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Beyond the Standard Model

* One of the most successful theory, impressive predicting power
* 10 Nobel Prizes so far!

Examples: Fermi constant 9.10°° precision
Fine structure constant 3.107 precision

* Not the end of the stor ) A L e B AL L BN

V4 a - HFLAV Ay’ = 1.0 contours .

. a - L Freim 2022 BaBari12 7

Examples: Neutrino mass? 0.35 = Bellels -

Not enough CP violation to explain matter/antimatter asymmetry? . LHCblg  36.-F o ]

Dark matter/ energy? 0.3 = e

* Tensions with predictions (muon g-2, R(D*)...) 0.25 B — ;

E Belle 1 7 PRD 94 (2016) 094008 Average E

e o . . . 02 +HFLAVSM Prediction jfc‘: . ggglrfsggiiioo{%?l)ifgééﬁ —

* Precision measurements and high statistics needed to [ Koo P02 )
discover New Physics = S E—

=
=

Tristan Fillinger International Conference on the Physi



Belle Il detector

* Designed to give similar or better p— K. and muon detector (KLM):
. i i . Resistive Plate Counters (RPC) (outer barrel)
performance than Belle even with {Ejﬁﬁfﬂfg“et'c calorimeteg(ECey o ior + W65 1 MR (oo mpe i
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g eleq,o\—‘\\f y \ 1.5 T superconducting 1T mis-ID rate ~ 5%
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* Low track multiplicity i / o Trigger:
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Vertex detectors (VXD) ~ \l ';oftwaref < 13($k:z
. . 2 layer DEPFET pixel detectors (PXD) § : pcsi:ro,,S : /
° Occu pancy domlnated by maChlne 4 layer double-sided silicon strip detectors (SVD) § \ e
induced background - § Particle Identification (PID): 1
Central drift chamber (CDC): \ Time-Of-Propagation counter (TOP) (barrel)
Hot50%):CH, (50%), small cells, Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)

fast electronics
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Decay time [ps]

Factor 2 improvement in

proper time resolution despite lower boost
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High photon reconstruction

efficiency @ ~ 20p~4%

lo(vertex) ~ 15um|
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Good particle identification

K ID efficiency = 90%
T mis-ID rate = 5%



https://docs.belle2.org/record/2604
https://docs.belle2.org/record/1558/files/b2n048_Moriond2021.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

Luminosity

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

mmm Recorded Weekly

1= [ctrecordeqdt ~=424fb"

Status
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§ e R [— g;
 Collected ~ 362 fb! at Y(4S) since April 2019 5 0 ¢
EAETY P — (| £
[ ] L] L] L3 g .............................. W . . S AR B N TR | —— . RS E
* Record-breaking instantaneous luminosity: g 7 e
4.7 x 1034 ecm2s1 (last: LHC 2.14 x 1034 cm2s?) YR PO || F— ) | W - %
= 100 ©
° Ramping up toward the target Iuminosity |2 2.5 A AT e A e e B R e g BRLRR
0.0 - -0
01/19 01/20 01/21 01/22
* Highest daily integrated luminosity: 2.5 fb
L (fb-1) Belle | BaBar total
Y(5S) 121 - 121
: 1 Y(4S) 711 433 1144
Goal: 50 ab Y@s) . m "
Y(29) 25 14 39
Y(1) 6 - 6
off-res 100 54 154
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Belle Il physics program
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https://arxiv.org/abs/2207.06307

Belle Il physics program
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https://arxiv.org/abs/2207.06307

B-factory basics

e*e collision
e Collision energy well defined
* Kinematic well constrained
> Beam-constrained mass (M, .) and energy difference (AE)

My = ,’3/4_171;2

Signal
Continuum
BB background

Time difference At measured thanks to the boost along z

Signal side fully reconstructed
Vertexing and Flavor tagger on Tag side
Continuum suppression (CSMVA) variable trained on BDTs usingf'z
event shapes variables

5.22 5.24 5.26 5.28 5.3

Tristan
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e | e+ : ~ At : L
> ¥(as) : !
- Signalvertex
Beam spoticonstraint e 1
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Continuum
BB background

