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Outline

• SuperKEKB and Belle II detector  

• Charm physics 

• SM precision: CKM Matrix  

- Semileptonic B decays (CKM 
elements) 

- Hadronic B decays (angles 
and CP violation) 

- Time dependent CP Violation 

• Portals for new physics: 

- Rare B decays 

- Dark Sector 
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B-Factory idea
• Asymmetric collider ,  

 coherent  pairs 

• Boost of center-of-mass ( )  measure of  

• High luminosity  precision measurements 

• Hermetic detector, high precision in vertexing  closed 
kinematics

e+e− Ecm = m(Υ(4S)) = 10.58 GeV
⇒ BB

βγ = 0.28 ⇒ Δz
⇒

⇒
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Belle II experiment at SuperKEKB collider
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SuperKEKB 

• Successor of KEKB (1999-2010, 
KEK, Japan) 

• Target peak luminosity: 
  (x 30  of KEKB) 

• Target integrated luminosity:  
 (x 70 Belle at )

6 ⋅ 1035 cm−2s−1

50 ab−1 Υ(4S)

Nano-beam scheme: 

Belle II 

[Belle II Technical Design Report, arXiv:1011.0352]

Beryllium beampipe 
1cm radius

Vertex Detector (VXD) 
2 layers Pixel (DEPFET)  
4 layer DSSD

Magnet  
Superconducting solenoid  
B=1.5 T
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Calorimeter 
CsI(T)  and muon detecor (KLM) 

Resistive Plate Chamber (barrel) 
Scintillators+WLSF+MPCC (endcaps)

KL

Particle Identification 
TOP: Time of propagation counter (barrel) 
ARICH: focusing Areogel RICH (forward)

Central Drift Chamber (CDC) 
56 layers of longitudinal and stereo wires 
He(50%):C2H6(50%)

electrons (7 GeV)

positrons (4 Gev)

https://arxiv.org/abs/1011.0352


Belle II experiment at SuperKEKB collider
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electrons (7 GeV)

positrons (4 Gev)

Current Status 

• complete detector data taking 
started in 2019 

• Current peak luminosity 
 (reached the 

22/06/2022) 

• current integrated luminosity: 
 (~Babar~0.5 Belle) 

• Long Shutdown 1 (LS1) is starting 
now for several upgrades (beam pipe, 
pixel, TOP PMT)

4.7 ⋅ 1034 cm−2s−1

∼ 424 fb−1

https://arxiv.org/abs/1011.0352


Charm physics: lifetimes
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• Motivation:  

- charm physics  low-energy QCD (nonperturbative/higher order correction)  effective 
models uncertainties   

- measurement of lifetimes tests these model

⇒ ⇒

• Opportunity: 

-   high statistics 

- B-factory environment allow absolute (un-biased 
selection) lifetime measurements 

- SuperKEKB small interaction region and Belle II 
vertex detector provide strong constraints and 
improved resolutions 

- current sample is not sufficient for charm CPV 
measurements, but can produce world best lifetime 
measurements (constraints for the future)

σcc ≃ σbb ⇒



Charm physics:  and  lifetimesD0, D+ Λ+
c

•      
( ) 

• 2D ML fit to  
distribution 

• bkg: estimated from 
sideband in 

t = mD/Λ
⃗L ⋅ ⃗p / | ⃗p |2

⃗L ∼ 102 μm

t × σt

mD/Λ
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 D*+ → D0( → K−π+)π+

D*+ → D+( → K−π+π+)π0  Λ+
c → pK−π+

Next steps:  

• Additional lifetime measurements are coming 

• Belle II is starting to enter in the charm mixing/CPV phase  

[Phys. Rev. Lett. 127 (2021), 211801]

72 , 207 fb−1

[arXiv:2206.15227v1]

D0

D+
sideband

signal region

https://doi.org/10.1103/PhysRevLett.127.211801
https://arxiv.org/abs/2206.15227


• Unitarity triangle  Powerful test of the SM 

•  required for rare decays prediction NP searches  

• Focus: Longstanding tension (3 ) between inclusive 
and exclusive determination of  and  

• Semileptonic  decays  natural channels 

• Several efforts in Belle II: 

