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Science	Themes	

•  Unveiling	the	dark	cloud	structure	and	
content	in	the	Gould	Belt	with	FLARE	

•  3D	Tomography	of	the	Milky	Way	ISM		

•  Census	and	evoluKon	of	Young	Clusters	in	the	
GalacKc	Disk	



Clouds in the Gould Belt 

  Exploring the clouds via dust extinction 

  Light scattering : a new tool to map clouds à 3D ? 

  Spectroscopy through the clouds : ices (H2O, CO, CO2) 

  Regions : 
  Rho Oph 

  Orion 

  Taurus 

  Cepheus 

  … 



B68 

Alves et al. 2001 

Reddening by dust, the NIR revolution : 
-  Rayleigh-Jeans part of stellar Black-Body 

  à constant stellar colour 
-  lower dust extinction  

à deeper probe of clouds 



Star reddening in the NIR 

-  A common tool to map cloud extinction (NICE, NICER, NICEST, GNICER) 

-  insensitive to temperature and little sensitive to grain properties 
but 

 -    low resolution (30’’ – 3’) 
-  limited to Av ~40 mag in densely populated regions (B68 !)  
-  limited to Av ~20-25 mag outside the galactic plane for images as deep as K ≈ 20 mag 

-  FLARE : with 30 sec. integration, we get the following 5 σ detection limits : 
J = 23.6, H = 23.1, Ks = 22.7, 3.56 µm = 21.7 mag, 4.44 µm = 21.2 mag 
(there is no Ks band but a 2.0 and a 2.8 µm bands, K– and K+ ? à reddening with K–, K+, 
and 3.56 µm bands more sensitive than traditional JHKs bands) 
à  reddening of Av = 40 mag at 30’’-1’ resolution is attainable, 80 mag at 2’-4’ resolution, 

and possibly above 100 mag still measurable (based on 3-10 stars/pixel). 
à  low extinction parts can be mapped down to 10’’ arcsec resolution 
à The vast majority of the Gould Belt regions can be entirely mapped. 
   



A NIR and MIR view of L183 : scattering is important ! 

Contours : 
AV = 5 & 10 mag 

J H Ks 

even scattering at 8 µm is important (Lefèvre et al. 2016) 



One tentative model of L183. Very preliminary!!  
Gives access to 3D structure of cloud because of the strong anisotropy  

of the light source and of the scattering itself. 

resolution limited by the pixel size, in practise, 1-5’’ ? 



gum_coordinates_CS_aladin.dat
other.txt
gum_coordinates_aladin.dat
coreshine_name.txt

Produced by Aladin (Centre de Donnees astronomiques de Strasbourg)
http://aladin.u-strasbg.fr

from ESA

Coreshine	is	common	
~220 sources Fusion of Cold Spitzer surveys + Warm Spitzer Survey 

Lefèvre et al., Arxiv 1407.5804 

50% positive cases   , 50% negative cases     (true neg + absorption + PAHs + bad data) 

Planck-HFI map 



Taurus/Perseus region : ~100% positive cases ? 
PLANCK-HFI color 353-545-857 GHz

10¡ 46.35¡ x 23.98¡

NE

Powered by Aladin 46° x 24°  

Negative cases Positive cases 



Mapping dark clouds 

  combination of reddening and scattering in the NIR-
MIR bands will allow to map thoroughly the clouds 
with resolutions down to 10’’ or better 

  it will give access to 3D structure of the clouds 

  combined with FIR surveys, will constrain the grain 
properties (size distribution, composition) and tells us 
which grains are injected in the protoplanetary disks 

  it will open 3D dynamical and chemical studies of the 
clouds and give better understanding of their lifetime 
and of the stars/planets formation processes. 



  Sofia  
  Not sensitive enough : FLITCAM is ≈ 70 times slower than IRAC1 

  Spitzer 
  Cold : OK if exposures long enough (120-300 sec I1, 800-1600 sec I2), selected sources only 
  Warm : idem but needs WISE W3 (12 µm) or Akari S9 (9 µm) channel   

  WISE  
  Full sky but detection obvious only in some cases (L134,…)  Lower sensitivity, large PSF. 
  Juvela et al. 2012 : 7-18% of coreshine detection 

  Akari  
  Very few, selected targets only (8 cores reported in a study presented at PPVI – 4 of which 

were listed in our Science survey, Gwanjeong Kim et al). 

  JWST  
  Very small field of view. OK to explore external galaxies ? LMC, SMC, M31, M33, M51 ? 

