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Abstract. — We report our measurements of linear polarization of a number of Herbig Ae/Be stars made at several
epochs during the period 1989-1993. These results together with the observations compiled from the published sources
have been analysed to study the variability of polarization in Herbig Ae/Be stars. It is found that polarimetric vari-
ability is a common feature of this class of objects. Most of the objects are variable on time scales >1 yr. Some objects
have shown large variations on time scales as short as ~ 1 month indicating structural changes in the distribution of
circumstellar matter close to the star within a few tens of stellar radii. Variations in the polarization position angle
are not always correlated with variations in the degree of polarization.
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1. Introduction

Herbig Ae/Be stars are now well recognized as the inter-
mediate mass counterparts of T Tauri stars, though many
significant differences in their properties with respect to
the latter class of objects have been identified. The evo-
lutionary status of Herbig Ae/Be stars as the pre-main-
sequence (PMS) objects has been established i) by the
observations of infra-red excess in a majority of them, ii)
their physical association with dark clouds and iii) their
position in the HR diagram. A majority of these objects
show photometric as well as spectroscopic variability (see,
for example, Catala 1989 for a review). In the original sur-
vey, Herbig (1960) had identified a total of 26 objects be-
longing to this class. The catalogue was later expanded by
Finkenzeller & Mundt (1984) to include 57 stars and since
their study, other observers (e.g. Hu et al. 1989; Bergener
et al. 1990) have added new candidates taking the cata-
logue to include more than 70 objects.

The presence of circumstellar material around Herbig
Ae/Be stars has been established by the observations of
strong IR excess and the presence of the infrared emission
features (cf. Strom et al. 1971; Strom et al. 1972; Cohen
1973; Whittet et al. 1983; Bhatt & Gorti 1993) and the
strong UV depletion (Sitko et al. 1981; Catala 1983; The’
et al. 1986). This is supported by the observations of rel-
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atively large degree of polarization in a number of these
stars (cf. Breger 1974; Vrba et al. 1979; Jain et al. 1990)

The nature and geometry of the circumstellar mate-
rial around Herbig Ae/Be stars, however, remains a con-
troversial issue. Both spherical distributions and flattened
disks have been invoked for this purpose. For example,
Hillenbrand et al. (1992 and the references therein) have
analyzed the spectral energy distribution (SED) of 47 cat-
alogued Herbig Ae/Be stars and conclude that these stars
can be classified into three groups. The SED of the Group
I objects consisting of 30 members can be explained by
invoking a geometrically thin, optically thick circumstel-
lar accretion disk. The inner regions of these disks must
be optically thin to account for the inflections in their ob-
served near infrared spectra. Group II objects (11 in num-
ber) appear as young intermediate-mass stars or star/disk
systems surrounded by gas and dust which is not confined
to a disk. The rest 6 stars, belonging to Group III, have
very little infrared excess, and appear similar to classi-
cal Be stars. This view is supported, in part, by a high
sensitivity survey of radio continuum emission from Her-
big Ae/Be stars (Skinner et al. 1993). A different view
point is, however, presented by Berrilli et al. (1993) who
show that their IR observations in J, H, K, L, M, and 8-
13 4 bands of Herbig Ae/Be stars located in the southern
hemisphere can be explained more easily by the spherical
geometry for the dust distribution, rather than a flattened
structure. This is supported in part by the infrared stud-
ies of Natta et al. (1993) who surmise that at least three
components contribute to the observed infrared emission:
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the central star, a circumstellar disk, and an extended,
almost spherically symmetric, envelope.

Polarimetric measurements provide an important tool
to study the problem of the nature and geometry of the
circumstellar material. In this paper we report our mea-
surements of linear polarization, extending over a period of
about four years, of 24 stars. The methods of observations
and data reduction are discussed in Sect. 2. The results
are discussed in Sect. 3. In order to study the variability
aspect, we have compiled the observations available in the
published literature and present them along with our own
observations. The results are discussed in Sect. 4. Finally,
we list the main conclusions of our study in Sect. 5.

