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BLAST 2006 250μm 
map of Vela-D with 
cores colour-coded 
by temperature.
Open circles show 
star-less cores and 
pluses are proto-
stellar cores. Symbol 
size indicates source 
mass estimates. 
From Olmi et al., 
arXiv:0910.1097. 

Photo: S. Benton

University of  Pennsylvania: F.E. Angile, M. Devlin, J. Klein, T. Mroczkowski, M.D.P. Truch,
University of Toronto: S. Benton, L. Fissel, N. Gandilo, C.B. Netterfield,  J. Shariff, J.D. Soler,

Cardiff University: P. Ade,  P. Hargrave, L. Moncelsi, D. Nutter, E. Pascale, C. Quinn, C. Tucker, D. Ward-Thompson,
Northwestern University: T. Matthews, G. Novak, University of Miami: J. Gundersen, N. Thomas,

Brown University: A. Korotkov, G. Tucker, University College London: G. Savini,
University of British Columbia:  E. Chapin, G. Marsden, D. Scott, D. Wiebe,

University of  Puerto Rico: L. Olmi, INAOE (Mexico): D. Hughes

BLAST-Pol: The Balloon-borne 
Large-Aperture Submillimetre 
Telescope for Polarimetry

BLAST-Pol was created by adding polarimetric capability 
to BLAST, which flew in 2005 (from Sweden) and 2006 
(from Antarctica).  
BLAST was extremely sensitive to submillimeter emission 
on arcminute to degree scales, and has already produced 
25 papers with several more in preparation.
BLAST-Pol’s first flight has just ended and is expected to 
produce degree-scale submillimetre polarimetry maps of 
unprecedented sensitivity.
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bona-fide pre-stellar cores are important for comparison
of observations with various SF models and scenarios.

Two major technological advances have revolutionized
the study of the mass distribution in molecular clouds
and the characterization of the earliest phases of SF:
the Infrared Astronomical Satellite (IRAS ) satellite, and
the advent of submillimeter bolometer arrays such as
MAMBO, SIMBA, and SCUBA. (Sub)millimeter surveys
have been vitally important for probing the nature of SF,
and in particular have represented the only way of de-
riving statistically-significant samples of pre- and proto-
stellar objects. However, these instruments have probed
the Rayleigh-Jeans tail of the spectral energy distribution
(SED) of these cold objects, far from its peak. There-
fore, these surveys have been limited by their relative
inability to measure the temperature (e.g., Motte et al.
1998), producing large uncertainties in the derived lu-
minosities and masses. Recent surveys with the MIPS
instrument of the Spitzer Space Telescope are able to con-
strain the temperatures of warmer objects (Carey et al.
2005), but the youngest and coldest objects are poten-
tially not detected, even in the long-wavelength Spitzer
bands. Other ground-based surveys conducted at wave-
lengths ! 450 µm have been a!ected by low sensitiv-
ity due to atmospheric conditions at short submillimeter
wavelengths (e.g., Kirk et al. 2005; Wu et al. 2007).

The Balloon-borne Large-Aperture Submillimeter
Telescope, BLAST (Pascale et al. 2008), carried out two
long duration balloon science flights. During the first
(BLAST05), BLAST mapped several galactic star form-
ing regions (Chapin et al. 2008; Truch et al. 2008). Dur-
ing the second science flight in 2006, BLAST06 mapped
about 50 deg2 in the Vela Molecular Ridge (VMR)
(Netterfield et al. 2009). Until the more extensive results
from Herschel become available, BLAST is unique in its
ability to detect and characterize cold dust emission from
both starless and proto-stellar sources, constraining the
temperatures of objects with T ! 25K using its three-
band photometry (250, 350, and 500µm) near the peak
of the cold core SED.

The VMR is a giant molecular cloud complex within
the galactic plane, in the area 260! ! l ! 272! and
!2! ! b ! 3!, hence located outside the solar circle. It
was first studied in detail by Murphy & May (1991), us-
ing millimeter low-resolution observations in the CO(1–
0) transition. They subdivided the VMR into four main
regions, named A, B, C, and D. Liseau et al. (1992) fur-
ther discussed the issue of distance, finding that clouds
A, C, and D are at 700± 200 pc, whereas B seems to be
at " 2000 pc. In this work we have selected the Vela-
D region because of the large amount of ancillary data
available, both in the continuum, particularly in the mid-
(MIR) and far-infrared (FIR), and also in terms of spec-
tral line observations.

Liseau et al. (1992) and Lorenzetti et al. (1993) iden-
tified a number of VMR sites that host low- and
intermediate-mass (proto)stars whose infrared SEDs
are consistent with those of Class I sources. Later,
Massi et al. (1999, 2000, 2003) analyzed NIR images of
a sample of those sites, finding that the IRAS sources
with Lbol > 103 L" are associated with small embed-
ded young stellar clusters. Their IMF appears consistent
with that of field stars and their age is of the order of 106

yrs (Massi et al. 2006). Remarkably, cloud D exhibits a

Fig. 1.— The gray-scale image shows the BLAST 250 µm map of
Vela-D, with galactic coordinates in degrees. Superimposed are the
locations of both starless (open circles) and proto-stellar (crosses)
cores (see §3 and §5). The size of both crosses and circles indicates
the mass range of each core and color-coding indicates the core
temperature (see legend). See §5.3 for a discussion of the cores’
physical parameters.

lack of massive (O-type) stars with respect to what is
expected from a standard IMF (Massi et al. 2006).

