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1. Introduction

Multiple production of secondaries in heavy ion collisions is a topic of very current
interest.! ' There are several reasons for it. First, this field provides some insights
into the parton structure of the nuclens' ™ and the nature of high energy nuclear
collisions.''4 Second, this topic offers a very crucial testing ground for verifying the
quantum chromodynamical predictions about the formation of quark—pgluon plasma
{QGP) at high density and pressure.'*'* Third, the particle and high energy nuclear
physicists, by and large, believe that the relevant studies would lead to the formation
of a decisive verdict on the QCD-based phase transition ideas. ' 15 Fourth, as the
muclens—nuclens interactions at high energies involve large number of participants
and their multiple collisions, there is a strong likelihood that the probable collective
effects which supposedly influence the production of the secondaries conld arise. It
is believed that the studies would throw lipht on the existence of these collective
effects.

After nearly five-yvear experimental searches for detecting the QGP state at
RHIC, the final outcome, so far, i the consensus on the existence of only a new
(but undefined?) state of matter but not any trace of what was earlier hy pot hesized
to be the QGP-state.5 1'% 22 o in our approach, we have diverted our attention
from both the QUCD- and QGP-based viewpoints and, instead, we have introduced
some alternative ideas and a version of the sequential chain model (SCM) for under-
standing the available data on the relatively more abundant variety of hadrons, ie.
pions, kaons, and protons-antiprotons. We would like to deal, in this work, with
the production of these most important varieties of secondaries, and also with some
relevant ratio behaviors which would help cross-check the used working formulas
on the pr-spectra.

The paper would be organized as follows. In Sec. 2 we have presented the broad
outline of the theoretical underpinnings of this work with induction of some new and
nontypical ideas. In Sec. 3 the model confronts the measured data; and the results
obtained by our approaches are represented by nnmerous figures and tables vis-a-
wis the experimental data. The last section (Sec. 4) summarizes the conclusions and
final comments.

2. The Theoretical Framework: Approaches to High Energy NN
and AA Collisions

Here, in the first subsection, we deal with the production of the pions, kaons and
proton—antiprotons in mucleon—nucleon (NN interactions. Subsequently, in the
next one, we concentrate on the approach for converting the results of NN col-
lizion to the corresponding valie for the case nuclens—muclens { A4) collision.

Ahttp: //info.web.cern.ch Press / PressRelesses / Rel esses 2000 PRO L EQuarkGluonhl atter  html.
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2.1. Nucleon—nucleon collisions al high energies and a specific
multiple production model

At the very start, we describe and state some of the salient features and important
physical characteristics of the SCM valid for hadron—hadron collisions.® ' Accord-
ing to this model, high energy hadronic interactions boil down, essentially, to the
pion—pion interactions; as the protons are conceived in this model as p = (77",
where o is a spectator particle needed for the dynamical peneration of quantum
mumbers of the nucleons. The production of pions in the present scheme occurs
as follows: the incident energetic m-mesons in the structure of the projectile proton
(mucleon) emits a rho (g)-meson in the interacting field of the pion lying in the struc-
ture of the target proton, the p-meson then emits a m-meson and is changed into
an omega (wi-meson, the w-meson then again emits a 7-meson and is transformed
once again into a g-meson and thus the process of production of pion secondaries
continne in the sequential chain of p — w — 7 mesons. The two ends of the diagram
contain the baryons exclusively. 2%

For K+ K~ )or K"K° production the model proposes the following mechanism.
One of the interacting pi-mesons emits a tho-mesons; the rho-mesons in its turn
emits 4 ¢'-meson and a pi-meson. The pi-meson so produced then apain emits p and
" mesons and the process continues. The ¢" mesons so produced now decays into
either Kt K~ or KYK? pairs. The p— 7 chain proceeds in any Feynmann diagram
in a line with alternate positions, pushing the ¢" mesons (as producers of KK~ or
K"K pairs) on the sides. This may appear paradoxical as the ¢° production cross-
section is generally smaller than the K K production cross-section; still the situation
arises due to the fact that the ¢" resonances produced in the collision processes will
quickly decay into K K pairs, for which the number of ¢" will be lower than that of
the K K pairs. It is assumed that the K+ K~ and K" K" pairs are produced in equal
proportions. > ! The entire production process of kaon—antikaons is controlled by
jointly the coupling constants, involving p— 7 — ¢ and ¢ — KT K~ or ¢ — KYK".

