
WP3. Interstellar dust, PDRs, Disks: 
Modelisation, Simulation, Observation  

•"Background"
•"Key"ques2ons"where"JWST"should"provide"answers"
•"JWST"physical"observables"(+"complementary)"
•"JWST"working"group"/"program"(ERS,"GTO,"GO)"""
•"Tasks"
•"Analysis"tools:"Models,"Simula2on""""""""""""""""""""""" "!

Abergel,"E."Habart,"A."Jones,"M.NA."MivilleNDeschênes,"E."Pan2n,""
L."Verstraete,"N."Ysard"

Thomas!Bouteraon!!(PhD!Dust!micro3physical!modeling!in!disks,!201632019)!"
+"collab"with"the"experiment"WP4"""+!collab!ext!



WP3 

•"Dust"proper2es"evolu2on:"charge,"
size,"composi2on,"op2cal"proper2es"
(THEMIS)!
•"Dust"emission/ex2nc2on"according"to"
the"local"physical"condi2ons""(DustEM)"
•"Dust"radia2ve"transfer""

•"Background"
•"Key"ques2ons"where"JWST"should"provide"answers"
•"JWST"physical"observables"(spectroscopy"&"imaging)"+"complementary"
•"JWST"working"group"/"program"(ERS,"GTO,"GO)"""
•"Tasks"""""""""""""""""""""""""" " " " " " "!!

•"Hydrodynamical"simula2ons:"dust"size"
evolu2on"
•"Dust"radia2ve"transfer""
•"Disk"thermodynamical"structure""
•"Dynamical"simula2on":"accre2on"disks"!

B)"Structure/dynamics"of"disks"A)"Microphysics"of"PDRs/disks"

•"What"is"expected"of"the"P2IO"project"in"the"long"term"""

Models! Models,!SimulaFon!



A)"Microphysics"of"PDRs/disks"

Abergel,"E."Habart,"A."Jones,"M.NA."MivilleNDeschênes,"L."Verstraete,""N."Ysard,"T."
Bouteraon"
"
+"collab"with"the"experiment"WP4""(Dartois,"Godard,"..)"""
"
+"collab!ext:"M."Bocchio,"J."BernardNSalas"(Open"University),"M."Kohler"(Queen"Mary"
University)"



Our (common) background  
!  Dust!content!in!ISM!in!relaFon!with!the!

gas!properFes!

!  EnergeFcs,!Stellar!feedback!!
!  (Circumstellar!Material:!PPDs,!AGB,!PNe)!

!  Local!(&!ExtragalacFc)!
!  ExperFse!on!IR!spectroscopy!and!imaging!

in!Space!!!

•  Processes"(e.g."coagula2on,"
accre2on,"photoNprocessing,"
grain"destruc2on)""

•  Proper2es:"(charge),"Size"
distribu2on,"aC(:H)"equilibrium"
composi2on,"op2cal"
proper2es)"

•  Emission"and"scaaering,"en2re"
SED"

•  Polarised"emission!

Reference!dust!modeling!
!tools!
(Dust"radia2ve"transfer"code)""
(PDR"code)"



Main topics 

1.  Evolu2on"from"diffuse"to"dense"ISM"(see"Nathalie"
talk)""

2.  Radia2onNdominated"processes"towards"molecular"
cloud"interfaces""

3.  PDRs"diagnos2cs"in"the"upper"layers"of"protoN
planetary"disks""



Irradiated molecular cloud interfaces  

Spectro3imaging!!
@!small!spaFal!!

•  Laboratories" to" study" radia2onNdominated" processes"
and"the"evolu2on"of"the"dust"and"gas"with"the"density"

•  Nearby" edgeNon" PDRs" (PhotonNDominated" Regions)"
ideal" to" translate"modeled"microphysical" processes" in"
observa2onal" diagnos2cs" and" constrain" the" structure"
(n,"T)"and"composi2on""

Hollenbach"&"Tielens"1999"



Extremely structure at small scales 

Mul2phase"view"of""
the"Orion"Bar"PDR"with"ALMA,""
a"nonNequilibrium"environment"

•  Strong!dynamical!effect!
"
•  Stellar!feedback!compress,!!
ionise,!heat,!photo3evaporate!!
!!!



