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The Standard Model success
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Matter dominance in Universe?

Gravity a gk cale?

-

These and many other questions fuel a strong and wide-spread prejudice that the
SM is completed at high-energy by new particles and interactions
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Two ways out

A more powerful collider (may not be
sufficiently powerful or imminent)

Get smarter

R ——— | | |
Direct high-energy production Quantum probing of virtual non-SM particles that

of non-SM particles contribute to known lower-energy processes 3



The precision frontier

Initial state Final state
| know it because |
produced it, or | can
reconstruct it from
the final state

| know It because |
observe it in the
detector

Emission and re-
absorption over an
infinitesimal time of
particles with
masses possibly
much larger of the
energy at play.

time

O(GeV) Very high mass O(GeV)



Flavor come a long way

15

10

05 -

= on:

CKM mechanism predicts all olbbservations to within

1.5llll L LI LI | L LI

10F

05|

= ao-

10-15% uncertainties.

Explore suppressed processes, approach precision of favored ones.



But gotta finish the job

7 1
10 ) — L= Lsm+ —50aF=2
K~ mixing ((_IL}""qZ)' A
10° g 8 D’ mixing J@,9)a@,q)
-Bo mixing

10° & I B! mixing

10*

10°

N\ Reach of direct searches
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35 Uhe

10°

El -\\\
10 \

CP-conserving CP-violating
observables observables

/

Lower bound on BSM physics scale A [TeV]

Explore suppressed processes, approach precision of favored ones.



SuperKEKB
Wh O We are Goal: 30x luminosity wrt KEKB thanks to

nanobeams: squeeze beta fcn in the luminous region
and minimize longitudinal beam overlap.

Modest (1.5x-2x) increase in currents. Large (20x)

increase in beam cross section. Increase x-ing angle

to 83 mrad

B it R 57" = G S Achieving 50 nm vertical size requires low emittance
g : e 1 and powerful and sophisticate final focus

So far 10x below design, improving steadily

4.7x1034cm-2Hz record
(w/ currents 2-3x lower than at PEPII)

90% data taking efficiency 1-2 fb-1/day, 8-12 fb-1/
week, 20-40 fb-1/month. Belle Il

430 b1 collected (>50% of Belle, ~Babar).
Half of Babar’s sample in just one year.
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# (design) BB, DD T+T- ,oer second —- with 3x background from light quarks
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The instrument

It looks like the “old” Belle, but it is effectively a brand new detector

Only structure, magnet and calorimeter crystals are re-used

" Vertex detector (VXD)
Inner 2 layers: pixel detector (PXD)
Outer 4 layers: strip sensor (SVD)

kVertex resolution : 15 um

e.(7GeV)

(
Central Drift Chamber (CDC)

Track efficiency ~ 99%
dEldx resolution : 5%
\Pr resolution : 0.4 %

Barrel: CslI(Tl) + waveform sampling
Endcap: waveform sampling
Energy resolution : 1.6 - 4%

\

ElectroMagnetic Calorimeter (ECL)

-

Particle Identification
Barrel: Time-Of-Propagation
counters (TOP)

Forward: Aerogel RICH (ARICH))

K., detector (KLM)

Ourer barrel: Resistive Plate
Counter (RPC)

Endcap/inner barrel: Scintillator




B factory analysis 101

Point-like particles colliding at BBbar threshold:
Low background and knowledge of initial state: stringent kinematic constraints.

Extract signal using kinematics ..and event shape

00

00

oo |

oo |

%2

- Signal 00 |
oo Continuum
L BB background

Continuum Signal
00 |

00 |

|0 —

00

5.22 5.24 5.26 5.28 5.3 00_ 02 -0.1 0 0.1 0.2 03

Invariant B mass with B energy Difference between expected and

replaced by half of the collision energy. observed B energy 9
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428 tb-1 after 4 years

Shortcomings in injection, collimation, T e
beam stability, control of beam- ”:ffto'[;:/ ......
backgrounds etc o et -
SuperKEKB integra’[ed |UminOSity ~10x off ;"?10,0- .................................................................................................................................. | 1X..
Wlth reSpeCt tO plans (Tlp SuperKEKB iS % 75 ) 2.} 200
explOl’iﬂg UnCharted -terri-tory) g S I || N | — . -
ISsueS getting addressed aS We Speak |2 2.5 e ll .......... ‘H ......

i valentto | . R
Still, vv,e only got a sample eguwalent to mmmmm
Babar’s and to 50% of Belle’s so far

We have a newer and better detector than our predecessors
We have a larger and stronger collaboration than our predecessors

We benefit from 20+ years of progress in analysis and tools.

