DataSet =1y 2021 / 5 909
- <1.5GeV,
Prok VIe/ 5 15Gevse
- <1.5
_N7<G/>6 emiss 0/21‘5

- >0
Nlepmus / =0

L <6
Niracks <%/ 56

Fcos(0x) <02/ .2

- cos(0x) <022/ 5022 ]
b Konarget /—
M Keharge ™ /- ol
- Sum (charges) *°/_, i S—
1 1 1 1 1 1 1 1
—15 —10 —5 0 5 10 —-15 —10 —5 0 5 10
w I

@ A tension at 2.40 is observed for the total charge split sample in the ITA. Several studies are
conducted to investigate this tension, but they did not reveal any significant systematic
effects.
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B — Kvv at Belle Il

Source Correction Uncertainty type Uncertainty size Impact on
Normalization of conti and BB back 1 — Global, 7 NP 50% 0.87
Leading B-decays branching fractions — Shape, 5 NP 0(1%) 0.22
Branching fraction for BT — KTKYK? 4¢° dependent O(100%) Shape, 1 NP 20% 0.48
p-wave component for B — KT KIK? ¢* dependent O(100%) Shape, 1 NP 30% 0.02
Branching fraction for B — D(**) — Shape, 1 NP 50% 0.41
Branching fraction for BT — nak™ 4¢® dependent O(100%) Shape, 1 NP 100% 0.20
Branching fraction for D — KX 30% Shape, 1 NP 10% 0.14
Continuum background modeling, BDT,, Multivariate O(10%) Shape, 1 NP 100% of correction  0.01
Integrated luminosity — Global, 1 NP 1% <0.01
Number of BB — Global, 1 NP 1.5% 0.02
Off-resonance sample normalization — Global, 1 NP 5% <001
Track finding efficiency — Shape, 1 NP 0.3% 0.20
Signal kaon PID p, 6 dependent O(10 — 100%) ~ Shape, 7 NP 0(1%) 0.07
Photon energy scale — Shape, 1 NP 0.5% 0.07
Hadronic energy scale ~10% Shape, 1 NP 10% 035
K? efficiency in ECL —17% Shape, 1 NP 8% 0.21
Signal SM form factors 4 dependent O(1%) Shape, 3 NP 0(1%) 0.02
Global signal efficiency — Global, 1 NP 3% 0.03
MC statistics — Shape, 156 NP 0(1%) 0.52

K nit

no systs
BF B—K.
BF B—K
BF X,
tracki

BFs BB back
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B® — m=¢*v, and BT — p%*ty, at Belle Il

@ Background from B — Xcfv is suppressed by applying p; > 1.0 or > 1.4 GeV/c? for
B® — 7w~ ¢ty, and Bt — p2ty,

B" 5 n iy
Source gl @ q3 ¢4 g5 g6 q7 g8 q9 ql0 gl q12 q13
Detector effects 20 09 11 10 1.0 11 11 1.0 09 12 23 41 58
Beam energy 06 08 07 08 07 06 06 06 05 05 05 06 0.7
Simulated sample size 4.7 3.8 33 32 32 29 38 37 40 45 59 80 136
BDT efficiency 13 13 1.3 1.3 13 13 13 13 1.3 13 13 13 13
Physics i 29 29 29 29 29 29 29 29 29 29 29 29 29
Signal model 01 01 02 01 00 02 02 04 03 08 09 02 49
p lineshape 01 01 03 03 02 01 03 01 03 01 02 02 06
Nonres. B — wmlve 05 06 04 04 05 10 12 10 08 1.8 12 23 143
DFN parameters 08 04 15 16 14 1.7 12 01 07 12 29 35 37
B — Xty model 02 04 03 04 02 09 11 12 1.0 13 16 07 87
B — Xfv, model 14 20 17 13 13 14 18 16 13 14 11 05 17
Contit 151 113 76 7.1 58 57 81 83 9.6 104 145 238 344
Total systematic 16.4 126 93 87 7.7 7.7 100 99 11.1 122 16.6 26.0 41.6
isti 110 88 79 70 75 64 79 7.7 91 107 96 146 226
Total 19.7 154 122 11.2 10.7 10.0 12.7 12.6 14.4 163 19.1 29.8 47.3
BY = ot

