
Projet de participation a une jouvence de l'experience Belle II
Situation du projet, programme scientifique et engagement des equipes IN2P3

K .Trabelsi (IJCLab)

EAP 2019
Lint = 6.4 fb−1

EAP 2020
Lint = 74 fb−1

Lint = 430 fb−1

EAP 2021
Lint = 213 fb−1



  

Belle II , a flavour -factory ,
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∘ 2 B's and nothing else !
∘ 2 B mesons are created simultaneously

in a L=1 coherent state

a rich physics program...
∘ We plan to collect (at least) 50 ab−1 of e+ e− collisions at (or close to)

the Υ(4S) resonance, so that we have:
− a (Super) B -factory (∼1.1 × 109 BB pairs per ab−1

)

− a (Super) charm factory (∼1.3 × 109 cc pairs per ab−1
)

− a (Super) τ  factory (∼0.9 × 109
τ

+
τ

− pairs per ab−1
)

− exploit the clean e+ e−  environment to probe the existence of exotic
hadrons, dark photons /Higgs , light Dark Matter particles, ALPs, LLPs ...
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(but also charmonium, X , Y , Z, pentaquarks , tetraquarks , bottomonium...)

(Belle ∼ 1 ab−1
)

⇒ to reach 6×1035 cm−2 s−1

⇒ cumulate 50 ab−1 by ∼2035



  

Belle(II) , LHCb side by side
Belle (II) LHCb

at Υ(4S) : 2 B's (B0 or B+
) and

nothing else ⇒ clean events

e+ e−
→Υ(4S)→bb pp→bbX

production of B+ , B0 , Bs , Bc , Λb...
but also a lot of other particles in the event

sbb ∼ 1nb ⇒ 1 fb−1 produces 106 BB

sbb /stotal ∼ 1/4

sbb much higher than at the Υ(4S)

sbb /stotal much lower than at the Υ(4S)

⇒ lower trigger efficiencies

⇒ lower reconstruction efficiencies

b b production cross-section at LHCb ∼ 500,000 × BaBar /Belle !!

B mesons live relativey long

mean decay length βγc τ∼ 200 μm mean decay length β γc τ∼ 7 mm

(near ) future

[1999-2010 ] = 1 ab−1

[2019-... ] = ...
[run I: 2010-2012] = 3 fb−1

[run II: 2015-2018] = 6 fb−1

data taking period(s)

[Belle II from 2019] → 50 ab−1
[LHCb upgrade from 2022 ]3

(flavour tagging , B tagging, missing energy )

(displaced vertices)

higher luminosity



SuperKEKB, the first new collider in particle physics since the LHC in 2008
(electron-positron (e+ e−

)  rather than proton-proton (p-p))
Phase 1

Background , Optics commissioning
Feb - June 2016

Brand new 3 km positron ring

Phase 2: Pilot run
Superconducting Final Focus

add positron damping ring
First Collisions (0.5 fb−1

)

April 27 - July 17, 2018

Phase 3: Physics run
Since April , 2019

Nano-beams and more beam current to increase luminosity

⇒ to reach∼6×1035 cm−2 s−1

⇒ cumulate 50 ab−1 by ∼2035

Squeeze strongly at IP



Belle II detector

KL and muon detector
Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC

(endcaps)

Particle Identification
Time-Of-Propagation

counter (barrel)
Prox . focusing Aerogel RICH

EM Calorimeter : CsI(Tl)
waveform sampling

Central Drift Chamber
He (50 %) :C2 H6 (50 %)

small cells , long level arm ,
fast electronics

Vertex Detector
1/2 layers DEPFET

+
4 layers DSSD

Installation of Vertex Detector (Fall 2018)

on - going DAQ upgrade
( installed in 2021 -2023)

PCIe40 board , capable of reading via
high speed optical links and to write

to computer at rate of 100 Gb/ s:
limited number of boards (20) enough

to read entire Belle II detector

considering now VTX upgrade (2027 or later)

Main challenge : Preserve detector performances while luminosity (so beam background) increases
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Physics at Belle IIB→ J/ ψK0 b→sqq

Vub

Vcb

sin2β=0.72±0.06±0.02w /190 fb−1 only !