Which telescopes to use ? 



Which telescopes to use ? 

FLARE! 
  Ks band at CFHT : ≥ 60 min. to reach ≈20 mag Vega in 20’ x 20’ area 

  FLARE : 30 sec. to reach ≈ 24.5 mag AB ( = 22.7 mag Vega in Ks band) in 
15’ x 7.5’ area      34 x faster ! Get 6 filters at once      200 x faster (large 
areas) 

  Mapping Taurus+Perseus+Auriga (2000°2), in 6 filters = 

≈ 530 hours (22 days) 
it is more like 30~40 days with overheads 

  We would map the diffuse medium + all the clouds, build 3D models of all 
clouds and of the region (+ GAIA for the stars and general 3D structure) ! 6 
months should be enough, possibly less. 

 



Spectroscopy of ices 
The Astrophysical Journal, 774:102 (14pp), 2013 September 10 Whittet et al.

Figure 2. Mosaic of 3.6 µm Spitzer IRAC images of the L183 region (Steinacker
et al. 2010), showing the loci of our spectroscopic program stars (Table 3) relative
to the cloud core near the center of the frame. North is up and east is to the left,
and the frame is ∼26.3 arcmin wide. Star A lies just beyond the western edge of
the mosaic. Also shown are the AV = 5 and 10 mag extinction contours from
Pagani et al. (2004).
(A color version of this figure is available in the online journal.)

Figure 3. IRTF-SpeX 2–4 µm spectra of nine program stars. The spectra are
displayed in order of increasing extinction from top to bottom (the vertical
scale corresponds to the top spectrum, the others being displaced for display).
Identification labels are explained in Table 3. Continuum fits used to calculate
optical depth spectra are shown in red. The broad absorption feature centered
near 3.05 µm is identified with H2O–ice.
(A color version of this figure is available in the online journal.)

keys listed in Table 2. The majority of the observations (AORs
beginning with 2300) were obtained between 2007 August 31
and 2008 March 23 as part of our Spitzer Cycle 4 General
Observer program 40432 (PI: Douglas Whittet); the remaining

Figure 4. IRTF-SpeX and UKIRT-CGS2 spectra (magenta and green, respec-
tively) of the program star H (J15542044−0254073). The spectral range includes
absorption features of H2O and CO ices centered near 3.05 and 4.67 µm, re-
spectively (note the break and scale change on the wavelength axis between the
two segments). The UKIRT-CGS2 spectrum yields the only available detection
of CO ice in L183 to date.
(A color version of this figure is available in the online journal.)

two observations were obtained on 2005 August 6 and 7, and
are from program 3290 (PI: William Langer).

The SH observation of J15542044−0254073 (AOR
23003648) utilized six ramp cycles, yielding a total on-source
integration time of 1748 s. A dedicated spectrum of the sky back-
ground in the region (AOR 23003904) was obtained to provide
background subtraction. The raw spectra were processed by the
standard Spitzer pipeline (version 15.3.0) to produce basic cal-
ibrated data. Further reductions to produce the final calibrated
spectra were carried out using the SMART software package
(Higdon et al. 2004) and standard procedures to remove bad
pixels and other artifacts, as in our previous work described in
Section 2 of Whittet et al. (2007).

The low-resolution observations utilized the standard two-
position nod pattern along the slit axis, one-third of the way
from the slit ends. The exposures obtained at the “off” nod
positions were used as background exposures and to compen-
sate for detector artifacts and cosmic-ray events. Initial data
reductions were performed using basic calibrated data and sub-
sequent analysis with SMART. However, final extracted spectra
were retrieved from the Cornell Atlas of Spitzer IRS sources9

(CASSIS v.4; Lebouteiller et al. 2011), which provided improve-
ments over our initial reductions. Post-extraction processing was
performed to scale the flux density of the SL module to that of
the LL module at 14 µm. The uncertainties in the flux density
are estimated to be half the difference of the two independent
spectra from each nod position.