FAE = E —/5/2 Signal

—

03 -02 -0.1 0 0.1 0.2 0.3

Event shapes



https://link.springer.com/content/pdf/10.1140/epjc/s10052-022-10180-9

Toward ¢, ()

B > J /Y K2

* High-yield, low background

* Both J/©Y— ee and J/1Y— uu channels reconstructed

2755 events in 200M B°BO pairs

e Statistically limited but consistent with expectation

Scp = 0.720+0.062(stat) 20.016(syst)

200

¢1 = (23.0 = 2.6(stat) £ 0.7(syst))’

Acp =0.09440.044(stat) T 8:8%%(8}@13)

B° - ¢ K

* Clean experimental signature zo
but non-pure CP eigenstate
 Validated withBY - ¢ K™

* 163 events in 387M BBV pairs
> Compatible and on-par with most precise
determination of A , Acp = 0.31 +0.207005

Scp = 0.54 £ 0.2679:9¢

Candidates / (3 MeV/c?)
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https://arxiv.org/abs/2302.12898
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Toward ¢, (B) >

Belle I
e et K i
’ S _-3 60 -
BO N Kg' Kg Kg —> Il nt Belle II (preliminary) 1 F -
B0 "~ < T~ 50 | 1 ~q=+,B : =
<. —_ g f Ldt = 362fb _ , &
~10cm§ =R S A 05 N
 Complex vertexing = 0 PERIEETD Y 158 signal %‘ /§
* Reach similar precision as world’s best PR candidates | g o} =
= - 7 I
re SUItS S— 5 20 < ost Belle IT (prelimil:ary) g
. i I L dt = 362fb’
ACP - 0'07—0.20 + 0.02 10 R N 1?_ B’ — K KL K!TD é
_ +0.35 S e Ty T Ty
SCP — 1-37_045 :I: 0.03 0 At [ps]
At [ps]
B® » K2 n® 220 Belle Il (preliminary) 3 P
200 b e Data P 3 _:fg a=+ Belle Il (preliminary)
'—‘1805 _Fig 0 Lt = 361.5 1 =~ D F* Bwlo) ILdt 361.5fb" 2
. . 2 @ 60 = .
* Challenging vertex reconstruction B o f B KT : & ol 5
0 0 > 160 BB background s ¥ @
* B” - J/W K{ as control channel < 140} . o background 5 :2 g
. 120 | w : =4
* Better ° reconstruction and CSMVA @103:_ 415 signal 2 | g
- . e . ~~ r 10 E
> Competitive precision with world best 2 gof candidates B , 1 =
results g‘) 60 — + + + + + 06—6 -4 -2 0 2 4 6;
(W] . & s . > -
— +0.15 40 fo T e T ' 2 04
Acp = 0.04701% +0.04 opee : 1
— +0.20 4 S T BN B | 7
Scp=0.74755; £0.04 954 525 526 527 528 520
M, [Gev/c?]
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Toward ¢, ()

