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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)



Why we do this



Isn’t the fun already over”?

B-factories confirm matter-antimatter
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asymmetry; leads to 2008 Nobel Prize in

Physics

See also: Nobel press release SLAC Today Nature Science Symmetry Magazine
Watch the Nobel lectures on video: Kobayashi, Maskawa, and Nambu

Ian Aitchison, Ray Cowan, and

Owen Long for the BABAR
Collaboration, Menlo Park,
California, USA. Updated
Monday, December 8, 2008

Introduction

On October 7th, the Nobel
committee announced that
half of the 2008 Nobel Prize
in Physics was awarded to

Makoto Kobayashi and

Toshihide Maskawa for their
theory which simultaneously

explained the source of
matter/antimatter
asymmetries in particle

existence of the third

Recipients of the 2008 Nobel Prize in Physics. From left: Yoichiro
Nambu (Enrico Fermi Institute, University of Chicago, USA), Makoto
Kobayashi (High Energy Accelerator Research Organization (KEK),
Tsukuba, Japan), and Toshihide Maskawa (Yukawa Institute for
interactions and predicted the Theoretical Physics (YITP), Kyoto University, Japan).

I — ——————

Home > The European Physical Journal C > Article

Review | Open Access | Published: 19 November 2014

The Physics of the B Factories

A. J. Bevan, B. Golob, Th. Mannel &, S. Prell, B. D. Yabsley, H. Aihara, F. Anulli, N. Arnaud, T. Aushev, M.
Beneke, J. Beringer, F. Bianchi, 1. I. Bigi, M. Bona, N. Brambilla, J. Brodzicka, P. Chang, M. J. Charles, C.
H. Cheng, H.-Y. Cheng, R. Chistov, P. Colangelo, J. P. Coleman, A. Drutskoy, ... D. Zontar

+ Show authors
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Gotta finish the job

CKM mechanism predicts all observations to within 10-15% uncertainties.
Closing the gap can inform us about what happens at very high scales
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Explore suppressed processes approaching precision of favored ones.



...and a whole new job just started..

dark
quarks?

Dark matter is likely to exist, and 4‘"@

WIMP searches are empty

handed. G

a' = 52aEM

Dark sectors solves to expt/pheno
puzzles (e.qg., strong CP)

dark
leptons?

e = (y'l) =~ 0(107°) - O(10~)

Dark sector shares no charge with

Ordlnary matter D It IS Inherently If the sectors are connected at some scale (e.g. if they are both part of a GUT), then quantum
Stab|e mechanical mixing, e.g9., between the photon and dark photon, will occur resulting in feeble
interactions between ordinary and dark matter —opening the door for DM below the EW scale.

Only a few options of DS-SM couplings do not violate SM symmetries, making
systematic exploration possible

Belle Il has unique reach in the MeV to few GeV range



In a nutshell: it any nature’s surprise is there...

We wanna be these guys rather than those guys

, _ USSR had almost gotten there 3 years earlier..
Cronin and Fitch

Essential idea: Look for (CP violating)
K, = 11T decays 20 meters away from

“[...] A special search at Dubna was carried out by Okonov and his group.
They did not find a single KL = ii*r” event among 600 decays into charged

K® production point © THE 20 g . o :
) :Vc‘h"j:f;:n‘_’jf;fjm;ﬁi‘:‘f::fhﬁ'anfﬁ:_"rurlay, particles (Anikira et al., JETP 1962). At that stage the search was terminated
Received 10 uly 1968) by the administration of the lab. The group was unlucky.”
Decay of K; into 2 pions WATES L. Okun, “Spacetime and vacuum as seen from Moscow”
kL 484 <m* < 494 10
el SCINTILLA e
OBSERVED DECAYS n —
pum'_\‘new MAGNET 3 =y ol U LT Y, VoLume 6, NUMBER 10 PHYSICAL REVIEW LETTERS Mav 15, 1961
1t / 1 [AR 30
" - / 7 \ : \ : DECAY PROPERTIES OF K,° MESONS”*
'ncom,'ng / i v / \ 20 = D. Neagu, E. O. Okonov, N. I. Petrov, A. M. Rosanova, and V. A. Rusakov
EZC?O;LL;;EMA::;TOR:: o - — 2 Joint Institute of Nuclear Research, Moscow, U.S.S.R.
bieam“g....“‘.‘.‘.‘ff.fé e _PA_RK_CH:MEE‘ ': tinstit (Recelv:d ﬁ;r:l 22{I 1;451) S
e 494 <m*< 504 o °
- TN .- 8 Combining our data with those obtained in refer-
o 2 ence 7, we set an upper limit of 0.3 % for the rel-
570170 T 7 iy ative probability of the decay K,°~7-+7+. Our
INTERNAL SCINTILLATOR 504<m*< 514 10 results on the charge ratio and the degree of the
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And even if there won’t be no surprise, our exploration will guide and inform future
research for decades (and it will be a lot of fun)



