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Belle II @ SuperKEKB — B factory of 2"! generation Belle I

@ Experiment on the intensity frontier; Successor of the very successful Belle@KEKB, in Tsukuba, Japan.
— search for New Physics via precise measurement of rare decays of B, D mesons and 7 leptons

@ Aim to collect 50 ab~ ! of ete™ collisions, nominally at the energy of the Y (4S) (10.58 GeV), this gives:

— a (Super) B factory: ~ 1.1 x 10° BB pairs per ab™!

~ b }Yas) | .
g o energy threshold @ 4 Gey B -2 B’s and nothing else
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~ a(Super) T factory: ~ 1.3 x 10? 717~ pairs per ab™!
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The SuperKEKB collider
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Mt. Tsukuba

BELLE Il

KEK Tsukuba
Campus

, 4 GeV

KEKB

|

SuperKEKB

N+N nbfo

L_

Improvements over KEKB:
x20 by ‘nanobeam scheme’;
x1.5 by increasing beam currents.

Goals:

Instantaneous lumi: ~6 x 10* cm™s™

Integrated lumi: 50 ab™

30 x higher than KEKB!
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Belle II @ SuperKEKB — B factory of 2"! generation Belle II

The Belle Il detector

' KL and muon detector:

Resistive Plate Counter (barrel)
“Sgintillator + WLSF + MPPC (end-caps)

| (o ~ 60 pm for B,D)

* Excellent decay vertex resolution

] * General purpose spectrometer (B=1.5T)

EM Calorimeter:
Csl(Tl), waveform samp i\\

gation counter (barrel)

Aerogel RICH (fwd)

: * Particle identification is a key issue
electron (7GeV)

— background reduction

Beryllium beam pipe

[Vertex Detector ; ///{/// .

2 layers DEPFET + 41|

e.g. B— py,B— K™~

— efficient flavor tagging ( BY or B9)

positron (4GeV) * two novel PID detectors

-3

[Central Drift Cham T e

— Time-of-propagation counter

— Aerogel RICH

He(50%):C2Hs(50%), Small cells, long
lever arm, fast electronics
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Flavor physics at ete™ vs. at LHCb
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Belle II
Belle (1I) LHCb
e'e »Y(4S)»bb pp2bbX
atY(4S): 2 B's (B® or B') and production of B*, B’, B_,B_, A,...
nothing else = clean events but also a lot of other particles in the event
o,;~1nb = 1 fb™' produces 10° BB = lower reconstruction efficiencies
Opp/ O ~ 114 o, much higher than at the Y(4S)
Vs [GeV] | o;s(nb)] | olo,

HERApA | 42 Gev

~30

~10¢

Tevatron 2 TeV

5000

~10

8 TeV
LHC

~3x10°

~5x10°°

14 Tev

1 ~exwf

~10°?

0,5/0,,,; Much lower than at the Y(4S)
= lower trigger efficiencies

mean decay length fyct~ 200 um mean decay length yct~ 7 mm

— many of the interesting modes are unique to B factories:

>

>

>

channels with 0, Kl ,MNO, ...

final states with one or more Vv’s;

modes affected by “difficult” backgrounds, where the full knowledge of the
kinematics in the event is the only way to control them;

a variety of inclusive measurements can be performed;

+ extraordinary claims require

extraordinary evidence
- Independent confirmation of
as many modes as possible
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The Belle IT collaboration Belle IT
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1243 active members, 125 institutes, 28 countries (as of Jun. 2026)
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So far collected data

- physics runs started in 2019
Belle Il Online luminosity Exp: 7-42 - All runs

- SuperKEKB recently achieved world record
instantaneous luminosity of

1.0

Integrated luminosity
B Recorded Weekly

0.020 = [ Lrecordeadt =0.914 [ab~1] .

5.3 x 103* cm—2s7 !

2.1 x 10** cm™%s™! @ KEKB
1.2 x 10** em~?s™! @ PEP-II
(but still order of magnitude below design value)

0.015 sl i s e e e e e e S S M S S S B e U e e e A s S A S S

0.010 A

- Belle II data taking efficiency ~ 90%

Total integrated luminosity [ab~1]

Total integrated Weekly luminosity [ab~1]

. . detector

- Recorded luminosity @ Belle I1 o) — | | ~tejuvenated-
-~ 914 fb_l (including PXD
988 fb~! @ Belle (exceeding Belle BB sample size!) 0.000 -

