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environments.

Figure 4: Column density maps of a simulated 2 pc cloud [5]. The left panel is a native resolution column density projection
from the simulation. The central panel degrades the left projection to approximate a typical 1.1 mm survey of such a cloud:
30′′ resolution and 9.5 mJy/beam RMS [6]. The right panel is the same projection, but now degraded to the expected 5′′

resolution and 0.24 mJy/beam RMS for the Cores-to-Clouds survey proposed here. The central 0.1 pc of dense gas filaments,
generally unresolved by Herschel, will be resolved into 5-20 beamwidths by TolTEC (for <2000 pc cloud distances).

The Clouds-to-Cores Legacy Survey (Coordinators: Gutermuth & Offner)

What is the origin of the stellar IMF? Is there an intimate link between the core
mass function (CMF) and the IMF? Is the CMF universal?

The stellar initial mass function (IMF) is the fundamental basis of many astrophysical phe-
nomena, from star formation rates and supernova in galaxies to the frequency of habitable planets.
Despite much empirical characterization, theories for the origin of the IMF remain very poorly
constrained [7, 8]. One current set of theories postulates that the distribution of stellar masses is
inherited from the distribution of gas (e.g., [9, 10]). The advent of large format mm-wave cameras
has yielded numerous surveys of the nearest star-forming molecular clouds over the past 20 years
(e.g., [11, 6]), and near- and mid-IR extinction mapping [12] along with the recent Herschel far-IR
mission (e.g., [13]) added many more. These surveys revealed hundreds of small (0.05×0.05 pc),
dense (> 105 cm−3) gas “cores” that appear to be the precursors of individual star systems.

Figure 5: (Left:) Simulated core mass function sensitivity for the integrated Clouds-to-Cores survey with core numbers scaled
from AzTEC observations of the MonR2 cloud (Gutermuth et al. in prep). Error bands denote 3σ uncertainties in the recovered
CMF for differently scaled IMF models and are dominated by Poisson statistics for this survey. (Center:) Physical resolution vs
distance for Herschel-SPIRE 500µm, SCUBA-2/JCMT 850µm, and TolTEC/LMT-50m at 1.1 mm, marked by a gray solid line,
a gray dashed line, and a black solid line, respectively. The horizontal black dashed band marks 0.05 pc, the size of a typical
core [6]. (Right:) Dense gas core mass sensitivity vs distance for the Herschel and SCUBA-2 Gould’s Belt Surveys (clouds
<400 pc away) and the 1.1 mm component of the Cores-to-Clouds survey proposed here, marked by a gray solid line, a gray
dashed line, and a black solid line, respectively. The Cores-to-Clouds survey will have uniform mass sensitivity for clouds out
to 2 kpc distance at 1.1 mm.

The core mass function (CMF) derived from these surveys appears consistent with the canonical
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Instrument	Proper>es:	

The	Fields	in	Filaments	Legacy	Survey:	

A	Community	Driven	Survey:	
•  Survey	strategy	and	science	targets	will	
be	decided	in	consulta>on	with	the	Fields	
in	Filaments	Working	Group.	

•  Working	Group	membership	is	open	to	all	
interested	astronomers.	

•  Targets	will	be	chosen	by	Summer	2018.	
•  All	science	data	will	be	made	public	(see	
survey	schedule).	

TolTEC	Commissioning	 Begins	late	2018	

First	Look	Data	Release	 Early	2019	

FiF	Observa>ons	 2019-2021	
Data	Release	1	 1	year	aVer	survey	starts	

	(est.	11/01/2020)	
Data	Release	2	 4	months	aVer	survey	

comple>on	(est.	8/31/21)	
Final	Data	Release	 2022	

Telescope	Overview:	

Bands	 250	μm	 350	μm	 500	μm	
Beam	FWHM	 25’’	 35’’	 50’’	
Npixels	 900	 463	 230	
Imin	(σp<0.5%,	
1deg2,	5	hr)	

220	
MJy/Sr	

140	
MJy/Sr	

44	
MJy/Sr	

TolTEC	(PI	Grant	Wilson,	UMass)	is	a	new	polariza>on	sensi>ve	camera	being	
constructed	for	the	50-meter	Large	Millimeter	Telescope	Alfonso	Serrano	(LMT).	
TolTEC	observes	simultaneously	at	1.1,	1.4,	and	2.1	mm	and	will	be	the	highest	
resolu>on	single	dish	millimeter	polarimeter	ever	built.	

