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Summary. — The puzzles connected with the observation of a large p/p ratio, the
measured rising ratio of e* /e~ and some other unsolved, important problems led
some theorists to conceive of the extra-galactic origin of cosmic rays and to postulate
the existence of the antigalaxies. We have attempted here to understand the
problems on the basis of the simple leaky box model (SLBM) with one particular
phenomenological model for particle production, and some very recent observational
features of high-energy collisions that call for theoretical attention. The conclusion
is: the agreements are still not satisfactory if we accept and adhere to the
correctness of the previous data. In recent times there has been a dramatic change
in the situation with regard to this discrepancy. The latest data have just been taken
note of but the conclusions are arrived at here more on the basis of the earlier data
than on the recent ones as they necessitate further confirmation.

PACS 96.40. — Cosmic rays.

1. - Introduction.

The ratio of antiproton to proton flux is of much interest from both cosmic-ray
physics and particle physics point of view. One very recent experiment(l] has
developed a resurgence of interest in this field [2].

In the recent past Basini et al. [3] proposed an experiment to search for antimatter
and to investigate the open question of matter-antimatter symmetry by space
spectrometer. They emphasized the need for continuing such experiments to settle
the controversial questions related with cosmological models, propagational
characteristics of cosmic rays and properties of excess production of some antiparticle
secondaries.

But, very recently, there has been a significant change in the situation with
regard to the excess production of the antiproton secondaries at lower energies. In
fact Ahlen et al.[1] have reported the upper limit to the p/p ratio a magnitude
~4.6-107° at the 85% confidence limit (CL) at the top of the atmosphere and for
antiprotons of low energy. Another US group(2¢] has also given a corrected and
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The positrons are obtained through the decay =*— p*—e* (positron). Thus the
resulting positron spectrum (for positron energies in excess of a few GeV) is

2(z+6 An(E
W B e ) )f
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where m(E) is the mean path length of interstellar hydrogen traversed in g/em?®, my is
the proton mass in g, (dap/dE) (K, E,) is the cross-section in em? for producmg an
antiproton of energy E in the colhslon of a proton of energy E, with an interstellar
hydrogen nucleus and J,(E,) is the primary proton spectrum The factor 2 in
expression (1) is due to the assumptions that antineutron equals antiproton
production and that all antineutrons decay. The choice of the value of A depends on
our selection of the nature of the proton spectrum on which we shall focus in the next
section.

3. — Method of calculations.

3'1. Choice of the spectrum. — We shall use here the latest JACEE spectrum[12]
as it presents the fit at highest experimental energies. In the primary proton energy
range from 102 GeV/nucleon to 5 - 10° GeV/nucleon, the differential energy spectrum is
assumed to have a shape of

1.87E,*"(cm®s sr GeV/nucleus)™

So in practice for this energy raﬁge =1.7 and A =1.87. Although for higher energies
the prescribed JACEE spectrum is a bit different.

3'2. Effect of nuclear collisions. — The cross-sections are taken here for both
pp—p + anything and p+ light nucleus— p + anything and the latter has been
converted to expectation for pp. The A-dependence of hadron-nucleus collision is
inserted in the manner of Minorikawa and Missui[13]:

3 37
) E%(hA_) eX) = E%(hPa eX) 75 (y, Pr) explof, (y, pr)In A].
p p

From some previous works of Takagi[14] and Caroll et al.[15] we can arrive at an
acceptable relation (oy,/o%) 7f = 1.25 + 1.5 which helps in evaluating 74 (%, pr)- The
contributions from ap and ax collisions[16] at high energies will be taken into
consideration. In cosmic-ray physics some other collisions also are of paramount
importance which are, in the main, pion-proton (hydrogen) or pion-nucleus collisions.
The contributions from them have so far not been taken into account in the estimation
of the p/p ratio. We would like to take the effects of these collisions into our
consideration on the basis of the contention by Shabelskii[17] that the inclusive
spectrum of all charged particles are approximately the same in proton-proton and
pion-proton collisions at least upto 10° GeV? and the contention that violation of
Feynman scaling is weaker in =p collisions than in pp scattering at high
energies.
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considerably reduced value of the p/p ratio for very low-energy antiprotons. Surely
we take note of these results here but we can in no way consider them to be final.
Further experimental results are awaited for any final conclusion about this very
controversial issue.