Source gl ¢2 ¢3 qi ¢5 g6 qi @8 q9 qlo

Detector effects 28 20 16 11 1.7 19 24 14 14 16

Beam energy 21 19 19 15 13 1.1 1.0 09 08 05

Simulated sample size 14.1 7.8 74 63 63 52 64 56 62 7.3

BDT efficiency 16 16 16 16 16 16 16 1.6 1.6 16

Physics i 28 28 28 28 28 28 28 28 28 28

Signal model 07 02 02 02 03 04 05 03 18 24

p lineshape 1.7 16 20 10 19 18 14 09 16 17

Nonres. B — nmlvy 56 63 67 86 93 107 101 70 7.8 118

DFN parameters 36 55 41 35 11 12 27 17 19 23

B — X, fve model 1.7 30 38 50 58 61 63 19 7.2 124

B — Xfv; model 18 19 17 11 14 17 09 09 19 26

Conti 315 243 17.0 19.6 132 148 160 166 152 187

Total systematic 35.6 27.5 21.0 23.5 18.8 20.5 21.6 19.4 20.2 27.0

Statistical 30.0 17.5 208 144 124 136 141 104 122 118

Total 46.6 32.6 29.6 27.6 22.6 246 258 22.0 23.6 295

@ Continuum reweighting is dominate systematic

(42 fb~1)

Seema Choudhur,

and limited by off-resonance sample size
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Belle Il | V| systematics

TABLE VI.  Fractional contributions to the uncertainties of the
CLN form factors from a fit to the B® - D*+#~p, decay. The
uncertainties originating from tracking efficiency, the number of
B® mesons, the B lifetime, and the charm branching fractions
only affect the overall normalization but do not contribute to the
parameters related to the shape.

Statistical 3.0 4.1 2.8 0.7
Background subtraction 14 22 12 0.3
Size of simulated samples 1.2 1.7 1.1 0.3
Lepton ID efficiency 0.2 1.6 0.1 0.3
Slow pion efficiency 1.0 0.9 0.8 1.5
Tracking of K, z, £ 0.4
Npp 0.8
f+o L3
B(D*t — D°z") 0.4
B(D° - K~n™%) 0.4
B lifetime 0.1
Signal modeling 2.6 2.6 2.0 0.5
Total 4.5 59 39 2.4

o Dominated systematic uncertainty from slow-pion efficiency determined using B — D*~ 7+t
decay
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R(D*) Systematics

@ BGL (Boyd-Grinstein-Lebed) utilize dispersive bounds and expand the helicity-basis form
factors with a conformal parameter

o CLN (Caprini-Lellouch-Neubert) uses dispersive bounds and quark-model input to reduce the
number of parameters required to describe the form factors

Table VIIL. Summary of systematic uncertainties on R(D*).

Source Uncertainty
PDF shapes tg:é‘;‘:
Simulation sample size f;:é‘;‘;
B — D**£~ 7, branching fractions Has%
Fixed backgrounds t;;;z
Hadronic B decay branching fractions tgji;ﬁ
Reconstruction efficiency tg:gfg
Kernel density estimation fg:ggz
Form factors tg:?‘g’z
Peaking background in AMp+ tg:gz
7~ — £~ v, branching fractions + 8:3;2
R(D*) fit method tg:%‘;
Total systematic uncertainty tg:g;ﬁ

o Dominate systematic:
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R(X;/¢) at Belle 11

@ Main backgrounds from hadrons misidentiied as leptons and leptons originating from
charmed hadrons
e Suppressed p fakes from 7 or K by rejecting w — atr 7% K 5 77Kt D 5 K- n~xt ot
D" = ntata™ 4 [7° or a7 7], and DT — K~ 7wt (x0)
e B — X. — £ background modelling: reweight B — X7(£)v events by taking exp-to-sim ratio in
Mx bin using high pf sample

i N ALEPH
o N R.Eur. Phys. ). C (2001)

