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We cannot see cold H»

® Molecular clouds are made mostly of molecular
hydrogen at ~ 10K

® Molecular hydrogen is (basically) invisible at these low
temperatures (no dipole moment)

® Ve need to use tracers to map the cloud mass
distribution:

|. Radio spectroscopy of CO, C§, NH3...
2. Cold dust in extinction (NIR)
3. Cold dust in emission (FIR and sub-mm)

® Each tracer has its own benefits and limitations!
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Extinction

Mobs — My — AV = 1.0806 T
Color

Am = my, —m,

Color Excess

E()\l — )\2) — Amobs — Am*

= Ay, — Ay, = R A\,

R, , parametrizes our knowledge (or ignorance) on the
dust properties at the two frequencies A1 and X2



Making extinction maps
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® TJake a cloud
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Making extinction maps

Take a cloud
Observe in the NIR

For each star, we have
zgas ~ 2dust ™~ E( - K)

Compute for each star
E(H — K) — (H - K)obs -
( - K)intr

Estimate (H — K)ine from a
control field as (H — K)

Make a smooth map

Convert extinction into gas
column density

Alves et al. (2014)
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Barnard photographic atlas (1919)
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The Pipe Nebula

Lombardi et al. (2006)
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Extinction map
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Lombardi et al. (2006)
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® The dense core mass
function (DCMF) has the
same shape as the IMF
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® The dense core mass
function (DCMF) has the
same shape as the IMF

® The difference can be
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interpreted as a star
formation efficiency
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® Things might be more
complicated (e.g., one core
might fragment)
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Larson’s 3rd law

® [he mass of molecular o Ori A
Ori B
clouds scales as M < R? N * California
EG e Pipe Taur
= aurus
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® Same average density (as LI Lupus | o
. Lupus 3 a
predicted by WDM) Lupus 4 m
' Corona

® All this is related to the PDF
for column densities
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® Makes sense to study the Corona

PDF of molecular clouds

Lombardi et al. (2010)



Ap(Ak)

Log-normal fits to cloud projected

den5|ty distributions

Or10n A ][

Orlon B ][

MonR2 |

WHM%MM _

A Orionis [

02F
0.0F

02 F
—04 ¢

J.FJ[

Ak (mag)

Ak (mag)

-0.1 00 0.1 02 03 04 05 —01 0.0 01. 02 03 04 05 —01 0.0 01 02 03 04 05

Ak (mag)

Lombardi et al. (201 1)






Wroderpes










1.000 F;

30.100}

N /N

0.0071

1.000F

N / N

Kainulainen et al. (2009; see also 2014)
N / N

0.010}

30.100}
0.010}

0.001E

30.100}
0.010}

0.001E

Log-normals everywhere!

A [mag]

;(]mechus |

n ;;Taurgs | | ] Serpgms | i ]
0 1 2 0 1 2 O 1 2
n (A, / &) n (A, / &) n (A, /&)
w A, [mag] . A, [mag] A, [mag]

10 1 10

o 0.35

mi

Lupus Il

0

1
n (A, / A)

2

1.000F 7

'LDN|w228




Why we like log-normals



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free

0p
Friaie V-u—(u-V)p



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free

%:— V-u—(u-V)p
ou 1 VP  J?
Frie —(u-V)u Mz, 1729



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free

%:— V-u—(u-V)p
ou 1 V.7~ J2
o - W Vus p et e



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free

%:— V-u—(u-V)p
ou 1 V.7~ J2
o - W Vus p et e

® Relative changes of p are equally expected



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free

%:— V-u—(u-V)p
ou 1 V.7~ J2
o - W Vus p et e

® Relative changes of p are equally expected

® Central limit theorem predicts a log-normal



Why we like log-normals

® |og-normal distributions are expected for p (Vazquez-
Semadeni 1994, Padoan et al. 1997, Scalo et al 1998...)

® Fluido-dynamic equations are scale-free

%:— V-u—(u-V)p
ou 1 V.7~ J2
o - W Vus p et e

® Relative changes of p are equally expected
® Central limit theorem predicts a log-normal

® Projection effects (in most cases...) do not significantly
alter this expectation (Vazquez-Semadeni & Garcia 2001)
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The end of a dream

Systematic residuals in the entire
fitting region!
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Alves et al. (2014)
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All log-normal fits show
systematic residuals
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The end of a dream

What is the physical meaning?

Gaussian

® Gaussian: diffuse extended
region + noise

® |og-normal: denser parts
What is the role of noise!
® Dominates at low A!

® |[s still present at large Ak

PDFs more difficult to
measure than we expected...

Residuals disappear when fitting a

Log-normals: are they real? ,
: / Gaussian + Log-normal.

Alves et al. (2014)
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Do yourself your log-normal!

