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Will the next generation perform as well as the first?
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Why B physics at the Y(4S)?

AThe proces® Q © | (1. WO &6 has comparable cross section to
QQ O nnim ohh hwa.k.a. continuum
AAdvantages compared to proton-proton
ALow average multiplicity: neutral reconstruction
A Constrained kinematicsgood missing momentum reconstruction

ACorrelatedd 6 - highflavourtagging efficiency
AOpen trigger 100% efficient for almost a decays

ADisadvantages compared to proton-proton

A Cross section — 150,000 times smaller
ANo B, B,, orL, produced-can run at Y(5S) for.B
ANo boost in thec.m.frame— partially overcome by the asymmetric beams

18.9.2023 CKM 2023 13



Detectors and data samples

ABelle +BaBarcollected
0.71+0.43=1.14 ab'Y(4S) samples

A Many achievements: confirmation of
KM mechanism) MmOdirect CPV In
Bdecay
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Detectors and data samples

ABelle +BaBarcollected
0.71+0.43=1.14 ab'Y(4S) samples

A Many achievements: confirmation of
KM mechanisml) -t wdirect CPV in
B decay

ASuperKEKB Belle II

A nanobeam scheme to increase
Instantaneous luminosity by factor
30 to collect multdab™ sample

A World record 4.7x1034 cm=2s~2
A Target &10%5cm &1
A So far 362 fb'at Y(4S)

A+ 42 fby off-resonance to
characterize continuum
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Detectors and data samples
ABelle +BaBarcollected | Belle I

0.71+0.43=1.14 abiY(4S) samples || ceeme
A Many achievements: confirmation of S SRS SESSTE L7 PP R BE B
KM mechanismlh -t wdirect CPV in

B decay

ASuperKEKB Belle II

A nanobeam scheme to increase
Instantaneous luminosity by factor
30 to collect multab™ lsample

A World record 4.7x103% cm~2s1
A Target &1035cnr & ¢
A So far 362 fb'at Y(4S)

A+ 42 fby off-resonance to
characterize continuum
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B-factory analysis essentials 1 —
beam constrained kinematics

— [ 1 [ .
S L Signal
@ Well-known Continuum
o gign?' beam energy BB background
c [ Continuum - .
8 [ BB background
@
5.2 . . . . . -0. ; . 0.1 0.2 0.3

From Mirco Dorigo’s

18.9.2023 CKM 2023
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B-factory analysis essentials 2 —

continuum suppression ”
(K
A Y

Aln thec.m.frame B mesons almost
at rest when they decay
A isotropic distribution of particles

Aln thec.m.frame continuungg

backto-back
A jetlike distribution of particles

18.9.2023 CKM 2023
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B-factory analysis essentials 2 —
continuum suppression ».
atArggerYori]Cednisttrr]i galtigr? (c:)??)/articles ’ «’ . 4

Aln thec.m.frame B mesons almost
Aln thec.m.frame continuumgq Belle Il Preliminary _[rdt=362 o

backto-back o Fit Signal

[ -—-- Continuum B SxF
| —— BB { Data

A jetlike distribution of particles

AShape variables, e.g., thrust and
FoxWolfram moments, help
distinguish topologies

Aldeal task for machin&earning
AOutput oft used as a fit variable

Entries per 0.092

18.9.2023 CKM 2023




V. Sagar’'s t

B-factory analysis essentials 3: hadronic tag

AFullreconstruction of one B decay B->Dp
In a large number oiigh BF modes tag decay
on one side

AB oM 1En fr where n#1 n20

AReconstruct other B as signal with
missing energy

18.9.2023 CKM 2023 20
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V. Sagar’'s t

B-factory analysis essentials 3: hadronic tag

AFullreconstruction of one B decay
In a large number ofigh BF modes
on one side

AB oM 1En fr where n#1 n20

AReconstruct other B as signal with
missing energy

AMachine learning algorithm used to \
boost efficiency as much as possib = K* 7~ p* g
A Comput Softw Big Sci. 3 (2019) 1, 6

