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The prototypical pre-stellar core L1544
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14'00.0" 2.0 1999)
_ - shows signs of contraction motion (Caselli et al.
D 2012, Redaelli et al. 2022)
_ 12'00.0" r §
S ) - central density is ~106 cm-3 and the central
> g temperature is ~ 6 K (Crapsi et al. 2007)
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© deuteration towards its center (Crapsi et al. 2005)
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» chemically rich, showing spatial inhomogeneities
0.5 in the distribution of molecular emission
+25°06'00.0" (Spezzano et al. 201 7)
0 3 D000 3
33.60s 19.20s 04m04.80s  5h03m50.40s

RA (J2000)
[Spezzano et al. 2016]

H> column density map computed from Herschel/SPIRE data at 250, 350 and 500 micron
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The chemical structure of pre-stellar cores
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Nitrogen fractionation and non-uniform illumination
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HNCO peak
CH5;OH peak
dust peak

c-C5sH> peak

What are the physical conditions at the different molecular peaks?

The physical structure of pre-stellar cores

Molecule  Transitions Frequency E,, Critical density “
(GHz)  (K) (x10*cm™)
CH;0H-E  2_15,-1_1; 96.7394 12.5 1.3
202-10.1 96.7445  20.1 15.4
212-114 96.7555  28.0 31.5
30.3-20.2 145.0938  27.1 26.2
3_13-2_12 145.0974  19.5 4.4
313-212 145.1319 35.0 46.1
4o4-4_14 157.2461 36.3 44.2
lo1-1-1 157.2708 154 9.3
303-3-123 157.2723  27.1 26.2
202-2_12 157.2760  20.1 15.3
C-C3H2 31,2-22,1 145.0896 16.1 10.4
330-22.1 216.2788  19.5 33.7
61.6-305 217.8221  38.6 70.8
432-37 227.1691  29.1 52.0
HNCO? S05-40.4 109.9058  15.8 5.1
60.6-30.5 131.8857  22.1 8.8
70.7-60.6 153.8651  29.5 13.9
80.8-70.7 175.8437  38.0 21.5

Lin, Spezzano et al. 2022



The physical structure of pre-stellar cores tin spezzano etal. 2022

HNCO peak

CH5OH peak
dust peak

Results from RADEX models -k

Molecule

CH3 OH C-C3 H2 HNCO
Position Tvin Nol Tin Nglolz Tin Nmol

K cm 2 K cm™ K cm 2
Dust peak 4.7x10°(0.05 7.4(0.2) 1.3x1013(0.05) | 5.9x10%*(0.3) | 13.2(1.2) 1.4x1013(0.2) | 6.9x10%(0.4) | 11.8(1.0)>  4.3%10'%(0.1)
CH;OH peak | 3.4x10°(0.05 16.5(0.2)  1.6x10'3(0.03)
c-C3H, peak | 6.7x10°(0.2) 8.4(0.7) 0.9%103(0.07) | 7.0x10°(0.3) | 15.2(0.7)?  1.5%10'4(0.3)
HNCO peak 6.3%10°(0.1) 15.0(1.5)  1.2x10'3(0.03) 44x10*(1.1) | 11.6(3.0)>  8.2x10'%(0.1)

The emission of the three molecules traces different gas layers!



The physical structure of pre-stellar cores tin spezzano etal. 2022

HNCO peak

CH5OH peak

Full RT models with LOC (Line transfer with OpenCL, Juvela 2020) dust peak

Abundance profiles from chemical models of Sipila et al. (2015) and Vasyunin et al. (2017). c-C3H2‘péak
n(r), 1(r), V.(r) from Keto & Caselli (2010).

« c-C3H2 and HNCO lines can be well reproduced with a factor of 3-5 increment of the abundance profiles

* CH3OH lines can only be well reproduced if we include a bump in the density profile

107?

106?

Shocks induced by asymmetric and dynamic accretion flows?
More observations needed!
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(CONCLUSIONS AND OUTLOOK

* Physics and chemistry in pre-stellar cores are deeply interconnected

* Molecules are very powerful astrophysical tools (use them wisely!)

* The environment where pre-stellar cores are embedded plays a key role in the
chemical distribution across the core

*Variation of the 1#*N/15N ratio across a pre-stellar core have been observed for the
first time

* A tomographic view of pre-stellar cores is possible with multiline observations
(and shows density enhancements with respect to the Bonnor-Ebert sphere)

The future will bring:
more (cores) and better (spatial and spectral resolution)
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