Total integrated luminosity [fb~1]



VWhat we did so far



of mixing and CP
0

O Charm Lifetimes

A C° Branch; . .
o8 o _2ching Fractions, itz analyses
(l/*
/.
& % E 2 Let
New Charp,, ‘6:‘) Q’b‘ %f’i«e > flavor violation
/7/(,,/)7‘( . Ao O d)erm decays
& X/ 4 rements
e . .o Measy
New bottomop; 5 o e
UMfike  N& g AL
Ese, \© " o .
"’Qr 3 yd/Vts from penguins
New baryons
Vub) |
Ne \ v, Exclusive measurements
_ 5.2) w Hag oL &
e+e- -->ISR, pi+ pi- cross-sections (& () (“e AO/"
700 Q\e )(au ny P
S . {\"‘ < EPton universali
CE Unc\\o 2 0\,
Spin Fragmentation (bb.'. ‘3@ peta, gamma
(@io?' 5> A
Linac en&?*” Direct T violation
....... Time Dependent Measurements
Dark » SICs phases in b->s: B->phi ,
Axion-Lik o, Belle Il Data : B->phi Ks, B->eta’ Ks
e Par / 0.
s o' / _—
Dark Higgs park SeC / P ol P! Direct CPV, isospin sum rules
/ = '
tau neutrings / % <.
Heavy S p ) Oe('a
d Pa(‘.'\(‘\e / (0(\\(' . B K(* b
1 i i -
LLPs (LongAVE <\°°\i & ,/ s Q\bb..?\(* gamma and radiative penguins, (*) nu nubar
ic MO o /
MagnetiC e’bf(-" Tau m, “ ) Bsyy. .
b Ss, /. & " - light-hand .
Gazele " e o/ Se : ed currents, triple products
ool Tau Spectral Functig 0@ LQI/ %
n © /
> <2 S’b/ % e Ui
Flavor Violation (LEY) b % S bess 1y, , :
Lepton Flavor ¢ % €pton universality, NP
§ / o’(‘
oD & b, o
Momeo\ ‘,\d’/ ¢ A ,amma determinations
Tau Electric Dipo\ N % g
Th g
2> 0
(O‘i 5 ewchar
\ed'/ 2 ed resonances

Ramping: in the past year, 40 new results that quadruple paper count
Today: sampler aimed at underlying relevant “common themes”
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Pushing the detector envelope — vertexing

Greatly improved time resolution
compared to previous B-factories.

14



Systematic charmed lifetime program

(D% = 4105+ 1.1 0.8 fs most precise
(D) =1030.4 £ 4.7 £ 3.1 fs most precise

T(A})=203.2+09+0. most precise

Latest entry: Q0% .
Not in scale
M N Y
K-
90 decay vertex s
e + et

production vertex

T(Q)) =243 £ 48 + 11 fs

Not the shortest-lived singly charmed lbaryon.

Consistent with LHCb. Not with FOCUS, E687, WAS9 -

Candidates per 6 MeV/c?*

60 [~
50

4}

Belle 11

Pushing the detector envelope — vertexing

90 Signal ¢ Data (207 fb™)
events |, ~™ signal region
+ 11 - Backgroun
Belle 11
? * ¢ Data (207 fb™)
g —Fi
it
S LR T Background
m(Q2 ) [GeV/c?]
@ &
-
o0
= LE ?
=
§ R P 1 R TP B
3 :
3 SB region
5
O
10
1 :_ ® ® ® » ®
Lo loulH 1

2 3 4
Decay time [ps]




SuperKEKB is a T factory too: sizable cross
section and constrained kinematics

T = 1V (signal) and

T+— 1 charged particle + (119 (other “side”)
4 tracks. No additional high-energy photons
Empirical fit to reconstructed T mass

Assume T-energy being 1/2 of collision
energy and neutrino collinear with 31t syst.