Model candidates

Lot of those models predict also LFV
b→seμ , b→se τ ,...

Leptoquarks are color-triplet bosons that
carry both lepton and baryon numbers

Test of lepton universality using B+
→K(*)l+ l− decays

G.Isidori , FPCP 2020: correlations among b→s(d) l l ' within the U(2)- based EFT
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Missing energy analyses (so efficient ....)

B→K τ l

(3 fb−1
)

B→K ν ν

B→D(*)
τ ν



  

cLFV : beyond the Standard Model

9

40

long -standing, and well motivated (particularly since the discovery
of neutrino oscillations) programme of searches for charged Lepton Flavour Violation
less stringent limits in 3rd generation , but here BSM effects may be higher

10−9



prise de donnees de mars 2019 a juin 2022
→ malgre des conditions difficiles depuis mars 2020 (Covid, guerre en Ukraine , cout de l 'energie...)

luminosity : 4.7×1034
/cm2

/s ! > 2fb−1 per day !
Juin, 2022

record de KEKB/Belle
2×1034

/cm2
/s currents >1 A

record de PEPII /BaBar
1×1034

/cm2
/s currents >2 A

Belle II run I (2019 - 2022)

βy
*
= 1mm , ILER /HER = 1.4 /1.2 A

squeezing further β y
*
(→ 0.6mm)

doubling (or more) the currents
⇒ L > 1035

/cm2
/s after LS110



EAP 2019
Lint = 6.4 fb−1

EAP 2020
Lint = 74 fb−1

EAP 2022
Lint = 430 fb−1

EAP 2021
Lint = 213 fb−1

Belle II run I (2019 - 2022)

ICHEP 2022 results

5 × 1034
/cm2

/s
∼ 1 BaBar / year
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LS1 work for SuperKEKB

2×1035
/cm2

/s !
(∫L∼5-10 ab−1

)

LS1

LS25×1034
/cm2

/s !
(∫L=0.43 ab−1

)

10 BaBar

1 BaBar

100 BaBar

first long shutdown :
∘ accelerator : Linac upgrade + main ring improvements
∘ Belle II detector : PXD2 and few PMTs /boards replacements (TOP /CDC)

+ beam background shielding
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Linac + BT upgrade items during LS1:
∘ electron two-bunch injection suffered from vertical orbit shift and emittance growth of the 2nd bunch
→ Linac fast kicker to solve the orbit shift
∘ Installation of 8 pulsed quads at J-arc matching section
∘ Installation of 4 pulsed quads at e+/e- compatible optics region

Fast beam loss abort is a serious problem (BCS quench and collimator damages)
cause not fully understood (improve simulation and prepare additional monitors)



LS1 work for Belle II
PXD2

(+new beampipe)

TOP

⇒ news about PXD2
all ladders for L1 and L2 ready
half−shelves mounted
need to understand glue issues with 2 ladders
→ expect no significant impact on schedule

⇒ reprise prevue pour fin 202314

and also CDC: HV resistor replacement ,
FE repair ..



run 1 (→ juin 2022): luminosite integre ∼0.43 ab−1 , 4−5×1034
/cm2

/s
PXD complet (2 couches) a installe durant LS1 (2022-2023)

(+beampipe + TOP PMTs)

run 2 (→ 2027): luminosite integre 5- 10 ab−1 , 2×1035
/cm2

/s

→ SuperKEKB with polarized beams ,  White Paper (arXiv : 2205.12847)

(A. Martens for polarimety part)

2027 : collider upgrade (QCS+RF) → installation upgraded detector
run 3 (→ > 2030) : 50 ab−1

2×1035
/cm2

/s !
(∫L∼5-10 ab−1

)

LS1

LS25×1034
/cm2

/s !
(∫L=0.43 ab−1

)

10 BaBar

1 BaBar

100 BaBar

Calendrier de Belle II
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Belle II France (23- 24 septembre 2021 @ IJCLab)

⇒ prochain meeting Belle II France printemps 2023 @ IPHC



Composition des equipes Belle II (2022)

Philip Bambade CNRS, DR 1
Emi Kou CNRS, DR 2
Francois Le Diberder Universite , Prof
Aurelien Martens CNRS, CR (30%)