Now we describe here the baryon—antibaryon production. According to the SCM
mechanizm, the decay of the pion secondaries produces baryon—antibaryon pairs in
a sequential chain as before. The pions producing baryons—antibaryons pairs are
obviously turned into the virtual states. And the proton—antiproton pairs are just a
part of these secondary baryvon-antibarvon pairs. In the case of baryon-antibaryon
pairs it is postulated that protons—antiprotons and newtrons—antinentrons consti-
tute the major bulk and the production of the strange baryons-antibaryons are far
less due to the much smaller values of the coupling constants.

It is to be noted that the present model is totally a field-theoretic one and the
expressions are derived here from the kinematics of the infinite momentum frame
for the inclusive production cross-sections and the average multiplicity values of
the various types of secondary pions (of any variety), kaons (of each type) and
antiprotons produced in the chain. The details on the derivations of the expressions
for inclusive cross-sections, average multiplicities, average transverse momenta, etc.
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of pions, kaons and antiprotons for the soft processes are to be obtained now from
some of our previous work referenced. ** The underlying assumptions and approx-
imations are also stated therein with regard to the particular cases. The chues to
deriving some numerical values used in the standard expressions are given therein.
But for analyzing the RHIC-data, we cannot start with the soft production alone;
we have to certainly take into account the factors arising out of *hard” (high-pr)
production. And the total inclusive cross-section is obtained by the joint probability
of the production amplitude in both the “hard” and the “soft” processes. The fol-
lowing starting expression is one such for production of any variety of secondary
pions in PP collisions:

g _ CRT fis
dp® |pp_ - x dw  1Gw?

U(z,pr,s), (1)

where CRT is the “constituent rearranpement term” arising out of the partons inside
the proton which essentially provides a damping term in terms of a power-law in
pr with an exponent of varying values depending on both the collision process
and the specific pr-range. This part represents physically the basic contribution
from the hard (large-pr) interactions. The other factors in the expression (1) are
just the derived results of the structure function for soft PP interaction based on the
p—w —m sequential chain model. This indicates the most important soft (small-pr)
contribution to the inclusive cross-section in PP. The exact forms of the expres-
sions of ¥z, pr,s) in Eq. (1) for the various secondaries are to be obtained from
Refs. 23-34. It is established that hadrons (baryons and mesons) are composed of
few partons. At large transverse momenta in the high enerpy interaction processes
the partons undergo some dissipation losses due to the impact and impulse of the
projectile on the target and they suffer some forced shifts of their placements or
confipurations. The transitions may oceur from top-to-top and bottom-to-bottom
(H-type diagrams) or cross-wise from top-to-bottom and bottom-to-top (X-type
diagrams) or in-between.®?" This phenomenon means undesirable loss of energy,
in so far as the particle production mechanisms are concerned. This is, again, depen-
dent on the center-of-mass energy of the interactions, i.e. on /sy, This damping
term is finally expressed (in terms of pr for large-pr domain) in the form ~ (pp)—4"?
where n = no. of partons undergoing the rearrangement of position and # = a phase
term, with maximum value equal to unity and normally is < 1.2 Denoting 4n#
by Ny, we may express, the value of CRT as ~ p}N" , wherein the choice of Ng
would depend on the following factors: (i) the specificities of the interacting pro-
jectile and target, (ii) the particularities of the secondaries emitted from a specific
hadronic mteraction and (iii) the magnitude of the momentum transfer for different
centrality regions in a specific reaction.

However, the factor fi,ng"rli'r in above equation is the coupling strength for pwsr
coupling.

The term Wz, pr,s) is a well-known structure function term for production
of pions with z, the Feynman scaling wariable; pr the transverse momenta and
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5 being the square of the com. energy. For small pr, the form of the structure

function™ 54 i5

—26.88p3. )

Wiz, pr,s) — exp(—238{n,,_ppr)exp ({'ﬁ 7 }.PP{]- — )

e+t pp = (Ne-dpp = (npolpp = 1.1s1/5 i3

where {n_-} is the average multiplicity of the pion.
Combining Fgs. (1) and (2) for inclusive cross-section for production of pions
at high transverse momentum now reduces to

45 1
&.,";.r = Cp- exp(—2.38(n,- ) ppT) ——
" \pp—n—x P’ir k-
—26.88p3, ;
e ({“n— ypp(l— 3:3') ‘ 2

where (' is the normalization factor which will increase as the inelastic cross-section
increases and it is different for different energy region, for example, || = 90 for
intersecting storage ring (ISR) energy region.