513 fb~! @ BaBar

- After LS1 still slow progress in increasing instant. luminosity...
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7 D10 _L02 Event Frequency with Beam Abort
32 10 | g
Run 2 (2024 — ~2032) ?g X i Cleaning
. iy i on Nov. 6
* After LS1, back to operations at 4 X 85 |
10%* cm™2s7! but... sudden beam Ty |
loss happened with very large dose in 53, |
the detector damaging 2% of PXD O || |[||/B 0] I N S
gates — turned off PXD as a T 3 3 & 34 E &8 ® @ 1
ptecautionary measure until beam S —
losses mitigated T S S SO B [
I — 4 =
'-:1_ Peak luminosity e snps =)
B o [—— e e e A o
. BlﬂCk stains found iﬂSidC beam Plpc "‘9 i Integrated luminosity  (delivered) / g E
. e [[——ig T oo kol PR SE—
flanges, caused by vacseal residual - / 13
) = Projected by SuperKEKB/Belle IT | = e
(high vacuum sealant) g 4 / 0 z
g 1 Z
2 3 LS2 / =30 g
* Collisions resumed in Nov 2025 (PXD g ¢ A =
ad 2 S —20 2
off) and plan to accumulate ~10 ab™! : LS1 Vol ( ~ 1 £
i e U ade proposal:] é
1 i pgrade prop 10 =
by LS2 i L/.,-/‘/ arXiv:2406.19421 ] =
SPVIL 1 — L . details in backup| |

S

Jan 2024 Jan 2029 Jan 2034 Jan 2039
Date
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Physics — Hot Topics
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Observation of BT — K vv o

(2024)
v W n(BDT:)
Zz 0.92 0.94 0.96 0.98 1.0
v \\ ."v\ 0 T o
W5 RS 3000 :
b A%' Belle II H
&l z [Ldt=(362+42)fo" W B* —K*up
u,c t 7] H 0R0
Novel approach at Belle 1I: inclusive tagging = BN Continuum
0 g + Data
(total eff. ~8 /0) O 1000 :

Fit to invariant masses of neutrinos (qz) and

classifier exploiting topology of the signal 0
5S¢

SM Average = 0 F

: ¥ § =
+ : —— E?.l‘l.lgiz‘ I\l‘.t‘:i??flrl. combined) A 5 F | . : i i l i i t i i
E——O' 3 5(5 Belle I (362 fb!, hadronic) -1 4 8 251 4 8 251 4 8 251 4 8 25
. 1 1.1 1.1 This analysis P
: N Belle IT (362 fb'l, inclusive) (I.?m- [GGVZ/C4]
. 1 27407 This analysis
¥ 1 i L o s i
—3—0— ]?lt‘;\t‘ ]‘|I\lm \»r‘ , inclusive) B(B+ - K+vv) —
: o Belle (711 fb'!, semileptonic) +0.5 -5

: 1L0£0.6 /T’I:Im 091101 - [2.3 i O‘S(Stat _04 (Syst)] x 10

: L ¢ Belle (711 !, hadronic)
. 1 29116 PRDST7, 111103

—e— B o in s Pl aeibnnds Tension with SM at 2.7
O P BABAR (429 fiy!, hadronic)
. 1 1.5+ 1.3 PRDS7, 112005

L1 | I TR [ . . .
0 5 1 o 5 T Checked with hadronic tag and combined

105 x Br(B* =K * v) with 10% increase in precision
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LFU tests in SL. B decays Belle II

R(D)&R(D*) today
y B(B — D(*)rv) . T 68% CL contours
R(D( )) - B(B = D(*)fv) m Belle® H_ad_ tagBaBar«

0.35} LHCDb®

b — clv __0.30F Belle” CRE. oo 2 SL tagtelie |1’
* < ". ckn - *
_ fa) LHCb? . 25 5
BA’ BO et ! " o et
= 0.25¢ w ‘ . : LHCbe
Belle II’s e el Had tag
new result 0.20} SL tag BaBar*
R(D) = 0.337 + 0.022
R(D*) = 0.262 + 0.010 | |

HH  HFLAV SM ’;(:250;511_0%
| ¥ FLAG24 (Nf=2+1 for R(D*)) J

020 025 030 035 040 045 050 055
R(D)

Tension with SM ~ 26 (was 30). Note: P-value is 1% (was 27%).

R(D)&R(D*) is (will keep) evolving as new measurements (will) arrive.

0.15
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Time-dependent CP violation in B — 797"

arxiv:2606.20797 -C

* a/¢, is the least precise angle in CKM
unitarity triangle

* At time dependent measurement of CP

violation only possible reconstructing % —
e*e”y: very small BR, tens of ab'!
needed for competitive measurement
Novel approach: :fx -
- exploit small interaction region §
(SuperKEKB) and improved vertex §

resolution (PXD) to measure t,,,

J'L at=3651" 3

Belle Il Preliminary 1

+§gag(q=+1)_§
4B (@= 1) 3

- Quantum correlation of neutral B
mesons allows to link CP

Asymmetry

asymmetry to t,,, distribution*

5 10 15
fiag [PS]

Belle IT
(—)0
Bsig
=
Bgy...--== M
ISR S - S
---- -— P
-
BO (=10 0
tag Bsig T
0 s
Bsig ______
________ ,'no
-
ttau >
50
Btag
1.0 B-nn :
HFLAV 2025 :
— With Belle ll )
0.8 Soo: Coo i
—==Indirect ¢, )
i
—10.61 i
U] i
' H
— 0.41 E
-
J
H
1
1
1
| |
1

