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The superconducting final focus is partially visible 
here (before closing the endcap).

Completion of the 2nd SVD half shell; 1st PXD half-shell at KEK
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B production
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B pairs produced at rest in the CM with no extra particles

Event Topology (fits to R2)  tells us we are seeing B’s

R2 = H2/H0

• We are on the Υ(4S) resonance and 
recording B anti-B pairs with ~99% 
efficiency.  

• Not so obvious: When we change 
accelerator optics, we remain on Y(4S).

Probably a Y(4S) event



BaBar and Belle B-factories
The dominant systematic uncertainties on Sf are sum-

marized in Tables III and IV. The dilution due to flavor
tagging can be different between BCP and Bflav events. We
study this effect by comparing the results in large samples
of simulated BCP and Bflavevents. The uncertainties due to
!t resolution functions for both signal and background
components are estimated by varying the fixed parameters
and by using alternative models. We also vary the peaking
background fractions based on estimates derived from
simulation, and vary the CP content of the background
over a wide range to estimate the effect due to our limited
knowledge of background properties. The uncertainties in
the J=cK0

L sample are studied by varying the compositions
of the signal and background, by modifying the !E proba-
bility density function based on studies performed with the
J=cK0

S control sample, and by varying the branching
fractions of the background modes and their CP asymme-
tries. Other sources of uncertainty such as the values of the
physics parameters !md , !B, !"d="d , the beam spot and
detector alignment, and other fixed parameters, are studied
by varying them according to their world averages, the
calibration, and the statistical uncertainty, respectively.
Despite the large amount of simulated signal events that
included the full BABAR detector simulation, we can only
validate the possible fit bias to be no more than certain
precision. As a result, we assign a systematic uncertainty
corresponding to any deviations and the statistical uncer-
tainties of the mean values of the fitted Sf and Cf from the
generated values as the possible fit bias (MC statistics).
The only sizable systematic uncertainties on Cf are due

to the CP content of the peaking backgrounds and due to
the possible interference between the suppressed #b! #uc #d
amplitude with the favored b! c #ud amplitude for some
tag-side B decays [15]. The total systematic error on
SfðCfÞ is calculated by adding the individual systematic
uncertainties in quadrature and is found to be 0.012
(0.016). The main sources of systematic uncertainty are
listed in Tables III and IV.
For the "cK

0
S mode, we found # "fSf ¼ 0:925 %

0:160ðstatÞ % 0:057ðsystÞ, which has a significance of
5:4# standard deviations including systematic uncertain-
ties. Our result is the first observation of CP violation in
this mode.

VIII. CONCLUSIONS

We report improved measurements of the time-
dependent CP asymmetry parameters. The results in this
paper supercede those of our previous publication [5]. We
report our measurements in terms of Cf and Sf. We find

Cf ¼ 0:024 % 0:020ðstatÞ % 0:016ðsystÞ;
# "fSf ¼ 0:687 % 0:028ðstatÞ % 0:012ðsystÞ;

providing an independent constraint on the position of the
apex of the unitarity triangle [17]. Our measurements agree
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FIG. 3 (color online). Time-dependent asymmetry between
unmixed and mixed events, Amix¼ ðNunmix # NmixÞ=ðNunmix þ
NmixÞ, as a function of !t for hadronic B candidates (Bflav) with
mES > 5:27 GeV=c2. The curve is the corresponding fit projec-
tion.
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FIG. 2 (color online). (a) Number of "f ¼ # 1 candidates
(J=cK0

S, c ð2SÞK0
S, $c1K

0
S, and "cK

0
S) in the signal region

with a B0 tag (NB0 ) and with a #B0 tag (N #B0 ); and (b) the raw
asymmetry, ðNB0 # N #B0 Þ=ðNB0 þ N #B0 Þ, as functions of !t; (c)
and (d) are the corresponding distributions for the "f ¼ þ 1
mode J=cK0

L. The solid (dashed) curves in (a) and (c) represent
the fit projections in !t for B0ð #B0Þ tags. The shaded regions
represent the estimated background contributions to (a) and (c).
The curves in (b) and (d) are the fit projections of the raw
asymmetry between B0 tagged and #B0 tagged events.