2. Observations

All the observations were made with a star and sky chop-
ping polarimeter coupled at the f/13 cassegrain focus of
the 1 m telescope at Vainu Bappu Observatory, Kavalur.
the instrument and the method of data reduction are
described elsewhere (Jain & Srinivasulu 1991). A dry
ice cooled EMI 9658-R (extended S-20) photo-multiplier
tube, coupled with Fernie (1974) combination of glass fil-
ters has been used throughout the observations. The av-
erage instrumental polarization, determined every night
by observing unpolarized standard stars (Serkowski 1974),
was P ~ 0.1%. It was subtracted vectorially from the mea-
sured polarization of the program stars. The zero of the
position angle was determined by observing the polarized
standard stars (Hsu & Breger 1982).

3. Results

The results of our observations are given in Table 1 (ac-
cessible in electronic form) and shown in Fig. 1. Also tab-
ulated in Table 1 are the results compiled from the pub-
lished sources. The entries in Table 1 are as follows.

Column 1: Serial number

Column 2: Object identity

Column 3: Date of observations. In case of the com-
piled data, only the month and year of
observation are given as information
about the dates is not available

Columns 4-7:  Degree of polarization P (in percentage)

standard error €, (at 1 o level), position
angle 6 (in degrees) and the standard
error in position angle 4 (in degrees),
in U filter.

Same as in Cols. 4-7, but in filters B, V,
R and I respectively.

Reference

Columns 8-23:

Column 24:

A dash against an entry means that no datum is avail-
able.
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In Fig. 1, error bars have been omitted to retain the
clarity of the plots.

The measurements in the U band were restricted to
the bright objects. In other cases, the errors were gener-
ally large owing to very low photon flux. Similarly, not
all the stars were observed in the B band. In some cases,
measurements could be done in only one or two bands.

4. Discussion

We discuss two aspects of the results presented in Table
1: the general polarimetric properties of the objects as
a class and the peculiarities of some individual objects.
Since our main objective was to investigate the variability
of polarization, no efforts were made to estimate the in-
terstellar component, as the latter is not expected to show
any variability.

4.1. General behaviour of Herbig Ae/Be stars as a class

The percentage polarization in different wavelength bands
for the stars observed varies from very small values
(< 0.1% for AB Aur) to values as large as ~ 6% (MWC
137). It can be seen from Table 1 that:

i) For most of the stars the polarization, measured at
a given epoch, does not show a wavelength depen-
dence that is characteristic of the interstellar polar-
ization which generally peaks in the V' band. For the
stars observed, the wavelength dependence of polariza-
tion is either nearly flat (e.g. LkH, 215, March 1989;
HD 53367, 1972-73) or peaks at wavebands other than
V (e.g. HD 76534, Z CMa). The wavelength depen-
dence of the degree of polarization also changes with
time for most of the objects. This indicates that in
most of the Herbig Ae/Be stars the observed polariza-
tion has a substantial component produced by circum-
stellar matter.

ii) At agiven epoch the position angle of polarization does
not show any significant dependence on wavelength for
most of the objects. the position angle can however
change with time. the wavelength independence of po-
sition angle indicates that in the optical region the
geometry of the circumstellar matter is the same for
all wavelengths. Optically thick discs scattering off the
central starlight could cause such a behaviour.

Measurements made at different epochs show that

most of the Herbig Ae/Be stars are polarimetrically

variable. To investigate the variability of the degree
of polarization and position angle for these objects we
computed the weighted mean of the observed (at differ-
ent epochs) degree of polarization < P > and position
angle < 6 > for each object in each band separately.

Then the deviation of each observation from the mean

was computed. The maximum values of these devia-

tions AP and A# together with the standard errors ep

iii)
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and eg of the corresponding measurements are given in
Table 2. The deviations are a measure of the variability
and the largest observed deviations (irrespective of the
wave band) AP and A have been plotted against the
corresponding standard errors of measurement ¢, and
€p in Fig. 2 and Fig. 3 respectively. It can be seen from
Fig. 2 that of the 21 stars, 18 (86%) show deviations
in the degree of polarization larger than the standard
error of measurement (AP > ep). 12 stars (57%) have
AP > 2¢p while 8 stars (38%) have AP > 3ep. Only
3 stars (14%) have AP < ep. These are HD 37490,
HD 52721 and HD 163296. Interestingly the first two
of these objects have SEDs characteristic of Group III
(Hillenbrand et al. 1992). Another Group III object
in our sample, HD 53367, also shows only very small
variations in polarization (AP < 0.25%). It may then
be concluded that most of the Herbig Ae/Be stars un-
dergo large (AP > 0.25%) variations in the degree of
polarization except those belonging to the Group III
which generally have variations AP < 0.25%.

