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Outlook
Central pseudo-rapidity density at LHC

Difficulties of hadronic models with NSD
pseudo-rapidity distributions measured by
CMS and ()TEM at Vs = 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 y
ray families and EAS at high altitude



p,= 0.70835 s0-11775
or
0.24Ln(s) +0.1 + 0.426Ln(s)-6.1 ?
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Pseudo-rapidity distributions (NSD) vs =7 TeV
left wrong (blue points Totem inelastic others NSD)
right estimated blue points NSD, all NSD
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AN/

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

« Original rapidity is
no more a simple
plateau with
gaussian wings

 Changes between
Vs =2 TeV and Vs =7
TeV In the cosmic
ray knee energy
region

 Usual models from
phenomenology are

" unadapted at Vs =7
and 8 TeV




4 component rapidity
generator

i 2 3 4 5 4 7 8 3 i

* From HDPM (hybrid

dual parton model)
to GHOST
(Generator of
hadrons for
simulation
treatment)

Symmetry forward
backwar
hemispheres

4 sources of
multiparticle
production



Approach of the rapidity source




Approach with Gaussian deviates

| Gaussian approach

NSD 8.0 TeV

* 4 gaussian
functions

+ A {exp(-0.5u;) + exp(-0.5v;)}
* Ui ={(y-yi)No;}?

* v ={(yty;)o;}?

A =521, 5.6
Y. =4.7,153
c. 15, 1.3



Hyperbolic approach

Dependance 1/cosh?y

| Hyperbolic approach NSD 8 TeV

A{l/cosh? u, + 1/cosh? v}
*u;={ay-yi)}

‘v;={a (yty)}

A =521 55
Y. =5.0,15
a_15, 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; ;) 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



New central regularity
f(z) = 0.11499z% + 1.0231z - 0.13198

central reqularity
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Charged multiplicity distribution in NSD events plotted as a function of z for UAS data at V5 = 546 GeV, co:

i-inclusive pseudorapidity distributions for charged particles (NSD events) ISR [138], and from Serpukhov and FNAL [139-144],

ervals of charged multiplicity n at V/s = 200 and 900 GeV [176).



Treatment of the semi
Inclusive data

z = n/(n), the KNO variable, (n) being {
erage multiplicity (z is generated from the
negative binomial distribution). This can b
marized [7] as

Pn
(po)

(The values of a and & can be found in ref.
Observing that the integro-differential Sy

= (az + 6)2

{ i—gly:o = m%],,:o = m(az+ b)%(py)
N =
Sdy= z(n)

(m ratio of rapidity to pseudorapidity in c
has to be satisfied, we can obtain, before ¢
ating a collision, the best position s; to ger
a given number 7 of secondaries, as

NP oy

_ 1 1 [a #n)
8, = aArgch{az+5 7m<p0)}

(respectively for Gaussian and hvnerholic




NSD pseudo-rapidity distribution Vs = 8 TeV
(... all secondaries, __ corrected for Pt<100 MeV red CMS
Pt<40 MeV TOTEM) balance g1 52% N, g2 48% N

y, =128,6,=122 vy,=44,0,=14

dN/ch
[




INTEST option of CORSIKA

(with Z. Plebaniak and J. Szabelski)

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

=13 — T : 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




INTEST Option of CORSIKA

with Z.Plebaniak and J. Zsabelski (no cuts on Pt)

Pseudo-Rapidity Distribution at\'s = 8 TeV
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Hadron experiment in Tian
Shan

X-ray and ionization
/ chambers (162 m?)
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Figure 1. The HADIRON array.




Hadron experiment in Tian
Shan
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Figure 2. Emnergy speclra of eclectrons and
gquanta in EAS cores for different energies of the

primary particies.
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Gamma Integral Energy Spectrum

- Tian Shan data at 3300m alt.

Ey/Eo
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Gamma Integral Energy Spectrum

- 10.5 PeV QGSJETOT
10 51 Pe simulation at 3500m alt.
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COSMIC RAYS
Concorde hits the fan

CERN Courier april 97

For ihe past 15 years, a Pans/
Tokya cosmic ray coilaboration
has been flying amuision chambers on
Concorde, typically sxposing for 200
hours at altitudes of 17 kilometres.

