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Context. Micro-physical processes on interstellar dust surfaces are tightly connected to dust properties (i.e. dust composition, size - % +H ) _ |
and shape) and play a key role in numerous phenomena in the interstellar medium (ISM). The large disparity in physical conditions a-C:H/a-C —— = = T 0.0 2 Rl CconsTonit 10~ x ng | Hem™ ]
(i.e. density, gas temperature) in the ISM triggers an evolution of dust properties. The analysis of how dust evolves with the physical a-C core / mantle ’ Risht aacensi ' ] "ﬁ}ﬂfr K<rs 1&{__;@1\ 000 025 050 075 100 125 150 175 200
conditions is a stepping-stone towards a more thorough understanding of interstellar dust. s deperden popates WA Sas | e | s —
Aims. The aim of this paper 1s to highlight dust evolution in the Horsehead Nebula PDR region.
Methods. We use Spitzer/IRAC (3.6, 4.5, 5.8 and 8 um), Spitzer/MIPS (24 pm) together with Herschel/PACS (70 and 160 gm) and
Herschel/SPIRE (250, 350 and 500 gm) to map the spatial distribution of dust in the Horsehead over the entire emission spectral el 0.08
range. We model dust emission and scattering using the THEMIS interstellar dust model together with the 3D radiative transfer code
SOC.
Results. We find that the nano-grains dust-to-gas ratio in the irradiated outer part of the Horsehead is 6 to 10 times lower than in the a-Silre/a-C ™ - B 2 i
diffuse ISM. Their minimum size is 2 to 2.25 times larger than in the diffuse ISM and the power-law exponent of their size distribution, core / mantle - ¥ N &
1.1 to 1.4 times lower than in the diffuse ISM. Regarding the denser part of the Horsehead, it is necessary to use evolved grains (i.e. = . Z 0
aggregates, with or without an ice mantle). | . ‘ = 2
Conclusions. It is not possible to explain the observations using grains from the diffuse medium. We therefore propose the following Fig. 1. Model dust PﬂFulﬂﬂﬂﬂ-‘ie as seen in cross-section. In the up- = . .
scenario to explain our results. In the outer part of the Horsehead, all the nano-grains have not yet had time to re-form completely per part the a-C:Hfa-C grains are shown, where black represents § W0 o 0.02
through photo-fragmentation of aggregates and the smallest of the nano-grains that are sensitive to the radiation field are photo- aromatic-rich material and white aliphatic-rich material. In the lower B
destroyed. In the inner part of the Horsehead, grains most likely consist of multi-compositional, mantled aggregates. part amorphous silicate grains (green) are shown with a Snm thick
coagulated/accreted a-C mantle. The particle radii are indicated on : 0.00 = 7 = g i
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Case a Case b Case ¢
cut | cut2  cut3 | cutl cut2  cut3 | cutl cut2  cut3
10° x M, /My | 0.009 0011 0011 | 0011 0.017 0013 | 0.013 0.021 0.017
Amin. a~C [NM] 0.825 0.825 0.925 | 0.825 0.8 0.925 | 0.825 0.8 0.9
a -7.0 -6.0 -1.5 -6.5 -3.5 -7.5 -6.5 -5.5 -6.5

=\ lepr | 0.283 0.297 0.273 | 0.290 0.267 0.282 | 0.275 0.254 0.265
- — \ rpR [PC]
CGS‘E'.. . & ‘_'..-*"-'--*—70“; {3'\ 3?“"-2 -"l"'“f ET lL" ! denseISM | 41; P, QU - oo C&ﬁﬁ t {ilur tk—,:;frﬁ ﬁ]m 49.6  45.1 36.0 5.0 339 36.9 41.3 30.5 30.7
A > \ \\ 2 R\\ ) L, B |
C&‘;e ’ lD %\# }‘_R f% T t? l-. \ h l\ l'r f{ t\ ﬁ\ .F Fig. 1. Schematic view of the dust composition and stratification from @ {%ﬁmfé t‘.),z\IL m-‘f’@"&,t‘}% f}':,&m tHa ) Table 1: Best set of parameters (My_c/My, @nin, a-c, @ and lppg ) and lhe,ﬁ in associated with all cuts and cases,
\ the diffuse ISM to dense molecular clouds. The gas density increases '