The final low-resolution flux spectra, shown in Figure 5,
exhibit continua consistent with stellar photospheres in the
Rayleigh–Jeans limit, as expected for normal field stars. The
broad amorphous silicate absorption feature centered at 9.7 µm
is present and most prominent in the spectra of stars with the
highest extinction, as expected. The SH spectrum of star H was
obtained specifically to search for the 15.2 µm CO2 bending-
mode ice feature in this line of sight, and to place constraints on

9 http://cassis.astro.cornell.edu/atlas; CASSIS is a product of the Infrared
Science Center at Cornell University, supported by NASA and JPL.
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Fig. 1.—Superposition of the SWS and ground-based spectra of Elias 16
in the 2.6–4.8 mm region: SWS data (solid curves); ground-based data (filled
circles) in the 2.9–4.0 and 4.6–4.8 mm windows (Whittet et al. 1983, 1985).
Features due to H2O, CO2, and CO ices are labeled.

may be translucent, in which case they do not provide a good
diagnostic of CO2 as a tracer of photolysis.
Field stars located serendipitously behind dense molecular

material provide an invaluable resource for probing the prop-
erties of icy mantles in quiescent regions of molecular clouds
in the solar neighborhood, since these lines of sight are gen-
erally remote from embedded stars that might affect the local
environment (Whittet, Longmore, & McFadzean 1985; Whittet
et al. 1983, 1988, 1989; Kerr, Adamson, &Whittet 1993; Smith,
Sellgren, & Brooke 1993; Chiar et al. 1994, 1995). Elias 16,
in particular, has been adopted as a standard for the quiescent
cloud medium. This source, a K1 III star hidden by some 21
mag of visual extinction, was first detected and classified in a
near-infrared survey of the Taurus Dark Cloud by Elias (1978).
We know with some confidence that the grain mantles toward
Elias 16 have not been thermally or radiatively processed by
an embedded source: this is indicated by (i) the shape of the
3.0 mm H2O ice feature, consistent with a lack of annealing
(Smith, Sellgren, & Tokunaga 1989); (ii) the presence of abun-
dant solid CO in nonpolar form (Chiar et al. 1995), requiring
grain temperatures below 20 K; and (iii) the absence of 4.62
mm absorption, associated with CN-bearing molecules thought
to be produced by irradiation of primary ices containing N
(Tegler et al. 1995). Elias 16 is thus the ideal test case for the
link between CO2 production and photolysis. This Letter reports
the unequivocal detection of abundant CO2 in ice mantles to-
ward Elias 16, a result that challenges existing models of ice
formation and evolution in molecular clouds.

2. OBSERVATIONS AND RESULTS

Elias 16 was observed by ISO with the Short Wavelength
Spectrometer (SWS) on 1997 October 1, during revolution 686
of the mission. A difficulty encountered while preparing for
these observations was the fact that the position of Elias 16
was previously not known with sufficient precision: since it is
not possible to “peak-up” on a source prior to observation with
the SWS, positions better than 520 are required to ensure
maximum sensitivity, whereas the original position of Elias 16
(Elias 1978) has quoted errors of 550. The source lacks a
counterpart on Palomar Observatory Sky Survey prints, pre-
cluding the determination of an optical position. Improved co-
ordinates were determined from the mean of eight peak-up
positions in the near-infrared, extracted from the data archive
of the UK Infrared Telescope at Mauna Kea Observatory:

h m s C 0 00R.A. 5 04 36 34.4, decl. 5 126 05 36 (1950).

This position is considered accurate to510; it agrees very well
with the original Elias (1978) position, which we deduce to
have conservative nominal errors.
A detailed description of the SWS is given by de Graauw

et al. (1996a). The instrument was used to observe Elias 16 in
mode S06 (selective grating scans), covering the wavelength
ranges 2.6–3.5, 4.0–4.5, and 4.6–5.3 mm10 at mean resolving
power mm. The detectors used by the SWS arel/Dl º 1800
InSb from 2.6 to 4.05 mm (band 1) and Si:Ga from 4.05 to 5.3
mm (band 2A). The total on-target time was 8894 s.
The final spectrum is plotted in Figure 1 and compared with

the ground-based observations fromWhittet et al. (1983, 1985).

10 Data were also obtained serendipitously in the 14–19 mm region but are
of poor quality because of the faintness of the object at these wavelengths;
regrettably, this precludes the detection of the CO2 bending mode near 15 mm.

