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F
cular show the two new arched filaments to the south-east
+two parallel lavers on the Sgr B2 side of the Arc. The
on of the Arc to the north-west visible in Fig. 3 can alsp
(in 10.5-GHz Nobeyama data filtered to remove large-
ackground structure (Fig. 8 of ref. 9), and appears to
: a smooth continuation to the large-scale (~1°x17)
lobe'™'" which extends to northern galactic latitude b~
fore reconnecting to the plane at Sgr C. The apparent
» of a comparable lobe at negative galactic latitudes,
¢, and the nevertheless remarkably symmetrical structure
iolarization components A, B and C and of the Arc and
nsions as observed here, suggest that caution is required
lifying the Sofue lobe directly as a continuation of the
jere exists also a problem with reconciling the apparent
nensional geometry of the filaments' with the implied
aensional geometry of the Sofue lobe, if interpreted as
brightened cylinder®'". It is more probable that the Arc
 polarization structure are phenomena causally related
ibe, but with different emission and supporting mechan-
That is suggested, however, is the strong possibility that
phenomena will be seen at the point where the lobe {or
spur as seen in the Altenhoff er al® map at [~ —0.6°)
wts with the galactic plane. A A =20cm VLA map of
ion*! already indicates the existence of a bar-like feature
wint, perpendicular to the plane, and similar in appear-
the Arc.
ore/lobe polarization structure seen in Fig. 2 is reminis-
the total intensity picture of a classical double radio
and seems to argue compellingly for the core position
g a centre of activity, perhaps associated with some
phenomenon. Recent 160-MHz observations'® show
: only low-frequency emission visible from the Are is
m this position, again arguing for its special status. Early
{z observations® mention the existence of a nonthermal
n a position very close to the core (GO, 16-0.15) where
ination lines were absent. However, recent total intensity
of this region at high frequencies (our Fig. 1 or Fig. 1
I, do not distinguish the region at all—it appears to be
‘hly connected part of the filamentary structure. This is
ohstacle to any interpretation involving ejection from
ition as the explanation of the Arc or the polarization

t around this, we may extend the suggestion put forward
2. The structure seen in polarzation and low-frequency
1 may be the result of obscuration by a non-uniform
f thermal material, threaded by the ambient magnetic
ich attenuates at low frequencies and depolarizes the
ng assumed synchrotron radiation, (That the underlying
n is synchrotron seems certain from the high percentage
tions, 30% in the outer lobes and on smaller scales in
ent A", and from the extreme lingar geometry of the
s, suggesting a magnetic field as the underlying organiz-
it.) Some support for this suggestion comes from the
ion that component A lies in a large gap symmetrically
with respect to the arched filaments (Fig. 1). Thus if
were being fed along the arched filaments from the
of the galactic nucleus as part of a supply of matter to
lope surrounding the vertical filaments, it might be the
{ only close to the termination point of the filaments on
would sufficient material accumulate to flatten the spec-
% and depolarize the underlying synchrotron radiation,
sunt of material required for this purpose is estimated
2 at a few tens to a few hundreds of solar masses,
i the suggestion is made that the material originates
ambient gas surrounding the vertical filaments'?, rather
m Sgr A itsell. Against this explanation, however, is the
appearence of the central component A and the two
abs of polarized emission either side of it pointing to
s (Fig. 2). This would seem difficult to generate via
‘ormities in an intervening screen without artificial
ions as to the screen's geometry. Higher resolution
ion observations'? show thal component A is rather
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less ordered than suggested by its appearance in our observa-
tions, so this objection may be irrelevant. Also, the symmetry
of B and C extends only to general appearance and percentage
polarization and not to their detailed morphology so that again
an explanation in terms of the effects of screening material is
not ruled out. The general symmetry evident might in any case
be expected on the basis of an approximate symmetry in distribu-
tion of screening material with respect to the galactic plane.