Similarly, for kaons of any specific variety (KT, K, K" or KY) we have

d® 1 —1.33p7
o % O —— exp(~6.55(ni- )ppa) exp | kL) | (5)
dp® |pp_ -, (NE ) - ,_}3-“‘2
— & PT K PP
with || = 11.22 for ISR energies and with
{ng+)pp = {ng-Ypp = (nia)pp = (ngepp = 5x 107 5Y4, (6)

And for the antiproton production in pp scattering at high energies, the derived
expression for inclusive cross-section is

i —0.66(p2)s + my°

- = Cp—— exp(—25.4{nz) ppz) exp i-p_;ﬁl,, —J. @
d (NrT) !

J LA o P (ngipp(l —x)

with |C5| = 1.87 x 10* and m; is the mass of the antiprotons. For ultrahigh energies

{np)pp 2 (ny)pp 2 2 x 1077614 (8)

In addition to the statistically equal probability of production of positive, negative
and neutral variety of particles, there are some additional modes of production
of only the positive particles leading apparently to the nature’s favoritism to the
positive particles.®”

The physics behind the observed preference of nature for the production of posi-
tive secondary particles on the basis of this model is like this. Protons are composite
states of one positive pion, one neotral pion and one spectator particle, identified
to be a Majorana spinor from the constraints of the model, which obviowsly does
not take part in the strong interaction processes. Quite naturally, according to
this version of the structure of hadrons, antiprotons will consist of one negative
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pion, one nentral pion and the same spectator. In addition to what is produced in
multiple production of hadrons in the chain, in a somewhat statistical fashion the
positive particles may come out from their structural confipurations or from inside
the hadrons at high energies and especially at large transverse momentum. In PP
interactions the positive particles stand equal chances of emission at both extreme
vertices of interaction. Hence this contributes to the excess production.

S0 for all varieties of positive particles (7

mesons, K1 mesons, protons, ete.)
there are some extraneous modes of production, as a result of which there is a mani-
fest tendency in nature towards a little excess production of all positive particles.
This aspect was treated in a field theoretic mamner, in the reference cited above, ™
in some detail. And the excess terms and final forms for them in the field theoretic
formulation could be laid down by the following expressions for the varieties of
particles like 7+, K+ mesons and protons:

i—lgz = (= K Alw, Ej,f ﬂﬂxp{—iknm] )]
37T P+ K)? —*m,fr]'z

{B;-r+:|j'-l:|'1 -— '25:;1{211']3

1 P P 1 3
(Bic+)pp = 5 (4mgicna + Amgux ) P+ K2—ml? Alv.q )k
kg .
= f W{ﬂm{—ak;{m] R {lﬂj
_ ATgRn 2 d*k i
(Bp)pw = (P +K) -l A(v,q%)p. mﬁm{—“kﬁj: (11)

where the symbols have their contextual connotation with the following hints to the
physical reality of extraneous 7, K7 and protons productions as nonleading secon-
daries. The first parts of the above equations {Eqgs. (9)-(11)), contain the coupling
strength parameters, the second terms of the above equations are just the prop-
agator for excited omcleons. The third terms represent the common multiparticle
production amplitudes along with extraneous production modes and the last terms
indicate simply the phase space integration terms on the probability of peneration
of a single 77, K+ and proton, respectively. These expressions are to be caleulated
by the typical field-theoretical techniques and are to be expressed — if and when
necessary — in terms of the relevant variable and for measured observables.

2.2. Transition from NN to AA collisions:
The flyover at high energies

In order to build the bridge between nucleon—nucleon interactions and the noelens-
muclens collisions, we proceed in the path suggested by Wong.® As a first step in
the process, let us consider a miclear reaction A+ B — O+ X, where A and B
are projectile and target nucleus, respectively. In such a collision, for the impact
parameter b, we assume that there are »'(b) number of inelastic nucleon—nueleon col-
lisions. Each collision contributes to the production of particles. If all the collisions
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i
contribute in the same way, the production cross-section Ei—} for the muclens-

muclens collisions would just be #'(b) times the production cross-section E%:—E— for
the nucleon—nucleon collisions.