M. = \/Mgﬂ +2(\/s/2 - EX)(EX —P¥) <m,

Benchmark for precise knowledge of
meomentum scale and collision energy

Pushing the envelope — p scale and collision energy

20% — tonnnyv &
[ 1
I [
n1.5= -
= i
i I\ |
= b
.‘E | 1
_8 I I
© 0.5= Al
L\
| I
- “l
- i i _‘Tf"’l'"“ S |
0.5 10" 15 2.0
-“““ Mmin [GeV] ’0’
PPTL. .,
12,5« . —— TSOMNmV
'~ detector
£ 10.0= = _ resolution
> 7.5= :
© “generator ' ISR
5 5.0= level” :
© \ :
2.5= :
0.0=

1 ] 1 [ 1 1 ]
1.700 1.725 1.750 1.775 1.800 1.825 1.850
Mmin [GeV]
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Systematics! Systematics! Systematics!

x1 0’
160F Belle Il Preliminary .
i‘: 140p f L dt =190 fb"
> q20f .
§ r + Data .. %
P 1 00:— [ ]vv backgrounds .’ N
T 80F Coiaq .'. :
- | {1 Others -
o 60r . )
3 40} 3
B
20F y
A 4.::J_|_| poe b g e b e A .....n

06 08 ‘1 12 14

6 1.8

. ;

e \/Mgﬂ +2(\/s/2]- EX)E* - P¥)|< m,

Source Uncertainty
[MeV/c? |

Knowledge of the colliding beams:
Beam energy correction 0.07

Boost vector <0.01
Reconstruction of charged particles:
Charged particle momentum correction 0.06
Detector misalignment 0.03
Fitting procedure:
Estimator bias 0.03
Choice of the fit function 0.02
Mass dependence of the bias <0.01
Imperfections of the simulation:
Detector material budget 0.03
Modeling of ISR and FSR 0.02
Momentum resolution <0.01
Neutral particle reconstruction efficiency <0.01
Tracking efficiency correction <0.01
Trigger efficiency <0.01
Background processes <0.01
Total 0.11

10.588 — Belle Il Preliminary
—10. - o -1
S 0586-det_189.9fb

10.57 |

S T T [T N N [N TN TN TN TN [N T ST [N TN TN T T N T N IX103

—\s
total uncert.

... BB
ECMS

LN R R

nominal

0 100 200 300 400 500
events

Belle Il Preliminary —I— before momentum correction

f L dt=189.9 fb” —J_I— after momentum correction

D' - Ka'n ———

:lllllllllllllll|Il|llllllll|lllllll|lll

08 -06 -04 -02 0
cos(6,)

02 04 06 038 1
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Events / (5 MeV/c?)

Pulls
~hMon 4

Tau-lepton mass result

(o)
o
1

N
(=)

—_
(=)

S
(=)

w
o
1

x10°

PDG Average (2022)

1776.86 £ 0.12

. Belle Il Preliminary

f L dt=189.9 fo
[ m, = 1777.09 = 0.08 = 0.11 MeV/c?

¢ data
— fit

:

Mt pophpb bbb by

7 172 174 176 178 1.8 182 184
Mmin [GGV/Cz]

BES (1996)

1776.96 2,0 ‘&
BELLE (2007)
1776.61+0.13 £ 0.35

KEDR (2007)
1776.81 )2 +0.15

BaBar (2009)
1776.68 = 0.12 + 0.41

BES IIl (2014)
1776.91+0.12 %

Belle 1l (2023) Preliminary
1777.09 £ 0.08 = 0.11

II|IlII|IIII|I

Ve
L

IIIEIIIIIlII

1774 1775 1776

1777 1778

M. [MeV/c?]

Most precise to date

https://indico.in2p3.fr/event/29681/contributions/122507 /attachments/76503/111032/04-SDreyer-v2.pdf
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Tau-lepton mass result

PDG Average (2022)

mg 1776.86 £ 0.12
.| Belle !l Preliminary $ data
S | f Ldt=189.9f" =Ll ?579;_(;29%8 025
= | 1776.61+0.13 £ 0.35
g KEDR (2007) B
£ »of 1776.81 22 + 0.15
= | BaBar (2009) _B
W 4of 1776.68 = 0.12 + 0.41 :
ot Belle Il is (much) more than Belle, Il
= v Ano’ will be leading tau physics for the next aecade
o T:T‘ i ] | | B |
17tz 17 76 | (E:e?\i; - 18 Tez ted ica 15 8 o e
m|n 2
M, [MeV/c?]