Dust"undergoes"strong"evolu2on"
•  Strong!colour!variaFons"which"due"to"

evoluFon!of!the!emiVers"(abundance,"
size"distribu2on,"composi2on...)"in"
response"to"local"condi2ons"(Abergel"
et"al."2002,"Rapacioli"et"al."2005,"Berné"
et"al."2007,"Compiegne"et"al."2008,"
Arab"et"al."2012,"Pilleri"et"al.""2015")"

"
•  Dust"evolu2on":!growing,!coagulaFon,!

fragmentaFon,!charge!state,!...!!
"
•  Varia2ons"not"spa2ally"resolved"with"

Spitzer"

A"

B"

G0=100!
n!=!1043106!cm33!

Tgas=103500!K!



Delineating the  
H/H2 transition  

Layers subject to  
photoevaporation 

H2 1-0 S(1)   
@ 2.12 mic   
Habart+2005 

 
J & H bands 
(1.1 & 1.6 mic)   

H/H2 transition take place on very small scale  
 (<5’’ or 0.01 pc @ 400 pc) 

Ar2ficial"shil""



JWST"will"spa2ally"resolve"the"thin"
interfaces"

28!μm!!!!!!
17!μm!!
12!μm!!!
9.6!μm!!!

5’’!(0.01!pc!@!400!pc)!

PDR"model"predic2ons""



"  GTO:""ISM"program"(US/Europe)"
N  Targets:"NGC"7023"North,"Horsehead""
N  Imaging:"NIRCAM"+"MIRI""
""""""Large"field"(~2'"x"2’)"in"several"filters"(=>global"physical"structure"of"the"nebula)"
N  Spectroscopy:"NIRSPEC"+"MIRI""
""""""1D"scan"perpendicular"to"the"interface"

"  GO:"PDRs"/Diffuse"clouds/Boundaries"of"dark"clouds"

"  ERS:""PDRs/proplyds""?"

JWST"program 



JWST observables 

•  Resolved spatial emission of the H2 rotational and rovibrational lines, 
atomic fine-structure (O0, C0, N0, Ne+, Ar+, S++...) and hydrogen lines 

•  rotational transition from isotopes (HD 0-0 R(3) to R(5); HDO)  
•  ro-vibrational lines of CO, rotational and ro-vibrational lines of OH and H2O 
•  ro-vibrational lines of simple organic molecules (HCN, CO2, …) 
•  ro-vibrational lines of hydrocarbons  
•  Bands of aromatic/aliphatic carbon, C60 
•  Continuum emission 
•  Dust scattering, extinction in the NIR  
•  ice mantle evaporation (released of complex molecules)  
"



•  Pressure!profile!in"the"photodissocia2on"front.!Amount!of!fresh!H2!
forming"in"the"cold"gas.""H2!microphysics"(Excita2on,"Forma2on"
processes"(physisorp2on"vs"chimisorp2on"vs"HAC"irradia2on),"Ortho/
Para"conversion"mechanisms"

•  Photolysis of hydrogenated HAC producing molecular fragments (H2, 
hydrocarbons), aromatisation, destruction of small grains, impact on the 
gas chemistry & heating  

•  Dust composition and growth at very high angular resolution 

•  Contraints on the penetration of the stellar radiation into molecular clouds 
strongly depending on the dust properties 

Physical parameters, processes 



 

 

- How!dust!properFes!change!in!PDRs?!What!is!the!influence!of!the!dynamics!?!

!3!What!is!the!evoluFon!of!carbonaceous!(nano3)parFcles:!a3C:H!?!!

"""More"vulnerable"to"processing/destruc2on"than"their"silicate"counterparts,"this"""""

"""carbon"dust"component"undergoing"complex,"sizeNdependent"evolu2on"due"to""

"""photon"

N"How!these!evoluFon!influence!the!radiaFve!transfer,!temperature!and!

chemistry!?!!

