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Can we solve the dark matter puzzle and illuminate the Higgs sector at the 

same time? 
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[*] c.f. Dermisek & Gunion,  

       PRL 95, 041801 (2005)   and 

       Dermisek, Gunion, McElrath,  

       PRD 76, 051105 (2007) 

For an example set of 

NMSSM parameters  

If ! no light neutralino: then search for A0 ! µ+µ-   … 
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Cherenkov Detector 
     144 quartz bars 

    K, ! , p separation 

Electromagnetic Calorimeter 
6580 CsI crystals 

e+ ID, ! 0 and "  reco 

Drift Chamber 
40 layers 

Tracking  

Instrumented Flux Return 
  12-18 layers of RPC/LST  

# ID 

Silicon Vertex Tracker 
5 layers (double-sided Si sensors) 

Vertexing + Tracking 

e+ [3.1 GeV] !

e- [9 GeV] !

1.5T Magnet 
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The             Detector!
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122 million 

!(3S) collected! 

Y(3S) mass = 10.355 GeV   
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Event Selection!

) 
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LOW-MASS REGION 

UPPER LIMIT on  

Br(Y(3S)!"A0)  #  Br(A0!invisible) 

vs.  A0 (HIGGS) MASS 

arXiv:0808.0017 [hep-ex] 
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HIGH-MASS REGION Yields vs. 

Higgs Mass 
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The fraction of the A0 

which is non-singlet 



LOW-MASS REGION 

UPPER LIMIT vs. 

HIGGS MASS 

arXiv:0808.0017 [hep-ex] The fraction of the A0 

which is non-singlet 
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LOW-MASS REGION 

UPPER LIMIT vs. 

HIGGS MASS 

arXiv:0808.0017 [hep-ex] The fraction of the A0 

which is non-singlet 

B
R

( 
!

 "
 #

 A
0
) 

HIGH-MASS REGION 

B
R

( 
!

 "
 #

 A
0
) 



  VHE Phenomena 
  in the Universe             

LOW-MASS REGION 

UPPER LIMIT vs. 

HIGGS MASS 

arXiv:0808.0017 [hep-ex] The fraction of the A0 

which is non-singlet 
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!!Di-muon BR should be 

sizable if m(A0)<2m$  
!! PRD 73, 111701 (2006) 

!!Recent axion model 

!! Predict BR(Y!"a)~10-6-10-5     

     with m(a)~360-800 MeV  
!! Nomura, Thaler, arXiv:0810.5397 

!!Best limit comes from 

CLEO:  
!! BR(Y(1S)!A0) # BR(A0!µ+µ-)  

    = (1-20) # 10-6 

!! arXiv: 0807.1427 

CLEO @ Y(1S) (2008) 

The fraction of the A0 which is 

non-singlet 
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But Perhaps A0 ! " +" - is the Relevant Channel…!

Blue points: 

m(A0)<2m$ 

 3.6 GeV 
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  BF(Y(3S)!"A0) # BF(A0!µ+µ-)!
Entire Region mA0 < 1 GeV 

1 GeV < mA0 < 4 GeV 4 GeV < mA0 < 9.3 GeV 
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90% CL UL on BF(Y(3S)!"A0) # BF(A0!µ+µ-)!

Entire Region 

UL: (0.25 - 5.2)! 10-6 

mA0 < 1 GeV 

1 GeV < mA0 < 4 GeV 4 GeV < mA0 < 9.3 GeV 

BRAND  

NEW RESULT! 
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Conclusions!
!!Limits on invisible decay of 

a low-mass scalar particle 

!! Limit ranges between 10-6 – 10-5 

!! NMSSM predictions go up to ~10-4 

!!Constraint on NMSSM dark 

matter 

!!Limits on di-muon decay of 

a low-mass scalar particle 

!! Limit ranges btw. (0.25 – 5) x 10-6 

!! Nomura-Thaler axion (360-800 MeV) 

predictions are of order 3 x 10-6, 

 NMSSM predictions go up to ~10-4 

!! Strong constraint on N-T axion, + 

additional constraint on NMSSM 

UPPER LIMIT on  

invisible decay 

vs.  HIGGS MASS 

UPPER LIMIT on dimuon 

decay vs.  HIGGS MASS 

NEW RESULT! 



BACKUP SLIDE 
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B (B0 "  invisible)  

<  23.8 x 10-5  

B (B0 "  invisible + #)  

<  5.0 x 10-5  

"! B0 ! invisible (+ gamma) is sensitive to new physics, and had not 

been measured or constrained prior to BaBar’s 2004 measurement. 

"! Experimentally-motivated SUSY and extra-dimensions models can 

give a significant rate for this process. 

"! We obtain the following limits (on 81.5 fb-1 of Y(4S) data): 

"!Phys. Rev. Lett. 93, 091802 (2004).  


