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true beam shape) with the UGC and IRAS samples we find that
I(<Zma) /> 2 (30 £ 15)% (f/0.5). Tt encompasses the estimate
of ~20% made by Piccinotti er al. (ref. 17) on the basis of source
counts of bright AGNs. We therefore conclude that the X-ray
foreground could be due to AGNs. Modest evolution of AGN
can then account for the X-ray background, provided that there
is some (not yet fully understood) spectral evolution (for
example, ref. 21) because the background has a power-law spec-
trum with energy index of 0.4, whereas most AGNs at low =
have an energy index” of ~0.7. It is possible that there is
another class of source contributing, but it must have a lower
local emissivity than AGNSs.

Our strong cross-correlation signal is not in conflict with the
stringent limits on the auto correlation signals'*****, For a eucli-
dean universe, the auto-correlation of the X-ray flux which origi-
nates from sources in a shell (Ruyin. Ruax) IN a square beam at
‘zero-lag’ is

Wxx = (a2<n>RminR:max)7l + Ayal - 7/(2_ V)(r()/Rmax)yA (6)

This illustrates that auto-correlation is a strongly decreasing
function of R...« and that it is expected to be much weaker than
W,, as it originates from Ry Re, (that is, the signal is sme-
ared out along the line of sight). Indeed, the analysis of the
auto-correlation of the Ginga scans'? has shown that an AGN
population could produce the entire XRB between redshift 0.05
and 3, if their correlation length is smaller than 94~ Mpc,
without exceeding observed limits on the auto-correlation.

In conclusion, the cross-correlation signal indicates that a
non-negligible fraction of the XRB background can be produced

by unevolved X-ray sources correlated with optical and IRAS
galaxies. However, this is not sufficient to explain the entire XRB
and its spectrum, without invoking evolution of the sources, or
a new population at high redshift. O
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Ejection of dust from Jupiter’s
gossamer ring
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ONE of the most intriguing discoveries of the Ulysses mission so
far has been the detection of periodic, collimated streams of high-
velocity, submicrometre-sized dust particles emanating from
Jupiter'. To explain the Ulysses data, Horanyi et al. showed’
that electromagnetic forces within Jupiter’s magnetosphere can
accelerate and eject small dust particles; they proposed a model in
which Io is the source of the dust, and the observed periodicity
arises from a resonance between the orbital and rotational periods
of lo and Jupiter respectively. Here we argue that the masses and
velocities of the detected particles are better explained by an origin
in Jupiter’s gossamer ring. Following their ejection from the mag-
netosphere, the dust particles are accelerated by the interplanetary
magnetic field (IMF). We find that it is the temporal evolution of
the IMF which primarily determines the particle trajectories, and
hence which particles reach the spacecraft. Our model explains
three main features observed in the Ulysses data: fewer streams
are detected before closest approach than after, the observed
periodicity is closely related to the solar rotation period, and an
extremely intense dust stream is detected immediately after closest
approach.

We describe first how dust may be ejected from the vicinity of
Jupiter (compare ref. 3). When viewed in a non-rotating, jovian-
centred reference frame, a charged particle is subject to the so-
called co-rotational electric field which arises from Jupiter’s spin-
ning magnetic field*®. The potential associated with this electric
field can be readily incorporated into an orbital energy equation
if we confine our analysis to nearly equatorial orbits, consider
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only the dominant aligned dipolar component of the jovian mag-
netic field, and assume that the electric charge of a grain remains
constant®’. Because the kinetic energy of escaped particles equals
the total energy (kinetic + potential) of grains on initially circular
orbits, such particles will be ejected at speed

T

where G (=6.67 x 107% em® s g ') is the gravitational constant,
M; (=1.9x 10° g) is the jovian mass, R is the initial distance of
the particle from Jupiter, and L is the ratio of the Lorentz force
arising from the electric field to Jupiter’s gravity®. Near Jupiter

2 -3
L~0.0057 <M> (&> <I£m—> 2)
Ty v Pe

where @, r,., and p, are the surface potential, radius, and mass
density of the grain respectively”. The charge on circumplanetary
grains is determined by a balance between electron, ion, photo-
electric, and secondary electron emission currents; in the jovian
ring, the latter three currents may be strong enough to induce
positive charges. Following refs 3 and 8, we choose @,=+3V
and p=1gcm™ as an illustrative example.