Belle I
* Least known angle of the UT = 4T e
sl 9 3 T
W 4 2
B d BO 0,0 W ,,_\¢
— pp an > TTTT 04 B = =
oS sin(2¢
* Measurement of BR and A, of these 3 channels 2B ED2 \( 1)
* Combined analyses to suppress hadronic unknowns AL
. . . 0 . L l‘,. r RS YA NI S T | 3 gic P "
e Belle Il provides unique access to all inputs 00 02 04 06 03 51
801 Belle Il (Preliminary) % 160 Belle Il (preliminary) _ i
—_ det =189 fb~! g E 140 J.L‘“=189-25 fo E c;g 30 3 ~ Tt -
o x = 120f X & a5} B = 2’ o
O 60 < © < 2, jjg%ntlnuum 8-
= R & N g2 || | @
o o Q i N c
o 8 © 8 o _T ‘ T T T ------------- o
© 401 % K o > LR o L S 3
) ) B N Q e =3
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i = = 2 5 :_.[L dt= 189.9 fb” g
(@) L L aiiaase boeasn8?iiingannasnnnanas RELEIT TP e o
0 8.26 5265 527 5275 528 528 529 ®
) ~
0 Bo 4 e — P— . M, [GeV/c?]
2 04 S8 opttt et 8z F
a . | | | | | E% ] . . + .......... +.+ ...... +|$+ﬂ+‘ ....... *. ...... ¥ E% :¢+¢+¢i‘¢+$..‘.,.¢‘¢i
-0.15 —-0.10 —-0.05 0.00 0.05 0.10 0.15 2C 015 01 005 0 005 01 015 2= Lt : .
AE [GeV] AE [GeV]
B(BT — ptp°) = [23.27 33(stat) £ 2.7(syst)] x 10~°, Acp=0.14 +0.46 £ 0.07
B(B° = ptp™) = [2.67+0.28(stat) + 0.28 (syst)] x 107, ~
+ 0035, . B =(127+025+0.17)-107°
fo = 0.956 £ 0.035 (stat) % 0.033 (syst), fr = 0.9487 .033(stat) + 0.027(syst),

Close to Belle precision with only % dataset

Acp = —0.069 £ 0.068(stat) £ 0.060(syst).
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https://arxiv.org/abs/2208.03554
https://arxiv.org/abs/2206.12362

Toward ¢5 (y)
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Charm physics at Belle Il

o z f ' ' T 1=
A + g 2 418 3 E
c = S 416F 0 - =
2 e S =Y S P BEE
+ 0 [ifati z [ 18 s M i b o
A7 and Q. lifetimes 2 | .5 . anp 1514 273k
gtk SR | o | ot e
o 200 (] S 1% & - i S ) 1|l
. = I 5 = ~ 408 =1 - i = I
* World most precise measurements « ” R 406 F g BN
P i w - 112
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“ N 402 E
. . I 400 F 3
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Y
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. . . 60 - le TT
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o R S 3
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S + o
L +°<° § —
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https://link.aps.org/abstract/PRL/v130/e071802
https://link.aps.org/doi/10.1103/PhysRevD.107.L031103
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.211801

T Physics at Belle Il

 High production allow high-precision measurements

o ntn oty

e Using 1-prong and 3-prong events for tag side

* Crucial knowledge of beam-energy and its resolution (ARGUS method)

M min

World best T mass
measurement

Tristan Fillinger
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B8 3
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L L
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[ Belle Il Preliminary

m, = 1777.09 + 0.08 + 0.11 MeV/c?
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— fit
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7 f f
B R AN
g

t
¢

1.72 1.74
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+ T B ’r/‘ 1-prong
€ 'h - € \ i
/T -I T, B /7_ My
A
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X ¥ y X v g
X Xx X X
PDG Average (2022)
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1776.96 ‘038 02 S
BELLE (2007) i o
1776.61+0.13 £ 0.35 g e
KEDR (2007) B =3
1776.81 25 +0.15 ; 3,
: : =
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1776.68 +0.12 + 0.41 oy
; o
BES Ill (2014) N o
+0.13 :
1776.91+0.12 0% : 3
Belle Il (2023) . .
1777.09 +0.08 +0.11
| | I I | ‘ I | | Ii ‘ I I | | [

1774 1775 1776 1777 1778

M, [MeV/c?]
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Quarkonium at Belle Il

* e'e” > wxp1p2(1P)

* In 2021, SuperKEKB ran above Y (45S) resonances

N W s

Belle Il, 1.6 fb™ Belle Il, 1.6 fb™ ]
4t Vs = 10.701 GeV 1S = 10.701 GeV-
3k 3
Py i
1E =
& OF - : L
RS - ot Belle Il, 9.8 fb™ Belle Il, 9.8 tb™ ]
> a0F o {S = 10.745 GeV| = Data ¥s = 10.745 GeV ]
g [ = Background — Total fit _:
o 20L ::.::m — Background _:
: [~ b1 ]
—
= { ]
Q 0 Eref et e e W~ 0 W W T u_‘
u>J [ Belle II, 4.7 fb™ Belle II, 4.7 fb™ |
8 F Vs = 10.805 GeV /s = 10.805 GeV |
b ]
4 F E
2 2 L] - \
of SR\ 1 1 1
975 98 985 99 995 0.7 0.8 0.9
M(yY(1S)) [GeVIcz] M(r* ) [GeVIcz]
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s(e"e >y, ) (pb)