Most precise to date

https://indico.in2p3.fr/event/29681/contributions/122507 /attachments/76503/111032/04-SDreyer-v2.pdf



Testing the SM In hadronic B decays

Hadronic B decays are many. Plenty of CPV asymmetries to probe predictions

&8y
0

20



Testing the SM In hadronic B decays

Hadronic B decays are many. Plenty of CPV asymmetries to probe predictions

u b U
- -
- U
Wir/< g W+
= - u
d, s
> .
d78 d7S d,S d,S
W %74

d78 d75 d,S d,S

However, most are poor probes of BSM, since soft gluon exchanges make
porediction intractable 21



Testing the SM In hadronic B decays

The B = Kt family is an exception

Dynamical symmetries (isospin, heavy-quark, and SU(3) flavor) relate CP
asymmetries and BF into a reliable and precise SM null test

' B(KOr+ B(K+r® " B(K°
IK7T — AK+7(-— + AKOﬂ--l- B((K_I_:'_)) :BB-(I)- — 2AK+7-‘-0 B((K'i_:l'r_)) :BB-(I)- — 2AK07-(-0 B((l(-l_ﬂ'_)) — 0

(Phys.Lett. B627 (2005) 82-8)
e —————— e e

Holds to 1% precision in the SM.
Current experimental precision is 11%, fully limited by B? — K00

Unique to Belle Il but hard: it’s rare, it involves % and K (worse resolutions,
worse vertex information) and know if B2 or B2 was produced.

Tell signal (kinematics, vtx, event shape) from background from light-quarks

22



Cand. /10 MeV

Pull

Isospin sum rule - analysis

Difference btw expected and observd B energy main signal extraction variable Fit to decision-tree combination of discriminating variables separates bck
} o , 300
120 -Belle 1l (Preliminary) ---- Signal Belle Il (Preliminary) ---- Signal
o JLdt=360 fb? BEm BB background 250 |- L dt =360 fb~1 BEm BB background
: I Continuum background - B Continuum background
80 I o 200
: + o
~
! . 150
60 1 y + + -
¥ - =
40 £ f S 100
20 50
0% 0
SRRl L e e _| = 25} =
=" — — = = =] E——— - — _-_._._—-_-_- - - N [
-2.5 B ll. P RS SR RS O 25} R ‘ PN N P AR Dl Nt i LRSI .- .
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.0 0.2 0.4 0.6 0.8 1.0
AE [GeV] C’

Akoro = —0.01 £ 0.12(stat) £ 0.05(syst)
B(B® — K°7%) = [10.5 4 0.6(stat) £ 0.7(syst)] x 107°

Ik = —0.03 £ 0.13(stat) + 0.05(syst)

Looks SM with 14% uncertainty. Competitive with world-average -0.13 + 0.11
based on much larger samples by Belle and Babar

23
https://indico.in2p3.fr/event/29681/contributions/122496/attachments/76474/110993/03-HSagar-v1.pdf and https://arxiv.org/abs/2305.07555



https://indico.in2p3.fr/event/29681/contributions/122496/attachments/76474/110993/03-HSagar-v1.pdf
https://arxiv.org/abs/2305.07555

Isospin sum rule - analysis

Difference btw expected and observd B energy main signal extraction variable Fit to decision-tree combination of discriminating variables separates bck
[ o . 300 F

120 -Belle Il (Preliminary) -- Signal - Belle Il (Preliminary) ---- Signal

ol JL dt=360 fb? BEE BB background 250 | [L dt =360 fb~! BN BB background
% : B Continuum background . Z B Continuum background
= gl S 200
o i + o
~— I ~
~ eofkTf il . LUF . g _
-o n n
§ © Belle Il is not just Belle, II.

20

-25F

—_—

-0.3

Pull

Le— Sensitivity and reach per unit data significantly superior to

predecessors.

CI

Agoro = —0.01 £ 0.12(stat) + 0.05(syst)
B(B® — K°7°) =[10.5 4 0.6(stat) & 0.7(syst)] x 10~°

e = %=

- 0.13(stat) £ 0.05(syst)

Looks SM with 14% uncertainty. Competitive with world-average -0.13 + 0.11
based on much larger samples by Belle and Babar

24
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Isospin sum rule — Belle |l impact

arxiv:2207.06307

— = World average (no Belle II)

me  [11ClUding Belle 11

<
WY
th

sensitivity

—

i ‘
Illllllllrl—?'l‘lllllllll

let:

0.05

—
=
—
—
—
-
-
-
—
-
——
=
=
—
—
-
p—
-

-
[W—
-
Q)
O

30 40 50

Integrated luminosity [ab'l]

Similar considerations apply to B0— 99 Bo— KOKIKC Bo— n'KO
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Isospin sum rule — Belle |l impact

arxiv:2207.06307

— = World average (no Belle II)

m——— I1cluding Belle II

| S R T B
| |

2 0.15
World-leading in most final states with r° and or K9

Now and for the foreseeable future
R

05

/
-
Illlllll

1 1 l 1 1 1 | I | 1 1 1
30 40 50

-
[
-
(R
O

Integrated luminosity [ab™]

Similar considerations apply to B0— 99 Bo— KOKIKC Bo— n'KO
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B-factory playground: semileptonic B decays

B — [charm or u] v determine sides of unitarity triangle. In plenty of ways:

Reconstruct (or not) the other B in the event to suppress background. Use
exclusive charm (D*, D...) or light (pi, rho) meson (easier measurement, tougher
theory) or look at hadronic system inclusively (harder measurement, easier theory).

E /
—% th Vi“d = L
= :
5 V Vcb Ved |% =
ub ud _:
1 Vcb VCd I —§ =
¢i
_o.o . ¢ s e I ! \ D

Then use theory/lattice transform BF or moments into [Vub| or [Vcb) 21



Things that should be equal differ...

|Vcp| Measurements over Time

50
] ., CKMFitter Unitarity + B2 - D™~ pu+* v, CLN
] * Eps 2019 Phys.Rev.D 101 (2020) 7, 0720047
B O Rt
e meiEw Phys.Rev.D 101 (2020) 7, 0720047 3
-1 u| Exclusive *
4 + PDG CKM Review Iv I 10
J cb
S 44
S
~—
42 —
BT = I+
38 — + +
l | | l l | g1 1 - 11 ]
< < 9 2 9 2 . D . . B D
0 o 0 o o o g " %o N4 %0, S, %6
2, 2, 0% Qs % % W e T B B Yy s

Individual precision of about 3-5% crippled by systematic disagreement between
Inclusive and exclusive determinations

28



Back to basics — exclusive [Vop| from B = D* 'y

Untagged Signal side

D*_

Vi

Psig = Pete- -ptag

dI’
dwd cos 0yd cos Oy dy
This is what one measures This is
using signal yields what one

wants
Fully differential decay rate
hard to measure in one shot.

Focus on one-dimensional
partial decay rates

Untagged analysis focussing on experimentally
cleanest mode:

FO g D*+f_17bo
o D't 5 DO+ gt

o D5 Kt

Extraction in 2D fit:

x |V |* % |F(w, cos 8y, cos by, x)|°

“Form factors” incorporate the effects of strong interactions

Experimentally one gets only the shape of the function.

Need at least one point from theory (lattice) to set normalization.
Various choices:

e fewer parameters but strong theory assumptions

e NO theory assumption, but arbitrary # of parameters

Makes results model dependent
Recently experiments offer data distributions that can be fit with

the various models. More flexibility but reliance on unfolding a'Ebd
proper usage of data by “others”.



The b-to-c quark coupling

Untagged analysis focussing on experimentally
cleanest mode:

Untagged

EO - D*+f_17f
o D't > DV gt

o DO 5 Knt

Psig = Pe+e- — Prag

Extraction in 2D fit:

Belle 11 Preliminary [rdt=189fb1 Belle 11 Preliminary [cdt=189fb!

:|:| Signal EO—)D*+E_UG e - EO—)D*+6_UQ
20.0[ mmm True D* background o AM = MD* MD

- ] Fake D” background 7 -

w
L
o

Y/
I= L ¢ Data u “
© 1501 2z MC unc. 2 250
~ " ~
V)] (7)]
] )
2 _ 2 20.0 .
"qc_; 10.0 + ';E‘) : (/ Slgnal
. [ COS 9 , - 150
= BY = ,
L 10.0f f
3 D*bkg . % 50f |
[ fake D* : | D* bk s
e ] e L ] Yy /M I e [ 0 O [ S S Y[ T S S aI |e " 1
1 -3 -2 -1 0 1 2 .

0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156
cos Oy AM [GeV/c?]

