
Progress with the 
Nuons model 

René Brun 
May 8 2015 





Talk overview 
�  Quick summary of  the model 

�  Particle masses: better and better 

�  Magnetic moment 

�  Elastic Scattering: p-p & p-pbar 

�  Collisions at LHC 
�  Particles kinematics 
�  Jets 
�  Multiple “Parton” Interactions 

�  Next steps 
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The model in 3 words 
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Particles masses 
and Magnetic Moment 

Programs findall.C, showmass.C, drawmass.C 
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Decays 
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Nuon : a building block 
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some particles 
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muon pion kaon K0 

proton Lambda D0 



Proton Views 
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electron 

neutrino 

positron 

antineutrino 

Engineer view 

ROOT view 

Artist/spiritual view 
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Elastic Scattering 
No time to explain the simulator Totem.C. 

The program computes the sum of  all Coulomb forces when 
traveling and spinning protons cross each other with a crossing angle. 
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pp elastic ISR 
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p-pbar elastic  
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pp elastic at 7 TeV 
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Dip and maximum 
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Collisions at LHC 
Particles Kinematics, Jets, MPI 

 
Program collide.C 
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Collisions 
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Proton Radius 
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Collision Probability 
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Collision products 
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Some simple estimators 
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Collision types and Pt 
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900 GeV 
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7 TeV 
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Charged particles multiplicity, see: cms_jhep.01.2011.079.pdf
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Jets 0.9, 2.76  TeV 
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Jets 7, 8 TeV 
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Inclusive Jets 

08/05/15 Progress with the Nuons model 28 

hjets

Entries    4.293891e+08

Mean    1.055

RMS    0.2242

0 2 4 6 8 10 12 14

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

hjets

Entries    4.293891e+08

Mean    1.055

RMS    0.2242

hjets

Entries    4.293891e+08

Mean    1.055

RMS    0.2242

ptjetmin = 15.3353
knnmin   = 9
jetn2    = 6.12683
jetn1    = 3.06342
jetn0a   = 2.8
jetn0b   = 1

Nuons

ATLAS

Cumulative number of jets

2 3 4 5 6 7
0

0.05

0.1

0.15

0.2

0.25

0.3

Nuons

ATLAS

ratio njets/njets-1 <Np> vs Pt hjets

Entries    5.258397e+08

Mean     1.06

RMS    0.2371

0 2 4 6 8 10 12 14

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

hjets

Entries    5.258397e+08

Mean     1.06

RMS    0.2371

hjets

Entries    5.258397e+08

Mean     1.06

RMS    0.2371

ptjetmin = 17.1199
knnmin   = 9
jetn2    = 6.9936
jetn1    = 3.4968
jetn0a   = 2.5
jetn0b   = 1

Nuons

ATLAS

Cumulative number of jets

2 3 4 5 6 7
0

0.05

0.1

0.15

0.2

0.25

0.3

Nuons

ATLAS

ratio njets/njets-1 <Np> vs Pt

7 TeV 8 TeV 



Jets vs event Multiplicity 
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 :  821716887 events2 = 7000 GeV/csJets compared to CMS data at    

see : CERN-PH-EP/2013-195 (arXiv:submit/0825507)
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Multi Parton Interactions 
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Collision types vs multiplicity 
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MPI vs Energy and multiplicity 
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Predictions for 13 TeV 
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pp elastic at 13 TeV 
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Particles kinematics at 13 TeV 
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 at 13000 GeVπ and p/πratio K/
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Charged particles multiplicity, see: cms_jhep.01.2011.079.pdf



Jets at 13 TeV 
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2 = 13000 GeV/csLeading jets, 
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Possible next steps 
Improvements to findall.C, totem.C, collide.C 

Deep Inelastic: deep.C 
Binding energy, Life time 
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