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Abstract. We review recent imaging results on the circumstellar mat-
ter of young binaries obtained using the Hubble Space Telescope (HST)

. and by PUEO, a ground-based adaptive optics (AO) system operating at
CFHT. In the area of circumbinary disks, new results for GG Tau help
form a more complete picture of this prototype system. However, HST
images of the UY Aur ring indicate a more complex system than first
thought. A new example of a circumstellar disk in a multiple star system
has been found in HV Tau, joining HK Tau in this category. Examples of
envelopes, outflow cavities, and jets are shown for several young binaries.
About half of the nearby young binaries in our survey possess some kind
of local nebulosity at optical or near-IR wavelengths.

1. Introduction

High dynamic range diffraction limited images are now (almost) routinely avail-
able in the optical and near-infrared, thanks to the Hubble Space Telescope and
to ground-based adaptive optics systems. These technological advances provide
the necessary resolution to observe features on Of'l (10-15 AU) scales in nearby
star forming clouds. This resolution is well matched to the size scales of accretion
disks, typically a few hundred AU, and for studies of young binaries themselves
whose separation distribution peaks near 30 AU. Using this capability, important
progress is taking place in the study of young binary star environments.

At optical and near-infrared wavelengths HST and AO detect scattered
light from circumstellar/circumbinary dust. The dust opacity is high at these
wavelengths, if the dust particles have properties similar to interstellar grains.
This means that tenuous circumstellar structures are detectable: a very small
amount of dust is enough to produce a detectable reflection nebula. The large
dust opacity also means however that accretion disks should be very optically
thick, possibly impeding our capacity to probe their internal structure in detail.
Our experience shows that an important complication arises from the proximity
of the bright core of the PSF, the unresolved image of the bright central star.
Reaching a large enough contrast (i.e., dynamic range) to distinguish the faint
and extended nebulae from the PSF often proves very challenging.
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Our observing programs are mostly based on large HST snapshot imag-
ing campaigns. The targets were selected to maximize the probability of disk
detection. Criteria like resolved molecular gas disks, millimeter continuum emis-
sion, optical nebulosity, large polarisation, strong Ho emission, and location in
nearby clouds were used. More than 100 young stars have been imaged so far
with WFPC2 on HST. A large number of these were also observed with AO in
the near-infrared.

In the following sections we will present our HST and AO results for some
of the 40 binaries that we observed. Two cases of circumbinary disks will be pre-
sented, two cases of circumstellar disks in binary systems, and finally examples
of circumbinary envelopes and mass outflows are shown from our survey.

2. Circumbinary Disks: GG Tau and UY Aur

On average, young binaries with separations in the range 1-100 AU have lower
dust millimeter continuum emission (Jensen et al. 1996; Osterloh & Beckwith
1995; Dutrey et al. 1996). The number of objects with resolved emission, either
the dust continuum or the moleculer lines, remains deceivingly low. In the case
of UZ Tau W, the continuum appears slightly extended with respect to the
beam, and the velocity gradient along the major axis suggests rotation of a disk
(Jensen, Koerner & Mathieu 1996). But to our knowledge, only in two cases
have circumbinary disks been resolved with more than 2 or 3 resolution elements
by radio interferometers. These disks have also been resolved 'in scattered light
at shorter wavelengths. They are found around GG Tau 'and UY Aur.

2.1. UY Aur

UY Aur is a binary made of two Classical T Tauri stars of spectral types K7 and
M2 (Duchene et al. 1999) separated by 0".9 (125 AU). Both stars have a near-
infrared excess, suggesting that they each possess circumstellar disks. Interesting
to us, circumbinary molecular CO gas was discovered by Duvert et al. (1998).
Its kinematics is compatible with Keplerian rotation. The millimeter continuum
emission from the dust in the circumbinary disk is not detected however, but
Close et al. (1998) secured the first near-infrared images of the scattered light
(by dust) in the same circumbinary ring using adaptive optics at the Canada-
France-Hawaii Telescope. Their image is presented in Figure Ib). Figure Ia)
presents the optical counterpart from HST/WFPC2.

On the HST image (Fig. 1a), two components are identified in the circum-
stellar environment: a bright and narrow extended filament, and a more diffuse,
broad patch of nebulosity located at the South-East end of the filament. The fil-
ament appears to overlap the more diffuse patch to the SEa Artifacts are present
and are discussed in the caption, but are located well inside the circumbinary
ring and thus have little effect on our ability to study it.

