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Outline

1. The why: flavour physics in e*e~and Belle Il

2. The what: general methods and recent highlights
* B-physics primer
* B-physics
* Time-dependent CP violation example
* Evidence for B* ->K*vv

* More than B physics
* T lepton-flavour violation
* hadronic cross sections for hadronic vacuum polarization to g-2

3. The how: a manager’s guide to how to do an analysis
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Part I: the why

e*e” flavour physics and Belle |l
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Why flavour physics? — history of discovery

* Particle zoo of mesons and
baryons discovered in 1950s and
early 1960s lead to the quark
model

* up (u)
* down (d)

e strange (s)

S
* An allowed but rare decay such d

R K

dasS
K (sd)— p" p”

was predicted but not seen!
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Why flavour physics? — history of discovery
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Phys. Rev. D 2, 1285 (1970)
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Such rare virtual processes

tell you about higher
energy particles



CKM matrix Ve Vie Vi |(d°
. . . (M C t) I/cd I/cs I/cb S
* Two by two mixing matrix
v, V. V

proposed by Cabibbo : s » J\O)

Kobayashi-Maskawa proposed
third generation to explain
observed CP violation by
Cronin and Fitch

Relative magnitude of elements

* 3 x 3 unitary complex matrix 0

4 parameters
3 mixing angle and @ : =
* Intergenerational coupling \ )
Responsible for

disfavoured
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Visualising CP violation: the unitarity triangle

1) ( 1_2’2/2 1 Aﬂ,’?’ (,0_1'77)\\ A=sinf, = 0.22
—A 1-2%/2 A2* ||+ 0(AY)
(A2 [1=(p=in) || —4%’ L)

2) Exploit unitarity (1%t and 3" col.) VuquZ + VCdV; + thVtZ =(




Over constraint — loop sensitivity
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Why B physics at the Y(4S)?

* The process eTe™ — Y(4S) — BB has comparable cross section to
ete” -» qq,q =u,d,s,c ak.a. continuum

e

- Y(13) Y(45)
wh on-resonance
— I "Here be B"
=
I= off-resonance
£ Y(25) B free zone
1 : i
¥ Y(35)
13
"E’ -
N Y
L] _-'r'-'-_,, -'-. "u
| confmuum background
[ |...4...'LI;1'..|.....l..':];'..l.......:.......:._,
044 946 1000 1002 71034 1037 7 1054 10.58 10.62

e'e” Center-of-Mass Energy [GeV]
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Why B physics at the Y(4S)?

* The process eTe™ — Y(4S) — BB has comparable cross section to
ete” -» qq,q =u,d,s,c ak.a. continuum

* Advantages compared to proton-proton
* Low average multiplicity — neutral reconstruction
* Constrained kinematics — good missing momentum reconstruction
* Correlated B°B" - high flavour-tagging efficiency
* Open trigger — 100% efficient for almost all B decays

18/6/2024 Belle Il US School
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Why B physics at the Y(4S)?

* The process eTe™ — Y(4S) — BB has comparable cross section to
ete” -» qq,q =u,d,s,c ak.a. continuum

* Advantages compared to proton-proton
* Low average multiplicity — neutral reconstruction
* Constrained kinematics — good missing momentum reconstruction
* Correlated B°B" - high flavour-tagging efficiency
* Open trigger — 100% efficient for almost all B decays

* Disadvantages compared to proton-proton
* Cross section — 150,000 times smaller
* No B, B_, or A, produced — can run at Y(5S) for B,
* No boost in the c.m. frame — partially overcome by the asymmetric beams
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Detectors and data samples

e Belle + BaBar collected
0.71+0.43=1.14 ab™! Y(4S) samples

* Many achievements: confirmation of
KM mechanism, b—>ctv, direct CPV in
B decay
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Detectors and data samples

e Belle + BaBar collected
0.71+0.43=1.14 ab™! Y(4S) samples

* Many achievements: confirmation of
KM mechanism, b—>ctv, direct CPV in
B decay

e SuperKEKB + Belle I|I@KEK, Tsukuba

* nanobeam scheme to increase
instantaneous luminosity by factor 30
to collect multi-ab™tsample

e World record 4.7x103* cm=2s?!
e Target 6x103°> cm—2s!
* So far 362 fb~1at Y(4S)

* +42 fb 1 off-resonance to characterize
continuum
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Detectors and data samples

e Belle + BaBar collected
0.71+0.43=1.14 ab™! Y(4S) samples

* Many achievements: confirmation of
KM mechanism, b—>ctv, direct CPV in
B decay

e SuperKEKB + Belle I|I@KEK, Tsukuba

* nanobeam scheme to increase
instantaneous luminosity by factor 30
to collect multi-ab™tsample

World record 4.7x103% cm2s!
Target 6x103> cm=2s71
So far 362 fb~tat Y(4S)

+ 42 fb~! off-resonance to characterize Belle
continuum
18/6/2024 Belle Il US School 14
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Part Il: the what



B-factory analysis essentials 1 —
beam constrained kinematics

— [ 1 [
S L Signal
S, [ Well-known Continuum
o i-gna_ﬂ beam energy BB background
— [ Continuum - .
8 [ BB background
@
5.2 . . . . . -0. ; . 0.1 0.2 0.3
MbC =
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B-factory analysis essentials 2 —
continuum suppression

* In the c.m. frame B mesons almost
at rest when they decay

* isotropic distribution of particles

* |In the c.m. frame continuum qqg
back-to-back

* jetlike distribution of particles

18/6/2024 Belle Il US School
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B-factory analysis essentials 2 —
continuum suppression

* In the c.m. frame B mesons almost
at rest when they decay

* isotropic distribution of particles

* In the c.m. frame continuum qq Belle Il Preliminary [cdt=362fb!
back-to-back P e
* jetlike distribution of particles -- Continuum W SxF

N
. g | —— BB { Data

* Shape variables, e.g., thrust and S 150
Fox-Wolfram moments, help 5
distinguish topologies "
. . )
* |deal task for machine-learning =
e Output oft used as a fit variable 0
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B-factory analysis essentials 3: hadronic tag

* Full-reconstruction of one B decay B->Dn
in a large number of high BF modes .. tagdecay
on one side BT

e B> DOOmm*nn®, where m>1 n >0

* Reconstruct other B as signal with
missing energy

18/6/2024 Belle Il US School 19


https://inspirehep.net/files/5caaf8633499c83a1088677a6a4158ff

B-factory analysis essentials 3: hadronic tag

* Full-reconstruction of one B decay
in a large number of high BF modes
on one side

e B> DOOmm*nn®, where m>1 n >0

* Reconstruct other B as signal with
missing energy

* Machine learning algorithm used to
boost efficiency as much as possible B* —= K* 7~ p*
 Comput. Softw. Big Sci. 3(2019) 1, 6

e Total efficiency < 1% but a powerful
tool

* Requires calibration Ty
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https://inspirehep.net/files/5caaf8633499c83a1088677a6a4158ff

