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The simplified picture of ISM solids

Volatile” solids




Silicates in the diffuse interstellar medium (DISM): \V

ISO SWS 3

GCS 3 (+0.5) |

Fx (10-13 W mf2 um-!)
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ISM silicates almost fully
« amorphous »

GC emission

ISO SWS

<2.2% crystalline (1.1% + 1.1)

10 11 12 Kemper et al. 2004 + erratum
A (um)

Kemper+2004, Jager +2003 , Li & Draine 2001

And in the Rayleigh limit (small)
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Silicates : crystals are locally formed/(re-)processed

post-AGB
10%
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Solar system silicates

Cryst. Silicates,
&+« Amorphous N,
silicates

Galactic center Hale Bopp
10 15 25 10 20 25

Wavelength {(um) Wovelength

Dartois 2008, « Cosmic Dust: Near and Far », Heidelberg

Infrared Space Observatory
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Why amorphous. . .
silicates in the DISM?

Log In{H)]

| Zuhkovska+ 2016, Jenkins 2011
’

_Si-O stretch

Kemper+2004
Wright+ 2016

100001

= 100.0 -3

g

E

= 100

Z GCS 3 (+0.5)

< 1.0 ~ V.
: GCS 4 (:025)\ 4 Proportiontinherited from stars vs
' ‘ - growth by accretion in ISM ?

1.1% % 1.1cristallins E. Dartois - ICISE 2018 - Quy Nhon



Amorphous silicates from gas in the lab

Lab work on condensation of an amorphous
phase from atoms at very low T

|
Mg, Fe SiO, target
Mgl3IFe09SIi03l6 264K
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Mg SO, target
Mgi1 Si0z28
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71000

Rouille+2014

vibrational frequency [om )

e.g. Yang+2018, Fulvio+2017, Nuth &
Moore1989 Donn+1981, Khanna
+1981
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Cosmic rays amorphisation ‘

00 MeV

0= . —— -
Eg = 400 MeV _
ES 600 MoV —ov Flux of Cosmic Rays

— (1 PRI P W AeCeNT)

(MeV/nucl)”

A - .
(Y e par ™ yeaw )
”

e
~ 4

"

Flux (particles cm™ s™ sr’

Webber & Yushak 1983, Shen 2004

10° 10*
gy per nucleon (MeV/nucl)

APAS
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LPSC Grenoble

Erergy (aV)
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Amorphous silicates & CR in the laboratory

CR irradiation simulations 20-50keV He
+ irradiation of Enstatite (MgSiO3 )

Wavenumber
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e.g. Jaeger+2013, Sczenes+2010,
Bringa+2007, Stratzzulla+2005,
Demyk+2004, Brucato+2003, 2004,
Carrez+2002, Shrempel+2002

Bringa+2007

E. Dartois - ICISE 2018 - Quy Nhon




R. Diehl

Dense Molecular

Intergalactic
. Gas

(other Qaldes

E.Dartois
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Silicates in the MC phase : still mostly amorphous...

A YOS Elas 16, A,~19
| |
H,0 CO H,0

10
Wavelength (um)

e.g. Knez+2005, Bergin+2005

H.O libration ?

Silicates

CRBR 2422.8-3423 7

10
Wavelength [micron)

Spitzer/VLT, Pontoppidan+2005 ISO database extract

E. Dartois - ICISE 2018 - Quy Nhon




Main carbonaceous

solid ingredients
observed in the ISM
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AIBs (« PAHs » ):.
Class Ato D

’
’

Nano-Diamond

Amorphous carbon

Hydrogenated amorphous carbon
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Black eye galaxy, WFPC2, AURA/STScl




Fullerenes in a hutshell A long search with upper limits:
visible DIBs & IR N J

NGC 7023 e.g. Fulara+1993; Foing & Ehrenfreund 1994,

Moutou+1999, Herbig 2000

JRPUS WP SRS WP WP S -

8 10 12 14 16 18 20
Wavelength (um)

Sellgren+2009, 2010

NGC 7023
molecular
cloud

Reflection Nebula

&
*

[ie

Spatially resolved C,, in Reflection Nebulae

Sellgren et al. AAS 2009, Sellgren et al. ApJL 2010
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Fullerenes in a hutshell A long search with upper limits:
visible DIBs & IR

N A ”N'G'C 762'3' i e.g. Fulara+1993; Foing & Ehrenfreund 1994,
Moutou+1999, Herbig 2000

