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The Belle!ll Detector

Vertex detector (VXD)

Inner 2 layers: pixel detector (PXD)
Outer 4 layers: strip sensor (SVD)
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ElectroMagnetic Calorimeter
Barrel: Csl(Tl) + waveform sampling
Endcap: waveform sampling
Energy resolution : 1.6 - 4%
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Particle Identification

Barrel: Time-Of-Propagation
counters (TOP)

Forward: Aerogel RICH (ARICH)
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K, detector (KLM)

Outer barrel: Resistive Plate
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Particle ID and separation

A Kl/p: e~86% @ 5% fake (0.57 4.5 GeV/c)
A nip: e~90% @ 3% fake (0.2 7 5.0 GeV/c)
A elp: e~98% @ 0.5% fake (0.2 i 5.0 GeV/c)
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D Unique capabilitiesof
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A Beam energy constraint

A Clean experimental environméigh B, D, K,
t lepton reconstruction efficiency

A Long lived particles (elg), p°s andphotonswell
reconstructed

A "' produced in quantum correlated staitghflavour
tagging effective efficiency (37% vs 3%@b) £ /

A Thefull reconstruction of one B,y constraints the
4-momentum of the other B

A Reconstruction ofhannels with missing energy T By ,/

I T 2t S\ K-
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Stringent kinematic

constraints Use of event shape variables
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Full Event/Interpretation (FEl)
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FEI output > 0.001

Inclusive Tag
e = O(100)% e

Consistency of By, %

Entries per 0.0005 GeV
2

Continuum

o Semileptonic Tag /D: o =k FEI output > 0.1
5 e=0(1)% —B.,\\[ S B

& Knowledge of By, k., <
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Hadronic Tag
e =0(0.1)% —B//< C
Exact knowledge of B, . < e L s

TN T O A I
tag 324 5245 523 5255 526 5265 527 5275 528 5285 529

] | A 6 My, / GeV

Tagging efficiency (evaluated on Belle MC) @10%
Tagging Algorithm  Had B+/B0(%) SL B+/B? (%)

The FEI uses aultivariate technique
to reconstruct the-Eag side Full Reconstruction

(semileptonic or hadronitirough Belle 0.28/0.18 0.67/0.63
O(10) decay modes in a Y (4S) decay.

FEI Belle 0.78/0 46 1.80/2.04

Belle algorithm:
Belle Il FELI:


https://www.sciencedirect.com/science/article/abs/pii/S0168900211011193
https://www.sciencedirect.com/science/article/abs/pii/S0168900211011193
https://www.sciencedirect.com/science/article/abs/pii/S0168900211011193
https://doi.org/10.1007/s41781-019-0021-8
https://doi.org/10.1007/s41781-019-0021-8
https://doi.org/10.1007/s41781-019-0021-8
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Belle II

A Semileptoniandrare B decay&FU test, [\, leptonic, EWP
A CP asymmetriés D decays

A Dark sectosearches

A Tau sectarLFV searches

A Quarkonium

Results shown here are based on Belle data7L1fb,
and Runl Belle Il data,,420fb! (or a fraction of it)

See 17 morning session for focused talk on


https://indico.cern.ch/event/1457095/contributions/6455367/
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R(D) and/R(D*) INFN

Semileptonic tag
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https://arxiv.org/pdf/2504.11220

V.| determimation: frominclusive

A First Belle Il measurement Hadronic tag

Belle Il Preliminary

. . . . This
A Kinematic variables to suppress main measurement [ BLNP ——
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2006/01/097
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058

Total decayrate expresseds expansiorof nonperturbative
matrixelementgheavyquarkexpansiorbHiQE)
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Hadronic tag

Novel approach to determing,¥ |6 |
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https://link.springer.com/article/10.1007/JHEP02(2019)177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
https://link.springer.com/article/10.1007/JHEP10(2022)068
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A Leptonicdecaysrehelicitysuppressed Hadronic tag
A Sensitivéo NewPhysicgeg chargediggs)
A Reconstrucsignain 1-prongt decaynodes

A 2D ML fits to O and0 in four t decay

categoriesimultaneously
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0.72 337 £0.11  pRr110(2013)13,131801
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3.3 from background L |

only hypothesis 0 2 4 6 8
. . . . B(B* 7' r,) (x1071)
Despite the smaller dataset, the stat. uncertainty is comparable to the previous

experiments due to timproved tagging and aroptimized selection (2025)
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https://arxiv.org/abs/2502.04885
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
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Belle II