However, the contribution from all of the collisions are not the same. One can
envisage that in a nucleus-—nuclens collision, those nucleon—-nucleon collisions which
oceur later in the process contribute less than those collisions from earlier colli-
sions, because of the stopping of the baryvons of one miclens as they po through the
other mucleus. The degree of stopping depends on the thickness of the projectile and
the tarpet nuclei. One observes that there are greater degradation of the energies
of the colliding nucleons in central collisions as compared to peripheral ones. The
slight decrease of the transverse energy per collizion with the decrease of the im-
pact parameter is an indication of the effect of energy depradation, when micleons
of the projectile-nuclens traverse through the target-nuclens. So, in fine, for heavy
nuclei and high energy nuclear collisions which entail involvement of large num-
ber of nucleons and multiple binary collisions, the role of the energy degradation
factor is certainly not negligible; and the energy degradation term as presented by
Wong®® would have its impact on the number of wounded nucleons and thus also
on {Nyun) ® If and when one uses this stopping effect to the first power in the
thickness of the projectile and of the target-nuclens, the resultant effect of energy
degradation should lead to a reduction factor of the form 1/[1 + a'{A'# + BY¥)].
Thus, the relationship between the production cross-section for nuclens-—nucleus
interactions and that for oucleon—mucleon collisions is given by

dier n'(h) d*a

E——dy = o
dp* g L+ al(AVE B T dpt|

5

; (12}

where a' is a parameter that is to be chosen. For the present work the chosen values
of o’ lie in the range ~0.09-0.15.%
Using Woods—Saxon nuclear density distribution we obtain the expression for
the average mumber of wounded nucleons as given by®"
ool Arg + By 1
TAR

(13)

where 74 is the nucleon (proton)-nucleus (A) production cross-section, og is the
inelastic nucleon (proton)-muclens (B) production cross-section and oap is the
inelastic production cross-section for the collision of nuclens A and oouclens B. The

vitlues of 45, 74, o are worked here out in a somewhat heuristic manner by the
following formula:5®

1 2
o3 = o0 (AL e + AL —5) (14)

projectile

with oy = 68.8 mb, § = 1.32. Thus one obtains from Eq. (14) oit¢l, =~ .84 barn.
The values of o4 and og are also computed here by using Eq. (14) and taking unity
for the mass pumber valie of one of the nuclei. Obvionsly this is both an approx-
imate and a shorteut method. However, the nuclear density expressions would be
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necessary for the riporous caleulations (demanding simulations) on the values of all
the terms, viz., o4, o4 and og.

Now by combining all the equations from Eqs. (12) to (14) and applying them
to Eq. (12), we finally arrive at

@ - (Aog + Boy) 1 'rfs_n'
dpt | ap TAR 1+ a'(AVS + B3 dpd H_,-

(15)

For the present purpose and for practical reasons, we shall use here the undernoted
relation to calculate the transverse momentum distributions for different secondaries
at different centralities in a particular reaction

3 r
(1)5‘&.-:” 1 &N

ow)  dp® T 2mprdprdy’ (16)

Tin

3. Measured Data versus Model-Based Results

Here we deal with some of the secondaries-production data available from the
Brookhaven RHIC of Au+ Au collisions at \/syy = 200 GeV* and try to inter-
pret them theoretically with the help of the modified SCM for the A4 collsions.
In the first three subsections the pions, kaons and antiproton—protons production
are taken into account. The production of different secondaries in minimum-hias,
central and peripheral-reaction are considered in the next subsection and the last
subsection deals with the ratio-behaviors for the pions, kaons and the baryons.

3.1. Pion production

Using Eqs. (37, (4], (15) and {16) we arrive at the expression for transverse momen-
tum distribution of negative pions produced in the pold—gold collisions at | fsyy =
200 GeV at RHIC:

1 &N

exp(—0.54p3) , (17)
2mpy dpr dy A+ Au—a—+X :

= (a)x

TNz
Pr &

where (a),- has given by the undernoted relation:

(Aog + Boa) 1
TAR 1+ a' (AL 4 B1/5)

(a)x- = ;- exp(—2.38({n,-)ppz).

The experimental results for the production of 7~ at different centralities (from
0-5% to 80-92%) are taken from the PHENIX group™ and they are plotted in
Figs. 1 and 2 against pr|GeV/¢|. The solid lines in those figures show the theoretical
SCM results. The valies of (a),- of Eq. (17) for different centrality regions are
taken from Fig. 5. The N s of Eq. (17) are functions of both the centrality of the
bins and of energy. It appears due to the constituent rearrangement (CR) in the
structure of basic nucleon—mncleon collisions at high energies and large transverse
momenta; and its values for negative pions are given in Table 1.
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Table 1. Values of NE~ and J'lu'}';.+ for different centrality regions.