The near-infrared AO image (Fig. Ib) shows the same basic structures
as seen in the HST image. Noticeably however, the nebulosity appears more
clumpy. This is partly because of artifacts (diffraction spikes) but also because
the SE broad patch seen with HST is not resolved as sharply in the AO image.

The filament seen offset SW of the binary in Fig. 1 extends along a position
angle quite close to that of the rotating gas disk detected in 13CO(2 ~ 1) with
the IRAM interferometer, namely 1350 (Duvert et al. 1998). It also extends over
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Figure 1. A) (top panel):
HST image of the binary UY Aur
obtained with WFPC2 (F606W
filter). Two PSFs have been sub-
tracted from the image. Imper-
fections in the PSF subtraction
can be seen as negative (black)
regions close to the central stars.
The primary is saturated and the
CCD "bleeding" trail is seen in
diagonal, as the image was ro-
tated.
B) (bottom panel): Near-
infrared J-band adaptive optics
image of UY Aur. This is the
first image of the circumbinary
ring in scattered light. The im-
age is deconvolved. Artifacts
are also visible close to-the cen-
ter, due mostly to.ehe diffraction
spikes. North is' up and East to
the left on both images. An el-
lipse aligned with the NW trend-
ing filament, suggesting the ge-
ometry of the ring, is overplotted
on each image.

roughly the' same distance across the central objects, r ~ 800 AU, indicating
that the .scattered light structure most likely to be associated with the gas disk.
This indicates that the ring contains a dust component despite its non-detection
in the millimeter continuum. The nature of the SE patch is much less clear; it
seems discontinuous from the SW filament, and thus it is not obvious whether it
is also associated with the disk. Close et al. (1998) assumed that both structures
traced the inner edge of the circumbinary ring and estimated its inclination to
i == 42° by ellipse fitting.

A new fit to the disk inclination using the filament alone gives i == 64°.
We estimate the range of acceptable values to 59° < i < 65°. This implies a
significantly more edge-on disk than suggested by Close et al. (1998). The result
of our fit, an ellipse, is superimposed on Figs. la) & b). We believe this result
is closer to reality and we present arguments b·elow.

Close et al. (1998) measured the contrast between the nebulosity on the
NE and SW sides of UY Aur, respectively the back- and front-side of the cir-
cumbinary disk. The contrast increases up to. a value of ~ 8 at shorter NIR
wavelengths, at 1.2J.tm. The HST images of Fig.1a shows the contrast to be at
least 15 (or 3m ag ) at 0.6J.tm. Menard et al. (1999, 2000 in prep.) argue that
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the larger value of inclination explains naturally this large contrast. It is a di-
rect consequence of the inefficiency of ISM-sized spherical grains to backscatter
photons at large angles. Small grains are naturally forward-throwing, and large
disk inclinations naturally lead to large contrasts when illuminated by a central
source. The inclination of r-..J 450 estimated by Close et al. (1998) cannot explain
the large contrast observed in the optical except with very exotic grain mixtures.

The inclination of the circumbinary ring has a significant effect on the in-
terpretation of the CO kinematics. Using the 42° inclination derived from the
AO images, Duvert et al. (1998) concluded that the highest radial velocity gas
had to be located interior to the circumbinary ring. This result was somewhat
surprising, since the central hole should be dynamically cleared by gravitational
perturbations from the binary. With the more edge-on ring inclination implied
by the HST image, the CO kinematics can be reinterpreted and the presence of
gas interior to the ring is no longer required. However, the presence of material
within the "gap" is not ruled out by our observations.

The nature of the broad SE patch is unclear at present but it can be shown
that it is coincident with a peak of CO emission that is independent kinematically
from the Keplerian disk. This new result supports our suggestion that there are
two independent components in the circumbinary environment of UY Aur.

2.2. GG Tau

This fascinating object has been the center of much attention since the discovery
of its massive circumbinary ring of dust and gas. See also the contributions by
McCabe (2001) and Guilloteau (2001) in this book for example.

