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I  Monte Carlo simulation



1.Why	
  do	
  we	
  need	
  to	
  do	
  MC	
  simulation?

Particle	
  physics	
  phenomenology	
  is	
  the	
  part	
  of	
  theoretical	
  particle	
  
physics	
  that	
  deals	
  with	
  the	
  application	
  of	
  theoretical	
  physics to	
  high-­‐
energy	
  particle	
  physics	
  experiments.	
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1.Why	
  do	
  we	
  need	
  to	
  do	
  MC	
  simulation?

• Monte	
  Carlo	
  methods	
  (or	
  Monte	
  
Carlo	
  experiments)	
  are	
  a	
  broad	
  class	
  
of	
  computational	
  algorithms	
  that	
  
rely	
  on	
  repeated	
  random	
  sampling	
  
to	
  obtain	
  numerical	
  results.	
  Monte	
  
Carlo	
  methods	
  are	
  mainly	
  used	
  in	
  
three	
  distinct	
  problem	
  classes:	
  
optimization,	
  numerical	
  integration,	
  
and	
  generating	
  draws	
  from	
  a	
  
probability	
  distribution.



2.How	
  to	
  do	
  MC	
  simulation	
  in	
  collider	
  physics?



• a.	
  PDF
• CTEQ6L1

• b.	
  Hard	
  scattering
• MadGraph/MadEvent,	
  
SHERPA,	
  …

• c.	
  Parton	
  Shower
• Hadronization
• PYTHIA

• d.	
  Detector
• Delphes,	
  PGS,	
  GEANT4,	
  …

• FastJet
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Why	
  do	
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  simulation?



3.	
  Which	
  kind	
  of	
  work	
  can	
  MC	
  simulation	
  do?
arXiv:1308.5307
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II Example

Explanation of the 
ATLAS Z-peaked 
excess in the NMSSM

arXiv:	
  1504.07869



1.	
  Brief	
  introduction	
  of	
  SUSY	
  

(	
  𝐵",𝑊% , 𝐻%', 𝐻%( )

(	
  𝜒+,-,	
  𝜒+.-, 𝜒+/-, 𝜒+0- )



NMSSM

(	
  𝐵",𝑊% , 𝐻%', 𝐻%(, 𝑆2 )

(	
  𝜒+,-,	
  𝜒+.-, 𝜒+/-, 𝜒+0-,	
  𝜒+3- )



Sparticle Decay



arXiv:1503.03290



1.	
  The	
  ATLAS	
  report
general gauge mediation models
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Result	
  





3.	
  Explanation	
  



0	
  lepton,	
  2~6	
  jets



3.	
  Explanation	
  

(𝑊% , 𝐻%', 𝐻%( ) (𝑊% , 𝐻%', 𝐻%( )



NMSSM
𝐵"	
   𝑆2	
  



CheckMATE



Validation



Validation











Result

1. With	
  out	
  CMS	
  limit,	
  NMSSM	
  can	
  explain	
  the	
  ATLAS	
  Z-­‐peaked	
  excess	
  
at	
  1𝜎 within	
  in	
  optimal	
  cases,	
  such	
  as	
  𝑚7+ = 650𝐺𝑒𝑉, 𝑚?@AB =
565𝐺𝑒𝑉,𝑚?@CB = 465𝐺𝑒𝑉.

2. With	
  CMS	
  limit,	
  NMSSM	
  can	
  explain	
  the	
  ATLAS	
  Z-­‐peaked	
  excess at	
  

1.2𝜎 away(11	
  Events).
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Conclusion

• I	
  	
  	
  	
  Monte	
  Carlo	
  simulation
• 1.	
  Why	
  do	
  we	
  need	
  to	
  do	
  MC	
  simulation?

• An	
  important	
  way	
  in	
  phenomenology	
  
• 2.	
  How	
  to	
  do	
  MC	
  simulation	
  in	
  collider	
  physics?

• MadGraph/MadEvent,	
  Pythia,	
  Delphes,	
  Root,	
  CheckMATE,	
  …
• 3.	
  Which	
  kind	
  of	
  work	
  can	
  MC	
  simulation	
  do?

• Constant,	
  Prediction,	
  Improve,	
  Explanation

• II	
  	
  	
  Example:	
  Explanation	
  of	
  the	
  ATLAS	
  Z-­‐peaked	
  excess	
  in	
  the	
  NMSSM
• 1.	
  Brief	
  introduction	
  of	
  SUSY	
  

• MSSM	
  and	
  NMSSM
• 2.	
  The	
  ATLAS	
  experimental	
  report	
  for	
  Z-­‐peaked	
  excess

• Process,	
  identification,	
   selection,	
  results
• 3.	
  The	
  explanation	
  of	
  the	
  Z-­‐peaked	
  excess

• 𝑚7+ = 650𝐺𝑒𝑉,𝑚?@AB
= 565𝐺𝑒𝑉,𝑚?@CB

= 465𝐺𝑒𝑉 can	
  explain	
  at	
  1𝜎



WE ARE JUST ON THE WAY
Thank you.


