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ABSTRACT

Context. The small compact isolated dark clouds also known as “Bok globules’ are believed to be ideal sites for low-mass star
formation. Some of these clouds are undergoing gravitational collapse, and the ambient magnetic field plays a key role in collapse
dynamics. The background star polarimetry is generally accepted as a good tool to map the magnetic field, which is responsible for
the alignment of dichroic grains that produce polarization.

Aims. The background star polarization when studied together with extinction is expected to help us to understand various grain
properties and the role of polarimetry asatracer of magnetic field in these star-forming clouds. With thisidea, polarization and colour
excess E(B — V) values for a set of background stars have been studied together to understand various astrophysical process in some
star-forming dark clouds.

Methods. Optical photometric observations of the three clouds CB3, CB25, and CB39 were carried out at the 2 m H.C. Telescope,
Indig, to determine the colour excess E(B — V) of the background stars by following a technique adopted by Bernabel & Polacaro
(2001, A&A, 371, 123). These three clouds were selected from a set of eight clouds previously observed by usin optical polarimetry
(Sen et al. 2000, A&AS, 141, 175). Further independent spectroscopic measurements of a few selected sample stars were recently
carried out during February and March 2010 from 1.52 m Cassini Telescope, Loinao, Italy, to confirm the correctness of estimated
E(B - V) values obtained by this photometric technique.

Results. The colour excess E(B — V) vaues so obtained were compared with optical polarization values obtained for the same set
of stars. It was found that the measured extinction values increase with the increase in percentage polarization for the cloud CB39
and to some extent for CB25. However, for cloud CB31 no such correlation was observed. It is normally expected that the grains
causing extinction should also cause polarization of the light from background stars. Any possible deviation from this under different
circumstances here has been discussed in the light of the ongoing physical processes in the star-forming clouds.
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1. Introduction

The small compact isolated dark clouds also known as “Bok
gloubles’ are believed to be sites for low mass star formation
(Bok & Reilly 1947). For the cloudsto be able to contract gravi-
tationally to give birth to low-mass stars, they have to overcome
the combined effect of thermal outward pressure, turbulence, and
magnetic field. It is the magnetic field which plays akey rolein
collapse dynamics by mediating outflows, collimating jets, etc.
The alignment of the magnetic field geometry in these cloudsis
generally mapped by background star polarimetry in the optical
or NIR (near infrared).

Barnard (1927), Lynds (1962), and more recently Clemens
& Bervainis (1988) have catalogued these small nearby molec-
ular clouds. When the light from the background stars passes
through the clouds, extinction and reddening are caused due to
absorption and scattering by the dust grains present in the clouds.
This process also introduces polarization in the star light, if the
grains are dichroic and aligned. It is believed that the grains get
aligned by an ambient magnetic field by a mechanism originally
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suggested by Davis & Greenstein (1951) and subsequently mod-
ified by many authors. Recently, many photometric, polarimet-
ric, spectrometric, and radiometric studies have been reported
on star-forming clouds by various authors (Huard et al. 2000;
Larson et al. 2000; Sen et a. 2000; Wiebe & Watson 2001;
Khanzadyan et al. 2002; Launhardt & Sargent 2001; Matthews
& Wilson 2002; Wolf-Chase et a. 2003; Draine 2003; Ghosh
et a. 2005; Sen et a. 2005; Kandori et al. 2005; Massi et a.
2004, 2005; Kirk et a. 2006; Gouliermis et al. 2006; Maheswar
& Bhatt 2006; Naoi et al. 2006; Vaidya et a. 2007; Ward-
Thompson et al. 2000; Whittet 2007). It is generally expected
that the increasing extinction along aline of sight correspondsto
increasing polarization. Serkowski et a. (1975) found from their
extensive study of interstellar polarization at visual wavelengths,
that while greater extinction tended to go with greater polar-
ization, a simple linear correlation did not exist. Jones (1989)
carried out a polarimetric study at near-infrared wavel engths to
investigate the behaviour of interstellar polarization asafunction
of optical depth in front of a source for extinctions exceeding
100 mag at V and found a good correlation between interstellar

Page 1 of 7


http://dx.doi.org/10.1051/0004-6361/201014875
http://www.aanda.org
http://www.edpsciences.org

