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search & discovery
Is the Gum nebula the ghost of an exploding supernova?
A faint nebula that is one of the largest
objects in our own galaxy and extends
over 60 deg of the southern sky has been
interpreted as the first clear example
of a new class of galactic object, pro-
duced by the flash of ultraviolet and
x-ray emission from an exploding super-
nova.

It has generally been assumed that
the Gum Nebula (a region of ionized
hydrogen named for Colin S. Gum, who
mapped its Balmer alpha emission in
the 1950's) is excited by two hot stars,
72 Velorum and f Puppis. Such regions
are often called "Stromgren spheres"
(after Bengt Stromgren, who worked out
the relevant theory in the 1930's).

Now, however, John C. Brandt,
Stephen P. Maran and Theodore P.
Stecher of Goddard Space Flight Center
and David L. Crawford of Kitt Peak
National Observatory {Astrophys. J.
Lett., 1 February issue) have derived
a new model for the nebula, showing
that it is larger than previously realized
and that the hot stars in its interior
could not have ionized it. Noting that
the supernova remnant Vela X, which
contains pulsar PSR 0833-45, also lies
near the center of the nebula, they have
proposed that the supernova that pro-
duced Vela X and PSR 0833-45 also
gave rise to the Gum Nebula when the
burst of radiation from its explosion
encountered the ambient neutral hydro-
gen of interstellar space.

Because in their model the exciting
star of the Nebula no longer exists, they
call it a "fossil Stromgren sphere." The
existence of ionized regions produced
in this way by supernovae was suggested
by Philip Morrison and Leo Startori of
MIT (Astrophys. J. 158, 541, 1969).
Their theory says that the light is
produced by fluorescence of helium in
the interstellar medium excited by a
strong ultraviolet pulse that goes out
from the explosion. Other theories,
such as that of Stirling Colgate and
Chester McKee (New Mexico Institute
of Mining and Technology), say that
the bulk of the light comes from heating
by the radioactive decay of cobalt to
iron. Or the basic energy source may be
a pulsar.

The Goddard-Kitt Peak workers
reached their conclusion when, adding
up the number of electrons in the
nebula, they found a total of 2.1 X 1062
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Central portion of the Gum nebula, which a Goddard Space Flight Center-Kitt Peak
team says is the first clear example of an object produced by the flash of uv and x-ray
emission from an exploding supernova (11 000 years ago). Photos to make this mo-
saic were taken in H-a light at Mount Stromlo Observatory, Australia.

Muon-pair experiment: no new particles
The Brookhaven AGS, a proton syn-
chrotron, has turned into a useful tool
for studying electromagnetic inter-
actions at high energy and momentum
transfer. James Christenson, George
Hicks, Leon Lederman, Peter Limon,
Bernard Pope (Columbia) and Emilio
Zavattini (CERN) have studied the
massive muon pairs produced when
high-energy protons strike uranium
nuclei (Phys. Rev. Lett. 25, 1523, 1970).
The experiment sets lower limits on the
mass of the heavy photon proposed by
T. D. Lee and Gian-Carlo Wick (Colum-
bia) and on the intermediate vector
boson. And the experiment offers a
new way of elucidating the scaling and
pointlike behavior in the nucleon.

Since the classic electron-scattering
experiments of Robert Hofstadter much
attention has been devoted to study of
high-energy electromagnetic properties
of hadrons, such as protons and pions.
In these experiments the charge dis-
tribution of the proton was established;
here one thinks of a single photon ex-

changed between the incoming electron
and the target proton. This kind of
process involves "spacelike" virtual
photons because the square of the four
momentum transfer is positive (and
momentum rather than energy is trans-
ferred ).

The structure of the resulting proton
charge distribution is thought of in
terms of a pion cloud, the pions res-
onating to produce certain particles
that have quantum numbers like the
photon (the vector mesons p, w, <p).
For timelike momentum transfers
(square of the four momentum transfer
negative) you can produce these reso-
nances as real particles, which then
decay into a lepton pair. "Tails" of the
pion resonances are thought to account
for the charge structure of the proton
and neutron.