- inclusive  

-  from  with hadronic tagging 

-  from  with hadronic tagging

⇒

Vqq′ 
⇒

σ
|Vcb | |Vub |

B ⇒

B → Xcℓν

|Vcb | B → D*ℓν

|Vub | B → πeν

CKM Matrix elements
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[HFLAV, 
2021]

[CKM 
Fitter, 
2021]

https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html


B-tagging at Belle II 
In channels with missing energy  use of the the Rest of 
the Event (ROE) information: 

1. Reconstruction of one  ( ) using well-known 
channels 

2. Using the  constraint, infer the information on 
the second  ( ): flavour, charge and kinematic 
constraints

⇒

B Btag

Υ(4S)
B Bsig
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Bsig Btag

π0

ℓ−

ν

Tag  
recoΥ(4S)

Full Event Interpretation (FEI) 

• MVA based B-tagging algorithm 

• hierarchical approach to reconstruct 
 decay chains 

• ,     

𝒪(104)

εhad ≃ 0.5 % εSL ≃ 2 %

[T. Keck et al, Comput Softw Big Sci 3, 6 (2019)]

• Hadronic tagging:  lower efficiency, but full tag 
reconstruction 

• Semileptonic Tagging:  higher efficiency, but lower 
purity  

• Inclusive Tagging: signal reconstruction first, and then 
use of the ROE to add information to the signal

https://doi.org/10.1007/s41781-019-0021-8


• Motivation:  

- Heavy Quark Expansion (HQE)  extract  from  

- Reparametrization invariance to reduce 13  8 matrix elements (up to ) 

- Required the spectral moments of   [arXiv:1812.07472] 

•  Hadronic B-tagging,  as  ROE of   +  kinematic fit +  template fit for bkg suppression 

•
       moments ( ) as function of   (range: 1.5-8.5 GeV2 i.e. 77% of phase-space)  

• input for the fit (eg. [arXiv:2205.10274])   (w.a.  ) 

⇒ |Vcb | ΓB→Xcℓν

→ 1/m4
b

q2 = (pℓ + pν)2 = (pb − pXc
)2

Xc Btagℓ MX

⟨q2n⟩ =
∑i wi(q2)q2n

cal,i

∑i wi(q2)
CcalCgen ⇒ q2n n = 1 − 4 q2

thr

⇒ |Vcb | = (41.69 ± 0.63) ⋅ 10−3 42.19 ± 0.78 ⋅ 10−3

CKM Matrix:  moments from q2 B → Xcℓν
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63 fb−1

[arxiv:2205.06372]

Preliminary PreliminaryPreliminary

https://arxiv.org/abs/1812.07472
https://arxiv.org/abs/2205.10274
https://arxiv.org/abs/2205.06372


CKM Matrix: exclusive and   |Vcb | |Vub |
 

• Hadronic B-tagging,   

•   Fit to:  

• CLN parametrization   and  from 
lattice QCD  [Nucl. Phys. B530, 153 (1998)] 

•  
 

,   

B → D*ℓν
B0 → D*−( → D0( → K+π−))ℓ+ν

w =
m2

B + mD* − q2
ℓ+ν

2mBmD*
⇒ dΓ

dw
∝ η2

EWg(w)F2(w) |Vcb |2

g(w)F2(w) → ρ2, R1(1), R2(1) F(1)

BR(B → D*ℓν) = (5.27 ± 0.22 ± 0.38) %

ηEWF(1) |Vcb | = (3.54 ± 0.4) ⋅ 10−3 ρ2 = 0.94 ± 0.21
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190 fb−1

 

•  Hadronic B-tagging,  neutral and charged  

• Fit to  in 3 bins of  

• Unfolding     

• Lattice QCD inputs: 
 [Phys. Rev. D 92, 014024 (2015)]  [Phys. Rev. D 79, 013008 (2009)]

B → πeν
π

M2
miss q2

ℓν

q2 ⇒
dBR(B → πℓν)

dq2
∝ |Vub |2 f2

+(q2)

(stat+syst) |Vcb | = (37.9 ± 2.7) ⋅ 10−3  (stat+syst) |Vub | = (3.88 ± 0.45) ⋅ 10−3

[BELLE2-TALK-
CONF-2022-032]

[arXiv:2206.08102]

https://doi.org/10.1016/S0550-3213(98)00350-2
https://doi.org/10.1103/PhysRevD.92.014024
https://doi.org/10.1103/PhysRevD.79.013008
https://docs.belle2.org/record/2959?ln=en
https://docs.belle2.org/record/2959?ln=en
https://arxiv.org/abs/2206.08102