Recipe
® Take any nice cloud

® For optimal results, make
sure the true PDF is
decreasing

P(Ak)

® A nice P(Ak) ~ A" will do

® Observe the cloud

® Make sure you make
significant statistical errors

® You are done! The observed
PDF looks like a log-normal!
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PDFs, noise, and resolution

® Noise can be significant at
low column densities

® |t affects mostly
extinction maps of
clouds at high b

e Resolution effects present = &
all bins and hard to model

® For any single problem =
the resolution is always =~

|deally we would like to have high-res, low-noise
density maps of clouds



Beat the noise: Herschel maps!
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Dust emission data
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® A cloud emits a (modified)
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Dust emission data

=
-

® A cloud emits a (modified)
black body spectrum
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Dust emission data
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® Perform an SED fit of the

Herschel measured fluxes in 100 500
each pixel Wavelength [pum]

® Map of dust optical depth T
and effective temperature



Dust emission data

® A cloud emits a (modified) N(H: 22 1= 08 x 10
) +/- 0.8 X cm™

black body spectrum Temp 25 4/— 4 K
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® Perform an SED fit of the

Herschel measured fluxes in 100 500
each pixel Wavelength [pum]

® Map of dust optical depth T
and effective temperature

® Tis related to the dust
density through the dust
opacity, wich we do not know
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® A cloud emits a (modified)

I, =B,(T) [1 - e_T”] ~ B, (T)T,

_ B
Ty = '%I/Zdust XV

Dust emission data

N(H.): 2.2 +/~ 0.8 x 10" cm”
black body spectrum (8 Temp 25 4/— 4 K

Pos. 5

=
N
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e
S
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=
y—
s

Perform an SED fit of the

Herschel measured fluxes in 100 500
each pixel Wavelength [pum]

Map of dust optical depth T
and effective temperature ® TJemperature gradients along the

' |.o.s. bias T low
T is related to the dust

density through the dust ® Things almost certainly go wrong
opacity, wich we do not know near OB associations y



Orion A & B

(Lombardi et al. 2014)
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Can we actually probe the low Ax?

Lombardi et al. (2015)
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Can we actually probe the Iow Ax!

® Cloud boundaries are not
well defined!

® Different boundaries
produce different PDFs at
low Ak

Area per bin [pc?]

Lombardi et al. (ZO | 5)
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® (Cloud boundaries are not Lombardi et al. (2015)

well defined! 10"

® Different boundaries
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low Ak
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Can we actually probe the Iow Ax!

® Cloud boundaries are not § Lombardi et al (20|5)
well defined!

® Different boundaries
produce different PDFs at
low Ak

Area, per bin [pc?]

The only sensible definition of a cloud
boundary is using iso-density
contours.




Can we actually probe the Iow Ax!

® Cloud boundaries are not § Lombardi et al (20|5)
well defined!

® Different boundaries
produce different PDFs at
low Ak

Area, per bin [pc?]

® The only sensible definition of a cloud
boundary is using iso-density
contours.

® Which contour levels are we able to
use securely?
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® Resolution effects (all
bins): hard to model...




Low-column density part of PDFs

® Noise can be significant at
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Area functions (integrals of PDFs)
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Taurus

(Lombardi et al. 2015)
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(Zari et al. 2015)
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Polaris log-normal fit

® A log-normal fit of Polaris
works in the range Ak 0.05
to 0.2 mag
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Polaris log-normal fit

® A log-normal fit of Polaris
works in the range Ak 0.05
to 0.2 mag

® Consider a (toy) model of
a Bonnor-Ebert polytropic
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Polaris log-normal fit

® A log-normal fit of Polaris
works in the range Ak 0.05
to 0.2 mag
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® The associated PDF fits
the measured one over 2
order of magnitues!




Polaris log-normal fit

A log-normal fit of Polaris
works in the range Ak 0.05
to 0.2 mag
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a Bonnor-Ebert polytropic
sphere
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The associated PDF fits
the measured one over 2
order of magnitues!

Caveat: ad-hoc model, but
shows that log-normal is
not that good



The local Schmidt law

Lombardi et al. (2013), Lada et al. (2013)



The local Schmidt law

® |n the cloud we studied, the density of
protostars is well described by

Yo(x) =K [AK(a:)} 0

Lombardi et al. (2013), Lada et al. (2013)



The local Schmidt law

® |n the cloud we studied, the density of
protostars is well described by

Y.o(x) = k|Ag(z)] o

® Both coefficients seem to have a limited
range of variation

Lombardi et al. (2013), Lada et al. (2013)



The local Schmidt law

® |n the cloud we studied, the density of
protostars is well described by

Y.o(x) = k|Ag(z)] o

® Both coefficients seem to have a limited
range of variation

® The SFE of a cloud is ultimately linked to its
internal structure and PDF (amount of

dense gas)
Lombardi et al. (2013), Lada et al. (2013)
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| . For 20 years we have screwed up the simplest characterization of
cloud structure, the PDF... but we now know PDFs are power lows

2. Various other scaling laws hold (Larson’s 3rd law, the local Schmidt law)

3. Large differences in the SFRs of molecular clouds are to be linked to
their internal structure (slope of the PDF)
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