VWho we are



SuperKEKB
Th e exp e rl m e nt Goal: 30x luminosity wrt KEKB thanks to E‘ « g
o (1T

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

New beam pipe SUpel’KEKB

Modest (1.5x-2x) increase in currents. Large (20x)
increase in beam cross section. Increase x-ing angle
to 83 mrad

Achieving 50 nm vertical size requires low emittance
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.

430 b1 collected (>50% of Belle, ~Babar).
Half of Babar’s sample in just one year.

7 -
- -

nnnnnnnnnnnnnnnn

uuuuuu

......

uuuuu

.......

\\\\\



Uber B (and D, and 1) factory

/7 GeV electron on 4 GeV positron at, or around, the Y(4S) mass
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Most collisions are ee — £L. Discard based on particle multiplicity (but keep TT

and exotic/dark sector signatures!)

Others yield 30 (now) to 600 (design) BB, DD /second along with 3x light quarks
10



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) A
Inner 2 layers: pixel detector (PXD)
Outer 4 layers: strip sensor (SVD)

kVertex resolution : 15 um

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

Forward: Aerogel RICH (ARICH))

e.(7GeV)

(
Central Drift Chamber (CDC)

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

& (4GeV) )

K., detector (KLM)

Ourer barrel: Resistive Plate
Counter (RPC)

Endcap/inner barrel: Scintillator

ElectroMagnetic Calorimeter (ECL)
Barrel: CslI(Tl) + waveform sampling
Endcap: waveform sampling

Energy resolution : 1.6 - 4%




Performance
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Strengths

Point-like particles colliding at BBbar threshold: low background and tight
Kinematic constraints.

Hermetic detector for reconstruction of neutrinos (semileptonic B, T physics),
along with invisible or inclusive final states.

Flavor-coherent B production — know neutral B flavor for 1/3 of neutral B for
measurements involving time-evolution of oscillating neutral B mesons

Nonbiasing trigger for B and D physics: >95% efficiency and no sculpting of
distributions (Dalitz plot analyses, smaller systematics, etc)

Good vertexing, good tracking, good PID, good photon and electron
reconstruction, good Ks and K. reconstruction with ~uniform performance over
any final state and kinematic regime.

Dedicated low-multiplicity triggers offer unique sensitivity to dark-sector signals
that could not be fully exploited at Belle/Balbar

13



B factory analysis 101

Hadronic events (about 10 tracks/clusters)

B produced at 50-500 per second, no background but low momenta (3y ~0.3).

Fly ~150 micron and decay.

Analysis exploits specifics of on-threshold production: event “shape” and beam-
energy constrained kinematics.
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Invariant B mass with B energy
replaced by half of the collision energy.
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Difference between expected and
observed B energy

0.3
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428 tb-1 after 4 years

Belle Il Online luminosity Exp: 7-26 - All runs

Shortcomings in injection, collimation,
beam stability, control of beam- m=Recorded Weeklf 3 gy

15.0 ____fERdddt:;z”g[fb!f‘ ............. -
backgrounds etc made SuperKEKB /
luminosity 10x off with respect to plans

Tip: SuperKEKB is exploring uncharted
territory.

5.0 A1

Total integrated Weekly luminosity [fb~1]

Many getting addressed as we speak. |
Still, we got a sample equivalent to JE

Babar’s and to only 50% of Belle’s so far. 0z

Is Belle Il actually Belle 1/27 And 10 years after, on top of it?
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Against common sense — the bumble-bee approach

“‘Until Belle Il data set surpasses Belle’s, not much physics to do”

« Tout d'abord poussé par ce qui se fait en aviation, j'ai appliqué aux
iInsectes les lois de la résistance de l'air, et je suis arrivé avec M.
Sainte-Lague a cette conclusion que leur vol est impossible ».

