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In his interesting commentary
“Gamma-Ray Telescopes Show Origins
of Cosmic Rays” (PHYSICS TODAY, Janu-
ary 2010, page 13), Bert Schwarzschild
argues that we have finally found
strong evidence that supernova rem-
nants (SNRs) accelerate cosmic rays
(CRs) in some external galaxies. How-
ever, the facts are not so clear-cut. As
Schwarzschild himself notes, “Strictly
speaking, the LMC [Large Magellanic
Cloud] map—and the starburst-galaxy
results—tie the CRs only to star-
 forming  regions and not specifically to
SN remnants.”

Many objects, not just SNRs, corre-
late with an increased star formation
rate. For example, because gamma-ray
bursts, pulsars, and superbubbles (mul-
tiple interacting SNRs) all correlate
with a high star formation rate, they are
possibilities for the source of the cosmic
rays in the starburst galaxies NGC 253
and M82 and in the LMC. Given the
spatial and temporal density of SNRs in
NGC 253, M82, and the LMC, a larger
percentage of SNRs would be expected
to be in superbubbles rather than be iso-
lated; in our own galaxy, about 80% of
SNRs are in superbubbles.

And as I recently argued,1 the dis-
tinction between isolated remnants and
superbubbles cannot be brushed off
lightly; they are physically distinct 
entities.

In the case of the LMC, it is more
likely that superbubbles are accelerat-
ing the cosmic rays than are isolated
SNRs, since there is evidence for many

superbubbles within the LMC coinci-
dent with the gamma-ray emission.2
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Coming to 
terms with 
decoherence

In response to Charles Day’s item on the
solution to Hund’s paradox (PHYSICS
TODAY, September 2009, page 16),
Robert Harris and Leo Stodolsky write
that their work1 from the early 1980s
could not yet refer to decoherence be-
cause the term was created more than
five years later (PHYSICS TODAY, Febru-
ary 2010, page 10). However, Day’s for-
mulation that their results—which we
used and cited in our 1985 paper2 when
the term decoherence still did not
exist—were not yet couched in “the
then-nascent decoherence theory” re-
ferred not to the name but to the con-
cept. Harris and Stodolsky’s insistence
that their terms “quantum damping”
and “tunneling friction” are just as ap-
propriate indicates that they adhere to
a widespread misunderstanding of the
concept of decoherence.

Decoherence and dissipation are de-
scribed by different terms in the master
equation, with decoherence usually act-
ing on a far shorter time scale than dissi-
pation. Although the explicit expression
obtained by Harris and Stodolsky does
contain decoherence terms, we do not re-
member that they ever mentioned the
importance of those terms for the quan-
tum-to-classical transition, super selec -
tion rules, or the measurement problem,
connections one of us (Zeh) first dis-
cussed conceptually during the 1970s.3
The term “decoherence” does not de-
scribe any fundamentally new physics;
in a way the idea is already present in

Nevill Mott’s 1929 analysis of alpha-
 particle tracks.4 The point is that this con-
sequence of the entanglement that un-
avoidably arises between all systems as
they interact had been overlooked since
the discovery of quantum mechanics,
particularly when physicists tried unsuc-
cessfully to recover classical mechanics
for isolated systems in the limit in which
Planck’s constant h vanishes. Hund’s par-
adox was not concerned with the life-
times of certain chiral states but with the
absence of their superpositions. It may
appear from the master equation that su-
perpositions are destroyed by decoher-
ence, but that is not so; they are only ir-
reversibly “dislocalized.”
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Hair-raising 
effects of 
electrostatic trick

Walter Margulis raises an interesting
point (PHYSICS TODAY, March 2010,
page 10) about whether any ill effects
might result from applying an electro-
static charge to a human body. I agree
that high-energy electron bombard-
ment would indeed be dangerous were
the demonstration performed in a vac-
uum with lots of free electrons floating
around, but then the electrons would be
the least of our brave volunteer’s wor-
ries. I am assuming, however, that we
do the demonstration in normal air at
1 atmosphere. Under those conditions,

Cosmic rays’ origins unclearletters

Letters are encouraged and should be
sent by e-mail to ptletters@aip.org
(using your surname as “Subject”), or by
standard mail to Letters, PHYSICS TODAY,
American Center for Physics, One Physics
Ellipse, College Park, MD 20740-3842.
Please include your name, affiliation,
mailing address, e-mail address, and
daytime phone number on your attach-
ment or letter. You can also contact us
online at http://www.physicstoday.org/
pt/contactus.jsp. We reserve the right to
edit submissions.