A&A 522, Ad5 (2010)

polarization (p) and interstellar extinction at 2.2 um for almost
all lines of sight. The observed trend in polarization with ex-
tinction was interpreted with a model involving equal contribu-
tions from a uniform component and a random component to
the interstellar magnetic field. In most studies of the p vs. Ay
relation, it is found that there is a fuzzy upper bound to the
amount of polarization possible for a particular extinction and
that observed points lie anywhere below this upper limit in the
p—Ay line (Moneti et a. 1984; Whittet et al. 1994). Gerakines
et a. (1995) used polarimetric observations of background field
stars to investigate alignment in the Taurus Dark Cloud for ex-
tinctions in the magnitude range 0 < Ax < 2.5 (equivalent to
0 < Ay < 25) and found a strong systematic trend in polar-
ization efficiency with extinction, represented by a power law
p/Ay o AP, The result was discussed with a number of pos-
sible interpretations. Using near-IR polarimetry, Goodman et a.
(1992, 1995) found that there was almost no relation between the
background star polarization and extinction in the dark clouds.
Arce et a. (1998) studied the relation between polarization (p)
and extinction (Ay) in the Taurus cloud complex. They found
two trends in their p — Ay study: (1) stars that are background
to the warm interstellar medium show an increase in p with Ay;
and (2) the polarization of starsthat are background to cold dark
clouds does not increase with extinction. They offered a set of
guidelines to find where the polarization maps can be taken as
faithful representations of the magnetic field projected onto the
plane of the sky and where they can not be. Fosalba et al. (2002)
made a statistical analysis of the largest compilation available
on the Galactic starlight polarization data and found a nearly
linear growth of mean polarization degree with extinction. The
amplitude of this correlation shows that interstellar grains are
not fully aligned with the Galactic magnetic field, which can
be interpreted as the effect of a large random component of the
field. Jones (2003) studied polarimetry at 1.65 um of stars shin-
ing through the filamentary dark cloud GF 9 and found the dust
grains within GF 9- core were aligned and produced polariza-
tion in extinction. Sen et a. (2005) modelled the dark cloud as
a simple dichroic polarizing sphere, which explains why polar-
ization need not always increase with total extinction Ay as one
moves towards the center of the cloud. Their analysis shows that
the observed polarization depends largely on the orientation of
the magnetic field (within the cloud) with respect to the direction
of interstellar magnetic field. The cause of the lack of polarizing
power for dust in some cold dark cloudsis still debated.

The present study aims at finding any possible relation be-
tween the observed polarization and extinction of the star, back-
ground of these clouds. For that purpose, three clouds CBS3,
CB25, and CB39 have been observed photometrically. The col-
lected photometric data were reduced and analysed and then
compared with the polarimetric dataearlier reported by Sen et al.
(2000). For some selected sample stars in some clouds indepen-
dent spectroscopic measurements were also made. The results
obtained from these three sets of independent polarimetric, pho-
tometric, and spectroscopic measurements are discussed with
possible interpretations.

2. Observation

Polarimetric observations of a set of eight Bok globules CB3,
CB25, CB39, CB52, CB54, CB62, and CB246 were made pre-
vioudly by Sen et a. (2000). From the given list of eight clouds,
three clouds CB3, CB25, and CB39 have been observed pho-
tometrically for the present study. These three clouds were se-
lected at random from the set of eight clouds, based on their
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Fig.1. CCD image of the cloud CB3. Star numbers refer to Table 1
(Field centre: RA = 00:28:45.8, Dec = 56:42:08) (J2000). All star num-
bers have been placed just below the corresponding star in the image.

availability at the time of observation. Photometric observa-
tions, with the Bessell filters B [486.1(10)], V [500.7(10)] and
R [656.3(10)], of the three clouds were carried out in two nights
of 2004 January 24 and 25. The observations were carried out
at the cassegrain focus (/9 beam) of 2 m Himalayan Chandra
Telescope (lat.= 32°46'46” N; long. = 78°57'51” E ; dt. =
4500 m) of Indian Astronomical Observatory, Hanle (remotely
operated from CREST, Bangalore, India via a dedicated satel-
lite link). A 2048 x 4096 EEV CCD detector was used with
15 micron pixel size, which has 0.296 arcsec/pixel scale and
10.1x10.1arcminfield of view. The seeing condition was around
1.5” at the time of observation.

