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A large sample of sources:

The Galactocentric trend and its relation with
GCE models

N-fractionation at high-angular resolution: :
the first interferometric observations of the 1°N-isotopologues |§
of N,H*
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Isotopic Fractionation
“The process that distributes less abundant stable isotopes of an
. elementin molecular species” y

215t October 2019, Laura Colzi ittt -y s | '-‘_Imag'e_'credit:'Wide—field Infra_red.Surve'y Explorer (WISE 2011-2014)



Isotopic Fractionation
“The process that distributes less abundant stable isotopes of an
% elementin molecular species”

N-Fractionation

~ “The process that distributes less abundant stable
isotope of nitrogen in molecular species” “N

14.00307
99.63%

215t October 2019, Laura Colzi e b " Image 'credit: Wide-field Infrared. Survéy Explorer (WISE 2011-2014)
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N,H* Daneiel et al. (2016)
NH; Gerin et al. (2009)
. NH; Lis et al. (2010)

CN, HCN, HNC, HC;N
and N,H*

Kahane et al. (2018)

HCN and HNC

Hily-Blant et al. (2013a)

b140-360
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Wamplfler et al. (2014)

1000+200 | NoH* Bizzocchi et al. (2013)
630-770 N,H* . Redaelli et al. (2018)
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@ Low-mass pre-stellar cores
@ Low-mass protostellar objects

Taken from Laura Colzi Ph.D thesis

215t October 2019, Laura Colzi

> Interstellar 4N/15N ratios

spread in a wide range

~> Origin of N-fractionation
is poorly constrained




High-mass star-forming regions
(Adande & Ziurys 2012, Fontani et al., 2015, Zeng et al.,
2017, Colzi et al., 2018a, 2018b)

...likely the environment in

which the Sun was born
(e.g. Adams10)

Supernovae explosions are required to
explain hints found in meteorites

26Mg is found in meteorites = dauther species of 2°Al (with a half life of 0.72 Myr)

Only a time <1 Myr could have elapsed between the production of %Al and his
incorporation into the early Solar system material

215t October 2019, Laura Colzi



IRAM 30m telescope(Srerra A[aﬂda

* MEASURE N-FRACTIONATION IN NITRILE BEARING SPECIES HNC AND HCN;

* COMPARE WITH VALUES IN PRISTINE SOLAR SYSTEM MATERIALS; ‘%

A

»

Related papers: Colzi, L. et al. (2018 a,b)

 SEARCH A GALACTOCENTRIC TREND = D from 2 kpc up to 12 kpc




« HN3C(1-0) at 87.1 GHz; . H13CN(1-0) at 86.3 GHz; i
« HI5NC(1-0) at 88.9 GHz; « HC!5N(1-0) at 86.1 GHz. '

A

MADCUBA (Martin et al. 2019)

- Local Thermodynamic
Equilibrium (LTE) fit of the
spectra;

- T, from CH;CN(5-4) (LTE)

“ °- e Relatéd papers: Colzi, L. et al, (2018 a,b)




« HN3C(1-0) at 87.1 GHz; « H13CN(1-0) at 86.3 GHz; A
e H1°NC(1-0) at 88.9 GHz; e HC!>N(1-0) at 86.1 GHz. |

“DETECTIONS
HN13C > 78
H13CN > 78
HISNC = 65

MADCUBA (Martin et al. 2019) HCISN = 69

- Local Thermodynamic
Equilibrium (LTE) fit of the
spectra;

- T, from CH;CN(5-4) (LTE)

Relatéd papers: Colzi, L. et al, (2018 a,b)




OPTICALLY THIN!!
e HN!3C(1-0) at 87.1 GHz; e H'3CN(1-0) at 86.3 GHz; A
e HISNC(1-0) at 88.9 GHz; e HCI5N(1-0) at 86.1 GHz. |

— ‘ DETECTIONS
%k S

1 HN13C > 78
; M&A H13CN = 78

MADCUBA (Martin et al 2019)' -\ H®NC—>65
artin et al. . 2
- Local Thermodynamic P HC™N - 69
: Equilibrium (LTE) fit of the
. spectra; ) o G
> T., from CH,CN(5-4) (LTE) N(HNC)=N(HN®C) 7

12/
N(HCN)=N(H23CN

fl 12C/13C = (6.01 + 1.19) Dgc(kpc) + (12.28 + 9.33)

ReIa_téd papers: Colzi, L. et al, (2018 a,b)
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Related papers: CoIzi{ L. et al. (2018 a,b)




14N: primary product 15N: secondary product

* Primary production from fast- * Secondary production from hot CNO cycle
rotating low-metallicity massive stars that occurs in

* Primary production in the base of

the convective envelope of AGB Nova Cygni 1992

(intermediate-mass)

* Secondary production through CN ‘ L

cycles in MS stars and in the H-
burning shells of red giants
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ReIa_téd papers: Colzi, L. et al, (2018 a,b)




| NEW LOCAL ISM VALUE
Parabola .' . : (8.4 kpC)
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Relatéd papers: Colzi, L. et al, (2018 a,b)




| NEW LOCAL ISM VALUE
Parabola " ' : (8.4 kpc)
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 Galactic chemical evolution (GCE,
'Romano et al.; 2017) model predicts:

élméar'trend . up to 8 -kpc: .
H\troductlon of NOVAE OUTBURST

L

LD fIattenln'g trend above 8-10 kpc:-'
caused by assumed stellar-yields

Related papers: Colzi, L. et al, (2018 a,b)




NEW LOCAL ISM VALUE
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Related papers: Colzi, L. et al, (2018 a,b)




R'omano et al. (2019) updated the stellar yields for massive . §
stars'taking into.account different intial rotational - :
velocities (Limongi and Chieffi 2018)
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R'omano et al. (2019) updated the stellar yields for massive
stars'taking into.account different intial rotational -
velocities (Limongi and Chieffi 2018)
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NOW THE GCE MODEL EXACTLY REPRODUCE THE TREND WE FOUND




IRAS 05358+3543
I..)is."ca'n:c'e 1 .8 kpc

Image resolutlon ~3” —> ~0 03 pc
AR CORE SIZE

Related papers: Colzi, L. et al. (2019)



IRAS 05358+3543

Dis'_ca'n'c'e 1.8 kpc ;

Image resolutlon ~3” —> ~0 03 pc
CORE SIZE

Related papers: Colzi, L. et al. (2019)



IRAS 05358+3543

Dista'n'c'e 1.8 kpc i

Image resolutlon ~3” —> ~0 03 pc
AR CORE SIZE

\/ The source W|th the most mtense 15NNH*/N15NH+(1 )}

\/ AIready known structure cOres+enveIope .

IRAM NOEMA ha N IeS




35°46'00"

mm1 2 High-mass protostellar object
20 Central star: B1 ZAMS

L~ 103.72 L@
M~13 M

mm3 > High-mass starless core
NO compact line detection, T,,,<20 K

35°45'30"

5"39™14° 12°

RA

(Beuther+2002, 2007, Leurini+2007)

Related papers: Colzi, L. et al. (2019)



| N2'H+.-(1'-O)l (NOEMA + 30m merg %
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- THE EMISSION ARISES FROM 3

B 4

; ‘ Vo RO N S | .R'e_l'éted-bapers:_CoIzi,'L.'-etal.(2019).




i 35°46'00"
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.Re_I'éted-bapers:, Colzi, L. et al. (2019)



NZH"' (1-0) (NOEMA +30m merg??

35°46'00"

- THE EMISSION ARISES FROM 3 (beES

Geometrical center displaced of ~2-3”
with respect to the continuum sources

135°45'30" P

’TgNH*(J=1—Uh 3
' COMPACT EMISSION -~
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”TO.\ﬁﬂ,.

5"39™14°

.Re_I'éted-bapers:, Colzi, L. et al. (2019)



N,H* is probably destroyed by CO, once it desorbs from ice mantles

(e.g. Busquet+2011);

mm1l and mm3: the heating of the protostar may have caused the

desorption of CO;
mm4: chemically less evolved and starless.

Related papers: Colzi, L. et al. (2019)




Towards
there is a clear evidence
of >’N-enrichment at
core scales with respect
o . _ to the region previously
20 200134 200225 : resolved with the IRAM
[ © 30m (Fontani+2015)
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Related papers: Colzi, L..et al. (2019)



N,H*

Source TNNHF

N,H*

>245
>231
>242
>250

>204
>188
>200
>204

336196
327+91
316+87
292477

>154
>148
>143
>140

vV IV IV IV
NS (S RN NI \S)
W N W
O = O W

>340
>321
>353
>333

35°46'00"

35°45'30"

Towards the N,H*
diffuse emission
regions we have

found “N/1>N >200.

Another evidence of
15N-enhancement
towards the cores

(0.03 pc)

4Re.I'éted-|dapers:, Colzi, L. et al. (2019)



. Furuya & Aikawa (2018)

ENVELOPE -
* Isotope selective

(Heays et al. 2014) .

R\ Iocked on gralns

. 14N14N/14N-15N t

photodissociation of Nz £

N,H*/15SNNH*>250




. Furuya & Aikawa (2018)
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. Furuya & Aikawa (2018)

ENVELOPE -
| * Isotope selective

‘photodissociation of Nz 3

(Heays et al. 2014) .

o LN Iocked on grams . ‘.

. 14N1{IN/14N15N t | o

: CORE
! » Photodissociation

inefficient

| NEW'NosmA + IRAM 39m_‘OBSERVAT|QNs_—>‘ STAY TUNED!!

N,H*/15SNNH*>250

N,H*/*>NNH ~100

HCN/HC™N = x

HCN/HCN < x

What we kriovj_

N H+ foIIows N,.

‘(e.g. Herbst & Klemperer
1973) '

"N H+/15NN'H+ 1.

 What we want to test:

>15)I




Conclusions

New LOCAL 1“N/15N ISM VALUE 375+60 -2 closer to
PSN value

Galactic chemical evolution model reproduces
Galactocentric trends and absolute values

‘ First evidence of enhanced N-fractionation in N,H*
g towards a massive star-forming region
14N /15N ratios towards the more diffuse regions of the

cluster (>200) higher than those derived in the cores
(100-200)

21t October 2019, Laura Colzi
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