NGC 2023

Wavenumber (cm™")
800 700 600
L4 L] T

10 12 14 16
Wavelength (um)

Sellgren+2009, 2010
NGC 7023

molecular
cloud

Reflection Nebula

Flux (Jy)

15
Wavelength (um)

PN (white dwarf) with low H

Observed in IR mainly in PNe (<5% C-rich) & many
other objects (RN, AGB, Post-AGB, PPN, Herbig Ae/Be)

. : . Cami+2010, Garcia-Hernandez+2010,2011,2012, Gielen+2011,
Spatially resolved Cg, in Reflection Nebulae Otsuka+2013, Zhang & Kwok 2011, Rubin+2011, Peeters+2012,

B +2012, Berné & Tielens 2012, Roberts+2012, Omont 2016
Sellgren et al. AAS 2009, Sellgren et al. ApJL 2010 oesha e & e ens ooehs mon
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93659 A

HD 183143

Campbell+2015, Walker+2015, Strelnikov+2015, Campbell+2016

C60+ f value measured in Ne

Berné+2017

% of C taking [C] = 1.6 x 104

Emission Absorption
Star-forming regions

Fraction of C locked in detected
fullerenes X, ~ 10-3-10-°

0.01* -
0.04-0.06*" -
Diffus_c__ISM

N eo/Ny, ~ 10-8-10-11

0.2 *f 0.06-0.1*
0.03-0.4* -

Detectability of C4," bands more and more

'Evolved stars

0.1-3.0***

constrained (VLT/EDIBLES)
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AIBs (“Polycyclic Aromatic Hydrocarbons hypothesis”)
Class A, B, C, D

Wavelength (um
5.8 6.0

i ®)

f\
Lot PV, W

3100 3050 3000 2950 1700 1650 1600 1550 1500
Wavenumber %cm“

Wavelength (um)
8.5

9.0 108 11.2 11.6

| ¥ ]
5 N‘(\,L P i3 : 3.4 3.5
Y Wavelength (1m)
A
tn{ﬁl‘ [— 2 ;

1250 1200 1150 1100 900 850
Wavenumber (cm™')

Van Diedenhoven+2004, Sloan+2014

H# sources observed : class A >>classB>classC-D

Aliphatic/aromatics mixed in class C/D

5-20% C
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6.3 um sp’ deformation modes
6.85/7.25 um

/\AWZ“J

/i IRAS 13416-6243

HD 135344

HD 44179

NGC 1333 SVsS 3

Planet. Ne and RNe not aligned
-> Xstry + UV

Sloan+2007, Keller+2008, Acke+2010
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. - ry Premixed low pressure flame C
ArOmatIC C C Shlft Induced Laboratory soot analogues spectra /

by aliphal‘iCS sp3 CH bonds ? (~50 samples)

Pino+2008
T.0

m )

i1 1 lcrizess
_t L IRkS2®725435

L — i :
" KIRAS04296+3429
e I

"6.2" microms band’s position (¢

PPV ST |

N(CH Aromatics) / N(CH aliphatics) 0o 624 em  6m

"6.2" microns band position

Carpentier+2012

E. Dartois - ICISE 2018 - Quy Nhon Kwok&Zhang2013
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TTCygni / IRAM

Volk+ 2001

Chen+ 2010, Gauba 2004 Hony+ 2002

C rich PPNs progenitors like AFGL 2688

(class C) & PNs like NGC 7027 E. Dartois - ICISE 2018 - Quy Nhon




C
=~

Amorphous carbon (a-&y

Large fraction of the Cin a-C
needed in the DISM dust models

Dwek 1997, Compiegne+ 2011, Zubko+2004, Jones+ 2013, Siebenmorgen
2014, Wang+ 2014, ...

033 1 3 10 30 100 nm  radies

o M .
a a-C:H/a-C

IR emission bands ol
MIR emission
FUV extinction

UV extinction bump

Etoile carbonée
TTCygni / IRAM

a-CH

Volk+ 2001

a-Silge/a-C

core / mantie

N\ N )
THEMIS / Jones+2017 \_\\ / /
Chen+ 2010, Gauba 2004 Hony+ 2002 IR absorption bands

C rich PPNs progenitors like AFGL 2688 visible/MIR extinction

. FUV extinction
(class C) & PNs like NGC 7027 E. Dartois - ICISE 2018 - Quy Nhon FIR/submm emission