Figure 2. HST /NICMOS 1 /-Lill images of the GG Tau circumbinary
ring. A) (left panel): Intensity image. B) (right panel): Same
image as A) with linear polarisation superposed. Images are from Silber
et al. (2000). The diffraction spikes are oriented along the cardinal
directions. North is toward the bottom left corner, East toward bottom
right corner. The gap in the disk ("dark sector") is located at PAr-..J 2750

in the equatorial system. It is located just below the top-left diffraction
spike.
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Our images complete the existing data sets and allow to settle a few issues.
Optical images, obtained with HST/WFPC2 by Krist et al. (2000), and near-
infrared 1 j.jm image and linear polarisation map, obtained with HST/NICMOS
by Silber et al. (2000), provide an accurate view of the scattered light by the
disk and hence of the dust distribution and properties.

From our images, see Fig. 2, the brightness distribution in the circumbinary
ring appears smooth, and there is no evidence for the radial "spokes" suggested
by Roddier et al. (1996). Their images had lower signal-to-noise ratio. Our
deeper images, obtained with two different instruments and two different roll
angles of the spacecraft (i.e., the diffraction spikes are therefore not at the same
place on the two sets of images) allow us to make that claim. Our images further
reveals a "dark sector" located just below the top-left diffraction spike on Fig.2
and covering r-w 15° in azimuth. The origin of this apparent gap in the brightness
distribution is unclear at the moment.

The ring appears red with respect to the central stars, and the front/back
intensity ratio is about 3.3 at 1 usi», similar to the value found by Roddier et
al. (1996). Furthermore, the linear polarisation measured in that band is large
on the back-side (P~50%) and lower on the front side (Pe- 20%). Assuming an
inclination of 37°, these numbers firmly imply that the dust grains are small,
well into the Rayleigh scattering regime at 1 tun. The red color of the disk
is puzzling however and calls for severe extinction of the photospheric light by
inner circumstellar disks. Even more intriguing is the lack of symmetry of the
brightness distribution about the projected minor axis. This is potentially an
effect of illumination by a binary instead of a single star. Krist et al. (2000,
in prep.) suggest that this effect may also be explained if the ring has some
intrinsic eccentricity instead of being perfectly circular (as has been generally
assumed). Further models are needed to verify this hypothesis.

3. Circumst~llar Disks in Binary Systems

The classical T Tauri binary HK Tau was imaged nearly simultaneously with
HST /WFPC2 and with AO at the Canada-F'rance-Hawaii Telescope (Stapelfeldt
et al. 1998a), and with Keck speckle imaging (Koresko 1998). The three tech-
niques produce complementary results and provide extended wavelength cover-
age necessary for understanding the circumstellar material distribution. These
results are interesting as the first well-resolved images of a circumstellar disk
around one component of a binary system. The HST I-band (F814W) is shown
in Fig.3a, left panel. The disk has a very similar extent at all wavelengths from
600 nm to 2200 nm, namely r-w 1'!5 or 210 AU in diameter. This suggests that
the disk's edges are likely to be fairly sharp. A second example of resolved cir-
cumstellar disk in a young multiple star system has now been discovered: HV
Tau C (Fig. 3b; Monin & Bouvier 2000; Stapelfeldt et al. 2000, in prep.). Here
the disk diameter is even smaller, only 170 AU. The sizes of these two young
disks are among the smallest yet measured in scattered light, with radii 1/7 -
1/3 that of the projected separation of the components. This suggests that there
may be a link between the small disk sizes and their presence in a multiple star
environment; the disk outer radii may be truncated by tidal interactions with
the primary star. It is too early to make firm conclusions (the binary orbital
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Figure 3. Images of two circumstellar disks in binary stars. On
both panels North is up and East to the left. A) (left panel):
HST jWFPC2 image of the HK Tau system. The separation is 2.4".
HK Tau B, to the south, is nebulous and extended. The insert is a
map obtained with the IRAM Plateau de Bure Interferometer of the
dust thermal emission at 1.4mm. B) (right panel): CFHTjPUEO
Adaptive Optics image of HV Tau. The companion, 4" to the North-
East, is also nebulous and extended. In both cases no central star is
detected and the dark lane crossing the companions is interpreted as a
fine example of a disk seen edge-on. The image is from Stapelfeldt et
al. (2000, in prep.).
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elements are not yet known for either system), but HK Tau and HV Tau are
strong candidates for this long-known theoretical possibility.