Luminosity [fb™]

[PRL 130, 091902 (2023)]
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*
A d -
S ammppmumsmmE g
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— Total fit i 2
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13 ¥
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1 2
41 ©
- .-..--':-.-:'.-: ...... ,I-_H'___T.r.l..l..l..l':'ﬁ .""T"'-;-q- .;--=l-='0
10.8 10.85 10.7 10.75 10.8 10.85
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* Measurement of cross-section peak, consistent with
Y(10753) state
* First observation of wy;;(1P) signal at Vs = 10.745 GeV



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902

D
Summary Do

Belle I

» Belle Il experiment has collected a sample that
matches the size of BaBar's and is half the size
of Belle’s.

 With the help of an improved detector and
refined analysis, we have already achieved
results that compete with previous
measurements and some results that are
exclusive to us.

 Only a selection of the ongoing analyses were
presented today

 We plan to resume data collection next winter
after preparing the detector and machine to
operate at maximum capacity.
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Belle Il physics program

_Bjsﬁ
n
New hadron states Zb's, b bbar Juo

Hew Chermn ;

; ,g,_,%o

New ||

e+e- -->ISR, pi+ §

Spin Fragm§

Plenary on Monday:

16h15 Shohei Nishida - Flavor Physics and the Belle |l Experiment

: B->phi Ks, B->eta' Ks

Today:

1oh  Akimasa Ishikawa - Recent dark-sector results from Belle Il {L

L

now Me - Recent highlights from the Belle Il experiment

11h30 Kazuki Kojima - Recent Belle Il results related to flavor anomalies

- N [/ mma
- oinole MO > € 2
Tau Electric Dipo\€ '(\“\‘/, g CQJIS
7

w2
X
sinA2 2 e

the oW~ Y ch
w i\es,q - armed resonances
A_FB (tau, mu, e+, b, ) g %

1
improved @2
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https://arxiv.org/abs/2207.06307
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SuperKEKB collider and Belle |l

e+ 4 GeV 3.6 A

o

Belle I

Belle Il

o * Electron (7 GeV) - Positron (4 GeV) collider
“Newbeam i SuperKEKB
e * KEKB upgrade:
* x 1.5 currents
s iy e * x 1/20 vertical beam size (Nanobeam scheme)
N T — Target up to 30 x higher L,
parcigrg, @~ pmme * Higher beam backgrounds
‘i_’/ capture section
.

Build to run on high Y masses (from Y(3S) to Y(6S))

25|:! s e . ™ T7T
i | Jg, cueo * On-resonance data:
1 ST ll | e Around+/s = 10.58 GeV
2. T$M,M¢ﬁ_ — Y(4S) resonance — BB
Sl o e mesmen | — Clean B sample
' - 0.5 0.7 0.9 1.1
J.: |o: E_ . (Gev) -_‘
® - " off-resonance on-resonance -
F 4 data “data ] * Off-resonance data:
1 07 S N Y PO « 60 MeV below Y(4S) resonance
- Tes) T@s) 1 - — e - _
ot, e e e*ee—(qq, T'T, ete-whereq=(u,d,s, c)
10.33 10.37 10.53 10.62
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Mass [GBVR:Z }

— Control sample for continuum background
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Belle Il detector

’.