Centrality  (0-5% A-10% L0-16Y%  15-20%  20-30%

J-,'rrr?— 2,406 2,404 2412 2.419 2435

NE"- 2419 2.432 2433 2.6 2,45}

0055 A-600 BO-60%  60-T0MM TO-H0%D B0-BEtg

2.442 2.473 2.504 2.534 2.500 2.006
2466 2,485 2.524 2.561 2.588 2616

In order to arrive at the transverse momentum distribution of 77, one has to con-

sider the Eq. (9) along with Egs. (3), (4), (15) and {16). For excess 7" production,
a factor represented by (1 + a.pF) is to be operated on gﬁ;j&%; |Au E——

as an multiplier.”” Combining the multiplying factor and expression (17) we finally

ohtain
1 &N
e = (a) .+ —— exp(—0.54p3.), 15
o4 [P {:I+P3~N"*+] p( Pr) (18)
with

(a)z+ = (1 +0.044pT)(a) - . (19)

As previously stated, the exponents Ng of pr would depend on the following factors:
(i) the specificities of the interacting projectile and tarpet, (ii) the particularities of
the secondaries emitted from a specific hadronic interaction and (iii) the magnitude
of the momentum transfer for different centrality regions in a specific reaction. Thus,
the values of F'v.rﬂ+ for different centralities differ from that of N& , and are shown in
Table 1. The experimental results for the 7+ productions™ for different centralities
ranging from 0-5% to B0-92% are plotted in Figs. 3 and 4 respectively. The solid
lines in those figures show the theoretical fits. The values of (a) + for different
centrality region are taken from Fig. 6.

3.2. Kaon production

With the help of the Eqs. (5), (6], (15) and (16), the expression for the transverse
momentum distribution for K in Au Au collisions at Syy = 200 GeV at RHIC
is given by
1 &N 1 .
e = T —.65pT) . 20
2apr dprdy Au+ Au— K- +X e NET expl Pr) (20)
Here the (a)x- is given by

(Aop + Boa) 1
(ALE + B/ exp(—6.55{nx-}ppz).

(@)x- = Ck- TAR 1 4 af
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Table 2. Values of N,_J;:_ and Jlllrrh?:”‘- for different centrality regions.

Centrality 0-5% 5-10% 10-15% 15208 -30%
Pl 1.583 159 1.594 1614 1.636
NET 1.622 1.633 1.634 1.638 1.676

3040 A0-50% BO-60% BO-TOU T80 A0-02%
1.691 1.728 1842 1.804 2.(M4 2,107
1.642 1.786 1871 1040 2T 2,110

The experimental results are taken from the PHENIX group™ and they are plotted
in Figs. 7 and 8. Figure T deals with 0-5% to 20-30% centrality regions whereas
Fig. 8 gives 30-40% to 80-92% centrality regions. The solid lines in those figures
show the SCM results. The values of (a)g - for different centrality region are taken
from the Fig. 11. The values of N§  of Eq. (20) for different centralities are shown
in Table 2.

Adopting the above procedure, as we indicated for the production of positive
pions, we obtain for the transverse momentum distribution of K a multiplicative
factor ~ (1 +axph) to be operated on — £

Bapr dprdy |.5|. u+ Aun—K-4+X"
the multiplying factor and expression (20) we finally obtain

1 2N 1

" Combining

N i = (a) g+ — exp( —0.65p7 21
27’?”1" dj?]"d'y Au+Au—K+4+X { ]R+p;‘:§+ {-E{FI{ PT] { :I

with
(@)ic+ = (1+ 0.082p7 )(a)k- . (22)

The values of Fﬁ."f?"”f for different centralities are alko shown in Table 2. The exper-
imental results™ for the production of K+ of different centralities are plotted in
Figs. 9 and 1. The solid lines in those figures show the theoretical fits. The values
of (a) g+ for different centrality region are plotted in Fig. 12.

3.3. Antiproton—proton production

With the help of the Eqs. (T), (8), (15) and (16), the expression for the transverse
momentum distribution for antiprotons in AuAu collisions at energy Jsyy =
200 GeV at RHIC is given by

1 &N (@) 5—r exp(—0.28p2) (23)
= |d)g——= T - k
2wpr dp}'dy Au 4 Au—F+X I P?"rg E "

The (a)s of the above equation can be written as

(Aog + Baa) 1

(a)s =Cp P 1T a (A5 + B exp(—25.4ng)ppx).
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Table 3.  Values of Nﬁ. amd Nﬁ, for different centrality regions.

