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Outlook
         
Cosmic Ray Collisions above 1 PeV, flights 
near 18 km altitude (Paris-Tokyo collab.)
 -Near 1000 Concorde flight, Oct. 78-Oct.84. One 
collision at n 1 PeV(250h , 25cmX20cm) and 10 
PeV(500h, 45cmX50cm )

Nuclear Interaction models and 
accelerator data for Corsika(√s=  0.2 TeV  up 
to √s=  0.9 TeV for Cern, for Tevatron- Fermi-lab near 
√s= 1.8TeV, near √s= 13TeV in LHC)
 -   HDPM(2 Gaussian)-Corsika, violation of KNO scaling 
at UA5 energies  from 1987,   HDPM extended to  4 
gaussians or multiple clusters(2014) with GHOST

After  10**20eV?

   



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





CONCORDE OCT.1978
ROISSY AIRPORT
Inserting one pair of ECHOS 
CHAMBERS (20 cmX25 cm).

Daily returned Paris-Washington, 
duration 1H41mn  increasing level 
from 15 km to 17 km.

Chamber 1  received the result of a 
collision in the top of the cabin wall 
allowing to measure an event 
around 1 PeV. (interaction point at 
2.27m +/- 0.88m) . Total of 
cumulated fly 250H. 

Next flights were at the bottom of 
the passenger room ( 45 cm X 50 
cm)  and one event with energy 
exceeding 10  PeV. Total 
cumulated fly 500H.



1st flight Oct.1978 (down), 2nd Oct.1992(up)

• Oct. 94 (up)

• Oct. 1978



Near 107GeV, 211 ’ss
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JF2af2 (Concorde)JF2af2 (Concorde)
 Xray film under 8 Xray film under 8 

c.u.c.u.
 Lego plot with the Lego plot with the 

4 most energetic 4 most energetic 
Gamma ’sGamma ’s



One ray of 200 TeV…in the 
event exceding 10 PeV(52deg)



In connection with the CERN  

• First attempts for CORSIKA 
• after Beijing (1986) , Proc. Int. Symp. On 

UHE interactions, 7, 23.   
• Moscow(ICRC 1987, vol.5 p.135, 160, 

182, 263, 430),
•  Lodz(5th international symposium on very 

high energy interactions, p.128 invited 
papers)







P-air collision with 4 
components





From HDPM to GHOST

• HDPM (hadron dual 
parton model) 
appears more difficult 
to use than GHOST at 
energies larger than 
sqrt(s) = 1500 GeV

• GHOST, with 4 
plateau instead of 2, 
is better adapted at 
UHE and can follow 
different »plateau» if 
necessary with fast 
calculations;



s0.11775   
or

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



Approach with Gaussian deviates

•  4 gaussian functions

• Ai {exp(-0.5ui ) +  exp(-0.5vi)}

• u i = {(y-y i )/  i } 2    

• v i = {(y+y i )/  i } 2  

A i  =  5.21,  5.6
Yi = 4.7, 1.53
I =  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 (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?)



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

right estimated blue points NSD, all NSD 





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



Charged NSD Multiplicity

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

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




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



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

 UA5  Inelastic 
pseudorapidty 
distribution in the 
beam rest frame for 
√s=53 (triangle), 
200(circle),  546(cross), 
900(dark circle) GeV far 
from fragmentation 
area

(-2.5 units )

No evidence for scaling
UA5, ZPC 33, 1986, 1

 





Hadron experiment in Tian 
SHAN

The hadron array
Energy spectra of 
electrons and photons



Gamma integral energy 
spectrum





Gamma ray family at 17 km 
altitude











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, 1 = 1.22     y2 = 4.4 , 2 = 1.4



Inelastic 
pseudorapidity

CMS and Totem data.

Calculation 
with the 
generator 
GHOST

 at √ s = 8 TeV 
and 

√s = 13 TeV.



Conclusion
• The multi-source Generator GHOST (in 

continuity of HDPM) can reproduce the 
inclusive data and also the semi-inclusive 
data with larger control (needed in the case 
of  the semi-inclusive data). 

 
• The guidelines derived from LHC data at Vs = 

8, 13 TeV allow better simulations and 
extrapolations up to 100TeV.

 
• Attempts are proceeded to insert GHOST in 

CORSIKA.



One interrogation for the future

• Delegate of the Ministery of research on 
2000-2006, I had obtained the gift of 
Brussels, first step of our installation in 
Argentina with Germany, England, Russia  

• An important simulation is in progress now 
for the AUGER results at energies larger 
than the earlier GZK consideration.

•  Above 10**20 eV with rare  events, it is 
time to use the AUGER area for new works 
in relation with the gravitationnal waves of 
U.S.A.(Ligo-Livingston) and  Europe(Virgo-
Italy,France..) 




