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Why not using a T-p (with $=2) model anymore?

% the FIR/ submm dust emissivity appears to have a more complex dependence on A than

described by the T-f model: emission spectrum flatter in the submm than a modified black-body
emission with § = 2
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% The dust emissivity appears to be T-dependent: i :

emissivity spectra flatter with increasing dust T
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=> similar variations of 3 with T and A in laboratory :
spectroscopic experiments on amorphous dust analogs

kappa {em'/q)

(Mennella et al., 1998, Boudet et al., 2005;Coupeaud “oF ‘
etal., 2011). - :
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Results confirmed using Herschel and Planck data in the MW (Paradis et al., 2010, 2012)
and in the MCs (Galliano et al., 2011; Gordon et al., 2014, Planck Collaboration XVII, 2011)




. AmodelofamophousdusttheTLS model

» 98% of amorphous dust in the ISM

» Double description of disorder in amorphous solids: the TLS model ~ Mény et al., 2007

 Disordered Charge Distribution (DCD): interaction between the electromagnetic wave and
acoustic oscillations in the disordered charge of the amorphous material (Vinogradov, 1960;
Schlomann, 1964) => T-independent
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* Two Level System (TLS): interaction of the electromagnetic wave with a simple
distribution of asymmetric double-well potential => T-dependent

A (um)

In the TLS model the emissivity spectral index varies as
a function of T and A




» 98% of amorphous dust in the ISM

» Double description of disorder in amorphous solids: the TLS model ~ Mény et al., 2007

 Disordered Charge Distribution (DCD): interaction between the electromagnetic wave and
acoustic oscillations in the disordered charge of the amorphous material (Vinogradov, 1960;
Schlomann, 1964) => T-independent

Parameters of the TLS model:
- Dust temperature

-Correlation length
-Intensity of the TLS process with respect to the DCD part

* Two Level System (TLS): interaction of the electromagnetic wave with a simple
distribution of asymmetric double-well potential => T-dependent

A (um)

In the TLS model the emissivity spectral index varies as
a function of T and A
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Why comparing dust emission in UCHII regions and cold clumps ?

UCHII regions:
- some of the most luminous objects in the Galaxy at FIR wavelengths
- ideal targets to look for warm/hot dust
=> dust emission and dust processes occurring in warm/ hot environments are
poorly known in the FIR/ submm

Cold clumps:

- molecular clouds with cold dust

- ideal targets to study the initial phases of star formation, i.e. pre-stellar core
fragmentation

Goal: investigate the potentially distinct dust properties depending on
the environment and to be able to predict the FIR-to-mm emission in
cold and warm regions.




Selection of regions
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UCHII regions

b200 (degree)

12 targets from the IRAS PSC
observed in both Herschel/Hi-
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Cold Clumps:
12 targets of cold molecular .
clouds (previously identified ;
from 13CO, recently analyzed
using a 3D-Galactic inversion
on Herschel observations,
based on HI and '3CO data
(Marshall et al., 2014 in prep.)
=> Selection of clumps with
cold CO phase
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Aperture photometry to extract dust emission:

2 SEDs/region :

- central part that has bright pixels (not intented to describe the core of
the region) 2-pixels radius (27.8”) =

- annulus surrounding the central part:

inner and outer radius of two and four pixels (27.8”” and 55.6”) 10
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¢ TLS model (see Paradis et al., 2011 and Mény et al. 2007)

Diffuse (diff.) Standard (Std.)
Used to reproduce the Used to the Galactic diffuse
Galactic diffuse medium medium and compact
(FIRAS +WMAP) sources

submm P=1.5 for T=30-40 K  submm P=2.5 for T=8-13K ' submm P=2 for T=17-25 K

208
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2 models:

% T-p model with § =2,2.5 and 1.5

S5 %2 minimization between 70 pum-1.1 mm for UCHII regions
160 pwm-1.Imm for cold clumps




TLS | TP Dust Temperature

Diff. CS Sd. lo | B=2 PB=15 B=25 lo
IRAS 17279-3350 (1) 26.13 2581 2585 0.7 | 2529 29.17 220 326

IRAS 17279-3350 (2) 3072 3127 3073 031 | 2868 3529 2471 534 1 £T di .
IRAS 17455-2800 (1)  29.17 2917 29.12 003 | 2821 3321 2476 425 | IN€an valuc o ISpersion:

IRAS 17455-2800 (2) 2721 2676 2675 026 | 2470 3172 2020 581 .

IRAS 175772320 (1) 3110 3117 3081 019 | 3014 3508 2667 423 | ® 5.3 Kand 3.0 K for UCHII regions and CC ( T-
IRAS 17577-2320 (2) 2757 2767 2730 0.9 | 2578 3156 2226 4.70 .