Allen & Wickramasinghe 1981

Pendleton et al. 1994

Optical Depth

Hydrogenated amorphous carbons (a C H or HAC)/
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TS _
~ I : f ot 100.0
E Voo fSnmnm
u‘ 9 i 3 i
' " ‘?
E I ! £
= 4 10.0
” N =
L 1 o
L = = n
e Sk i 8
'o S
~ 3
o
18
/5, GRS, ¥ S ¥ A T
Woavelenoth (nm)
Waveleagth (pm)
53 14 14 i6
l N R — , «d
.; |
°%r:s; '],A'g: P
| . 'L "
o iR :
(3 ! [, ~ "
t. !ts *
. é 3 "o.f
0ls T
. ¥
oM+ W H} s X
r;-ov~0;+’<oo D e R e U S v'
y 0
o4 §s FIItAE "
. | il i
! - « 41
008 4 -ﬂ
r&h}i

= %}J‘

Sandford et al. ApJ 1991, 1995, Pendleton et al. ApJ 0 :
1994; Duley et al. ApJ 1994, 1998; Dartois et ai 1997  EefIS]=R0kE:} UCRJthhénSA (lab HAC) duC cosmique
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Extragalactic sources ISM

[ - . ".\.."‘
. v v . |
observed with a-C:H LI A LS T4
..!'I. L : o P2
Naye (1) v .
UG T T p R f 4 i ,‘ 11 ). e
RAS 12127-1412 .\U) e BB : B )
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™ :. ....... 1 .
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: ,;m:mo 1 ¢ 'f‘..
e ey o wmeectl RN b | VANATMIAMATIANIATL 00 o AL IR R I T R S T @ g °
2.5 3 3.5 4 v P -

4.5
observed wovelength (um)

Imanishi et al. AJ 2010

Mason et al. ApJ 2004

CH stretch

a

|euuonenldsqo
Suinjony

e.g. Risaliti+2006, Imanishi
> +2006; Mason+2004,
1998; Pendelton+1994

Dartois & Munoz Caro 2007

T(6.85) ~ 0.12 t(Silicates)

15% +-7% of the cosmic carbon

Up to 40% in extreme cases ?
E. Dartois - ICISE 2018 - Quy Nhon

Pendleton & Allamandola ApJ 2002




C
/
Which ISM carbonaceous solids ingredients for models ? \\V

AlIBs-PAHs :
Class Ato C

> j)’\\\
Fullerenes KX

'y
4
54 L §
q
.
4
.
’

Hydrogenated
amorphous carbon
Amorphous
carbon
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Silicates in circumstellar disks (Herbig Ae/Be) #73

Modeéele de Kurucz
Meeus et al. 2001

E. Dartois - ICISE 2018 - Quy Nhon




Silicates in disks | \’

Group 11

Meeus et al. 2001

E. Dartois - ICISE 2018 - Quy Nhon




Silicates in disks:
Specific features

Herschel

Fe content

Sturm+ 2013, Malfait+ 1998

Koike et al. 2003

E. Dartois - ICISE 2018 - Quy Nhon



Silicates in disks

Herschel

Star fron frachon |5 lTemperature (K] distance (AU
min  max mie Mmax min max

AB Aur 19 32 4 273 16 221
HD 100546 | 0.1 0.3 154 223 20 29
HD 104237 104 &0 154 k] 289
HD 141569 |00 107 »>300 <9 72
HD 179218 J04 N 126 171 104 196
HD 143668 |00 130 224 23 74
IRS 48 0.4 124 195 17 43

AS 205 . 121 32

Sturm et al. 2013

32 disk sources observed.
8 sources with 69 um olivine feature
Except 1 T Tauri star, disks associated with
Herbig Ae/Be stars.
Most of the olivine grains are iron-poor
less than ~2% iron (forsterite like).
AB Aur is the only source where the emission
cannot be fitted with iron-free forsterite,
72 74 requiring approximately 3—4% of iron.
Peak [um] T-position -> Iron content + location

8 &

Iron [9%)

—
o

—A
S PTUTE P FTTTY FTTTY PR FTee

o O

~l
(o o)
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Silicates in disks: snapshot '
=

Amorphous:
- range of Mg/Si ratio’s.

- do they contain iron ?

Crystalline:

-Olivine + Pyroxene:

dominated by Mg poles Forsterite & Enstatite
-Observed Diopside ?