Figure 1 shows the CCD image of the cloud CB3 with the
field stars numbered, asin Table 1. Theimages of all the clouds
with their background stars included in the present work are
available from our previouswork (Sen et al. 2000).

Further spectroscopic measurements of stars in CB25
and in CB39 were made from the 1.52 m INAF-OAB
Cassini Telescope, at Loiano, Italy, during the nights of 2010
February 13 and March 27.

3. Data reduction and analysis

The basic photometric reductions (bias-subtraction, flat-fielding)
of the CCD images of CB3, CB25, and CB39 in the B, V,
R bands were carried out within the standard IRAF routines.
The observed magnitudes of the stars in the B, V, R bands
were estimated using aperture photometry within the IRAF
task APPHQOT, along with the photometric standard stars from
the fields GSC 00012-00261 and GSC 04737-00114. These
observed magnitudes were then corrected for atmospheric ex-
tinction at different airmass(X) values, using the extinction co-
efficients available from Parihar et al. (2003). After this photo-
metric procedure, the final calibrated observed magnitudes of
stars in the three clouds CB3, CB25, and CB39 are reproduced
in Tables 1-3 respectively.
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Table 1. Calibrated B, V, R magnitudes, the computed E(B — V) and p for starsin CB3.

Star no.2 CB3
ca.mag E(B - V) computed p
B V R Ry =31 V=

1 13.29(0.127) 12.99(0.140) 12.79(0.161) 0.12(0.189) 0.12(0.189) 1.14
2 17.67(0.129) 16.98(0.141) 16.53(0.163) 0.19(0.191) 0.20(0.191) 1.90
3 17.79(0.130) 16.77(0.141) 16.17(0.162) 0.36(0.192) 0.37(0.192) 2.26
4 17.85(0.130) 16.83(0.141) 16.27(0.162) 0.41(0.192) 0.43(0.192) 1.71
5 15.15(0.127) 14.65(0.140) 14.33(0.161) 0.16(0.189) 0.17(0.189) 1.20
6 12.46(0.127) 12.07(0.140) 11.79(0.161) 0.10(0.189) 0.10(0.189) 0.60
7 14.67(0.127) 14.11(0.140) 13.79(0.161) 0.23(0.189) 0.23(0.189) 1.18
8 17.99(0.134) 17.17(0.143) 16.63(0.165) 0.21(0.196) 0.22(0.196) 1.13
9 13.62(0.127) 13.12(0.140) 12.80(0.161) 0.16(0.189) 0.17(0.189) 0.74
10 18.41(0.133) 17.47(0.143) 16.85(0.164) 0.24(0.195) 0.25(0.195) 2.22
11 15.67(0.127)  14.95(0.140) 14.50(0.161) 0.23(0.189) 0.23(0.189) 0.47
12 16.13(0.127) 15.40(0.140) 14.96(0.161) 0.25(0.189) 0.26(0.189) 0.99
13 18.61(0.135)  17.63(0.143) 17.01(0.164) 0.29(0.197) 0.30(0.197) 1.67
14 18.23(0.133)  17.36(0.143) 16.81(0.164) 0.26(0.195) 0.26(0.195) 2.15
15 15.56(0.127)  14.79(0.140) 14.34(0.161) 0.28(0.189) 0.29(0.189) 1.58
16 16.39(0.128)  15.68(0.140) 15.26(0.161) 0.25(0.190) 0.26(0.190) 0.85
17 16.41(0.128) 15.80(0.140) 15.43(0.161) 0.21(0.190) 0.22(0.190) 0.99
18 15.70(0.127) 14.21(0.140) 13.42(0.161) 0.66(0.189) 0.71(0.189) 1.64
19 14.81(0.127) 14.41(0.140) 14.17(0.161) 0.16(0.189) 0.17(0.189) 2.59
20 15.03(0.127) 14.52(0.140) 14.22(0.161) 0.20(0.189) 0.20(0.189) 2.03
21 14.69(0.127) 13.97(0.140) 13.59(0.161) 0.32(0.189) 0.33(0.189) 0.51
22 19.22(0.153) 18.08(0.146) 17.35(0.168) 0.32(0.211) 0.34(0.211) 2.82
23 17.99(0.130) 17.05(0.141) 16.53(0.163) 0.37(0.192) 0.39(0.192) 2.10
24 16.08(0.127) 15.47(0.140) 15.06(0.161) 0.16(0.189) 0.16(0.189) 1.07
25 16.04(0.127) 15.34(0.140) 14.89(0.161) 0.20(0.189) 0.21(0.189) 214
26 15.02(0.127) 14.40(0.140) 14.03(0.161) 0.22(0.189) 0.23(0.189) 0.83
27 15.01(0.127) 14.42(0.140) 14.06(0.161) 0.21(0.189) 0.21(0.189) 0.92
28 14.40(0.127) 13.97(0.140) 13.70(0.161) 0.16(0.189) 0.16(0.189) 1.01
29 16.63(0.128)  15.86(0.140) 15.45(0.161) 0.33(0.190) 0.34(0.190) 0.95
30 15.67(0.128)  14.86(0.140) 14.57(0.161) 0.53(0.190) 0.55(0.190) 1.04
31 14.45(0.128) 13.58(0.140) 13.21(0.161) 0.49(0.190) 0.51(0.190) 1.45