B. AUBERT et al. PHYSICAL REVIEW D 79, 072009 (2009)
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Nobel Prize in Physics
In 2008 awarded to
Kobayashi and 
Maskawa

Successful experimental program
Established CP violation in B system and 
remarkable consistency of the CKM 
mechanism of the SM ρ
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Why Flavour at higher luminosity

Precise measurements of physics 
processes forbidden, suppressed or 
precisely predicted in the Standard 
Model à sensitivity to more 
fundamental physics

R(D(⇤)) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)`⌫)
<latexit sha1_base64="AQQWTeGEUewy5tjl2lxICEvwIVY="></latexit><latexit sha1_base64="ARjgYSBiDi1f2Yel/iz+iZmi4rM="></latexit><latexit sha1_base64="ARjgYSBiDi1f2Yel/iz+iZmi4rM="></latexit><latexit sha1_base64="UkjKAPwSt/H6TLk8J4W43g4F8TY="></latexit>

R(K(⇤)) =
B(B ! K(⇤)ee)

B(B ! K(⇤)µµ)
<latexit sha1_base64="+Uo/aeuEmKSPylpG3zdaSmNGPyM="></latexit><latexit sha1_base64="XTp04EXhucNiKkzYQCqiF2VVOH8="></latexit><latexit sha1_base64="XTp04EXhucNiKkzYQCqiF2VVOH8="></latexit><latexit sha1_base64="oigrb9jWUau1MgZDjus4m1NIcYU="></latexit>

Role of Flavor Physics 
• Search for New Physics through processes sensitive to presence of 

virtual heavy particles.
• Complementary to direct search at LHC high PT programs.
• Becoming more and more important, since no NP signal at LHC at 

this moment.
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ATLAS CMS Belle IILHCb

~GeV
~TeV

~MeV

Hot topics nowadays:

departure from Lepton Flavour Universality seen at past B-
factories and LHCb



Anomalies in bàc and bàs transitions

“B anomalies”
6

Indications for violation of lepton flavor universality have been 
claimed in the two types of B decays. 

b→cτν 
Tree, BF ~ O(10-2)

b→sl+l-

Loop, BF ~ O(10-6)

Are these clues for new physics?
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From KEKB to SuperKEKB

E. Graziani – Dark Sector Searches with Belle II – SUSY2018 3

(1) Smaller Ey
*

(2) Increase beam currents
(3)    Increase [y

-sx~100mm,sy~2mm

e-

e+

e-

e+

60nm

10mm

... For a 40x increase in intensity you have to make the beam as thin as a few x100 atomic layers

From KEKB to SuperKEKB

43 nm

x2x20 E*
y=0.27/0.30 mm

I+/-=3.6/2.6 A

Critical issues at L = 8 x 1035 cm-2s-1

Higher event rate (x40) 
trigger rate, DAQ, computing

Higher machine backgrounds
radiation damage
occupancy
fake hits and pile-up in the calorimeter



Luminosity profile

Projections+of+Integrated+Luminosity+Delivered+by+SuperKEKB to+Belle+II

o Target+scenario:+extrapolation+from+
early+2021+run+including+expected+
improvements

o Base+scenario:+conservative+
extrapolation+of+SuperKEKB
parameters+from+early+2021+run

800fbE1

1300fbE1

600fbE1

900fbE1

Long+Shutdown+1+(LS1)+is+currently+scheduled+to+start+January+2023

If+SuperKEKB performance+indicates+that+insufficient+integrated+luminosity+will+be
collected+before+LS1+or+COVIDE19+travel+restrictions+persist,+the+option+exists+to+
postpone+the+start+of+LS1+to+July+2023