ATotal efficiency < 1% but a powerful
tool

ARequires calibration o

18.9.2023 CKM 2023 21
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See Y. Ue mat su’

B-factory analysis essentials 4 —
vertexing and flavour tagging

%o K

B° T > fcp

\EZV O jw | Q



B-factory analysis essentials 4 —
vertexing and flavour tagging

%0 K
B° T > fcp , ! <
\ :ZV O o | Q
; |
Coherent /,//', -
evolution :\ L
| f
m7GeV) o (4GeV) |
|
<—H
. h |
I I
\J 4
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See Y. Uemat su’

B-factory analysis essentials 4 —
vertexing and flavour tagging

0) . .
%0 K 1 2000 Belle 1I1_simulation

B9 I > fCP ’ ! - Al
\ :ZV v o | Q 0 I —
y B :i-a,ooo;
Coherent /,//', g 5
evolution :\ L S
I N S
[ (7Gev) — @ (4Gev) |
I
'<:|-"|,- | BO-like <—— Qrcrar — BO-like
Flavour-tagging key: Y | Graphneuralnetwork
L | h | approach has improved ol
leptons, kaons, high ' ’ tagging by 18%
momentum tracks etc ' ( ) 8 p
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2) CPviolation
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Belle Il paper in preparation Y. UematWed s t al

Time-dependent CPviolation-0 © —uv

q /
ADecay may also have a BSM phase as it is @ﬁg g
a gluonic penguin 0

Aalter the value ofp, from that measured in BY
WO Mtransmons suchas © Uff U
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Time-dependent CPviolation-0 © —uv

q /
ADecay may also have a BSM phase as it is @ﬁg g
a gluonic penguin 0

Aalter the value ofp, from that measured in BY
WO Mtransmons suchas © Uff U

AReconstructing- © —-¢C D* “ and

— O (" “ )y we select 82% 35 events
in 362 fb! sample

A3 D f i tmgeandcomirEium suppression
output
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Belle Il paper in preparation Y. UematWed s t al

Time-dependent CPviolation-0 © —uv

q
ADecay may also have a BSM phase as it is , @ﬁg g
a gluonic penguin
gluonic pengui ) b;@

Aalter the value ofp, from that measured in B° 7 W~ 2 K°
WO Mtransmons suchas © Uff U
AReconstructlng- o —-T p* * and ;i'fl;':re"m'"afy ffd*=36?fioit.m
— O "(* “ ) we select 8235 events =~ " b

300 | + B%tag

in 362 fb! sample

A3 D f i tmgeandcomirEium suppression
output

Asin 2¢, = 0.67+0.10+0.04

AConsistent W|th:urrent HFLAWNdthat
fromw° awf OAOOI O

Entries per 0.64 ps
S o °o o
o o o o

wu
o
T

0.50 |
0.25 |

0.00
=025}

Asymmetry

-0.50
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Belle Il paper in preparation and arXiv:2305.0755%accepted PRL)

B - Kp isospin sum rule

ARelates these various penguin modes to give a null test of the SM
with O(1%) SM precisieGnPR59, 113002 (1999)

M. Dor i gWwG5ss t al

B B(K’n™) 1Ro B(K*7") 7go B(K°7n")
ler = Ascen= H AKom BT ) rpe P B ) g T B(K )
AAl'l 1T nputs measured at -@epdndemt | |

CPasymmetry for B> K°4°—-362 fb! sample

18.9.2023 CKM 2023 29
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Belle Il paper in preparation and PRL 131, 111803 (2023)

B - Kp isospin sum rule

ARelates these various penguin modes to give a null test of the SM
with O(1%) SM precisieGnPR59, 113002 (1999)

B(KO?T+) TBo
I T — T O -
kn = Axtn- + Akt gt 1ae

AAl'l 1T nputs measured at -@Bepdndemt I
CPasymmetry for B> KOg°—-362 fbt sample 1O 5L (o Bl

