
                                                                                                                                                                                                                         1

Helicity determination in HEEP event 
using 2012 data  

Sherif Elgammal1 and Philippe Mine2

1CTP, Zewail City of Science and Technology (EG)
2LLR, Ecole Polytechnique (FR)

CMS Egypt meeting

12 / 06 / 2013



                                                                                                                                                                                                                         2

Models in Particle 
Physics
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RS model of extra – dimensions 
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Theory of Grand Unification (Z') 
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ADD model of extra – dimensions 
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Contact interaction model 
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Backgrounds

DY:

multi-
jets:

W+jets:

ttbar:

Physics I am interested in ! 
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Introduction & Out-line of the talk

Why helicity angle distribution is important?

* Distribution of the helicity angles is an important characteristic of the 
   particle interaction

* The proper modeling of the helicity distributions is significant for MC 
   generators 

* Helicity angles provide additional information about anomalous couplings 
   and contribute to the sensitivity of searches of new physics.

(1) Bosons (DY, Z'psi and RSG) kinematics (at lab frame),
        * M

DY
 > 120 GeV/c2

        * M
DY

 > 700 GeV/c2

(2) Collins Soper Frame,
      * results from CMS using HEEP events

(3) Center of Mass Frame, 
      * results from CMS using HEEP events
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MC & Data sets
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Event Selection (HEEP)

Kinematics 
cuts

Shower shape 
cuts

Isolation 
cuts

Before selection Sh. Elgammal et al.,
CMS AN – 2012/415



                                                                                                                                                                                                                         11

Boson kinematics in lab Frame 
(M

DY
 > 120 GeV/c2) 

Good MatchingGood Matching

Good MatchingGood Matching
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Boson kinematics in lab Frame 
(M

DY
 > 700 GeV/c2) 

Good MatchingGood Matching

Good MatchingBad Matching
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Boson kinematics in lab Frame 
(for DY & signals) 
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Boson kinematics in lab Frame 
(for DY & CI model) 
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Collins Soper Frame 
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       Collins Soper Frame (cos[theta])          
      

Good MatchingGood Matching

Good MatchingGood Matching
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       Collins Soper Frame (Phi)                

Good MatchingGood Matching

Good MatchingGood Matching



                                                                                                                                                                                                                         18

                     Collins Soper Frame                 
     (DY > 2000 GeV & Signals) 

Good 
discriminator 

Bad 
discriminator 

Good 
discriminator 

Bad 
discriminator 
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                     Collins Soper Frame                 
     (DY > 2000 GeV & Signals) 

Bad 
discriminator 

Bad 
discriminator 

Good 
discriminator 

Good 
discriminator 
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                     Collins Soper Frame                 
     (DY > 2000 GeV & CI model) 

Bad 
discriminator 

Bad 
discriminator 

Bad 
discriminator 

Bad 
discriminator 
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                     Collins Soper Frame                 
     (DY > 2000 GeV & CI model) 

Bad 
discriminator 

Bad 
discriminator 

Bad 
discriminator 

Bad 
discriminator 
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Centre of Mass Frame 

* Then is computed as the polar angle between the electron and    
   the boosted direction of the heavy boson in the boson rest frame.   
   In addition the electron and positron candidates are requested to   
   have opposite charges, in order to identify the electron from          
   which cos is computed

* RS graviton with spin 2 can be distinguished from the SM               
   background and Z' bosons with spin 1 using the cos   

Lab Frame Centre of Mass Frame

*
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Data is compatible with the MC at 
high mass (M>120 GeV/c2)

Some how data is compatible with the DY MC 
at high mass (M>700 GeV/c2), however more 
data are needed to fully understand these plots

Helicity Dist. for Boson at Rest Frame  
(DY > 120 GeV & Data) 

Bad MatchingGood Matching
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Good 
discriminator 

Bad 
discriminator 

Helicity Dist. for Boson at Rest Frame  
(DY > 2000 GeV & Signals) 
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(1) The angular distributions [cos  have been studied in the 
framework of HEEP selection (v4.1) using MC DY(M > 2000 GeV), 
RSgrav(M = 2000 GeV) and Z' psi(M = 2000 GeV), using             
CMSSW_5_3_x and full 2012 data

(2) It was found that the polar angles of the final state electrons    
at boson rest frame are good variables to distinguish between the 
parent bosons [G (ADD or RS) and Z'] and the DY b.g. Process.

(3) Angular distribution is not good variable to distinguish between
CI model from DY bg.

     

(4) Good agreements are seen between data and DY MC(M > 120 GeV).

Conclusion
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(1) Adding a section related to Forward Backward asymmetry

(2) Confirming gluon spin 1 results using CMS data (in CS frame)
     

(3) Writing AN when the study is finished and mature

Future Work
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Back Up

Backup
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Summary of Collins Soper Frame

(1) Collins Soper Frame (at DY tail (M > 120 GeV/c2), Boson pt < 10 GeV/c)
(a) Cos dist 
      * EB-EB    Good matching data & DY(MC), Good discriminator   
      * EB-EE    Good matching data & DY(MC), Good discriminator 

(b) dist
      * EB-EB    Good matching data & DY(MC), bad discriminator   
      * EB-EE    Good matching data & DY(MC), bad discriminator

(2) Collins Soper Frame (at DY tail (M > 120 GeV/c2), Boson pt > 40 GeV/c)
(a) Cos dist 
      * EB-EB    bad matching data & DY(MC), bad discriminator   
      * EB-EE    bad matching data & DY(MC), bad discriminator 

(b) dist
      * EB-EB    Good matching data & DY(MC), Good discriminator   
      * EB-EE    Good matching data & DY(MC), Good discriminator
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