Antoine Magnan — Le vol des insectes — 1934

...but the bumble-bee did not know that scientific truth,
and kept flying...

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.

17



VWhat we did so far



. mixing and CP

Q7 Charm Lifetimes

New hadron states Zb's, b bbar & Q‘\* \mo\m Fractions, Dalitz analyses
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Dark Higgs park SeCtO‘ Direct CPV, isospin sum rules
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e,

W
harmed resonances

In the midst of physics ramping: in the past year, 40 new results and quadrupled
paper count over previous total.

Today small sampler aimed at underlying relevant “common themes” 19



Searching for BSM in b = sqq

Hadronic B decays normally are poor probes of BSM as soft gluon exchanges
make predictions intractable.

B — Kt decays are an exception: dynamical symmetries (isospin, heavy-quark,
and SU(3) flavor) relate CP asymmetries and BF into a reliable SM relation

' B(KOr+ B(K+ 70 T B(K%O
IKﬂ' — AK+7T_ —I_ AKOﬂ--I- B((K_'_:'_)) :BB'?' — 2AK+7-(-0 B((K+77Tr_)) :BB-?' o 2AK07TO B((I(+7T_)) — O

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

Holds to 1% precision in the SM.
Current experimental precision is 11%, fully limited by B9 — K00

Unique to Belle Il but hard: it's rare, it involves rr? and K° (worse resolutions,
worse vertex information) and know if B or B® was produced.

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

20



Isospin sum rule - analysis

Cand. /10 MeV

Pull

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 \ t & 100
20 50
0% 0
25F = DO5¢F
- B smem. BN e e — W | - T e B - * N
= B e B et s > g
-2.5 R I T o ll. R R I e + 0. -25¢ R N S S S
-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] &

Agoro = —0.01 £ 0.12(stat) + 0.05(syst)
B(B® — K°7%) =[10.5 + 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

21
https://indico.in2p3.fr/event/29681/contributions/122496/attachments/76474/110993/03-HSagar-v1.pdf



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 11 (Preliminary) -- Signal - Belle 11 (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
5 | + &
~— I ~
~ eofkTf il . LUF . g _
-o n n
S 40 Belle Il is not just Belle, II.
o

20

Pull

-2.5
-0.3

e

Le— Sensitivity and reach per unit data significantly superior to
predecessors makes Belle Il impactful. Now

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

22
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Isospin sum rule — Belle |l impact

arxiv:2207.06307

— = World average (no Belle II)
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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 KO Now.

And will be so for the foreseeable future
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Anomalies...R(D) and R(D*)
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JHEP 1712 (2017) 060
PLB 795 (2019) 386

World Average
R(D) = 0.356 = 0.029,_
R(D*) =0.284 +0.013__

Multiple neutrinos, no narrow peak to fit in any distribution, multiple harsh
backgrounds. Strong advantages for Y(4S) environment
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Going inclusive — R(X)

arxiv:2207.06307 | Uresed
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Shape variables used to reduce
continuum background with
machine learning

Going inclusive - R(X)

Full event Bsig Signal lepton:

e Exactly one lepton
with high electron or
muon likelihood

X system:
e Everything else in the
event...
e ...passing quality
criteria

Tag-side B meson
e Fully reconstructed B
(hadronic modes) tag
e Besttag selected by
classifier value

13

Essential to constrain mismodeling in abundances and shapes of all sample
components 27



First step - muon-electron universality

Sample composition fit to lepton spectrum in signal and control regions

Control (Same-flavor B) Signal (Different flavor B)
Belle 11 [Ldt=189fb" Belle 11 [Ldt=189fb"
2500 Xev 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. i= 10000 E - MC tot. unc. MC tot. unc.
- Data, Data, = Z Data ' Data ¢
© 1500 o) [
= 7500
=
g 1000 S 5000
= i =
200 § 2500
B 07 Ty 0
.§g2.0: 5 . 2 §g2.0: 2 = = B .
T e L
5 $-2.0¢1 2B 9ol
o H IIIIIIIIIIIIIIIIII o H IIIIIIIIIIIIIIIIII
< 14 16 18 20 22 14 16 18 2.0 22 L 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