B-factory analysis essentials 4 —
vertexing and flavour tagging

B° T > fcp

\ 2, X ‘th‘ZQZiqbl




B-factory analysis essentials 4 —
vertexing and flavour tagging

oy
+

Coherent
evolution

)



B-factory analysis essentials 4 —
vertexing and flavour tagging

Belle Il simulation

B° T > fcp [ Al
! 2,21 8000 f o __ o
\ - ‘th "e i S sooo] —
. l+ 24000-
Coherent / I~ _% 3000
evolution :<‘KO g
— S O
e (7 GeV) ‘ e+(4 GeV) i
D_+ i BO-like <+—— Qqrerlar —» BO-Jike
I\\ l’l I
i : : SN : Graph-neural-network
Flavour-tagging k.ey' v | approach has improved our
leptons, kaons, high v ’ tagging by 18%
momentum tracks etc €e(1-2w) =37.4%
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arXiv:2402.03713 [hep-ex]

Time-dependent CP violation - B® - 'K

 Decay may also have a BSM phase as it is
a gluonic penguin

* alter the value of ¢, from that measured in
b — cCs transitions such as B® - J /K¢

18/6/2024 Belle Il US School
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https://arxiv.org/abs/2402.03713

arXiv:2402.03713 [hep-ex]

Time-dependent CP violation - B® - 'K

 Decay may also have a BSM phase as it is
a gluonic penguin

* alter the value of ¢, from that measured in
b — cCs transitions such as B® - J /K¢

. Reconstructmgr] - n(yy)ntn~ and

n' = p(r*m™)y we select 829 + 35 events
in 362 fb™! sample

* 3D fit to AE, mgz.and continuum suppression
output

18/6/2024 Belle Il US School
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https://arxiv.org/abs/2402.03713

arXiv:2402.03713 [hep-ex]

Time-dependent CP violation - B® - 'K

 Decay may also have a BSM phase as it is
a gluonic penguin
* alter the value of ¢, from that measured in
b — cCs transitions such as B® - J /K¢

. Reconstructmgr] - n(yy)ntn~ and
n' = p(r*m™)y we select 829 + 35 events

in 362 fb™! sample

* 3D fit to AE, mgz.and continuum suppression
output

* sin 2¢, = 0.67+0.10+0.04

e Consistent with current HFLAV average
and that from b — ccs result
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https://arxiv.org/abs/2402.03713

\
\

BT — KTvVv: Motivation

’QQBD / gk /
% ))f ) wa

; «d Bo!

i) [ Uu >

* Well known in SM but very sensitive to BSM enhancements — 3" gen
* B(B>K*vv)=(5.6+0.4) x 107° [arXiv:2207.13371]

18/6/2024 Belle Il US School
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https://arxiv.org/pdf/2207.13371.pdf

B* - K*vv: Motivation
;’f " 3 y
W/jf jfw

* Well known in SM but very sensitive to BSM enhancements — 3" gen
* B(B>K*vv)=(5.6+0.4) x 107° [arXiv:2207.13371]
* Challenging experimentally

e Low branching fraction with large background
* No peak —two neutrinos leads to no good kinematic constraint

S O

S
u > u

18/6/2024 Belle Il US School
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BT —» K*vV : Analysis strategy

 Two methods: an inclusive tag (8% efficiency) and
conventional hadronic tag (0.4% efficiency)

* many common features except tag



BT —» K*vV : Analysis strategy % ) AL

 Two methods: an inclusive tag (8% efficiency) and
conventional hadronic tag (0.4% efficiency) g 107

* many common features except tag

e Use event variables to suppress background

(=)
g?.'.'.s
g 2
5 =
% g
a2 -

L ]
] &
it .
[T]
/
; ] -
L
1 Ep

IRREAAA0

fraction of events
[1-9
e
i
=
° &
&=
£ =
b3
e

* Inclusive:
1. preselect events where missing momentum and signal kaon o
0.0 0.2 0.4 0.6 0.8 1.0
well reconstructed G sl

2. First boosted decision tree (BDT1): 12 variables
3. Second BDT2: 35 variables — 3 times sensitivity
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aq B(—Kvv)B BB
BT —» K*vV : Analysis strategy

 Two methods: an inclusive tag (8% efficiency) and
conventional hadronic tag (0.4% efficiency) e

* many common features except tag

e Use event variables to suppress background

fraction of events
i

o]
| I B

* Inclusive:
1. preselect events where missing momentum and signal kaon o
0.0 0.2 0.4 0.6 0.8 1.0
well reconstructed G sl

2. First boosted decision tree (BDT1): 12 variables
3. Second BDT2: 35 variables — 3 times sensitivity SO
4. BDT2 fit extraction variable in bins of vv mass-squared — g? g )

* Hadronic tag: single BDT for fit 1000 S

* key variable any additional calorimeter energy other than K+tag 2:11:.

0.92 0.94 0.96 0.958 1.0

AT

L'ruu lidates




B*™ —» K*vV: Inclusive signal extraction

1.0

u(BDTy)
0.92 0.94 0.96 0.98
4000 : . _
" Belle II preliminary [ +F Bl ss
I silm_llatiun mm BB e
30{]{}_ —_— C_1 B_+B_ I dd
7 i B cC 1 Signal [x50]
9 - . ,
2 "
=
== 2000
=
2>
-
1000

0

1 4 8 25F1 4 8 2541 4 8 2541 4 8 25

¢z [GeVZ2/c!]

(3 binsing’__ ) x(4binsin y(BDT,))

* 1 signal and 7
background templates
from simulation

e corrected using control
samples

* Profile maximum
likelihood fit inc.
systematic uncertainties

e Continuum template
constrained by off-
resonance

32



B* — K*vVv: Inclusive signal extraction

u(BDTs)
0.92 0.94 0.96 0.98 1.0

4000 * 1 signal and 7

backgr.ound t_emplates

Belle II preliminary [/ 77 I ss
simulation =0 00 i

2 TwWo questions
e 1.Is the signal efficiency, i.e., BDT, well modelled?
"2 Is the B background understood?

e Continuum template
- - : constrained by off-

-1 4 8 2501 4 8 251 4 8 2541 4 8 25 resonance

Grec [GEV?2 /]

(3binsing?_ ) x(4binsin p(BDT,)) 33

rec



B* —» K*vv : Efficiency validation

Rest of the event

18/6/2024 Belle Il US School
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B* —» K*vv : Efficiency validation

18/6/2024

Rest of the event

6000 Belle II preliminary f Ldt =362fb "
5000 /| &
19 — B
Q 4 < 1000 |
T4000p T <
= S
ggooo/ 0 2oty i
= /] 0.0 0.5 1.0
O 2000 [ BDT; (BDT; > 0.9)
/ E—B" — Kt J/¢ Simulation § BT — KT J/¢ Data \
1000 / BT — KT J/¢ Simulation § BT — KT J/¢ Data \
BT+ KTvw Simulation
i T N
0.0 0.2 0.4 0.6 0.8 1.0
BDT,
Ratio between selection on data and
simulation for the control sample 1
with 3% uncertainty
Belle 1l US School 35



BT - K*vv:
>90% background from B—>D(K*X)lv + B >D(K, X)K*

X 10° 15 2L
2.0 ~ # Belle II preliminary g I MC - Belle II preliminary M B with D—K X
[Ldt =362 o 1.25 [omuss [L£dt=362fb" @M B without D—K; X
15 + Data 0 HE Continuum
R /7, Stat. unc. 1.00 F t Data
: /#7, MC stat. unc.

