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STARFORMATION IN ORION NEBULAE:
PROPLYDS
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Institute of Physics, Azerbaijan National Academy of Sciences, Baku, Azerbaijan

We have constructed for the first time the surface-brightness distributions arund
11 bright protostellar objects at three wavelengths. Our results indicate appre-
ciable inhomogeneity in the distribution of the radiating matter around these
proplyds. The brightness distributions along the minor and major axes have
asymmetrical, bell-like shapes.

The lengths of the tails of proplyds located within 16"of the star 61 Ori C
depend on the distance to the ionizing star. Proplyds located closer to the star
have shorter tails.

The distributions of matter in the protostellar disks differ substantially: The
brightness distributions along the minor diameter can be best fitted using a
cubic polynomial, while the brightness distributions along the major diameter
are better fitted with a power law with index « < 0.

No wavelength dependence for the dimensions of the protostellar disks was
found. The sizes of different objects in the violet, red, and IR can remain
the same, increase, or decrease with wavelength. This is probably related to
the physical and evolutionary states of individual objects. The mean absolute
luminosities determined from the bright, crescent-shaped regions in the sources
studied differ little from the solar luminosity.

Keywords: Pre-Main Sequence stars—circumstellar structure—protostars—
proplids.

1. INTRODUCTION

An important task in modern astrophysics is studying the formation of planets
and protoplanetary disks. Main key for this task are studies of the characteristics
of stars and protostellar formations, as well as the structure of protostellar disks
in the region of the Orion Nebula. We used direct images of the vicinity of 6!
Ori C taken from the Hubble Space Telescope MAST archive as observational
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material for this study. These observations were obtained on January 21, 2004
with the HST using the WFPC1 camera, with an angular resolution of 0.049".
Five different narrow-band filters were used. We selected the brightest proplyds
located near 6 Ori C. We used data from [1]and [2] to find the distance of the
proplyds from ' Ori C, which are consistent with the distances to the Orion
Nebula with in the uncertainties. At the distance to the Orion Nebula, equal to
420 pc [3], this corresponds to a linear resolution of 21 AU, sufficient to enable
studies of the structures of circumstellar disks around young stellar objects in
this region. All the objects we chose are located no more than 16~ from @' Ori C.
The data were reduced using the MIDAS software operating in a Linux Ubuntu
environment. Our reduction was guided by standard surface-photometry methods
[4]. When constructing the surface-intensity distributions of the proplyds, we
chose a direction along which we constructed a photometric cross section. This
enables estimation of the intensity from the minimum to the maximum along a
photometric cut across the object. After setting reference points along the chosen
direction, we obtained a table of data for the intensity distribution in equatorial
coordinates («, §).The maximum and minimum intensities for a given image were
identified in this table, and used to establish the step for the contours used to
depict the intensity distribution in the region of the image. Further, we created
images with intensity contours in the («, d) plane. The subsequent reduction was
carried out using these images in the Ds9 package. Figll] shows the contours for
the three proplyds 163-317, 158-326, and 176-325 and the scheme for measuring
distances in the images.

The minimum and maximum intensity and contour step are indicated for
each filter. The straight line segments in Fig[l]indicate the directions of the x and
y axes, conducted along the major and minor axes of an ellipse. A comparison
showed that it was possible to distinguish the intensity distributions obtained
mainly in three filters—FR388N, FR656N, and FR914M. Therefore, we used data
obtained in these three filters in our subsequent analysis.Fig[l] shows that the
structures of the objects are appreciably different in different filters.

TabldI| presents our measurements of the cross sectional diameters of each
proplyd in the three filters.This is a fundamental parameter of a proplyd. We
determined the diameters with in one to two pixels, so that, with a resolution
of 0.045" /pizel, the maximum uncertainty is about 50 AU.Table 6 shows that,
for most of the objects, the maximum diameters of the indicated cross sections
substantially exceed the instrumental profile. The largest sizes were obtained for
158-327, especially in the red and IR. Table[I|also presents the ratios of the major
axes Dy to the minor axes D,. The bottom row of Table 1| presents the mean val-
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FR388N FR6E56N FR914M
176-325 176-325 176-325
Imax=5 Imax=400 Imax=110
Imin=1,5 Imin=190 Imin=20
Istep=0,5 Istep=30 Istep=10
FR388N FR656N FR914M
158-326 158-326 158-326
Imax=50 Imax=300 Imax=270
Imin=48,5 Imin=150 Imin=197
Istep=0,5 Istep=30 Istep=7
FR388N FR656N FR914M
163-317 163-317 163-317
Imax=30 Imax=400 Imax=400
Imin=12 Imin=150 Imin=100
Istep=3 Istep=50 Istep=60

Fig. 1. Examples of contours of the three objects for 3 various bands

ues of the measured sizes and the irratios for all the objects. These values indicate
the characteristic sizes of circumstellar disks in early stages of their formation.