Variation in position angles is also a common feature
of Herbig Ae/Be stars. It can be seen from Fig. 3 that
18 stars (86%) show variations in position angle A8 > eg,
14 stars (67%) have Af > 2¢y and 9 stars (43%) have
Af > 3e€9. Only 3 stars (14%) have Af < €5. These are
HD 37490, MWC 137 and HD 76534. It is to be noted that
HD 37490 and HD 76534 are Group III objects. Another
Group III object HD 52721 also shows a very small vari-
ation in position angle (A8 = 6°). There is no significant
correlation between AP and Af. Thus some stars undergo
large varations in both the degree of polarization and the
position angle (e.g. BD + 46° 3471), while others show
large variations only in the degree of polarization (e.g.
BD + 61° 154) or in the position angle (e.g. HD 163296).
Stars showing large variations in position angle without
any corresponding large variations in the degree of polar-
ization are generally those that have small values of the
degree of polarization. Even minor changes in the distri-
bution of circumstellar matter in these stars may cause
significant changes in the polarimetric properties.

4.2. Comments on some individual objects

XY Per: This object shows a moderately large degree
of polarization (Py ~ 1.7%) which does not vary signifi-
cantly with time. The wavelength dependence of polariza-
tion follows the typical interstellar pattern. The position
angle is wavelength independent and also does not show
any significant variation with time. It is possible that the
observed polarization for this object is dominated by the
interstellar component.

T Ori, BF Ori and HD 76534: These objects have
shown a polarization peak in the R band at one epoch
or the other. This may be related to the phenomenon of
“R filter bump” discussed by Vrba (1975) and Vrba et al.
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Table 2. Variations in polarization of Herbig Ae/Be stars

S.No. Object Filter  Polarization P(%) Position angle 6 (o) Number of
observations
<P> AP ep <> A8 ¢ N

1 BD + 61° 154 1.27 0.05 0.22 93 15 5
1.68 0.25 0.22 100 11 1
1.83 091 044 102 11 1
193 0.65 0.21 97 6 6

1.69 0.06 0.14 95 1 3

2. XY Per 094 021 038 138 13 10
1.70 017 021 131 7 4
162 020 011 133 9 2
144 027 0.16 130 9 4
3. AB Aur 0.41 006 0.12 49 88 12
0.30 026 0.06 52 52 22
0.35 0.31 0.06 59 72 52
0.33 041 0.04 4 78 21
0.14 0.09 0.12 70 68 22
4 HK Ori 112 024 0.14 158 7 3
1.08 0.23 0.18 161 68 52
0.69 242 0.66 133 48 9
5. T Ori 045 022 0.17 56 26 24
0.26 1338 0.82 53 53 13
0.20 3.76 0.60 53 78 11
0.33 033 0.20 54 29 10
6 V 380 Ori 012 252 1.3 126 12 16
0.67 038 0.32 95 56 21
0.78 0.46 0.34 95 25 8
073 111 0.60 96 22 3
0.66 0.59 0.18 90 25 9
7 BF Ori 0.63 0.43 0.26 68 2 7
0.79 038 0.17 75 30 12
8. HD 37490 0.18 0.10 0.10 53 16 52
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B
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R

I

U
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v

R

I
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R

B

v

R

I

U

B

\4

R

I

v

R

v
9 HD 250550 U 0.85 0.38 0.33 175 65 12
B 0.83 037 0.11 179 12 2
v 119 078 017 182 19 12
R 0.73 030 0.05 170 14 4
I 095 048 0.21 174 1 4
v 6.27 168 1.56 162 7 10
R 591 091 0.70 159 5 14
0) 094 0.09 0.22 61 5 7
B 1.03 025 0.12 69 12 7
A% 118 0.38 0.10 78 15 9
R 1.00 0.2 0.20 80 43 14
I 1.07 012 0.13 78 19 7
U
B
v
R
I
B
v
R
B
A%
R
I
U
B
v
R
v
R
B
v
R
I