0.75

Pion sideband

Candidates
e

<
3

0.50

Candidates / 0.01

V) e BN &) Nan] ]
AN

0.25
Q. . 0.00
L 1. 5
E § 1. M E———— "_.—.:‘ ”:
- |y [}‘. : ; ; ; | \ L i L | I L I L | ’ L L L | L n D—4 E I J I
0.5 1.0 1.5 2.0 2.5 0.92 0.94 0.96 0.98 1.00
Mg+ x- [GeV/c? 1w(BDTs)

e KX system agrees well between data and MC
* Prompt K* production studied using prompt rt* from B*—>mn*X decays

* Systematic uncertainties on decay branching fractions, enlarged for D>K X
and B >D**| v
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BT — K+vv Results

#(BDT?)
V.2 0.94 0.96 0.98 1.0
3000 : : : Belle II preliminary B B K
: Belle Il preliminary gl B —K " ww 100 a [ Ldt=362fb! [ BB
& P [ Ldt=(362+42) b mm BB § I G
S 2000 : mm BB = -
1= HEl Countinuum __é L ¢ Data
= }  Data 5 50
&5 1000 O
Inclusive tag

0

O F —
e ] T <
Ay -5 i | I i I ! i | I i I |

-1 4 8 2511 4 8 2501 4 8 2501 4 8 25
Ghe [GEV?/

BF;,. = (2.8 + o 5(stat) + 0.5(syst)) x 107>
BF}.q = ( 02 (stat +O8(syst)) X 1075
BF .omp = (2.4 + 0.5(stat)*3 (syst)) x 107>
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+ Published by PRD
B — K vV: Results rXiv-2311 14647 (hep-ex]

#(BDTy)
U.YZ 0.94 0.96 0.98 1.0
: : Belle IT preliminary ' . -
3000 : : — BY =K "
: BelleIl preliminary ml B —K tw [ £dt=362fb! B
R : [Ldt=(362+42)fb" =g BORO %
¢ : —
= 2000 mm BB =
E Hl Continuum __E
.E t Data %
5 1000 o
Inclusive tag
0
DO e —— L e z
A -5 3 | ! i I ! i | 1 i | |

1 4 8 251 4 8 2501 4 8 2501 4 8 25
Grec [GEV? /]

BF;,. = (2.7 + O 5(stat) + 0.5(syst)) x 107° Combined result

BFhaa = ( 0. (stat) Xy 8(5y5t)) X 107> Evidence @ 3.50
BFcomb = (2-3 i 0.5(stat)*9> (syst)) X 1075 'gnZSI;: with SM (0.6x1075)
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Tau physics motivation |

e 185 standard model decay modes studied
 principally hadronic final states

* Unique laboratory to study weak
Interaction




Tau physics motivation |

e 185 standard model decay modes studied
 principally hadronic final states

* Unique laboratory to study weak
Interaction

* Third-generation therefore beyond-SM-
sensitivity anticipated
* Any observation of lepton-flavour violation
in T=>3K, T2 Uy, T2l etc new physics
* SM highly suppressed

* Connections to g-2 and lepton
universality violation in b decay

18/6/2024 Belle Il US School

40



Why t physics at the Y(4S)?

* The centre-of-mass energy
of the B factories process
ete™ - Y(4S) » BB has

Non Bhabha cross section in nb

comfarable cross section ete™ - uli(y)
tO e 6_ —> qq’q — e+e_ — ”+”_(Y) L B
u,d,s,c a.k.a. continuum 115 292 ete” - dd(y)

P \‘\\\ »0 L 0.38
—— " + - —
| PR
L (v)
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Why t thSiCS at the Y(4S)? Non Bhabha cross section in nb

* The centre-of-mass energy ete- = Tt (¥)
of the B factories process
ete”™ - Y(4S) - BB has
comparable cross section
toete” - qq,q =
u,d,s,c a.k.a.continuum

. . I ete” - uu(y)
©e - ”1‘:5()’) 0.92 ete” - dd(y)

»0'4 0.38
SN te~ = ss(¥
N\ / ete 55
_ ‘ 1.3 ( )
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e Similar cross section for
ete” -1t~
* 920 million tau pairs per

ab™! of integrated
luminosity



Submitted to JHEP

) ] arXiV:2405.07386
23— lepton flavour violation search
* Inclusive tag of the non-signal t i e
to increase efficiency — g o A
multivariate T »é
& "
Event

u
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https://link.springer.com/article/10.1007/JHEP02(2015)121
https://cds.cern.ch/record/2883172
https://arxiv.org/abs/2405.07386
https://arxiv.org/abs/2405.07386

Submitted to JHEP

arXiV:2405.07386
23— lepton flavour violation search
* Inclusive tag of the non-signal t Inclusive tagging schema
to increase efficiency — < o A
multivariate of . :
(. . <
* Cut ‘n’ count in 2D plane of Event < .
* M;, and AE = E3 -Ep ., (inc.m.)
e Sideband deri\ﬁd background
estimate 0.5%5's events T RN mmy Dy | [ ettt — oien
° One event Observed E - f £ o i _ ’]'i.'_"' ;{? Simulation: | St = dab — gi%}:;g{;d
* World best limit =1 e S
 BF < 1.9x10°8(90% c.l.) BiL ——
* Area of competition | M5y T S
e LHCb BF < 4.1x1078 (Run 1 only) T 11k P, %
* CMS BF < 2.9x108 (Run 1+2) T 1 l . b
e T J B = :F T o +
R - ; _~;I|I\_FI:L|-¢I;L:\IIf;_i_>. e — h {;r ]Ir
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...away — o

T

]
Significance will likely decrease Fermilab 1+2+3

fromheavy =~ TS T

tlavour LT Mo o
muon g-2

(2020)

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
a,x 10" - 1165900
Plot from A. Keshavarzi talk at Lattice 2023
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...away
from heavy
flavour
muon g-2

18/6/2024

5.00 >
< +—o—
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (202 3)
< 510 >
L +—eo—
SM: e+e- HVP World Average
T.l. White Paper (2023)
(2020)
‘
New results in tension ®
Wilh White Paper (2020) SM: Lattice HVP
BV Collab.
2020)
SM: e+e- HVP

using only CMD-3
data below 1 GeV

17.5 18.0 18.5

19.0 19.5
a,x10° - 1165900

Plot from A. Keshavarzi talk at Lattice 2023

Belle Il US School

20.0 20.5 21.0
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arXiv:2404.04915 [hep-ex]

Measured R-ratio

o(ete” » ntn n") .