-No hydrated silicates observed

- Iron remains extremely difficult to detect

E. Dartois - ICISE 2018 - Quy Nhon




Spectral evidence of
grain growth in Herbig
Ae/Be

Above a few microns
the grain becomes
spectroscopically « like
a planet » in the IR

-> mm interferometry

FIN) = Foo(N)]/<F.om(A)> + constant

The dynamical mass in
some disks imply bigger
grain sizes

0 111111111~1111

i [mié:OrOrw] i

Acke & van den Ancker 2004

E. Dartois - ICISE 2018 - Quy Nhon



Extracting properties: Several components:
- ¢ composition (mlnera+o )

- Size/shape effects
- Phase (am./cryst.)
- Temperature

abs

Forsterite

P
-
o—y
r
—
g
.-
Q
N
-
——
©
-
—
-
L
..

Normalized x

(=]
(=]

8- Enstatite

10 12 8 10 12 8 10 12
Alpm) AMpem) AMum)

Bouwman et al. 2001
Natta+2006
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Spectral fit to extract correlations

Galactic 4 ] HD142666 ., Halley
Center 3 ,*""‘**-'\J.I

F '
<1

r"sw

Hale Bopp

1000 g DO
April 97

800
600
400
200

0

s0f HD100546
40

30 ‘
20 '

10}, "/j

N [ —

+0} Hale Bopp !

30} Oct 96

Mass Fraclion

HD163296

15;

Y: HD169142

ar
4

ol A 1
WA T,

L] 10 12 14

Bouwman et al. 2001
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Special events formation
around stars:

Formation in outburst of EX Lup
(eruptive young star):
silicate crystals in motion

18 Mar 2005 21 Apr 2008

' &l nierstiellor a . EX Lupt o b i X Lupt o C |
» °‘ ~ : { - . |
- ! : '
~ ) . ’
) ’ 0
pe B o 1 4
,1} | ! (}
M4 ' ) |
- ! : !
- v ) )
:-u.: ] »
rEn '
v, ' .
' .
! .

- - - -

—y

‘ 1% .y o . A & = S 10 o
[y 4 10 1 >, 4 ) o A P, b ’ 10 A L Wavelength (microns)
W
velength [um]
h OV ¢ r l ;1 Crystal Formation in the Disk of an Erupting Star
Spitzer Space Telescope * IRS

Abraham+2009, Juhasz et al. 2010, Audard+2014 R et e B el
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IR Interferometry :
silicates in disks

Haniff 2010

VLTI / ESO

“E. aﬁms""\ClSE‘Z(‘)‘m‘ Quy”ﬁhon L




IR Interferometry : silicates in Herbig Ae Be
HD 144432/ MIDI on different baselines

3
4
o
« ¥
3
%
» §
£
%

van Boekel+2010

Crystallinity and average grain size in disk surface layer decrease with distance to star

A chemical gradient in the composition of the crystals:
forsterite dominated spectrum closest to the star &more enstatite at larger radii.

Support the radial mixing scenario for the origin of crystalline silicates?
E. Dartois - ICISE 2018 - Quy Nhon




Sl I icates in T Ta u ri enstatite mass fraction of crystalline silicates |

colder outer
(5-15 AU)
regions

Inner
(1 AU)
region

: Bouwman et al. 2008
Speces Chemucal Formula

Adaficilias et : MeFeSiO, size of the enstatite grains (1 um) larger than

(Olivine stoichiometry) forsterite grains (0.1 um)
Amorphous silicate ! MgFeSi, 0,

Pyoniiins Mothiiinas?) mass fraction: larger enstatite fraction in
Forsterite Mg:SiOs warmer inner disk than colder outer
Clino Enstatite MgeSi0; . . .
Silica ; SiO- Enstatite inner / Forsterite outer

No strong radial mixing at this stage ?

E. Dartois - ICISE 2018 - Quy Nhon



Influence of size increase in the mm:

Flux received from a disk
Optically thin: F(v)ec k(v)[cm2.g7"] B, (T yust) Myyst / 92
Rayleigh-Jeans limit : F(v)oc v2 k(v)[cm?.g7"] Tyt Mgyst / 92

Outside the solid material strong absorption bands If k(v) o< v# then F(v)oc vF*2
The B of dust can be infered from the observed flux slope minus 2.