EPS-HEP 2021:   Belle II Highlights and Flavour Physics in e+e-

Status of Integrated Luminosity and Long-term Operation Plan

Very successful data taking throughout the pandemic
- overall data taking efficiency of 89.5%
- collected up to 12 fb-1 per week: Super-B factory mode

Current working plan follows the KEK Roadmap2020
- LS1 in 2022 for PXD & TOP-PMT replacement
- options for a possible IR upgrade � 2026 under study ≳

�11

LS1: 
TOP PMT 

PXD

LS2: 
RF upgrade 

IR(QCS)

Remodelling  
of Linac

Tentative long-term operation plan

 34.5 fb-1

 65.8 fb-1

Eiasha WAHEED

Data Taking at Belle II 

Data taking till Summer run 2021: 213.49 fb-1 
with ~90% data taking efficiency 

• Operation started in 2019 

• Plan peak luminosity of   

•  Peak luminosity  

•  
(World record set on 22nd June 2021) 

6.5 × 1035cm−2s−1

ℒKEKB
peak = 2.1 × 1034 cm−2s−1→ ℒSKEKB

peak = 3.1 × 1034 cm−2s−1

nBB̄ = 1011

Processed 
data = 213fb-1

5

Data taking plan for next 5 years

Belle II has started taking after summer 2021 break ..

Data taken till summer: 213 fb-1

Data taken till 20 dec 21: 266 fb-1

World record istant. lumin.: 3 1034 cm-2s-1
World record daily int. lumin.: 2 fb-1 / day

BaBar Y(4S) dataset

Belle Y(4S) dataset



From Belle to Belle II detector

ICHEP Seoul 2018 Phillip URQUIJO  26

Detector layout (Belle -> Belle II)

Belle 

RPC 
->Scintillator

(Endcap and inner two layer of Barrel for neutron BG)

Belle II VXD
R=14-140mm
(Ks acceptance)
Belle SVD
R=20-88mm

5

(Better K/p separation)

The Belle II Experiment: Status and Prospects



Belle II unique capabilities

Physics deliverables

Improved precision on CKM elements and 
UT angles

Measurement for CP violation phases

Inclusive measurements 
bà s/d g bàs l l

Missing energy modes
Bà l n Bà K n n, Bà Xu,c l n

LFV in tà l g , 3l

Dark matter, Hidden sector, spectroscopy
Large sample of B, D, and t with low 
background

Exactly 2 quantum correlated B mesons at Y(4S)

No trigger bias – almost 100% for B pairs

Excellent efficiency and resolution in tracking 
as well as in detecting photons, KL, p0
àreconstruction of intermediate resonances
àDalitz plot studies

Clean environment (w.r.t. to hadron machines) 
allows “full interpretation” of the event
à powerful tool for physics with missing       

energy (many neutrinos) or fully inclusive 
analyses



International collaborationBelle II Collaboration
4

• ~1120 active members
• ~240/~140/~70 (Ph.D/Msc/Undergrad. ) students

• 123 institutes
• 26 countries/regions



First Belle II Physics Publications 
Combined analysis of Belle and Belle II data to determine the CKM angle ϕ3 using
B+→D0(K0Sh+h−)h+ decays
Submitted to JHEP
First Belle / Belle II combined analysis on UT gamma angle

Precise Measurement of the D0 and D+ Lifetimes at Belle II, 
Phys. Rev. Lett. 127, 211801 (2021) 
Most precise measurement of D0 and D+

Search for B+→K+ν ν Decays Using an Inclusive Tagging Method at Belle II
Phys. Rev. Lett. 127, 181802 (2021)
b à s transition – probe of physics beyond SM ( like B à K l+ l- )

Search for Axionlike Particles Produced in e+e− Collisions at Belle II
Phys. Rev. Lett. 125, 161806 (2020)
Dark sector search at e+ e- machine

