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Outline 
 What would be limiting factor at STCF? 

 Eta/eta’ invisible decays 
 Charge Lepton Flavor Violation(CLFV) process 

  tau->l l l, tau-> e/mu + gamma (Haibo's talk) 
 J/psi->e mu, tau mu, tau e  

 Dark photon, dark Higgs and GeV-matter 
searches: 
 Invisible decays of mesons 

 J/psi, Psi(3686), phi, eta/etap, omega etc 

 Radiative processes 
 Jpsi decays 
 

2013.6.17       Dayong Wang 2 2013.6.17       dark possibilities at STCF 2 



Case-I:Invisible Decays of eta/eta’ 

2013.6.17       dark possibilities at STCF 3 

BES(2006). Physical Review Letters, 97(20), 1–5.  

BESIII(2013). Physical Review D, 87(1), 012009.  

BES2006            BES2013 

90% C. L. 



efficiencies 
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BES2006 

BES2013 

Thanks to the much improved EMC, but the room for STCF is limited 



Systematic errors 
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BES2006 BES2013 

EMC simulation is dominant 



cLFV from J/psi decays: BES 
results  

• BESII 

 

 

 

• BESIII results from 225M J/psi 

arXiv:1304.3205, to appear in  PRD 
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 Phys. Lett. B 561, 49 (2003) 



CLFV: predictions 
• Laundry list 

– SUSY-based GUT 

– SUSY with a right-handed neutrino  

– gauge-mediated SUSY breaking  

– SUSY with vector-like leptons  

– SUSY with R-parity violation  

– models with a Z 

– models violat-ing Lorentz invariance  

• Unparticle physics 
– The European Physical Journal C, 62(3), 593–598.  

(2009) 

– Phys.Rev.D76:077701,2007 
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Generator + Detector simulation 



NATURE, 
2012.4 
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Key observations to be addressed 
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motivation of dark forces 
• PAMELA/Fermi hard lepton 

spectrum=> M(DM) ~(100, 
1000) GeV 
– New Physics at ~ GeV scale 

 
• PAMELA/Fermi e+ excess 

without   pbar anomalies and 
large excitation cross section 
for INTEGRAL 
– DM annihilation into light states 

 
• Large event rates for PAMELA, 

requiring amplification of DM 
annihilation 
– Enhanced DM annihilation (by 

Sommerfeld enhancement) 
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Other constraints from astro 

(1) The basic dark matter particle 
properties [mass, stability, darkness]; 

(2) The similarity in cosmic abundance 
between ordinary and non-baryonic 
dark matter, ΩB ∼ Ωdark;  

(3) Large scale structure formation;  
(4) Microlensing (MACHO) events;  
(5) Asymptotically flat rotation curves 

in spiral galaxies;  
(6) The impressive DAMA/NaI annual 

modulation signal. 
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Variety of Models 

• General model features 
– New gauge bosons in the secluded hidden 

sector 
– Dark Matter has self-interactions through the 

new gauge bosons 
– Mixing between the new bosons and the SM 

particles 

• Specific model choices 
– Secluded sector: abelian or non–abelian gauge 

group 
– Dark Matter identity (fermion or scalar) 
– Mass generation: Higgs or technicolor 
– Supersymmetric scenarios 
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Messangers from Dark 
Sector 

2013.6.17 14 2013.6.17       dark possibilities at STCF 14 



The simplest case: Abelian 
Symmetry 
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Least suppressed processes 
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Radiative process Dark higgs-strahlung 

• Most promising scenarios: 

• 1) e+e-->gamma U 

• 2) Higgsstralung:   

• e+e-->AU, h'->UU 



Similar features from Mirror 
DM Model 

FOOT, R. (2004).  International Journal of  
Modern Physics D, 13(10), 2161–2192.  
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Present limits from astro/g-
2/beam-dump/neutrino etc 
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beam dump experiements 
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J.D. Bjorken et al., PRD 80 (2009) 075018 



Latest Pi0 Dalitz decay results 
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Arxiv:1304.0671 



Flavor Factory is a good place to probe these 

• Low energy; 

• high luminosity 

• clean signatures 

• N. Borodatchenkova, D. Choudhury, M. 
Drees, Phys. Rev. Lett. 96 (2006) 141802  

• R. Essig, P. Schuster, N. Toro, Phys. Rev. 
D80 (2009) 015003  

• Peng-fei Yin, Jia Liu, Shou-hua Zhu, Phys. 
Lett. B679 (2009) 362  

• Hai-Bo Li, Tao Luo, Phys. Lett. B686 (2010) 
249  

• B. Batell, M. Pospelov, A. Ritz, Phys. Rev. 
D79 (2009) 115008  

• M. Reece, Lian-Tao Wang, JHEP 07 (2009) 
051  

• Barzè, L., Balossini, G.et al  The European 
Physical Journal C, 71(6). (2011).  
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Global With Babar/KLOE etc 
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BESIII specific references 
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Fu, J., Li, H.-B., Qin, X., & Yang, M.-Z. 
(Mod. Phys. Lett. A 27, 1250223 (2012) 

ZHU S-H, PHYSICAL REVIEW D75,115004 (2007) 

Yin Liu & Zhu. (2009). Physics Letters B, 679(4), 362–368 

•Hai-Bo Li, Tao Luo,  
•Phys. Lett. B686 (2010) 249  



relevant BESIII results 
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Search for a light exotic particle in Jpsi radiative decays 
BESIII, PHYSICAL REVIEW D85,092012 (2012) 

BESIII(2013). Physical Review D, 87(1), 012009.  



arxiv: 0702.0016 
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invisible decays prediction 



Dataset per 10B Jpsi at BES 

Li, H.-B., & Zhu, Sh.-H. (2012). Chinese 
Physics C, 33(10), 932–940.  
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Sensitivity studies with 
Babayaga@NLO for radiative process 

• Babayaga@NLO 
– 0.1% precision  

– U boson process with ISR, FSR and 
interf 

• Cut following BESIII 

• Figure of Merit 
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B/super B factory 
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resolutions at BESIII 

H.-B. Li, T. Luo / Physics Letters B 686 (2010) 249–253 

2013.6.17 30 2013.6.17       dark possibilities at STCF 30 



BESIII, 10fb-1 
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10fb-1, limit plots 
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BESIII, 30fb-1 
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STCF=0.5*BES3 resolution, 
200fb-1 

2013.6.17       dark possibilities at STCF 34 



Summary 

• STCF will provide good opportunities 
for exotic physics topics, such as 
Dark photon/dark higgs. 

• And let us keep open minds for 
unexpected  

• Detector simulation (esp EMC) will be 
challenging to meet increased Lumi 
and improved resolution 
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