While the event harvest has ené-
bled the researchers 1o cover a wide
range of physics - gamma ray flux,
nucleon-nucieus collisions, fragmen-
tation of heavy primaries,
hyperstrange paryonic matier,.......
one particularly intriguing event,
corresponded to a stratospheric
gamma ray shower at 107 GeV,
containing over 200 gammas above
200 GeV (higher energy events, up
to 10" GeV. have been seen eise-
where). x

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

Taking another look at the high
energy Concarde event last year,
Jean-Noél Capdevielle of the College
de France started to plot the gammas
by hand, starting with the most
energetic, and was startled to find
they were on an almost perfect
etraiaoht ine
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Near 10’GeV, 211 y’s

Fan-like array of high en2rgy gammd rays
iphotons) seen in 5 cosmic ray event requed
oy & Pans/Tokyo collaboration flying emulsion
chambers on Concorde 2t atiudes of I7
kilomefres. The photon energies (vertical 8xs)
are in TeV, while the honzonta! pixels are *

mm square-

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

Linear collision COUrse

While atiention is focused on
CERN's LHC proton collider
the next major step for particle
physics, the paraliel glectron-posilt
collider route is acknowledged as
providing & complementary approz
' many outstanding physics
questions.

With CERN’s 27-kilometre LEP
electron-positron nng defining &
feasibility limit for circular electron
o~hinae rasearch and



Concorde Evt JF2aF2 alt. 17 km 0 = 52°

Gamma Integral Energy Spectrum
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One yray 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 Vs = 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

energ(}/ spectrum up to Eo =10 PeV (but
divided by 2 at xlab = 4.10-4 in simulation
a%ainst byl0 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 ¥y~ -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
Vs =14 TeV ( 100 PeV in cosmic rays)

might provide a new interpretation of
cosmic rays above the knee.
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String Model and di-quark breaking

./v
~Valence quark

Tension x = L’ ~1GeV /fm

2T o

a':Regge Slope

Vp,) = \/g

Schwinger theory, tension 10
times larger for partners of
valence diquark?

The pairq s created when the
distance L exceeds a threshold value.

Valence diquark g
P
-

A
v

6?& PY Above a threshold energy, the di-quark
12 q q IS broken excluding recombination
of the leading cluster.



Most energetic gamma’s aligned in realtion with valence quarks?
Very large tension for the diquark partners ?

Energy threshold for
valence diquark
fragmentation Vs = 4-5

A
TeV ? >
' Maximal tension

when the 3
valence quarks
are at the largest
distance from

each other, then

aligned.

Minimal energy consumed at
threshold and maximal probability of

observation in cosmic rays

Diquark separation



CORSIKA Is 2 solar cycles old!

(Curved option in present work)
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Concorde — adding to the repertoire of
LOSMIC ray experiments.

{Photo Aw France)

High flying physics

Cosmic ray physicisis have always
had tc aim high. In the consiant
search for interactions producsd as
close as possible to the immensely
high primary particles eniering the
earth's atmosphere from outer
space, they have instalied experi-
ments on high mountain peaks and
flown detecters aloft in ballcons.

In these studies, there have been
periodic sightings of remarkable
configurations of secondary parti-
cles. These events, many of which
bear exotic names like Centauro, An-
drcmeda, Texas Lone Star, etc., fre-
quently defy explanation in terms of

352

conventional physics ideas and give
a gimpse of what may lie beyond the
behaviour seen so far under labora-
tory conditions.

The 540 GeV collisions at the
CERN proton-antiproton  collider
equivalent to a 155 TeV proton
beam hitting & 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 bosoens.

But cosmic ray studies continue to
produce interesting resuits. In 1978,
the ECHOS experiment began by a
France/Japan collaboration using
emulsion chambers mounted in the
baggage compartment of an Air
France Concorde supersonic aiffiner.
This has too 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
hadrens implies that the event was
due to a nuclear interaction and ana-

packed in the Concerde baggage
hold, cne being specifically desianed
for the detailed observaticen of high
energy events. This 35kg JFia
chamber contained three sections,
an upper one with different types of
nuclear emulsion plates 10 enabie
charge determinations 1o be made. 3
central target layer, and an emulsion
calarimeter at the bottom. The sec-
ond Cencorde detector was more
concerned with measuring particie
fluxes.

The expeosure was planned 1o ¢cov-
er 200 hours of level flight some
16 km above sea level, requiring a
total of some two months in the air-
craft, Because of the high alutude
and relativeiy long exposure, a good
crop of high energy interactions was
obtained. In particular, the very first
flight produced the JFlaf! event,
estimated as containing about
150 gamma 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. i

CERN Courier
October 1981

= Experiences ECHOS
started in October
1978

= One collision of 10°
GeV (high
multiplicity, spikes
In the distribution of
pseudo-rapidite) at
first exposure
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