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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(Vys= 0.2 TeV up

to Vs= 0.9 TeV for Cern, for Tevatron- Fermi-lab near
Vs= 1.8TeV, near Vs= 13TeV in LHC)

- HDPM(2 Gaussian)-Corsika, violation of KNO scaling
at UAS energies from 1987, HDPM extended to 4
gaussians or multiple clusters(2014) with GHOST

After 10*%*20eV?



Concorde — adding to the repertoire of
Losmic ray expeniments.

{Photo A France)

High flying physics

Cosmic ray’ physicists have always
had to aim high. In the consiant
search for interactions produced as
close as possible to the immensely
high primary particles eniering the
earth's atmosphere from outer
space, they have installed experi-
ments on high mountain peaks and
flown detectors aloft in balloons.

In these studies, there have been
periodic sightings of remarkable
configurations of secondary parti-
cles, These events, many of which
bear exotic names ke Centauro, An-
dromeda, Texas Lone Star, etc., fre-
quently defy explanation in terms of
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conventional physics ideas and give
a giimpse of what may lie beyond the
behaviour seen so far under labora-
tory conditions.

The 540 GeV collisions at the
CERN proton-antiproton  collider
lequivaient to a 155 TeV proton
beam htting a stationary target) will
for the first time provide man-made
energies which approach the region
where these axotic events might turn
up. This search is perhaps second
only on the experimental agenda to
the quest for the intermediate weak
interaction bosons.

But cosmic ray studies continue to
produce interesting results. In 1978,
the ECHOS experiment began by a
France/Japan collaboration using
emulsion chambers mounted in the
baggage compartment of an Air
France Concorde supersanic airiiner.
This has tco produced its exotic ev-
ent, tamely referred to as JF1af1,

Two emulsion chambers were

large energy and high multiplicity, the
event is remarkably well collimated.
The presence of a certain level of
hadrons implies that the event was
due to a nuclear interaction and ana-

packed in the Concorde baggage
hold, cne being specifically designed
for the detailed observaticn of high
energy events. This 35kg JFla
chamber contained three sections,
an upper one with different types of
nuclear emulsion plates to enabie
charge determinations 1o be made, 3
central target layer, and an emulsion
calorimeter at the bottom. The sec-
ond Cencorde detector was more
concerned with measuring particie
fluxes.

The expeosure was planned to cov-
er 200 hours of level flight socme
16 km above sea level, requiring a
total of some two months in the air-
craft. Because of the high altitude
and relativety long exposure, a good
crop of high energy interactions was
abtained. In particular, the very first
flight produced the JFlaf! event,
estimated as containing about
150 gamima rays and a totai radiated
energy of 260 TeV. As well as its

CERN Courier. October 1981

lysis suggests that it occurred some- '

where on or inside the Concorde, ,
rather than in the outer atmosphere.
hs closest counterpart so far ob-
served is the Texas Lone Star inter-
action picked up by balloon-borne”
emulsion stacks.

CERN Courier
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! Experiences ECHOS
started in October
1978

! One collision of 10s
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), 2" Oct.1992(up)

* Oct. 94 (up)

* Oct. 19/8
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COSMIC RAYS
Concorde hits the fan

CERN Courier april 97

F-::r ihe past 15 years, a Pans/
Tokyo casmic ray soilaboration
has heen flving amulsion chambers on
Concorde, typically exposing for 200
hours at altitudes of 17 kilomefres.

While the event harvest has ena-
bled the researchers 1o cover a wide
range of physics - garnma ray flux,
nucleon-nucieus collisions, fragmen-
sation of heavy primaries,
hyperstrange baryonic matter,.......
one particularty intriguing event.
corresponded to a stratospheric
gamma ray shower at 1 0" GaV,
containing over 200 gammas above
200 GeV (higher energy evenis, up
i 40" GeV, have been seen eise-
where). A

At first, this high energy event,
dating from 1382, was neglected.
Onty later did physicists notice the
tandency for its gammas 1o slot
together in a plans, or sheet, follow-
ing suggestions reporiad from cosmic
ray exposures ai 4360 m in the Pamir
mountains in Central Asia.

Taking ancther look at the high
energy Concorde event last year,
Jean-Noél Capdevielle of the College
de France started ‘o plot the gammas
by hand, starting with the maost
energetic, and was startled 10 find

they were on an almost perfect
etrataibt line
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Near 10°GeV, 211 y’s

Ean-like array of high enargy gammd rays
{pholons) seen n 4 COSIIG &Y !ﬂ?ﬂrmcsﬂ':fed'
oy & Pans/Tokyo collaboration flying emulsor
an Concorde at altiudes of IF
kilomefres. The photon energies (vertical #xisj
2re in TeV, while e horizonta! pixels are *

mim SqUare

Such sheet-like alignments are also
seen in a dozen or so events by the
large Pamir chambers (several
hundred tonnes), which also see the
emergent hadrons but are degraded

Linear collision COUrse

hile atiention is focused on

CERN's LHC proton collider
the next major step for particle
physics, he parallel glectron-posilr
collider route is acknowledged as
providing a complementary appros
' many outstanding physics
questions.