10 MWC 137

11  LkH, 215

12 HD 259431 049 012 0.25 103 43 19
1.04 0.65 0.22 106 19 16
092 013 0.11 112 13 4
091 046 0.18 106 16 4
093 024 0.06 104 4 5
13.  HD 52721 121 0.07 0.13 18 6 4
130 0.10 o0.10 20 4 3
0.99 0.08 0.08 15 2 3
14. ZCMa 072 079 0.34 156 19 19
0.78 0.64 0.16 159 62 52
0.81 028 0.50 161 65 27
114 061 0.03 159 87 28
15. HD 53367 0.56 0.18 0.09 29 10 3
0.55 0.15 0.13 30 11 5
0.50 0.16 0.09 35 7 8
035 025 0.06 56 50 16
16. HD 76534 061 022 0.24 126 4 11

0.72 054 0.13 130 7 14
429 103 2.03 60 16 11
498 0.14 0.14 60 17 8
479 027 0.22 59 2 1
438 099 0.58 59 7 5

20. HD 150193

@ w bkl le rn vl o wlww vl o o i oo w o v e oo w ol vl g oo e oo N0 R E A e WD e s W
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1.26
1.49
1.25

4.65
0.91
0.74

2.57 24 42 12
0.11 23 51 3
041 16 31 12

402 S.K.
Table 2. continued
21. HD 163296 B 038 002 0.38 2 15 27 2
v 025 014 017 37 62 13 2
R 031 007 012 27 26 9 2
22.  MWC 297 B 093 037 021 97 28 16 3
v 1.79 036 016 9% 2 4
R 203 087 036 97 2 3 4
I 209 009 005 98 2 1 4
23, BD + 40°4124 B 124 014 009 15 6 2 3
v 113 08 020 12 51 21 3
R 119 032 015 18 61 15 3
24, BD +46°3471 U 061 060 040 13 42 23 2
B 2
v 3
R 3

AP ('Pevcenmge)

0 1 | |

0 1 2 3
€p (Percentage)

Fig. 2. The largest deviation (AP) in the observed degree of
polarization is plotted against the standard error (ep) of the
measurements

(1979). A relatively large value of polarization in the R
band at some epoch is also shown by H K Ori and V 380
Ori.

MWC 137: This object has shown the largest polariza-
tion (~ 6%) in our sample. The observed polarization does
not show any significant variability. Finkenzeller & Mundt
(1984) call it unusual in several respects. The object shows
one of the strongest and broadest H, emission lines. The
star is also highly reddened (E(B - V) = 1.5).

Jain and H.C. Bhatt: Study of variability of the polarization in Herbig Ae/Be stars

A0 (Degrees)

0 10 20 30 40 50 60 70 80 90
€,(degrees)

Fig. 3. The largest deviation (Af) in the observed polarization
position angle is plotted against the standard error (eg) of the
measurements

RCW 34: There is only one set of observations in the
V and R bands. The high degree of polarization fits in
well with the Group II classification by Hillenbrand et al.
(1992).

4.3. Variability time scales

Herbig Ae/Be stars have not been monitored continuously
at regular intervals. Only a few multiple polarization mea-
surements at intervals ranging from a few days to about
twenty years are available. Most of the objects do show
significant polarimetric variability on time scales > 1 yr.
Some stars (e.g. HK Ori, T Ori, HD 250550, HD 76534)
have shown large variations in polarization on time scales
~ 1 month. If the variability is due to clumps of scatter-
ing material moving with typical Keplerian velocities such
short time scales of variability imply structural changes
in the distribution of circumstellar material close to the
star within a few tens of stellar radii (~ 3 10'2 cm). This
region may correspond to the optically thin inner holes
in the circumstellar discs inferred to exist around Herbig
Ae/Be stars (Hillenbrand et al. 1992).