Muon anomalous magnetic moment

__g9g-2 _  QED EW QCD
|_bHadn::»n contribution term
CD _ |
(1:} = aEVP + a}‘!‘ILbL . us[Ge'u‘E[: .
Leading-order HVP rerm
¥ 2 o0
a S . :
CLEVP’LO — 3?32] 2 ? R(S)K(S) Hadronic R-ratio ... ....... @@Eﬂ‘sﬁwué ........... 'K'K';"E%-L'EGW _____ _______
mz |_. R(s) g(ete™ — hadrons) 5 W“nl‘“\ E T “ﬁ\ :
S — Infn.-nu.nu : : :
olete” »u*p7) \ N ¥
] i . ~7% m | ; |
2"9 [argest contribution to the hadronic vacuum ; ; T ; T oW
| |  ~15%%% |

polarization estimate as region below 1 GeV in
c.m. energy dominates
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https://arxiv.org/abs/2404.04915

o(ete” » mtn nf)

* |nitial-state radiation technique —
wide invariant mass range

e Partial Run 1 data set — 191 fb!
e Selection via kinematic fits

» Key challenge is ° efficiency
* Custom determination using w decay

* Background control samples for
ete” > ntn nnly,gp, ete™ -
=~ +,— +77—0
qqYisgande e = K"K 1w ysp

18/6/2024 Belle Il US School

3m mass

Efficiency
. dLeff

am

stignal

dm
! Cross section

= Oge—311°

Signal process : ete™ —= yiqrr T 0 (= yy)
Signal spectrum

) ' Belle Il Preliminary
10° FlLat =191 b
F } Data

[ n*n*nny

F KK’y PR

[ I Non-ISR qq , ;1..

| EFSR SN

: 4 e,

2

—
o
w

-
o
o

.

Entries (/ 25 MeV/c?)

S
2

s

—a
o

0.60.650.70.750.80.850.90.95 1 1.05

M, (GeV/c®)

# ", ‘W‘*ﬁ

Effective luminosity
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o(lete” > ntn n®

0.3
i Belle Il Error (Total .
Belle Il Error [r;m.: Source 0.62-1.05 GeV/c?
02| o :::‘:':3 }[2“ Trigger 0.1 (—0.09)
"IT i ¢ CMD=2 (04) ISR p.hcnton detection 0.7 (+0.15)
- o4E Tracking 0.8 (—1.35)
@ 7" detection 1.0 (—1.43)
0 l:] ‘1 2 e i i l Kinematic fit (x°) 0.6 (+0.0)
© i ' T \E i Event selection 0.2 (—1.90)
e 4 chy | : Generator 1.2
§ 01F ¥ ;{"';' e el o - I - 'l‘ + Integrated luminosity 0.6
B 1 % % Radiative corrections 0.5
02k MC statistics 0.2
B Background subtraction 0.3-0.5
- Unfolding 0.7-15
-0. a ?5 ﬂl?? = U %"E —— I?g = ICIIBI = ﬂ1|31 = 1',332 Total uncertainty 2.2-15
) ‘ p {‘GEV:I ) ‘ ' (Total correction &/exmc — 1) (—4.61)

a¥™ = (49.02 £ 0.23 £ 1.07) x 1077,

2.60 tension with BaBar
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Part Ill: the how

A manager’s guide to how to do an analysis

18/6/2024 Belle Il US School
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Working groups: an analysis’ home

* Eight working groups

e Half are related to B physics , : -
e Semileptonic and missing energy

* The rest not * Vxb and lepton universality
* An analysis must present regularly in WG until it reaches a level

. .
of maturity for a ‘Full status report’ Electroweak penguin and rare

decay

* see details in a couple of slides .
e Lepton flavour violation

* Important: * Time-dependent CP violation

1. anew analysis should present just the idea or very early

studies in the WG — this will help align with other efforts * Hadronic B decay
and ensure the physics motivation is strong * inc. direct CPV
2. think whether your analysis will benefit from adding Belle e Charm

data early on .
* T physics

* i.e., not done at Belle or better technique

3. don’t present a fully formed analysis at the first * Quarkonium

presentation C e
. , , * Dark sector and low multiplicity
* This can lead to disappointment and delay when the

conveners and experts in the group point out problems
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Approval
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Is analysis

sound?
N

Y
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RC approve AND
paper draft
ready for
Box Opening

Collaboration wide review (CWR)

Iterations on paper
draft with RC and
PC reader until

approved for CWR1
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and revise draft
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reader approve
CWR2
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and revise draft
until RC and PC

reader approve 48

hour display

__BalledUs-School

—Journal

After 48 hr display
final checks by RC
and PC reader
Submission approval
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of journal review
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changes approved by
RC chair, PC reader
and Physics
coordinator
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When is an analysis ready for WG full status?

Six questions to which the answer should be yes

1.
2.

Is the selection procedure optimized?

Is the observable extraction method complete and shown to be
unbiased and give correct coverage? If biased, is how it will be
corrected defined?

Have control samples and sidebands been used to test data-
simulation agreement?

Are the dominant sources of systematic uncertainty identified and
estimated?

Is the signal-box opening strategy defined?
Is it all comprehensively documented in the Belle Il note?
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Physics is not in a vacuum

* Data production
e preparation of data, simulation and skims
* take help from the data production liaison in each working group

* Analysis relies on software (report help fix bugs) and distributed
computing

 Performance

* key inputs to analyses related to: tracking, particle ID, neutrals, event properties (e.g.
luminosity and trigger) and analysis tools (e.g. tagging)

 analysts should consider working on some study if needed for their analysis
* bonus: authorship qualification

* Dedicated groups to work on generators, amplitude analyses and statistics

* The review process relies on Publication Committee
* work with the RC and PC reader

18/6/2024 Belle Il US School 55



Conclusion

A brief tour of the why, what and how of Belle Il physics

* Lot’s to be done with the Run 1 data + Belle
* likely standard sample until spring next year but with Release 8 and MC16rd

* Planning for Run 2
e summer 2025 onward

* Participate in
* your WG meetings,
* Physics Meeting (2130 JST on Monday) and

* reviews as WG reader, RC member and institute readers to improve our
analysis

18/6/2024 Belle Il US School
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Belle Il upgrade

Many plans and
possibilities

Work on a
Conceptual Design

Report begun to be
delivered in 2023

Followed by a
Technical Design
Report in 2024

Shutdown end of
2027 for installation

Accumulate 10s of
ab!into the 2030s

18/6/2024

Belle Ill + ChiralSuperKEKB > 2030+

m Upgrade ideas scope and technology m

DMAPS

SOI-DUTIP

Thin Strips

CDC

TOP

ECL

KLM

Trigger

STOPGAP
TPC

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

Belle 1l US School

J. Baudot FPCP 2023

LS2

LS2

LS2

<LS2

LS2 and later

>LS2

LS2 and later

< LS2 and later

>LS2
>Ls2
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https://indico.cern.ch/event/1166059/contributions/5305534/attachments/2657551/4603517/futureBelleII-JBaudot-fpcp23.pdf

' Leplons
| Mo Electric Charge

https://www.quarked.org/ |

Electron-Neutrino (v ) Tau-Neutrino (v.)
Mancy Maooki Tirn

' LESS MASS = MORE MASS

MNegative Electric Charge

. Electron (e) Muon (#L]
[ Elly Mustafa

2) Why t? Why Belle (I1)?

