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presence of ammonia remain subject to oxygen regulation'!. It
is also unlikely that the products of the nif HDK operon are
involved in oxygen repression because the level of fi-
galactosidase activity in a haploid polar nif H::lac fusion
strain was lower under a D.O.T. of 0.5°% than the control
under nitrogen. Tt is possible that one of the other products of
the nif gene cluster acts as an oxygen sensor and can mediate
oxygen repression at a low D.O.T., whereas at higher oxygen
concentrations there is a more general effect on the nif gene
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cluster which may also extend to other oxygen-repressible
systems in the cell.

The isolation of regulatory mutations in each of the nif
transcriptional units should considerably enhance our
knowledge of the regulation of this complex gene cluster.
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IUE observations of the
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Comet Bradfield (1979]), discovered shortly after perihelion, on
Christmas day 1979, is characterized by a retrograde orbit of
period ~250 yr. This orbit was very favourable for observation
by the IUE satellite', and the first observations, the preliminary
results of which are reported here, were made on 10 and 11
January 1980. Previously, comprehensive vacuum UV cometary
spectra were available only for Comet West (1976VI) from
rocket observations’® and Comet Seargent (1978m) obtained
with TUE®, hence three comets have now been observed in the
wavelength region where most of the major constituents are
detectable spectroscopically. The UV spectra of these comets
are remarkably similar, despite large differences between them
in the gas-to-dust ratio and the different heliocentric distances at
which the observations were made, and although the statistical
basis is still very small, the implication for cosmogony is that
pearly all comets have the same primary composition and
origin.

At the time of these observations the comet was 0.71 AU
from the Sun, 0.61 AU from Earth, and had a total visual
magnitude ~4. The visual appearance of the comet was diffuse
with a weak central condensation and with only a slight trace
of an ion tail. The comet could be tracked on its centre of
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brightness by the fine error sensor of the IUE. Drift was found
to be no more than 1-2arcsh™'. All observations were made
with the large (10x20arcs) apertures of the spectrographs
and the pointing accuracy was verified by the presence of the
weak continuum near 2,900 A in the centre of the slit.

The short wavelength spectrum is shown in a 2-h exposure
in Fig. 1. The vertical scale has been reduced to average
surface brightness per A in the 10x20arcs slit. As noted
below, the use of the large slit permits a limited amount of
spatial imaging on extended sources® to a resolution of
~6arcs, but the spectra presented here represent the
average over the entire slit. The dominant features in the
spectrum other than HT Lyo which is highly over-exposed are
0141,302, C1441,561, 1,657 and 1,931 and S141,813, as in the
spectrum of Comet West?>. The brightness in a given linc or
multiplet is obtained by integrating over the instrumental
spectral band-pass which varies from ~6A for a point source
to ~11A for a diffuse source uniformly filling the entire
aperture. Table 1 gives the average brightness for these
features. The Cu4l,335 multiplet and CO fourth positive
bands observed by Feldman and Brune?, are present in the
smoothed spectrum of Fig. 1 slightly above the noise at about
the same level relative to the C1 lines as in the spectrum of
Comet West. It is surprising that the spectrum of Comet

Table 1 Average brightness of spectral features at 0.71 AU

Wavelength Brightness
Species (A) (kR)
H1 Lyo 1,216 160
01 1,304 0.33
C1 1,561 0.12
1,657 0.55
1,931 0.05
St 1,807--1,826 0.26
CS (0,0) 2,576 1.40
(0,1) 2,663 0.15
co,”* 2,890 0.60
OH (1,0) 2,820 7.6
0,0) 3,085 370
(t,1) 3,142 12
CO™ (0,1)+(1,2) 2,321 0.39
0.2)+(1,3) 2,436 0.18
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Fig. 1 Low dispersion, short wavelength spectrum of Comet

Bradfield taken with the IUE spectrograph slit centred on the
vistble centre of brightness on 10 January 1980. The exposure
time was 2 h.

Bradfield is so similar to that of Comet West considering the
differences in appearance, heliocentric distance and gas
production rate at the times of observation as well as the
difference in projected slit area of the two instruments. This
suggests that reactions among the neutral and ionized species
in the inner coma may not play a significant part in altering
the composition of the coma following photodestruction of the
mother molecules evaporated from the cometary nucleus.