With CERN's 27-kilometre LEP
electron-positren nng defining &
faasibility fimit for circular glactron
i e rEegarch and



 Jean-Noé '
capter les explosions de particules cosmiques. Phoic DOM -

: — Qui savait que Concorde avait
send d'outil original pour étudier st

s
imende le 11 800t 1999 & bord
‘cetie fois.de deux Concurde ? Mais

les éclipses de soieil n'ont gas été
la seule mission scientfigue confiée
au supersonique aui a également
permis de tsquer la coucne
dlomone, mais aussi f2s rayons oos-

migues.
Pour en parier, Jean-Nodl Capde
vielle, um chercheur qui obtint son dF
plome ¢'ingginieur & Toulouse avant

de devenic en 1968 laucéal de la

ation de la vocation pour ses
travaux en physique nucléaire. «
concorde disgaralt et, franchement,
Ga me rend istes, confait hier I
cientifique entré au Collége de
Frane . a'3atant plus
amouretx du Concorde que, grace 3
i, 7 2 pu explores des particules de

matiéres issues cu ciel profond. Si
ces expériences ont pu étre can~
duites, c'est parce que I"avion com-
mercial était e seul capable d vo-
ler aussi langiemps 2 une aitiude
de 18 km. A I'époque, Jean-Nod|
Capdevielie it réuss & comvaincre |
fa compagnie Air France d"embar
quer dans les soutes de avion des
# Emuision, Cestédire un
amgilemant da plaguas da plomb at
de films 3 rayon X capabies de cag-
18 los particuies ds haute dnergie. |
Pourquot sur Concarde préciseé
o que, dans f2 haute at
mosphére, les protons cantiennent
un fort degeé d'énergie quils per |
dent & chaque collision de partic- |~
fes. Tout cela est complexe. mais il |
faut savair que ces particules. des |
milliars de fois plus petites que
I'stome, permettent de décr
secrets de I3 matiére. Chague se-
conde, cas rayons cosmiques qui
corespondent & des grains de -
midre, des noyaux d atome, viennent
frapper nots planéte. £t oos fayons |
parfois chargés d'une formidable
Snerge restent une souTtE mepu |
sabie de recherches pour es scier-
tficues G monde entier. Ces su-
des rappetle le savant, sont |
sables car elles permettront |
des apoiications dans le domaine ‘
de fa navigation spatiale, Les dan-
gers des orages solaires, les ris-
ques permaners de coffision avec
e matsorites, les risques diont
Sation des cosmonautEs 10Nt pas
fini d& nous interrager m 14w,

les

27 June 2003 Last Flight




JEF2at2 (Concorde)

" Xray film under 8 " Lego plot with the
C.U. 4 most energetic
Gamma ’s
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One y ray of 200 TeV...
event exceding 10 PeV(52deq)



In connection with the CERN

First attempts for CORSIKA

after Beljing (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)
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P-air collision with 4
components
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From HDPM to GHOST

* HDPM (hadron dual * GHOST, with 4

parton model) plateau instead of 2,
appears more difficult IS better adapted at
to use than GHOST at UHE and can follow
energies larger than different »plateau» if
sgrt(s) = 1500 GeV necessary with fast

calculations;



()

(dN/dn)

p, = 0.70835 s%1177s
or
0.24Ln(s) +0.1 + 0.426Ln(s)-6.1 ?

Central pseudo rapidity density Central pseudo rapidity density

[e)

(dN/d)




Approach with Gaussian deviates

* 4 gaussian functions

8 . _ | _ |
| Caussian approach NSD 8.0 TeV A {exp(-0.5u; ) + exp(-0.5v;)}

*uiE{lyy o}
* vi={lyty ) o}
A, = 5.21, 5.6

Y,=4.7,1.53
o:-15, 1.3




Hyperbolic approach

Dependance 1/coshzy

| Hyperbolic approach NSD 8 TeV

A{llcoshz u; + 1/coshz v;}

‘u;={a(y-yi)}
‘vi={a(ytyi)}
A, = 5.21, 55

Y;=5.0,1.5
a- 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 (y;, p:i) via
gaussian generation
of rapidity and p;

* 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?)




aN/ch

Pseudo-ragidity distributions (NSD) Vs =7 TeV
left wrong (blue points Totem inelastic others NSD)
right estimated blue points NSD, all NSD

AN/ch




Pseudorapidity Distribution, NSD, 8 TeV with GHOST

% i N O  CMS 8 TeV NSD Data
\ L
% ﬁ@?ﬁﬁ%]_'__ A TOTEM 8TeV NSD Data
6 B T L ——— GHOST 8 TeV simulation
5
41
3
2
1
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% 2 4 6 g 10 12

Figure 2: Fig.2a (left): Average pseudorapidity density simulated with GHOST compared with CMS and
TOTEM measurements.