Notes. @ RA, Dec of the stars refer to Sen et al. (2000.

In Fig. 2 a colour—colour diagram with (Bg — Vo) vs. (Vo —
Ry) for the starsin CB3 was drawn from the calibrated observed
magnitudes (henceforth denoted as By, Vo and Rp). A similar
procedure has been followed in Fig. 3for CB25 and in Fig. 4 for
CB39.

3.1. Calculation of colour excess

Determination of colour excess requires knowledge of the ob-
served magnitudes and unreddened/dereddened intrinsic magni-
tudes of the stars, the later to be possibly determined through
spectroscopy.

In order to determine the colour excess of al stars consid-
ered in the present work, the procedure adopted by Bernabe
& Polcaro (2001), combined with the Cardelli et al. (1989)’'s
Ry-dependent empirical relationships A(1)/A(V), was followed.
Thisisan iterative procedure, based on the fact that the intrinsic
colours of main sequence stars are related to each other. We thus
used an empirical relationship (detailsarein Bernabei & Polcaro
2001) to evaluate a“ computed” (B — V) colour for each star cor-
responding to the observed (V — R). In thisway, afirst order ap-
proximated E(B — V) was obtained for each star. Dereddened B,
V, and R magnitude were then computed from this colour excess,
using the relationships given by Cardelli et al. (1989). This pro-
cedure was then repeated up to the convergence to zero of the
residual colour excess, which was reached only after a certain
number of iterationsfor al stars of thefield. Thetotal colour ex-
cess E(B - V) value was then computed. Thistechniqueisvalid

for main sequence stars only; on the other hand, the procedure
has been checked on other occasions by comparing the derived
colour excess with the ones obtained by other methods and was
found to be working properly (Bernabei & Polcaro 2001).

Thevalueof Ry dependson the environment along theline of
sight. A direction through low-density interstellar medium usu-
aly hasalow value of Ry (~3.1). Lines of sight penetrating into
adense cloud usually show 4 < Ry < 6 (Cardelli et al. 1989). As
it is not possible to estimate Ry quantitatively from the environ-
ment of aline of sight, for the present calculations Ry has been
taken as 4. However, E(B — V) values have also been calcul ated,
taking Ry = 3.1 and the results are reproduced in Tables 1-3 for
clouds CB3, CB25, and CB39 respectively. Thesetables contain
star numbers, calibrated magnitudes (cal. mag.) in B, V, Rfilters,
the computed E(B - V) for Ry = 3.1 and Ry = 4 with respective
error values (shown within the first brackets in Cols. 5 and 6)
and the corresponding polarization values (p) of the field stars.
As can be seen, the value of Ry does not have a large effect on
the computed E(B — V). The Bernabel & Polcaro (2001) pro-
cedure of determination of E(B — V) only involves photometric
data.

In order to verify the correctness of the above proce-
dure, we also made spectroscopic measurements of few sam-
ple stars in the CB25 and CB39 clouds from the 1.52 m
La Cassini Telescope, Loiano, Italy. Two series of spectra of
stars no. 9 and 15 in CB25 and star no. 8 in CB39 in the
ranges 3300-5350 A (A1 = 1.7 A/pixel) and 4200-6600 A
(A1 = 1.0 A/pixel) were obtained on February 13, 2010. These
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Table 2. Calibrated B, V, R magnitudes, the computed E(B — V) and p for starsin CB25.

