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Abstract: Theenepy distribution of chagedproducedbarticlesat /s = 630 GeV is formulatedby the
dataof UA5 CollaborationandP239Collaboration.The dataareconcludedby our discussiorto be the
mostprobableones. Basedon the formulawe discussthe rapidity densitydistributions of the produced
particlesandthe surviving particlesat LHC enegy (/s = 14 TeV).

I ntroduction

The dataof the enepgy distribution of produced
particlesat high enegiesare obtainedby Chacal-
tayaCollaboration[], UA5 Collaboration[? UA7
Collaboration[3 and P238Collaboration[4 It is
not simpleto obtaina unified view on the enegy
distribution of producedparticlesat high enegies
from thesedata,becaussomeof thesedataarenot
consistentone anotherand becausehey are pre-
sentedn variousways; differentincidentenegies
(v/s = 53, 200, 546, 630 and 900 GeV), dif-
ferentquantities(the rapidity and pseudo-rapidity
density)anddifferentobsened particles(chaged
particles,7%’s and~'s), etc. (SeeFig. 1.) Sev-
eral authors,including the authorsof the above
collaborations,examined some (but not all) sets
of thesedatafor the purposesof their own inter
ests. Their conclusionon the consisteng (or in-
consistenyg) of thesedataarenotthesamebut con-
fused. We have settledthis confusedsituationand
concludedthat the mostprobableenegy distribu-
tion of chagedproducedarticlesis betweerthose
by UA5 and P238Collaborationsat /s = 630
GeV[5]

In this paper basedon the above conclusion,we
formulate empirically the enegy distribution of
producedparticlesanddiscusgherapidity density

distribution of producedparticlesat LHC enegy
(v/s = 14 TeV, equivalentto 10'7 eV in the labo-
ratorysystem).LargeHadronCollider, to bein op-
erationin 2007, providesa good chanceto exam-
ine the plausibility of nuclearinteractionmodels,
which are incorporatedin the simulationsto an-
alyze the high enegy cosmic-rayevents,because
the predictionsby therespectie modelscannotbe
saidto be corverging athigh enepies.

Empirical formula of energy distribu-
tion of produced particles

We assumehe enepy distribution of chagedpro-
ducedparticlesof

dN 1 do
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with z* = 2pji//s, d =4, D = (d+1)/3 and
pu = +/p2 +m2.! Thescalingviolation parame-
tersa (> 1) anda’ (> 1) expresstheincreaseand
the suppressiorf the particle densityat z* = 0

1. Thequantitieswith anasteriskarethosein the cen-
ter of masssyestem.
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Figure 1: Rapidity density distributions of v's and chaiged particlesby the eperiments. The lines are
for thoseby QGSJET[7]codeof nuclearinteractionsat the enegy /s = 546 GeV. Onecanseethatthe
distributionsof v's by C-jets,UA5 andUA7 areconsistenbneanotherandthattheoneof chagedparticles

by P238is consistentvith thatby QGSJET

andin the forwardregion, respectiely. (Thecase
of a = @’ = 1.0 corresponds$o the Feynmanscal-
ing law.) The parameteraluesareto be adjusted
by the experimentaldata. The trans\ersemomen-
tum (p,) distributionis assumeas

g(pT) = 5(]77’ —po)

whered(z) is the Dirac’s deltafunction. The pa-
ramete, is dependendnthe(pseudo-)rapiditgo
asto reproducdheexperimentablataof averagep
valuesby UA7 Collaboration[3 which decreases
in theforwardregion. Thatis, we assume

o C
B 1+ aeb(n**yC)

po(n”) (2)

wherea = 0.881, b = 1.15, ¢ = 0.4 (GeVk), and
Yo = In(y/s/M) (M : nucleonmass).

Fromeq.(1)we have

d
dN Pr * -
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becauseve have arelation

" = (pr/VE)( —e™)

Fig. 2 shaws the pseudo-rapiditydensitydistribu-
tionsat /s = 630 GeV for several valuesof the
parametet’, togethemwith experimentadata. The
best-fitvalue of the parameteis «’ = 3.0. Since
we know that the Feynman scaling law violates
graduallywith enegy, we expressthe scalingvi-
olation parameteras

B EO « , EO o’
(%) (5 e
with & = 0.105, o’ = 0.159 and A = 200 (GeV).