Centrality  0-5%  5-10%  10-15%  15-20%  20-30%

NE 1.8 1970 1.411 1.433 2,087
Nf.';, 1434 1.953 1.4959 1.964% 2.H5

A0-A0%% A0-500 605 60-70% To-s0% B0t

2117 127 2,361 2.558 2.654 2,936
2,100 2,150 2.3 2.518 2.652 2.978

The experimental results for the production of antiproton productions are taken
from the PHENIX group™ and they are plotted agamst pr in Figs. 13 and 14 for
different centralities. The solid lines in those figures show the theoretical results
(Eq. {23)). The values of {a)s for different centrality region are taken from Fig. 17.
The values of F'-.’E for different centralities are shown in Table 3.

For the production of protons, using Eqs. (11) and (23), we obtain for the
transverse momentum distribution of p a multiplicative factor ~ (1 + a,p7.) to be
operated on ﬁﬂfﬁi Combining the multiplying factor and expression (23) we
finally obtain

I 1 3
4 ot = (a)p—7 expl —0.28p7) (24)
2apr dprdy |5, | au—pix IJ;i??jt
with
(a)p = (1+0.32pf)(a); (25)

The exponents, N}, for different centralities are given in Table 3. The experimental
results™ for different centralities are plotted in Figs. 15 and 16. The solid lines in
those figures show the theoretical fits for the production of protons in relativistic
heavy ion collisions of gold-gold at RHIC with energy ,/Syn = 200 GeV. The
values of (o), for different centrality region are plotted in Fig. 18 and these values
are taken to draw the theoretical plots in Figs. 15 and 16.

3.4. The mintmum bias, central and peripheral reactions

In this section, we specifically deal with the production of different secondary par-
ticles in minimum bias, most central (0-5%) and peripheral collisions (60-92%).
We would like to compare here the nature of production of the secondary parti-
cles like pions, kaons and baryons by plotting them in the same scale against the
transverse momenta pr. The experimental data are taken from PHENIX group®
for the reaction Au+ Au — C'4+ X at feyy = 200 GeVY. Figure 19 deals with 7~
K~ and p at minimum bias conditions. The lines in Fig. 19 give the SCM-based
caleulated results for #—, K~ and p by taking the help of Eqs. (17), (207 and (23).
The values of a and Ny for different negative secondaries produced in minimum
bias conditions are given in Table 4.
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in Au Au collisions at [ Fyy = 200 GeV . The lines show the theoretical SCM calenlations.

45

Clentrality dependence of the pr distribution for & for different centralities from 30-402%
in An Au collisions at Fyy = 200 GeV . The lines show the theoretical SCM calculations.
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200 GeV. The figure show pr spectra for the mininum bias collisions. The line shows the SCM-

based results for different secondaries.

Table 4. Values of a and Ng for different secondaries
in minimum biss regions.

- Apr— g - S g4 ap
864 1,76 {4340 449451 1. 876 .51
rx = 1 rf rxt K+ g
NE N NE NE NE NE

R LG6T 2174 2606 1632 2,169

For the productions of #*, K and p in minimum hias reactions, Egs. (18),
(197, (21), (22}, (24) and (25) are taken into account. The values of o and Ny
for different positive secondaries are also given in Thable 4. Figure 20 depicts the
productions of 7, K* and p in minimum bias. Data are taken from the PHENIX
for Au Au collisions at \/syy = 200 GeV. Lines show the theoretically caleulated
results.

Similarly, Figs. 21 and 22 show the productions of negative and positive
secondaries in most central reactions (0-5%) at pold-gold collisions at energy
vinny = 200 GeV. The lines show the theoretical results, wherein the points show
the experimental findings at RHIC. The values for a's and Ng's for the case of
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Table 5.

Values of a and

central (5%} regions.

Npg for different secondaries in

[ - g apg a, g4 ap
14.941 6.252 1.472 14.937 . HiE) L472
NE NET NP NE NET NP
2406 1.543 1.8 2419 L2 1938

Table 6. Values of a and Ny for different secondaries
in peripheral (60-92%) regions.