A CP violation smaller than in beauty sector
A CPV in charm only observed by LHCh ir ) )
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40 AR T T e 7 o
ol ) o tmarersanr )
2 > -0.5
ot Vi ‘ £ o2F } {
. =
-1 -05 0 0.5 1 E 0 1ot ‘ ‘ ‘ . ‘ ;
qr (CFT output) E:; _o2k ) * | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
D° cosOcm
1.8 2 22
1% [GeV/c?
NEW: Use of (CFT) o) [GeVIe

Acp= ( T+ DI+x@0.1)% A= (1% A9t80.1)% A_,=(029% 027+ 0.13)%
Worl dds bes,t delt¢satmimpreveniemrhio 349 (stat.) improvementr.t
combining Belle and Belle Il Belle with only half statistics to worl dos

measurements
(2025),


https://www.annualreviews.org/content/journals/10.1146/annurev-nucl-102419-124613
https://doi.org/10.1103/PhysRevLett.122.211803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015
https://arxiv.org/abs/2504.15881
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.112010
https://arxiv.org/pdf/2506.07879
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Belle IT

Direct production C , ) :
from collision Production in SM particle decays Special triggersfor
e'e > XpuXens B/D/t/ - - > XouiXsr low-multiplicity

events: single track,
>Wv< >W*</ X iﬂwﬁe S muon, photon

A Search for ALFh the MeVGeV scaled © 0 “ @ © [ | using Belle dataset (7 1%fb
A Four kaon modes included®(KK*0:+)
. . . . Belle Preliminary [ £dt = 711 fh!
A Fit to diphoton invariant mass &
. . — . =
A Limitson the couplintQ improved by 3w
a factor 2 from BaBar 5
Belle Preliminary _[Ldt=7ll fb! B'— K'a(— yy).M,, < 1.0 GeV 10—
E 10* —+— Data = e‘;‘ -qq
g 10° _ ZE 5 .
?;; m 10-5
" i rgtimmbbagatiat
g .?'*"%'H !H, |H|L HH\T\J}F{% ﬂ{ T Hllle =" 10-6 1]?]_1 Dump BeféueB_)K a(— 77)
8 os® 0.2" J 1 04; i 04 HW IOI 7*07}5 ( l ‘0.7 ‘ ‘ 10;H ’09' _Ll m, (GeV)
M,, (GeV)

submitted to JHEP, arXiv :2507.01249 (2025)



https://arxiv.org/abs/2507.01249
https://arxiv.org/abs/2507.01249
https://arxiv.org/abs/2507.01249
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I QO p® Y Al x £ x pl AO Belle Il is also &lepton factory ‘!

O 1 1 1
Inclus:!;e tagai T © Q 'rb'rb
gging schema

inclusive taggin
1prong tag gging

+ T T Tt ptutet Belle IT preliminary [ £ dt =428fb!
8 —— Sigmal === Total PDF
3prongs o Bkgrowd  § Duia
= L
g 7 Belle II Signal region = 8 6 -
T 03 1 _ -1 — £206 region 5 o |
o ] f Ldi=424f0 —— Sidebands 5 e s
D::i ] B(""‘),‘J#‘#) =B x 1{}”4 * Data “)3'_‘ i I
g2 s g 2 |
4 Y % E2r
] . SE
{).l—+ 4% ﬂ_.”.‘.”.m..m WP .
] 102 = 14 15 16 17 18 19 20
] g Mg [GeV/c?]
0.0 N
1 Nexp Nobs Chyg Bx10~* BYEx10-® BUE x 103
—0.1 o e“ete= | 61133 5 0.521282 0 2.7 2.5 4
] eetp~ | 121757 12 —0.407187 0 2.1 1.6 =
~024 ) e~pte” | 105753 17 —2.907 %) 0 1.7 1.6
1].s ppte | 207188 18 —2.501]13  0.487090 1.6 24 W
03] pmetp~ | 75735 9 —0.3493 0 1.4 1.3 %
1 1 T T T T [ T T T T T T T T T T 1T
1.70 1.75 1.80 1.85 . : -
M, [GeV/e?] most stringent limits to date

