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Outlook 
 
• Central pseudo-rapidity density at LHC 

           

• Difficulties of hadronic models with  NSD 
pseudo-rapidity distributions measured by 
CMS and TOTEM at √s = 7-8TeV 

 

• One phenomenological model with 4 centers 
of hadronic multiprodution to solve the 
discontinuities in those distributions. 

 
• A few questions from cosmic ray data in g 

ray families and EAS at high altitude 

 
 



ro =  0.70835 s0.11775    
or 

0.24Ln(s) +0.1 + 0.426Ln(s)-6.1 ? 



Pseudo-rapidity  distributions (NSD) √s = 7 TeV 
left wrong (blue points Totem  inelastic others NSD) 

right estimated blue points NSD, all NSD  

  



Pseudo-rapidity distributions (NSD)     
√s = 8 TeV (charged secondaries)  

 
• Original rapidity is 

no more a simple 
plateau with 
gaussian wings 

• Changes between  
√s = 2 TeV and √s =7 
TeV in the cosmic 
ray knee energy 
region 

• Usual  models from 
phenomenology are 
unadapted at √s =7 
and 8 TeV  



4 component rapidity  
generator 

 • From HDPM (hybrid 
dual parton model) 
to GHOST 
(Generator of 
hadrons for 
simulation 
treatment) 

• Symmetry forward 
backward 
hemispheres 

• 4 sources of 
multiparticle 
production 



Approach of the rapidity source 

  



Approach with Gaussian deviates 

•  4 gaussian 
functions 

 
• Ai {exp(-0.5ui ) +  exp(-0.5vi)} 

 

• u i = {(y-y i )/ s i } 
2     

 

• v i = {(y+y i )/ s i } 
2   

 

A i  =  5.21,  5.6 

Yi = 4.7, 1.53 

sI =  1.5,  1.3  
 

 

   

 

  

 

   



Hyperbolic approach 

Dependance 1/cosh2 y 

 
Ai{1/cosh2  u i + 1/cosh2  vi} 
 

• u i = {ai(y-y i ) } 
    

 

• v i = {ai  (y+y i ) } 
   

 

A i  =  5.21,  5.5 

Yi = 5.0, 1.5 

aI =  1.5,  1.3  
 

 



Gaussian hadronic generation 

• Multiplicity N via 

negative binomial 

function Y(z) with 

KNO scaling 

violation (z=N/<N>) 

• Central regularity vs 

z, parameters for 

semi-inclusive data  

• couples (yi, pt i ) via 

gaussian generation 

of rapidity and  pt    

• Validity of the set of 

secondaries for a 

single collision, 

conservation laws, 

rejections… 

• Treatment of SD and 

DD 

• Respective cross 

sections for  SD, 

DD, NSD and 

inelastic data 



New central regularity 

f(z) = 0.11499z2 + 1.0231z – 0.13198 





Treatment of the semi 

inclusive data 



NSD pseudo-rapidity distribution √s = 8 TeV    
(… all secondaries, __ corrected for Pt<100 MeV red CMS 

Pt<40 MeV TOTEM) balance  g1 52% N, g2 48% N 
y1 = 1.28, s1 = 1.22     y2 = 4.4 , s2 = 1.4 

 



INTEST option of CORSIKA 
(with Z. Plebaniak and J. Szabelski) 



INTEST Option of CORSIKA  
with Z.Plebaniak and J. Zsabelski (no cuts on Pt) 



Hadron experiment in Tian 

Shan 
  



Hadron experiment in Tian 
Shan 

• Results 
1995 

• S.I.Nikolski 
Nucl.Phys. 
B, 39A, 228-
234  

 







Near 107GeV, 211 g’s 

CERN Courier april 97 



Concorde Evt JF2aF2 alt. 17 km q = 52 
 



One g ray of 200 TeV… 



Conclusion and Questions 

•  4 sources of  multiple particle production  in 
CMS  located symmetrically at  rapidity 
distances   +/- 1.3-1.5 in central region and 
+/-4.4-4.7 in mid rapidity region can 
reproduce the charged pseudo-rapidity 
observed at  √s = 8 TeV.                       
Respective distribution width are 1.22 , 1.4   

• Both central and mid-rapidity components 
can be described by gaussian distributions, 
the mid rapidity emission  near 4.5 units 
being similar to the decay of the diffractive 
mass of a W boson.  



conclusion 
• Break of scaling of the gamma integral 

energy spectrum up to Eo =10 PeV (but 
divided by 2 at xlab = 4.10-4 in simulation 
against by10 in Tian Shan measurement  
when Eo rises from 10 to 86 PeV) 

•  Energy in leading cluster not available 
for normal leading particle effect 
(connected with the steepness of the pseudo 
rapidity in Totem?) 

• Breaking of the valence diquark? 
Coplanar emission above 10 PeV ?  Pamir 
experiment and on Concorde (J.N.C. ISVHECRI 2006)  

    



Conclusion 

• Does we underestimate the primary 
energy of EAS above 10 PeV, more and 
more as the energy is rising? 

• In 1963,  5 years after the observation of the 
knee, the fixed index near g ~ -2.5 was 
proposed by Ginzburg assuming an equal 
contribution from the 3 energy sources , 
kinetic energy of the gas turbulent motion, 
the magnetic field energy and the cosmic ray 
energy.  

• The tendancy in LHC when reaching      
√s  =14 TeV ( 100 PeV in cosmic rays)  
might provide a new interpretation of 
cosmic rays above the knee. 





Schwinger theory, tension 10 

times larger for partners of 

valence diquark? 



Very large tension for the diquark partners ? 

Energy threshold for 

valence diquark 

fragmentation √s = 4-5 

TeV ? 

Minimal energy consumed at 

threshold and maximal probability of 

observation in cosmic rays 

Most energetic gamma’s aligned in realtion with valence quarks? 



CORSIKA is 2 solar cycles old! 
(Curved option in present work) 



CERN Courier 
October 1981 

 Experiences  ECHOS 
started in October 
1978 

 0ne collision of 106 
GeV (high 
multiplicity, spikes  
in the distribution of  
pseudo-rapidité) at 
first exposure 