The data were reduced using the SWS Interactive Analysis
package (de Graauw et al. 1996a) and the latest version of the
Relative Spectral Response Function (RSRF; Schaeidt et al.
1996). The observations consist of “up” and “down” scans,
treated separately in the analysis and subsequently combined
to give the final spectrum. Dark current variations can be es-
pecially troublesome for a source as faint as Elias 16 (relative
to other SWS targets) in band 2A. Preliminary reductions sug-
gested that too much dark current is subtracted by the standard
product pipeline, resulting in low apparent flux levels in the
band 2A continuum compared with those in band 1 and the
ground-based data. A correction offset (0.35 mV s21) was ap-
plied before dividing by the RSRF and applying gain correction
factors to give absolute flux calibration. Agreement between
the final SWS spectrum and ground-based data is excellent in
the 2.9–3.5 and 4.6–4.8 mm regions (Fig. 1), where they over-
lap, and the continuum level in the 4.0–4.5 mm region is con-
sistent with an interpolation of the ground-based data to within
10%. Wavelength calibration (Valentijn et al. 1996) is good to
50.01%. We found generally satisfactory agreement between
the up and down scans, appreciable deviations occurring only
in the trough of the deep 4.27 mm feature (where the signal-
to-noise ratio is lowest) and in the adjacent short-wavelength
continuum at 4.18–4.22 mm. We deduce that the apparent shal-
low “emission wing” near 4.2 mm is probably not real. Other
details of the spectrum, notably weak, narrow features at 4.295,
4.352, and 4.393 mm (see Fig. 2), do appear to be real. We
identify the latter with photospheric CO lines in the K1 III star.
The 4.393 mm line may be blended with a broader, shallower
feature at 4.39 mm associated with the stretching resonance in
solid 13CO2.

3. ANALYSIS

The spectrum in Figure 1 contains a deep feature corre-
sponding to the C5O stretching mode of solid CO2 at 4.27
mm, in addition to previously known features at 3.0 and 4.67
mm identified with H2O and CO. An optical depth plot centered
on the 4.27 mm feature is shown in Figure 2, deduced by
assuming that the 4.05–4.18 and 4.33–4.45 mm regions rep-
resent the continuum (ignoring narrow features). We estimate
the peak optical depth in the CO2 feature to be .10.5

t 5 1.74.27 20.2

Whittet et al. 
2013,  
ApJ 774, 102 

Whittet et al. 1998, ApJ, 498, L159 Elias 16 

L183 - H K3III Ks = 7.9 



Spectroscopy of thousands of 
stars in regions like Taurus : 

  Simultaneous mapping of CO & CO2 ices à all the depleted CO at hand, all over 
the clouds (Whittet et al. 2010 ApJ, 720, 259) 

  Development of ice mantles identical in all clouds or not ? (Whittet et al. 2013, ApJ 
774, 102) 

  Different thresholds to ice apparition ? (Murakawa et al. 2000, ApJS, 128, 603) 

  With R ≥ 1000, study CO and CO2 profiles, look for environment changes, ice 
composition changes. (Pontoppidan et al. 2003, A&A, 408, 981) 

  Weak components ? NH3, H2CO, CH3OH, etc. CH3OH as a transition molecule 
between cold T chemistry and hot corinos. (Pontoppidan et al. 2004, A&A, 426, 925) 

  Rare isotopes : HDO, 13CO, 13CO2 (chemical & physical conditions, Boogert et al. 
2000, A&A 353, 349) 



Which sensitivity with FLARE 
Spectrometer ? 

  FLARE Spec ≈ 1.2-2.4 x10-16 erg/s/cm2 in ≈ 30 sec. (S/N = 10 σ, R = 
750) 

  A 10% opacity with 10 σ is detected for a ~2 x10-15 erg/s/cm2 star 
Ø  Ks ≈ 15 mag  

Ø  150 ~ 200 stars in a 1° x 1° field with AV = 40 mag extinction (Ks ≤ 11 mag) 

Ø  random pointing will fail to detect a star in the 150’’ x 24’’ spectrometer FoV 

Ø  a dedicated spectroscopic survey is needed :  10° x 10° cumulated surface yields 
20,000 stars (30 sec. integration + 30 sec. overhead) ≈ 14 days.  

 105 extinguished stars in 3 months 



Conclusion 

  Possibility to study dust scattering and extinction on the scale of full 
regions (Taurus, Rho Oph, Cham, …) in a few days for the small 
regions, a month for the «Taurus-Perseus-Aurigae » region, less than 6 
months total 

  Possibility to retrieve ≥100,000 stellar spectra with significant 
extinction in 3 months total. Resolution of ~700 fine, but ≥ 1000 
better.  

 A breakthrough in the study of dark clouds 

 



3D	Tomography	of	GalacKc	ISM:	the	gas	phase	

CO	

HI	

•  “Easy”	when	you	have	kinemaKcal	informaKon	
•  Need	to	assume	a	Galaxy	rotaKon	curve	
•  Prone	to	chemistry/excitaKon	effects	(e.g.	