18/6/2024 Belle Il US School
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https://www.quarked.org/

Tau physics motivation ||

* Precision measurements of the t
lepton can have significant impact


https://indico.cern.ch/event/1184945/contributions/5378246/attachments/2715889/4717189/output.pdf

Tau physics motivation ||

Luiz Vale Silva (CKM 2023)

0.230

* Precision measurements of the t

lepton can have significant impact 0228 7K., and T>Kv N
* Example. 0.226 Direct (light green) ]
 first row unitarity of CKM matrix — Al (yellow) ]
‘Cabibbo angle anomaly’ 0.224 -
. B(t%Kv)( (t->mv) proportional to o i
|Vus/Vud E i}
e Combine with lattice QCD information to 0.222 = ~
provide additional constraint - :
0.220 —Ky/m, and t->Kv/t->v Indirect ]
0.218 :— m [ decays —:
[ Summers3 " excluded area has CL > 0.95 | |
0-216 1111 I | | | | | | | | I L1 11 I | | 1111 I I
0.950 0955 0.960 0.965 0.970 0.975 0.980 0.985 0.990
V|
d

18/6/2024 Belle Il US School 61


https://indico.cern.ch/event/1184945/contributions/5378246/attachments/2715889/4717189/output.pdf

Tau physics motivation ||

Luiz Vale Silva (CKM 2023)

, 0.230 T

* Precision measurements of the t 3

lepton can have significant impact 0228 7K., and T>Kv B

* Example: 0.226 Direct (light green) ]

* first row unitarity of CKM matrix — Al (yellow) ]

‘Cabibbo angle anomaly’ 0.224 — -

. B(t%Kv)(B(ténv) proportional to o -

|Vus/Vud ’ E i}

e Combine with lattice QCD information to 0.222 = -

provide additional constraint - .

* Additionally, lepton-flavour universality =~ 0220 [-Kem and w>Kv/emy Indirect -

and dipole moments i :

. . . . ] - d —

« Mass and lifetime important inputsto ~ **°[ &M Pecll :

these calculations [ "SmST[ excludedareahas CL>0.95 |
0-215950 0955 0960 0.965 0970 0.975 0.980 0.985 0.990

IV,
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https://indico.cern.ch/event/1184945/contributions/5378246/attachments/2715889/4717189/output.pdf

Phys. Rev. D 108, 032006 (2023)

T Mmass measurement

 Fundamental parameter of the standard model
* Important input to lepton-flavour universality tests

3 7 3
R, = B[T — fIJ l’iﬂlt""r?_] (Q_T) _ REE?H:L (14 0w )(1+ 5’*;‘) (&s are radiative corrections)
B [,u —r € Mﬂuﬂ] 9u / Tr M3
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Phys. Rev. D 108, 032006 (2023)

T Mmass measurement

 Fundamental parameter of the standard model
* Important input to lepton-flavour universality tests

- I 3
Re _ B[’F‘ —r € liﬂ.'ffr] (Q_T) _ REE?‘TE(I n 511:')(1 + 5“;-) (&s are radiative corrections)
B[,u_ — E_Uﬂuﬂ] 9u / . Tr M3

 We use the pseudomass variable to determine mass

T
{ = . é' ~
Ttag  Tsig T I My = \/mgn + 2(Vs/2 = E3p) (Ezn — |P3n]) <my

v, * v:  Fit to the endpoint with empirical function
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Events / (1.5 MeV/c2)

Pull

T MasSs measu rement

.

16E Belle Il } Data — Fit
14F _[L dt = 190 fb" 3 Background

12 m. = 1777.09 + 0.08 + 0.11 MeV/c®
10f

8 )

oF Resolution

af

ol Tau mass ISR

D A r —————————— '- ---------- I ...............................................
2 k- =

.|:| ':."_'?"""I.;.I"'I'.i;'.'_;'!,'ﬂ?i-":""i" o “Fn. L Ay o M b
ok . . "

1.7 172 174 176 178 18 1.82 1.84

M. [GeV/c?]

* Fit to distribution with analytic form that accounts for ISR and
resolution

18/6/2024 Belle 1l US School
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Events / (1.5 MeV/c2)

Pull

T Mmass measurement

«10°
16E Belle Il } Data — Fit 10.59 —= 35

: ) "1 Background [ Belle Vs L Bellell —:[— Before momentum correction
141 IL dt=190f~" = == r » Total uncert 3

- 5 L JL dt=1801b : - J.L dt=190 fb™ After momentum correction
12 m, = 1777.09 + 0.08 £ 0.11 MeV/c 10.585 e 25 F
10f = I Q L D" Ka'x -

| 3 s 2|
B . w i = . .f
3 Resolution o et W o f

: % EEE': 1F —_—
4 @ :

; Tau mass ISR E s L 05F
2F 8 EED s
D s = s mans [oerararen~- | ekt b | et o geesee e e b it et o b e C,q" g IJ-‘J 0 ;'
ok . ur . L] e T ' : 8 $ -0.5 :_ =
0 "'-".'?"'".'."""*;'.'-;'!-'*"'i-"T"“-"'-"'.'.'i'".;""“"-'":.'"*T"""""-'."'“'."'.'-" fiadl P DI o/ - B I D i SN T T B T R S D
2k * o~ 9 T s R 4 08 06 04 02 0 02 04 06 08 1
17 1 -?2 . *?4 : L‘.«"E : l?s 1IB - 82 " 184 Chronologically ordered events cosh

M., [GeV/c?]