Since v, in equation (1) must be real, only particles with
L>1/2 (which are small and positively-charged) can escape;
taking our assumptions for charge and density, L= 1/2 implies
Fe<rP*~0.18 pm, or m,<2.6x 107" g Particles larger than
r7* are gravitationally dominated and bound to Jupiter; more-
over, because L is independent of R, r;** will not vary with the
source location. The tiniest particles have large charge-to-mass
ratios and hence spiral (gyrate) tightly around magnetic field
lines like electrons and ions do; accordingly these particles are
also bound to Jupiter. Particles of intermediate size experience
weaker electromagnetic forces and hence have larger gyroradii.
Only when gravity is relatively weak and gyroradii are large (for
grain radii satisfying 7" <r,<rg**) do the orbital dynamics
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accelerate positively charged particles away from Jupiter (in
Table 1 we list ry'" as determined numerically).

Potential sources of dust in Jupiter’s magnetosphere include
the main ring” (1.7-1.8 R)), the gossamer ring'® (1.8-3.0 R,), and
Io' (5.9 R)); dust is thought to be generated in the rings by
impacts on parent bodies that slowly abrade away'’, whereas
dust that is lofted in lo’s volcanic plumes can be swept into the
jovian magnetosphere™''. We now test these sites for their escape
characteristics under the assumption that dust begins on initially
circular, uninclined keplerian orbits. First, by considering the
Jacobi constant, which is conserved in the rotating frame, one
can show that particles launched from circular orbits within
synchronous orbit (R,;,=2.24 Ry) are unable to escape regard-
less of their charge histories'?; thus the main jovian ring can be
ruled out as the source of any particles detected by Ulysses.

Table 1 lists the escape characteristics of dust from Jo and
from two locations in the gossamer ring. Particles from the gos-
samer ring, especially the denser portion between synchronous
orbit and the moon Amalthea (2.5 R)), are found to escape
with maximum speeds similar to those observed by Ulysses®
(60 km s~ '). Furthermore, the masses of these escaping particles
cover the observed two orders of magnitude’. By contrast, if
volcanos on Io supply the dust streams, then some escaping
particles could have speeds of ~300kms ', well in excess of
those observed by Ulysses, but still within the sensitivity range
of its dust detector'* ">, In addition, the mass ratio for [o particles
is ~8,000, nearly 100 times the measured mass ratio. These
results are all robust in that they are independent of the magni-
tude of the assumed grain charge as long as it remains nearly
constant. For To to be a viable source, an additional mechanism
must be invoked to prevent escape of the smallest grains.

N>

FiG. 1 The trajectory of the Ulysses o}
spacecraft as seen from Jupiter and
projected into the Earth’s orbital
plane (the ecliptic) which is tilted
only a few degrees with respect to
Jupiter's equatorial plane. The
directions ¥, 8 and 2 point radially
outward, roughly along Jupiter's
velocity vector, and toward the eclip-
tic north respectively. Ulysses, repre-
sented by the butterfly-shaped icon,
spins around an axis which is
directed toward Earth; the shaded
triangular wings suggest the spin-
averaged directional sensitivity of
the dust detector. The components
of the spacecraft’s velocity relative .
to Jupiter are listed before and after
encounter and, to a good approxi-
mation, are valid during all of the
stream events. Evenly spaced tri-
angles along the Ulysses trajectory
indicate the locations at which dust
streams were detected; average
stream duration and separation
were one day and 2843 days,
respectively®. During these events,
characteristic  particle  velocities
ranged from 20 to 60 kms™" while
masses varied from 10 ' to
10 **g. The stream immediately
after closest approach (large tri-
angle) was particularly noteworthy,
containing many more particles than
alt of the other streams combined>.
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TABLE 1 Properties of particles escaping from Jupiter

Source region RIR)  Lew @™ (um) mg>/mg™ v,
tkms )
Near synchronous
orbit 2.25 4.4 (0.062) 26 <77
Outer gossamer ring 3.0 22 (0.028) 290 <150
lo 59 200 (0.009) 8,000 <340

