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Abstract: Theenergy distribution of chargedproducedparticlesat
� �����
	��

GeV is formulatedby the
dataof UA5 CollaborationandP239Collaboration.Thedataareconcludedby our discussionto bethe
mostprobableones.Basedon theformulawe discusstherapidity densitydistributionsof theproduced
particlesandthesurviving particlesatLHC energy (

� �
�����
TeV).

Introduction

The data of the energy distribution of produced
particlesat high energiesareobtainedby Chacal-
tayaCollaboration[1], UA5 Collaboration[2], UA7
Collaboration[3] andP238Collaboration[4]. It is
not simpleto obtaina unifiedview on the energy
distribution of producedparticlesat high energies
from thesedata,becausesomeof thesedataarenot
consistentoneanotherand becausethey are pre-
sentedin variousways;differentincidentenergies
( � ���������������������� ��! ���� and "���� GeV), dif-
ferentquantities(the rapidity andpseudo-rapidity
density)anddifferentobserved particles(charged
particles, #%$ ’s and & ’s), etc. (SeeFig. 1.) Sev-
eral authors,including the authorsof the above
collaborations,examinedsome(but not all) sets
of thesedatafor the purposesof their own inter-
ests. Their conclusionson the consistency (or in-
consistency) of thesedataarenotthesamebut con-
fused.We have settledthis confusedsituationand
concludedthat themostprobableenergy distribu-
tion of chargedproducedparticlesis betweenthose
by UA5 and P238Collaborationsat � �'�( ����
GeV.[5]

In this paper, basedon the above conclusion,we
formulate empirically the energy distribution of
producedparticlesanddiscusstherapidity density

distribution of producedparticlesat LHC energy
( � �)�+*,� TeV, equivalentto *-� �/. eV in the labo-
ratorysystem).LargeHadronCollider, to bein op-
erationin 2007,providesa goodchanceto exam-
ine the plausibility of nuclearinteractionmodels,
which are incorporatedin the simulationsto an-
alyze the high energy cosmic-rayevents,because
thepredictionsby therespective modelscannotbe
saidto beconverging athighenergies.

Empirical formula of energy distribu-
tion of produced particles

Weassumetheenergy distribution of chargedpro-
ducedparticlesof
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with
3 5 �W� 6 5XYX TZ� �S� 0 �W���[E�� G 0 P * L T4� and

R+� 6 � 7 P�\ � ]
.1 Thescalingviolation parame-

ters C G�^ * L and CSK G_^ * L expresstheincreaseand
the suppressionof the particledensityat

3 5 �`�
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Thequantitieswith anasteriskarethosein thecen-
ter of masssyestem.
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Figure 1: Rapidity densitydistributions of & ’s and charged particlesby the eperiments. The lines are
for thoseby QGSJET[7]codeof nuclearinteractionsat theenergy � �������� GeV. Onecanseethat the
distributionsof & ’sby C-jets,UA5 andUA7 areconsistentoneanother, andthattheoneof chargedparticles
by P238is consistentwith thatby QGSJET.

andin the forwardregion, respectively. (Thecase
of C���CSK���*�� � correspondsto theFeynmanscal-
ing law.) Theparametervaluesareto beadjusted
by theexperimentaldata. Thetransversemomen-
tum (

6 7
) distribution is assumedas

U G 6 7 L �W� G 6 7 H 6 $
L

where � G 3 L is the Dirac’s deltafunction. The pa-
rameter

6 $ isdependentonthe(pseudo-)rapidityso
asto reproducetheexperimentaldataof average

6�7
valuesby UA7 Collaboration[3], which decreases
in theforwardregion. Thatis, we assume

6 $
G�� 5 L � �* P CF�-�, ¢¡¤£
¥�¦S§?¨ (2)

where C��J��� ©�©�* , ª«�¬*���*-� , � �J�d� � (GeV/� ), and­2® ��¯?° G � ��T¤± L ( ± : nucleonmass).

Fromeq.(1)we have
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becausewe have a relation

3 5 � G 6 7 T � � L G � ¡ £ H²� ¥�¡ £ L

Fig. 2 shows thepseudo-rapiditydensitydistribu-
tions at � �µ�¶ ���� GeV for several valuesof the
parameterCSK , togetherwith experimentaldata.The
best-fitvalueof theparameteris CSKQ����� � . Since
we know that the Feynman scaling law violates
graduallywith energy, we expressthe scalingvi-
olationparametersas

C)�
· $¸

¹
C K �

· $¸
¹=º

(4)

with »:�:���¼*-��� , »8K��:����*-��" and
¸ ������� (GeV).