IRAS 180322032 (1) 3167 3180 31.66 008 | 3029 3622 2661 485 B model with the # B)

IRAS 180322032 (2) [31.19] 3322 3121 1.17 | 2744 [36.19] 2253 6.92
IRAS 18116-1646 (1) 3171 3203 3160 0.9 | 3057 3629 2665 435 | ® 0.38 Kand 0.71 K (TLS model)
IRAS 18116-1646 (2) 3263 3425 3268 092 | 29.13 3768 2459 6.65
IRAS 183170757 (1) 3665 3727 3669 035 | 3492 4266 3003 637
IRAS 18317-0757 (2)  27.78 2825 2776 028 | 2572 3220 2175 528
IRAS 18434-0242 (1) 3876 38.19 0.50 | 36.19 3075 6.77
IRAS 184340242 (2) 2620 2614 26.13 004 | 2448 3062 2069 501
IRAS 184690132 (1)  28.14 28.15 28.11 002 | 2721 3169 24.16 3.79 . . . ..
IRAS 18469-0132 (2) 3476 363 068 | 3073 [3873] 2615 637 | Examples of T dispersion for SEDs with similar
IRAS 18479-0005 (1) 3269 3315 3269 027 | 3126 3728 2724 505

IRAS 18479-0005 (2) 2926 2975 2924 029 | 2703 3420 2272 580 best X2 for each model

IRAS 18502 0051 (1) 28.10 28.10 2806 002 | 27.14 3172 2377 399

IRAS 18502 0051 (2) 2404 2357 2377 024 | 2252 2779 1878 453

IRAS 19442 2427 (1) 31.19 3126 3118 004 | 30.17 3525 2627 4.50

IRAS 19442 2427 (2) 2874 29.15 2871 025| 2696 3323 23.17 508

IRAS 19446 2505 (1) 3720 3823 3727 058 | 3524 4323 3020 6.57

IRAS 19446 2505 (2) 37.63 4125 3813 196 | 3356 4361 2774 _8
Mean std. deviation

=» the choice of the model has a real and strong

Cold Clump-1 (1) 1865 1796 18.52 . . .

Cold Clump-1 (2) 1663 1562 1638 impact on the T determination.
Cold Clump-2 (1) 2040 19.60 20.17 :

Cold Clump-2 (2) 1701 1558 1659 0.74 | 1621 20.64 1380 347

Cold Clump-3 (1) 1711 (1576 | 1686 0.72 | 1644 20.17 [14.05 | 3.08

Cold Clump-3 (2) 19.15 17.14 18.66 1.05 | 18.12 2325 1501 4.16

Cold Clump-4 (1) 1461 1397 1447 034 ] 1417 1650 1264 194

Cold Clump-4 (2) 1698 [1526] 1652 089 | 1612 20.18 [13.65 ] 3.29 1 1
Cold Clump-5 (1) 14.17 13.16 1398 054 | 13.79 16.13 1204 205 the TLS mOdel doeS not present the Same artlfaCt n

Cold Clump-5 (2) 17.06 1652 13711610 2073 380 terms of temperature determination as a T-§ model
Cold Clump-6 (1) 1171 1058 1154 061 | 1147 1320 0.0 1.59

Cold Clump-6 (2) 1519 1330 1489 1.02 ] 1459 18.18 1224 299
Cold Clump-7 (1) 13.64 1269 1355 052 ] 1319 1525 1167 1.80
Cold Clump-7 (2) 1959 1791 1913 087 | 1831 24.16 1538 447
Cold Clump-8 (1) 1218 11.13 1204 057 | 1195 1370 1047 1.62
Cold Clump-8 (2) 1656 1425 1604 121 | 1567 20.16 1299 3.62
Cold Clump-9 (1) 1830 1741 1804 046 | 1756 2122 1533 297
Cold Clump-9 (2) 17.65 1532 1712 122 | 16,65 2174 1372 4.06
Cold Clump-10 (1) 1972 1907 19.63 035 | 19.09 22775 1652 3.13
Cold Clump-10 (2) 2053 1882 20.10 0.89 ] 19.15 2517 1596 4.68
Cold Clump-11 (1) 1396 1302 13.67 048 | 1351 1571 1195 1.89
Cold Clump-11 (2) 1670 1505 1645 089 ] 1603 20.18 1350 3.37

Cold Clump-12 (1) 1522 1453 1507 036 ] 1486 1722 13.10 207
old Clump 9 206 6- —+6 4
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Regions . Norm. X7, Nogm. X7-p A
Di Std. B = = =25
- Total nb. of best x> 13 3 9 (36%) 9 15@25%  0(0%)
UCHIIregions pioiv2™  ° IsRIT 23817 15899 | 24670 15478 71733
Cold Clumps ~Totalnb.ofbestx®  X(8%)  14(56%) 9(36%) | 12(48%)  1(4%)  12(48%)
Total x> 19730 13, 15367 | 14502 6.681 17.970
O
STLS:

UCHII: CS param. do not give the best description of spectra (best %2 for only 12% of the
SEDs), while diff. param. give better solution (52%).

CC: CS param. satisfactory for 56% of the SEDs (against 8% diff. param.)