Obtained most stringent limit 1.9 X 20


https://link.springer.com/article/10.1007/JHEP09(2024)062

Quarkonium

INFN

10 IBeIIe 9.6/ib
Ng 200}~ Belle I 10.746 GeV — 8[ | Belel
2 - 9.8 fb™! =2
S In 2021, SuperKEKBz <}
%)) w
8 o - 4.6/fb
LTEJ ran above Y(4S) E B N 3.5/fb
-1 L
s -
9(t 3) 34 resonance 2 1.6/fb
OZIIIIJJIIIIJlIILIIJIILII
10.6 10.65 10.7 10.75 10.8 10.85
Center-of-mass energy [GeV]
al 8- Belle Il data Belle II, 1.6,9.8,and 4.7 fb™ |
. r == Belle data 5 _
— f;/ 6’ S = Total i _?4§
2 — [ P ==== Solution | 17 -
M. [GeV/cT] %‘i.n ; . -« Solution Il ] 5 %43
S 0oL ¢Belle ¢ Bellell B £ o4r 1 1
c o | ]2 o
B o0 2 L )
g 01 h © L 71 b
° 0 :, T T T et S T 0 ﬁ'!"ﬂ.'1'T'T'T'.:.. ".:';7:1.-'-.-1"':‘;:'.-..-.-.. H -.=:|-1-7‘r'r'.".".::| .;+"1-1-#-;-.=.a=: 0
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E. [GeV] (s (GeV)

Measurement of the energy dependence
of theQ'@ 6 dBo6°h°6” cross sections

at 10.745 GeV

A Measurement of cressction peak,
consistent witly (10753 ptate
A First observation of ¢z(10) signal


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902
https://link.springer.com/article/10.1007/JHEP10(2024)114
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LS1 (2022024).
- detector improvements, mainly installatio
of full two-layer pixel detector(PXD2)

CDC+SVD

- CDC+SVD+PXD L2

- CDC+SVD+PXD L1

- Expected improvement

transverse impact parameter resoketjon [um]

. - 200 - as first hit gets closer to
- acc_elerator Improvements, e.g.—lnmar oo "~ interaction point
collimators to combat beam background —
100 —_ -—
- B+: performance comparison [Fixed signal window] 50 e
. - q-%—*\—_—\_—\
data: BELLE e —
L759 I ::E:i Egiz v1Runl 06 04 02 ° 02 log ?I34[Gev?)-6
(+40%) data;MC 16 v1 Runl&?2 o
1.50 A
E 125
z
.E 1.00
E 0.75 -
0.50 +
025 - Sigpificantly improved Btagging
for incoming Runl+Run2 analyses
0.00 T T T T T

T
30 40 50 60 70 80 90 100
Purity [%]
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B D10 _L02 Event Frequency with Beam Abort
] | 3

Run 2 (2024)
A back to operatiorst 1 i
Pp Tt ax | ,but..sudden beam loss

i Cleaning
i on Nov. 6

has happened frequently that can lead ::
very large dose in the detector . ;
A Two such losses led to damage of 2% m
PXD g aturees offfPXD as a
70
precautionary measunetil beam losses » Peak laminosity
mltlg ated . 6 [—— ™ e | // """""""" 60
- i Integrated luminosily (delivered) :
s [ wodoswpte | / _________________________ 50

A Black stains found inside beam pipe
flanges, probably caused/agseal
residual(high vacuum sealant)

%) LN
(= S
Integrated luminosity (delivered) [ab™']

Peak luminosity [x10™cm- 25 3|

20

A We Gesume collisions in Nov 20asd S A
v, , It ' Upgrade proposalm
plan toexcee T ax | by LS2 i A1 arXiv:2406.19421

! ! 1 i
Jan 2024 Jan 2029 Jan 20 -?4 J(m 20 -?9
Date


https://arxiv.org/pdf/2406.19421
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Middle-term upgrade plan during LS2 (2028 or later) Vertex detector

* Fully-pixelated CMOS DMAPS detector

Photocathode lifetime improvements

Drift chamber (CDC) . -
* New front-end electronics (less cross-talk, %’ . _ ) _
\ ‘ - better radiation hardness, and less power) Z 15 “_ LR g MR8 Tk m—Lp \l\
e Particle identification ool "X Life-extended ALD\
Barrel: Time-Of-Propagation counters (TOP) ﬂ ‘-\i: (>15 C/cm?)
* Replace w/Ilfe—extende.cI PMTs 0.8 \{{ ALD ” » XMO267
* New front-end electronics (less power) - \ 5
iL \ (2.5 C/cm?) = KT0074
K /u detector (RPC + scintillator) 0.7 Comventional 4 YHO203
* Option 1: Replace RPC w/ scintillator 0 6:—l ~ Olng:n,"o)na TO P
* Option 2: RPC avalanche mode operation B T L A
| 0 5 10 15 20 25 30
Level-1 Trigger accumulated output charge (C/cm?)
* Replace electronics with latest technology to allow more
sophisticated ML algorithm and more data bandwidth
i I B |
R Residual of B decay vertex OE ®- New, VTX (+CDC)
:i [ sonnten Vertex resolution < e
e s Current VXD: ~23um G e “m
D New VTX: ~14urh E .
oy v i ¢ See July 22 afternoon '» ..
10 US St T e
. rip'Si (+CDC
| session for focused taIE prat (+€BO)
0.05 - on E )
= 901 ‘8
98 e o 005 ry Optimistic Intermediate Conservative

