be viable in the outside world.

Furthermore, one can imagine en-
hanced growth rates, since the plants
would need to expend considerably
less of their vital resources on water
transport.

Coal plant emissions and water sup-
plies are matters of the utmost concern.
In the American Southwest, for exam-
ple, some 90% of water consumption
goes to agriculture. Unfortunately,
there seems to be no forum in which the
necessary synergy might develop
among energy companies, agribusi-
nesses, and environmentalists.

Terry Goldman
(tgoldman@lanl.gov)
Los Alamos, New Mexico

I find PHYSICS TODAY a good
source of information on physics in
general. The Quick Study is usually in-
teresting reading. However, the Janu-
ary 2008 Quick Study was an exception.

Granted, the topic of water transport
to the tops of trees is a controversial one
and the authors’ description of the phe-
nomenon, “life in a metastable state,”
pays little attention to the physical con-
straint of cavitation under high tension.
The only reference given was from
1981, but new tools and techniques—
for example, nuclear magnetic reso-
nance imaging and pressure-probing
techniques—have brought new in-
sights on the topic in the past 27 years.

In a case like this, a warning to read-
ers that scientists hold several different
views on the topic and some reference
to other perspectives would be wel-
come. In a more recent publication, Ul-
rich Zimmermann and coworkers pro-
vide access to more than 300 references
on the subject.! They also give a well-
documented description of a complex,
multiforce, multistage, segmented
xylem perspective on water ascent
in trees.

I hope PHYSICS TODAY readers will
eventually get a broader description
than the “realm where water is trans-
ported in a metastable state,” as the
Quick Study authors call it.
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Jean Roy
(jeanroy_igp@uideotron.ca)
Outremont, Quebec, Canada

Holbrook and Zwieniecki reply:
Terry Goldman is correct in suggesting
that providing plants with higher car-
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bon dioxide concentrations can result in
both water conservation and enhanced
photosynthesis. Indeed, CO, fertiliza-
tion is already used by many commer-
cial growers. However, enclosed grow-
ing systems have huge energy costs
associated with cooling and are thus
unsuited for large-scale agricultural
production.

On the planetary scale, we are cur-
rently conducting such an experiment,
albeit in an uncontrolled fashion. In-
creased atmospheric CO, due to human
activities such as fossil-fuel combustion
and land clearing is estimated to have
increased terrestrial photosynthetic
output. However, at the same time, ris-
ing temperatures due to higher green-
house gas concentrations increase the
water demands placed on plants and
are predicted to alter the frequency and
intensity of precipitation events. Thus,
although elevated CO, can improve the
efficiency of photosynthesis, there ap-
pears to be no free lunch.

Jean Roy’s letter suggests that our
Quick Study on water transport in trees
should “teach the controversy,” so to
speak. However, there is no scientific
controversy regarding the cohesion-
tension theory of water transport in
plants. In the early 1990s, there was a
short-term challenge to the theory due
to discrepancies observed by Ulrich
Zimmermann using a pressure probe.
Subsequent refinements of that meas-
urement technique by Zimmermann
and others eliminated those concerns.!
Since then no xylem water transport
data have been found to be inconsistent
with the cohesion-tension theory. Nor
has any alternative mechanism been
proposed that can explain the transport
of water in plants. Publication of the
reference Roy cites prompted 45 promi-
nent plant biologists to protest.? The ed-
itor’s response was that the paper by
Zimmermann and coauthors should be
perceived as representing the “views
and opinions” of the authors and not
as a review of the current state of
knowledge appropriate for newcomers
to the field.?

Finally, we stand by our citation of
W. E. Pickard’s 1981 work as an out-
standing treatment of water transport
in plants. That paper is particularly ap-
propriate for the readers of PHYSICS
TODAY because it assumes high literacy
in the physical sciences rather than de-
tailed knowledge of plant anatomy.
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More light on
the structure of
nuclei

We agree with David Dean (PHYSICS
TopAY, November 2007, page 48) that
computational advances in solving
many-body problems have led to im-
portant progress in understanding the
structure of nuclei. However, we need
to examine two of the five questions
highlighted by the author, namely, the
nature of the nuclear forces (beyond the
well-understood long-range pion ex-
change) that bind nucleons in nuclei
and the structure of neutron stars and
dense cold nuclear matter. The answers
to those two cannot be obtained within
the mean-field approximation without
probing the high-momentum compo-
nent of the nuclear wavefunction. In the
mean-field approximation and in the ef-
fective field theory approach, that com-
ponent is hidden in the parameters of
the effective interaction. At the same
time, according to the most realistic cal-
culations (see reference 1 and refer-
ences therein), approximately 60% of
the kinetic energy of nucleons in
medium to heavy nuclei is due to the
high-momentum component of the nu-
clear wavefunction.