One way of studying the timelike
domain is with electron-positron
colliding beams, which have now pro-
duced observations up to about 1.5
GeV with storage rings at Orsay,
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Frascati and Novosibirsk. Out to
about 1 GeV these observations have
verified the vector-meson peaks. A
second way to study the timelike do-
main is the experiment done by the
Columbia group, which goes up to 6
GeV. They look at production of a muon
pair plus hadrons, an interaction which
also involves a virtual photon with
timelike properties. They determine the
effective mass of the virtual photon
by measuring the momentum vectors of
the two muons. The idea is to look only
at the muons, disregarding the complex
nuclear interactions taking place and
the variety of other particles being
emitted.

The experiment achieves great
sensitivity by using the new external 29
GeV/c proton beam which delivers
10'- protons/pulse onto a target. Muons,
being noninteracting, penetrate a thick
iron shield that screens the detectors
from the enormous flux of nuclear
debris generated by the incident pro-
tons. The detector, an array of scintil-
lation-counter hodoscopes and steel
blocks, had to cope with a very large
muon background from decay of pions
in the target. The data are presented
as a graph of the probability for pro-
duction of a dimuon effective mass m
where m is essentially the mass of the
virtual photon decaying into muon
pairs.

Although from proton form-factor
considerations you might not expect
to see any muons at high effective mass,
the experimenters observed muon pairs
out to the maximum energy of the AGS
accelerator, where the cross section
was less than about 10~:IR cm-'. They
had hoped to uncover a rich set of
resonance "bumps." Instead a fairly
smooth continuum was observed, set-
ting rather restrictive limits on the
existence of resonances in this region.

Another hope of the Columbia group
was of finding the B" particle, sug-
gested by Lee and Wick. Its existence
is required by their formulation of
quantum electrodynamics, which
eliminates divergences. If its mass were
small, then one would expect to see
a dramatic peak in the Columbia data.
Because such a peak was not observed,
the experimenters say that the mass
of the B" must be greater than 5.5 GeV.
Further searches for B" will require
the higher energies of the National
Accelerator Laboratory (400-500-GeV
protons) and the CERN Intersecting
Storage Rings (two beams of 25-GeV
protons).

Recent SLAC experiments on deep
inelastic electron scattering show that
the transfer of lots of momentum and
energy seems to require pointlike
constituents in the proton. The partons
are a specific model of the general
"scaling" behavior predicted by J.D.
Bjorken (SLAC). Scaling asserts that

-*'

Detector used by Columbia group to study massive muon pairs produced when high-
energy protons strike uranium. Scintillation-counter hodoscopes are in between
blocks of steel. Muons emerge from ten-foot-thick concrete shield in foreground.

at sufficiently high energy, the structure
functions that determine the cross sec-
tion depend only on dimensionless com-
binations of the variables. You would
expect that scaling might be valid for
reactions in which either a lepton pair
annihilates to produce hadrons or a
lepton pair emerges from a hadronic
"hot box," Lederman says. If so, the
Brookhaven data can be used to predict
the probability for emission of virtual
photons of extremely high mass, which
he calls "very heavy light," in the
hundred-GeV region.

By means of scaling or parton con-
siderations, such as those of S. M.
Berman (SLAC), Donald Levy (Berke-
ley) and Thomas Neff (SLAC), Sidney
Drell and T. M. Yan (SLAC), Guido
Altarelli, Richard Brandt and G.
Preparata (Rockefeller University)
you can predict from the Columbia
data what the massive photons will
do at NAL.

The Lee-Wick theory requires that
the hadron system be capable of emit-
ting B"; once produced, the B" can
decay into lepton pairs. The B" particle
would then be observable as a very sharp
bump on the pair continuum.