INTEST option of CORSIKA

(with Z. Plebaniak and J. Szabelski)

| Pseudo Rapidity Distribution at\'s = 8 TeV (NSD)

=13 — To— : v CMS NSD 8 TeV, PT > 100 MeV
TOTEM NSD 8 TeV, PT > 40 MaV
HDPM '"GHOST 8 TeV, PT > 100 MeV
HDPM 'GHOST 8 TeV, PT > 40 MoV
HDPM 'GHOST 8 TeV, No Cuts on PT




Charged NSD Multiplicity

Total charged NSD multiplicity

a 100
2 |
Z° goj-
\ as>= =700 +7>2 S0-127
60
E »50 g0-191
i 0, = 0.708
20 1775
artti . o 4y

102 10° 104
Vs (GeV)



Central pseudorapidity density

p(n=0)
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Fig.1b (right): Central pseudorapidity density dependence on s for Ep=103-10"7 eV,



KNO scaling violation

Fluctuations of NSD total
multiplicity

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

UAS5, Alner et al.,Phys. Lett. B 180
(1986), 415

Scaling in central region Vs = 53
Gi\gand Vs =540 GeV ?7? for |n|
<1.

UAS5, Alner et al., Phys. Lett. B 138
(1984), 304
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Violation of KNO
scaling in central
region RS m oW oo =1g
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Test of scaling in
fragmentation
region

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

from fragmentation
area

(-2.5 units )

No evidence for scaling
UAS, ZPC 33, 1986, 1
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o 900 Gev ..
*#H’ 546 GeV
t o 200 Gev
+++ tres 4 s 53 GeV.
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10 Pseudorapidity width and available rapidity
¥ CMS-TOTEM
0 Y,
v QGS
Available Rapidity Y0

IIII]llllll(llllllllll]llllllllllllll
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0> 10° 10*

Fig.2b (right): Energy dependence of the available rapidity Yy and of the FWHM, oy, respectively, \S ( G ev)

open squares, solid line and dashed line from GHOST, dark squares from CMS-TOTEM, triangles from
QGSJETO01 model, horizontal line from the relativistic diffusion model RDM [7].



Hadron experiment in Tian
HAN

Energy spectra of
The hadron array electrons and photons

-
X-ray and ionization -
/ chambers (162 m®) R e : ;
u 2l = ipons are divided by the number of BAS in which
3= % "
L Wt B Ty
Is -
[ S— Crg et Tav
T T e 5 EAS detectors : o
detectors .'; P
o= 42 104
g-22 1
= a-37 8¢
& a- 62 107
i - D510
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Figure 1. The HADRON array.
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Figure 2. Energy speclra of electrons and ¥
quanta in BAS cores for different energies of the

primary particles.



Gamma integral energy
spectrum

Gamma Integral Energy Spectrum

° L .
:J{ - Tian Shan data at 3300m alt.
g L Fo =10 to 86 PeV
I U(s) =5 to 12.7 TeV
10
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Gamma Integral Energy Spectrum

Tian Shan data at 3300m alt.
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Gamma ray family at 17 km
altitude
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KNO scaling

Figure 3: Fig.3a. Fluctuations of total charged NSD multiplicity.
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3.2 Empirical scaling Central reQU|arlty
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Fig.3b. Empirical scaling function { = f(z) for /s = 200, 546 and 900 GeV for NSD collisions.




Semi inclusive data LHC

-g' 165
3 A Zino = 2.0
— - I
Z 14:::_- "--: l ZKN0=1'5
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Figure 4: Fig.4a (left): Semi-inclusive NSD pseudo-rapidity distribution, z= 0.5, 1., 1.5, 2 correspond | n I
respectively to relative intervals of Ny, [0.25—0.75],[0.75 — 1.25], [1.25 - 1.75],[1.75 - 2.25].




3.3 Semi-inclusive data

The semi-inclusive data is governed by the integro-differential systen:

dN dN
dy y=0 d” =0 ( ) :
dN
/«-—dyzz<n> (3.4)
dy

m, is the ratio of central mean rapidity density and mean central pseudo rapidity density derived
from the "dip" existing in the centre of the pseudorapidity distribution, resulting from the mass m

T
generation (one pair of functions in each hemisphere, symmetrics around the center of mass,

; 2 3
and the transverse mass my of the secondaries as m, = /1~ ]’;—9 In the case of the 4 gaussian

d}? El ( —0.5u; 4 e——O.Sv;) (35)
= (2L, = (2

|

it is possible to use the opportunity of the scaling 3 -2 in the relation between the center y; and the
width o; of each gaussian function as

Sz

\/qu

After introducing one proportion % of the multiplicity distributed to the pair of gaussian centered
in central region and in mid-rapidity region, it is possible to obtain with a minimal Monte Carlo

= 5 I T R R N TR S | O I, [N C DTSR NN (ohiiry [N LOF L e oL 1y

) ' (3.6)




INELASTIC pseudo- ra{g Vy distribution Vs =

(... all secondaries, corrected for Pt<100
MeV red CMS Pt<40 MeV TOTEM) balance
gl 52% N, g2 48% N

y1—1')9”—1')') v —4.4,0,=1.4

dN/ch




Inelastic
pseudorapidity

CMS and Totem data.

Calculation
with the
generator
GHOST

atvs=8TeV
and

Vs = 13 TeV.

INEL—cms 15.0 TeV

12



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, | 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..)