Possible source regions and their distances from Jupiter in jovian
radii (R,~71,500 km) are shown, followed by L., the numerically-
determined force ratio for the smallest escaping grains. The size of
these smallest grains (rg") is determined from equation (2) using L=
Lewt, pe=1gcem 2 and @,=+3V. The mass ratio m;™"/mg" is found
by solving equation (2) for rg using first L=1/2 (which corresponds to
the largest escaping grain regardless of source) and then L=1L.;. The
final column lists numerically determined escape speeds which agree
well (to within a few per cent) with those found from equation (1). With
the exception of the minimum grain size, all quantities in this table are
independent of the assumed grain charge and density.

Particles leave the jovian system along nearly equatorial tra-
jectories because sources are in the equatorial plane and the
primary acceleration is radial. Nevertheless, numerical integra-
tions show that the ~10° tilt in the jovian magnetic field causes
typical trajectories to bend 10 to 20° out of the plane. These
inclinations may allow escaping grains to avoid the densest parts
of the To torus (where grains charge negatively, possibly prevent-
ing their escape®) by flying above or below it. Later, the distorted
field of the middle magnetosphere will augment the bending, but
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not significantly for swift grains.

Once in interplanetary space, the motion of a typically-
charged grain is dominated by Lorentz forces which greatly
exceed solar gravity’. On average, the interplanetary magnetic
field at Jupiter lies in the ecliptic, counterclockwise from (and
within 10° of ) the 8 direction (Fig. 1)'®. Thus, because the solar
wind convects the magnetic field with velocity v.,f, the induced
electric field E= —u,f x B, and hence the vertical acceleration,
points primarily in the +2 direction (toward or away from the
ecliptic plane). The magnitude of this acceleration varies because
both the solar wind’s velocity and especially its embedded B field
change with a roughly 26-29-day periodicity imposed by solar
rotation; stochastic variations further complicate this simple
picture'”. Nevertheless, throughout the interplanetary portion of
the trajectory of a dust grain, vertical (Z) accelerations over-
whelm horizontal ones indicating that the ecliptic component of
the grain’s velocity remains essentially constant.

We now demonstrate how a periodic vertical acceleration may
lead to episodic detections of dust. We represent the acceleration
by successive intervals of constant strengths and consider both
a symmetric profile (Fig. 2a) and an asymmetric one (Fig. 3a).
Vertical displacements are found by integrating the acceleration

a
FIG. 2 Motion of charged dust grains

twice; these solutions consist of linked parabolic segments (Figs
2b and 3b). In both cases, the exact three-dimensional distribu-
tion of all ejected dust particles is complicated, depending on the
range of dust particle positions and velocities upon escape from
the jovian magnetosphere, as well as the detailed history of the
solar wind speed and magnetic field strength. Nevertheless, we
can still draw some qualitative conclusions.

According to our interpretation, the periodicity of the Ulysses
detections stems from the periodicity of the vertical acceleration
which causes the paths of particles to intersect the spacecraft
trajectory only at certain times. As time progresses in Figs 2¢
and 3¢, each clement of the dust distribution moves to the right
along its own streamline at the ejection speed; thus a stationary
point near streamline B will receive dust only once every solar
cycle (~28 days). Stationary points near the ecliptic plane should
experience subharmonic streams at roughly twice this rate (every
14 days). These periods will differ somewhat from those
measured by Ulysses because Ulysses moves to a new position
and a new streamline between detections. Owing to the
directional sensitivity of the dust detector, the subharmonic
streams predicted in the ecliptic could be weak; nevertheless,
they should be sought when the Ulysses data is further processed.
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interplanetary magnetic field after
being launched from Jupiter in the
ecliptic plane with velocities of
40kms *. a The acceleration

it

experienced by a charged grain is
constant (4kms *d "), but
changes sign every 14 days (roughly
half of a solar rotation period); its
magnitude corresponds to a 0.1 um
grain and solar wind parameters of
B~5nT and Ve,~600kms™" (ref.
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initial acceleration is downward. The
vertical (2) direction is defined in Fig.
1). Jupiter is at (0, 0), the horizontal 1,000 |—
dashed line is Ulysses’ incoming tra- o
jectory and the diagonally descend- r
ing dashed line represents its r
outgoing path. The solid triangles ,:E
show the locations of the detected ~
dust streams with the largest signi- N
fying the single intense burst. Note
that the bottommost streamline cor-
responds to particles launched at
time B in a, whereas the topmost is
for those starting at time C; the