We tested for correlations between the ratio D, /D, and the angular distance
from the irradiating star 8! Ori C. The correlation coefficients for the FR388N,
FR565N, and FR914M filters are 0.716 £ 0.232, 0.473 £ 0.258, and 0.729 £0.156,
respectively. The confidence levels of the obtained correlation coefficients are no
lower than 95%. Proplyds located less than 16" from #' Ori C display signifi-
cant correlations between Dy, /D, and the angular separation from the star. The
dependence of the length of the tail on this distance could be the result of pho-
tovaporization, which increases with decreasing distance from the exciting star.
This apparently exerts a disruptive influence on the circumstellar disks of the pro-
plyds and enhances the dissipation rate. We also tested for correlations between
the individual parameters D, and D,. The correlation coefficients between D,
and D, are 0.564 + 0.227, 0.742 4+ 0.15, and 0.881 £ 0.074, respectively, for the
FR388N, FR565N, and FR914M filters. This correlation is weaker in the violet
than in the red and IR, suggesting that the disk structures of the proplyds are less
clearly expressed in the violet. The existence of linear dependences between the
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Table 1. Maximum sizes of the proplyds in the x and y directions
Filters FR388N FR656N FR914M

Object Dx(AU)Dy(AU)Dy/DxDx(AU)Dy(AU)Dy/DxDx(AU)Dy(AU)Dy/Dx
157-323] 164 217 1.32 107 161 1.50 143 254 1.78
158-323] 156 217 1.39 157 258 1.64 181 261 1.44
158-326/ 140 336 | 2.40 164 406 | 2.48 125 234 1.87
158-327 201 476 | 2.37 | 251 719 | 2.86 | 314 718 | 2.29
161-324] 167 208 1.25 171 459 2.68 80 147 1.84
163-317 168 297 1.77 121 167 1.38 176 215 1.22
166-316| 108 144 1.33 94 117 1.24 7 127 1.65
167-317 184 226 1.23 | 233 343 1.47 132 188 1.42
168-328 75 113 | 1.51 90 132 | 1.47 | 128 173 | 1.35
168-326| 237 230 | 097 | 252 230 | 091 | 279 226 | 0.81
176-325 73 192 | 2.63 98 253 | 2.58 | 150 347 | 231
@Q@ | 151.5 | 242.1 | 1.66 156 | 297.0 | 1.86 | 157.5 | 267.5 | 1.67

diameters D, and D, may testify that the observed disk sizes are proportional to
the amount of mass in the central object. No wavelength dependence of the sizes
of the protostellar disks was detected.

So, we have received the following results:

1. The lengths of the tails of proplyds located within 16  of the star ! Ori C
depend on the distance to the ionizing star. Proplyds located closer to the
star have shorter tails.

2. The distributions of matter in the protostellar disks differ substantially: the
brightness distributions along the minor diameter can be best fitted using a
cubic polynomial, while the brightness distributions along the major diam-
eter are better fitted with a power law with index oo < 0 .

3. No wavelength dependence for the dimensions of the protostellar disks was
found. The sizes of different objects in the violet, red, and IR can remain
the same, increase, or decrease with wavelength. This is probably related
to the physical and evolutionary states of individual objects.

4. The mean absolute luminosities determined from the bright, crescent-shaped
regions in the sources studied differ little from the solar luminosity.

185



G. B. Mamedkhanova AJAz: 2020, 15(1), 182-188

ACKNOWLEDGEMENTS

This work was supported by the Science Development Foundation of the Pres-
ident of the Republic of Azerbaijan (grant EIF-BGM-4-BFTF-1,/2017-21/07/01).

10.

11.

12.

13.

14.

REFERENCES

. Aschwanden, M.J., Physics of the Solar Corona-An Introduction,2004, Published

by Praxis Publishing Ltd., Chichester, UK, and Springer-Verlag Berlin ISBN..3-
540-22321-5

Aschwanden, M.J., The role of observed MHD oscillations and waves for coronal
heating, 2004, ESASP, 575, 97.

. Athay, R.G. and White, O.R., Chromospheric and coronal heating by sound

waves, 1978, ApJ, 226, 1135.

Banergee, D., Teriaka, L., Doyle, J. G. and Wilhelm, K., Broadening of Si VIII
lines observed in the solar polar holes, 1998, A&A, 339, 208.

Banerjee, D., Gupta, G.R. and Teriaca, L., Propagating MHD waves in coronal
holes, 2011, Space Science Review manuscript, 158, 267.

Bomporad, A. and Abbo, L,2012, Spectroscopic signatures of Alfven waves damp-
ing in the polar coronal hole up to 0.4 Solar radii, ApJ, 751, 110.

Bruner, Jr. E.C., Dynamics of the Solar Transition Zone, 1978, ApJ, 226, 1140.

Coyner, A. J., and Davila, J. M., Determination of non —thermal velocity distri-
butions from sets.. 2011, ApJ, 742, 115.

DeFores, C.E. and Gurman, J. B. Observation of quasi-periodic compressive waves
in Solar Polar plumes. 1998, ApJ, 501, L 217.

De Moortel, I, Ireland, J. and Walsh, R.W. Observation of oscillations I coronal
loops.. 2000, A&A, 355, L23.

De Moortel, 1., Ireland, J., Walsh, R.W. and Hood, A. W., Longitudinal intensity
oscillations in coronal loops observed with RTACE. 2002, SoPh, 209, 61.