The average brightness of the Hi Lyo emission, which is
saturated in the spectrum of Fig. 1, is determined from a 60-s
exposure and is found to be 160kR which indicates an
optically thick atomic hydrogen column along the line-of-
sight to the centre of the coma. The O1 multiplet at 1,302 A is
nearly optically thick as it is excited by resonance scattering of
the solar 11,302 lines because the heliocentric velocity of the
comet was 24kms~'. In previous observations of Comets
Kohoutek and West? this velocity was ~50kms~' which
shifted the cometary oxygen absorption outside the solar line
profile and it was assumed that fluorescent pumping by solar
H1 Lyp radiation was the excitation source®.

A 2-h exposure of the long wavelength spectrum is shown in
Fig. 2. Once again the dominant features are the CO*, CS,
CO,"*, and OH bands identified previously®, but now the
identification of CS is confirmed by the presence of the (0,1)
band at 2,663 A and the (1,0) band at 2,507 A in addition to
the saturated (0,0) band at 2,576 A, all three of which are
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Fig. 2 Same as Fig. 1, but a 2-h exposure with the long
wavelength spectrograph.

degraded towards the red. The three OH bands are also
saturated but the average brightness of these bands can be
found from shorter exposures. These are all listed in Table 1.
The weak continuum observed near 2,750 and 2,950 A suggests
a very small dust-to-gas ratio for this comet, consistent with
visual observations.

One peculiarity of this spectrum is the absence (or extreme
weakness) of the (0,0) and (1,0) bands of the CO™* first
negative system near 2,190 and 21124, respectlvely Both of
these bands are also absent or very weak in the IUE spectrum
of Comet Seargent*. In the rocket spectra of Comet West?'3
the (0,0) band was the strongest CO™ feature. It does not seem
likely that fluorescent pumping by solar radiation can explain
this difference as the observed strong bands near 2,300 (0,1
and 1,2) and 2,420 A (0,2 and 1,3) originate on the same v’ =0
and 1 levels of the upper B®Z* state of CO* and in an
optically thin ion coma the band intensities would be
proportional to the Franck-Condon factors for the transitions.
One possibility is that the CO™" in our field of view is optically
thick along the line-of-sight in the v” =0 ground state and as a
resuit (0,0) and (1,0) band photons are re-absorbed and
pumped into transitions such as (0,1) and (1,2). The difference
with the Comet West data can be explained by the difference
in field of view, Sx 35arcmin for the experiment of Feldman
and Brune? compared with 10x 20arcs for JUE, a factor of
23,200 in solid angle. Thus, most of the radiation observed by
Feldman and Brune is from CO™ significantly further away
from the nucleus where the CO* is not optically thick along
the line-of-sight, and the relative band intensities are close to
the theoretically expected values. A consequence of this
explanation is the inference that CO* is produced in large
abundance within 3,000km of the nucleus. However, this
hypothesis is not consistent with visual spectra obtained later
in the month (January 30.0) which showed only very weak
emission in the CO* comet tail bands near 4,000A (C.
McCracken, personal communication) and only a faint visual
ion tail.
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Fig. 3 Variation of the brightness of the CS (0,0) band at

2576 A across the spectrograph slit. At the instrumental

resolution of 6arcs, the CS seems to have a point-source
origin.

Several very weak features were observed in both Fig. 1 and
Fig. 2 and may, in fact, be real emission features such as
additional CO fourth positive bands or the [O1] line at
2972 A. There is strong evidence that the [O1] 2,972 A feature
is real as it is also present above the dust continuum in the
spectra of Comet West?-3. This transition (*S—*P), known to
atmospheric spectroscopists as the ‘trans-auroral’ line of
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oxygen, is produced at 5% of the rate of the ‘auroral green
line’ at 5577A (!S-'D). The green line has been proposed’
but not conclusively identified in cometary spectra due to the
masking effect of the solar scattered continuum, the nearby
(1,2) Swan band of C, and the presence of this line in the
night airglow, but it is clear that oxygen in the 'S state is
produced in the coma. Preliminary calculations indicate that
direct photodissociation of H,O by solar H1 Lya radiation is
sufficient to account for the observed surface brightness of the
12,972 A feature.

The spatial variations of the UV emissions can be studied in
two ways. For those emissions with short scale lengths there is
an appreciable variation in Dbrightness within the 10
x 20arcs aperture of the spectrographs and the variation
can be mapped with a spatial resolution of =6arcs.
Otherwise it is necessary to take several different exposures
with the spectrograph slit offset by a known amount from the
centre of visual brightness of the coma. An example of the
former is the CS (0,0) band at 2,576 A, for which the spatial
variation in the large slit from a 30-min exposure is shown in
Fig. 3. The horizontal scale is the linear distance from the
centre of the coma appropriate to the Earth—comet distance at
the time of observation. The sharp decrease in brightness away
from the centre of the comet suggests a p~! brightness
dependence characteristic of a parent molecule density
distribution which varies as R™? close to the nucleus, where R
is the distance from the centre of the comet and p is the
distance from the centre projected onto the sky. It is thus very
probable that CS exists as a parent molecule in the cometary
ice or is the dissociation product of an extremely short-lived
parent molecule.