Le;:	LMT	(4580	m	
eleva9on).	Below:	
the	TolTEC	cryostat	

Bands	 1.1mm	 1.4mm	 2.1mm	
Beam	FWHM	 5’’	 6.4’’	 9.5’’	

Npixels	 1800	 900	 450	

Mapping	Speed*	
Max/Min	

12/2	
deg2/mJy2/hr	

20/3	
deg2/mJy2/hr	

69/10	
deg2/mJy2/hr	

Imin	(σp<0.33%,	
2deg2,	100	hr)*	

25/60		
mJy/beam	

19/50		
mJy/beam	

10/27	
mJy/beam	

	
•  Determine	magne>c	field	
morphology	within	cores	and	
dense	filaments.	

•  Test	whether	magne>c	fields	are	
strong	enough	to	inhibit	the	
collapse	of	star	forming	cores/
filaments.	Simula9on	of	a	filamentary	star	forming	region.	At	a	

distance	of	300pc	BLAST-TNG	can	barely	resolve	the	0.1	pc	
filament	(center	panel),	while	TolTEC	(right	panel)	will	have	
>10	resolu9on	elements	across	such	a	filament.	

Science	Goals:	

For	more	informa>on	see:	hip://sites.northwestern.edu/blast/	 For	more	informa>on	or	to	join	the	FiF	working	group	see:	hip://toltec.astro.umass.edu	

A	100-hour	legacy	survey	funded	by	the	NSF-MSIP	program,	Fields	in	Filaments	will	create	
high	resolu>on	maps	of	magne>c	fields	within	filaments	and	dense	cores.	

Survey	Schedule:	

TolTEC	u>lizes	polariza>on	sensi>ve	MKIDs	detectors	with	
modula>on	from	a	spinning	half-wave	plate.		

Science	Goals:	
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BLAST-TNG	will	measure	polarized	dust	
	emission	on	scales	ranging	from	25’’	to	
	several	degrees,	bridging	the	gap	in	spa9al	
scales	traced	by	Planck	(le;)	and	ALMA	(right)	

BLAST-TNG	will	create	detailed	magne>c	field	maps	for	dozens	of	molecular	clouds	with	
thousands	of	independent	magne>c	field	measurements	per	cloud.	

Hull	et	al.	2017	

Soler	et	al.	2017	

Planck	Int.	XIX	2014	

• Determine	magne>c	field	strength	
on	scales	ranging	from	molecular	
cloud	envelopes	to	dense	
filaments.	
• Create	<5’	resolu>on	maps	of	
magne>c	fields	in	the	diffuse	ISM,	
in	order	to	measure	the	
magne>zed	turbulence	power	
spectrum.	
• Create	detailed	maps	of	magne>c	
fields	in	nearby	galaxies.	

Observing	Strategy:	
Our	first	Antarc>c	flight	is	planned	
for	December	2018:	
•  75%	of	the	science	>me	will	be	
spent	on	BLAST-TNG	reserved	
targets.	(Maps	will	be	released	within	1	
year	of	first	look	paper	publica9on.)	

•  25%	of	our	science	>me	will	be	
reserved	for	shared	risk	proposals.	

Call	for	proposals	expected	in	early	2018!	
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Figure 12: The TolTEC cryostat. The main cryostat volume contains 4K and 60K stages. All optics, LNAs, and detector
assemblies are mounted from the 4K bench. A 100mK bus-bar connected to the dilution fridge removes heat from the detector
arrays. The dilution fridge is commercially-produced and can be fabricated and serviced independently of the main cryostat
volume. A secondary pulse tube cooler (not shown in its final location) provides additional cooling of the main 4K volume.
Band defining and IR filters, blackened shielding to prevent stray light leaks, and the half wave plate rotator are not shown.

Our approach focuses on minimizing new development in order to minimize the cost and sched-
ule risks. To that end we are utilizing equipment and approaches developed for other projects, such
as the BLAST-Pol project and our own 2 mm wavelength TolTEC prototype camera. The LMT
Project has a strong interest in TolTEC and so is providing material support in both equipment
and personnel at no cost to our program (see letter from LMT Director, David Hughes). Table 1
lists the expected performance of the instrument. Here we review the technical aspects of the
program that will get us there. A description of the management and work breakdown structure
of our program is presented in the Project Management Plan.