BG scenario BG scenario BG scenario
s.g o, [cm]


https://indico.cern.ch/event/1457095/contributions/6455366/
https://indico.cern.ch/event/1457095/contributions/6455366/
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Belle Il experiment has collectegamplthatexceeds the size of
BaBandsseor e t han half the si

Belle Il is not only a high luminosity Belle Experiment. With tf
of novel analyses techniques we have already aciseltedhat
compete with previous measuremantssomeesults that are
exclusive to us

After LS1, weesumed collisions in March &
2024 (Run 2and in few years Belle Il will get ffzm.\/

the sensitivity teshed light on the anomalies |~
In the Standard Model
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Thanks!

Belle I
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Exclusive andiinclusive Bcdecays¢” INFN
Belle I '

Experiment Theory
Exclusive 1. Lower signal efficiency Lattice QCD

2. Lower background Q4 o |® | 'O'@) ) (LQCD, LCSR)
Inclusive 1. Higher signal efficiency Heavy Quark Effective

2. Higher background

Exclusive decay:

Theory (HQET)
6 @O 8o || p pfa E (OPE

Inclusive decay:



Y(O* ) systematics INFN

TABLE I. Systematic uncertainties on R(D ") and R(D*")
ranked by the magnitude of the uncertainty on R(DV). The
percentage values in brackets indicate the relative uncertainty.

Systematic Uncertainty

AR(DT)  AR(D*T)

Additive
MC sample size
Gap B
LID efficiency ()
Fake rates (e)

from D* — D=

Continuum fraction
B — D™ip, | 5, FFs
Gap FFs
B(B — D" t5,)
B — D", FFs
BDT modeling
LID efficiency (e)
Fake rates ()

0.033 (8.0%) 0.014
0.027 (6.4%) 0.001 (0.1%)
0.022 (5.1%) 0.001 (0.1%)
0.012 (2.9%) 0.003 (0.9%)
0.003 (0.7%) 0.001 (0.1%)
0.002 (0.6%) 0.001 (0.2%)
0.002 (0.5%) 0.002 (0.7%)

%)

0.002 (0.5%) 0.001 (0.1%)
0.001 (0.3%) 0.001 (0.2%)

0.001 U.l%) 0.001 (0.29 (:)
0.001 (0.1%) 0.001 (0.1%)

Total Additive Uncertainty

(4
(
(
(
(
(
(
0.002 (0.5%) 0.001 (0.2%)
( (

( (©
0.001 (0.3%) 0.001 (0.2%)
( (

( (

( (

0.050 (12%) 0.015 (4.8%)

Multiplicative
B — D(*)&?p / i, FFs
MC sample size
LID efficiency (e)
B(r~ — £ vyr.)
LID efficiency (1)
Tracking efficiency

7% from D* — Dr

0.009 (2.1%) 0.011 (3.5%)
0.007 (1.7%) 0.004 (1. 2%)
0.001 (0.2%) 0.001 (0.2%)
0.001 (0.2%) 0.001 (0.2%)

0.001 (0.1%) 0.001 (0.1%)

- ) 0.001 (0.2%)

Total Multiplicative Uncertainty

0.012 (2.8%) 0.011 (3.7%)

Total Syst. Uncertainty

0.051 (12%) 0.018 (6.2%)

Total Stat. Uncertainty

0.074 (18%) 0.034 (11%)

Total Uncertainty

(3.1
(
(0
(
(
0.001 (0.1%) 0.001 (0.1%)
(
¢
(
(
(

0.090 (22%) 0.039 (13%)
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o ™ i z0 n i 20 Hadronic tagge
Y((*)T) O wtT T 0 Wa analysis

A 2D ML fit to extract the signal and . N P
normalization for electon and muon moc _,; “= | —

simultaneously, in bins gf ando
R(X ;) = 0.228 £ 0.016 (stat) & 0.036 (syst)

n
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I Continuum
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t Exp data

A Consistent with SM ad’O* anomalies
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804
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