Star no. CB25
cal.mag E(B - V) computed p
B Y, R Ry, =31 Vv =

1 16.66(0.124) 15.61(0.136) 14.94(0.158) 0.30(0.184) 0.31(0.184) 2.79
2 17.95(0.126) 16.80(0.137) 16.06(0.159) 0.32(0.186) 0.34(0.186) 2.45
3 18.18(0.126) 16.76(0.137) 15.87(0.158) 0.44(0.186) 0.47(0.186) 1.98
4 16.47(0.124) 15.23(0.136) 14.51(0.158) 0.45(0.184) 0.48(0.184) 1.69
5 18.17(0.126) 16.88(0.137) 16.02(0.158) 0.32(0.186) 0.34(0.186) 2.48
6 17.83(0.125) 17.08(0.137) 16.53(0.159) 0.13(0.185) 0.13(0.185) 3.12
7 19.12(0.134) 17.38(0.137) 16.37(0.159) 0.68(0.192) 0.75(0.192) 3.25
8 16.74(0.124) 16.04(0.136) 15.57(0.158) 0.18(0.184) 0.18(0.184) 3.03
9 16.04(0.124) 14.13(0.136) 13.05(0.158) 0.81(0.184) 0.91(0.184) 2.93
10 18.55(0.128) 17.33(0.137) 16.53(0.159) 0.32(0.187) 0.34(0.187) 261
11 16.28(0.124) 15.21(0.136) 14.51(0.158) 0.28(0.184) 0.29(0.184) 0.69
12 18.48(0.127) 17.37(0.137) 16.67(0.159) 0.33(0.187) 0.34(0.187) 1.81
13 18.81(0.130) 17.27(0.137) 16.28(0.159) 0.45(0.189) 0.49(0.189) 2.31
14 18.55(0.128) 17.19(0.137) 16.32(0.159) 0.39(0.187) 0.42(0.187) 297
15 17.20(0.125) 15.46(0.136) 14.45(0.158) 0.68(0.185) 0.75(0.185) 2.27
16 18.65(0.128) 17.16(0.137) 16.22(0.159) 0.46(0.187) 0.49(0.187) 2.42
17 19.12(0.134) 17.67(0.138) 16.77(0.160) 0.46(0.192) 0.50(0.192) 1.73
18 19.07(0.133) 17.81(0.139) 16.99(0.160) 0.34(0.192) 0.36(0.192) 1.79
19 17.57(0.125) 16.20(0.136) 15.33(0.158) 0.41(0.185) 0.43(0.185) 2.00
20 19.04(0.133) 17.90(0.139) 17.17(0.160) 0.32(0.192) 0.34(0.192) 3.86
21 19.83(0.153) 18.19(0.141) 17.09(0.160) 0.43(0.208) 0.47(0.208) 1.26

Table 3. Calibrated B, V, R magnitudes, the computed E(B — V) and p for starsin CB39.