30
c.m. angle btw B and D*ell system c.m. angle btw B and D*ell system



The b-to-c quark coupling

dr/dw [x1071° GeV]

Also focus initially on 1D projections:

(=)}
o

H
o

w
o

N
o

[
o

w
o

!_.O

,Belle Il Preliminary

[rcdt=189fb1

Preliminary

Fit

/
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Pull
o

i 0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156

£ signas
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§ Data

t t t t

aAM

B°»D"*e v, 3 Signal
m True D" background
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g § Data
~ 150k 7 MC unc.
§ : 7 //’///’i
~
= s,
o 10.0
m
o
—
5.0
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Belle Il Preliminary

[rcdt=189fb!

5
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—— | ‘o
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1
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The b-to-c quark coupling

Belle Il Preliminary

[rdt=189b1

eof- B°->D"*1- 7,
 50f ._§_."§'+._§_.
O : +
= 40} .2 ——
o | ——
x 30F ——
= ——
S 20f
S | Fitted CLN
10 | Fitted BGL
[ ¥ Experimental data
50 131 1.2 1.3 14 15
, . w
Belle 11 Preliminary [ dt=189fb
21F
[ BO»D*+{ "V,
S 18}
()] +
o .} ——
£| 15+
S s ——
ol
=0 s ——
e 9 ——
s S i A
O
kS [
S 3}

1100 075 —0.50 —025 000 025 050 075 1.0

cos By

Belle Il Preliminary

[rdt=189fb1

- 16F B°-»D" L7,
D 14f
O : ———— g
n 12f
| +
S 10} ——

X
= 8
3 o
S af T~ Lepton momentum
5 cut
S

050 =075 =050 —025 000 025 050 075 1.00
cos 6,
Belle Il Preliminary [cdt=189fb1
ST BY»D**1-

%) 4 + +

- 3 B

N o 4=

=,

Q

-

T 1k

% 1 2 3 4 5 6
X

[Viplonn = (402 +£0.3+£0.9+0.6) x 1072,
Vplper = (40.6 £ 0.3 4+ 1.0 £ 0.6) x 10™°.

stat syst LQCD
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Semileptonic brought us anomalies too...

B(B % D*+7—_17 ) Q 0.4 _I LI I LI L I L L I LI L I LI I LI L I L L I LI L I 1 I_
R(D*) = S — ) - m Ax* =10 contours
B(B — D*+(~ 1) - " __Prelim. 2023 i
| BaBarl2 —
_ 0.35 - Bellel5 -
Rp) = B(B=D77) R -
= B(B— D) LF =
' ' = LHCb23 \\\ LHCb22 =
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Multiple neutrinos, no narrow peak to fit in any distribution, multiple harsh lbckgs
Significant advantages for Belle |l 33



Muon-electron universality — exclusive

Seek lepton-flavor universality violation btw B = D* " vand B = D*e" v

Multibody: dynamics depends on £v mass g \ /
Spin-1 D* channels the V - A properties of §° - 46~
interaction and virtual W spin in a rich angular e \ @ -
structure. Rate depends on 4 quantities

m;‘§+m12)*—q2

Recoil parameter w =

: = propensity for £+ to travel in 2mpmpx
AFB (W) dx d(COS 03 ) same direction of virtual W

Sensitive to

Ss;(Ww) :dx =d(cos 2y ) propensity for alignment btw £+ and D*

LFUV
coupled propensity for alignment btw £+
Ss(w) :dx =d(cos y cosOy) 14D wrtD*
Insensitive . .
S-(w) :dx = d(sin v cos @ coupled propensity for alignment btw £+
to LFUV 7(W) (sin y cos By ) T an D
(null test) So(w) :dx =d(sin 2y ) propensity for alignment btw £+ and D*

Neutrino

Differences of these asymmetries between e and u offer
sensitivity to lepton-flavor universality violation 34



Muon-electron universality exclusive

https://indico.in2p3.fr/event/29681/contributions/122501/attachments/76478/110997/YSFO1-KKazuki-v1.pdf

Signal events determined with fits of the missing
mass distribution (squared difference between 4-
momentum of colliding particles and 4-
momentum of all particles in the event) - peaks
at zero (neutrino mass) for signal

Belle II (2023) Preliminary JLdt =189 fb*

1000

¢ Exp Data
N Signal
800 | HEE Background

B
AFB - Winel.