0.21
0.0 1
0 20 40 60 80 100 120 140 160 180
¢> [deg]

1o interval reduced by 40%. Expected
to remove solution degeneracy with 5 ab-!


https://arxiv.org/abs/2606.20797
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Belle II physics program
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Br h_)_/sncs
G
New hadron states OQQ Ups,yo
N [s) S {SJ‘\G‘
-
7 ‘5’ L J\A
oY) 2, (2
%Q on ﬁ\!‘ ¢\,
M <Snium e NG,
{cip@ 3
_New baryong \
New y,
e+e- ~>ISR, pi+ pi- cmssrsemeﬂﬂ'zzo ; adrons .
N i 2,
o™ 2. e
spin Fragmentation P 3 Darg li""‘«'re
== ¥ & ]
- Me,
.. Lingceref®™ _Axionlice arne, NG 4G
Invisible 7' *7(%/
10}
Dark Higgs Kse(‘
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Dark Sector =
vy tau neutrics
Q&
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u_nsu.on-U“ad £ S
o .
Mﬂ"‘e"cmo c,e.’zf‘.s"'
9%
Gazelle W
<
T2t mags 4 < 'ip:?
Tay Spectral Functio LV/,)J c‘}l
ns NE 13° X
5
LFV tau decays . 2
a2 hYy
% .\‘,
R
T— 31, l'Y &0‘:\ o
omeS 2
Tau Electric ipole $~\
8
e
5'”1&%;3 0
“La etV

A_FB (tau, mu, e+ b, )

AL
improved 131

cP
ing and
yodt

hv)
9" Charm
o< Sranchy,| Charm Physics
O P
Ve o .. .
S o) D — lv, mixing, CPV, lifetimes
——~cays N@_ME@ELE—TEMS
w1 .
o UT sides
b)
\I‘b'\‘u Exclug
o= <. B — DOy, alv, v, pv
e 2 tay,
a‘-"d'% ~=Rlon universality
(’*® 3\\' mata 9aMMa
Time Dependent Measurements "1 uUuT angles

Belle Il Data

B — J/yK’ K%, Kn

oi pi Direct CPV, isospin sum rules

KPP o
£

[ 0@
& 3
Qo

o

e“ays \»\3&,,,w gamma and rac

Rare B decays

Qe B, K, Xg, X1
‘%o Co% 5 g | ’_> » Mg Agll, VY
"004‘6\ lepton universality, NP
2y

mma determinations
g2 e

Sw
o
harmed resonances

Total publications per quarter

100

I
M=l Close to /:

¥ Submitted 100 publications

40 4

2020 2021 2022 2023 2024 2025 2026
calendar year

Plotted on 02-06-2026

— physics program of Belle Il is
incredibly rich

- despite still relatively small
amount of data, close to 100
published results!

(improved detector wrt B factories,
novel approaches, ...)
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Our group activities

o Ongoing physics analyses

-

-

first search for B — K 77 (almost published)

search for DT — wTeTe™ (almost published)

measurement of inclusive Br of B — A_X

B — K™uv inclusive tag (also starting involvement in SL tag)
search for B — (7, p)TV

search for A — prv

measurement of Br and Acp in B — hn (h = 7T+,K+,KO>

search for B — J /1y

D

<O

Belle 1T



18 D

<O

Our group activities Belle IT

o Particle ID (ARICH + TOP) detectors (leading efforts for >~15 years)

— detector design, construction, operation, upgrade
— software development, detector calibrations

 + many other contributions (analysis framework development, data quality monitoring, etc.)

e Several important roles by our group members

(Peter — deputy spokeperson (ended), Samo — ARICH leader, Gaetano — convener of EW penguins WG,

Paul — Analysis tools WG coordinator, Eldar — neutrals rec. and perf. (ended), Marko — TOP software,
LS - hadronic B decays WG convener (ended), DQM WG coordinator)
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Experiment Ilnte_gralgd I_Eﬂective Average rec_orded /J
uminosity| operating days operating day
Belle 1.04 ab ~2200 ~0.47 fb'/day
How do we compare? —rister | leora 0.53 ab" ~1900 ~0.28 tb/day
Belle Il (2026ab only) 314 fb? 157 ~2.00 fb'/day
Belle Il (all running to date) 914 b ~1000 ~0.91 fb/day
1.0

Integrated luminosity (ab=1)

0.8

0.6

0.4

0.2

0.0

Belle ~ 2200 d
Belle Il active running: ~ 1000 days - i

BaBar ~ 1900 days
2026ab

NB: this is from digitizing our lumi plot; | intend to update this
at the end of the week with the information from our runDB

560 10‘00 15‘00 20‘00
Effective operating days

D
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