Star no. CB39
cal.mag E(B - V) computed p
B Vv R Ry =31 Ry =4

1 19.25(0.135) 18.14(0.140) 17.64(0.164) 0.59(0.194) 0.62(0.194) 2.28
2 19.08(0.131) 17.92(0.138) 17.41(0.163) 0.64(0.190) 0.67(0.190) 1.73
3 17.76(0.123)  15.95(0.135) 15.11(0.157) 1.00(0.183) 1.11(0.183) 2.62
4 18.50(0.126) 17.25(0.136) 16.73(0.159) 0.73(0.185) 0.77(0.185) 2.04
5 17.57(0.123) 16.59(0.136) 16.19(0.158) 0.58(0.183) 0.60(0.183) 1.90
6 19.07(0.132) 17.98(0.139) 17.54(0.164) 0.65(0.192) 0.68(0.192) 2.11
7 18.51(0.126) 17.52(0.137) 17.11(0.161) 0.58(0.186) 0.60(0.186) 0.96
8 19.60(0.143)  18.33(0.141) 17.74(0.166) 0.66(0.201) 0.70(0.201) 1.73
9 17.10(0.123)  15.49(0.135) 14.75(0.157) 0.87(0.183) 0.95(0.183) 2.91
10 17.34(0.123) 16.02(0.135) 15.41(0.157) 0.69(0.183) 0.74(0.183) 2.33
11 18.38(0.125) 17.38(0.136) 16.98(0.160) 0.60(0.185) 0.63(0.185) 1.92
12 19.88(0.156) 18.22(0.141) 17.47(0.163) 0.92(0.210) 1.01(0.210) 2.29
13 1551(0.122) 14.77(0.135) 14.49(0.157) 0.47(0.182) 0.48(0.182) 1.09
14 18.12(0.124) 16.76(0.136) 16.11(0.158) 0.69(0.184) 0.73(0.184) 1.94
15 18.99(0.130) 17.57(0.137) 16.87(0.160) 0.69(0.189) 0.74(0.189) 2.67
16 15.70(0.122) 14.89(0.135) 14.59(0.157) 0.52(0.182) 0.54(0.182) 1.17
17 17.61(0.123) 16.72(0.136) 16.36(0.158) 0.53(0.183) 0.55(0.183) 1.86
18 18.20(0.124) 16.94(0.136) 16.37(0.159) 0.67(0.184) 0.71(0.184) 1.92
19 18.47(0.126) 16.59(0.136) 15.73(0.158) 1.06(0.185) 1.19(0.185) 2.56
20 15.32(0.122) 17.71(0.135) 14.52(0.157) 0.45(0.182) 0.46(0.182) 1.59
21 16.79(0.122)  15.68(0.135) 15.14(0.157) 0.54(0.182) 0.57(0.182) 1.26

spectra were used for spectral classification and for the evalua-
tion of the values of E(B — V) from a Nal D1 line equivalent
width, following the calibration of Munari & Zwitter (1997),
and from the central depth of the diffuse band at 4430 A (Wu
et a. 1981). Furthermore, low-resolution spectra in the range
3800-7000 A (A1 = 3.97 A/pixel) of stars no. 9 and star no. 15
in CB25 were taken on March 27, 2010 and were flux calibrated
by comparison with the spectrophotometric standard Feige 56
(AOQV). The reddening was then evaluate by a comparison with
the corresponding Kurucz (1979) model. The results are shown
in Table 4, where computed (through photometry) and measured
(through spectroscopy) E(B — V) values are compared. As can
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be seen for E(B — V), the measured (spectroscopic) values agree
well with the computed (photometric) values.

Because spectroscopic observations demand more telescope
time, we adopted the above indirect photometric technique from
Bernabei & Polcaro (2001). And through the measurement of a
few sample stars in two clouds, we verified the correctness of
this photometric technique to determine E(B — V).

3.2. Error analysis

The sources of “noise” in the present photometric analysis are
in the readout and photon noise in the signal from the object.
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Table 4. Computed and measured E(B — V) values for sample starsin CB25 and CB39.

Star no Spectra  E(B- V) computed E(B-V)measured FIx. Clb. sptr.
Type with from
R/ =31 Ry/=4 NaDl 44301.B.
Eqv. wdth.
CB25-9 B5V 0.81 0.91 0.83 0.88 0.90
CB25-15 BOV 0.63 0.75 0.70 0.73 0.75
CB39-8 B2V 0.66 0.70 0.65 0.69
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Fig. 2. (Bo— Vo) vs. (Vo — Ry) plot of thefield stars(CB3) (col our—colour
plot).
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Fig. 3. (Bo — Vo) vs. (Vo — Ry) plot of thefield stars (CB25).

The signal-to-noiseratio of the object is estimated from the data
valuesin the following way using the standard relation

S/N = N*/\/(N* + Npix(Ns + er)), @

where, N. is the total(sky subtracted) source count, nyiy is the
number of pixels contained within the software aperture, N, is
the background sky count per pixel and N is the read noise in
electrons per pixel (Howell 1989). The N., Ns are derived in net
number of electrons (counts multiplied by gain). In the present
case, Gain =1.22 e /ADU, Read noise =4.8 €.

The estimated error of the magnitude in the aperture is ap-
proximately given by me, = 1.0857 x (AN./N,), where aN, is
the measurement error (in electrons) of the estimated number of
electrons from the star within the aperture (Davis 1987; Mighell
1999).
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Fig.4. (Bo — Vo) vs. (Vo — Ro) plot of the field stars (CB39).