M. Dor i gWwG5ss t al

- ge0l 50 YL
400 | Belle Il {Preliminary) -—— Btaktn®+c.c. lI O p ﬁ T[8 T[&) p T[ ‘;505 tag (q—' )l ?
JL dt =362 fb~? mm Bt -ntn’+c.c. 0 . . a 3 $
200 B+ - K+po — Eintthia::f:;g:kgmund Largep eﬂ:lCIenCy SySt % ;g—
o E 200
o 10 g N
100 | ,’{ \ 0 Ti8T p T[Eﬁ) C 1t< 1I0V) OI"' . ‘ . | B
” i.\ - - - Q - 3
0 : e C—— Comblrjatlc_)n of timedependent : ogw
25 e e e ] and timeintegrated analyses .05] :
F25F " - -~ ol ] < . . . . .
-03 -0z  -01 0.0 0.1 0.2 0.3 -6 4 -2 0 2 4 6
AE [GeV] CKM 2023 At [ps] 30
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Belle Il paper in preparation and arXiv:2305.0755%accepted PRL)

B - Kp isospin sum rule

ARelates these various penguin modes to give a null test of the SM
with O(1%) SM precisichPRD59, 113002 (1999)

I, =(-3+13+5)% >

M. Dor i gWwG5ss t al

Agrees with SM. Competitive with WA: (=13 £11)%.

b ) . - b . ' ' ' o vvE
JL dt =362 fb~? mm Bt-ntn’+c.c | L 0 . | o b
w55 backgroun ar efficiency syst. 2 40|
300 B+ — K+p0 gfnt:inrfm ba:kgmunr:l gep y y 5302—
o r
200 § 20
o 10F
100 f 0) . T[8'[ P T[fﬁ) C TSt L . o
) Comblrjatlc_)n of timedependent 200
5 ST and timeintegrated analyses Fos| |
~03 02 -01 00 0.1 0.2 0.3 6 4 2 0 2 4 6
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New for CKM — paper in preparation

v/&;: power of Belle + Belle |l

AStandard candle in the SM 4 0
A Treelevel only + no theorync. L
ALHCHeadsthe way:y=(63.8:3.6) () Vo
ALHCBCONR2022-003 -
|
le
3

SS

18.9.2023 CKM 2023
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https://link.springer.com/article/10.1007/JHEP02(2022)063
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New for CKM — paper in preparation

v/&;: power of Belle + Belle |l

AStandard candle in the SM 4 v, % Ap e
A Treelevel only + no theorunc. . ,
ALHCHeadsthe way:y=(63.83.6f ; (] 77, ; Nov 5]
A LHCBCONR2022003 . -

ASeveral Belle (711 ) + Belle I
measurements (varying sample %o 07 ~ Belle + Belle I
size)}-total O(1 ab™) - lite pighe worse precison 2023 (prefminary)

AD - 9%Kh-JHEP 02 (2022) 063 with WA value

0.15 -

AD - 9%Kp - accepted by JHEP %

K.Tr ab t@alk sWG5s

AD - 9K, KK-arXiv:2308.05048
A+ Belleo n | y pdhd-dthers 0.1}

AA few abrl will give a good cross : v=(78.6t7.3)
check of this SM parameter 005 L

il I L I
50 100 150

0, [°
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4 E - HFLAV Average E
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3)V e :
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. . C. Schwanda talkkWG2
Belle paper in preparation

Angular coefficients in B->D*lvand V_,

AMeasure 4Rdifferential distribution in
terms of decay angles and w
A overall proportionality to |\, 2

A wz 1is the hadronic recoil parameterrelates
to mom. transfer to the leptonic system

18.9.2023 CKM 2023 35



. . C. Schwanda talkkWG2
Belle paper in preparation

Angular coefficients in B->D*lvand V_,

AMeasure 4Bdifferential distribution in
terms of decay angles and w
A overall proportionality to |\, 2

A w2 1is the hadronic recoil parameterrelates
to mom. transfer to the leptonic system

AExtract 12 angular coefficients of the
distribution in bins of w for the first time
using full Belle 711 fbsample

A hadronically tagged
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. . C. Schwanda talkkWG2
Belle paper in preparation

Angular coefficients in B->D*lvand V_,

AMeasure 4Rdifferential distribution in
terms of decay angles and w
A overall proportionality to |\, 2

A wz 1is the hadronic recoil parameterrelates
to mom. transfer to the leptonic system

AExtract 12 angular coefficients of the
distribution in bins of w for the first time
using full Belle 711 fbsample