The heavy-photon emission can also
be related to emission of the inter-
mediate boson W, which is supposed to
mediate weak interactions. The survey
of dilepton masses at Brookhaven, the
theoretical relation between weak and
electromagnetic forces, and the scaling

predictions lead to the conclusion that
if the W mass is less than 40 GeV it will
surely be observed in proton collisions
at NAL, where the group plans to repeat
the experiment. The CERN ISR, when
running at its planned maximum
intensity, should extend this limit to
50 GeV. Lederman notes that because
you can essentially borrow some energy
from a heavy nucleus, one collision in
10s of a 500-GeV proton is equivalent
to a 1000-GeV proton; so one can look
at even more massive photons than one
would ordinarily expect.

Gum nebula

continued from page 17
electrons in a cylinder of diameter L.
parsec (in the plane of the Galaxy) and
length 200 parsec. Assuming 15 eV for
the energy of a typical ionizing photon,
they find that at least 5 X 1051 ergs
were required to ionize the nebula. They
say that the only likely source of this
much energy is a supernova. It is known
that supernovae generally emit about
10« ergs in visible light, but little has
been known about the output in other
parts of the spectrum. Theoretical esti-
mates for the total amount of energy
emitted range many factors of ten
higher.
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The age of the Vela pulsar, measured
as time elapsed since its production by
a supernova, was estimated as 1.1 X
104 years by Paul E. Reichley, George
S. Downs and George A. Morris Jr (Jet
Propulsion Laboratory) from the rate
at which the pulse period is lengthening
(Astrophys. J. 159, L 35, 197); this age is
short compared to the time required for
the ions of the Gum nebula to recom-
bine. .

A wide variety of observations led to
he Goddard-Kitt Peak model; Craw-
ord, working at Cerro Tololo, made
)hotoelectric measurements of a group
of B stars that appears to surround -y2

Velorum. From these data one gets a
distance to the star group of 460 parsec
with the Sun lying outside. Previous
distance estimates had ranged from 200
;o 460 parsec, with the Sun possibly
included within the nebula. Information
on the electron content of the nebula
came from Gum's Balmer-a surface-
brightness observations and from radio
observations of the frequency depen-
dence of pulse arrival times. (It appears
that PSR 0833-45 is near the center of
*the nebula and that three other pulsars
'lie beyond the nebula.) The amount of
Tieutral hydrogen in the line of sight
was taken from Stecher's rocket
measurements of Lyman-a absorption
in the uv spectra of 72 Velorum and
f Puppis. Brandt and his collaborators

, believe that most of this neutral hydro-
rgen lies in the roughly 60 parsec that
separate the earth and the edge of the

''nebula.

. Are we likely to see any more fossil
'"Stromgren spheres? The Crab nebula
/-may have one, but it is 1700 parsec away
"•'and has a higher galactic latitude; so
(•there is less neutral hydrogen available
Kfor ionization. There is some evidence
itfor a similar 100-parsec "hole" in fhe
6-neutral hydrogen around the remnant of
oeTycho's supernova of 1572 AD. —GBL

Lifetime of heliumlike
metastable ions measured
To an atomic physicist the 23S state of
helium represents the classic metastable
state. Lying nearly 20 eV above the l 'S

ground state, it can not emit radiation
r'and drop to the ground state without
..violating the selection rules that an S
, state can not decay to an S state and
terms of different multiplicities do not

'combine (that is, triplet states do not
k,decay to singlet states). Usually, helium
Excited into this metastable state stays
*';here until a collision with another atom
' ir with a wall allows it to drop down;
N f neither an atom nor a wall obliges soon
thnough, the state will eventually decay
fay some "forbidden transition" that
K" violates the selection rules. (Such a
Situation probably arises for helium

atoms in planetary nebulae.) All this is
true also for other members of the
helium isoelectronic sequence—atoms
or ions with but two electrons.

Now the transition has been observed,
both in the laboratory and in the solar
corona, and theoreticians have calcu-
lated the lifetime of the state.