Carbonaceous"(nanoN)par2cles"will"be"widely"observed"with"the"JWST."""

With"its"resolu2on"and"sensi2vity,"JWST"data"will"show"the"limits"of"best"current"

models"of"dust"and"gas"emission"without"dust"evolu2on"

"

"

"

"

Key questions 



! !Upper!layers!of!proto3planetary!disks!!  Upper layers of proto-planetary disks  

HST  (1-2 µm) 

3.7’’=500 AU 

2’’=500 AU 2μm!!!5328μm!

Distance!in!AU!!(140!pc)!

VISIR/VLT  (11.3 µm) 

Scaaered"lights"

infall"

gas+dust"?""

"
"
"
"
"
•  Ac2ve"microphysics"due"to"the"radia2on""

•  PDR"physics"and"diagnos2cs"are"become"unavoidable"
in"the"interpreta2on"of"gas"+"dust"IR"signatures""

"""""(ISO,"Spitzer,"VLT,"..)"in"protoNplanetary"disks"
"

UV,"op2cal,"XNray"

External"radia2on"

molecular"layers"MidNplane"
star"

ISM""
abundances"?"mixing"?"

EdgeNon"disk"

=>""Geometry,"UV,"Av"""



! !Upper!layers!of!proto3planetary!disks!! JWST signatures mainly from upper layers 

HST  (1-2 µm) 

3.7’’=500 AU 

2’’=500 AU JWST"

Distance!in!AU!!(d=140!pc)!

VISIR/VLT  (11.3 µm) 

Scaaered"lights"

EdgeNon"disk"

•  Warm"thermal"emission"from"the"inner"disks"<10"AU""
"""""⚠️"not"spa2ally"resolved"
•  Spa2allyN"and"spectrallyNresolved"dust"scaaered"light"and"bands""
""""""of"nanoNgrains"coupled"to"the"gas"in"the"«"outer"»"disk"">10"AU""
•  Access"to"T"Tauri"and"large"distance"from"the"star"(30N500"AU)""
⇒ warm"gas"and"dust"inventory"as"a"func2on"of"the"local"condi2ons"" =>""Geometry,"UV,"Av"""

JWST"signatures"

!150!!!!!100!!!!!30!!!!!!!!10!!!!!!!!!!!!!!!!!!!1!

28μm!!5μm!!!2μm!
!
Highest!resoluFon!



CO"J=18N17""""[OI]"145.5"μm""

•  UV"hea2ng"dominant"excita2on"
process"

•  UV"rich"chemistry:""N"gasNphase""
" " " """"""""(e.g.,"CH+,"Thi"et"al."2011)""

" " " """"""N"gasNgrain""
" " " """"""(e.g.,"CCH,"Kastner"et"al."2015)"

•  70%"HAeBe"with"aroma2c"features"(55%"
with"alipha2c)""

•  Fresh"PAHs"(class"C)"
•  PAHNsurvival"in"10%"in"T"Taurii."Turbulent"

ver2cal"mo2ons"?""
""""""""""(Acke"et"al."2010),"Siebenmorgen"&"Heymann"2012)"

"

 Nano-grains and warm gas signatures 
in emblematic disk  

Van"Kerckoven"et"al.2002""
Bouwman"et"al."2003""

Habart"et"al."2004,"2006""

H2"0N0"S(1)"17"μm""

"(Mar2nNZaidi"et"al.,"2009)"
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"



"
Complex"distribu2on"of"gas"and"dust"

(previously"unexpected..)""
"

•  inner!gaps!
•  Annular!gaps!
•  rings!
•  Spirals!
•  dust!traps!
•  proto3planets…!

