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Dark searches at (super)-B factories

Dipion tagging of invisible bottomonium decays 

Dark photon  and dark higgs to leptons 

Strongly interacting DM ? H-dibaryon in Y decays 



What Next DM , 21/3/2014 R.Mussa, DM at (super-)B factories

Neutralino annihilation to SM particles
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SM particles annihilation to neutralinos
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Searches of DM using dipion tagging 
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Slow dipion trigger for Dark Matter searches 
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Slow dipion trigger for Dark Matter searches 
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Dark matter  searches in Y(1S) decays: results Dark matter  searches in Y(1S) decays: results 

Belle: Y(3S)  → ππ  + NOTHING

CLEO: Y(2S)  → ππ  + NOTHING

           Cleo+Belle results

                   Systematics limits: 
                               with current detector

           with extreme forward calorimeter

1.46 fb-1, 6M Y(3S)
PRD75,031104(2007)  

2.9 fb-1.11 M Y(3S)
PRL98,132001(2007) 

1.46 fb-1, 6M Y(3S)
PRD75,031104(2007)  

 BR(Y(1S) → invisible) < 3.9*10-3 (90% CL) 
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Dark matter  searches in Y(nS) decays : resultsDark matter  searches in Y(nS) decays : results

Babar: Y(3S)  → ππ  + NOTHING

BABAR: 30 fb-1. 91.4M Y(3S)
Phys.Rev.Lett. 103 (2009) 181801

 
 50.3          1019 Y(1S) → ee
 77.3          1007 Y(1S) → μμ
   5.2          92 Y(1S) → ττ
                  3 Y(1S) → hadrons
                  2122 events  tot exp.
                 Renormalized from analysis of 3 
                 and 4 track events:
133.2            2451+/- 38     total exp 
    38±39     2326+/-105    total obs

BR(Y(1S) → invisible) < 3*10-4 (90% CL) 

From MC simulations:
Belle         Babar 

+19.7
-14.7
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Further opportunities:  dipion tagging of 
parabottomonia 

Y(5S)

h
b
(1,2P)

Z
b

1+- decay to CP-odd (dark) 
Higgs ?  
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Portals to the “Dark Sector” Portals to the “Dark Sector” 
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The “Dark Photon” The “Dark Photon” 
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The “Dark Photon” and muon (g-2) The “Dark Photon” and muon (g-2) 
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The “Dark Photon”  in Astroparticle Physics  The “Dark Photon”  in Astroparticle Physics  

e+e- excess in Pamela, Fermi, AMS2

DAMA, CoGENT, CRESST, CDMS-Si
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 “ “Dark Photon” coupling to light hadrons and leptons Dark Photon” coupling to light hadrons and leptons 
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e+e- → 4 leptons

e+e- → 6 leptons

  Higher order perversions: “Dark Ws” and “Dark Higgs” Higher order perversions: “Dark Ws” and “Dark Higgs” 
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e+e- → γ + A'; A' to invisible 

Planning single 
photon trigger at 
Belle-II (threshold: 
depends on actual 
backgrounds) 
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  DM candidate from QCD ?DM candidate from QCD ?
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H-dibaryon Mass and LifetimeH-dibaryon Mass and Lifetime

Sakai et al.,Prog.Theor.Phys.Suppl. 137 (2000),121           Dover et al.,PRC 40 (1989), 115
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Kochelev 1999: JETP Lett. 70 (1999) 491, hep-ph/9905333
M = 1.7 GeV for  QCD induced instanton effects  (even LIGHTER than deuteron? )

Farrar-Zaharijas 2003-4: Int.J.Theor.Phys. 42 (2003) 1211, Phys.Rev. D70 (2004) 014008 
“If very compact  ( r

H
 < r

N
/4) , a H dibaryon would not lead to matter instabilities and 

maybe candidate for cold dark matter. Data from Uranus internal energy exclude DM 
made of equal amounts of H and anti-H dibaryons.”

Shuryak 2005: J.Phys.Conf.Ser. 9 (2005) 213-217, ArXiV: hep-ph/0505011
Deeply bound diquarks formed by QCD instantons 
“However if one considers the quantum numbers of the famous H dibaryon, 
one can also make those out of diquarks […] The resulting wave function is 
overall favor antisymmetric with all diquarks in S-states. Thus there is no 
need for P-wave or
tensor diquarks for the H dibaryon. Our schematic model would then lead to 
a light H never seen”

H-dibaryon as DM?H-dibaryon as DM?
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Former observations by ARGUS (Z.Phys. C39 (1988) 

177) and CLEO (Phys.Rev. D76 (2007) 012005) 
 
-    Inclusive production of  (anti)deuteron in 

Y(1,2S) decays : 

-   Enhanced (3x) production of low momentum 
hyperons in hadronic events from 
bottomonium decays w/respect to 
continuum. 

BELLE has exploited the  Y(1,2S)  record samples to 
search for the long sought  H-dibaryon 

H-dibaryon in H-dibaryon in 
bottomonium decays bottomonium decays 
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Searches for H-dibaryon at BELLESearches for H-dibaryon at BELLE
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Belle has searched for H dibaryon in the folllowing channels: 
 - Λπp (+cc) 
 - ΛΛ  (+cc)
 -  Ξ p  (+cc) [preliminary]

PRL 110, 222002 (2013)

More to come from 
Y(1,2,...S) decays
 (+cont): 
- Λp and ΛΛ (+cc) 
correlations
- antideuteron spectra 
(and more)
- antideuteron-
deuteron  production
- searches for H in 
missing mass

Searches for H-dibaryon at BELLESearches for H-dibaryon at BELLE
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