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COMMENTS

Comment on the New Scaling Hypothesis of Dao et al. at Asymptotic Energies*

Robert J. Yaes
Department of Physics, Memorial University of Newfoundland, St. John' s, Newfoundland, Canada Al C 5$7

(Received 22 September 1975)

I use the energy-momentum-conservation sum rules to investigate the consequences
of the assumption that the "New Scaling Hypothesis" of Dao et al. , is valid at asymptotic
energies for which pL&&P&, m. Assuming that Koba-Nielsen-Olesen scaling, limited p&,
and the slow rise in multiplicity with energy also remain valid asymptotically, I obtain
a scaling relation for the invariant inclusive distribution which is inconsistent with ordin-
ary Feynman scaling, but consistent with the violation of Feynman scaling at 2'& &= 0
recently found.

Dao et a/. ' have proposed a new scaling law for
semi-inclusive cross sections and have shown
that the data for P-P collisions between 13 and
300 GeV/c laboratory momentum of the incident
proton are consistent with it for a wide range of
multiplicities. However, it has been shown' that
a fit to the same data can also be obtained assum-
ing just Koba-Nielsen-Olesen (KNO} and Feyn-
man scaling. The new scaling law for the non-
invariant single-particle semi-inclusive cross
section, integrated over transverse momentum,
can be written

(pr. ).«„f p,
no„dpi ((pi)„

where o„ is the n particle cross section, +i)„ is
the average value of the magnitude of the c.m.
longitudinal momentum for multiplicity n, and
the right-hand side is assumed to be a function
only of the scaling variable pi/(pi)„, independent
of both s and n. It is clear that the normalization
conditions,

f(do„/dpi) dpi =no„,

f I pl l(do„/dpi) dpi
J(der„/dPi) dPi

are satisfied provided the function y satisfies

f dt y(t) = f „dt I tl y(t) =1. (4)

Dao et al. propose a similar scaling law for P r
and show that it is also consistent with their data.
However, since the available data' seem to indi-
cate that Qr)„varies slowly, if at all, with both
s and n, at high energies (especially if we ex-

elude large-pr events, which, in any event, con-
tribute only a very small fraction of the total
cross section, even for us=63 GeV), I shall con-
cern myself here only with the scaling law in lon-
gitudinal momentum, Eq. (1).

In the paper of Dao et al. , n is the chayged
multiplicity, which is easiest to determine ex-
perimentally. However, it is reasonable to as-
sume that if such a scaling law is valid, it will
also hold when n is the total multiplicity (which
is easiest to deal with theoretically), especially
since there is evidence' that the average number
of neutrals in an event is proportional to the num-
ber of charged prongs. In addition, it has been
pointed out by Sivers' that both theoretical con-
siderations and the trend of the data indicate that
asymptotically, each particle species will obtain
a fixed finite fraction of the total c.m. energy. If
this is the case, the argument presented below,
with slight modification, would also hold when n

is the charged multiplicity. Hence, there is no
loss of generality if we consider the scaling law
in a model in which all produced particles are
identical and spinless.

It is a popular belief (or, perhaps one should

say, hope) that the regularities in the data' that
seem to hold for /s between 8 and 63 GeV—Feyn-
man scaling, limited transverse momentum, the
slow rise in multiplicity with energy, KNO scal-
ing etc.—will remain valid asymptotically. I
thus wish to investigate the consequences of the
assumption that (1) is a true asymptotic scaling
law that remains valid as s- . In a semi-in-
clusive reaction, in a model with all produced
particles identical, the number of produced par-
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ticles is fixed, while the energy available in the
c.m. frame is /s. Hence, if we assume only that
(pr)„rises significantly slower than /s, we must
have, ' for sufficiently large s, pi » p ~ m for
each of the produced particles if energy is to be
conserved. (The same argument would hold for
an inclusive reaction if we assumed that the pro-
duct (n)(pr) rises significantly more slowly than
vs at high energies. This assumption is support-
ed by the data up to the highest observed cosmic-
ray energies. ) In that case, the energy is just

E = (pi'+pr'+m'}'/' —=
l pal . (5)

The energy-conservation sum rule for the semi-
inclusive cross section' then states that the nu-
merator on the left-hand side of (3) is just v„/s
so that (Pi)„ is determined by the energy sum
rule to be'

(pi)„=s'i'/n,

which is just a statement of the fact that asymp-
totically essentially all of the c.m. energy goes
into the longitudinal kinetic energy of the pro-
duced particles and that each particle has, on
the average, 1/n of the total c.m. energy. Since
by definition of the Feynman scaling variable, x,

pi =-,'x/s, (7)

we immediately obtain from (1) and (6) for the in-
variant semi-inclusive distribution

1 do„n' i x( nx
E„(p» s)=—Ed "=

2
( 2o'n ps,

and, defining a new function

we obtain the simple scaling relation

E„(pi, s) =np(nx).

(6)

(9}

(10)

The invariant inclusive distribution is given by

E(p~, s) = O' 'Edo/dpi =g„a„F„(pi,s),
n„= (x„/(x, Q „n„=1.