-1,000

undulations visible in each stream-
line are caused by changes in the
sign of the acceleration. Particles C

launched between times A and B fol-
low streamlines that are the mirror
image of those shown here; in par-
ticutar the dense concentration of
streamlines is found above the

ecliptic plane. ¢, Streamlines B and =
C (dotted) and the Ulysses path T o
(dashed) are as in b. The solid lines N

oscillating back and forth through
z=0 are snapshots of a pair of dust
distributions for grains continuously
injected over 50 days. The two distri-
butions are separated by about 4 L

-1,000 |—

days with the arrows indicating the
motion in the intervening time.

NATURE - VOL 364 - 19 AUGUST 1993

lllllllllllllllllllllllllllllll“

0 200 400 600 800 1,000 1,200 1,400 1,600
Horizontal distance (A))

697

© 1993 Nature Publishing Group



LETTERS TO NATURE

a
o 6 L T ¥ T T ]' T T T I T T T T I T 7T H T I T T T T ' T T T T I 1
! C ]
o oep -
| [ ]
w L A B c 4
e 2F -
= . 3
[ u N
s °F .
s . =
o 2 ]
2 . ]
S 4 '_1 ]
<C o ]
el 1 5 1 |} oo b e b g by g by g b
FIG. 3 Motion of a dust grain relat 0 5 10 15 20 25 30
. otion of a dust grain relative .
g Time (days)

to Jupiter in an asymmetric model b

of the interplanetary magnetic field;
symbols and axes are the same as -
the corresponding panels (a, b, ¢) of 1,000 -—
Fig. 2. a, The acceleration experi-
enced by a charged grain in the time-
varying asymmetric interplanetary
magnetic field. b, Because of the
asymmetry, the average acceleration
felt by a grain over a long period is
negative; hence streamlines are
swept downward eventually leaving
the ecliptic plane free of dust. ¢, The
two dust distributions shown here
are separated by 7 days; both occur

at slightly later times than the distri-
butions in Fig. 2c.
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Differences in the number of streams detected in and out of
the ecliptic plane can arise from asymmetry in the vertical accel-
eration (Fig. 3), which itself has many causes: corotating inter-
action regions, configuration of the solar current sheet,
distribution of sunspots and coronal holes and so on'”'®. Asym-
metry imparts a non-zero vertical acceleration which sweeps par-
ticles away from the ecliptic plane. This may explain why only
two dust streams were detected before closest approach (when
the spacecraft was in the ecliptic plane), whereas four were
sensed afterwards (with the spacecraft descending beneath
the plane). The detection geometry, which was more favourable
after closest approach than before, may also be important
(Fig. 1).

Streamlines are clearly most concentrated at the lower left in
Figs 2b and 3b; half a cycle later these enhancements are found
at the upper left. Streamline clustering occurs because particles
launched at different times will follow the same parabolic trajec-
tory through space as long as the acceleration remains pointed
in one direction. Furthermore, when L > 1,2 the ejection mecha-
nism and the subsequent vertical acceleration are both wholly
electromagnetic and even particles of different sizes will initially
follow the identical path albeit with different speeds. These dense
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concentrations of streamlines never cross the ecliptic and dis-
perse once the acceleration changes sign. Our model therefore
predicts that intense streams should be detected only near Jupiter
and only out of the ecliptic plane, in agreement with the timing
and position of the single intense stream detected ~30 days after
closest approach (Figs 2 and 3).