The errorsin extinction coefficients (k) in the B, V, R bands
are Ak(B) = 0.029, Ak(V) = 0.032, aAk(R) = 0.037 (Parihar et al.
2003) and therange of air mass(X) was[1.042—1.487].

The errors in observed magnitudes of field stars combined
with errorsin observed magnitudes of standard stars have prop-
agated to give final errorsin the calibrated magnitudes as shown
within first bracketsin Cols. 5and 6 in Tables 1 to 3.

4. Results and discussions

Because the computed E(B — V) extinction values are not high,
one may think that the observed extinctionis purely dueto inter-
stellar medium and the foreground cloud makes no contribution
to it. However, the optical polarization values observed for the
same set of stars as reported here (for example CB3) have been
found to be related to the sub-mm polarization values (Ward-
Thompson et al. 2009). These two sets of polarization vectors
were found to be tracing the same magnetic field prevalent in
the cloud. Based on these findings, it can be claimed here that
the optical polarization values which are included here for the
analysis, are tracing the physical conditions within the clouds.
Plots of p (from Sen et al. 2000) vs. E(B - V)) for al the three
clouds with Ry = 3.1 and 4.0 are reproduced in Figs. 5 and 6,
with first p as dependent and then as independent variable. The
error-weighted (for both variables) least-squares linear fit was
made (York 1966) and the coefficients of correlationr were cal-
culated (cf. Table 5).

For the cloud CB3 (Table 1), the mean val ue of the computed
E(B-V)isfoundtobe=0.27 and 0.28 for Ry = 3.1 and 4 respec-
tively. It is obviousfrom the colour—colour diagram (Fig. 2) that
al starsfit a single main sequence. It is found (cf. Table 5) that
the correlation coefficients for the cloud CB3 are 0.18 and 0.19.
Thusit appearsthereis very low dependence of polarization on
extinction for the cloud CB3.
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Fig. 5. Polarization p vs extinction E(B - V) for the clouds CB3, CB25,
and CB39for Ry = 3.1 and 4.0 are shown. The dashed linein the figure
represents the error-weighted least-square linear fit with E(B — V) as
independent variable, to the data points in Tables 1-3 considering the
errorsin both variables. The “error bars’ shown in the figures represent
errorsin p (taken from Sen et a. 2000) and errorsin E(B—V) as derived
in the present work.

For the cloud CB25 (cf. Table 2), the mean val ue of the com-
puted E(B- V) isfoundto be=0.41and 0.43for Ry = 3.1and 4
respectively. It is seen that apart from starsno. 6 and 8, al other
starsfall in the main sequence (Fig. 3). Accordingly, itislogical
to assume that these two stars are non-main segquence stars, and
we thus excluded them from the plot of colour excess vs polar-
ization values (Figs. 5 and 6). With the other nineteen stars, the
average values of E(B - V) are 0.44 and 0.46, for the above two
Ry values. The correlation coefficients for the cloud CB25 are
0.24 and 0.24 (Table 5). From the plots of p vs. E(B — V) for
nineteen stars (Figs. 5 and 6), it is observed that the polarization
may be linearly related to extinction, but the dependence is not
SO0 strong.

The mean values of the computed E(B - V) (Table 3) for the
cloud CB39 are 0.67 and 0.72 for Ry = 3.1 and 4 respectively. It
is evident from the colour—colour diagram (Fig. 4) that all stars
belong to the main sequence. It is clear from the plot (Figs. 5
and 6) and from the correlation coefficients (Table 5) that the
polarization increases linearly with extinction. Here the values
of the coefficient of correlation are 0.75 and 0.74 (for two values
of Ry), which are relatively higher.

In the above we have computed E(B — V) with Ry = 4
and also with Ry = 3.1, because the latter is meaningful for IS
medium and can serve as areference. However, it isimportant to
note here that the presence of (or lack of) a correlation between
E(B - V) and p cannot depend on the value of Ry. But if Ry
changes across the cloud, then this could mask a correlation. But
the differences between the two computed values for E(B — V)
in the Tables 1-3 are much smaller than the photometric errors
we are dealing with here. We should also note that at very low
E(B - V), any intrinsic polarization will dominate the interstel-
lar component. Many of the starstowards CB3 and CB39 appear
to have polarizations well above the maximum expected for the
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Fig. 6. Extinction E(B—V) vs. polarization p for the clouds CB3, CB25,
and CB39for Ry = 3.1 and 4.0 are shown. The dashed line in the figure
represents the error-weighted least-square linear fit with p as indepen-
dent variable, to the data pointsin Tables 1-3, considering the errorsin
both variables. The “error bars’ shown in the figures represent errors
in p (taken from Sen et al. 2000) and errors in E(B — V) as derived in
the present work.