The laboratory observations' were
by Robert Schmieder and Richard
Marrus, of Lawrence Radiation Lab-
oratory at Berkeley. Noting that the
calculations of Charles Schwartz
(Berkeley) showed that the lifetime of
any two-electron atom in the 2:1S state
varies as the tenth power of the nuclear
charge Z, they used, not helium, but
argon (Z = 18) that had lost 16 electrons.
The resulting argon ion, with two
electrons left, resembles a helium atom
but with Z = 18. Schmieder and
Marrus accelerated Ar14 + ions (that is,
argon nuclei with four electrons) down
the Berkeley heavy-ion linear accelerator
(HILAC) and into a beryllium-foil
target. Some of the argon ions emerging
from the target had lost two more elec-
trons, becoming Ar"'+ and joining the
helium-like isoelectronic sequence, and
in addition some of these ions had been
excited into the 2JS metastable state.
Further along the flight path of the ions
was a detector sensitive to the 3.1-keV
photons emitted during the "forbidden
transition" to the ground state. The
lithium-doped silicon x-ray detector
gave a clear peak at 3.1 keV, with a
signal 50-100 times background. The
distance from foil to detector could
be varied, from about 75 cm to about
200 cm, to give a decay curve and
hence a lifetime measurement. The
result, 172 ± 30 nanosec, is independent
of the choice of foil material and other
variables such as beam current.

Solar observations. In 1969, Alan
Gabriel and C. Jordan (Harwell )-
identified transitions in the spectrum of
the solar corona as being these forbidden
transitions in the helium-like sequence
C V to Si XIII. (This is spectroscopists'
notation, in which C I means the spec-
trum of neutral carbon, C II is the
spectrum of singly ionized carbon, and
so on. Thus C V is the spectrum of
carbon minus four electrons, and Si
XIII is that of silicon minus twelve
electrons. In each case, two electrons,
the "helium electrons," remain.)

Gabriel and Jordan proposed that
the metastable state decays primarily
by magnetic-dipole emission. Previously
the transition has been thought to
occur (in astrophysical situations) by
a two-photon electric-dipole process—
the single-photon electric-dipole decay
is the one that is forbidden for this
state in ordinary spectroscopy. Two-
photon decay has recently been ob-
served for another helium metastable
state, 2'So,3 and for hydrogenlike argon
in the 2-S,/2 state.4

New calculations by G.W.F. Drake

(University of Windsor, Ontario)5 show
that for the 2;|S state in heliumlike
atoms the magnetic-dipole transition is
indeed the one that determines the
lifetime. He takes the transition-
integral expansion for magnetic-dipole
decay to terms of higher order in the
fine structure constant than has pre-
viously been done and finds a lifetime
for the neutral helium 2'S state of 7870
sec—exceedingly long by the usual time
scale for atomic radiation. The cor-
responding lifetime for Ar XVII meta-
stables is 212.7 nanosec. Schwartz has
made a similar calculation, but with
different wave functions, and obtains
a lifetime for Ar XVII of 208 nanosec.
These results are close enough to
Schmieder and Marrus's 172 ± 30
nanosec to be interesting but far enough
away to encourage continued effort all
round. —JTS
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One-dimensional
antiferromagnets
Solid-state physicists have been talking
about one-dimensional systems for
many years. Recently neutron-scatter-
ing experiments have been performed
on two different materials, which
exhibit one-dimensional behavior.
Tetramethyl ammonium manganese
chloride, (CD:i)4 NMnC1.3, appears to
act like a nearly ideal one-dimensional
antiferromagnet, down to at least 1.8
K, according to M. T. Hutchings and
Gen Shirane (Brookhaven), Robert J.
Birgeneau (Bell Labs) and S. L. Holt
(University of Wyoming).1 Shirane,
John Skalyo Jr (Brookhaven). S. A.
Friedberg and H. Kobayashi (Carnegie-
Mellon University) had earlier found -•3

another substance, cesium manganese
chloride dihydrate, CsMnCl;r2H2O,
that also had some one-dimensional
character, although not quite as striking.

Finding such a simple magnetic sys-
tem should help theorists to better
understand the role of dimensionality
in the behavior of magnetic materials.

In the tetramethyl ammonium
manganese chloride the manganese
chloride chains are kept apart by the
(CD.3)4N

+ organic radicals, so that the
chains essentially never see each
other magnetically. The experimenters
scattered neutrons from the sample,
studying the Fourier transform of the

PHYSICS TODAY / MARCH 1971 19