First step - muon-electron universality

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
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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



Further light-lepton universality

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

Multibody: dynamics depends on £v mass g l\ \
Spin-1 D* channels the V - A properties of ;/‘
interaction and virtual W spin in a rich angular ~ o N
structure. Rate depends on 4 quantities -

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

Sensitive 1o S3 (W) dx = d(COS 2)() propensity for alignment btw £+ and D*
LFUV
coupled propensity for alignment btw £+
Ss(w) :dx = d(cos y cos Oy) ang D wrt D*
Insensitive | .
S-(w) :dx = d(sin v cos @ coupled propensity for alignment btw £+
to LFUV 7(W) (sin x cosBy) o :
(ﬂU” 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 30



AFB++ results

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

-1.0 -0.250.250.751.25 -1.0 -0.250.250.75 1.25 2.0
Mgu'ss [(GGV/C2)2]

Belle II (2023) [Ldt =189 fb~*
ijul —_—— —_— > wpip &
Ars (o —e ——Ng |2 u@ovgv —
8'3 e —— Slt/?cl. @ .
[] —— —t— 27/, Belle (2023) —— |
R R W\ Belle II (2023) o
S5 —_—— @ [ 1 Bobeth, et al. ®
57 — —— —o—'
Sg B —— — —':—
. P P e e s, Xl e e S i e W B S [ B [P U i o et e e, . S S P L e, e[S e ) e
-02 —-01 00 01 0.2 —-02 —-01 00 0.1 0.2 -0.2 -0.1 00 01 0.2
A° — Agyy AP — Ay AA= AF — A°

All SM within 5-10% uncertainties 31




AFB++ results

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

Signal events determined with fits of the missing i g(;z;:m e
mass distribution (squared difference between 4- me
momentum of colliding particles and 4- y
momentum of all particles in the event) - peaks ; l . )
at zero (neutrino mass) for signal
Belle Il is more than Belle, I 3
- World-leading in all things semileptonic. Now. =
o ol e W T —
i i == I neam —==:
5’5 —_:__ _.s_ [ Bobeth, et al. _.s_
S7 Sl sl | e
So S - -
00 0l 00 02 o o 0 0 g8 G ) G 0
A — Asn Ab — AR AA=A* — A°
All SM within 5-10% uncertainties 32




Beyond common sense - T-lepton mass

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

T = 1 v(signal)and T = ' v

~our tracks. No additional high-energy
photons

—mpirical fit to distribution of pseudomass,
Minimum value of the reconstructed T mas:
where T-energy is assumed to be 1/2 of
collision energy

M. = \/M;r +2(/s/2 — EX)EX —P¥) <m,

Benchmark for precision capabilities

2.0=

arbitrary units
=
(@)
| |

— T->nnnv

T ——— N —— —— -

1
0.5 1.0 1.5 2.0

Mmin [GeV]

arbitrary units

— T-=2nnnv

detector

e
& )
/ resolution

4

“generator ISR

level” \ :

0.0=-

1 ] 1 1 1 1 ]
1.700 1.725 1.750 1.775 1.800 1.825 1.850

Mmin [GeV]
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Beyond common sense - tau mass

Boils down to control of systematic

uncertainties

Pyl<m

My, =\ M2+ 20//5/2]- EX)(ES, -

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 |
10.586 |

calibrated Vs [GeV]

Belle Il Preliminary L
total uncert.
f L dt=189.9 fb™ g8
CMS

nominal

10.578
10.576
10.574
10.572 |
10.57 |
[ 1 1 1 1 I | 1 1 1 I 1 1 1 1 I | 1 L 1 I 1 1 1 1 I | 1 1 |x103
0 100 200 300 400 500
events
35
- Belle Il Preliminary —I— before momentum correction
3
> : f L dt=189.9 fb™ —I— after momentum correction
Y S5
(;) F D' > Ka'n —=—
2 S
2
— 15}
O
Q 4 F
an 1 ——
=
N 05
&r F —i—
= 0 . _¥_ ......
05F .
u L | | I 1 1 L I L 1 | I | 1 1 I L 1 1 I | 1 | I L 1 1 I 1 L | I | 1 1 I 1 1 |