600 -

400 -

Events per bin

200
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Mgu'ss [(GGV/62)2]
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Fma OGS g @ D T i
Winecl. _‘m _._W ' Wiow _m
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|| —— —— 74 il;/ile (2023) —o—.E]
R — — — NN Belle IT (2023) °
— S — @ [ 1 Bobeth, et al. @
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All SM within 5-10% uncertainties 35




Going inclusive — R(X)

arxiv:2207.06307 | Unused
. . . . . . R S
18] — R(X) (had FEL lep 7) /
160 — R(m) (had FEI)
—. b —— R(D) (had FEI, lep 7)
X 14 ---- R(D) (SL FEI, lep 7)
R(D) q _B’ 12:\ R(D*) (had FEII ]-ep 7-) Used D* - D - ---:14.3% USSR
.% . ---- R(D*) (SL FEI, lep 7) ‘
£ 10p - (D*) (had FEI, had 7)
S ol
RDY) ey & O
nclusive =% 3 g
@) R
= 4
2!
~ K T S

Data sample in ab™! »



Going inclusive — R(X)

Full event B sig
Shape variables used to reduce
continuum background with
machine learning

Signal lepton:
e Exactly one lepton
with high electron or
muon likelihood

X system:
e Everything else in the
event...
® ...passing quality
Tag-side B meson Rt
e Fully reconstructed B
(hadronic modes) tag
e Besttag selected by
classifier value
13

Constrain mismodeling in abundances and shapes of sample components is k%y



Muon-electron universality inclusive

Sample composition fit to lepton spectrum in signal and control regions

Control (Same-flavor B) Signal (Different flavor B)
Belle I1 [Ldt=189fb" Belle I1 [Ldt=189fb"
2500 Xev g X R Tl Xev Xpy N
‘ e: Background p: Background 12500 F e: Background p: Background
2000 e: Continuum p: Continuum - e: Continuum p: Continuum
R= - MC tot. unc. #*| MC tot. unc. R 10000 F ~ MC tot. unc. MC tot. unc.
- Data . Data = ’ Data ' Data ¢
© 1500 f ) [
~ & 7500
=
3 1000 S 5000
= L =
500 [ 2500
5o 0 ‘ Tn 0
.§g2.0: 5 . 2 §g2.0: A = a B .
] e | Ll e
5 6201 5 8-2.0°
o S N N [ I IS S S S S S— S— S— (S (—— — —— S—| o [ PR SN IS RN N N N S S S [ S— S— S— S— S—— ——
. 14 16 18 20 22 14 16 1.8 20 22 < 14 16 18 20 22 14 16 18 20 22

pe [GeV/c] P, [GeV/d] pe [GeV/d] P [GeV/d]

RXey) = 1.033 £ 0.010 (stat) + 0.019 (syst - mostly lepton ID)

First inclusive and most precise test of LFU in light leptons using SL decays.

arxiv:2301.08266



Muon-electron universality inclusive

Sample composition fit to lepton spectrum in signal and control regions

Control (Same-flavor B) Signal (Different flavor B)
Belle 11 [Ldt=189fb" Belle II [Ldt=189fb"
2500 B Xev * Xpv R Il Xev Xyv R
[ 1 e: Background u: Background [_] 12500 F E—1 e: Background w: Background [_]
2000 b Bl c: Continuum p: Continuum [EEEE -l c: Continuum p: Continuum [EEEE
R= i MC tot. unc. #| MC tot. unc. R= 10000 F MC tot. unc. MC tot. unc.
'f b Data - Data ¢ "f ¢ Data Re bR Data ¢
qC) 150N k&3 - I (D) i ~
2 Belle Il is more than Belle, I
£
> ; ' : : :
= World-leading in all things semileptonic. Now
L
S 0 ' e . 0
NE 20 N® 2.0
25 00fast . et S5 00— e
S O s T M ] e M LY
Z. 14 16 18 20 22 14 16 18 20 22 Z. 14 16 18 20 22 14 16 18 20 22

pe [GeV/c] P, [GeV/d] pe [GeV/d] P [GeV/d]

RXey) = 1.033 £ 0.010 (stat) + 0.019 (syst - mostly lepton ID)

First inclusive and most precise test of LFU in light leptons using SL decays.

arxiv:2301.08266
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There’s more to It

Journal-paper results approved in past 12 months

Energy-dependence of B(*)B(*)bar cross section — unique

Observation of ee = wxb at 10.75 GeV — unique, PRL. 130, 091902 (2023)
Test of light-lepton universality in B = D*£ v decays — unique