Search for an Invisibly Decaying Zʹ Boson at Belle II in e+e−→μ+μ−(e±μ∓) Plus Missing Energy Final
States
Phys. Rev. Lett. 124, 141801 (2020)
First Belle II physics paper.  M. Campajola PhD dissertation

+ many conference contributions with physics measurements assessing the experiment readiness/ 
performances in doing real physics analysis



Anagrafica INFN 2021
Guglielmo De Nardo 90%
Alberto Aloisio 30%
Fabio Ambrosino 10%
Marcello Campajola 100%
Francesco Di Capua 30%
Raffaele Giordano 50%

Calorimetro elettromagnetico
Mantenimento e operations del sottosistema (De Nardo, Aloisio, Campajola, Di Capua, Giordano, 
Merola, Mirra)
Sistema di monitoraggio temperatura e umidità (Aloisio, Di Capua, Giordano)
Studio background di fascio
Dosimetria con film radiocromici (installati calorimetro e vertice) sviluppo e installazione sistema di 
lettura on-line (Di Capua)
Studio rad-hardness di FPGA installati sulla beam-line e su detector (Giordano)
Calcolo
Attività di produzione di simulazioni MC (data center ReCaS/Ibisco)
Coordinamento dei data center italiani (Pardi)
Fisica 
Analisi dati di processi leptonici del B e del dark sector (De Nardo, Merola, Campajola, Gaudino)
Misura della produzione di coppie di mesoni B (De Nardo, Merola)
Studio delle performance ricostruzione fotoni e p0 (Gaudino, Mirra)

TOTALE:  5.95 FTE

*percentuali su altre
sigle di progetti  con
attività riconducibili a 
Belle II sono
state incluse 

Mario Merola 85%
Marco Mirra 40%
Guido Russo 70%*
Antonio Ordine 20%
Silvio Pardi 70%*
+ Giovanni Gaudino new PhD



HIGHLIGHTS ATTIVITÀ NAPOLI



ECL endcaps temperature and humidity
monitoring

A monitoring system based on uSOP has 
been installed and is currently acquiring 
temperature
and humidity from sensors on the ECL 
endcaps

The system is fully integrated with the Belle II 
slow control  

uSOP is a single board computer based on  
ARM processors, developed in Napoli

A. Aloisio, F. Di Capua, R. Giordano



Hardware activities

• Kintex-7 and Virtex-5 FPGAs 
installed and tested for 
radiation effects

• Development of a FPGA 
based  self reparing circuit

Phase2

Film calibration to electron and gamma
• Integral dose measured 

with radio-chromic films
• Films response calibrated 

at known doses
• Installation of on-line 

readout system in 2022

FPGA radiation tolerance

Radiadion dose measurements

Radioc
hromic
Film

F. Di Capua

R. Giordano



Computing G. Russo, S. Pardi

Silvio Pardi Coordinatore italiano del Computing e 
“Infrastructure coordinator” per la collaborazone
Risorse di Calcolo
Napoli fornisce oltre 2000 Core tra risorse INFN ed 
UNINA e 400TB di spazio disco.  Tra I siti più grandi
della collaborazione.
IBISCO Project 
Finanziamento del PON IBISCO. Già acquisiti oltre
6.000 cores per High Troughput Computing e 10 PB 
di spazio disco di cui 1PB già disponibile per Belle II. 

Numerose attività di R&D in Corso coordinate da Napoli.
• New protocols for data access/data management (HTTP/SRMless storge)
• Data Federation
• Caching System
• Network packet Marking
• Accesso to Federate Cloud Resource by EGI



B counting

! = ∑! $! % &!
∑! $!" % &!"

Efficiencies and cross sections of 
non-BB processes in on-peak and 
off-peak (primed quantities) data.

'#$%! =
(&'
(&((

Efficiency of hadronic 
selection for BB events

Estimated number of non-
BB events in on-peak data

Number of selected 
hadronic events
in on-peak data

!!! = #!"#$%&'()* − %+,-. ⋅ !"#$%//'()* ⋅ ' (!!