)

Krugel & Siebenmorgen 1994 E. Dartois - ICISE 2018 - Quy Nhon Testi et al. 2014




Influence of size increase in the mm:

Flux received from a disk

Optically thin: F(v)ec k(v)[cm2.g7"] B, (T yust) Myyst / 92
Rayleigh-Jeans limit : F(v)oc v2 k(v)[cm?.g7"] Tyt Mgyst / 92

I

1

T
|

TITTTTT

of

1

- Astrosdicates
~ sphere 0.1 um

Mg rich glasses averaged MAC
10K

E. Dartois - ICISE 2018 - Quy Nhon

1.0

LU L

Masses
overestimated

Demyk+2017




Dust in circumstellar disks (mm) : index change j# '

o=p+2 .

t + Seroens_ ’
3 ONC ,

P
Optically thin:F¥ ¢

[52(1, -2 " 1
Beckwith & Sargent 1991 St ey g e

100 1000
'mm |MJy, dist = 140 pc]

Testi et al. 2014

VA=

outer disk regions appears to have grown to sizes of at least 1 mm

The dynamical mass requires change in mass absorption coefficient otherwise
unstable disks

E. Dartois - ICISE 2018 - Quy Nhon



Dust in circumstellar disks (mm) : radial index change

| Huang+2018

E. Dartois - ICISE 2018 - Quy Nhon



C
AlIBs Detection rates in disks -~

T Tauri stars \V

11-14% (/37), with no detections for stars with spectral type later than G8
3—4% in Taurus and Serpens star-forming regions

Features are weak
wrto continuum and
silicate emission, and
more class C like,
thus more difficult to

detect.

Carriers 10—100 times lower than ISM ?
The high T Tauri X-ray luminosities have been invoked to explain this deficiency

E. Dartois - ICISE 2018 - Quy Nhon




AlBs

Herbig Ae/Be stars

Highest detection rate in Ae (~70%)

~50% in Be, but confusion with enveloppe/cloud

Acke & van den Ancker 2004, Acke+2010

Spectral evolution of the AIB
class among the T.Tauri to
Herbig objects

Acke+ 2010

E. Dartois - ICISE 2018 - Quy Nhon




Spatial information

D 97048 B 56 4 o

(0 0)
#
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o8l

Berné+ 2015
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Maaskant+ 2014

Taha+ 2017
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Nano-diamonds T A Jaaaas = Lab Top down approach > 35n(g,

Herbig Ae/Be stars M | |l

/"‘ | |
/ ‘k\ / “
Mo \ Y ]n' "\350 nm
~ A ‘ N

\
7 N\140
) 40 \_' -\_:'V ‘ nm

™ -’/ /\\ ,'/ l“ \____
8 .4..,, i SO / ‘.-/"M_l.ll \'\_S_Q‘n-m

KR \"‘\_/’ \
@ 35 // AN 35nm | 3
e /-_\ — S
W S /N N\ S5nm | g
3050 2":;50 Pd EZSC' ?;53 E’
Frequency (cm') O

Adamantane

Diamantane

!

T

3.435

waveleng

iz nden : = ; :
Guillois+1999, Chen+ 2003 Chang+ 1995 size dependence ; 3.3 3.4 35 3.6 37

Wavelength (um
Jones & d’Hendecourt 2000; Van Kerckhoven+2002, Chen+2003, Jones+2004

Nanodiamond approach : Non relaxed surface for nanodiamonds < 35nm
Molecular approach : Observed [(3.53um/3.43um) = analogues around 130 C atoms

Triamantane

Pirali+ 2007

E. Dartois - ICISE 2018 - Quy Nhon



Nano-diamonds: resolved observations
Herbig Ae/Be stars
Observed close to the star Elias 3-1 HD 97048

5 jCenter ! :Center

Diamonds

100AU g N Offset from Center [AU : 1D97048

d}, _;; e Goto et al. ApJ 2009
. \ | Doucet+ 2007

Wavelength Wavelength

- Survey of 30 Herbig Ae/Be stars
< 4% of the targets with characteristic emission

@3.43 and/or 3.53 pum

E. Dartois - ICISE 2018 - Quy Nhon



HD35187 (2) |

.
4
-
4
-

14
Acke+ 2010

F v v -
. I l.l'..‘rl
_l 6000 K

lRl' pl'\

H'I)NVT(M)Y( PAHS

&

v

Roberts+2012
E. Dartois - ICISE 2018 - Quy Nhon




Amorphous carbon (a-C / carbonaceous VSG)

ae! TEEECRE RS o Provide featureless continuum
emission in circumbinary disk
HR4049

Acke + 2013

Invoked in disk modeling

e.g. Schworer+ 2017

Extended NIR emission around Herbig
stars with the presence of carbonaceous,

quantum heated particles.