‘L"l ‘N W ﬁ& from the top to the bottom of the figure. = (Jbservations | Cut 3 —— Model | Casea —— Model | Case b —— Madel | Case ¢
Cose: ¢ ERE 8+ o 7k & $r. 1 2 A AU

- A= 3.6 pm : A=4.5 pm A= D5.8 uym WVTr=8 jim el A=24 ym
\L] 2.1 = 4 - A :
R‘—G\A‘r_ @ﬂ"“ LX) T 15 3- 2 i 20 -
i z 20 -
ISMo B2k r WA T a-Cor i 0 %\x‘:}'?\kﬁ'i AR, AR AT K steep 2 10- 2- N
] ~ 0.5 - 1 1) -
BRI T0 704 S Cose ¢ r & BtReBR s
o | 00— N 0- o 0 = 0— =
~—  AMMI - C““'PW“‘LE A =70 pm A = 160 pm A = 250 pm A = 350 pm 100 - A = 500 pm
Mm . y conctoondt = (e BkE 2000 - 1500 - - 300 -
— LAy pi |~ 4 ‘@%Z‘"ﬁ'% — 00 -
1 - 10 e 4 e - B
241 o &hg-‘- Nh%ﬂﬁt%— N&m}mg ﬁﬁ%lkt ;r\ng" j Swed| i;]'-ﬂ;;- g ?fhﬁq_g ._’.. rﬁ( f 1500 LMD = 100 - 200 -
| : | RO R AR ALY = 1000- |
ll) 9 1‘:-?17 “‘ IT’{‘\ ﬁf’ H:)t Egti qlLﬂ-’{l » E‘ Ei’ 1 \-.1 4 ._.;-"fﬁ 't?‘{h?-bf—*{'u ( En'w-&.- 1:'!1'«'!'1.'} : 500 - ) - 100) -
) hEh oC A2k o BEE (%%) 0C AR BRI -
W ihile (- = L = ) Bz —IL : ' -
f? '{D:R‘T—‘lbﬂ\ ﬁ&i\? t 1 100 10! 102 e 37 ~3.6 [i.'i.T ~3.6 V37 ~3.6 37 ~3.6 -3.7 ~3.6
-K*h} %FIEE rs_ tp (\ a[nm] d, [pe] d. [pe] d, [pe] d, [pc] d, [pe]
- » Fig. 12: Photo-fragmentation time-scale at the Horsehead edge
( t \EH‘S TTLERNIET Hﬂfﬂimd “?JNIE'- I‘:‘.E\HS - fullc_tir:|1tnft:1cbg‘:ﬂi:: rtttd?u;,:._Hluclin::[n:ﬁ:r.:'-lrﬂ;r’l gmir::s, Fig. 10: Top : Comparison between observed emission profiles for cut 1 (green line) with modelled emission profiles obtained with
%1“ o Mttiﬁta ‘_‘t’{,\ I%‘t‘u EE:;E?"::_T“[; ‘?pﬂﬂa.:::{ihirjﬁ?i:f} r:‘:”f;:iﬂfk[:ihﬁ?;;:: g‘lﬂ best set of Eﬂrﬂmﬂgﬂl‘iﬁq lE:’-i.i:-::lﬂ Tab. I] for case a c{lb]u-ﬂhllnﬂ'), EH:[E b {]?rﬂggﬂh]iﬂﬂ), ;:Ii;i C Ejpll['ﬂ;[lllﬂﬂ} Ml;idlﬂ . Hﬂﬂh"lﬂ fEI' cut 2.
in the r of the Horsehead. The vertical black line corre- T Si S S - S i "
MTRT 0 PR 52PN AT A ok ok o 3 PRSESS  S0 300 O ae A TGS B0 v N T ARG S o S S Do

?leﬂé_ F‘E& "';’I'ﬁ\“ 0\—c ﬁmi% / F)‘.Z.l:?’) ll H‘AL ﬁl.’ o CHG“ CLIS* @w‘-b the AMMI(T) dust mass is contained (Ysard et al. 2016).