"1 -08 06 -04 -02 0 02 04 06 0.8 1

cos(6,)
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Pulls

x10°

. Belle Il Preliminary
f L dt=189.9 fo

40 m, = 1777.09 = 0.08 =

O B I 1 1 l 1 I 1 l 1 1 1 l 1 1 Il l 1 1 Il I I 1 1

¢ data
— fit

0.11 MeV/c?

Beyond common sense - tau mass

PDG Average (2022)
1776.86 + 0.12

_2 ¢ ’

-
0 g;*--+--+-+----+--+-----+--*---+--*--*-*--*--;-+—--*—-+--+--*--+---

+

.

{7 47D 74 176 178 18
2
M, [GeV/c?

1.82 1.84

BES (1996)

1776.96 %)y, o0&
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) i
1776.91+0.12 30;° 5

Belle 1 (2023) Preliminary ;...
1777.09 + 0.08 = 0.11 :

I||IIII|I|II|[III§|IlII|lI

1774 1775 1776 1777 1778
M. [MeV/c?]

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

Most precise result to date
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Events / (5 MeV/c?)

Pulls
o

x10°

Belle Il Preliminary
f [ dt = 189.9 fb""

N
o

N
o
I

W
o

N
o

—_
o

o

¢ data
— fit

m, = 1777.09 = 0.08 = 0.11 MeV/c?

Beyond common sense - tau mass

oN

—

N'I"'I"'I"I Illlllllllllllllllllllll
0
' =

PDG Average (2022)
1776.86 = 0.12

BES (1996) |
1776.96 )0 D&
BELLE (2007) ——
1776.61+0.13 = 0.35
KEDR (2007) - N
1776.81 2 + 0.15
BaBar (2009) _._._.4_
1776.68 = 0.12 = 0.41 g
BES |1l (2014) N

1776.91+0.12 30;°

" Belle 11 (2023) Preliminary N

1777.09 £ 0.08 = 0.11

Belle | /s (much) more than Be//e //
And will be leading tau physics for the next decade

Most precise result to date

et

78
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Beyond common sense - charm flavor tagger

~
\J

Brookhaver
\latinnal | ahnratnry

ﬁ

25

Time evolution of D% and D in common final states
(Ksmi'm™, K*K-, i) probes BSM in D mixing and CPV

Final state says nothing on whether a D% or D was
produced. Need to “tag” the flavor.

o

~—

o

EVENTS /{| Mevc2)
(8,]

Since 1977: restrict to strong decay D*"— D" where

flavor and charge conservation allow associating the m
with D% and 11~ with D9

Industry standard at Belle, Babar, CDF I, LHCb etc..

(@)

o

(8}

20+

1 1 1 I

= p°nt @)

Mark |, 1977

i

JLM.BM.}..&Q
140 145 150 155 160 165
Mpyr ~Mp (MeV/cz)

D*-tag reduces 5x-20x the samples available for measurements.

Belle Il set on exploring an “holistic approach” that looks at many event features

to reduce this reduction factor.
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Look at particles collinear with signal D

Correlate kinematic features (recoil Kt
mass, distance) and PID using decision D
tree
[ J_
Develop on MC, calibrate on data 1%
1.0 x10°
| —— untagged -
[ CFT (r>0.5) : : Bellell
0.8 ---- CFT (r>0.9) - DO = K+
| —— D™ tagged E |
L

= =
& (@)
—TT—T——

L—

Candidates per 2.0 MeV/c?

-
- i
i .
i il
i L
i :
-
[T
1
.
|

R —————PE PP Ll ot ST
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I
(
(
-
|
(
(
I
f
U
\
d
u
|
I
I
d
(
(
|
L
|
|
1
U
|
|

1.82 Tea . 186 W 1.90
MK ~-nt) [GeV/c?]

arxiv:2304.02042

Double sample size with respect to D*-tag.