If we assume KNO scaling

n„(s) =(n) 'y(n/(n)) (12)

The sealing relation (13) in the variable (n) x is
obviously inconsistent with ordinary Feynman

and approximate the sum over n by an integral
over the variable z =n/(n), we obtain

F(pi, s) = (n) Jz dz g(z)p((n) xz)
(13)

scaling in the variable x which would require a
scaling relation of the form E(Pi, s) =f(x), as (13)
would require a shrinkage of the inclusive dis-
tribution, expressed as a function of x, with in-
creasing (n). One possible way of avoiding this
contradiction is to assume that the scaling rela-
tions (10) are valid but that the scaling limits are
reached at different energies for different n.
Thus, at any fixed, finite energy, it would not be
possible to sum over all n to obtain (13). How-

ever, in this case the new scaling law would lose
much of its usefulness as it could not be used to
compare semi-inclusive cross sections over a
wide range of n and s.

However, one can approach this result from
another point of view. ' At x =0, (13}becomes

E(Pi, s}= (n) 4 (0) -lns (14)

*Work supported in part by the National Research
Council of Canada.

F. T. Dao, R. Hanft, J. Lach, E. Malamud, F. Nez-
rick, V. Davidson, A. Firestone, D. Lam, F. Nagy,
C. Peck, A. Sheng, R. Poster, P. Schlein, W. Slater,
and A. Dzierba, Phys, Rev. Lett. BB, 889 (1974); see
also D. B. Lichtenberg, Phys. Rev. Lett. 38, 1520(C)
(1974) .

B.E. Y. Svensson and L. Sollin, Phys. Rev. Lett.
S4, 1199 (1975).

which is consistent with the 12%% rise in the inclu-
sive m' distributions at x=0 when /s goes from
22 to 63 GeV found by H. Bdggild et al." Away
from x=0, most people believe that there is no
clear indication of a violation of Feynman scaling
in the data. However, because (n) is a slowly
varying function of s, (13) is probably not ruled
out by the present data for P+P- w'+X. The data
presented by Dao et a/. in support of their scaling
hypothesis involved only negative pions (with a
possible 10%%uo K contamination). We would not ex-
pect (13) to be valid for p+p- p+X because of the
prominent diffraction peak, but since the proton
multiplicity varies much more slowly than the
pion multiplicity for /s between 8 and 63 GeV, s,

definitive statement on this point can not yet be
made either.

We conclude that if the new scaling hypothesis
remains valid at asymptotic energies, a contra-
diction with either Feynman scaling or KNO scal-
ing would result. The fit to the data by Svensson
and Sollin' would involve no such contradiction
and thus might be considered preferable on that
ground. More data, and a more careful analysis
of present data, particularly for /s) 25 GeV,
would be useful in resolving this question.
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et a/. , Nucl. Phys. B84, 269 (1975); J. Whitmore,
Phys. Rep. 10C, 273 (1974); L. Foi. , Phys. Rep. 22C,
1 (1975); and the extensive references to be found with-
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We have previously noted that the average values of
certain quantities in inclusive reactions are uniquely
determined by the energy-momentum conservation sum
rules [R. J. Yaes, Phys. Rev. D 7, 2161 (1973), and
Lett. Nuovo Cimento 4, 611 (1972)].
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We discuss recent extended x-ray-absorption fine-structure work of Sayers, Stern,
and Lytle. We note that their use of distance variation to rule out crystallinity is not
valid and that the variation they find is also available from diffraction data. Finally,
contrary to statements of Sayers, Stern, and Lytle, we have not described glasses in
terms of microcrystals. Our radial distribution analysis reveals ordering in some
glasses which resembles in part but cannot be equated to that in crystals.

In a paper with the above title, ' Sayers, Stern,
and Lytle (SSL) have presented a measurement,
based on their interesting new extended x-ray-
absorption fine-structure (EXAFS) technique,
which is interpreted as eliminating the possibili-
ty of crystallinity in a material. This result is
then used to infer that certain conclusions that
we have allegedly drawn concerning the structure
of GeO, glass are not correct. In fact, their de-
scription of our conclusions is quite erroneous.
For example, we have neither concluded nor pre-
sented evidence for the conclusion that the glass-
es we have examined are composed of microscop-
ically small crystals, mic roc rystals. In actuali-
ty, the measurements of SSL are in agreement
with our conclusions, although they do not afford
strong additional supporting evidence. We were
aware of those values from our diffraction ex-
periments and they concern only a small portion
of the radial distribution function representing
the distribution of distances.

It should be noted that the EXAFS experimental
information of SSL on the n-quartz and the glassy
forms of GeO, was limited to distance distribu-
tions for the bonded Ge-0 and the smallest Ge-

Ge distances. It was found that the distributions
were essentially the same for the Ge-0 distanc-
es. For the Ge-Ge distances, however, the
distribution in the glass was much broader than
in the n-quartz form. The excess root-mean-
square deviation was reported to be 0.077+ 0.014
A. This result was interpreted by SSL (Ref. 1,
p. 587) to imply that for crystal formation to be
consistent with their experiment, "each micro-

O

crystalline region is about 3.8 A in radius, only
1.8 A of which is undistorted. " In fact, it is easy
to show that the excess distribution of the Ge-
Ge distance can be consistent with any degree of
ordering ranging from a continuous random net-
work of tetrahedra to macroscopic crystalline
regions. The distribution of the Ge-Ge distance
found by SSL is in fine agreement with the mea-
surements that we made and the conclusions that
we drew. We found that ordered regions in GeO,
glass extend to 15-20 A but do not resemble the
bonding topology of n-quartz. They do resem-
ble the bonding topology, however, of a tridym-
ite form which could indeed have the Ge-Ge dis-
tribution found for the glass by SSL. Since the
parameters of the unit cell (space gioup El)
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