* Fit to distribution with analytic form that accounts for ISR and
resolution

* Knowing the scale key: beam energy (from E;*) and momentum (from
D mass)
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T Mmass measurement

PDG Average (2022)
1776.86 + 0.12

BES (1996)

0.18 +0.25
1776.96 51 G017

BELLE (2007)
1776.61+0.13 + 0.35

KEDR (2007)

0.25
1776.81 02 +0.15

BaBar (2009)
1776.68 + 0.12 + 0.41

BES Il (2014)

1776.91+0.12 12

—_—me

Belle Il (2023)

1777.09 + 0.08 + 0.11

l l l | l l l | | | 1 : l | |

1776 1776.5 1777
18/6/2024 mr [MeV/CE] Belle Il US School

World’s most precise
measurement to date
- dominant
systematics from
beam energy and
momentum scale
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Light dark sector searches

Dark Sector Candidates, Anomalies, and Search Techniques (

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PevV 30M,
| | | ] | | | L. 1 . 1 . 1 . . | . . 1 » 1 . !
| | | I | | | Yy T T 1 Y T Tt ' § ' "} &« | *
€ > pre—
QCD Axion WIMPs
<€ > € > -
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
e = >
Pre-Inflationary Axion Hidden Thermal Relics f WIMPless DM
> € >
Post-Inflationary Axion {Asymmetric|DM

v

e
-

Freeze-In DM

>
SIMPs|/ ELDERS
>
Beryllium-8
-
Muon g-2
4 €«—>
e el small-Scale Structure
< > <>
Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing
Gt ———— ettt
-1 ¥ T T T ¥ § 7§ ¥ 07 v ¥ 7@ v [ ¢ v qg ¢© ¥ § W |
zeV aeV feV peV neV ueV meV eV keV MeV GeV TeVv PeV 30Mg
18/6/2024 Belle Il US School

e Can access the mass range
favored by light dark sector

e Possible sub-GeV scenario
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Light dark sector searches

Dark Sector Candidates, Anomalies, and Search Techniques

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30M,
< l 1 1 1 1 1 1 | B . | L. 1 . . 1l »n ]
1 ¥ I I I y § * T 3§ Y vy T T 7T Yy e«
€ > <
QCD Axion WIMPs
<€ > € -
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
— < >
Pre-Inflationary Axion Hidden Thermal Relics f WIMPless DM
4+—p € >
Post-Inflationary Axion Asymmetric|DM
b Freeze-In DM "
>
SIMPs|/ ELDERS
el
Beryllium-8
«—>
Muon g-2
ArXiv:1707.04591 b

Small-Scale Structure

< > <>
Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators M L[Dl&"l'-'_-.l:\g
2 1 | | | | | | b . . 1 5 . 1l i, .1, 1 9n >
Ra | 1 | | | | | L L L N NN NN AN NN (LU |

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeVv PeV 30Mg

18/6/2024

Belle 1l US School

e Can access the mass range
favored by light dark sector

e Possible sub-GeV scenario

* DM weakly coupled to SM
through a light mediator X:

 vector (Z’/dark photon),
axion like particles (ALPs),
scalar (dark Higgs) or
fermions (sterile v)

 Some links to anomalies,
e.g., g-2
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Invisible decay of Z’ to dark matter

e Search for narrow peak in the recoil mass of dimuon pairs

-

)

o

' o

UPJJ X O

L

=4

~

w

a

4

o 3

et !J,+, "U“‘T, X -E
~ _ ', I . . -

ete—p*uZ'; Z'- invisible S

18/6/2024

=
o
-

105 )

Il ete e utu-
Bl cte =177 (y)
Hl ete —»utu(y

4 Data

Belle I [Ldt=79.7 fb~!
10

10°
102
10!

10°

o

20 40 60 80
Mrzecail [GEVZ/C‘I']
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Invisible decay of Z’ to dark matter

100 ¢

e Limitson Z’
coupling g’ and
mass

* g,-2 region ruled

out for masses
from 0.8 to 5 GeV

o 1072

1074

Phys. Rev. Lett. 130, 231801 (2023)
10~¢

18/6/2024

Fully invisible Lp -Lt

107 |

-
Belle Il, 0.276 fb~* L

|
5

M5 [GeV/c?]

- Belle Il [Ldt = 79.7 fo~%, 90% CL UL ;

F—— [72=0 Expected +10 Expected +20
—me T2 =0.1My

o 1 2 3 a4 5 7 8



Paper in preparation

v/&d,: power of Belle + Belle |

 Standard candle in the SM A
* Tree-level only + no theory unc. . W

* LHCb leads the way: y=(63.8i3.6)°B_O v, oo B
* LHCB-CONF-2022-003 e a

N
S
8
1N
bU\
mE'--ui
S
=
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https://cds.cern.ch/record/2838029
https://link.springer.com/article/10.1007/JHEP02(2022)063
https://arxiv.org/abs/2306.02940
https://arxiv.org/abs/2308.05048

Paper in preparation More on y Y. Shimizu thesis

v/&d,: power of Belle + Belle |

* Standard candle in the SM A Ve 2 Ar,e )

Ug K~
* Tree-level only + no theory unc. WS 5 %
ub

b c b
* LHCb leads the way: v=(63.8i3.6)°B_O v, ODO B_O e
* LHCB-CONF-2022-003 i il

u

* Several Belle (711 fb™1) + Belle Il
measurements (varying sample o 0 — Belle + Belle I
size) —total O(1 ab ™) - e high - woree preciion

» D-> K% hh - JHEP 02 (2022) 063 ) 4g | M WAl

* D K%K - accepted by JHEP

* D> KO% % KK - arXiv:2308.05048 i %
* + Belle-only D>Km and others 0.1

* A few ab ! will give a good cross : y=(78.6+7.3)°
check of this SM parameter 0.0 LoCuE o B S el L
0

2023 (preliminary)
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https://cds.cern.ch/record/2838029
https://link.springer.com/article/10.1007/JHEP02(2022)063
https://arxiv.org/abs/2306.02940
https://arxiv.org/abs/2308.05048

Phys. Rev. D 109, 012001 (2024) and Phys. Rev. Lett. 131, 111803 (2023)

B—>Km isospin sum rule

* Relates these various penguin modes to give a null test of the SM
with O(1%) SM precision — PRD 59, 113002 (1999)

B(K’n™) 1Ro B(K*7") 7go Yy B(K°7n")
B(Ktn—) g+ B(K+n—) g+ KOm? B(K+m—)

e All inputs measured at Belle Il including ‘no vertex’ time-dependent
CP asymmetry for B> K°nt® — 362 fb! sample

Ixr = Ag+rn- + Agor+ — 2A K+ 70
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.59.113002
https://doi.org/10.1103/PhysRevD.109.012001
https://link.aps.org/doi/10.1103/PhysRevLett.131.111803

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

B—>Km isospin sum rule

* Relates these various penguin modes to give a null test of the SM
with O(1%) SM precision — PRD 59, 113002 (1999

