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Outlook 

          

.  VHE Interactions in the LHC 
    -  4 gaussians or multiple clusters, charged multiplicity,  
central  pseudorapidity density,  energy dependence of the 
mean central charged particle density 

   - pseudorapidity distribution normalized by the mean 
multiplicity 

•  Semi inclusive data  
   -  KNO scaling in central region,  Empirical scaling 

   - Semi-inclusive data 

Leading clusters 

 - leaders  distributed randomly 

  - leaders confined among 10% of most energetic secondaries 

    

 

 
 

 



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 



Approach of the pseudorapidity source  
(no more plateau of Feynman?) 

  



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



ro =  0.70835 s0.11775    
or 

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



Charged NSD Multiplicity 

 

 
•          < N_ch-ua5 > = −7.0 +7.2 s0.127  

 
•          < Nch > = −0.74 + 2.59 s0.191  

 

 

 
 
           

 

 

                    ro =  0.70835 s0.11775 

 

          





KNO scaling violation 
Fluctuations of NSD total 
multiplicity 

Violation between ISR  (√s = 53  
GeV)and UA5 (√s = 540 GeV) 
established in 1983   

 

UA5, Alner et al.,Phys. Lett. B 180 
(1986), 415 

 

 

__________________________ 

Scaling in central region √s = 53 
GeV and √s = 540 GeV   ?? for || 
< 1.3 

UA5, Alner et al., Phys. Lett. B 138 
(1984), 304 



KNO scaling violation in central region 

  



Violation of KNO 

scaling at Vs = 8 TeV 

Measurements of Alice  and UA5 

KNO scaling in central region of 

pseudorapidity is no more 

conserved for Vs> 1 TeV 

 



Violation of KNO 

scaling in central 

region 

 

Comparison of GHOST 

results (histograms) with 

Alice and Atlas data at Vs = 

8 teV 



Test of scaling in 

fragmentation region 

Right: UA5 NSD pseudorapidity 

distribution at Vs= 200, 546, 900 

GeV 

Left: Inelastic pseudorapidty 

distribution in the beam rest frame 

for Vs=53, 200, 546, 900 GeV  















INELASTIC 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 

 



Inelastic 

pseudorapidity 

CMS and Totem data. 

Calculation 

with the 

generator 

GHOST 

 at √ s = 8 TeV 

and  

√s = 13 TeV. 



NSD and INELASTIC 

distributions 

Simulation with Ghost 

Data from CMS (only inelastic for 

points) 



Case of leading 

cluster used 

inside 10% of 

most energetic 

secondaries 

• NSD distribution 

 

 

This is not the previous 

calculations where the 

leading particles have 

been taken randomly at 

the end of the generation 

of all charged 

secondaries  
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CHARGED 

MULTIPLICITY 

DISTRIBUTION  

AT Vs = 8 TeV 

• Multiplicity  I Lead. 10% most energetics I  Lead. at random  

•        10                                      83.           --------               170. 

•         20                                     229.          --------             384. 

•         40           -------                  456.                                  419. 

•         60           -------                  443.                                 380. 

•         80          -------                    381.                                 333. 

•         100          -------                 276.                                 269. 

•         120          --------                219.                                 203. 

•         140          -------                  144.                                 133. 

•         160                                     89.            ---------           108. 

•         200                                     39.             ----------           43. 

•         250                                     27.              ----------           12. 

•         300                                       3.                                       3. 

 

 

 

• Multiplicity.     Leaders among 10%        Lead. at random  

•                            most energetic secundaries 

•          10                                      83.                                  170. 

•         20                                     229.                                  384. 

•         40                                      456.                                  419. 

•         60                                      443.                                 380. 

•         80                                      381.                                 333. 

•         100                                    276.                                 269. 

•         120                                    219.                                203. 

•         140                                   144.                                  133. 

•         160                                     69.                                   108. 

•         200                                     35.                                    43. 

•         250                                     27.                                    12. 

 

Multiplicity compared in the 

case of  

1/ most energetic leaders 

confined among 

secondaries  inside 10% 

of charged multiplicity 

 

2/ Leaders are distributed 

randomly 

 

3/ convergence at 

 Vs=40 TeV (as suggested 

by « SSC » central design 

group in 1986 ? 



CHARGED 

PSEUDORAPIDITY 

DISTRIBUTION  

AT Vs = 8 TeV 

• Pseudorapidity I Lead. 10% most energetics I  Lead. at random  

•        0.                                      6.05                                  6.2 

•         5.                                     6.24                                  6.4 

•         10.                                    6.46                                  6.6 

•         20.                                     6.31                                 6.7 

•         30.                                     5.99                                6.7 

•         40.                                    5.26                                 6.27 

•         50.                                    3.88                                  5.01 

•         60.                                    2.38                                  3.3 

•         70.                                     1.19                                  1.9 

•         80.                                     0.47                                   0.94 

•         90.                                     0.14                                   0.4  

•         100.                                   0.03                                   0.12 

 

 

 

 

Pseudorapidity distribution 

compared in the case of  

 

1/ most energetic leaders 

confined among 

secondaries  inside 10% 

of charged multiplicity 

 

2/ Leaders are distributed 

randomly (2nd column) 



Conclusion 

• The multi-source Generator GHOST can 
reproduce the inclusive as well as the semi-
inclusive data. 

  

• The guidelines derived from LHC data at Vs = 
8, 13 TeV allow better simulations and 
extrapolations up to 100TeV. 

 

• The enhancement of the inelasticity indicates 
also a weaker participation of the leading 
cluster at UHE.  

• Attempts are proceeded to insert GHOST in 
CORSIKA. 



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

right estimated blue points NSD, all NSD  

  



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 



INELASTIC 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 

 



Near 107GeV, 211 g’s 

CERN Courier april 97 



One g ray of 200 TeV… 



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 