The second technique, several exposures centred at different
distances from the visible centre of brightness, is shown for the
OH (0,0) band at 3,090 A in Fig. 4. The three data points are
compared with the predictions of a Haser model? to give both
the scale length (at 1au} and the OH production rate.
However, the results are sensitive to the choice of the assumed
H,O outflow velocity and for our purpose we took extreme
cases of 0.5 and 1.0kms~!. The other parameters needed® are
the H,O lifetime, 8.2x 10*s, and the OH outflow velocity,
1.15kms™'. The two curves in Fig. 4, virtually
indistinguishable from each other, correspond to values of 1oy
=1.0x10%s and 5.0x10%*s for the respective values of vy,
=0.5and 1.0kms™!. The corresponding values of the OH (and
presumably H,O) production rate at 0.71AU are Qou=1
% 10257} and 2 x 10> 571, respectively. The range of deduced
values of 7oy (at 1AU) is in accord with the theoretical value

1,000

100

Brightness (kR)

Vugolkms™ | ron (s) [Qow (87
~ A 1.0 5x104 | 2%i1029
8 0.5 1x10% | 1Xi0%

i0 i [ ) Lk i i
10° 10* 103

Projected distance (km)

Fig. 4 Comparison of the OH (0,0) band brightness profile with
a radial outflow model using the parameters defined in the insert.
Data from three exposures are shown as rectangular boxes, the
horizontal size being the projected length of the spectrograph slit
on the comet and the vertical size the measurement uncertainty.
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Fig. 5 High dispersion spectrum of the OH (0,0) band taken
from a 15-min exposure. The wavelengths shown are vacuum
wavelengths. The ordinate is in IUE flux units which are not
corrected for the absolute spectral response of the instrument.
The theoretical intensities have been multiplied by the
approximate spectral response curve of the long-wavelength
camera which varies steeply in this spectral region. The P, (1) line
near 3,082 A was saturated (S) in the observed spectrum and is
off-scale in the theoretical calculation.

of 7.5x 10*s given by Jackson'® for a heliocentric velocity of
24kms™ . According to Festou®, the lifetime derived by means
of Haser’s model is a lower limit to that obtained from a
model which properly accounts for the spatial distribution of
the OH radicals produced by photodissociation. The water
production rate, reduced to lau, of 0.5-1x10*°s7%, is
considerably lower than that of several ‘new’ comets as given
by Keller and Lillie!?, consistent with the identification of this
comet as a long-period comet which has made numerous
passes through the inner Solar System.

Assuming that CS is evaporated from the nucleus with the
same outflow velocity as H,0O, it is possible to determine the
relative production rate of these two molecules. A g-factor for
the CS (0,0) band at 2,576 A of 7x 10™* photons per s per
molecule at 1AU was adopted which leads to a value of the
ratio Qcs/Qu,0~ 5 x 107%. Thus, although CS is a prominent
feature of the UV cometary spectrum it is clearly only a minor
species in the comet.

The high resolution capability of the IUE spectrographs was
used to study further the resonance fluorescence excitation of
the OH (0,0) band, the strongest emission feature in the
cometary spectrum. A 15-min, high-dispersion exposure is
shown in Fig. 5, along with the predicted relative intensitics as
calculated for the heliocentric distance, r, and radial velocity, 7,
at the time of observation'?. The excellent agreement between
theory and observation over the velocity range 24-28kms !
indicates that no process other than fluorescence is important
in controlling the OH level populations. The dependence of
the spectrum on # is strikingly illustrated by comparison of
Fig. 5 with a similar, high-dispersion spectrum of this band
from Comet Seargent (1,978m) (ref. 4), which differed in
heliocentric radial velocity by ~10kms™". The large changes
in the spectrum with radial velocity indicate that the
fluorescence efficiency (g-factor) is also a function of radial
velocity. The velocity dependent g-factors, needed to convert
low resolution fluxes to column densities as above, were
obtained from this high resolution analysis.