7 GeV electron -

o

EM Calorimeter (ECL)
Csl(TD crystals
%k Updated electronics with
waveform sampling

Central Drift Chamber (CDC)

14336 sense wires in He-CyHs
%k Smaller cells + longer lever
arm + faster electronics

-

-

f L
¥y
7
\ > 4 GeV positron
K. and muon ID detectors
\ ' Resistive plate chambers
B Scintillators

Vertex detectors (PXD+SVD) i
% 2 pixel layers (DEPFET) Charged PID detectors
* 4 layers of silicon % Time of propagation counter (TOP) (barrel)

microstrip layers % Aerogel Cerenkov detector (ARICH) (forward)

/4

/ %
”ﬂ,

"

~

§

* Designed to give similar or better
performance than Belle even under
higher backgrounds

* DAQ and trigger systems upgraded

Tristan Fillinger International Conference on the Ph



Background types Machine background

Touschek scattering: single Coulomb scattering event e e R 1 2
between two particles of the same bunch, thatarelost, [ — ® # <55 @ Tou X G En, beam
Beam-gas scattering: Coulomb elastic scattering or T o ) ® @

bremsstrahlung with residual gas atoms. szaidiss Ryg o IP

Synchrotron Radiation (SR): photon emission from Et
beam particles when subject to acceleration. Wskiocoss
Injection background: injected bunch performing

betatron oscillation around the stored bunch, resulting | M ! R; o Rin;

in particle losses especially in the interaction region. " R

Luminosity background

Radiative Bhabha

Radiative Bhabha: neutron production from emitted

photons (shields used for mitigation); off-energy primary Rpp o L
particles lost in final focus magnets.
Two photons process: low momentum electron-positron

Rpp x L

pairs that can generate multiple hit in the VerteX Detector.

Tristan Fillinger International Conference on the Ph
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Luminosity projection >

Belle I

Projection of integrated luminosity delivered by SuperKEKB to Belle ||

Int. Lumi (Delivered)

[fb-']
5000
Int. Lumi [Delivered)
Target scenario: extrapolation oo | = T T = Target
arget
from 2021 run including expected o S lofd:
improvements. 3000 |- __,__,-f 450
o0 Base

1]
Hf10f1 29111/30 23130 ANl 1M1 2nEN1

2000
Base scenario: conservative
extrapolation of SuperKEKB 1000
parameters from 2021 run

0
20/4/1 21/4/1 22/4/1 23/4/1 24/a/1 25/4/1 26/4/1 [YY/M/D]

® We start long shutdown | (LSI) 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.

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

Tristan Fillinger International Conference on the Physi



SuperKEKB Highlights

0% " Peak Iummosmy trends for e*e— collider

Su perKEKB

Luminosity [cm-zs_l]

= e
“BEPCII

1990 2000
Year

1970 1980
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2010 2020

o(e+e- — Hadrons) [nb]

25

15

10
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e*e” Center-of-Mass Energy [GeV]

L Y(1S) Y (4S)
u i on-resonance
i "Here be B"
N off-resonance
[ } Y(2S) "B free zone"
! T Y@3S)
i R J * Y
: 4 ., LI 1 "'_..'-’ *--._..-..“.: P T +. R R
L continuum background
0 PR B 4 BPEPEE PP PP B T P ———
944 946 1000 1002 71034 1037 ” 10.54 10.58 10.62



CP violation type

2 B 2
Direct | L(if i L(i f

2 2
. B . B - B B
Indirect @ r @ ‘E‘
@ /| > al

Interference —|— # —|— Ao
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B°BY mixing benchmark [arXiv:2302.12791v2] /S
3'OO{}':Belle Il 4 BB
B - D(*)Tl' ~ 2500 | /L dr=190 fo~! t BOBOL BB
* Decay with high-yield and low background “g
benchmark 35
 Using half of Belle Il dataset (200M BYBY) S
 Statistically limited
z
E
 Fundamental inputs for CP asymmetry S
< _pst
measurement.s 0‘?8_.0' 60 30 20 00 20 40 'sfo?' 8.0
* At resolution (around 0.7 ps) Aty [ps]
* Flavor tagging (efficiency around 30%), on-par 1499 4 0.013 - 0.008
with best Belle performance 0 = (L. ‘ -008) ps

Amy = (0.516 £ 0.008 £ 0.005) ps

Tristan Fillinger 29/03/23


https://arxiv.org/pdf/2302.12791.pdf

	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15

	ccl
	Slide 16

	backup
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24