A dark lane is clearly seen at the secondary in both systems shown in Fig. 3,
and one can safely infer that each is a nearly edge-on disk. Numerical simulations
of the scattered light from the disk give i = 50 ± 10 for HK Tau B (Stapelfeldt
et al. 1998) and i < 60± 10 for HV Tau C (Monin & Bouvier 2000). The central
star is not seen in either case, even at 2.2 J.lm where the extinction is 10 times
smaller than at 550 nm. Given our detection limit for a point source toward
HK Tau B, we estimate that the extinction is Av > 50 magnitudes in the plane
of this disk, in line with the idea they are optically thick.

The nearly edge-on orientation is very favorable to study the scale height
of the dust distribution in the disk plane. That possibility was discussed and
tested extensively by Burrows et al. (1996) in the case of HH 30. Models for
HK Tau B are presented in Stapelfeldt et al. (1998). They were obtained for
single scattering by dust grains uniformly mixed within a gaseous disk whose
parametrized surface density ~(r) = ~o(rjro)P and with a Gaussian vertical
density profile p(z) = poexp[-z2jH(r)2]. This vertical profile is valid for a ver-
tically isothermal, hydrostatic, non-self-gravitating disk. A parametrized scale

https://doi.org/10.1017/S0074180900225266 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900225266


240 Menard & Stapelfeldt

height H{r) = Ho{rlro)f3 was further assumed. We adopted an outer radius of
105 AU, consistent with Fig.3. A X2 minimization procedure was used to solve
for the disk parameters. The normalization Ho of the scale height is 3.8 AU at
r == 50 AU. This number is well constrained. Hence, the disk of HK Tau B is
significantly flatter than HH 30's where Ho = 15.5 AU at r == 100 AU. Presented
differently, at 50 AU the ratio H]r == 0.08 for HK Tau B but 0.12 for HH 30.

The mass of an edge-on disk is directly related to the "thickness" of the
dark lane. For HK Tau B, we estimate a total disk mass of rv 10-4 M0 in dust
and gas, if the grains have interstellar properties. This is small with respect
to the minimum mass solar nebula and small with respect to the mass implied
by the 1.3 mm continuum flux density (40 mJy, Osterloh & Beckwith 1995).
The expected disk mass from this mm-flux is roughly 40 times larger. Menard
et al. (2000b, in prep.) report that 2/3 of the continuum flux from the system
comes from the primary, partially solving the mismatch in masses and clearly
indicating that both stars in the system have circumstellar disks. For HV Tau
C, preliminary estimates suggest a total disk mass of rv 4 X 10-4 M0 , with the
same assumptions regarding the dust and gas. The model matches the dust lane
thickness over the range 0.6 < A < 2.2 J.lm (Stapelfeldt et al. 2000, in prep.).

The results presented above are not exhaustive. They were used mainly
to demonstrate the power of high-angular resolution imaging and the comple-
mentarity between ground-based and spaced-born multiwavelength approaches
to study the structure of accretion disks. Admittedly, scattered light images of
disk seen nearly edge-on are very sensitive tools to examine the circumstellar
environment of pre-main sequence objects. But such low-mass disks become
more difficult to detect if seen more pole-on. A pole-on disk was imaged around
the single T Tauri star TW Hya (Krist et al. 2000). However, this object lies
at only half the distance of most of the T Tauri stars we have studied, and this
difference may have been crucial for the detectability of its disk. More research,
especially with larger millimeter interferometers will help further our knowledge
of the disks around young stars.

Figure 4. A deep HST Plan-
etary Camera image of T Tauri
at a wavelength of 0.6 micron,
shown in log stretch. The field
of view is 15 x 18 arcsec; N is
toward the upper left and E to
the lower left. Only the pri-
mary star is directly seen, super-
imposed on an asymmetric neb-
ulous arc passing from its upper
left and across to the right. Ir-
regular wisps of reflection nebu-
losity appear below and to the
right of the primary. The verti-
cal spike is a saturation artifact.
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4. Envelopes, Outflows and Jets

241

The number of envelopes we detected in our surveys is much larger than the
number of disks for example, by 5 to 1 roughly. In this section we will therefore
only show a few key examples and we will summarize our results at the end.

