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Near-infrared Polarimetry in Study of Star Formation Regions

CHEN Zhi-wei, JIANG Zhi-bo

(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Near-infrared polarization is an effective technique in star formation research. With
near-infrared polarimetry astronomers have known a lot about star formation regions. This arti-
cle describes several aspects of near-infrared polarization in star formation research, each one is
very useful for our understanding of the formation process of protostars.

A near-infrared polarimeter is needed to be installed upstream of the camera equipped for a
telescope which is designed to obtain near-infrared polarization measurements. The near-infrared
polarimeter mainly consists of an achromatic (1~2.5u) half-wave plate and a polarizer located up-
stream of the camera. The achromatic half-wave plate is designed to be rotatable and sometimes
retractable. The polarizer is always a cold wire grid fixed in a plane,e.g. the cold filter wheels of
the camera. A calibration polarizer must be installed upstream of the achromatic half-wave plate
for measuring the polarization efficiency of the polarimeter.

From optical to near-infrared wavelength range, polarizations of YSOs are always wavelength
dependent. Polarizations of YSOs are composed of intrinsic polarizations and interstellar polariza-
tions. The intrinsic polarizations are mainly derived from scattering by particles around YSOs,
while the interstellar polarizations are mainly derived from dichroic absorption by interstellar
medium aligned by interstellar magnetic field. So the wavelength dependence of intrinsic polar-
izations are quite different from that of interstellar polarizations because of different polarization
producing mechanism.

Infrared reflectional nebulae (IRN) is a kind of infrared nebulae that shows high degree po-

larizations and centrosymmetric polarization vectors throughout the infrared nebulae. There is
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a close relationship between IRN and YSO. It is generally accepted that IRN is illuminated by
YSO located at the center of IRN, and the illuminating source can be identified by measuring the
centroid of IRN’s polarization vectors. IRN arises naturally because of mass outflow of YSOs. It
is generally believed that IRN is due to the radiation escaped into the polar regions above and
below the optically thick circumstellar disk, the extension of IRN tends to be consistent with that
of mass outflow. Thus IRN is a morphological tracer of the mass outflow.

A number of YSOs which are deeply embedded in the molecular cloud and not detectable
in the wavelengths less than 2 pm are so-called deeply embedded sources (DESs), which can be
identified through near-infrared polarizations. HoO masers are always detected in the vicinity of
deeply embedded sources while far-infrared and radio sources show bad correlations with DESs.

It is generally believed that there are circumstellar disks around YSOs, especially for early
stage YSOs. There are many YSOs whose near-infrared polarization vectors have showed so-
called “polarization disks” in the vicinity of YSOs. Polarization disks are mainly derived from
multiple-scattering or dichroic absorption by circumstellar particles in disks, and can trace disks
well.

There are close relationships between polarization vectors of YSOs and the magnetic field in
star formation regions. If the polarization of a member star is mainly due to scattering, and
the polarization vector will be perpendicular to the magnetic field in the molecular cloud, and
if the polarization is mainly due to dichroic absorption, the polarization vector will be parallel
to the magnetic field. Thus in a star formation region, the extensions of polarization vectors of
all member stars will reveal the magnetic field in this region. Can reveal the structure of the
magnetic field.

Extinction is too large for some deeply embedded YSOs to be detected in near-infrared. Ex-
tending the wavelengths to middle-or far-infrared can avoid this problem. In MIR and FIR those
deeply embedded YSOs can be detected directly without the analysis of the polarization vectors.
In MIR and FIR polarization is perpendicular to magnetic field because of grain’s thermal radia-
tion. So the MIR and FIR polarizations can also reveal the magnetic field as well as near-infrared

polarizations.

Key words: star formation; molecular cloud; near-infrared polarization