B(KO?T+) TBo

M. Dorigo’s talk — WG5

Ixr = Ag+n- + Agor+ -

B(K+n~) 1+
. . . { ’ H
* All inputs measured at Belle Il including ‘no vertex’ time-dependent
CP asymmetry for B> K°nt® — 362 fb! sample 107 e 5 qory Bl
400 | Belle Il (Preliminary) === B*—Kk*n®+c.c. 1| B = (14‘2 i 0.4 i 09) X 10_6 ggg- Y E&g (q=-1)__l"'.‘m."
JL dt =362 fb~? mm Bt -ntn’+c.c. 0 . . %405_ 3
ol B Km0 o e 2rge T eTfciency syet fo 1
200 g 202
Ago = —0.01 + 0.12 + 0.05 LB KOm? Ty
Combination of time-dependent §°g ¢
25 ] and time-integrated analyses 54354‘7—/*/*/—%
-2503 R 0.0 0.1 0.2 03_ 6 4 -2 0 2 4 6
o ' C AE[GeV] ' | Belle Il US School At [ps] 75



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.59.113002
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.111803

Belle Il paper in preparation and arXiv:2305.07555 (accepted PRL)

B—>Km isospin sum rule

* Relates these various penguin modes to give a null test of the SM
with O(1%) SM precision — PRD 59, 113002 (1999)

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

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

<

derza-ﬁz bl Bt +c.c. l | L\ _0 . 7 8"~ 3
arge n° efficiency syst. 0 40|

+ + BB background @ F

300 B 9 K TCO — Continufm background _-‘95 30
o o

200 (_5520;_
10}
ool Apo=-0.01+0.12 £ 0.05 o
. . . _ % 057

) st Comblr?atlo.n of time-dependent 00
25 — and time-integrated analyses Fos)

q
[
&
Ll
o
o
N
A
o

-0.3 —6.2 —Cli.l 0.0 Dfl 0.2 0.3
AF [GEV] Belle 1l US School At [pS] 76



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.59.113002
https://arxiv.org/abs/2305.07555

;;-\ 0.4 B L] | I I I n n " I L] 1 I I I n | | T L] I | | | L I 1 L] L] L | I | | L 1 I L] L] 1 | I | L] i
& - m Ay* =1.0 contours
Qd : Summer 2023 :
035 —
[ Bellell i
03 . b - i
— Belle i \* q' -
I | LHCH® - \ \D “
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 -
_ P(x) = 33% -
[ 1 1 I [ 1 [l [ I [ 1 1 [ I 1 1 [ [ I 1 1 1 1 I [l [ [ [ [ [ 1 1 [ [ 1 1 I [ 1 1

02 025 03 035 04 045 05 055
R(D)

4) Lepton flavour/universality violation
and rare decays
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arXiv:2311.07248 [hep-ex]

Measurement of R(X) : \ N,
w ]

BF(B_)XTV) BO ot Y (48) -1 ; BDI I~
BF(B—>XlV) 5 e’

* A complementary alternative to -{ i \ X
R(D) k- 1D% { “\
‘__...—-" _ i

* Hadronic-tagging method with a
189 fb~1 Belle Il sample

* Inclusive ratio R(X) =

18/6/2024 Belle 1l US School 78


https://arxiv.org/abs/2311.07248

arXiv:2311.07248 [hep-ex]

Measurement of R(X)
* Inclusive ratio R(X) = ii((l;:f;\\:)) 3

A complementary alternative to
R(D(*))

* Hadronic-tagging method with a
189 fb~1 Belle Il sample

* Use missing-mass squared and

JLdr=189fb~!

Il X[r— ey
N Xeo
[ e: Background

B -: Continuum

16F ..
lepton momentum to isolate - 5 C ot unc
2 Mz €(6,8] ?iss::-a

signal above B—>Xlv background

* Background templates
calibrated to control samples
and sidebands

2 X e

NON
oOoO0
‘:U'S T LB I’ T

Residuals 103 events per bin
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https://arxiv.org/abs/2311.07248

arXiv:2311.07248 [hep-ex]

Measurement of R(X)

. . BF(B—-X
* Inclusive ratio R(X) = BF((B_)X;\:))

e A complementary alternative to

. R(X)=0.228+0.016 (stat) +0. 036 (syst)

Systematics dominated by control sample reweighting procedures
y First at B factories

Agrees with SM prediction and the WA R(D™) values

o T s

* Background templates
calibrated to control samples
and sidebands

ElectrE_ h. L_ o l._

--'I—-""'-'
B .

rRICIN
DDCXD

Re|5idua|5 103 eve

ot o s M

18/6/2024 Belle Il US School


https://arxiv.org/abs/2311.07248

. . C. Schwanda talk —= WG2
Belle paper in preparation

Angular coefficients in B->D*lvand V_,

 Measure 4D-differential distribution in
terms of decay angles and w
* overall proportionality to |V, |2

 w>1is the hadronic recoil parameter — relates
to mom. transfer to the leptonic system
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. . C. Schwanda talk —= WG2
Belle paper in preparation

Angular coefficients in B->D*lvand V_,

 Measure 4D-differential distribution in
terms of decay angles and w
* overall proportionality to |V, |2

 w>1is the hadronic recoil parameter — relates
to mom. transfer to the leptonic system

e Extract 12 angular coefficients of the
distribution in bins of w for the first time
using full Belle 711 fb~tsample

e hadronically tagged
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Belle paper in preparation

C. Schwanda talk —= WG2

Angular coefficients in B->D*lvand V_,

e Measure 4D-differential distribution in

terms of decay angles and w
* overall proportionality to |V, |2

 w>1is the hadronic recoil parameter — relates
to mom. transfer to the leptonic system

e Extract 12 angular coefficients of the
distribution in bins of w for the first time

using full Belle 711 fb~tsample
* hadronically tagged

* Fit performed to coefficients in different
form-factor parameterizations and with
LQCD inputs to extract V, as well as
parameters of the form-factor model

WA BF also taken externally

18/6/2024
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Ven| = (41.0 £0.7) x 1072 (BGL332)
Vop| = (40.9 4+ 0.7) x 1073 (CLN)
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G. Mohanty WG3 PRL 130, 261802 (2023)

Belle search for Bt —» Ktt*lt

* Lower bounds on branching
fractions in U(1) leptoquark models
at O(107)

 PRD 104, 055017 (2021)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.055017
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.261802

G. Mohanty WG3 PRL 130, 261802 (2023)

Belle search for BT — Ktt=IlT ™=

* Lower bounds on branching
fractions in U(1) leptoquark models

K+

at O(107)
« PRD 104, 055017 (2021)
* Belle 711 fb™! data sample s o
. . _ Signal (90% UL)
* Hadronic tagging — then use tag, 1oF- o Bakground

kaon and lepton four momentum
to workout recoil mass

o0
|
¢
¢

~
| I I I I O |

Events/(47 MeV/c?)
(o))

N
-

T

1 1 1 I [
1 1.2 1.4 1.6 1.8 2 2.2 2.4
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.055017
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.261802

G. Mohanty WG3 PRL 130, 261802 (2023)

Belle search for BT — Ktt=IlT ™=

* Lower bounds on branching
fractions in U(1) leptoquark models

K+

at O(107)
« PRD 104, 055017 (2021)
* Belle 711 fb™! data sample . o
Signal (90% UL)