~
U

Beyond common sense - charm flavor tagger  arokaver

P

opposite side same side
e~ K*
+
/T[s
O — _./ signal deca
D (Cu) B, SSzvroductsy
T signal decay

300
a [ D 5a0ud Bellell
S 250} ---- D’ tagged+CFT D° - Kz~ n%(WS)
() I
=
< 200
o
o
S 150
n
-‘q-)" 100
(©
O [
© |
c 50
o [
Q

¢i30 0145 0150 0155 0160
AM [GeV/c?]
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Beyond common sense - charm flavor tagger

~
¢

Brookhaven

\latinnal | ahnratnry

P

Look at particles collinear with signal D

Correlate kinematic features (recoil

mass, distance) and PID using decision K+ £
tree .-
Develop on MC, calibrate on data J

H k

opposite side

Belle Il is (much) more than Belle, I

L e — S —

o | —— untagged » N

§ ........ CFT (r>0.5) § Bellell §
w98 CFri(r~09) B ': D° > Kt 9
S - . i =

. —— D" tagged Lo tn
= 99 ! Preliminary <
NN 0.6 - N ©
— i Py ! -
Q i i : ()
e | A Q
n o4l 1 = n
e g 1 =
5 | g
= | s 1 =
T 02} FIE g =
(- L I._g..f i ! i -
@© I’ ; i R ©
of B ——T e g o L R O
|| S B NG L sl WA s

1.86 -1.88
M(K~n*) [GeV/c?]

arxiv:2304.02042

Double sample size with respect to D*-tag.

same side
e K
+
/ﬂs
O 7\ =
D*(cii) ==
‘T signal decay
sw—m—mM7m7
- —— D’ tagged Bellell
250 _ ---- D" tagged+CFT D° - K*n~7°(WS)
Preliminary
200
150
100
50 |
0.140
39

signal decay
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Directly searching for dark-sector particles

First search for long-lived particle at Belle I:
spin-0 “S” particle from b — s transitions

8 channels: B* = K'Sand B = K* S
S — ee, uu, rirr, KK with 0.001< ¢t < 400 cm
Look for fully reconstructed B meson

- = - - - e m m m oEmm momow g,
- ~

~
-----------------------------------

Suppress continuum usingevent topology

Veto Ks and use it as calibration control/
sample

T T T T
80 | Belle Il Preliminary B*=K*S(sn*n-)
- JLdt =189 fb~? ete~—cé FZA MC stat.
e* e~ -ud/dd/ss + data

ete~-Y(45)-BB

o
T

Suppress other peaking backgrounds by going
displaced

o
T

N w H [0
o

#candidates / (0.2 GeV/c?)

)
o

o

N
w

ull

o
o
T

p

|
N
vl

MEduced (Gev/c?)



Direct searches result
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Direct searches result
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Conclusion

Quite special circumstances for flavor:

e no BSM in high-pt, anomalies in indirect
searches

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

Complementarity is real.

Belle ll: accesses suite of compelling
measurements that are unique and world leading,
NOW.

e saturate SL, 1, and low-mass DS programs

@ uniqgue access to high-profile B/D
measurements involving n%y/v/

...might be the last opportunity to do them




—pilogue

50 years ago, flavor processes in Japan exposed striking evidence for “new”
physics ...but this went unnoticed in the Western world....

Prog. Theor. Phys. Vol. 46 (1971), No. 5

A Possible Decay in Flight
of a New Type Particle

Kiyoshi N1U, Eiko MIKUMO
and Yasuko MAEDA¥*
Institute for Nuclear Study
University of Tokyo
*Yokohama National University

August 9, 1971
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X PROJECTION Y PROJECTION Z PROJECTION

1971 — Evidence of kinks from decays of long-lived

heavy particles in cosmic rays recorded with emulsions.
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—pilogue

50 years ago, flavor processes in Japan exposed striking evidence for “new”
physics ...but it went unnoticed in the Western world....
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A Possible Decay in Flight 2} QQ
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University of Tokyo
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1971 — Evidence of kinks from decays of long-lived

heavy particles in cosmic rays recorded with emulsions.
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(Hopefully not) the end
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Future

Projection of integrated luminosity delivered by SuperKEKB to Belle |l

[fb] Int. Lumi (Delivered)
5000
Int. Lumi (Delivered)
Target scenario: extrapolation w00 | = 1T il Target
arget

from 2021 run including expected 5 1o
improvements. 3000 i

z(x)o 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

0

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1

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.

[YY/M/D]

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

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.

DR et
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