De Moortel, 1., An overview of coronal seismology. Royal Society of London.2005,
Philosophical Transactions Series A, 363, 2743.

De Moortel, 1., Propagating magnetohydrodynamics waves in coronal loops,2006,
Royal Society of London Philosophical Transactions Series A, 364, 461.

De Moortel, I., Longitudinal Waves in Coronal Loops.. 2009, Space Science
Rev.,149, 65.

186



AJAz: 2020, 15(1), 182-188 Starformation in orion nebulae: Proplyds

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

De Moortel, I. and Nakariakov, V. M., Magnetohydrodynamic waves and coronal
seismology: an overview of a recent result, 2012, Philos. Trans. R. Soc. London,
Ser. A, 370, 3193.

Deubner, F.-L., Observations of short period Acoustic waves bearing on the inter-
pretation of “ microturbulence”, 1976, A& A., 51, 189.

Devlen, E, ZenginCamurdanD, Yardimg¢i, M. and Pekiinlii, E.R., A new model for
heating of the Solar North Coronal Hole, 2017, MNRAS, 476, 133.

Doyle, J. G., Banerjee, D. and Perez, M. E., Coronal line-width variations, 1998,
Solar Physics, 181, 91.

Gupta, G. R., Spectropicevidens of Alfven wave damping in the off-limb Solar
Corona,2017, ApJ, 836, 4.

Hahn, M., Landi, E. and Savin, D.W., Evidence of wave damping at low heights
in a polar Coronal polar hole,2012, ApJ, 753, 36.

Hassler, D.M., Rotman, G.J., Shoub, E. C. and Holzer, Th. E. Line broadening
of Mg X A\609 and 615 coronal emission lines observed above the solar limb. ApJ
,1990, 348, L77.

Jess, D.B., Mathioudarakis, M., Erdelyi, R.., Krocket, P.J., Keenan. F.P. and Chris-
tian, D.J. Alfven waves in the Lower Solar Atmosphere, Science, 2009, 323, 1582.

Kanoh, R., Shimizu, T. and Imada, Sh., HINODE and IRIS observations of the
magnetohydrodynamic waves propagating from the photosphere to the chromo-
sphere in a sunspot, 2016, ApJ, 831, 24.

Laing, G. B. and Edwin, P.M., Dissipating the energy of magnetoacoustic waves
in a structured atmosphere.1995, SoPh, 161, 269.

Liu, W., Title, A.M., Zhao, J., Ofman, L., Schrijver, C. J., Aschwanden, M. J., De
Pontiu, B. and Tarbell, Th. D., Direct Imaging of quasi-periodic fast propagating
waves of ~2000 km s-1 in the low solar corona by the solar dynamics observatory
atmospheric imaging assembly. 2011, ApJ 736, L13.

McEwan, M. P. and De Moortel, 1., Longitudinal intensity oscillations observed
with TRACE: evidence of fine-scale structure. 2006, A&A, 448, 763.

MeclIntosh, S. W., de Pontieu, B., Carlsson, M., Hansteen, V., Boerner, P. and
Goossens, M., Alfvenic waves with sufficient energy to power the quiet Solar Corona
and fast Solar wind. 2011, Nature, 475, 477,.

Moran, T. G., Test for Alfven wave signatures in Solar Coronal holes,2003, ApJ,
598, 657.

Nakariakov, V. M. andVerwichte, E. Coronal Waves and Oscillations,2005, Living
Reviews in Solar Physics, 2, 3.

187



G. B. Mamedkhanova AJAz: 2020, 15(1), 182-188

30.

31.

32.

33.

34.

35.

36.

Ofman, L., Nakariakov, V.M. and DeForest, C. E., Slow magnetosonic waves in
Coronal plumes. 1999,AplJ, 514, 441.

Parker, E. N.: Topological Dissipation And The Small-Scale Fields In Turbulent
Gases, 1972, ApJ, 174, 499.

Patsourakos, S. and Vourlidas, A., On the Nature and Genesis of EUV Waves, A
Synthesis of Observations from SOHO, STEREOQO, SDO, and Hinode. 2012 SoPh,
281, 187.

Tomczyk, S. and MclIntosh, S. W., Time distance seismology of the Solar Corona
with CoMP,2009, ApJ, 697, 1384.

Tomeczyk, S., McIntosh, S.W., Keil, S.L., Judge, P.G., Schad, T., Seeley, D.H. and
Edmonson, J., Alfven waves in the solar Corona,2007, Science, 317, 1192.

Wang, T.J., Ofman, L. and Davila, J. M., Propagating slow magnetoacoustic waves
in coronal loops observed by HINODE/EIS, 2009, ApJ, 696, 1448.

Withbroe, G. L., and Noyes, R. W., Mass and energy flow in the solar chromo-
sphere and corona. 1977, Ann. Rev. Astron. Astrophys., 15, 363.

188



	26 Mammedxanov.pdf
	STARFORMATION IN ORION NEBULAE: PROPLYDSMamedkhanova G. B.
	 Acknowledgements