(cap)® X, removed

Phys. Rev. D90 (2014) T = with expected SM contributions of D,

e OPAL
Phys. Lett. BS00 (2001) 035F 86/1611 68.3% CL contours
bt DELPHI '?(«Ij

Phys. Lett. B496 (2000)

——t—e—+— | L3
Phys. Lett. B332 (1994)

—_——t L3
Z. Phys. C71 (1996)

4 Average
Phys. Rev. D 98, 030001 (2018)

1 2 3 4
B(B- XTV) %
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R(X;/¢) at Belle 11

Uncertainty [%)]

Source . u ’

Experimental sample size 8.8 12.0 7.1
Simulation sample size 6.7 10.6 5.7
Tracking efficiency 2.9 3.3 3.0
Lepton identification 2.8 5.2 2.4
X Lv reweighting 7.3 6.8 7.1
BB background reweighting 5.8 11.5 5.7
X/{v branching fractions 7.0 10.0 7.7
Xtv branching fractions 1.0 1.0 1.0
X 7(€)v form factors 7.4 8.9 7.8
Total 18.1 25.6 17.3

o Dominated systematic uncertainties are experimental and simulated sample sizes as

normalization

o Control sample reweighting procedure: BB background shapes uncertainties are associated

with simulation reweighting

Seema Choudhury
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Kg Systematics

Table I. Systematic and statistical uncertainties on &g, for B® - p®—rt and, S and C for B - J/ng.

Source Stag [ 0] S @]
Detector alignment 0.08 0.005 0.003
Interaction region 0.16 0.002  0.002
Beam energy 0.03 < 0.001  0.001
AE-fit background model 0.11  0.001  0.001
AE-fit signal model 0.08 0.003  0.006
sWeight background subtraction 0.24 0.001 0.001
Fixed resolution-function parameters 0.07 0.004 0.004
7 and Amy 0.06  0.001 < 0.001
Oa¢ binning 0.04 < 0.001 < 0.001
At-fit bias 0.09 0.002 0.005
CP violation in By, decay < 0.001  0.027
B & D™~ sample size 0.004  0.007
Total systematic uncertainty 0.36  0.009  0.029
Statistical uncertainty 0.43 0.035 0.026
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B® — n'KQ, B® — K2r%, and B® — 707°

Table II: Summary of systematic uncertainties for C"/Kg and

S

WKS"

Source C"/Kq S"/Kq
Signal and continuum yields < 0.001 0.002
SxF and BB yields < 0.001 0.006
Cppr mismodeling 0.004 0.010
Signal and background modeling 0.020 0.014
Observable correlations 0.008 0.001
At resolution fixed parameters 0.005 0.009
At resolution model 0.004 0.019
Flavor tagging 0.007 0.004
Tgo and Amy < 0.001 0.002
Fit bias 0.003 0.002
Tracker misalignment 0.004 0.006
Momentum scale 0.001 0.001
Beam spot 0.002 0.002
B-meson motion in the Y (4S) frame < 0.001 0.017
Tag-side interference 0.005 0.011
BB background asymmetry 0.008 0.006
Candidate selection 0.007 0.009
Total 0.027 0.037

K0y KOn0y
S S [%
+0.017 +0.083 £0.047
Vertex measurement  £0.021 +0.023 +0.036
£0.005 005 o0
+0.003 +0.032 +0.013
At resolution function +0.014 +0.031 £0.013
< 0.001 +0.003 < 0.001
BB background asym.  £9:00¢ 0030 Tooes
Tag-side interference < 0.001 —0.002 +0.001 +0.001
+0.032 T o £0.080
B Acp
86% n/a
7(45) branching fractions (1+ f77/f%°) 2.5% n/a
Continuum-suppression efficiency 1.9% n/a
BB-background model 1.7 % 0.034
1.5% n/a
12 % 0.021
Continuum-background model 0.9 % 0.025
‘Wrong-tag probability calibration n/a  0.008
Total systematic uncertainty 96% 0.048
Statistical uncertainty 15.9 % 0.303

o For B® — Kgﬂo'y dominate systematic from vertex measurement: as main challenge was to

find BO vertex without prompt tracks

o Used Kg — 7t 7w~ information and beamspot constraint
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