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1. Where is Higgs boson?. W H gg



N t f nd t!Not found yet!

LEP direct search told us 

mH>114.4 GeV@95% CLH

in the SMin the SM



Alt n ti pp h!Alternative approach!

Higgs boson small quantum 
fl i ff bfluctuations  effects can be 
me sured dedic tedmeasured dedicated 
experimentsexperiments.













2. One puzzle?. pu











NP to decrease direct 
search limitsearch limit



3. Then came the HyperCP 3 exotic . m yp
events in 2005…





Theoretical investigations:Theoretical investigations:



~2*109 Σ events

3 events in P+dimuon decay mode

BR can be within SM prediction

Same di-muon mass (within 0 5 MeV) for 3Same di-muon mass (within 0.5 MeV) for 3 
events <1% possibility

Narrow resonance X with mass 214 MeV  

Can’t be hadronic stateCan t be hadronic state

Can’t be scalar and vector

Could be pseudo-scalar a in, say NMSSM  or 
sgodstinosgodstino



4 If is b st d t hi h4. If a is boosted at high 
energy colliders: LEPenergy colliders: LEP, 
Tevatron and LHCTevatron and LHC





U f t t l l k d s hUnfortunately we overlooked such 
kind of di-muon in the on-going and g g
past analysis!  At ATLAS, Delta(R) 
>0 01 in order to suppress fake muon!>0.01 in order to suppress fake muon!

However it is possible toHowever it is possible to 
reconstruct such di-muon in 
reasonable efficiency. 



Event (a->di-muon) view at CMS detector byEvent (a di muon) view at CMS detector by 
Z.C. Yang of Peking University





At CMS



5. If SM-like h->aa is dominant





ConsequencesConsequences

E f l kLEP can’t find SM-like Higgs boson due 
to the fault of di-muon reconstruction. 
LEP direct search limit is meaningless 
in this picture i e SM like Higgs can bein this picture, i.e. SM-like Higgs can be 
within 17~105 GeV (D data set).
Tevatron and LHC can’t discover Higgs 
boson either if they don’t changeboson either if they don t change 
analysis methods.



6. Higgs Phenomenology at LEP, . gg m gy ,
Tevatron and LHC if h->4 muon can be 

st t dreconstructed.















7. Why a is so light (214 MeV)?. y g ( )









8. Conclusions.



Higgs->4mu events may lurk in gg y
the existing Tevatron/LEP data!

LHC need to search such unique 
Hi i t !Higgs signature!

E ti l t i th 4Essential part is the 4mu 
reconstruction efficiencyreconstruction efficiency.



Analysis method matters!Analysis method matters!
• The divorce rate in China 

“decreases” one half!decreases  one-half!
• 中国离婚率“降低”一半中国离婚率 降低 半

• - Divorce is “a pair”, not twice! 
• －离婚是“一对”不能算两次!• 离婚是 对 不能算两次!
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谢谢谢谢！

Thanks!Thanks!