CP Violation: B+ → ρ0ρ+

• Motivation:  

- access direct CP violation (   between  
and  in the interference between tree and 
penguins)  

- measurement  angle (time dependent CPV) 

• Reconstruction:  

• Bkg:  suppressed with BDT  

• Fit: 6D fit ( , bkg sup., , , ) 

• Results:  similar to luminosity-scaled Belle result 
(w.a. )

ACP B+ → ρ0ρ+

B− → ρ0ρ−

α

ρ0( → π+π−)ρ+( → π+π0)

ee → qq

ΔE mπ+π0 mπ+π− θhelicity
ρ0,+

ACP = − 0.05 ± 0.05
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190 fb−1

[arXiv:2206.12362]

ΔE = E*B − E*beam

https://arxiv.org/abs/2206.12362


CP Violation:  B+ → D( → KSh−h+)h+
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Vub

Vcb

Belle II + Belle: 
128 fb−1 + 711 fb−1

[JHEP 02 2022, 
063 (2022)]• Motivation:  

- CPV in the interference  and      ( )  

- Tree-dominated    

• self-conjugate  decays:   

• binning in Dalitz space  model independence 

• Use of strong phases from external input (CLEO, BES III) 

• simultaneous fit of  and control sample  
to constrain the fraction of event in each dalitz bin 

• Fit to  

• Results:    (W.A= )

b → cus b → ucs ⇒ ⇒ γ ϕ3

⇒ Δγtheory/γ ∼ 10−7

D0 D → K0
Sπ+π−, K0

SK+K−

⇒

B+ → D( → KShh)K+ B+ → D( → KShh)π+

ΔE × C′ BDT

γ[∘] = 78.4 ± 11.4(stat) ± 0.5(syst) ± 1.0 ± (ext) 65.9+3.3
−3.5

https://doi.org/10.1007/JHEP02(2022)063
https://doi.org/10.1007/JHEP02(2022)063
https://doi.org/10.1007/JHEP02(2022)063


TDCPV:  lifetime and mixing frequencyB0

• Motivations:  and  are central ingredients for TDCPV 
analysis 

• Reconstruction:  

-  reconstruction in specific  modes 

-  reconstruction from the Rest Of the Event tracks 

- Flavour tagging  Same Flavour / Opposite Flavour categories 

• Bkg:  suppressed with +BDT 

• Fit:  using a model including wrong-tagging and vertex 
resolution effects 

• Results:  Not competitive, but syst. reduced compared to Belle 

• Next steps: add semileptonic, , increase statistic  
(Belle measurement is only 150 fb , but included semileptonic)

Δt Δmd

B0
sig D(*)π+/K+

Btag

⇒
ee → qq, BB ΔE

Δt

sin 2β
−1

14

             w.a.  
      w.a. 

τB0 = 1.499 ± 0.013 (stat) ± 0.008 (syst) ps 1.510 ± 0.004 ps
Δmd = 0.516 ± 0.008 (stat) ± 0.005 (syst) ps−1 0.50665 ± 0.0019 ps−1

190 fb−1

[BELLE2-TALK-CONF-2022-031]

https://docs.belle2.org/record/2958?ln=en


• Motivation: 

- Suppressed in SM (  loop) 

- CPV direct ( ) or in mixing ( ), SM predict   

- -puzzle:  
 
Current measured value , main unc. from  [Phys.Lett. B627 (2005) 82-88] 

• Reconstruction: ,  + use of  vertex + flavour tag 

• 4D ML fit to  

• Results: equivalent of full Belle precision 

• Next steps:  

- perform a full TDCPV analysis: 
 (  kept fixed in current fit) 

- In the same fashion   analysis: currently only BR, but TDCPV with more statistics 
 [more details in the backup]

b → sdd

ACP SCP ACP ≃ 0, SCP ≃ sin 2β

Kπ

IKπ = − 0.11 ± 0.13 AK0π0

K0
S → π+π− π0 → γγ K0

S

ΔE, M′ bc, C′ out, Δt

SCP, Δm

B0 → K0
Sπ0γ

TDCPV: B0 → K0
Sπ0

15

|

190 fb−1

[arXiv:2206.07453]

https://doi.org/10.1016/j.physletb.2005.09.014
https://arxiv.org/abs/2206.07453


Rare B decays

•  transitions are FCNC SM suppressed (forbidden at tree level) 
sensitive to NP  

• SM BR  with 10-30% uncertainty, but ratios, asymmetries, 
angular distributions can be used  