“dark	gas”	
•  Local	and	streaming	moKons	are	important	



3D	Tomography	of	GalacKc	Dust	

Galactic Inversion to measure the 3-D distribution of dust physical properties in the 
molecular, atomic and ionized phases of the diffuse ISM (Paladini et al. 2007, 
Traficante et al. 2014)	



3D	Tomography	of	GalacKc	Dust	
•  Define	Galactocentric	rings	that	are	

kinemaKcally	consistent	in	the	various	
tracers	

•  Invert	the	emission	maps	at	all	wavelength	
from	8	to	500µm	balancing	the	various	
components	

Ring	1	 Ring	2	

Ring	4	Ring	3	

•  AssumpKons	about	temperature	and	
density	of	each	gas	phase	
counterpart	(chemistry	?	
ExcitaKon	?)	

•  Assumes	circular	symmetry	AND	
Galaxy	rotaKon	curve	

•  Sure	to	account	for	ALL	ISM	
components	?	How	about	“dark	
gas”	?	



MW	3D	ExKncKon	Mapping	
(Marshall	et	al.	2006)	

•  Can’t	assume	all	stars	are	background:	use	the	
Besancon	model	(Robin	et	al.	2003)	of	the	stellar	
GalacKc	disk	

•  Model	the	expected	vs	observed	color	distribuKon	
as	a	funcKon	of	distance	for	a	subsample	of	
“candle”	sources	using	star-counts	maps	

•  Derive	heliocentric	distance	distribuKon	of	color	
excesses	and	hence	exKncKon	

•  Locate	exKncKon	sources	(i.e.	dust	clouds)	in	the	
3D	Galaxy		

Use	K-M	giants	as	“candle”	sources	

2MASS	
•  SpaKal	resoluKon	limited	by	star	

count	staKsKcs	(15’	in	this	case)	
•  Survey	limiKng	magnitudes	

determine	the	maximum	distance	
•  AssumpKons	on	total	exKncKon	



2MASS	 UKIDSS	

Steps	forward:	
•  Increase	spaKal	resoluKon	

with	beder	counts	
staKsKcs	à	UKIDSS	

•  Fold	in	total	exKncKon	
informaKon	from	
integrated	dust	column	
density	maps	à	
HERSCHEL	Hi-GAL	

Problems:	
•  UKIDSS	dramaKcally	

increases	star	counts,	but	
it’s	not	possible	to	
separate	dwarfs	from	
giants	

•  AK	vs	distance	in	clear	
disagreement	



Latest	results	based	again	on	2MASS,	but	also	including	the	dust	column	density	in	
the	iteraKon	loop	

•  Very	different	dust	3D	distribuKons	if	different	spaKal	resoluKons	are	used:	Need	for	
greater	staKsKcal	significance		

•  Limited	distance	reached	à	need	for	more	sensiKve	surveys,	in	bands	where	the	
dwarfs/giants	degeneracy	can	be	removed,	e.g.	Spitzer/GLIMPSE	



We	need	to	go	beyond	2µm		
•  ability	to	reliably	sample	K-M	giants	and	

get	rid	of	dwarfs	
•  probe	deeper	and	further	away	in	the	

Plane	due	to	lower	exKncKon	

Di
st
an
ce
	

12kpc	

3D	exKncKon	maps	at	
10	arcmin	resoluKon	 2MASS	 Spitzer	



•  We	need	to	have	beder	sensiKviKes	than	exisKng	surveys	
(Spitzer-GLIMPSE)	to	sample	larger	distances	and	at	beder	
spaKal	resoluKon	

•  GLIMPSE	angular	resoluKon	between	1”.4	and	1”.9	
•  GLIMPSE	Source	Catalogue	sensiKviKes	

•  3.5µm	à	13.6mag	
•  4.5µm	à	13.6mag	
•  5.7µm	à	12.3mag	
•  7.8µm	à	12.4mag	

•  EsKmated	confusion-limited	magnitudes	at	4.5µm	in	FLARE	pixels	are	16.2		at	
GLON=10°,	and	17.8	at	GLON=50°	(b=0°)		à	NO	PROBLEM	for	FLARE	

•  SpaKal	resoluKon	of	the	3D	tomography	reconstrucKon:	down	to	2’	(!)	
•  Maximum	heliocentric	distance	that	can	be	sampled:	enKre	Milky	Way	(TBC)	