Karim Trabelsi CNRS, DR 2
Tak Shun Lau postdoc IN2P3 (11/2021 - 10/2023)
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∘ Permanents et post−docs [arrivee recente /prochaine , depart prochain / activite reduite ]

(concernes par les M&O payes par l ' IN2P3)

@ CPPM

@ IJCLab

@ IPHC Jerome Baudot Universite , Prof
Giulio Dujany CNRS, CR
Christian Finck CNRS, CR /HDR (50%)

Isabelle Ripp -Baudot CNRS, DR1
Varghese Babu postdoc IN2P3 (11/2021 - 10/2023)

Jacopo Cerasoli postdoc ANR (03/2022 - 02/2024 )

Justine Serrano CNRS, CR /HDR
Giampiero Mancinelli CNRS, DR 1 (depuis 01/2022)

Laura Zani postdoc ERC (03/2020−02/2023)

Klemens Lautenbach postdoc ERC (03/2021−02/2024)

Valerio Bertacchi postdoc ERC (09/2021−08/2024)(*)

(*) visiteur a l ' IJCLab depuis 1 an

+ post-doc AIDAinnova 50% on Belle II from 01/2023 to 07/2024

+∼4 PhD students /group



Production scientifique

- Analyses :
Desintegrations rares / interdites du B (b→s : B→K τ τ , K τ l , K (*)

ν ν , K π(π)γ)

' ' tau center ' ' : Desintegrations rares/ interdites du tau ( τ→ lϕ , lKS
0 , lll ...) , CPV , (g−2)τ

Mesures de precision : determination de l 'angle γ (analyses Belle+Belle II)

- Construction / instrumentation :
DAQ upgrade (cartes PCIe 40 installees en 2021−2022) [IJCLab , CPPM]

SVD (calibration , slow -control , shifts) [IPHC, CPPM]

Beam pipe cooling [IJCLab]

Luminometre rapide de Belle II [IJCLab]

- Data /Software :
Quality Assurance Monitoring , HLT [IJCLab ] , Calibration [CPPM , IPHC]

Tracking / trigger performances [CPPM]
Code optimisation pour minimiser usage du CPU du HLT [IJCLab /CPPM ]

Raw data center au CCIN2P3 (A. Vedaee)

activites GRID
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Justine Serrano: membre du publication committee
Emi Kou: membre du physics week committee
Isabelle Ripp: membre du speaker committee
Jerome Baudot: membre du Physics Statistics Advisory Committee



  

⇒ inclus recemment dans online ... au niveau HLT ...
HLT skims (calibration /physique) manager

Gaetano de Marino (2020−2022)

HLT monitoring /optimization : Vidya Vobbilisetti (2021−2022)

Nombreuses contributions pendant cette periode de prise de donnees:
shifts , operation SVD et HLT , calibration , monitoring /performance
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−  SVD operation
remote monitoring and operator shifters
coordinator : Klemens Lautenbach (09 - 12 /2021)

−  Study of the SVD cluster position resolution and
optimization of thecluster position reconstruction

−  Calibration manager : Laura Zani (11/2020 - 10/2022)
→  tracking performance convener a partir d'octobre

−  Giulio Dujany: software de la calibration de Belle II

@CPPM , IPHC , activites SVD : @IJCLab , activites QAM (MiraBelle)/HLT :

Responsabilites / Implications dans Belle II Run 1



Belle II collaboration wanted to remplace part of DAQ
( between Front End electronics and Software Trigger farm )
to face the high luminosity expected at SuperKEKB
⇒ In 2018, IJCLab group proposed to use cards (PCIe40)

developped by CPPM for LHCb upgrade

∼ 20 PCIe40's

20

Belle II DAQ upgrade [IJCLab , CPPM ]

solution proposed by IJCLab (PCIe40 card ) lent and tested
→ final decision of Belle II at the end October 2019
→ cards paid by IN2P3, produced, tested at CERN
→ development of the firmware/software in 2020-2021
→ cards delivered at KEK end August 2020
→ installation for TOP / KLM (summer 2021), ARICH (winter 2022), during LS1 for the rest
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MoU (2019)France (CCIN2P3) un des raw data centers de Belle II depuis 2021