• Opportunity to test LFU and LFV (eg. ,  )  

- NB: Belle II has similar (and good) performance both in electron and muons  

• Most of the channels in Belle II will become competitive with few ab , now 
Belle II is statistically limited 

• Several unique opportunities in Belle II (radiative, multiple neutrinos)

b → s ⇒ ⇒

𝒪(10−5 − 10−7)

RK(*) B → Kℓℓ′ 

−1

16



Rare B decays: B → K*ℓℓ
• First step towards  (currently 2-3  discrepancy with SM) 

• Bkg: BDT (for , ...) + veto on  

• 2D Fit to  distribution 

• Results statistically limited: 

RK* σ

ee → qq BB M(J/ψ, ψ(2S) → ℓℓ)

Mbc × ΔE

17M2
bc = E*2

beam − p*2
B ΔE = E*B − E*beam

190 fb−1

[arXiv:2206.05946]

K*ℓℓ K*ℓℓ

w.a.

https://arxiv.org/abs/2206.05946


Rare B decays: B+ → K+νν̄
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[Phys.Rev.Lett. 127 (2021) 18, 181802]

• Unique opportunity in Belle II 

• Reconstruction: inclusive tagging, highest  track, ROE 
information, validated with  

• Bkg: 2 BDT in cascade to exploit the event information and 
suppress the bkg 

• Results:  

- No signal observed  Upper limit  

-  signal strenght compatible with SM prediction at  or bkg-
only at  

- Inclusive tagging ( )  x3.5 better of hadronic tag, 
20% better of SL tag 

• Next steps: results with the new sample (190 fb ) and extra 
channels ( ) are coming

K+ = pT
B+ → J/ψ( → μμ)K+

⇒

1σ
1.3σ

ε = 4.3 % ⇒

−1

K*, KS

63 fb−1

http://10.1103/PhysRevLett.127.181802


Dark sector:  Dark Higgsstrahlung
• Opportunity:  

- Unique reach in light DM (MeV-GeV) scale 

- Hermetic detector, clean events 

- Dedicated low-multiplicity trigger 

- Large statistics 

• Next-to-Minimal dark photon Model:  

- dark photon ( ) mixed with  

-  mass via SSB  dark higgs ( ) with no SM coupling 

- mass hierarchy:    emitted via higgstrahlung and long-lived, 
 

• Analysis Strategy:  Scan of  (rec= recoil against dimuon) 

• Results: no excess found but world best UL for 

A′ γSM

A′ ⇒ h′ 

mh′ 
< mA′ 

⇒ h′ 

A′ → μμ

Mμμ × Mrec

1.65 GeV < mA′ 
< 10.51 GeV

19

8 fb−1

Belle II

[arxiv:2207.00509]

https://arxiv.org/abs/2207.00509


The Belle II physics program - coming soon
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|V inc
cb |

|Vexc
cb |

|Vexc
ub |

K*ℓℓ

Kνν

KSπ0

ρρ
γ

Ksπ0γ

τB

τD

τΛc

ICHEP new results

ICHEP updates

Not covered sector: 

• Quarkonium [see S. Jia's talk]



BACKUP SLIDES
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B factory variables

22

•  

• Expected  
for properly 
reconstructed signal

ΔE = E*B − E*beam

ΔE ≃ 0

• 2 variable mostly uncorrelated 

• tag-signal relation: 

• ,  

•  

E*Btag
= E*Bsig

= s /2

⃗p *Btag
= − ⃗p *Bsig

•  

• Expected  
for properly 
reconstructed 
signal

mES = mbc = E*beam − ⃗p 2
B

mbc ≃ mB



Charm sector lifetimes extra information
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 D*+ → D0( → K−π+)π+

D*+ → D+( → K−π+π+)π0  Λ+
c → pK−π+

• Fit function: 

• signal: exp 
convoluted 
with double/
single gauss 
(resolution) 

•  data driven 
template 

• bkg: sideband 
fit

σt

bkg=7.5%

bkg=9%

bkg=0.2% (neglected)