=> SEDs from UCHII regions and CC are not reproduced by the same set of parameters

>T-f:
UCHIIL: 62.5% of SEDs well reproduced using P=1.5, 37.5% using =2, and 0% with
p=2.5.
CC: only 4% of the CC SEDs have the best %2 using a 3 of 1.5. number of best %2 equally
distributed between =2 and p=2.5 (48%)




Regions Norm. X7, ¢ Norm. X7_g
Diff Std. B = B= B=25
- Total nb. of best x> 13 3 9 (36%) 9 15©2.5%) 0 (0%)
UCHII regions 7. 2 15811 23817 15899 | 24679 15478  71.733
Cold Clumps ~ Total nb. ofbestx)  AB%)  14(56%) 9(36%) | 12(48%)  1(a%)  12(48%)
Total x> 19730 13, 15367 | 14.502 46681 17.970
O
STLS:

UCHII: CS param. do not give the best description of spectra (best %2 for only 12% of the
SEDs) while diff. param. glve better solution (52%)

=> SED -)UCHH regions and CC have # dust 28
properties (p changes with the environment)

>T-f:
UCHIIL: 62.5% of SEDs well reproduced using P=1.5, 37.5% using =2, and 0% with
p=2.5.
CC: only 4% of the CC SEDs have the best %2 using a 3 of 1.5. number of best %2 equally
distributed between =2 and p=2.5 (48%)




IRAS-Archeops compact sources

/\Regions . Norm. X7, ¢

Diff. CS Std.
S Total nb. of best x> 13 (52%) 3 (12%) 9 (36%) 3
Q7 Total X2 15811 23817 15899 >

N
¢, Total nb. of best X2 2(8%) 14 (56%) 9 (36%)
¢ Total x2 19730 (13347) 15367

Fy Uy)

CS parameters used to reproduce the
Archeops compact sources in our Galaxy
are also the best parameters to describe the
Galactic cold clumps analyzed in this work

Fy (Jy)

=> same set of param. able to reproduce
various cold sources observed with #
instruments at # A.

Fy (Iy)

Most cold clumps have similar

Fy(ly)

general properties




Regions Norm. X7, Norm. X7_g
Diff. cs std. B=2 B=15 B=25
. Totalnb.ofbestx? 13(52%) 3(12%) 9(36%) | 9 (37.5%) 15(625%) 0 (0%
UCHIIregions w2 " ssil 23817 15899 | 24679 15478 (71733
Cold Clumps  Totalnb.of bestx?  2(8%) 14 (56%) 9 (36%) | 12 (48%) 12 (48%)
Total X 19730 13347 45367 | 14502 17.970

Modeling with:

% the TLS model (using the adequate set of params)

or
% a T-f model (using the adequate [3)

= same result for the goodness of fits because of the lack

of strong constraints at long A

The TLS model takes the flattening of the spectra in the
submm/mm into account, contrary to T-f3 models
And with an incorrect 3, a T-B model can lead to an
incorrect description of the dust emission (very bad 2)

TLS model with std param. is able to reproduce the emission

of each type of environment well.

=> First model that is able to describe various types of
medium with a single set of param. by only changing the

dust T.
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log Q aps (arbitrary units) log Q apg (arbitrary units)
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Diffuse parameters
TLS model Polynomial+Gaussian fit

1500
E The TLS model predicts emissivity variations
~ as a function of A and T.
500
SRS T e " Polynomial+Gaussian fit on the model for
mpact Source parameters each set of parameters (diffuse, cold sources,
TLS model Polynomial+Gavssian fit and standard) [T in the range 7 -100]K; A
1500 1500 [100 I o zmm]
£ £
= 1000 = 1000
<
500 500
20 40 60 80 20 40 60 80
T (K) T(K) .
Standard parameters IDL code available here:
TLS model Polynomial+Gaussian fit http://userpages.irap.omp.eu/~dparadis/TLS/
compute TLS poly eaussian_fit.pro
1500 1500
€ E
= 1000 = 1000
< <

T (K) T (X)
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Comparison of the Polynomial +Gaussian fit (using std. param.) with known SEDs of UCHII
regions (from Paladini et al., 2012) and cold clumps (from Juvela et al., 2010). Only T in our fits

varies from one SED to the other.
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We are able to predict the dust emission from FIR to submm in various environments




L Comemsens

=> variations in the dust optical properties with environments.

=» Contrary to any fixed value of f§ (1.5, 2 and 2.5) that mostly fails to give good %2 in
both warm and cold regions, the use of the standard TLS parameters can give

reasonable results in all cases.

=» Using a T-f model for which the f§ value is unknown can lead to an incorrect
description of the dust emission.

=>» the TLS model does not present the same artifact in terms of T determination as a T-
B model, and is in particular a better description of the FIR-to-mm emission

=» We also reported an easy way to determine the emission at any T and A for each set of
TLS parameters by giving the coefficients of a polynomial+Gaussian fit

http://userpages.irap.omp.eu/~dparadis/TLS/compute TLS poly gaussian fit.pro