4.1. T Tauri, the Prototype for Young Stellar Object Complexity

Brightest member of the group of eleven that initially defined T Tauri stars as
a class, T Tauri has become a prototype for complexity in young stellar object
environments. It harbours all the signs of youth: Lithium in absorption, strong
IRAS and millimeter emission, and a powerful outflow. It also has a luminous
infrared companion (T Tau South) which may itself be a binary (Koresko 2000).
For a long time the reflection nebulosity associated to T Tau has been known
for its variability. Initial HST images reported by Stapelfeldt et al. (1998b)
suggest an asymmetric outflow cavity centered on the primary. A deeper HST
image (see Fig. 4) shows still more complexity in the system, with "bubbles"
apparently being ejected, wisps tracing the edges of cavities, and so on.

4.2. Large Envelopes: The Case of CoKu Tau/1

Figure 5. HST INICMOS (left panel) and WFPC2 (right panel) im-
ages of CoKu Tauri/1. Images are from Padgett et al. (1999) and
Stapelfeldt et al. (2001, in prep.) respectively. Four extended "wings"
of reflection nebulosity trace the circumbinary outflow, cavity and can
be seen in both images.

The case of CoKu Tauri/ l is particularly interesting in the scope of this
contribution. The object itself is an O!'24 (34 AU) binary with the companion
'"1 mag fainter than the primary. A large hourglass shaped reflection nebulosity
traces a cavity evacuated by an outflow as suggested by Padgett et al. (1999)
(Fig.5, left panel). It is the source of the small HH 156 bipolar jet, visible in
Fig. 5 right panel. The kinematics of the jet suggests that the flow is nearly
in the plane of the sky (Eisloffel & Mundt 1998). In the HST/NICMOS image
(Fig.5, left panel), the surface brightness goes through a minimum along a line
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that is perpendicular to the axis of the bipolar cavities. This can be interpreted
as a "dark lane" caused by dust located in the equatorial plane, a circumbinary
dust lane/disk? This picture is in agreement with the kinematics of the jets.
The right panel shows the HST /WFPC2 image where the shock emission in the
jet is visible. The outward proper motions are of order 180 km/s (Eisloffel &
Mundt 1998), and the morphology of the jet knots suggest a wide opening angle
for the outflow, of order 20° The base of the outflow seems to indicate that the
embedded companion is the probable source of the flow.

4.3. Mass Loss: RW Aurigae & XZ Tauri

Other fine examples of ionised jets from young binaries are offered by RW Aur
and XZ Tau. In the case of RW Aur, see Fig. 6, the image of this hierarchical
triple unambiguously shows that the jet is driven by the primary. The secondary
(itself a binary) is located 1!'4 away (,...., 200 AU). This jet is in all aspects similar
to other microjets driven by single T Tauri stars (Dougados et all 2000). It has
similar opening angle ('"'oJ 3°), morphology, tangential and radial velocity. The
jet width is resolved, at about 0!'2 - 0!'25 (or 25-35 AU), as close as 56 AU
from the driving source. Density collimation must therefore occur on smaller
spatial scales than this limit, in quantitative agreement with current MHD wind
models (e.g., Cabrit, Ferreira & Raga, 1999; Shang et al. 1998). This, and the
previous results on CoKu Tauri/l, suggest that the jet driving mechanism is not
disturbed significantly by the presence of a close (50-200 AU) ..companion.

Figure 6. Optical image of the pre-main sequence binary RW Aur ob-
tained at CFHT with PUEO. The micro-jet around RW Aur A is clearly
visible in this [8 II]AA6717/6731A+ continuum deconvolved map. The
resolution (FWHM) is rJ.'1. This image is the combination of three core-
saturated exposures (300 sec each) with two unsaturated images. The
final dynamic range is ,...., 106(la). The centroid position of RW Aur A
is indicated by a cross.

The case ofXZ Tau is more dramatic. This O!'3 (42 AU) binary (Haas et al.
1990) was literally caught in the act of blowing an outflow "bubble". The HST
images of Krist et al. (1997, 1999) show a rapidly expanding "bubble" of shocked
gas that is now 5" (700 AU) long. With an estimated proper motion of ,...., 145
kru/sec, they could trace back the ejection of the bubble to the year ",1975. The
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bubble has a complex internal structure. In that case we are possibly seeing the
early stages in the evolution of an Herbig-Haro flow.