GasNrich"

(all"Groupe"I""
=>"(preN)transi2onal)"

Subaru"



Inner"gaps"not"empty:"gas,"nanoNgrains""
(escape"sealing)"

CO J=6-5 
(ALMA) 

mm-
dust 

IRS 48 

Bruderer+2014 

Maaskant+2014"

Van"der"Marel"et"al.2013"



High"resolu2on"spectroscopy"of"
carbonaceous"(nanoN)par2cles""

""

R>20"AU" HD100546!

Orion!Bar!
Ionized!region!

Neutral!region!

___""

0310!!!AU!
!
!
!
10320!AU!
!
!
!

20340!AU!
!
!
!
!
40350!AU!
!
!
!
!
50370!AU!
!
THEMIS!

•  1st"results"

N  Various"features"(≠"in"sources)"

N  Similarity"with"PDRs"

N""""High!aliphaFc/aromaFc!bands!raFo!

N""""No"varia2on"with"radius"(UV"flux)"

N""""Fresh!material!resplenish!?!!

⇒ Extended!IAS!dust!models!to!

circumstelar!environment!

=>"VLT/MATISSE"(1N10"AU)"2017N2018"

In"prep."



3!!How!(nano3)parFcles!evolve!in!disks!?!Difference!with!PDRs!?!!
!
3!How!these!evoluFon!influence!the!radiaFve!transfer,!temperature!and!
chemistry!?!!Key"for"physicoNchemical"models"and"photoevapora2on"
"
N"How!are!they!robust!tracers!of!the!physical!condiFons!(UV!flux,!ionizaFon,!
exFncFon)!?!Tracers!of!the!disk!structure?!The"midNIR"surface"brightness"appears"
brighter"in"the"planet"forming"region"of"disks"with"PAH"emission"than"in"those"
without"PAHs"!
!
3!What!carbonaceous!(nano3)parFcles!become!?!What!are!the!links!with!the!
primiFve!solar!system!materials!(meteorites,!interplanetary!dust)!?!!
!
"

Key questions 



Tasks"



PhD"
•  PhD!Thomas!Bouteraon!!(201632019)!
""""""""Dust!micro3physical!modeling!in!disks;!preparaFon!of!the!analysis!of!JWST!data!

–  2016N2017":"Analysis"of"the"carbonaceous"nanoNpar2cle"spectra"in"the"nearN"and"midNIR"(VLT,"Spitzer)"around"Herbig"Ae/Be"stars"
using"the"dust"models"available"at"IAS." " " " " " " " " ""

""""""""DeterminaFon!of!the!composiFon!(aromaFc/aliphaFc!rich)!and!the!size!distribuFon!(amin)!as!a!funcFon!of!

!!!!!!!!UV!field!strenght!and!spectral!distribuFon!

!!

–  2017N2018":"Dust!model!+!radiaFve!transfer!code."Predic2on"of"the"spaFal!distribuFon!of"the"various"emission"features"to"be"
observed"with"the"JWST"for"different"disk!density!structures,"inclina2ons"

"
–  2018N2019:"Comparison"with"groundNbased"spa2ally"resolved"data"(VISIR/VLT)"and"JWST"data"simula2ons"in"collabora2on"with"

SAp."Par2cipa2on"to"the"prepara2on"of"open"2me"observing"proposals.""

"
"
"
•  PhD!:!Dust!emission!in!PDRs!with!the!JWST!(201732020)!"

–  2017N2018":"Modeling"of"the"dust"emission"in"nearby"PDRs"using"Spitzer,"Herschel"and"groundNbased"data"(dust"model"+"radia2ve"
transfert"code)."Evolu2on"of"the"composi2on,"the"rela2ve"abundances,"the"size"of"the"dust"par2cles.""

"
–  2018N2019":"Simula2on"of"JWST"data."Prepara2on"of"the"analysis"of"first"JWST"data.""
"
–  2019N2020":"Analysis"of"first"JWST"data."Modeling"of"the"dust"emission"in"nearby"PDRs"observed"with"the"JWST"(emission"of"small"

carbonaceous"dust,"scaaered"emission"of"large"grains)."Par2cipa2on"to"the"prepara2on"of"open"2me"observing"proposals.""

"