The nature of the polarization structure and its central com-
ponent is so far unclear, as is its stability and lifetime. (It does
not, unlike the Arc itzelf, lie along a surface of constant angular
velocity in the Qort mass distribution'®.) However, it is clear
that it must be reconciled with any general picture of activity
at the galactic centre. Such a picture would seem now o have
to include a ‘chimney’ of buoyant outflowing material (the Sofue
lobe) similar to that seen in optical emission as a spur in the
Crab nebula'® and in radio emission as one-sided lobes in other
spiral galaxies'®. The appearance of the Arc feature and the
polarization structure at the point where the chimney crosses
the galactic plane, will certainly prove to be important in under-
standing the complexities of the galactic centre.

We thank W. Kundt for useful discussions. J.H.5. thanks the
Alexander von Humboldt Foundation for support at the Max-
Planck-Institut fiir Radioastronomie during this work. F.Y.-Z,
thanks the NRAO for travel support.
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Origin of the galactic centre lobes
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Recent observations of the 10-GHz continuum' have indicated that
there is a pair of lobes having ridges of intensity extending from
the galactic cemtre regiom in a direction perpendicular to the
galactic plane. This observation has attracted considerable atten-
tion as it is clearly an indication of dynamic processes occurring
at the cenire of our Galaxy that are similar to those occurring in
the nuclei of radio galaxies, though different in scale and in
strength®, Here we interpret these lobes as being due to a mag-
netodynamic acceleration mechanism in which the production and
relaxation of the magnetic twist induced by the rotation of the
contracting gas disk play a part. The plasma is accelerated in a
conical cylinder with a helical velocity field, reproducing the
observed feature of radio lobes.

The structure (referred to as GCL, for galactic centre lobes)
that is located on both sides of Sgr A with some asyvmmetry, has
proved to have further interesting features. Yusef-Zadeh er al”
showed by means of high-resolution Very Large Array (VLA)
observations that a source related to the galactic centre has a
very peculiar structure. The structure, called the galactic centre
radio arc (GCRA), is embedded in the galactic dust and has a
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Fig. 1 Evolution with time of® upper sequence, the poloidal velocity vector, v, (=w,, v,), overlain on the density comtour; lower sequence, S disk, 1
the poloidal magnetic field lines, By (= B,, B.), The numbers below each figure represent units of 7. It can be seen that a hallow eylindricil} E GORA

flow of denser material just like GCL is formed as the. magnetic twist
z-direction. The circle at the centre indicates t

thread-like appearance, strongly suggestive of magnetic fields,
with one part lying vertically just at the foot, and in the extension,
of the eastern ridge of GCL. The other part connects the north
end of this vertical thread-like structure 1o Sgr A, Recent VLA
observations® show that a similar structure is found at the foot
of the western ridge of GCL. By measuring the multi-band
polarization of the eastern ridge at 10 GHz, Inoue et al® found
that the polarization has peaks at both ends of the vertical part
of the GCRA, and the sense of Faraday rotation is opposite at
the north and south ends. A further measurement of Faraday
rotation-corrected polarization (M. Tsuboi and M. Incue, per-
sonal communication) reveals that the line-of-sight magnetic
ficld component along the eastern ridge of GCL is directed
towards us on its northern arm and away from us on its southern
arm. The direction of the projected component of the magnetic
field iz parallel to the ridge of GCL, and the degree of linear
polarization is as high as several tens of per cent. These observa-
tions suggest strongly that the entire process which led to the
ejection of GCL is related to the magnetic field.

As for the formation of double radio lobes associated with
radio galaxies and quasistellar objects, it has been sugpesied
that the magnetic field and rotation might have imporiant
roles®’. More recent theoretical studies have attributed the for-
mation of these lobes to the guiding of the strong wind from
their source by the funnel structure in the thick disk surrounding
the source of these objects® !, with a few noting the importance
of the magnetic field in the formation of jets'>"*. For our Galaxy,
however, before the discovery of the GCL it was believed that
the activity, if it existed, was too weak to produce such
phenomena.