- Qg ap [ - ey ap
(hAL17 (1130 (i3 (416 (r.134 RIS
rx— K= I rx+ K+ rp
Ng Ng Np Ng Ng NE
2.500 1.972 2.624 2.642 1097 2624

central collisions for different secondaries are given in Table 5. Figures 23 and 24
give the productions of negative and positive secondaries in peripheral reactions
(60-92%), respectively. The theoretical curves are obtained with the help of above-
mentioned equations. The values of e and Ny for peripheral reactions for different
secondaries are piven in Table 6.

3.5. The ratio behawviors for differeni secondaries

3.5.1. Thew /=" ratios

The 7~ /71 ratios equations for central ((-5%) and peripheral reactions (60-92%)
in the light of SCM are directly obtained from the expressions for the theoretical
plots of Figs. 21-24 and they are given by the undernoted relations

Tt

cenbral

preripheral

l.mﬂp']-]-'-”ﬂ .

L.002p3"* .

The curves are drawn in Figs. 25 and 26 against the experimental backpround. Data
are taken from the PHENIX collaboration ™
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Fig 20. Transvwerse momentum distributions for =+, K1, p in Au+ Ao collisions at Eyy =
200 GeV. The figure show pr spectra for the minimum biss collisions. The line shows the SCM-
based results.
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Fig 21. Transverse momentum distributions for 7=, &7, 7 in Au + Ao collisions at /8y =
200 GeV. The figure show pr spectra for the most central collisions ((1-5%). The lines show the
SCM-based results for different second aries.
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Fig. 22, Transverse momentum distributions for 7+, K+, pin Au 4+ Au collisions at /Gy y =
N GeV. The figure show pr spectra for the most central collisions. The lines show the SCA-based
results.
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Fig. 23, Transverse momentum distributions for 77, K7, §in Ao+ Au collisions at Jayy =
AW GeV. The figure show pr spectra for the peripheral collisions (6929 ). The lines show the
SCM-based results for different secondaries.
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Fig. 24. Transverse momentum distributions for 7=, K7, § in Au + Au collisions at /ey y =
200 GeV. The figure show pr spectra for the peripheral collisions. The lines show the SCM-based
results.
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Fig. 26. The 7~ /7t ratio behaviors at the peripheral reaction (60-92%). Data are taken from
PHENIX. The line shows the theoretically calculated walue.

3.52. The K- /K ratios

In a similar way, the expressions for K= /K™ for central (0-5%) and the peripheral
reactions (G0-92%) can be obtained from Figs. 7-10 and could be represented by

R . _
il — 0.947pl0% (28)
Ly wenibral
and
== = 0.940p4"% (29)
K+ peevipr heral

Figures 27 and 28 show the K~ /K™ ratios in which the solid lines show the SCM-
based caleulated results against the experimental data taken from PHENIX,

3.03. The p/p ratios

Based on the SCM, the expressions for central and peripheral §/p ratios could be
desipnated by

; .
2 — 0.723p004¢ (30)
P leentral

. = 0.774p; 008, (31)

p peeriprheral
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Fig 27. The plot of central ((-5%) K~ /K" ratio behaviors. Data are taken from the PHENIX.
Line shows the theoretical SCL based result.
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Fig. 248, The plot of peripheral (6-02%) K~ /K1 ratio behsviors. Data are taken from the
PHENIX. Line shows the thearetical SCM based result.
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In Figs. 29 and 30 we have plotted p/p for central and peripheral reactions. The
solid lines in those fipures show the theoretical valies while the dots show the

experimental ones.

3.54. The K/7 ratios

The expressions for K~ /7~ and K /7 in central and peripheral Au Au reaction
are piven by

K-

== = 0.424p}k*™ exp( —0.11p3) , (32)

" eenbral
K~ . LO22 ! i
s = (.360ps " expl —0.11p7) , (33
2 previpheral

K+ g

== = 0.452p%*% exp(—0.11p3) . (34)

5 cenlral
!5 e LOTT P e
— = 0.37T%7" " expl—0.11p7) . (35)
" peripheral

We have plotted K~ /7~ and K+ /7 in Figs. 31 and 32, respectively. The theo-
retical curves are shown by the solid lines and the experimental points for central
and the peripheral reactions are by filled and unfilled points respectively in those
fipures.