Ratio of measured 
luminosities

3

Motivation of B-counting 
• NBB important input for branching ratio measurements
• NBB = L · sBB has high uncertainty due to the uncertainty on sBB (2-5%)

B-counting strategy

G. De Nardo, M. Merola

Responsibility of Napoli and Perugia group
Aiming at the publication of the method in 2022 

From Mario
Talk at Belle II 
meetings



Leptonic decays
Very clean theoretically, hard experimentally
SM is helicity suppressed 
Sensitive to NP contribution (for ex: Charged Higgs)

+W+,H+b

u

l+

nℓ

B+

B(B ⇥ l�) =
G2

F mB

8⇥
m2

l (1�
m2

l

m2
B

)2f2
B |Vub|2⇤B

Belle II may test LFU 

€ 

Rτµ =
Γ(B→ µν )
Γ(B→τν)

€ 

Rτe =
Γ(B→ eν)
Γ(B→τν )B(B ! l⌫) = B(B ! l⌫)SM ⇥ rH

rH = (1� tan2 �
m2

B

m2
H

)2 in 2HDM type II

Mode SM BR Current meas. Belle II
5 ab-1 

Belle II
50 ab-1

tn 10-4 20% uncertainty 15% 6%

µn 10-6 40% uncertainty* 20% 7%

en 10-11 Beyond reach - -

From sensitivity study we published in
The Belle II Physics Book

talk from
Giovanni Gaudino
later today

Rτπ =
Γ(B→ τν )
Γ(B→ π lν )

* PRL 121 031801 2.4s excess [2.9,10.7]×10-7 at 90% C.L.

G. De Nardo, G. Gaudino, M. Merola

Aiming at public Belle II result in late 2022



Dark sector searches M. Campajola

𝜎 ∝ 𝜖2 𝛼𝐷

3

Next to minimal dark photon model: 
A’ mass can be generated via a spontaneous symmetry breaking mechanism, 
adding a dark Higgs boson h' to the theory [1].

Both particles (A’ h’) can be produced via the dark Higgsstrahlung process. 
Here, investigating the case:
• 𝒎𝒉′ < 𝒎𝑨′:  ℎ′ is long-lived, thus invisible. Constrained by KLOE (2015).

Strategy: looking for two muons plus missing energy.

• Signal signature: 2-d peak in the recoil vs. di-muon mass plane.
• Background: SM processes with 2 particles identified as muons and

missing momentum.

[1] B. Batell, et al., Phys. Rev. D 79, 115008 (2009)

𝑒+𝑒− → 𝐴′∗ → ℎ′ 𝐴‘
𝜇+𝜇−

Dark Higgsstrahlung
- Intro

𝑀
𝑟𝑒
𝑐

𝑀𝜇𝜇KLOE

Belle II

1 GeV/c2 10,58 GeV/c2

Dark Higgs-strahlung

6

Invisible Z’
- intro

𝑔′

𝒆+𝒆− → 𝝁+𝝁− 𝒁′
𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆

A massive gauge boson Z’ coupling only to the 2nd and 3rd

generation of leptons [1,2].

Here looking for the invisible decay: SM neutrinos or DM if 
kinematically accessible.

• Signal signature: a bump in the mass distribution of the recoiling
system against 𝜇𝜇 pair;

• Background: SM processes with 2 particles identified as muons 
and missing momentum.

[1] Shuve et al., Phys. Rev. D 89 (2014)
[2] Altmannshofer et al., JHEP 106 (2016)

First results with Phase 2 data (276 pb-1) PRL 124 (2020) 141801

Currently working at an update of the analysis with the 2019-2020 dataset.

Z' decays to invisible

• Low multiplicity e+ e- collision products effectively exploitable to search for dark sector
portal searches

• Search of Z' decays to invisible already published in 2020

• Dark Higgsstraluung on the way to be published in early 2022

• Already working on the update of the Z' search

talk from
Marcello Campajola
later today