..=048 R,

The increase of PAH content/size
with stellar Teff is done

@ the expense of VSG
destruction ?

T 4 (107 K) Seok & Li 2017, Berné+2009




C solids within solar
system matter ?
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C in meteorites, IDPs & migrometeorites : sampling the sol. sySt.
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0.5-100 um dust g ), | refractory
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Messenger+ 2015

Poppe+ 2016, Nesvorny+ 2011




Insoluble Organic Matter (IOM)
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Kebukawa et al. 2011 Orthous Daunay 2011

Many absorptions in the mid-IR fingerprints region
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UCAMMs : « natural » N-rich organic micrometeorites

Nakamura+ 2005, Concordia
Duprat+ 2010

micrometeorites
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Ong+ 1996, Hammer+ 2000, Fanchini+ 2002, Rodil+ 2001, Quirico+ 2008
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Comparison between IOM & ISM a-C:H

Incorporation of ISM obs/labo C
within solar system matter ?

Dartois et al. 2005
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Incorporation of ISM obs/labo a-C:H
within solar system matter ?

Comparison between IOM, UCAMMs & ISM a-C:H

Dartois et al. 2005
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Comparing UCAMMSs, I0M, lab ice residues & a-C:H/ ISM a-C:H /AIBs

Wovelength (um)
3.33 4.00 ’ 5.00 6.67 10.00

v v 4 v L - v | . L v r ‘ v - v v!' L v L4 T ' - L4 L4
‘B
#

6
0]

]- UCAMMSs

[O1\V/IS

Opticol depth

OM Murchison

Ice organic
residues

‘ ISM

L. OR2
URASOBS72+ 3915

e R S {

2500 2000 1500

Wovenumber (cm™')

Dartois+ 2014

E. Dartois - ICISE 2018 - Quy Nhon



Waovelength %4«8
2.50 2.86 3.33 4.00 .0 6.67 10.00

lIIlllIIIIIIIIIIIIIIIIIIIIIII LI
oke

L I = forslecile §

- Q ' i

[ T A
o

<
(|
4
|

| OC 06 09 19

A ——
_DC 06 05 94

ISM dust

DC 06 04 43

L Kerridge
o

DC 06 07 18

aal

10
Distance (AU)

~ | BSE o

Dartois+ 2018

-—’m
~0C 06 07 41

Opticaol depth

-0C 06 09 119

[ + a lower IR contrast than silicates
/_\
0.015¢7%6 b? 65

1 1 contribute to why these carbonaceous dust
o T T T | LAl L LA L. ) LA L. L l LA L. L l LA L. L l I " . . [l ]
4000 3500 3000 2500 2000 1500 1000 remains elusive in ppdisks observations

Wovenumber (cm™')

E. Dartois - ICISE 2018 - Quy Nhon



i ]m i IIIHCI TY'”ITY T'IT”YT ]TTTWTTT | LU FTI"TT1 ]m‘.Y'TI ‘n%

O

ATITI“I{ T TIUTTI" IRALL
ZCD
L1l IJ ] lll_ll L1l

Earth C depleted.
Quid for the other
telluric planets ?
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O Earth
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Sun & ISM

Mercury surface

Crich?
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Peplowski+ 2016
4 2 0 2
10 10 10 10
H/Si Pontoppidan+2014 Lee+2010, Bergin+2015

C grains destroyed in the inner region (wrto Si-based minerals) ?
erosion of C materials by photons or atomic O in surface layers of the PP disk ?
Destruction may be more effective in an actively accreting disk |G-

C locked in the outer disks regions ?
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Conclysion ... Afew naive questions

- Actual solids spectroscopic (bands) constraints in disks highly dominated
by the surface (e.g. AIBs/VSGs for C-based ones)

- models require featureless opacities, big grains in the mm, carriers to be
constrained

MAC of silicates: which to select ?

What is the actual radial consensus on radial composition of silicates ?
Cosmochemistry versus astrochemistry ?

|s Forsterite to Enstatite or Enstatite to Forsterite radial transition generic ?
Size/cryst/T effect on reverse engineering blurs it all ?

Sol. Syst. points toward a radial organic to silicates abundance ratio:
- Carbon preferentially locked in the outer disk ?
- Organics destroyed when entering the inner region ?

--What is the fraction of the ISM/cloud phase inherited in disks ?
--Tracing mostly nebular physico-chemical processes/reset ?
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