Cryogenics

TolTEC’s cryogenics system consists of a commercially-produced dilution refrigerator, a 4K
cryo-cooler, and a custom cryostat. The combined system is shown in Figure 12. This design
decouples the complex cryogenics of the dilution fridge and cryo-cooler from the large, but thermally
straightforward, cryostat. The “turtle shell” cryostat design allows excellent access to a large 4K
volume that contains the cooled optical elements. The 100mK detector arrays are mounted from
the 4K optical table via low-thermal conductivity mechanical supports. The 60K, 4K, and 100mK
thermal loads are routed to the system’s cryo-coolers and dilution fridge via suspended copper
busbars. The main cryostat concept and preliminary design drawings have been reviewed by two
separate companies that produce similarly sized (and larger) cryogenics systems for industry. Both
companies have provided quotes which we have used in our budget and schedule planning.

Optics

The LMT is a standard cassegrain design with a flat tertiary mirror that redirects photons from
the sky into the receiver cabin. The TolTEC reimaging optics must convert the LMT’s incoming
f/10.5 beam to an f/3 beam at the detector focal plane. We use the same pair of room-temperature
reimaging optics planned for our TolTEC prototype camera to couple the beam into the cryostat
window. These optics were designed for a 4′ field of view with low spillover with TolTEC in mind
and will be built and installed at the LMT well before TolTEC’s arrival in 2018.

After passing through the 24cm diameter cryostat window, the incoming beam encounters a
60K IR-blocking filter followed by baffles and a 4K Lyot stop and low-pass filter. The Lyot stop is
located at an image of the LMT’s primary mirror and limits spillover and stray light in the system.
The optics box internal to the Lyot stop is blackened to minimize both reflections and stray light.
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TolTEC	is	funded	by	the	Na9onal	Science	Founda9on	grant	No.	1636621		

•  2.5	m	on-axis	mirror	feeding	focal	plane	arrays	with	
3200	MKIDs	detectors	cooled	to	<300mK	

•  Measures	I,	Q,	U	simultaneously,	with	a	stepped	
half-wave	plate	for	extra	modula>on.	

BLAST-TNG	is	funded	by	NASA.			

Le;:	2012	Antarc9c	flight	path	for	the	BLAST-TNG	
predecessor	BLASTPol.	Right:	Schema9c	view	of	BLAST-TNG.		

6h	 12h	 18h	

0°	

30°	

-60°	

-30°	

SFD’99	Dust	model	
BLAST-TNG	Reserved	
Objects	Catalog	

Predicted	visibility	contours	(hours)	for	a	28-day	flight	launched	
December	26th	2018	from	McMurdo	Sta3on,	Antarc3ca	

BLAST-TNG	 TolTEC	

Mo3va3on:	Polarized	emission	from	dust	grains	can	be	used	to	make	detailed	maps	of	magne>c	field	geometry	in	the	interstellar	medium.		However	ground-based	polarimeters	
are	limited	by	atmospheric	loading	and	are	therefore	restricted	to	observe	bright	targets	or	small	regions	of	the	sky	while	Planck	all-sky	polarimetry	cannot	resolve	magne>c	
fields	within	dense	filaments	and	cores.	In	this	poster	I	discuss	the	upcoming	BLAST-TNG	and	TolTEC	polarimeters,	which	will	completely	bridge	the	gap	in	spa>al	scales	between	
Planck	and	ALMA	polarimetry	and	provide	important	public	legacy	datasets	for	the	study	of	magne>c	fields	in	star-forming	molecular	clouds	and	the	ISM.	
			

The	Next	Genera>on	BLAST	polarimeter		(PI	Mark	Devlin,	Penn)	operates	from	a	
stratospheric	balloon	plaporm	above	99.5%	of	the	atmosphere.		BLAST-TNG	observes	
simultaneously	in	three	wide	frequency	bands	that	bracket	the	spectral	peak	of	10-20	K	
dust	making	detailed,	high	resolu>on	maps	of	both	dense	clouds	and	the	diffuse	ISM.	

*Note:	We	list	best	case/worst	case	values	for	the	mapping	speed	and	Imin	