The earlier measurements [4-6] of the cosmic-ray antiprotons reveal the fact that
the ratio of antiprotons to protons would be much larger than the limit to antimatter
fraction in the local group (7, 8]. The indications support the idea that the antiprotons
in the cosmic rays might have had an extragalactic origin in the sense that the
application of the standard models for particle production at very high energies does
not provide any satisfactory explanation for these large antibaryon ratios. This might
lead to the comment that antiprotons are radiated by antimatter galaxies and the
universe is symmetric in matter-antimatter connection. Furthermore, Webber[9]
and Muller and Tang[10, 11] reported that the e* /e ratio shows a clear rising nature
beyond 10 GeV which, according to them, appears to suggest one possibility that a
primary component of positrons (antiparticles) becomes significant above 10 GeV and
such a primary positron component could only come from the antigalaxies. Thus the
behaviours of these ratios point apparently to the existence of some unknown sources
of which one could be the proposed antigalaxy.

We would like to examine here the validity of such concepts very carefully and the
probable realisability of such postulates as to the existence of the antigalaxies. We
make this study here exclusively on the basis of the simple leaky box model (SLBM)
for galactic propagation.

2. — Basic theoretical tools.

Starting from the inclusive antiproton production via proton-proton
interaction

pp — p + anything

at laboratory energy threshold ~7 GeV for the incident proton, the differential
antiproton spectrum[6] is given by

2m(E)

1) Jp () = —(E E)J,(E)dAE,

and

2

J5(E) 2m(E) f
E—(E,E/R)R"'dR .
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On the basis of the same fundamental equation of flux of secondary particles and on

the basis of a chosen proton spectrum of the form J,(E) = AE, D jt can also be

shown that

m(E) A

3 I (E) = (E E)E SV AE, .
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3'3. Nature of inclusive cross-sections and acceptonce of a very wmoderate
violation of scaling. — The nature of our choice of the empirical fits to the inclusive
cross-sections proposed by Rossi ef al.[18] relies on a very recent observation by
Alner et al.[19] that the Feynman scaling at the highest SPS pp collider energy S =
=900 GeV is quite valid in the central region and that there is a breaking of the
Feynman scaling only in the fragmentation region by marginal amount of 10 to 20
percent. This can be taken care of with the help of the prescription of Wdowczyk and
Wolfendale [20] which we accept and make use of despite the theoretical prediction of
a larger violation of Feynman scaling by Cheung and MacKeown[21]. Before writing
down the expressions for inclusive cross-sections in terms of the rapidity variable let
us first define it in the Lorentz frame,

yom = SIn((E +pyE ~py)]
with the conversion factor
Y2 = yo™ + Infz(1 +B)],

where z is the Lorentz factor of c.m. system and [Inz(1 + )] is the rapidity of the
incident particie in the e.m. system. This is the additive property of rapidity.
In terms of (S,y,pr)

(6) = =£S,y,pr) -

dp®

At very high energies by using the property of factorization the above might be
written on the basis of the violation of the Feynman scaling ¢ la Wdowezyk and
Wolfendale 22, 23] in the following manner:

0 fy,pr) =9y Sy hipr 5y =g'(Nh'(pr),
So S

where the term (S/S, )* represents the moderate violation of scaling with « = 0. 15 and
So =100 Ge V=

The nature of dependences of the inclusive cross-sections on transverse momenta
is taken from Rossi et al.[18] as were done by Ganguly and Sreekantan[16]:

® k' (pr) = exp[-bpr],

with

©) b =6.5(GeV/e)™t, b-=T0(GeV/i)!,
and

bﬁfsecondary = bp—secondary =4.0 (Gewv/c)_1 .
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The nature of rapidity dependence is also taken in a manner similar to Ganguli and

Sreekantan:
_A2/<Z +y(S§0) )

where Z is a constant = 2 for charged pions and = 0 for p distributions. The constants
A;, A; and Az, o are given in table I.

(10) g'(y)= A exp + A,

TABLE I. — Values of the fitted parameters to the rapidity distribution of charged pions and
antiprotons.

Particles produced Ay A, Aj a

Negatively charged pion 250 75 0.04 4.00
Positively charged pion 185.8 200 4.5 5.25
Antiprotons, energy > 200 GeV 6.8 5.2 0.0 1.75
Antiprotons, energy <20 GeV 3.5 4.8 0.0 1.25

The solid curves in fig. 2 and 3 depict the results of our theoretical calculations
against the experimental background for antiprotons and positrons, respectively.
The theoretical calculations necessitate the use of mean grammage for the interstellar
space denoted by (1),. The experimental points in fig. 1 and 2 lead to different
and moderately diverging values of (1) and the mass composition analysis demands
a different (iy) whose nature with changes of total energy presents a contrasting
picture (fig. 1). This points to one weakness of the simple leaky box model