5. Conclusions

We have presented the results of our measurements of lin-
ear polarization of Herbig Ae/Be stars made at several
epochs during the past four years (1989-1993). From these,
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and other measurements compiled from the literature, the
following conclusions can be drawn.

i) For most of the Herbig Ae/Be stars the degree of po-
larization does not show the wavelength dependence
that is characteristic of interstellar polarization and
the observed wavelength dependence can change with
time indicating the presence of a substantial compo-
nent produced by circumstellar matter.

ii) At a given epoch the polarization position angle does

not show any significantly large variation with wave-

length for most of the objects. Temporal variations in
the position angle are however common.

Most of the objects are polarimetrically variable. Only

3 stars (14%) in our sample show variations in the de-

gree of polarization AP that are smaller than the cor-

responding standard errors in the measurements ep. It
is found that the Group III objects (Hillenbrand et al.

1992) generally have smaller variations in polarization.

There is no significant correlation between the varia-

tion in the degree of polarization (AP) and the varia-

tion in the polarization position angle (A@).

v) Most of the observed Herbig Ae/Be stars are polari-
metrically variable on time scales > 1 yr. However,
some objects have shown large variations in polariza-
tion on time scales as short as ~ 1 month indicating
structural changes in the distribution of circumstellar
material close to the star within a few tens of stellar
radii.

iii)

A more complete interpretation of the results of po-
larimetric studies would be possible only when simultane-
ous photometric and spectroscopic measurements are also
available. Herbig Ae/Be stars need to be monitored more
regularly with such simultaneous obervations for a better
understanding of the young stellar objects of intermediate
mass.

403

References

Bergener Y.K. et al. 1990, Astrophys. 32, 23

Berrilli F., Corcivlo G., Ingrosso G. et al. 1992, ApJ 398, 254

Bhatt H.C., Gorti U. 1993

Breger M. 1974, ApJ 188, 53

Catala C. 1983, A&A 125, 313

Catala C. 1989, in Proc. ESO workshop on Low Mass Star
Formation and Pre-Main sequence objects, ed. B. Reipurth
(Garching: ESO) 471

Cohen M. 1973, MNRAS 161, 105

Fernie J.D. 1974, PASP 86, 837

Finkenzeller U., Mundt R. 1984, A&AS 55, 109

Garrison M. Jr., Anderson C.M. 1978, 221, 601, Bull. Astron.
Soc. India 21, 541

Herbig G.H. 1960, ApJS 4, 337

Hillenbrand L.A., Strom S.E., Vrba F.J., Keene J. 1992, ApJ
397, 613

Hsu J.C., Breger M. 1982, ApJ 262, 732

Hu J.Y., The' P.S., de Winter D. 1989, A&AS 208, 213

Jain S.K., Srinivasulu G. 1991, Opt. Eng. 30, 1415

Jain S.K., Bhatt H.C., Ram Sagar 1990, A&AS 83, 237

Natta A., Palla F, Butner H.M., Evans II N.J, Harvey P.M.
1993, ApJ 406, 674

Serkowski K. 1974, Polarimeters for Optical Astronomy, in
Planets, Stars, and Nebulae studied with photopolarimetry,
ed. T. Gehrels (The University of Arizona Press, Tucson,
Arizona) 135

Sitko M.L., Savage B.D., Meade M.R. 1981, ApJ 246, 161

Skinner S.L., Brown A., Stewart R.T. 1993, ApJS 87, 217

Strom K.M., Strom S.E., Yost J. 1971, ApJ 1654, 479

Strom S.E., Strom, K.M., Yost J., Carrasco L., Grasdalen G.L.
1972, ApJ 173, 353

The' P.S., Wesselius, P.R., Tjin A, Djie H.R.E., Steenman H.
1986, A&A 155, 347

Vrba F.J. 1975, ApJ 195, 101

Vrba F.J., Schmidt G.D., Hintzen P.M. 1979, ApJ 227, 185

Whittet D.C.W. et al. 1983, A&A 123, 301

Whittet D.C.B. 1992, Dust in the Galactic Environment (In-
stitute of Physics Publishing, Bristol) 87

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995A%26AS..111..399J

sour] jySre1js £q pautol ueeq aaey yoods sures oY) 0} Furpuodserros sjulod T o[qe], Ul usAIS seoinos paysiyqnd
oy} woij pa[iduros esoyy se [[om se Apnys jueserd oy jo symse1 oy yjoq juesardar sjyutod eyep oy J, ‘srejs og /oy SIqIo]] 10} suoryealssqo oupewairejod mojoonmN T *S14