Raw data transfert

Visite de Sabine Crepe-Renaudin
fin juin 2022 @ IJCLab

2022 /04/26



Summary

∘ Responsibilities in DAQ /HLT /SVD /Calibration
∘ Strong involvement in physics analyses in unique sectors (b→s , τ)

∘ Interesting perspectives in a coming vertex upgrade

Belle II

∘ the stat of a B- factory by summer of 2022. .. (Run 1 , > 400 fb−1
)

∘ PXD2 installation during LS1
∘ Run 2: until ∼ 7 ab−1

∘ ∼ 2027 : upgrade QCS/VXD (LS2)

∘ Run 3: until 50 ab−1 by 2035



Backup











  

' ' τ center ' '
∘ B-factory is also a τ -factory !
∘ lepton flavour violating decays of the τ as NP probe

⇒ LFV accidental symmetry of SM, many NP
models can naturally break this symmetry

10−9
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∘ Search of τ → pμμ (τ → p l+ l '−) decays with Belle [with D.Sahoo (TIFR )]

⇒ results summarized in PRD 102 (2020) 111101

τ Anomalous Magnetic Moment

Enhanced sensitivity to new physics: (mτ /mμ)
2
= 283

S.Eidelman , M.Passera

aμ

exp
− aμ

th
∼ 4s

∘ difficult to measure , aτ

exp
= (−0.018 ±0.017), DELPHI, EPJC 35 (2004) 159

(A.Martens, F .Zomer)



Physique en une page

et l ' ensemble des donnees pretes (et le MC !) pour l ' analyse des 430 fb−1 pour 2023

programme de physique avec 0.5 ab−1 deja pertinent ( Belle peut encore publier 30 articles /an
et rester competitif face a LHCb dans de nombreux secteurs (TCPV , τ et energie manquante))

⇒ detecteur entierement fonctionnel



B+
→K+

ν ν



B+
→K+

ν ν measurement at Belle II [arXiv:2104.12624 ]

accepted by PRL



B+
→K+

ν ν measurement at Belle II [arXiv:2104.12624 ]

accepted by PRL



cLFV : beyond the Standard Model
τ LFV searches at Belle II will be extremely clean with very little background (if any ),
thanks to pair production and double-tag analysis technique.

Most improvement in coming decade is expected from Belle II , which can reach
1×10−9

[arXiv :1011.0352] and will do even better if can achieve ∼ zero bckgd

In contrast , hadron collider experiments must contend
with larger combinatorial and specific backgrounds

[Belle , PLB 687:139−143,2010]

τ−→e−e+ e− τ
−
→μ

−
μ

+
μ

− how to improve further ?

...considering τ→μ /eh+ h−

in function of one prong
tag categories
...for τ→3muons ,
improve μ - ID at low mom
(ECL info)

⇒ 2×10−8 at 90%CL

[LHCb, JHEP02 (2015)121]

⇒ 5×10−8 at 90%CL



Nice complementarity

[CPPM ]

[ IJCLab]



Impact of VTX upgrade

→ Impact on vertexing :
− preserve good resolution , important with smaller boost of Belle II
− essential for TCPV analyses

→ Missing energy analyses :
− lower number of fake tracks
− crucial for no extra energy analyses
− vertexing in the analyses (Kl versus τ daughter )

→ improve the pattern recognition
− 4 SVD layers → 5 layers

→ simplify / faster HLT (currently 2 steps)
− reprocessed data at the online level
− faster , transparent











(too) conservative estimate

long way to go ... (→ s γ = 1∘ or less ?)





1 HLT unit , ∼ 400 CPU cores/unit
each unit is completely independent

keep up with luminosity increase

∼ 20 PCIe40's

⇒ HLT activities
− performances + optimization

→ Vidya , Gaetano, H.Grasland

Belle2 High Level Trigger

∘ max . input from L1 (designed value)= 30kHz
∘ event size = 100 kB/ev , (PXD: 1 MB/ev)

∘ max . output = 10kHz
∘ event size = (100 + 100 (PXD))kB/ev

⇒ main functions of HLT
− trigger rate: reduction by a factor 5(*)

(*) or more depending also on how loose is the L1 trigger
− reconstruction without PXD → RoI feedback
to Pixel Detector Readout