New millimeter observations, both spectral line
(Elia et al. 2007) and continuum (Massi et al. 2007),
have shown that all the IRAS sources associated with
embedded young clusters are also associated with one
or more dense molecular cores, confirming the inferred
young age of the clusters. On-going SF activity in Vela-
D is also confirmed by the presence of collimated jets
originating from objects embedded in some of the clusters
(Lorenzetti et al. 2002; De Luca et al. 2007). A first cen-
sus of young stellar objects (YSOs) throughout the area
of cloud D mapped by Massi et al. (2007) and Elia et al.
(2007), was carried out by Giannini et al. (2007) using
Spitzer MIPS observations at 24 and 70 µm (hereafter in-
dicated as MIPS24 and MIPS70, respectively). Most of
the millimeter cores identified by Massi et al. (2007) were
found to be associated with red, cold objects. Cloud D
appears therefore as an active star-forming region with
both distributed and clustered SF in progress, hosting a
large sample of young objects in di!erent evolutionary
stages.

In this paper we use both BLAST and archival data
to determine the SEDs, and thus physical parameters, of
each source detected by BLAST. In §2 we describe the
BLAST observations and also the archival data that have
been used in this work. In §3 we describe the identifi-
cation of millimeter, MIR and FIR counterparts of the
BLAST cores, and also describe the multi-band photom-
etry. This photometry is then used to construct the SED
of each source in §4, which allow us to derive the physical
parameters for starless and proto-stellar cores, discussed
in §5. We finally draw our conclusions in §6.

From BLAST to BLAST-Pol

•The BLAST experiment consists of:
•  266 ³He-cooled bolometers (SPIRE/Herschel prototypes)
•  3 simultaneous bands: 250, 350 and 500μm

•  1.9-m primary yielding 30–60″ resolution
•BLAST results: 
•  Maps look just like simulations!
•  Data available at CADC and IPAC 
•  BLAST the Movie, Nature, Physics Today, Colbert Report
•Science highlights:
•  First robust galaxy dN/dS at these wavelengths
•  Statistical resolution of CIB in deep fields
•  dN/dM estimates in star-forming regions
•  Discovery of cold (<14K) cores
•  Mapped diffuse Galactic emission at different latitudes
•BLAST telescope was rebuilt after destruction in 2006
•  with added polarization capability

Why BLAST-Pol?

•One of the key goals of astrophysics is to learn how stars 
form and how their masses are determined?

•Which processes regulate the overall rate at which stars are 
born? Observations of dust emission and extinction show 
that the dN/dM cloud-cores is strikingly similar to the the 
IMF.  So does the origin of the IMF lie in the power spectrum 
of density fluctuations in turbulent molecular clouds? 
Although modern numerical simulations are able to 
reproduce some key features observed in these clouds, more 
detailed observations are needed.

•Despite recent advances, fundamental questions regarding 
molecular cloud structure are still being debated. Are they 
dynamical structures, as well as the cores, clumps, and 
filaments within them? Are the lifetimes of these structures 
approximately equal to their turbulent crossing times?

•A related issue is the role of large-scale magnetic fields in 
molecular clouds. If clouds and cloud sub-structures do 
indeed live longer than a crossing time, they may require the 
support against gravity provided by magnetic fields.  
However, the morphology and the characteristic strength of 
magnetic fields in molecular clouds are generally not well 
constrained by observations.

•BLAST-Pol’s submm polarization observations can answer 
these questions by tracking magnetic fields from ISM scales 
to star-formation scales.

Experimental Design

•³He fridge backed by ⁴He-pumped pot provides 3 days of 
continuous operation after one 1.5 hour cycle.  

•Hold-time of main He/N tanks > 11 days
•Offner-relay design with Lyot stop

•Secondary mirror adjustable during flight to 100μm

•Pointing reconstruction to 2″ accuracy 
•Alternating-axis photolithographic polarization grids in front 
of detector arrays

•Polarization modulation provided by achromatic half-wave 
plate (AHWP)

•5-layer sapphire AHWP coated using metal-mesh artificial 
dielectric

•AHWP is operated at 4K and is stepped by 22.5° several 
times each hour

•Achieves good modulation efficiency over 3 BLAST-pol bands 
spanning more than 1 octave

•Polarization efficiency is ~80% 
•Instrumental polarization is less than ~1%
•New asymmetric Sun shields allow observations of Lupus 
and other 4th quadrant sources

Successful Flight!

•Launch 27 December
•Landing 5 January
•9.5 days

TARGETS

•BLAST targetted several Southern fields

•  Approximate list of observations:
Name Area (deg²) Integration

Lupus I ~0.69 ~55 hours

Lupus IV ~0.17 ~15 hours

Vela Mol. Ridge (Axehead) ~1.4 ~50 hours

Vela Mol. Ridge (Spearhead) ~0.14 ~5 hours

Carina Nebula ~0.2 ~3 hours

GMCs in Carina ~1.0 ~13 hours

IRDC G321.934-0.052 ~0.5 ~5 hours

Cen A ~0.07 ~2.5 hours

SPARO calibrators ~0.2 ~5 hours

NANTEN Selected Region ~0.32 ~23 hours

 

BLAST-Pol

BLAST 2006 map of the Vela region (Netterfield et al., arXiv:0904.12072) with 
blue, green and orange showing the 3 submm colours. The cool, massive molecular 
cloud in box C is a prime BLAST-pol target; such targets will allow us to study the 
initial conditions of star formation in clouds.  X shows a region which has already 
been heated by young stars, while Y is a filamentary structure.
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