A hadronically tagged ,
AFit performed to coefficients in different

form-factor parameterizations and with =
LQCD inputs to extradt, as well as 5 12 “T\N\.
parameters of the forrfactor model < LQCD

A WA BF also taken externally

os{ BGL(332)

1.0 111 112 1:3 1i4 1:5
w[l]
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Ven| = (41.0 £0.7) x 1072 (BGL332)
Vop| = (40.9 4+ 0.7) x 1073 (CLN)

18.9.2023

CKM 2023

[ ) _
- Exclusive |Vcb| Ay = 1.0 contours =
- . Inclusive 7
- Exclusive |Vub| V_GGOU
- ub ch —_
E HFLAV Average E
- ‘ 2021 \ ]
[ P(x?) = 8.9% ]
: | 1 1 | | 1 1 | 1 1 | | 1 | I 1 | 1 I 1 :
36 38 40 42 44
'V | [107]
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C. Schwanda (exclusive) WG2
M. Prim (inclusive) WG1+2

Commercial break

https://indico.belle2.org/event/9402/
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0.25 -~ | |
~ World Average -
0.2 =  $HFLAV SM Prediction R(D) =0.357 £0.029,,, —
- R(D) = 0.298 + 0.004 R(D*)=0.284 £0.012,, -
— R(D*) = 0.254 £ 0.005 p=-0.37 -
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4) Lepton flavour/universality violation
and rare decays

Beyond CKM
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Belle Il paper in preparation B. Kowalewski WG2

Measurement of R(X)

Alnclusive ratioY(w) -

AA complementaryalternative to Z_
R(DY)

AHadronictagging method with a
189 fhlBelle Il samnle

K_
‘__..---"
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Belle Il paper in preparation B. Kowalewski WG2

Measurement of R(X) won \

Signal Side
A

. . e " O
Alnclusive ratioY(w) -
AA complementaryalternative to
R(DY)

AHadronictagging method with a
189 flb'Belle 1l sample

AUse missingnass squared anc
lepton momentum to isolate
signalaboveB - X baukgrounc

ABackground templates

JLdr=189fb~!

R X[r—ave
B Xev
[ e: Background
B - Continuum
% MC tot. unc.
¢+ Data
Ml‘?‘li:{ﬂE(ﬁ‘};J M%issbﬁ

Residuals 10} events per bin

. 4
calibrated to control samples - B B
and sidebands 28F
2.0t R ——— T o —— -
18.9.2023 CKM 2023 pEREEE pl [GeVic] ' ddézjﬂz



B. KowalskiwG2

Belle Il paper in preparation
Measurement of R(X) o \

. . e " O
Alnclusive ratioY(w) -
AA unique alternative to R(D)

R(X)=0.228).016 (stat)tO 036 (syst)

Systematics dominated by control sample reweighting procedures
First at B factories
Agrees with SM prediction and the WA F@QB'alues

g oo

Slgnal Side  \

NI ./ v

ABackground templates 2 .l S flectr
calibrated to control samples  « 28 E- ﬁ- L_ l-_ l-_
and sidebands D ) p——tte e —— |
:: 2:3:%32 RS
CKM 2023 ’ ' p¢ [GeVic] ' 4}\3
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G. Mohanty WG3 PRL 130, 261802 (2023)

Bellesearchfor | © L wa

ALower bounds on branching
fractions in U(1) leptoquark models
at O(10 ¥

APRD 104, 055017 (2021)
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G. Mohanty WG3 PRL 130, 261802 (2023)
K+

Bellesearchfor || O L wa ™

ALower bounds on branching
fractions in U(1) leptoquark models

at O(10 ¥
APRD 104, 055017 (2021)
ABelle 711 fb* data sample o o
. . K Signal (90% UL)
AHadronic tagging then use tag, _ ,f - Bacgound
kaon and lepton four momentung g I
to workout recoil mass —
M~ -
N B i
7 T AN T
Qo = —4- T~
g A
R VRN Sy N S Y S VY
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G. Mohanty WG3

PRL 130, 261802 (2023)

Bellesearchfor || O L wa ™

ALower bounds on branching
fractions in U(1) leptoquark models
at O(10 ¥

APRD 104, 055017 (2021)

