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tures as high as 125 K, laid claim to
the title. . . . But in early May a
group from ETH in Zurich reported
measuring a superconducting transi-
tion temperature several degrees
above 130 K in a compound contain-
ing mercury together with barium,
calcium, copper and oxygen.”

I suspect that the author missed
our Rapid Communication in Physi-
cal Review this March.! We meas-
ured a T, of 131+0.5 K in TI,Bay-
CayCug0;,_,—a value we believed to
be the highest reported to date, as
we stated in the abstract.
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Was Nuclear Collision
Article Off Target?

In the article “Probing Dense Nu-
clear Matter in the Laboratory” (May
1993, page 34) Subal Das Gupta and
Gary D. Westfall give one view of
the recent history of nuclear collision
transport models. For the record, I
would like to present an alternative
viewpoint and some corrections of
basic facts.

The words “dense” and “hot” are
often used in articles about nuclear
collisions. Das Gupta and Westfall
mention temperatures of “50-100
MeV” and densities of “3 to 4 times”
the saturation density p, of nuclear
matter as well as “2 to 3” po. Readers
should understand that any attempt
to extract central densities and tem-
peratures of nuclear collisions is ex-
tremely model dependent. The nu-
clear collision computer models (such
as the BUU model, discussed by Das
Gupta and Westfall) have a great
many ingredients, some of which are
neither very well understood theo-
retically nor treated consistently.
For example, the nucleon—nucleon
cross sections, mean field and mo-
mentum-dependent interactions
should all be related consistently
rather than being independent inputs
to the computer code. Also, the
quantum content of the BUU method
is rather limited, being restricted to
the phase-space Pauli blocking. Fur-
ther, the ground state nuclei in the
VUU-BUU code come apart! in times
on the order of 100 fm/c. (This is
better than in the old cascade model,
but perhaps not good enough.)

The idea of “understanding the

nuclear equation of state” has been
referred to by Das Gupta and West-
fall as well as many others. Noting
the absence of any definitive nontriv-
ial knowledge about the phase dia-
gram of nuclear matter, I wonder if
one has honestly gained much under-
standing of the nuclear equation of
state over the past decade. Cer-
tainly, the in-plane squeeze-out, out-
of-plane squeeze-out and bounce-off
effect are novel discoveries,? but so
far these have only provided rather
limited information about the nuclear
equation of state.

Das Gupta and Westfall claim that
an “incompressibility value of K =~ 215
MeV” has been obtained from heavy-
ion collisions. Do they really believe
we can extract K to a precision of £1
MeV? Others would disagree,® find-
ing in fact that the current complete
data set is not adequate to limit the
range of K to better than about a
factor of 1.7 (200-350 MeV).

The BUU code referred to by Das
Gupta and Westfall was developed by
Jorg Aichelin and patterned after a
code developed by Hans Kruse and
coworkers. The code was first given
the name VUU (Vlasov-Uehling—
Uhlenbeck), in a paper that Westfall
coauthored.* Why do Das Gupta and
Westfall also not mention the impor-
tant theoretical work of C. Wong® in
the 1970s and early 1980s? Wong’s
ideas made the computational devel-
opment of the VUU code a reality.

The complete absence of references
to others® in the international physics
community who played a prominent
role in a decade of nuclear transport
equation simulations is striking. The
computational work of George Bertsch,
Das Gupta and Wolfgang Bauer was
not done in a vacuum but rather in
the context of work on similar ideas by
many others.

The idea that the transverse mo-
mentum spectrum p.(y,) (where y, is
rapidity in the direction parallel to
the beam) rises from negative values
at bombarding energies less than 100
MeV/nucleon to positive values at
higher energies is clearly demon-
strated in the context of the VUU
model in reference 7, I believe for the
first time.

Das Gupta and Westfall assert that
“the number of pions produced is
small” between 100 and 1000 MeV/nu-
cleon; in fact the number of pions in-
creases dramatically from low values
below the threshold energy of a few
hundred MeV/nucleon to substantial
numbers at high energies. I assume
that Das Gupta and Westfall are also
aware that the flow angle is measured
in degrees and not MeV/c per nucleon,
as in their figure 3.
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The reader should be further cog-
nizant that the data shown in figure
3 have now been remeasured using
the EOS chamber in California,® and
the bounce-off effect transverse mo-
mentum distribution may in fact be
quite different from the original
measurements with the Plastic Ball
detector at the Lawrence Berkeley
Lab’s Bevalac, especially at low and
high energies.
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Thank you to the editors of PHYSICS

TODAY for the publication of the excit-

ing article on relativistic heavy-ion

physics at the Bevalac at the Lawrence

Berkeley Laboratory.

Among the numerous scientists
mentioned in the article, at least one
name is missing: Hermann Grunder.
He was the key person in the creation
of this unique facility from two existing
obsolete accelerators, and with his vi-
sion of a promising outlook for this new
field of nuclear physics he stimulated
and vigorously supported the experi-
mental activities. The article’s authors
completely ignored his effort and the
engagement of the LBL accelerator di-
vision for both that project and its later
upgrade to the first relativistic ura-
nium facility in the world. More than
usual, one feels the arrogance of ex-
perimentalists denying credit to those
who provide their scientific environ-
ment and their tools.