5. Summary

Many sources with interesting nebular environments have been identified and
their structure studied with unprecedented resolution. Follow-up studies are
under way. They will include optical and near-infrared complementary imaging,
millimeter mapping, and variability studies.

In our HST snapshot surveys, nebulosity is detected in 50% of the young
binaries, and in 35% of young single stars. At' this point it is not clear how to
account for the non-detections - there are many in systems with strong infrared
and millimeter evidence for dust. Most likely, we are suffering from insufficient
dynamic range in the data. The era of large telescopes either in space or cor-
rected by high order AO promises to bring a clear view of many more young
binary environments.

References

Burrows, C. J., Stapelfeldt, K. R., Watson, A. M., et al. 1996, ApJ, 473, 437
Cabrit, S., Ferreira, J., Raga, A. 1999, A&A, 343, L61
Close, L. M., Dutrey, A., Roddier, F., Guilloteau, S., Roddier, C., Duvert, G.,

Northcott, M., Menard, F., Graves, J. E., Potter, D. 1998, ApJ, 499, 883
Dougados, C., Cabrit, S., Lavalley, C., Menard, F. 2000, A&A, 357, L61
Duchene, G., Monin, J.-L., Bouvier, J., Menard, F. 1999, A&A, 351, 954
Dutrey, A., Guilloteau, S., Duvert, G., Prato, L., Simon, M., Schuster , K.,

Menard, F. 1996, A&A, 309, 493
Duvert, G., Dutrey, A., Guilloteau, S., Menard, F., Schuster, K., Prato, L.,

Simon, M. 1998, A&A, 332, 867
Eisloffel, J., Mundt, R. 1998, AJ, 115, 1554
Guilloteau, S. 2001, this volume
Haas, M., Leinert, Ch., Zinnecker, H. 1990, A&A, 230, L1
Jensen, E. L. N., Koerner, D. W., Mathieu, R. D. 1996, AJ, 111, 2431
Jensen, E. L. N., Mathieu, R. D., Fuller, G. A. 1996, ApJ, 458, 312
Koresko, C. D. 1998, ApJ, 507, L145
Koresko, C. D. 2000, ApJ, 531, L147
Krist, J. E., Burrows, C. J., Stapelfeldt, K. R., et al. 1997, ApJ, 481, 447
Krist, J. E., Stapelfeldt, K. R., Burrows, C. J., et al. 1999, ApJ, 515, L35
Krist, J. E., Stapelfeldt, K. R., Menard, F., Padgett, D. L., Burrows, C. J. 2000,

ApJ, in press
McCabe, C. E. 2001, this volume
Menard, F., Stapelfeldt, K., Krist, J., et al. 1999, AAS, 194.6811
Monin, J.-L., Bouvier, J. 2000, A&A, 356, L75
Osterloh, M., Beckwith, S. V. W. 1995, ApJ, 439, 288

https://doi.org/10.1017/S0074180900225266 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900225266


244 Menard & Stapelfeldt

Padgett, D. L., Brandner, W., Stapelfeldt, K. R., Strom, S. E., Terebey, S.,
Koerner, D. 1999, AJ, 117, 1490

Roddier, C., Roddier, F., Northcott, M. J., Graves, J. E., Jim, K. 1996, ApJ,
463, 326

Shang, H., Shu, F. H, Glassgold, A. E. 1998, ApJ, 493, L91
Silber, J., Gledhill, T., Duchene, G., Menard, F. 2000, ApJ, 536, L89
Stapelfeldt, K. R., Krist, J. E., Menard, F., Bouvier, J., Padgett, D. L., Burrows,

C. J 1998a, ApJ, 502, L65
Stapelfeldt, K. R. et al. 1998b, ApJ, 508, 736

Francois Menard, Karl Stapelfeldt

https://doi.org/10.1017/S0074180900225266 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900225266