3.55. The p/w and p/m ratios
In a similar fashion, fits to the §/7 and p/7 ratios in the light of SCM are given

hereunder:

E — 0.195p% 5 exp(—0.11p2) , (36)
* leentral
B ‘ = 0.156p% % exp( —0.11p3.) , (37)
w peripheral
E — 0.259p% 2% exp(—0.11p2) , (38)
T eenteal
- = 0.223p%" exp( —0.11p3) . (39)
kL peripheral

Figures 33 and 34 show the /7 and p/7 ratio behaviors in RHIC Au Au collisions.
The solid lines are the theoretical fits against the experimental background.
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Fig. 2. The §/p ratio behaviors at the central resction ((0-5%). Data are taken from PHENIX.
The line shows the theoretically calculated valwe.
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Fig. 30. The §/p ratioc behaviors at the peripheral reaction (G0-92%). Data are taken from
PHENIX. The line shows the theoretically calculated value.
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Fig. 31. Ratics of K~ /7~ as a function pr for central ((-5%) and peripheral (60—029%) Au Au
reactions at /&y = 200 GeV. The lines show the theoretical SCMM results.
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Fig. 32, Ratics of Kt /7" as a function pr for central (0-5%) and peripheral (60-929%) Au Au
reactions at /2y = AW GeV. The lines show the theoretical SCM results.
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Fig 33. /7 ratios ss & function pr for central (0-5%) amd peripheral (60-92% ) Au Au reactions
at Say gy = 200 GeV. The lines show the theoretical SCM results.
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Fig 34. p/m ratios ss & function pr for central (0-5%) amd peripheral (60-92% ) Au Au reactions
at By = 20 GeV. The lines show the theoretical SCA results.
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4. Discussions and Conclusions

The results imply the following few points of great physical importance: (i) even
in muclens—nuclens reactions at high energies and at large pr, the proton—proton
collisions constitute, according to our approach, the very basic interactions; (ii) as
the nature cannot distinguish between “soft” and “hard” interactions, our working
formulae, for even proton—proton collisions contain a mixed form with both expo-
nential part indicating “soft” collisions and a power-law form of pr-dependence
depicting “hard”-ness of reactions; (iii) the results for nucleus-involved reactions
could be obtained from the results based on pp-interactions by the Glaunberian
techniques which act as the connecting bridpge between pp reactions and pA/AA
reactions; (iv) the multiple gluonization cum radiation loss effects of the QCD-
based standard model are taken care of here by the intensive partonic rearrange-
ment term with multiple collision effects; (v) the model can explain behaviors of
the pr data without the so-called collective effects in the QUCD-based and QGP-
included approaches. {However, this statement is not to be viewed as the denial of
the existence of the probable collective effects on the other observable(s). In fact,
unless, the studies on the fow-behavior are taken up from the viewpoint of the
SCM model, no categorical comment on the status of the collective effects would
be justified.)

The basic model and some others as well wsed in the present work are surely of
somewhat nonstandard wariety. But the theoretical results obtained by the SCM,
the Hyover model and the Glauberian techniques are fairly in agreement with the
measured data. The obtained ratio-values also apree well with messurements. And
they provide the necessary crosschecks for the modelbased results on pr-spectra.
Besides, the formulas arrived at here for pions, kaons and proton—antiprotons have
exactly similar forms. The total approach, thus, might provide, in our opinion, an
alternative route to understand and interpret the behavior of high energy collisions
involving the NN, N4 and AA interactions.

However, there are some limitations and shortcomings as well. The theoreti-
cal results on pr-spectra for proton and antiproton production at relatively large-
pr values seem to be overdamped as the divergences between measured data and
theoretical predictions at such transverse momentum values are considerably large.
However, unless data for kaon-antikaons at such high transverse momentum values
are obtained in the same or similar energy domain no clear pattern does emerge;
and it is difficult to arrive at any firm conclusion on such deficiencies of the model.
Besides, we fail to link up the “a" and “Ng" walues in terms of any concrete rela-
tionship between these hand-inserted values and the impact parameter represented
commonly by “b."

Despite these limitations and shortcomings, we have succeeded in giving a fair
account of the impressive volume of experimental data in a comprehensive manner
with even some clear consistency checkups. Apart from these important successes,
we are driven to take up the studies on the SCM by the stimulating remarks of
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[wasaki et al ! “The existence of the QGP, which is predicted by QCD, has not
been discovered in nature.” Furthermore, in our opinion, the work assumes special
significance vis-a-vis one conclusive comment made by Altarelli*? on the status
of the QGP. *However, for QGP, it is fair to say that the significance of each
single piece of evidence can be questioned and one is still far from an experimental
confirmation of the phase transition.”
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