K+

ABelle 711 fb! data sample o o
. . Signal (90% UL)
AHadronic tagging then use tag, | - Badgound
kaon and lepton four momentung g I
to workout recoil mass —
N~ —
B(B* - Ktrtu~) < 0.59 x 1073 T T 4 N ] |+
World % - s S of MBS
B(B* - Ktrte™) < 1.51 x 1075 , & F 1 ~~__
leading o F ~L_
B(BT - KTt u") <245 x 107 - L l l T 7T _‘i
B(B" — K*r7et) < 1.53 x 107 I N S B S Sy
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S. Stefkova WG3

” O E hh: M OtivatiOn Belle Il paper in preparation

S
‘W)[r;m wa

AWell known in SM but very sensitive to BSM enhancements
AB ( B*w §=(5.6:0.4)x 10 S[arXiv:2207.13371

o _ .

V

S
u > u
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S. Stefkova WG3
Belle Il paper in preparation

| © L hh: Motivation

e ) / g+ ¥
e A

AWell known in SM but very sensitive to BSM enhancements
AB ( B*w §=(5.6:0.4)x 10 S[arXiv:2207.13371

AChallenging experimentally
ALow branching fraction with large background
ANo peak-two neutrinos leads to no good kinematic constraint

S O

S
¥ o0
SV
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ATwo methods: an inclusive tag (8% efficiency) a
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Amany common features except tag
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ATwo methods: an inclusive tag (8% efficiency) a &
conventional hadronic tag (0.4% efficiency) - =
Amany common features except tag 56 . fh ﬂ
AUse event variables to suppress background 2ol ==
Alnclusive: R

1. preselect events where missing momentum and signal kaor
well reconstructed

2. First boosted decision tree (BDT1): 12 variables
3. Second BDT2: 35 variable8 times sensitivity
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Al signal and 7
background templates
from simulation

Acorrected using control
samples

AProfile maximum
likelihood fit Inc.
systematic uncertainties

AContinuum template
constrained by off
resonance

52



S. Stefkova WG3

Belle Il erin prepara
Tr s hh: Inclusive signal extraction

u(BDTs)
0.92 0.94 0.96 0.98 1.0 .
4000 . . . A1 signal and 7

e =y background templates
¥ Two questions

= 1.Is the signal efficiency, I.e., BDT, well model
2.1 the B background understood?
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0 ? : : constrained by off
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Rest of the event
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O hh: Background validation example

. AAN example of a difficult background is
- o o Chowmm  § bew e Charmlessg O 0 U L hwhere
% 40 F 277 MC stat. unc. U meSOHS escape deteCtIOn
o Ah_as an order of magnitude larger BF than
2 signal
5 ADedicated studie® © 0 0 0 show
N good modelling
7 -—; ' Agenerous systematics assigned
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O L hh: Background validation example

AAN example of a difficult background is

50 e A i charmles©s © 0 U U hwhere

w0} 2. NC stat. unc L mesons escape detection
Ahas an order of magnitude larger BF than
signal

ADedicated studie® © 0 U U0 show
good modelling

Agenerous systematics assigned

sPlot weights/(1GeV?/c?)

] ASimilar studies f@r © 0 £&¢R5 ©
3 hl.I'[JI B Il.J-’JJ I‘E,I['JI N IE.I-."JI | L‘}.IU B I.'_'i.lfnl B I—l.][} U U U plor]-eanChed Sldeband and
Mok [GeV/c?] SO On
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Just a snapshot:
Belle 1l 37 new results since CKM 2021 targeting journals

Tea m Sheet Belle: approximately 50 papers submitted since CKM 2021

A13 parallel talks Belle/Belle Il 7. WG3: B K + invisible at Belle/Belle II:

P Slavomira Stefkova
1. WG1: Charmed meson lifetimes and :
prospects for future determinations of V, V4 8MV¥]G3' LFV B decays (1neiCb): Gagan
at Belle / Belle II: Alan Schwarz O ant_y : :
2. WG1+WG2: Recent measurements of incluiylVG4: MeaSlIJIreme”nt of sigg and sin2p,
SL decays at the beauty and charm factories ,chective at Belle/Bell¢lYumaJematsu