We conclude that solar modulations of the interplanetary
magnetic field are primarily responsible for the periodicity, dis-
tribution, and relative intensities of stream events detected by
the Ulysses spacecraft and that the gossamer ring is their most
likely source. These results are not critically dependent on the
magnitude of the assumed grain charge. O
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CLEAVAGE of carbon—carbon bonds by transition-metal-containing
heterogeneous catalysts forms the basis of one of the most impor-
tant industrial processes, the refining of petroleum to chemicals
and fuels'. But the generally low product selectivity observed with
heterogeneous systems is a significant drawback. For this reason,
much effort has been devoted to developing transition-metal com-
plexes that can be inserted into C—C bonds in homogeneous media,
as such catalysts can operate under mild, easily controlled condi-
tions and might offer high selectivity and reactivity. Metal inser-
tion into C—H bonds is well known”~~, but, except in a few special
cases™ "%, C—C bonds are generally unreactive towards insertion
of transition metals in solution. Here we report the selective activa-
tion of a simple C—C bond by a mononuclear rhodium complex in
a neutral homogeneous medium (tetrahydrofuran solution). We are
able to effect Rh insertion into a C—C bond in a diphosphinoxylene,
in which this bond is favourably oriented towards the transition-
metal centre. The competing reaction of insertion into C-H is
suppressed by the use of an overpressure of H,. We suggest that
this approach might lead to a general strategy for C—C activation
in homogeneous systems.

Carbon-carbon bonds are generally unreactive towards the
insertion of soluble metal complexes, except when activated by
strain®®, when there is a drive to aromatic character in pre-
aromatic systems’ '°, or in the presence of a carbonyl group' "',
B-Alkyl transfer in highly Lewis-acidic complexes has been

H,C PPh,
CH, + HRh(PPhy),
H,C PPh,

FIG. 2 Experiments demonstrating
competitive C—H and C-~C activation,
resulting in selective C-C hydrogen-
olysis. (Ph is a phenyl (CsHs) group,
Me is a methyl (CH3) group.)
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H—M —CH,R

H, +RCH,M

M—H+ R—CH,

/ \

o
H—M—R —— CH, +RM

FIG. 1 Hypothesis for C-C activation under hydrogen. (R is an alkyi or
aryl group.)

reported'>'®. To investigate the possibility of transition-metal
insertion into a C-C bond in solution, we planned to use a metal
hydride complex, which (if capable of insertion into C-C) would
eliminate methane and thereby render the process thermo-
dynamically feasible. The expected competing reaction, the
kinetically favourable insertion into C-H, would probably be
reversible even if hydrogen is eliminated and might be pushed
backwards under hydrogen (Fig. 1).
a,a'-Diphosphino-m-xylenes undergo C--H activation form-
ing bis-chelated complexes'® . Probing for the possibility of
directed C-C cleavage, we prepared the new phosphine, shown
as 1 in Fig. 2. Reaction of 1 with HRh(P(C¢H5)3)4 in a tetrahyd-
rofuran (THF) solution at 25 °C results in exclusive C-H activa-
tion to yield quantitatively the thermally stable Rh(I) complex
2, with liberation of hydrogen. The pure complex was fully char-
acterized by 'H, ">C and *'P NMR and its structure was con-,
firmed by a single-crystal X-ray structural study (Fig. 3), which
shows that (1) the metal-bound Ar-C(7) bond (where Ar=aryl)
is not weakened relative to the other Ar-C bonds in this
molecule, (2) there is no distortion from aromaticity, the aro-
matic ring and the carbon atoms bound to it retaining planarity,
(3) to maintain a favourable square-planar arrangement around
the rhodium atom, a relatively weak Rh—CH,Ar bond is formed
as reflected by the distorted C(1)-C(7)-Rh(I) angle of 92.8 (4)°.
Remarkably, heating of 2 at 90 °C under hydrogen at a
pressure of 80 p.s.i. results in quantitative C-C cleavage, yielding

HyC PPh, HyC PPh,
H
—PPhy Rh-PPhy; ——— = Rh-PPh; + CH,
H, 90°C
H,C PPh, HC PPh,
2 3

D, /25°C| | H, /25°C
AHZ

PMey (excess) / HZH HRh(PPhy),

H;C PPh, H,C PPh,
D p |
Rh-PPh, H
H,C PPh, H,C PPh,
8 4
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