⃗p

⃗L

⃗L ⋅ ⃗p

pro

dec

t = mD/Λ
⃗L ⋅ ⃗p / | ⃗p |2



 moments from  extra informationq2 B → Xcℓν
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•  expanded in power of  

• Bkg suppression: Template fit to  with 3 components (signal, , ), 

 GeV 

•  , with:   

• central moments:  --> less correlation with  

• Most recent Belle measurement: 58%

ΓB→Xcℓν ΛQCD/mb

MX ee → qq BBbkg
q2 > 1.5

⟨q2n⟩ =
∑i wi(q2)q2n

cal,i

∑i wi(q2)
CcalCgen wi =

Ndata
i − Nbkg

i

Ndata

⟨(q2 − ⟨q2⟩)n⟩ q2
thr

 distributionMX linear calibration curve interpolation of wi(q2)

systematic uncertainties

2 categories: bkg subtraction, calibration

kinematic fit



 from   extra information|Vcb | B → D*ℓν
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190 fb−1

•  

• ,    

•  

• binned ML fit:

BR(B → D*ℓν) = (5.27 ± 0.22 ± 0.38) %

ηEWF(1) |Vcb | = (3.54 ± 0.4) ⋅ 10−3 ρ2 = 0.94 ± 0.21

|Vcb | = (37.9 ± 2.7) ⋅ 10−3
systematic uncertainties

•  = phase space 

•  = form factor 

•  
combination of form 
factors

g(w)

F(w)

R1(1), R(2), ρ



 from  extra information|Vub | B → πeν
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|Vub | = (3.88 ± 0.45) ⋅ 10−3

190 fb−1

systematic uncertainties



 extra informationB+ → ρ0ρ+

 measurement information 

•  measured from TDCPV analysis of  
transition 

•  tree transition  phase 

•  penguin transition   penguin 
pollution 

• Penguin pollution estimated from isospin 
analysis BR( ) and  direct CP 
violation parameter  

•  is the (set of) channel with the 
lowest penguin pollution 

• Only the longitudinal-polarized component 
can be used for the measurement

α

α b → uud

b → u ⇒ α

b → d ⇒ Δϕ2

ρ+ρ−, ρ0ρ0, ρ+ρ0

ACP

B → ρρ

27

systematic uncertainties



  extra informationB+ → D(KSh−h+)h+

Improvement compared to 
Belle 

• added  

• Better  selector (lowered 
stat. unc.) 

• improved bkg suppression  

• new BES III input (lowered 
syst. unc.) 

• better signal description 

• Conclusion: equivalent to a 
factor 2 in the luminosity 

KSK+K−

KS

28

systematic uncertainties

Bkg suppression 

• Bkg: BDT suppressed 
 

• Fit to  with 
signal+  
+peaking misID bkg

⇒ C′ BDT

ΔE × C′ BDT
ee → qq, BB

dalitz binning



Time-Dependent CPV analysis scheme
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[From Thibaud Humair,  
Moriond EW 22]



 lifetime extra informationB0

•  obtained projecting the two vertices in the 
direction of  momentum:  

• Previous measurements: 

Δt
Υ(4S)

30

systematic uncertainties



 puzzleB → Kπ

• where 

• Expected equal asymmetries between  and 
 at LO 

• Isospin sum rule: 

in the limit or isospin symmetry and no EW penguins 

•  if EWP are considered, still precision below 1% with largest 
uncertainties from  

• Deviation can be NP or enhancement of color suppressed tree

B0 → K+π−

B+ → K+π0

B → K0π0

31

[Eur. Phys. J. C 78, 943 (2018)]

https://doi.org/10.1140/epjc/s10052-018-6397-5


  extra informationB0 → K0
Sπ0

32

•  fit PDF ( =wrong tag, =difference in tag eff., 
=resolution)

Δt w μ
Rsig



TDCPV: B0 → K0
Sπ0γ

• Motivation:  suppressed 
in SM and chiral   
interference suppressed  
time dependent CP-violation 
sensitive to NP 

• Fit: ML fit to   

• Result:  

- forerunner of complete 
TDCPV analysis 

- compatible with world 
average 

b → sγ
⇒ B0B0

⇒

ΔE

33
             w.a.  