(including BESII): Markus Prim 10.WG4+WG5: New results of the CKM angle
3. WG2: Exclusive StdBcays at Belle/Belle 11: Y/ @ at Belle/Belle II: Karim Trabelsi
Christoph Schwanda 11.WG5: Measurement of branching ratios in
A4 WG2: LEU tests at Belle / Belle II: Bob hadronic B to charm decays at Belle/Belle II:
Kowalewski ' Vidya Sagar Vobbilisetti
5. WG2+WG3: Recent results on leptonic/rare 12 WGS: Direct CP violation measurements with
decays at Belle/Belle II: Justine Serrano g:)e;_rgcl)less B decays at Belle/Belle II: Mirco
: . |
Gfiv\\,,\;(rsi' b= s/dy at Belle/Belle Il : Rahul 13.WG7: CPV in D meson decays at Belle/Belle Il:

Michel Bertemes

Not discussed in this summary
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5) Prospects and conclusion



Belle |I: after current shutdown

A\cllv? have not collected the sample size planned tc "
ate |

A Beam conditions

A Since summer 2022 shutdown for accelerator
upgrades to mitigate background and increase
luminosity

ADetector upgrades too
A two-layer pixel detector installed [fb1]

AOn target to restarSuperKEKB December

APath to 2 x 1035 cm ~2s~1 but new final focus to go
beyond 3000

AProposed upgrade from 2027 i
A J. Baudot FPCP 2023

1000
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Far future: FCC-ee

— photo: 1. Wenninger i
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Far future: FCC-ee

Luminosity (10 cm”s ")
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—e— FCC-¢e (2 IPs, CDR)
Z —e— CEPC (2 IPs, CDR)

—a— CLIC (CDR)

—&— [LC (TDR and upgrades) |

aaal
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Center of mass energy (GeV)

Y(4S) pp y4
All hadron species v v
High boost v v
Enormous production x-sec v
Negligible trigger losses v v
Low background environment v v
Initial energy constraint v (V')

__ photo: 1. Wenninger '
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Eur Phys. J. Plus 136 (2021) 837
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Conclusion

Ae*e~ has an important role to play and a bright future
ABelle legacy continues

AEven while Belle 1l is catching up, we are producing
competitive and excitingesults

ASometimesworld leading with less data
ATimedependent CP violation in-BKp% — Y. Uematsu WG4

AA | ot more to coméepate we
AUpgrade plans for reaching the 10s of’ab
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Belle Il upgrade

AMany plans and

Belle Ill + ChiralSuperKEKB > 2030+

possibilities €Ol | Upgrade ideas scopeand technology ______________________________|Timesale

DMAPS

Awork On a SOI-DUTIP
Conceptual Design
Report begun to be
delivered in 2023 o

AFollowed by a o°
Technical Design cL
Report in 2024 -,

AShutdown end of e
2027 for installation ...

AAccumulate 10s of ™«
ablinto the 2030s

Thin Strips

m

18.9.2023

Fully pixelated Depleted CMOS tracker, replacing the current VXD. Evolution from ALICE ITS

developed for ATLAS ITK.

Fully pixelated system replacing the current VXD based on Dual Timer Pixel concept on SOI

Thin and fine-pitch double-sided silicon strip detector system replacing the current SVD and

potentially the inner part of the CDC

Replacement of the readout electronics (ASIC, FPGA) to improve radiation tolerance and x-talk

Replace readout electronics to reduce size and power, replacement of MCP-PMT with extended

lifetime ALD PMT, study of SiPM photosensor option

Crystal replacement with pure Csl and APD; pre-shower; replace PIN-diodes with APD

photosensors.

Replacement of barrel RPC with scintillators, upgrade of readout electronics, possible use as TOF

Take advantage of electronics technology development. Increase bandwidth, open possibility of

new trigger primitives

Study of fast CMOS to close the TOP gaps and/or provide timing layers for track trigger

TPC option under study for longer term upgrade

CKM 2023

J. Baudot FPCP 2023

LS2

LS2

LS2

<LS2

LS2 and later

>LS2

LS2 and later

< LS2 and later

>LS2
>Ls2
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