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Lepton Sector : Lepton Sector : 

- Lepton Universality Violation- Lepton Universality Violation
- Rare leptonic decays - Rare leptonic decays 
- Lepton Flavor Violation - Lepton Flavor Violation 

Hadron Sector : Hadron Sector : 

- Antinuclei inclusive production - Antinuclei inclusive production 
- Strange dibaryons : cold DM?- Strange dibaryons : cold DM?



  Results from the frst Phase3 data: charmonia



  Results from the frst Phase3 data: bottomonia

Y(1S)

Y(2S)

Y(3S)
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  Lepton Universality in Y(nS) decays: experiments

Still dominated by old CLEO
measurements taken on Y(nS) peaks

Babar result uses dipion tagging of
Y(1S) from their Y(3S) sample

Babar systematics: 

- tracking efficiency 

- event shapes

With O(109) decays at 3S peak, Belle-II
has opportunities to improve significantly
the Babar measurement.
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  Lepton Universality in Y(nS) decays
- NP solutions to R(D(*)) puzzle can be directly checked on ϒ(nS) and ψ' leptonic decays
- R(D*) discrepancy with SM is at 30%, in a tree level process.
- Leptonic widths are at tree level (2%), well known. 
- Add NP contributions as 4-fermions operators, 
tuning the Wilson coefficients on  R(D*) 

Aloni et al,JHEP 1706 (2017) 019 



6
Jennifer2 Kickoff Meeting R.Mussa, New Physics with Heavy Onia

  Leptonic χ
b0 

decays Godfrey, Logan, PRD93 (2016) 055014 

    Study of NP effects within a Type II 2HDM, on the rare J=0++ bottomonium decays

QED term (two photon amplitude): 

SM Higgs in s-channel contribution:
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  Leptonic χ
b0 

decays
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  Leptonic χ
b0 

decays

Study of the sensitivity using 250 fb-1 
of data at Y(3S) peak

Highest sensitivity on a second
CP-even Higgs (φ) is at χ

b0
(2P)

(lower background)
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  LFV  in Y(nS) decays: experiments

BESIII, PRD87(2013)112007

On Y(nS),  the contribution from Belle is still missing. 
One analysis is currently ongoing. 

BES, PL B598(2004)172

CLEO, PRL 101 (2008) 201601

Babar, PRL 104 (2010) 151802

Babar, PRL 104 (2010) 151802

SND, Phys.Rev. D81 (2010) 057102

On resonance peak: 
   measurement of muon momentum

Dipion tagged: 
   like searches for invisible decays 
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  LFV  in Y(nS) decays Hazard, Petrov, PRD94 (2016) 074023 
 (see also  PRD98 (2018) 015027 for K,D,B decays)
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 New Physics from the QCD jungle....
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First observed by ARGUS, then CLEO : 

More recent result from BABAR : 

 Antinuclei in Y(nS) decays

Production in bottomonium decays: 10x continuum
Production mechanism still unclear: coalescence? 

Associated dd production: not checked by Babar
Good target for future Y(3S) decays samples
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 Antideuteron in CR as DM signature

STAR Exp.,Nature 473 (2011) 353, 
Erratum-ibid. 475 (2011) 412

An excess of anti-nuclei in cosmic rays has been
suggested as a possible Dark Matter signature 
Donato et al, PRD 62 (2000) 043003

AMS2 observation of 8 3He candidates
 
Inclusive d production cross sections in pA
collisions should be measured in a broad energy
range (LHCB, Compass)

Production of antinuclei in gluon rich matter is
measured by STAR, Phenix, ALICE.

Gluon density  in Y annihilations (10 GeV in r~0.04 fm) is
higher than in RHIC and ALICE experiments. 
Belle-II will reach sensitivity to 3He production in Y decays
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  Searching H/S in Y(nS) decays

Enhaced production of strange hadrons and
of antideuteron inspired the search for Jaffe's
H-dibaryon in Y decays.

Belle set limits on inclusive production of  a
weakly bound H-dibaryon in Y(1,2S) decays
in a broad mass range at below O(10-1)  of the
measured  d production.

Babar set naïve limits for the 3 body process 
Y(2,3S) to SΛΛ + c.c.

PRL 122 (2019) 072002 

PRL 110 (2013) 222002 
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instantons

If M
S
<1.6, Oxigen

decays

Gross et al., PRD98 (2018) 063005

 H-Dibaryon/S-exaquark  as DM?

Kochelev, JETP Lett. 70 (1999) 491
Farrar-Zaharijas, Int.J.Theor.Phys. 42 (2003) 1211, 
                               Phys.Rev. D70 (2004) 014008 
Shuryak, J.Phys.Conf.Ser. 9 (2005) 213-217 

Interests revived recently after:
Farrar, arXiv:1708.08951
    H-dibaryon  →   Sexaquark S

Discussed by : 
Gross,Polosa et al., PRD98 (2018) 063005
McDermott et al, PRD99 (2019) 035013
Kolb,Turner, PRD99 (2019) 063519
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  Take home message

Besides being a unique system for testing QCD in the border
between non-perturbative and perturbative regime, the narrow
heavy quarkonia provide useful tests to many processes which
may test many of the models for physics beyond SM. 

Per se, QCD is the weakest sector of SM, at low energy, and this
sets serious limits to our capability to fnd new physics in the
quark sector.  

In addition, despite unlikely, we cannot disregard the possibility
that cold dark matter candidates can arise from QCD, as very
compact S=2 exaquarks may have decoupled from ordinary
matter in the frst instants of the universe. Y decays provide a
unique potential source of these objects.

Thank you  
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  Bottomonium spectra
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Y(4,5S) prospects for Y(4,5S) prospects for ηη
bb
→γγ→γγ  Bottomonium physics from Y(4,5S): Bottomonium physics from Y(4,5S): ηη

bb
→γγ→γγ  
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Plans for non-Y(4S) running 

Y(6S)                 Yb?             Y(2D)            Y(1D)
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