− tag events for calibration and physics skims
− monitoring (DQM on HLT /ExpressReco)

[ IJCLab]
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IJCLab group organized the switch on in Spring 2021



Belle2 High Level Trigger

⇒ HLT activities
− performances + optimization

→ Vidya , Gaetano, KT + H.Grasland

CPU/evt reduced by half by summer 2021

allow to run at higher luminosity (→ LS1)

[ IJCLab]

further optimization now under going
optimizing Kalman filter part
(with V .Bertacchi , CPPM)

⇒ main functions of HLT
− trigger rate: reduction by a factor 5(*)

(*) or more depending also on how loose is the L1 trigger
− reconstruction without PXD → RoI feedback
to Pixel Detector Readout

− tag events for calibration and physics skims
− monitoring (DQM on HLT /ExpressReco)

→ improve performance further beyond LS1



LS2



Belle II DAQ upgrade

(1 Gb /s)

(100 Gb /s)

∘ difficulty in future maintenance
of COPPER boards: increasing
malfunctioning pieces, parts
out of production ...

∘ Switch to PCIe40 board , developed
for LHCb and ALICE upgrades
(more compact system with large input and output capacities )

(P.Robbe, D.Charlet , E.Plaige , M.Taurigna...)

∘ Integration into Belle II global DAQ
PCIe40 has been used for few Belle II sub-detectors
during LS1 (first time the board is used in a particle physics experiment ) !!
∘ First in parallel with old COPPER system, for only 2 detectors (TOP and KLM), then ARICH
∘ quickly extended to other detectors (migration completed during LS1)

∘ Performances and stability fullfill
requirements (30 kHz trigger rate)
∘ Many improvements added to the DAQ

in general together with this upgrade

(collaboration with KEK , IPMU , UH)

[ IJCLab]
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⇒ Tak Shun Lau (IN2P3 post-doc), new firmware/software development

⇒ PCIe400 for VTX upgrade (LS2 in 2027) ?



Electron beam polarisation



− Gaetano de Marino , IN2P3/Paris-Saclay (11 /2019 - 12/2022)

− Vidya Vobbilisetti , Paris-Saclay (10/2020 -9 /2023)

− Meihong Liu , visiteuse CAS Fudan University (11/2021 -11 /2023)

− Pavel Oskin , PAUSE (09 /2022 - 09/2023)

− Farah Mawas , Paris- Saclay (10/2022 - 09 /2025)
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Composition des equipes Belle II (2022)

∘ Doctorants

@ CPPM

@ IJCLab

@ IPHC
− Tristan Fillinger , CNRS (10/2019−09/2022)

− Lucas Martel , Unistra (10/2020−09/2023)

− Petros Stravroulakis , Unistra (10/2022−09 /2025)

− Leonard Polat , ERC (10 /2019−12/2022)

− Robin Leboucher , ERC (10/2020−09/2023)

− Arthur Thaller , ERC (10 /2021−09 /2024)

− Clothilde Lemettais , ERC (10/2022−09 /2025)

[arrivee recente /prochaine , depart prochain ]



∘ IT contribuant aux activites , associes techniques

D.Charlet, E.Plaige, E.Jules, P.Robbe, M.Taurigna, C.Beigbeder − DAQ
Hadrien Grasland − activites software (optimization)

Michel Jouvin, Guillaume Philippon − activites GRID
Sandry Wallon − LumiBelle2
Fabian Zomer − Polarization faisceaux
Julien Bonis, Didier Auguste, Yann Peinaud, Marc Winter

− cooling beampipe (PXD2)

[Aresh Vedaee − Computing /CCIN2P3]
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Composition des equipes Belle II (2022)

@ CPPM

@ IJCLab

@ IPHC

Marlon Barbero, Patrick Pangaud−upgrade VXD
Pierre Barrillon , Patrick Breugnon , Eric Vigeolas
+ Danwei XU(post−doc)

Jean Sebastien Pelle − slow -control SVD
Andrei Dorokhov, Luca Federici, Christine Hu-Guo, Hung Pham, Isabelle Valin

− Micro-elec ,upgrade VXD
Yannick Patois, Jerome Pansanel − Computing et DIRAC Belle II
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