- = = = Background
—— All components

* Hadronic tagging — then use tag, 0
kaon and lepton four momentum
to workout recoil mass

(o8]

Events/(47 MeV/c?)
(o))

BBt - K'ttu=) < 0.59 x 107 4+ SN | ] ]t
_ _5 World 4 B e o B 3
B(B* - Ktzrte™) < 1.51 x 10 , 1 -1
leading ~
B(B* - Ktt=u") <245 x 107> 2 + 4+ 4
B(B* - K*r7e*) < 1.53 x 107 7293 96 18 2 22 24
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.055017
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.261802

arXiv:2311.14647 [hep-ex]

B* —» K*vv: Background validation example

* An example of a difficult background is
charmless B* - K*tK K}, where
K mesons escape detection

* has an order of magnitude larger BF than
signal


https://arxiv.org/abs/2311.14647

arXiv:2311.14647 [hep-ex]

sPlot weights/(1GeV?/c?)

Pull

B* —» K*vv: Background validation example

on

_

—_
L

40 |

Belle IT preliminary B B'—K'KIK]
[ Ldt =362 b7 { Data
77 MC stat. unc.
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* An example of a difficult background is
charmless Bt - KTKP K}, where

K mesons escape detection

* has an order of magnitude larger BF than
signal

» Dedicated studies BT - KTKJKJ show
good modelling

e generous systematics assigned

e Similar studies for BY—» K™ nn, BT —
K*KPK{
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https://arxiv.org/abs/2311.14647

arXiv:2311.14647 [hep-ex]

B* — Kvv: Systematic uncertainties

Source Correction Uncertainty Uncertainty Impact on o,
tvpe s1ze

Normalization of BE background — Global, 2 NP 50% 0.88
Normalization of continuum background — Global, 5 NP 50% 0.10
Leading B-decavs branching fractions — Shape, 5 NP O(1%) 0.22
B fraction for Bt - KT K K? q” dependent O(100%) Shape, 1 NP 20% 0.49
p-wave component for BT - KTK{K} q° dependent O(100%) Shape, 1 NP 30% 0.02
Branching fraction for B — D**/ == Shape, 1 NP 50% 0.42
Branching fraction for B — nnK™ q° dependent O(100%) Shape, 1 NP 100% 0.20
Branching fraction for D — K X +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% 0.05
Track finding efficiency — Shape, 1 NP 0.3% 0.20
Signal kaon PID p, 0 dependent O(10 — 100%)  Shape, 7 NP 0O(1%) 0.07
Photon energy scale — Shape, 1 NP 0.5% 0.08
Hadronic energy scale —-10% Shape, 1 NP 10% 0.36
K? efficiency in ECL -17% Shape, 1 NP 8% 0.21
Signal SM form factors q° dependent O(1%) Shape, 3 NP 0(1%) 0.02
Global signal efficiency — Global, 1 NP 3% 0.03
MC statistics = Shape, 156 NP 0O(1%) 0.52

18/6/2024
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https://arxiv.org/abs/2311.14647

Post-fit
distributions

Upper: full fit region

Lower: most sensitive

region

arXiv:2311.14647 [hep-ex]
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Cross checks
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B(B* —»m*K’%) = (2.5+0.5)x10~
PDG: (2.38+0.08)x10™

e Multiple checks of the angTAyses stability, including tests dividing data into approximately
equal sub-samples. Reported here as measured branching fraction divided by SM

expectation, jJ=B/BSM.

e Control measurement of B* —»m*K’ decay

Slide from S. Glazov EPS
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2023 results

NI A~ LN =

Measurement of the Ds lifetime — world leading, arxXiv: 2306.00365. Accepted
Y(nS) dipion transitions— unique, paper in preparation

Search for ee = wnp at 10.75 GeV — unique, paper in preparation

CPVin B? = n' Ks— unique, paper in preparation

CPV in B? = Ksrt% — unique and world leading, paper in preparation
Improved B flavor tagging and sin2phit— paper in preparation

R(D*) — high profile — paper in preparation

R(X) — high profile, unigue — paper in preparation

Evidence for B* = K* W — high profile, unique — paper in preparation

. BF and asymmetries in B = py — unique, Belle +Belle Il — paper in preparation

. Search for Z' = yy — paper in preparation

. Energy-dependence of B(*)B(*)bar cross section — unique — paper in preparation

. Test of light-lepton universality in B = D*£ v decays — unique — arXiv: 2308.02023. Accepted.

. Determination of the CKM angle y from a combination of Belle and Belle Il results— paper in preparation
. Measurement of CKM angle y using GLW — Belle + Belle Il, arXiv: 2308.05048

. Measurement of CKM angle y using GLS — Belle + Belle |, JHEP 09 (2023) 146

. Search for long-lived spin-0 mediator in b = s transitions— world leading, arxXiv: 2306.02830

. Measurement of of the T mass — world leading, PRD 108, 032006 (2023)

. BF and ACP in B = h*h? decays and isospin sum rule — world leading — paper in preparation
. ACP in B? = K% K0 K% — paper in preparation

. [Vcb| using untagged B — D*£ v decays — competitive — paper in preparation

. CPV in B® = K19 decays — competitive, PRL 131, 111803 (2023)

. CPVin B9 = KOs _ arXiv: 2307.02802. Accepted

. Novel method for charm flavor tagging — unique, PRD 107, 112010 (2023)

. Search for T = & — arXiv: 2305.04759 (conf note)

. Observation of B -> D(*)KKs — world leading arXiv: 2305.01321 (conf note)

From Diego Tonelli
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5) Prospects and conclusion



Belle II: after current shutdown

. XVe have not collected the sample size planned to
ate

e Beam conditions

* Since summer 2022 until last week shutdown for
accelerator upgrades to mitigate background and
increase luminosity

[fb1] Int. Luminosity (Delivered)
* Detector upgrades too 5000
* two-layer pixel detector installed LS1
4000 Target

On target to restart SuperKEKB in December

Path to 2 x 103> cm ~2s71 but new final focus to go 30
beyond

Proposed upgrade from 2028+
* J. Baudot FPCP 2023 1000 Base
0 qll:lll!"_-'."
20/4/1 21/4/1  22/4/1 23/4/1 24/4/1 25/4/1 26/4/1 [YY/M/D]
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https://indico.cern.ch/event/1166059/contributions/5305534/attachments/2657551/4603517/futureBelleII-JBaudot-fpcp23.pdf

Conclusion

*e*e” has an important role to play and a bright future
in flavour

* Belle Il is catching up to first generation sample size, we
are producing competitive and exciting results

* A lot more to come once we enter the “103° era”
* Not discussed today: dark sector, charm and spectroscopy

* Upgrade plans for reaching the 10s of ab™
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