Here we propos¢ a magnetodynamic mechanism which
explaing the production of GCL by the combined effect of the
rotating disk and of the magnetic field near the galactic centre.
The mechanism relics on the continual production of a magnetic
twist by the rotation of the disk around the palactic centre; the
unequilibrated magnetic pressure gradient built up near the
surface of the disk in this process causes the relaxation of the
magnetic twist to the z directions, pushing out the plasma with
helical velocity. We describe in the following the method used
and the results obtained,

Consider a rotating accretion disk which entwines a part of
the large-scale magnetic field. A system of ideal magneto-
hydrodynamic equations, in a pseudo-three-dimensional formu-

lation, for & cylindrical symmetry (3/d9e =0, but allowing -
compaonents of vector quantities) is solved numerically using a
modified Lax-Wendroff scheme. A set of non-dimensional para-
meters (R, R, and R;) specifies the physical situation of the

secumulated by the rotation of the disk starts relaxin

g toward tha?
he innér free boundary for the calculation. 3

problem under consideration, where R, = vl vk, R.=V
and Ry=u,/vi, and v,=(yRT)"?, V,=B/(dmp)"?

(GM/r)"'?, the R;s representing the relative importance of i
pressure gradient force, the Lorentz force, and the centrfy
force with respect to the gravity force, respectively. (o, rots
velocity; vy, keplerian velocity). A similar solution may hol
the set (R,, R,, R}, at a point near the inner edge of the dif
as well as the initial distributions of quantities in the reffi
coordinate, r/ L, (where r is the radius and L is the typical scg
of the problem) are the same. The timescale differs from &
locase as r=L/fp,.

he situa
gample.

Values of R; are determined for the galactic centre region#ja=goth inw
follows: Mezger and Pauls'® have demonstrated the existend] Sl the di
of an extended cloud of H 11 with a thickness and diameterg he aceu
~100.pc and 300 pe, respectively, a mean ionized gas de he si_gn
p~10myem (my is hydrogen mass), and an electron (el GBPpOSite

perature of 5,000 K. The total mass involved in the part of
disk with r=60 pc (mean distance of the east amd west rid
of the lobes) from the galactic centre (SgrA) is ~3x 10°
and the rotation velocity at r==60 pc is ~180 km s~ as deri
from the H1 and CO line observations of the galactic cents
region'’. The magnetic field strength may be roughly evalu
by applying the equipartition law for energy densities of hi
energy electrons and the magnetic field; using our 10-GHz s
continuum data for the galactic centre region®, we obitain
2x107° G at the location of the GCRA. From these quanti
we obtain o, =8kms’, V.=1dkms' in the disk near
GCRA. These qzuantities yield the set of parameters (R,
R3)o~(1.8x 1077, 6.1 %107, 1— &) where 5 is a small frac
of unity, assuming that the part of the disk under consideratia
is rotating at a sub-keplerian velocity and is still in the contrad
ing stage. It is interesting that the set of non-dimensional pa
meters thus derived is not very different from that for 4 co
sponding point (3.0x 107, 7.2%107%, 1—35) in the protoste
case examined previously'. Thus, we may expect that the ool
flows from the galactic centre region will be similar [ thoig
very different in scale) to those in the star-forming regions
which, in our view, also result from the magnetic field becomi
twisted up in the rotational motion of the contracting accreti
disk towards the end of the star-formation process.
Figures | and 2 show the result of numerical simulations
the present situation. The calculation is preliminary becanse
assumed that the effective gravity source is a point mass it
centre. Cases corresponding to a more realistic situation in
galactic centre region are now being dealt with, and a ful
discussion of such cases, which confirm the basic validity of
present result, will be published elsewhere'®,
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re 1 shows the time development after a disk is formed

ee fboundary for the calculation. The upper sequence (overlay
f tife velocity field projected on the density contour in the r—z

squeezing around the axis of rotation, there appears a
en:ger flow rising with 2 hom-shaped profile, corresponding to
pllow conical cylinder in three dimensions. Figure 2 shows
situation at r=2.547 (+=L/vy at r=L) in full, as an
anmple. The poloidal magnetic field By (= B,, B.) is pulled
ottEinwards and into the @-direction by the contracting rotation
f tige disk, and the toroidal field B, is produced continually.