In this respect we would like to men-
tion recent significant progress in the
investigation of the high-momentum
nucleon-nucleon short-range correla-
tions (SRC) that for years remained an
elusive feature of the nuclei. The
progress was made through the use of
high-energy electrons at the Thomas
Jefferson National Accelerator Facility
and high-energy protons at Brook-
haven National Laboratory.? Analyses
of those data demonstrate that nucleons
with momenta exceeding the Fermi mo-
mentum are present in medium and
heavy nuclei with a probability of ap-
proximately 20-25%. The shape of the
momentum distributions of the SRC
does not depend on atomic number. Ex-
periments also established that large
nucleon momenta are balanced pre-
dominantly by one nearby nucleon
with strong preference (by a factor of
nine) for a proton momentum to be bal-
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anced by a neutron rather than by a pro-
ton [see PHYSICS TODAY, July 2008, page
15]. Several observed properties of the
dynamics of high-momentum nucleons
in nuclear medium surprisingly resem-
ble the properties deduced from the
short-range two-nucleon interaction."?
Further investigations of nuclear
phenomena sensitive to the SRC are
planned at Jefferson Lab, both at 6 GeV
and after the 12-GeV upgrade, a high-
priority item in the long-range nuclear
physics plan of the US Nuclear Science
Advisory Committee.* Those studies
represent one of the best opportunities
for exploring the drops of high-density
cold nuclear matter and for under-
standing quark-gluon degrees of free-
dom in the short-range nuclear forces.
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Dean replies: I certainly agree that
short-range correlations play a role in
the interpretation of nuclear forces. In
particular, present and future experi-
ments at the Thomas Jefferson National
Accelerator Facility will shed further
light on those interesting phenomena.
How the high-energy correlations affect
nuclear structure and low-energy exci-
tations remains an interesting problem
in its own right.

I note three points. First, unlike the
density, the momentum distribution
within a nucleus is not observable due
to ambiguities that arise through possi-
ble field redefinitions in effective field
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theory.! Second, the central repulsion of
the Argonne V18 potential reaches
more than 3 GeV.? Augmenting AV18
with a three-body force reproduces nu-
clear structure information through
carbon-12 and, as Leonid Frankfurt and
coauthors point out, appears to repro-
duce short-range correlation expecta-
tions. Third, using coupled-cluster
theory, we recently calculated medium-
mass nuclei through “Ca, *Ca, and **Ni
using another of the highly accurate
two-nucleon potentials,® but without
including a three-body force. To obtain
reasonably converged ground-state
properties for those nuclei, the calcula-
tions require basis states covering an
energy range of at least 450 MeV. We
look forward to using ab initio calcula-
tions to study the short-range correla-
tions induced by realistic nuclear po-
tentials in medium-mass nuclei.
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SERS assertions
addressed

The feature article “Surface-Enhanced
Raman Scattering” by Katrin Kneipp
(PHysICs ToDAY, November 2007, page
40) presents views and results that are
largely outdated; some are no longer
generally accepted by the SERS re-
search community, and some have been
proven wrong. We counter Kneipp’s
opinion by focusing on two important
aspects of the article: the magnitude of
the SERS enhancement factor and the
proof of single-molecule sensitivity.
Some of Kneipp’s claims are based
on interpretations that are more than 10
years old. For example, the claim of the
“remarkable 14-order-of-magnitude
signal enhancement” is now known to
be an overestimation of the actual en-
hancement factors achievable in SERS
and necessary for single-molecule de-
tection.! The origin of Kneipp’s claim
can be traced back to the improper nor-
malization of SERS signals: The SERS
intensity of a preresonant molecule
(crystal violet) was compared with the
non-SERS intensity of a nonresonant
molecule (methanol), an error that
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