Test of light lepton universality in inclusive B — [Xc]év decays — unique, arXiv: 2301.08266
Measurement of CKM angle y using GLW — Belle + Belle [l sample
Measurement of CKM angle y using GLS — Belle + Belle Il sample

Search for long-lived spin-0 mediator in b — s transitions— world leading
Measurement of of the T mass — world leading

BF and ACP in B = h*h decays and isospin sum rule — world leading

BF and ACP of B% = 9% decays — competitive, arxiv: 2303.08354

ACP in B9 = K% K% K0%

|Vcb| using untagged B = D*£ v decays — competitive

CPV in B® = K919 decays — competitive, arXiv: 2305.07555

CPV in B = ¢K%

Novel method for charm flavor tagging — unique, arxXiv: 2304.02042

Bo lifetime and oscillations in B° = D*h decays PRD 107, 091102 (2023)
Search for a dark-sector Tt resonance in ee = ee Tt decays — world leading
Search for a dark-sector Z’ to invisible — world leading, arXiv: 2212.03066
Search for T = £ a — world leading PRI 130, 181803 (2023)

Search for a dark y and invisible darkHiggs in yu+MET — world leading, PRL 130, 071804 (2023)
Measurement of the ()% lifetime — PRD 107, LO31103 (2023)

(Plus a bunch of conference-note results)




Conclusion

Quite special circumstances for flavor
e no BSM in high-pr,anomalies in indirect tests

e [wo state-of-art experiments, at the Y(4S) and
IN pp, running together over the next decade

Belle Il accesses suite of compelling
measurements that are unique and world leading

e saturate semileptonic t-lepton and low-mass
dark sector programs

e unique access to high-profile B and D decay
measurements involving n%y/v..

...this might be the last opportunity to do them




(Hopefully not) the end
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Performance
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Future

Projection of integrated luminosity delivered by SuperKEKB to Belle |l

Int. Lumi (Delivered)

[fo-']
5000
Int. Lumi (Delivered)
Target scenario: extrapolation oo | = 1T il Target
arget
from 2021 run including expected o 5 1o
imProvements. 3000 400 f/ 4_80fb|
200 Base
zmo 201/10/1 21/11/30  22/1/30 22/a/1 22/6/1 22/8/1
Base scenario: conservative
extrapolation of SuperKEKB 1000 Base
parameters from 2021 run f
0

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1 [YY/M/D]

® We start long shutdown | (LS1) from summer 2022 for 15 months to replace VXD.There will be other
maintenance/improvement works of machine and detector.

® We resume physics running from Fall 2023.

o A SuperKEKB International Taskforce (aiming to conclude in summer 2022) is discussing additional improvements.

¢ An LS2 for machine improvements could happen on the time frame of 2026-2027

Executive summary of Belle Il/SuperKEKB White Papers, https://arxiv.org/abs/2203.10203

Opportunities for Precision QCD at Belle Il, https://arxiv.org/abs/2204.02280

Charged Lepton Flavor Violation in the Tau Sector (joint paper of Belle Il and other future experiments), https://arxiv.org/abs/2203.14919
Dark Sector (joint paper of Belle Il and other intensity frontier experiments), https://arxiv.org/abs/2207.00597

Belle Il Detector Upgrades White Paper, https://arxiv.org/abs/2203.11349

Belle Il User-based GRID analysis, https://arxiv.org/abs/2203.07564

Beam Background Expectations for Belle Il at SuperKEKB, http://arxiv.org/abs/2203.05731

SuperKEKB Electron Polarization Upgrade White Paper, https://arxiv.org/abs/2205.12847

Future HEP Computing Challenges (Belle II/DUNE joint paper), https://arxiv.org/abs/2203.07237

Physics reach of a long-lived particle detector at Belle Il, https://arxiv.org/abs/2105.12962

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

Snowmass White Paper:
Belle II physics reach and plans for
the next decade and beyond

Belle II Collaboration

Abstract

We describe the physics potential of the Belle IT experiment with electron-positron
data corresponding to integrated luminosities of 1ab™! to 50ab~!. We discuss
Belle II’s unique capabilities in reconstructing neutral particles, neutrinos and other
“invisible” particles, and inclusive final states to probe non-standard-model physics.
‘We project sensitivities for compelling measurements that are of primary relevance
and where Belle II reach is unique or world leading.

w _.w
arxiv:2207.06307

45