10°?
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Fig. 1. — Plot of mean grammage vs. total energy for cosmic rays incident on interstellar
hydrogen, derived using the leaky box model of cosmic-ray propagation. (1) is almost the same
a3 that of ref, [26b). There is a slight difference in the values of (2).- between the present
caleulations shown by the solid upward-moving curve and the results of Szabelski et al.[26b]
"epresented by the dashed curve. The difference between the values of ()5 and (1) is normally
attributed to the propagation effects.
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Fig. 2. — Comparison of observed and calculated ratios of antiprotons to protons in the primary
cosmic-ray beam. G denotes the measurement of Golden et al. [5a} and B that of Bogomolov et
al.[5b]. The estimations are based on 5 gm™2 of interstellar hydrogen traversed by the cosmic
rays using the simple leaky box model (SLBM). The solid curve represents our model-based
calculations. The dot-dashed curve indicates the results of caleulations by Szabelski et al. [26b)

and the simply dashed (or broken) curve that of Gaisser and Maurer [6a] with the value of gamma
to be 2.6.

Fig. 3. — Positron flux vs. energy plot. Data points are from Bhadwar et al. [6] and the solid curve
is the theoretical plot.

(SLBM). But our idea is that the use of a more realistic proton spectrum might
reduce these uncertainties to a considerable extent.

The breaking of the Feynman scaling affects essentially the nature of the rise of the
multiplicity. In other words, the multiplicity of the secondaries increases at a rate faster
than that predicted by a logarithmic rise. This increases at high energies the population of
both pions and other secondaries among which antiprotons constitute one variety. The
more copious the production of positive pions, the larger will be the contribution to the
positron flux. The ratio of P/p pertains to the secondary antiprotons and primary proton
flux (and not secondary proton flux). So the comparatively higher values of p/p ratio and of
positron flux at high energies depicted in fig. 2 and 3 seem to be quite reasonable with the
small amount of scaling violation assumed in the present calculations. This apart, the use
of the JACEE primary spectrum has had a bearing on the present theoretical results. We
did not consider the effect of deceleration of particles when they have accummulated the
bulk of their grammage on the p/p ratio or on the positron flux. This is for two reasons: one,
the deceleration concept did never help explain the positron flux and, two, the decelera-

tion idea has been played down in cosmic-ray physics phenomena as it gives rise to several
other problems.

4. - Low-energy antiproton flux and the present model.

Although at extremely high energies it is true that the annihilation cross-section
becomes really very negligible, at comparatively lower energies this is not the case.
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Antiprotons then interact with matter leading to annihilation, charge exchange or
depletion of energy [24]. The total inelastic cross-section for p includes annihilation
and inelastic interactions leading to particle production and charge-exchange. The
inelastic interactions involve the production of secondary particles which certainly
cause attenuation of antiprotons and production of secondary antiprotons as well. But
on the whole the annihilation channel has a diminutive effect on the magnitude of the
single-particle inclusive cross-section.

Let us represent the invariant cross-section at low energy (LE) by [E(d®o/dp®)ILg
and the invariant cross-section with moderate violation of scaling (MVS) as
(E(d®s/dp®)Iyvs at high energies in the following manner:

d’? 7
(1])3 MVS
an ——— —-1=6-107f(Q),

3
ap” g

where @ = \/§ —4m?. The shape of f(Q) has been used in the same way as has been
predicted by Stephens[24] with the use of Xy (S/S,)° instead of Xz.

The use of the JACEE spectrum and the inclusion of this diminutive effect
bring down the value of p/p ratio in fig. 4 which obviously falls short of the
measured values with rigidity confinement coefficient ¢ = 0.6 for galactic cosmic
rays. This reduction within the framework of simple leaky box model (SLBM)
makes the existence of antigalaxy more probable if we accept the correctness
of the old, previous data. It must be understood that in the study of the behaviour
of the P/p ratio, the low-energy values form the crux of the problem. And at
low energies the large-pr particles do not show up either at all or at least
prominently in the production process. So the contribution from them does not
arise here. The excess production, if any, thus could be attributed to some
extragalactic source of antiprotons so far as our study with the simple leaky
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Fig. 4. — Plot of p/p ratio vs. energy of the antiprotons extending from very low-energy
antiprotons to relatively high energies. The solid curve is our theoretical prediction based on the
present caleulation for the galactic rigidity coefficient, ¢ = 0.6. Very recent data of Ahlen et al.[1]
have also been shown with special emphasis.
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box model (SLBM) is concerned. But this excess production has, by now, already
been questioned by the experimentalists[1].