Table 5. Correlation coefficient (r), turbulence and T, values for the
clouds CB3, CB25 and CB39.

Objects r Turbulence (km s™2) T,
R/y=31 R/ =4
CB3 0.18 0.19 3.08 0.832
CB25 0.24 0.24 0.70 0.834
CB39 0.75 0.74 2.05 0.874

low extinction. Also CB39, which shows a correlation, has com-
paratively more stars at higher extinctions than other two.

There can be many reasons for the lack of correlation be-
tween p and E(B - V). A cloud may contain so-called “bad
grains’ (Creese & Jones 1995), which do not get aligned and
as aresult polarization will not depend on extinction (Lazarian
et a. 1997). A high amount of turbulence present in the clouds
may result in a poor grain alignment and hence a lower value of
the correlation (Sen et a. 2005). As studied by Clemens et al.
(1991), dll three clouds CB3, CB25, and CB39 have a gas tem-
perature <8.5 K, but CB3 has high turbulent gas motions, char-
acterized by 12¢o line widths =3.08 kms™. CB25 and CB39
have turbulence values of 0.70 kms™ and 2.05 kms™ respec-
tively (cf. Table 5). A low value of correlation may be expected
for CB3, which has high turbulence with unusual dynamical ac-
tivities. The cloud CB39 has less turbulence compared to CB3,
which may result in ahigher correlation between p and E(B—V).
However, CB25, which has lowest turbulence does not fit this
conjecture. The surveysof Clemens & Barvainis(1988) and Yun
& Clemens (1990) revea the presence of Y SO (Young Stellar
Object) and IRAS point source in the cloud CB39. But the cloud
CB25 is quiescent (Stecklum 2004) with no YSOs and IRAS
point sources detected, and this could be the reason for thiscloud
to behave differently.
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Higher grain alignment should result in a higher value of po-
larization. Assuming the Davis & Greenstein (1951) like align-
ment, Sen et al. (2005) had earlier quantified the degree of align-
ment by the parameter ~T, = Ty/(Tq + Tg), where Tq and Ty
are dust and gas temperatures. We can see from Table 5, that
the correlation r also increases with T,. Thisimplies that better
grain alignment can also result in higher correlation between p
and E(B - V). However, with just three data points it is difficult
to draw a general conclusion. A higher number of these clouds
should be investigated along these lines in future. Because, clas-
sical Davis & Greenstein model haslong since been shown to be
inadequate, in any future studies other grain alignment models
(Lazarian et a. 1997) should be considered.

A lack of correlation between p and E(B — V) is aso pos-
sible if there are two or more grain populations, one causing
polarization and other causing extinction. From Figs. 5 and 6
for cloud CB39, one can see that when E(B — V) becomes zero,
p correspondingly also becomes amost zero. Thisis consistent
with a simple situation, where we have a single grain popula-
tion causing both linear polarization and extinction in the line of
sight. Thuswhen thereis no extinction, we should have no polar-
ization. Also the extinction and polarization will be expected to
follow agood correlation. However, thisis not seen for the other
two clouds, indicating a more complex situation, which may in-
clude the possibility of multiple grain populations.

Conclusions
Based on the above analysis, one may conclude that

1. Thethreecloudsunder observation show different degrees of
correlation between polarization and extinction. The correla-
tion does not appear to be related to the turbulence or other
parameters within the clouds.

2. Thecorrelation seemsto be dependent on the degree of grain
alignment (expressed as a function of dust and gas temper-
atures) as estimated using a Davis Greenstein type mecha-
nism. However, for any future work to study this possibility,
recent alignment models should be included.

3. For any future studies, one should also determine E(B — V)
more accurately with spectroscopy and perform polarimetry
at much higher extinction in the infrared, with larger data
sets.
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