One more detail: Since the begin-
ning of the Bevalac experiments, the
Gesellschaft fir Schwerionenfor-
schung was deeply involved in the
enterprise. GSI not only contributed
the Plastic Ball detector and other
equipment but also provided a crew
of up to ten scientists for a decade
for the experiments with both that
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detector and the Streamer Chamber.
At least one of the article’s authors,
who was a member of one of the
experimental groups, should have re-
membered this successful collabora-
tion between the two laboratories.
RupoLr M. Bock
Gesellschaft fir Schwerionenforschung
6/93 Darmstadt, Germany

Das GurpTA AND WESTFALL REPLY:
Concerning Joseph J. Molitoris’s
statement that “any attempt to ex-
tract central densities and tempera-
tures of nuclear collisions is ex-
tremely model dependent,” we hasten
to point out that the theoretical
calculations directly compute observ-
ables that are measured in experi-
ments. We used the word “tempera-
ture” in the introduction in a loose
sense, following widely used practice.
In the article we do not extract a
central density or a temperature.
There is no mention of temperature
in the actual calculations described.
We actually warn against using tem-
perature and say that “we require a
dynamical model to simulate the col-

lision without any assumptions re- .

garding thermal equilibrium.” As for
high densities, we clearly state that
we are discussing “theoretically ex-
pected maximum densities.” Any
reasonable theoretical model will
show a rise in density in heavy-ion
collisions in the energy range of con-
cern in the article.

We agree that we do not start from
a fundamental nucleon—nucleon force
and deduce everything from there.
Real many-body problems (as op-
posed to model ones) are too compli-
cated to allow one to do that. Actu-
ally we feel quite good about using
nucleon—nucleon cross sections ob-
tained from two-body data, momen-
tum dependence obtained from the
energy dependence of experimentally
measured optical potential, and other
features of the mean field obtained
from experimentally measured satu-
ration density and binding energy.
With regard to the warning that “the
quantum content of the BUU method
is rather limited,” in the article we
offer a justification for using the
method: “In nuclear physics the
semiclassical Vlasov description
leads to a bulk dynamics very similar
to that obtained from fully quantal
time-dependent Hartree—Fock the-
ory, extensively studied in the 1970s.”
All the measurements referred to in
the article are properties of the bulk
dynamics. The present codes pre-
serve the stability of ground states
well beyond 100 fm/c, and besides,
the transverse momenta we refer to
are generated quite early in the his-

tory of the collision, in the first 25
fm/c. Thus the prediction of the
theory with regard to flow is very
stable. Although we did not men-
tion limits on the incompressibility
K in the article, we think that the
heavy-ion data bracket the value of
K between 180 and 260 MeV. We
quoted the incompressibility value
of 215 MeV because this was
roughly the value Jean-Paul Blaizot
used in a very well-known study of
monopole vibrations.

Molitoris is wrong when he states,
“The BUU code referred to by Das
Gupta and Westfall was developed by
Jorg Aichelin and patterned after a
code developed by Hans Kruse and
coworkers.” The original version of
the BUU code that we have in mind
and on which subsequent calculations
referred to in the article were built
was developed initially in the sum-
mer of 1983, and results with that
code! came out in February 1984.
The reason we did not refer to all the
versions of the BUU, VUU or Lan-
dau—Vlasov model is that the number
of references in the article was lim-
ited by editorial policy. Thus we
mentioned only a review article
where readers could look up the ba-
sics of the theory. We did not men-
tion the 1984 article either, which
was the first of many similar calcu-
lations to follow. This limitation also
explains why there is only one refer-
ence on the balance energy E,;. That
reference would bring the reader up
to date on the subject.

With regard to the last line in the
Molitoris letter, let us point out that
the EOS time-projection chamber re-
sults are not published yet and that
preliminary results agree with the
Plastic Ball results. Let us also point
out that as far as the article was
concerned, figure 3 was meant to
show only a qualitative trend. The
actual fits for the calculation were for
the Streamer Chamber data shown
in figure 4 of the article.

The article was intended to cover
physics research at the Bevalac. We
heartily concur with Rudolf M. Bock’s
assessment of the crucial contribu-
tions of Hermann Grunder to the suc-
cess of the Bevalac.

Also, we were definitely aware of
the contributions from GSI. Al-
though we do not allude directly to
GSI itself in the main body of the
article, GSI scientists are acknow-
ledged in the text and in one figure.

Bock will be pleased to know that
a complete history of the Bevalac,
including accelerator and other tech-
nological developments, is being writ-
ten by Catherine Westfall.
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Two Laser Pioneers’
Early Affiliation

My article “Physical Review Records
the Birth of the Laser Era” (October,
page 28) mentions the current affili-
ations of Arthur Schawlow and Ali
Javan in the text on page 30 and in
the figure caption on page 31. At the
time of their early laser work, both
Schawlow and Javan were affiliated
with Bell Telephone Laboratories.
NICOLAAS BLOEMBERGEN
Harvard University
11/93 Cambridge, Massachusetts

Complexity Study:
An Alternative History

Philip W. Anderson’s Reference
Frame columns on “complexity” (July
1991, page 9; June 1992, page 9) are
establishing and fixing a history of
complexity study, and its relation to
the Santa Fe Institute, in the physics
community. This letter offers an al-
ternative view on the history of such
study. Even though Anderson as-
serted to me a decade and a half ago
that the studies made by my col-
leagues and me should not strictly be
considered physics but rather a sci-
entific extension beyond or perhaps
peripheral to physics, I believe mem-
bers of the physics community should
have the opportunity to learn about
our contributions to a physical foun-
dation for complex systems and to
judge them if they so choose.

Those efforts began in the 1940s
at the National Bureau of Standards
in cross-disciplinary studies, of inter-
est to government and industry, re-
lated to a variety of flow field and
solid-state material problems within
instrumentation and metrology and
to the biophysics of high-altitude
flight. They expanded with continu-
ing systems studies in physiological
physics and hydrodynamics in the
1950s and involvement in the organi-
zation of interdisciplinary sessions
for the system regulation and control
interests in the engineering societies
from the 1950s on. Salient inspira-
tion for such engineering physics
studies came from APS’s mixed-dis-
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