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Comments are short papers which criticize or correct papers of other authors previously published in thePhysical Review. Each
Comment should state clearly to which paper it refers and must be accompanied by a brief abstract. The same publication sc
for regular articles is followed, and page proofs are sent to authors.

Comment on ‘‘Measurement of the space-time extent of the hard-photon emitting source in heavy
ion collisions at 100 MeV/nucleon’’
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In a recent paper@Phys. Rev. C55, 2521 ~1997!# two-photon coincidences were studied for three nuclear
reactions. From a correlation analysis, the authors evaluated the size and lifetime of the emitting source. In this
Comment we correct some arguments used in the comparison of the extracted and estimated sizes, and show
that the parametrization of the relative-momentum correlations leads to values which should not be assigned to
the space-time extent of the source.@S0556-2813~98!00205-2#

PACS number~s!: 25.70.2z, 13.75.Cs
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In a recent work@1# Badalàet al. have studied correla
tions between energetic photons produced from a36Ar beam
on three different targets and obtained values for the sp
time extent of the hard-photon source. The authors conc
that their results are in good agreement with a geometr
estimate of the size of the overlap zone between the collid
nuclei. In this Comment we point out two imprecisions, t
first concerning the comparison of the extracted and e
mated sizes, and the second the parametrization of
relative-momentum correlation function. As the latter rep
sents a major correction, the values obtained forR and t
should not be assigned to a size nor to a lifetime of
source.

In Table V of @1# the authors compare the radii of thre
different observables but for three different variables:
root-mean-squareradius of the experimental~Gaussian! pa-
rametrization of the source, theGaussianradius of the over-
lap zone, and theuniform radius of the sum of the nuclea
radii. The importance of the correct handling of differe
parametrizations when interpreting source radii was alre
studied by Zajcet al. @2# and more recently in Ref.@3#. The
equivalence between a Gaussian~of radiusR) and a uniform
~of radiusRu) spatial distribution is obtained by equating th

TABLE I. Comparison of the different sizes~all in fm! for the
three systems. The first two columns correspond to the Gaus
radius of the overlap zone estimated in Ref.@1# and the one from
Eq. ~4!. The other two columns represent the rms radii extrac
from the data and calculated from Eq.~4!.

System Rov
a Rov A^r 2&exp

a A^r 2&ov

36Ar127Al 1.95 1.77 1.460.7 3.07
36Ar1112Sn 3.00 2.06 3.061.2 3.57
36Ar1179Au 3.35 2.10 3.861.9 3.64

aFrom Ref.@1#.
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root-mean-square~rms! radii, which read

r~r !5exp~2r 2/R2!→A^r 2&5A3/2R, ~1!

r~r !5exp~2r 2/2R2!→A^r 2&5A3R, ~2!

r~r !5H 1 ; r<Ru

0 ; r .Ru
→A^r 2&5A3/5Ru . ~3!

After equating these, no feasible intensity interferometry
periment can distinguish between the corresponding squ
Fourier transforms ofr(r ) @2,3#. Therefore the relationR
5A2/5Ru is only valid when one uses the Gaussian form
Eq. ~1!. In their Eqs.~4! and~18!, the authors@1# have cho-
sen the Gaussian form of Eq.~2!, and then the equivalence i
found whenR5Ru /A5 @3#.

The size of the overlap zone between nuclei is given
^Npart&gg @4#, defined as the average over the impact para
eter ~corresponding to reactions producing two ha
photons1! of the number of nucleons@5# participating in this
overlap. The authors have replaced^Npart&gg by the average
of the quantityNpn(Npn21) over the linear impact paramete
distribution, which leads to different values. Therefore t
Gaussian radius of Eq.~20! in @1# reads

Rov51.2̂ Npart&gg
1/3/A5. ~4!

In Table I we compare the values of the same variable,
rms radius, for the experimental parametrization of t
source and the geometrical estimate of the overlap zone f
Eq. ~4!. For the lightest system the agreement between
perimental and overlap sizes disappears. The ‘‘total radiu

1The linear impact parameter distribution folded withf (b)
5Npn(b)@Npn(b)21#.
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Rtot51.2(Ap
1/31At

1/3) used in Table V of@1# represents the
radius of a nuclear system with many more nucleons than
entrance channel:A5(Rtot/1.2)35250, 536, and 758, re
spectively.

We finally analyze the parametrization of the relativ
momentum correlation function. The authors state that
solid line in the correlation distributions of Figs. 19 and 20
@1# corresponds to the expression (\5c51)

f ~q!511lR8e
2q2R82

1(
i 51

2

Aie
2~q2qi !

2/2s i
2
. ~5!

FIG. 1. Correlation distributions as a function of the relati
momentum~adapted from Ref.@1#!. The solid line corresponds to
Eq. ~6! and the dashed line to the first term of this expression.
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We find in this expression the three contributions introduc
in Refs. @4,6#, which correspond respectively to~i! the un-
correlated background, and, on top of it,~ii ! the interference
term towards low relative momentum, and~iii ! the p0 con-
tribution asymmetric aroundmp0. By definition Eq.~5! can-
not become smaller than 1, but for two of the systems it d
between 40 and 60 MeV/c, and, most surprisingly, it goes t
0 for all the systems above 190 MeV/c ~i.e., photons above
this value are fully anticorrelated!. Analyzing Ref. @1# we
have found that the expression used in Figs. 19 and 20
responds to

f ~q!5~11lR8!e
2q2R82

1(
i 51

2

Aie
2~q2qi !

2/2s i
2
, ~6!

where the number of terms has been reduced to two. Eq
tion ~6! is represented in Fig. 1 by the solid line, and its fi
term by the dashed line. Multiplying the uncorrelated te
by the interference Gaussian results in a magnification of
interference signal~instead of decreasing from 11lR8 to 1,
it does to 0!, which does not seem statistically significan
and suppresses the uncorrelated background above
MeV/c, which means that photon pairs cannot be produ
above this value.

The authors have demonstrated@7# that the size and life-
time of the source are functionsR(R8,t8) and t(R8,t8).
However, since Eq.~6! does not correspond to a correlatio
function, the values of the parameterR8 and hence ofR and
t should not be assigned to the size nor the lifetime of
photon emitting source.
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