Fig. 3 shaws the pseudo-rapiditydensitydistribu-
tionsof theproducecchagedparticlesandthesur
viving nucleons(chaged), expectedby the for-
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Figure 2: Pseudo-rapiditydensitydistributions at

/s = 630 GeV for the valuesof the scalingvio-

lation parametew’ = 1, 2, ---, 5. The experi-

mentaldataare from UA5 Collaboration(circles)
at /s = 546 GeV andfrom P238Collaboration
(crosseshpt /s = 630 GeV. The suddenchanges
of the densitydistributions in the forward region,

seenfor the valuesof the parameters’” = 1 and
2, aredueto the factthatthe rapid decreas®f pr

value causeghe value z* to decreasen the for-

wardregion.

mula eq.(3) at the enegy /s = 14 TeV? The
surviving nucleonsare assumedo have a flat en-
engy distributionbetween(1 — K)\/s/2 and /s/2,
which leadsto the averageinelasticity K.

Discussions

(i) The value of the parameterd’ is determined
by the pseudo-rapiditydensity distributions of

chagedparticlesby thedataof UA5 Collaboration
(v/s = 546 GeV)andP238Collaboration(,/s =

630 GeV), which are the most probableonesat
/s = 630 GeV, accordingto the discussionsn

our previous paperi5] Thevalue,however, repro-
ducespoorly the pseudo-rapiditydensitydistribu-

tion by UA5 Collaborationat /s = 900 GeV.[2]

(SeeFig. 4.)

The assumptionof the delta function for the p.
distribution is ratherbrutal, but we cannotinvent
ary appropriataistributionto describeherapidity
densitydistribution andtheaveragep valuein the
forwardregion simultaneoushandconsistently
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Figure 3: Pseudo-rapiditydensitydistributions of
the chaged producedparticlesand the surviving
particle(chaged)at /s = 14 TeV (LHC enengy)
by the presenmodel.

We notethe following two points concerningthe

pr distribution.

(1) A slight dip of the density distribution near
n* = 0, seenin the experimentaldata,is not re-

producedin the presentwork but wasreproduced
in our previous work.[6]. Of course,it is dueto

thedifferenceof theassumeda, distributions,the

deltafunctionin the presenwork andthe expone-
tial typein Ref.[6].

(2) It is interestingto seethatthe value of the pa-

rameterb in eq.(2)is quite nearto 1, becauseve

know therelation

6777

< Pr >E<p>szn9=2<p>m

~2<p> e

in the forward region. Note that the relation is
obtainedfor the producedparticlesfrom a single
emitting center locatedin the forwardregion.

(i) It is interestingto seethe enegy dependences
of the characteristideaturesof multiple particle
productionby the presentformula. Fig. 5 shows
the enegy dependencesf the multiplicity of the
chagedproducedparticlesandthetotalinelasticty
which are obtainedby integrating eq.(1)with the
valuesof thescalingviolation parametersf eq.(4).

2. The chaged multiplicity and the total inelasticity
arem = 83.5 andK = 0.318, at/s = 14 TeV, respec-
tively. SeeDiscussior(ii).
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Figure 4. Pseudo-rapiditydensitydistributions at
Vs = 53, 200, 546, and 900 GeV, expected
by the presenformulation. The experimentaldata
arefrom UA5 Collaboration;triangles(/s = 53
GeV), rectangles200 GeV), circles (546 GeV),
anddiamondg(900 GeV), wherethe experimental
errorsareomittedto avoid ajam.

Thetotal inelasticityis the onefor whichtheeffect
of the particle compositionis takeninto account
The casesof the valuesa’ = 0.133 (the bestfit
to the databy P238 Collaboration[#) and0.182
(UA5 Collaboration[) arealsoshavn togethetin
Fig. 5 for theinelasticityandthemultiplicity. Note
that the small differenceof the characteristidea-
turesat./s = 630 GeV developsto largediffrence
at higherenegies for the inelasticity but not for
themultiplicity.
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the chaged multiplicity. The chainlines are in-
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o’ = 0.182 (lower), while the differenceis invisi-
ble for the multiplicity.
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3. We assumethe ratio of chaged pions amongthe
chagedproducedarticlesis,

= (%)

with € = 0.0264. Thevalueis p = 0.84 at+/s = 546
GeV, in accordancevith the experimentaldata.[2]
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