These new results are only the preliminary analysis of the
data obtained at the first opportunity for IUE observations of
Comet Bradfield. Observations were continued, at the rate of
one a week corresponding to increments in heliocentric
distance of ~0.1Au, through February, and should provide
important information about the variation of the production
rates of the UV active species with distance from the Sun. As
the tirst comet to be so regularly observed in the vacuum UV,
Comet Bradfield will greatly increase our understanding of the
physics and chemistry of the cometary atmosphere.
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Fig. 1 Rotation curves ol two tidally perturbed haloes, AT and
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Most spiral galaxies are believed to be embedded in dark
massive haloes"’. The main observational evidence for their
presence is the rotation curves of edge-on disks at large radii
measured both by optical** and radio (21cm)’ techniques:
rotation velocities remain constant to distances of several tens of
kiloparsecs, far beyond the main visible bodies of the galaxies.
This suggests the existence of a dark halo whose mass, if
spherical, varies linearly with distance R from the galactic
centre and hence has a density profile which falls off as R™"
The extended ‘flat’ shape of the haloes poses a problem for
most theoretical hypotheses of galaxy formation because
simulations of collapse®™® and of violent mergers’ predict a
spherical density profile which is rather Hubble-like (pcR™Y) or
even steeper. The time scale for two-body relaxation, which can
lead to a flatter, isothermal, density profile, is much larger than
the Hubble time. If, as Gunn” and Gott® have suggested,
secondary cosmological infall produces the pcR™? haloes,
special initial conditions are required: (1) the central
perturbation, which is the progenitor of the galaxy, needs to be
initially embedded in a bound homogeneous background—an
assumption which might not be fully justified for relatively
isolated galaxies; and, (2) the infall must be such that there is
no dissipation so that most of the mass should already be in the
form of compact objects before halo formation. We suggest, as
an alternative mechanism, tidal interactions between haloes, or
possibly between their smaller building blocks, while in the
hierarchical gravitational clustering process. In this process
typical tidal encounters are slow, such that relative orbital
velocities of the interacting systems are comparable to the
internal velocities of the stars in each system. The two systems
are slightly unbound.

Our suggestion is based on N-body simulations which we
performed to study the tidal effects of such encounters on the
mass-profile of spherical systems'!. On adopting the common
view. that the dark material is not gaseous'>~'* but is rather
composed of condensed bodies (such as unevolved low-mass
stars. dead remnants of old stars, and primordial black
holes'®), a dissipationless N-body system was assumed to
represent properly a galactic halo. The numerical experiments

0028 0836807280135 02501.00

A2, are compared with the unperturbed one at the same final
time. The mass and the radius are in fractional units relative to
the mass, My, and the half-mass-radius, R, of the remnant bound
system. The symbols correspond to given fractions of the bound
mass, separated by 5%, and the error burs correspond to
temporal deviations over three successivc crossing-times. The
curves are vertically shifted by a factor of 1/2 relative to each
other. The parameters for the cases Al and A2 are the following,
perturber mass/halomass = 2;  relative  velocily  at closest
approach = 1.05 the parabolic velocity; closest approach distance
=46R,, 2.8 R,; fractional mass loss =0.22, 0.33; final Ry /original
R,=08, 0.74. Note that both the fractional and absolute flat
regions become more extended.

were based on the N-body code developed by Aarseth” ' 17

It integrates the equations of motion of N softened particles,
which interact through a potential

iy = — Gmymy/[(r;— r)7 s2]r (1)

The softening parameter, ¢, is choscn to suppress the two-body
relaxation effects that arise due to the small number of
particles in our experiment.

In our experiments, a 250-body system was tidally perturbed
by a point perturber of comparable mass. The encounter
velocitics were slightly above parabolic and the closest
approach distances, p, were between 2.5 R, and SRy, where R,
was the half-mass-radius. In such conditions, each ‘shell’ of
stars expands, gradual stripping occurs outside ~R, and up to
one-third of the original mass may become unbound. As Fig. 1
shows, the effect on a system which initially has a decreasing
M (R)/R profile (poc R™?) is to steepen the profile in the outer
parts, and to produce, or extend. an inner region of constant
M (R)/R, to encompass 50-70%; of the bound mass. Hence,
this mechanism, whosc exact relaxation nature is not yet
understood theoretically, produces systems which might show
flat rotation curves over a large [raction of their mass {but not
a relaxed flat outer envelope, as was discussed previously'®:'?)
Tandem encounters of the same system tend to strip the outer
parts and produce a smaller system, which retains a flat inner
profile.

Most of the stripped stars in our simulations did not
become bound to the perturber but rather escaped from the
two-body system altogether. This indicates that stripped
material from a realistic, N-body, perturber would not become
bound to the perturbed system and, therefore, have no
substantial effect on its mass profile. We therefore assume that
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