 
BR(B0 → K0

Sπ0γ) = (7.3 ± 1.8 (stat) ± 1.0 (syst)) ⋅ 10−6 (7.0 ± 0.4) ⋅ 10−6

190 fb−1

[BELLE2-TALK-CONF-2022-031]

systematic uncertainties

https://docs.belle2.org/record/2958?ln=en


 extra informationRK*

•  

• decay chain:  

• Belle II measurement 

•  LHCb [https://doi.org/10.1007/JHEP04(2017)142] 

• LHCb  [https://doi.org/10.1007/JHEP08(2017)055]

RK(*) =
BR(B → K(*)μμ)
BR(B → K(*)ee)

K* → K+π−, K0
Sπ+, K+π0

RK*

34

https://doi.org/10.1007/JHEP04(2017)142
https://doi.org/10.1007/JHEP08(2017)055
http://www.apple.com/it/


 extra informationB → K*ℓℓ

35

systematic uncertainties



 extra informationB+ → K+νν̄
• Leading systematic uncertainty: background 

normalization  

• Calibration:  without 
reconstructing the 2 muons 

• Fit: performed in  in signal region and 
3 control regions (lower BDT values)

B+ → K+J/ψ( → μμ)

pT × CBDT2

36

example of discrimination variable



Dark sector (1/3)

• B-Factory opportunity:  

- Unique reach in light DM (MeV-GeV) scale 

- Hermetic detector, clean events 

- Dedicated low-multiplicity trigger (suppress 
QED) 

- Large statistics

37



Dark sector (2/3): Dark Higgsstrahlung

38

Belle II

• Next-to-Minimal dark photon Model:  

• dark photon ( ) mixed with  

•  mass via SSB  dark higgs ( ) with no SM coupling 

• mass hierarchy:    emitted via higgstrahlung and long-lived,  

• Analysis Strategy:  Scan of  (rec= recoil against dimuon) 

• Results: no excess found but world best UL for  

A′ γSM

A′ ⇒ h′ 

mh′ 
< mA′ 

⇒ h′ A′ → μμ

Mμμ × Mrec

1.65 GeV < mA′ 
< 10.51 GeV

8 fb−1

[arxiv:2207.00509]

https://arxiv.org/abs/2207.00509


39

• Model:  

• new massive gauge boson, coupling with  and :  

• Consequences: solution of DM,  anomaly, 

 anomalies [JHEP, 1612 (2016), 106],  [Phys. Rev. D 89, 13004 
(2014)] 

• Can decay in  or  depending on  

• Strategy:  

•   2 tracks and missing energy 

• look for peak in  

• Bkg: radiative QED processes ( ) NN-based Punzi-loss 
selection [EPJC 82 (2022) 121] 

 

μ τ (Lμ − Lτ)

(g − 2)μ
b → sℓℓ

νν, χχ̄ μμ, ττ mZ′ 

e+e− → μ+μ−Z′ ⇒

Mrec

ℓℓγ ⇒

Result out soon!

0.3 (80) fb−1
Dark sector (3/3): invisible   decayZ′ 

[Phys Rev Lett 124, 141801 (2020)]
[BELLE2-TALK-CONF-2022-056]

https://doi.org/10.1007/JHEP12(2016)106
https://doi.org/10.1103/PhysRevD.89.113004
https://doi.org/10.1103/PhysRevD.89.113004
https://doi.org/10.1103/PhysRevD.89.113004
https://doi.org/10.1103/PhysRevD.89.113004
http://www.apple.com/it/
https://doi.org/10.1140/epjc/s10052-022-10070-0
https://doi.org/10.1103/PhysRevLett.124.141801
https://docs.belle2.org/record/3044?ln=en


Invisible  decay extra informationZ′ 

• Mass hierarchy: 

• Old result
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[Phys. Rev. Lett. 124, (2020) 141801] 

https://doi.org/10.1103/PhysRevLett.124.141801


Dark higgssralhung extra information
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Lepton Flavour Universality RD(*)

•  

•  deviation from SM 

• Pro: Theory uncertainties in  and form factor mostly cancel out  

• Cons: Large Background (multiple neutrinos, low ) 

• Belle II projection:

RD(*) =
BR(B → D(*)τντ)
BR(B → D(*)ℓνℓ)

3.1σ

|Vcb |

pT
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[HFLAV,2021]

[Snowmass white paper]

https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/main.shtml
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf


Belle II performance
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[From D. Tonelli]