FLARE	



Conclusions	
	

FLARE	will	enable	full	3D	Tomography	of	the	ISM	in	the	
enKre	GalacKc	Plane	down	to	a	spaKal	resoluKon	of	2	

arminutes	(at	least))	



Unravel	Galaxy-scale	star-formaKon	history	and	
Kmescales	in	very	young	clusters	

Fast	Facts:	
	

•  Stars	form	in	clusters	hosted	in	dense	dust	and	gas	
clumps	

•  Young	Stellar	Objects	(YSO)	are	born	with	a	mass	
funcKon	(I	will	not	dare	to	enter	the	business	of	
IMF	origin)	

•  YSOs	of	different	mass	ARE	NOT	born	at	the	same	
Kme	à	SFH	

•  Low-mass	YSOs	are	born	first	(mader	of	debate)	



The	Zoo	of	Dense	Clumps	and	Young	Clusters	
(image:	Ks	–	contours:	cold	dust)	

Strong	ZAMS	source	and	YSO	cluster	coincident	with	the	
peak	of	dense	gas	à	well	evolved	system	

Rich	YSO	cluster	coincident	with	the	peak	of	
dense	gas	à	massive	ZAMS	likely	not	yet	there	

Rich	YSO	cluster	AROUND	the	peak	of	dense	
gas	à	the	seed	of	massive	stars	not	yet	there,	
but	sKll	part	of	the	same	Star	FormaKon	event		

Rich	YSO	cluster	OFFSET	with	the	peak	of	dense	gas	à	two	
disKnct	star	formaKon	events	in	the	same	region	



Dense	Clumps	
	

•  Mass,	Luminosity,	Density	and	
Temperature	

•  Chemical	clocks	
•  Dynamics	(virialised	?)	

•  Past	adempts	to	carry	out	unbiased	census	and	characterizaKon	of	GalacKc	
Young	Cluster	from	Near-IR	surveys	(e.g.	UKIDSS)	did	not	prove	fruioul	

•  Clusters	need	to	be	searched	and	analysed	using	dense	clumps	as	proxies.	

Young	Clusters	
	

•  Presence/Absence	
•  Richness	
•  Color	and	magnitude	

distribuKons	

EvoluKonary	stage	
Star	formaKon	histories	

Star	FormaKon	Timescales,	Rate	and	Efficiency		

Galaxy-wide	



SOFI@NTT - Ks 

€ 

Ic = (σ −σ b )dr
r
∫

σb 

Rcl 

Searching	for	Young	Clusters	

FausKni	et	al.	2009	

Stellar	under-densiKes	are	an	important	indicaKon	too:	protocluster	is	very	heavily	
embedded,	or	in	its	very	early	formaKon	stage	



Photometric	ClassificaKon	of	Young	Clusters	

Select	Near/Mid-IR	in	each	
clump	area,	and	use	color-
color	and	color-magnitude	
prescripKons	to:	
	
•  Remove	contaminants:	AGB,	
Xgal,	etc.	

•  Classify	Class	I	
•  Classify	Class	II	
•  Classify	Class	III	
•  Applying	mulKple	tools	
builds	staKsKcal	significance	
of	the	classificaKon	

Star-forming	galaxies	 Broad-line	AGNs	

Class	I	 Class	I	



•  Fold	in	the	surface	density	and	exKncKon	properKes	of	the	
clumps	

•  Classify	Clumps	by	the	relaKve	proporKon	of	YSOs	in	the	
various	classes	

•  Most	heavily	rely	on	λ>2µm	photometry	for	the	
evoluKonary	classificaKon	of	YSOs	
-  Less	affected	by	reddened	MS	stars	
-  Less	affected	by	confusion	

•  FLARE	improves	3x	spaKal	resoluKon	with	respect	to	
Spitzer	

•  FLARE	improves	on	sensiKvity	down	to	the	confusion	limit	
(see	previous	slides),	allowing	much	more	robust	
staKsKcal	significance	



Conclusions	

FLARE’s	superior	photometric	evoluKonary	classificaKon	of	
young	clusters	associated	with	dense	clumps,	cross-correlated	
with	other	star-formaKon	evoluKonary	diagnosKcs,	will	yield	

Galaxy-wide	measurements	of	

•  Cluster	formaKon	Kmescales	
•  Star	FormaKon	histories	
•  Star	formaKon	rates	and	efficiencies	
•  .....as	a	funcKon	of	GalacKc	environment	