Fig. 3 shows thepseudo-rapiditydensitydistribu-
tionsof theproducedchargedparticlesandthesur-
viving nucleons(charged), expectedby the for-
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Figure2: Pseudo-rapiditydensitydistributions at� �½�� ���� GeV for the valuesof the scalingvio-
lation parameterC
K¾�¿*S�À����Á¤Á
Áh�[� . The experi-
mentaldataarefrom UA5 Collaboration(circles)
at � �Â�Ã���� GeV and from P238Collaboration
(crosses)at � �!�Ä ���� GeV. The suddenchanges
of the densitydistributions in the forward region,
seenfor the valuesof the parameterCSKÅ�Æ* and� , aredueto thefact that the rapiddecreaseof

6 7
value causesthe value

3 5
to decreasein the for-

wardregion.

mula eq.(3) at the energy � ���Ç*-� TeV.2 The
surviving nucleonsareassumedto have a flat en-
ergy distributionbetween

G *8HÅÈ L � ��T4� and � ��T4� ,
which leadsto theaverageinelasticity È .

Discussions

(i) The value of the parameterCSK is determined
by the pseudo-rapiditydensity distributions of
chargedparticlesby thedataof UA5 Collaboration
( � ���¬���� GeV) andP238Collaboration( � ��� ���� GeV), which are the most probableonesat� �J�� ���� GeV, accordingto the discussionsin
our previous paper.[5] Thevalue,however, repro-
ducespoorly the pseudo-rapiditydensitydistribu-
tion by UA5 Collaborationat � ���Ä"���� GeV.[2]
(SeeFig. 4.)

The assumptionof the delta function for the
6 7

distribution is ratherbrutal, but we cannotinvent
any appropriatedistributiontodescribetherapidity
densitydistributionandtheaverage

6 7
valuein the

forwardregionsimultaneouslyandconsistently.
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Figure3: Pseudo-rapiditydensitydistributions of
the charged producedparticlesand the surviving
particle(charged)at � ���É*-� TeV (LHC energy)
by thepresentmodel.

We note the following two pointsconcerningthe6 7
distribution.

(1) A slight dip of the density distribution near� 5 �Ã� , seenin the experimentaldata,is not re-
producedin the presentwork but wasreproduced
in our previous work.[6]. Of course,it is due to
thedifferenceof theassumed

6�7
distributions,the

deltafunctionin thepresentwork andtheexpone-
tial typein Ref.[6].
(2) It is interestingto seethat thevalueof thepa-
rameterª in eq.(2)is quite nearto 1, becausewe
know therelation

Ê 6 7�Ë 9 Ê 6 Ë �yÌÎÍBÏ[�²� Ê 6 Ë � ¥Ð¡
* P ��¥ � ¡

Ñ � Ê 6 Ë � ¥�¡
in the forward region. Note that the relation is
obtainedfor the producedparticlesfrom a single
emittingcenter, locatedin theforwardregion.

(ii) It is interestingto seetheenergy dependences
of the characteristicfeaturesof multiple particle
productionby the presentformula. Fig. 5 shows
the energy dependencesof the multiplicity of the
chargedproducedparticlesandthetotal inelasticty,
which areobtainedby integrating eq.(1)with the
valuesof thescalingviolationparametersof eq.(4).
Ò a

The charged multiplicity and the total inelasticity
areÓ �ÂÔ
	SaYÕ

andÖ �½�da¢	
�
Ô
, at
� ���Â���

TeV, respec-
tively. SeeDiscussion(ii).
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Figure4: Pseudo-rapiditydensitydistributions at� �'�×���d�Â�������Ø���� d� and "���� GeV, expected
by thepresentformulation.Theexperimentaldata
arefrom UA5 Collaboration;triangles( � �������
GeV), rectangles(200 GeV), circles (546 GeV),
anddiamonds(900GeV),wheretheexperimental
errorsareomittedto avoid a jam.

Thetotal inelasticityis theonefor which theeffect
of theparticlecompositionis takeninto account.3

The casesof the values »8K��Ù�d�¼*-��� (the bestfit
to the databy P238Collaboration[4]) and ���¼*-©��
(UA5 Collaboration[2]) arealsoshown togetherin
Fig. 5 for theinelasticityandthemultiplicity. Note
that the small differenceof the characteristicfea-
turesat � �Ú�� ���� GeVdevelopsto largediffrence
at higherenergies for the inelasticity, but not for
themultiplicity.
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Figure5: Energy dependencesof the multiplicity
(indicatedas

\
), pion ratio (

6
) and the inelastic-

ity ( È ). Opencirclesaretheexperimentaldataof
the charged multiplicity. The chain lines are in-
elasticitiesfor thecasesof »8K�������*-��� (upper)and»8KÛ�D�d�¼*-©�� (lower),while thedifferenceis invisi-
ble for themultiplicity.
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	Sa
We assumethe ratio of charged pions amongthe

chargedproducedparticlesis,

ÜFÝ�ÞMß¤à � Þáßâ ã�ä
with å �²�da � Ò ��� . The valueis Ü �:�da¢Ô�� at

� �´�'Õ��d�
GeV, in accordancewith theexperimentaldata.[2]
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