(l-wn)vy (-wr)xyi
o€ sz 0z s o1 0t sz 02 s 01
T —ﬂﬂmmm T L] Trr v T \J
GH LE765Z QH
oo} Joo (-wn)xyy (-wr)xsy
] o Y 0z sl 0L 0 $2 0z s 01

os S0 0 ! T T T T VY Y T T 00
oo} 4o or} 1so
o 4.0 osf i P
o9f 4so oz 4t
osk J2 o9if- 140 085 A 140 085 A 0

onf — 4os os | 0z
09tp pE— Ls oz ot

0ot SIZoH N Sz ©H A1 N 0 o
L]

o7} 40

ozt oy ot

hJ

[ ] .

W osif LEL OMW LEL OMm ¢ T oor 1404 180 L 1

o 2 0 o0

N 0 00 o ®

3 3 S 3
» O} 40 32 W s q01 3
» o .
w oo} 4s0 © Q ooif — 1° 4
< 3 3 140 WH "

140 %H g
ot 4 w st t\l.UA/d g w.
- = )
ooz} 055052 QH 055052 QH 19 ° A

o 00 osF qzo

orl R 4o 00t} 470
osf . 40 osif- ® unv av unv av 1e°
oz o oL 00

1 L .
o 06%LE QH 06%L¢ QH 17 oct N (Lo,

S.K. Jain and H.C. Bhatt: Study of variabibility of the polarization in Herbig Ae/Be stars

/ i = 49d AX 194 AX 1°°
[ 14 & / 4s0 08 00
(1] 2 401 oot} Ho
oot 140 48 140 49 = P - 407t
. [ o 7S1.19+08 751,49+ 08
A Y n 1 LA A 1 1 1 A Il 1 | . i LA 1 | 1 1 L .
= 4 4 0
< n e A E] 1 n [} A ] 1 n ] A ] 1 n -] A ¥} 1

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995A%26AS..111..399J

405

penurjuod T *S1q

00

0t

(x4

0'E

oy

0's

09

00
S0

S

0z

00

ot

04

ot

00

S0

[}

Sl

4]
5
-~
1]
Q
m
N~
3]
<
60
.-t
e}
-t
Q
ja
= (Ll-wn) i (j—wr)x/y
g o'c (R4 0 sl 0L, 0 (%4 02 sl 0l
..A.w. /] v 4 T Y T Y Y Y
8 -— y
= ozp 4
=
mx orp; A
(]
= o9 .
2
ey
5 osk §
W 1LYEQY + a9 LL7€,97 +a8
z ]
< 4
E]
> 0 - —e
p.m /
> osf > o
]
2 Ot 1
S -
o o/MV.ATQ\'\nIN/..
# » osif L
s 9 %21y 0% +08 217,07 +08
m 2 h
) L
O Lo
=
- oot} 4
8
oz s
g 1
uJa onk L6ZIMN L6Z MW .
M
! 0
osf g
0oL -~
OSIF opsz oW Z y
' L 1 2 A A 1 1 A - -
n ] A ] [ n a A ] 1

LCe6E. TTT . SVBRVYI66T.

(36D31uddiag) g

(-wn)xyy (L-wn)vyy
oe sz 0z sl 5z oz sl 01
T Ll I T T T T
8 Ho0
or -— . . 40
os 4720
co— | \/ - N.Q
0Si - ——* 4.0
962€9L OH 962691 QH
o€ o't
ovf dov
\.
211 J q0s
L]
(Y] 3 =109
o €610SL OH £610S1 OH
—
o 0’0
"
Qou |- .\VA/ Hro
®
ool 4e0
w
-
091} 2
7€59L QH 7€S9L QH
. 00
of 420
[ ]
ov} E kY
osf q90
L]
our L9EES QH L9EES QH qe0
0 80
ot} 1o
ol ¢
ot LZL2S QH LTLTS QH L R
1 1 1 i 1 1 L
n a n a A Y 1

(abpiuadiad)d

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995A%26AS..111..399J