5. — Low-energy antiproton flux, antimatter and antigalaxy: the past scenario
and the present confusion.

Although the high-energy behaviour of the p/p ratios leaves room for doubt about
the existence of antigalaxies, its low-energy value, until very recently, pointed just
the opposite: the existence of antimatter and of antigalaxies for that matter wasa
near certainty. Stecker et al.[25] argued that active galaxies can provide the bulk of
the extragalactic cosmic-ray flux. This would lead to photo-disintegration of heavier
nucleii and this very fact removed the difficulty of explaining the low ratio of
antinuclei to nuclei in cosmic rays, while explaining the p/p ratio and the antiproton
spectrum.

But the crucial test of existence of antimatter and antigalaxy lays in the
verification of two factors: i) the clear detection of a predicted particle like antihelium
nucleus would provide strong support to the extragalactic origin of a component of
the cosmic rays[26] and ii) the unambiguous observation of the predicted rising pjp
ratio with rigidity confinement given by the simple proportionality relation of pp
ratio ~ R’ as was predicted by Stephens with ¢=0.6, as is shown in fig. 4. Ow
estimated value on the basis of the model of Rossi et al.[18] and of Ganguly and
Sreekantan [16] obviously gives us values of the p/p ratio higher than those reported
in ref. [1]. This is not unexpected because we have inserted in our calculations all the
standard high-energy assumptions, whereas the experimental results reported in
ref. [1] and [2] are for extremely low-energy secondary antiprotons. In settling the
controversy about the antimatter or antigalaxy one has to consider the excess
production of the antielectrons and some other antinuclei at high energies.

6. ~ Concluding remarks.

While summing up let us, at the very beginning, leave aside the impact of the very
recent experimental results [1]. The physical factors that emerged very clearly in the
field of ultrahigh-energy physics have otherwise been taken into wccount in owr
analytical and numerical calculations of both the p/p ratio and the positron flux. What
we have introduced here anew are i) the effect of a moderate violation of scaling in the
dynamics of production of secondary particles in high-energy reactions; ii) the
influence of the latest JACEE spectrum for primary protons; iii) the inclusion of
A-dependence of cross-sections for both the nucleon and pion-induced high-energs
reactions and iv) reckoning of the pion-induced high-energy collisions in the upper
atmosphere. And all this has been incorporated within the framework of the simple
leaky box model (SLBM) amongst many other models as described by Cesarsky [27]
Moreover, the agreement between the theoretical results and the experiment
values is far from being satisfactory, although it is much better now than the earlier
results, especially for the p/p ratio. The minor discrepancy that still persists at high
antiproton energies might be ascribed effectively to three different reasons which
should and must be eliminated one by one. The large value of the statisticd
uncertainty in the experimental measurement in cosmic-ray physics is almost a
unavoidable factor for which we omit this aspect. The remaining three possible
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contributing factors are i) an additive contribution from the closed-galaxy type of
model at most by 50% as proposed by Stephens [28, 29], ii) the contribution from the
large-pr inclusive production of hadrons as was shown by Bhattacharyya and Pal[30]
and iii) an origin of antiprotons and of positrons or antielectrons from the
hypothesized concept of the existence of antigalaxy. Of them, the first factor would
come into the picture, if and only if the excess production of the antiprotons is
confirmed contrary to the measurement by Ahlen et al.[1]. Obviously, this has now
become very much doubtful. The behaviour of the low-energy antiproton production
and, more specifically, the p/p ratio helps to eliminate the second factor stated above
almost unambiguously. And within the framework of the originally proposed simple
leaky box model (SLBM) the third factor, then, practically comes out to be the only
choice for explaining any observed discrepancy for which further accurate
experimental studies are needed on the behaviour of both the low-energy p/p ratios
and high-energy e*/e™ ratios. Of course, prior to all this, the actual mechanism for
production of secondary particles in high-energy hadronic collisions should be clearly
understood and decisively established. But for low-energy antiprotons as there has
been a reversal of direction of discrepancy in the very recent times we shall have to
re-examine very carefully and critically the comments we made so far and conclusions
we arrived at. Before drastically changing our ideas about this issue, we would like to
have these experimental results, meanwhile, checked and confirmed by several
groups clearly and separately.

The author would like to express his thankful gratitude to Prof. A. W.
Wolfendale, S. Biswas, S. A. Stephens, Shawn McKee and S. W. Barwick for various
correspondences with and from them and/or some very constructive comments.
Furthermore, he would like to convey his sincere thanks to the honourable referees of
the present journal for their constructive eriticism and helpful suggestions for
improving the manuscript.
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