	0000fm01
	0000fm02
	0000fm03
	0000fm04
	0000fm05
	0000fm06
	0000fm07
	0000fm08
	0000fm09
	0000fm10
	0000fm11
	0000fm12
	0000fm13
	0000fm14
	0000fm15
	0000fm16
	0000fm17
	0000fm18
	0000fm19
	0000fm20
	0000fm21
	0000fm22
	0000fm23
	0000fm24
	0000fm25
	0000fm26
	0000fm27
	0000fm28
	0000fm29
	0000fm30
	0000fm31
	0000fm32
	0000fm33
	0000fm34
	0000fm35
	0000fm36
	0000fm37
	0000fm38
	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219
	0220
	0221
	0222
	0223
	0224
	0225
	0226
	0227
	0228
	0229
	0230
	0231
	0232
	0233
	0234
	0235
	0236
	0237
	0238
	0239
	0240
	0241
	0242
	0243
	0244
	0245
	0246
	0247
	0248
	0249
	0250
	0251
	0252
	0253
	0254
	0255
	0256
	0257
	0258
	0259
	0260
	0261
	0262
	0263
	0264
	0265
	0266
	0267
	0268
	0269
	0270
	0271
	0272
	0273
	0274
	0275
	0276
	0277
	0278
	0279
	0280
	0281
	0282
	0283
	0284
	0285
	0286
	0287
	0288
	0289
	0290
	0291
	0292
	0293
	0294
	0295
	0296
	0297
	0298
	0299
	0300
	0301
	0302
	0303
	0304
	0305
	0306
	0307
	0308
	0309
	0310
	0311
	0312
	0313
	0314
	0315
	0316
	0317
	0318
	0319
	0320
	0321
	0322
	0323
	0324
	0325
	0326
	0327
	0328
	0329
	0330
	0331
	0332
	0333
	0334
	0335
	0336
	0337
	0338
	0339
	0340
	0341
	0342
	0343
	0344
	0345
	0346
	0347
	0348
	0349
	0350
	0351
	0352
	0353
	0354
	0355
	0356
	0357
	0358
	0359
	0360
	0361
	0362
	0363
	0364
	0365
	0366
	0367
	0368
	0369
	0370
	0371
	0372
	0373
	0374
	0375
	0376
	0377
	0378
	0379
	0380
	0381
	0382
	0383
	0384
	0385
	0386
	0387
	0388
	0389
	0390
	0391
	0392
	0393
	0394
	0395
	0396
	0397
	0398
	0399
	0400
	0401
	0402
	0403
	0404
	0405
	0406
	0407
	0408
	0409
	0410
	0411
	0412
	0413
	0414
	0415
	0416
	0417
	0418
	0419
	0420
	0421
	0422
	0423
	0424
	0425
	0426
	0427
	0428
	0429
	0430
	0431
	0432
	0433
	0434
	0435
	0436
	0437
	0438
	0439
	0440
	0441
	0442
	0443
	0444
	0445
	0446
	0447
	0448
	0449
	0450
	0451
	0452
	0453
	0454
	0455
	0456
	0457
	0458
	0459
	0460
	0461
	0462
	0463
	0464
	0465
	0466
	0467
	0468
	0469
	0470
	0471
	0472
	0473
	0474
	0475
	0476
	0477
	0478
	0479
	0480
	0481
	0482
	0483
	0484
	0485
	0486
	0487
	0488
	0489
	0490
	0491
	0492
	0493
	0494
	0495
	0496
	0497
	0498
	0499
	0500
	0501
	0502
	0503
	0504
	0505
	0506
	0507
	0508
	0509
	0510
	0511
	0512
	0513
	0514
	0515
	0516
	0517
	0518
	0519
	0520
	0521
	0522
	0523
	0524
	0525
	0526
	0527
	0528
	0529
	0530
	0531
	0532
	0533
	0534
	0535
	0536
	0537
	0538
	0539
	0540
	0541
	0542
	0543
	0544
	0545
	0546
	0547
	0548
	0549
	0550
	0551
	0552
	0553
	0554
	0555
	0556
	0557
	0558
	0559
	0560
	0561
	0562
	0563
	0564
	0565
	0566
	0567
	0568
	0569
	0570
	0571
	0572
	0573
	0574
	0575
	0576
	0577
	0578
	0579
	0580
	0581
	0582
	0583
	0584
	0585
	0586
	0587
	0588
	0589
	0590
	0591
	0592
	0593
	0594
	0595
	0596
	0597
	0598
	0599
	0600
	0601
	0602
	0603
	0604
	0605
	0606