psigns of B, above and below the plane of the disk are
psite because it is produced by the rotating disk winding up
poloidal field, Clearly, the energy of the cylindrical flow

ient in B_, which is continually produced by the effect of
ta ion, pushes up the mass of the less dense {but dense enough
ke high contrast in the halo) surficial region of the disk
i m 4 conical jet.
It §is readily noted from Figs 1 and 2 that the density contour
similarity to GCL observed by Sofue and Handa', and
hat fthe near-disk configuration of By and the distribution of
% Iiu&g.r explain the shape of the GCRA and the reversal of the
ne pof-sight component of the magnetic field®®, It is characteris-
¢ cpf our mechanism that the velocity field has v, (though not
oy iwn here) which, together with By yields a helical velocity
f ld Tht: velocity of the outflow is of the order of 150-
Ems . and the rotational velocity near the disk and near
4

be ifront is of the same order as this, but is considerably less
L bijetween. Preliminary results from the observation of GCL in
' 'Iines, now being done using the Nagoya University 4m mm-
telescope (L Suwa, ¥, Fukui, Y. 8. and T. Handa, personal
mmumcatlon} suggest that the observed velocity ﬁetd is not
comsistent with our model.

i We require some support for our assumptmnb, for example,
flie :gssumption that the initial magnetic field is perpendicular
o the plane of the disk, and Ry= vl (r)/vk <1. The former
sugmption, which seems to bc ubsmat:una]l]r actually the case
thhthe star-forming regions'”, is likely to be relevant in a wide
mm'u of condensations of the magnewﬁd mass. This is because
s jeasier for the !mtml condensation to occur along B than
perp pendicular to it”?, and also because the angular momentum
E0rT Aponent pfrpendlcular to the magnetic field in the initial

l I'I

H

T C

g2 o The poloidal velacity vector overlain on the density contour, b, The poloidal magnetic field lines. ¢, The contour of the toroidal
gnetic feld strength, B (All parameters at r=2.547} It can be secn in b that the poloidal magnetic field has a vertical component in the
Bk, ogether with some u:h.er field lines obliquely connected to the inner pan, corresponding to the vertical and oblique structures of the
fCRA. From ¢ it can be seen that the toroidal component has opposite polarities on both sides of the equatorial plane, as Tnoue et al's
j observation indicates®.

cloud tends to be damped in the earlier phase of contraction,
and the component parallel to B, remains"’*%. Although the
magnetic field in the galactic arms is largely aligned with the
arm structure, it is possible that the magnetic field in the galactic
centre part has poloidal components. The observations in refs
3, 5 and by Tsuboi et al. (personal communication) strongly
support this notion.

The second assumption—that R; < 1—is obviously the case
if the accreted gas is still outside its Kepler radius. Even after
it reaches the Kepler radius, however, the condition R, <1 may
be brought about in the final phase of accretion due to the loss
of angular momentum by the production of the magnetic twist
and the mass ejection by the present mechanism, The rotation
is thus braked {R;=1), and the disk mass can continue to fall
spirally toward the centre of gravity'®. A larger amount of energy
is released and can be converted to that nf the hipalar ier 2s the
centre is approached, since the mediator, the magnetic field,
gains strength in the compression and winding up operates more
effectively.

Finally, note that the process discussed here may be either a.

continuous process or a train of discrete events, depending on
the supply of magnetized material. Similarly, the process can
be asymmetric with respect to the axis or the equatorial plane,
if there is such an asymmetry in the distribution of the density
or magnetic field in the accreted cloud, although the calculation
was performed by assuming axisymmetry as an idealization.
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