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Isotopic ratios: a good indicator of nucleosynthesis
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Isotopic ratios: a good indicator of nucleosynthesis

-> Different elements and their isotopes are not formed in the same way

Pmmary H, He
Secondary CNO
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IMAGE CREDIT: R/ N, Balley\/\/|l<|ped|a
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Isotopic ratios: a good indicator of nucleosynthesis

-> Different elements and their isotopes are not formed in the same way
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Isotopic ratios: a good indicator of nucleosynthesis

-> Different elements and their isotopes are not formed in the same way
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Isotopic ratios: a good indicator of nucleosynthesis

-> Different elements and their isotopes are not formed in the same way

Galactic Chemical EVolution (GCE)
medels
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IMAGE CREDIT: R, N. Bailey Wikipedia
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Isotopic ratios: a good indicator of nucleosynthesis

-> Different elements and their isotopes are not formed in the same way

Galactic Chemical EVolution (GCE)
medels
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Isotopic ratios: a good indicator of nucleosynthesis

-> Different elements and their isotopes are not formed in the same way

Galactic Chemical EVolution (GCE)
medels
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IMAGE CREDIT: R, N. Bailey Wikipedia
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Galactic chemical evolution models

Prescriptions for nucleosynthesis from Romano et al. (2017)

Model LIMS Super-AGB stars Massive stars Novae
1 Karakas (2010) - Nomoto et al. (2013) No
2 Karakas (2010)  Doherty et al. (2014a,b) Nomoto et al. (2013) No
3 M Karakas (2010) — Meynet & Maeder (2002b), Hirschi et al. (2005), Hirschi (2007), Ekstrom et al. (2008) No
4 Karakas (2010)  Doherty et al. (2014a,b)  Meynet & Maeder (2002b), Hirschi et al. (2005), Hirschi (2007), Ekstrém et al. (2008) No
5 Karakas (2010)  Doherty et al. (2014a,b) Nomoto et al. (2013) Yes
S 300 1o .............. .............. .............. ....... s 300 . |aX>/
§ MWG §
3 200 Ot -t S Lot SIS (un’ 200
© ©
E E
> 100 | > 100 -
O O
o o f
0 0 +
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Galactic chemical evolution models: the '“C/!3C ratio

= f _ Data from Wilson & Rood 1994 —CO,
§ 300 | - S 300 | 11,0, Boogert et ol (2000) - CO
§ MWG "g /\/I/'/ar:n et a/:. (ZOO?) - CI\:I | : ;
@ 200 1 Halo .StCH’S Solar wind _______ @ 200
& Spite et al. (2006)  Ayres etal.(2013) | @
o L Milametdl (2005) =
530 100 1 : : s2() 100 |
O 3 =
= o f
0 0
0 2 4 6 8 10 12 14 16

0 2 4 6 8 10 12 14
Time [Gyr] Rgc [kpc]

Early Universe: fast rotating massive stars important.

Solar data and observations: with updates C-production yields from Nomoto+201 3.

In both cases nova are not important to produce '*C.

L aura Colzi




Updated '?C/!3C galactocentric trends
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Updated '?C/!3C galactocentric trends

180 y | X | y | 4 | ! | Y | : =
160 — * This paper | ({.CO) - 175 f=reeeee H,CO, Yan+19
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Updated '?C/!3C galactocentric trends

12C/13C =5.87(0.45)Rgc + 13.25(2.94)

Complex molecules (Halfen +17)
H,CO (Henkel + 85, Yan + 19)

CN (Savage + 02, Miliam + 05)
C80(1 — 0) (Wouterloot + 96)
C'80(2 — 1) (Wouterloot + 96)
C'80(1 — 0) (Giannetti + 14)

CO (Langer + 90)

CH™* (Ritchey + 11)

CH (This work)
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Updated '?C/!3C galactocentric trends

12C/13C =5.87(0.45)Rgc + 13.25(2.94)

Complex molecules (Halfen +17)
H,CO (Henkel + 85, Yan + 19)

CN (Savage + 02, Miliam + 05)
C80(1 — 0) (Wouterloot + 96)
C'80(2 — 1) (Wouterloot + 96)
C'80(1 — 0) (Giannetti + 14)

Increasing trend with the galactocentric distance

) IS wWor
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Updated '?C/!3C galactocentric trends

12C/13C =5.87(0.45)Rgc + 13.25(2.94)

Complex molecules (Halfen + 17)
¢ H2CO (Henkel + 85, Yan + 19)
220 CN (Savage + 02, Miliam + 05)

Cl80(1 — 0) (Wouterloot + 96

What about the outer éalaxy? >

160 O CO (Langer+ 90)
¢ CH? (Ritchey +11)
® CH (This work)
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Nitrogen isotopic ratios "*N/">N

|01 massive star-forming regions:
12022b)

— —
>
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Nitrogen isotopic ratios "*N/">N

|01 massive star-forming regions:
Al (CoIZ| et al. ZOZZb)

/”0" 4 =1

Irmer Galaxy (TOPGot) sample
(Mininni et. al. 2020)

Dee from 2 up to |12 kpc
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Nitrogen isotopic ratios "*N/">N

| Parabola _ Parabola

[}
o
o

>
o
o

N(HNC) /N(H °NC)

4
I

Linear Regression Fit

HIANC/H!SNC = (20 + 6) Dec(kpe) + 221 £42)  HCN/HCPN = (21 4 9) Dec(kpe) + (250 + 67)
Consistent with the work done by Adande & Ziurys (2012)
Laura Colzi Colzi, L. et al. (2018b), MNRAS, 4/8, 3693




Nitrogen isotopic ratios "*N/">N

NEW LOCAL ISM 1*N//SN (8.4 kpc)
37550
il Ath g ]

R ]

N(HNC) /N(H °NC)

Linear Regression Fit

HIANC/H!SNC = (20 + 6) Dec(kpe) + 221 £42)  HCN/HCPN = (21 4 9) Dec(kpe) + (250 + 67)
Consistent with a the work done by Adande & Ziurys (2012)
Laura Colzi Colzi, L. et al. (2018b), MNRAS, 4/8, 3693




Nitrogen isotopic ratios "*N/">N

Galactic chemical evolution (GCE, Romano et al.
2017) model predicts:

- linear trend up to 8 kpc: introduction of

/\B
O
=z
L
=60
N
V)
O
=z
T 40
N
=z

- flattening trend above 8 kpc: caused by assumed
stellar yields

N(HCN) /N(HC

Nova Cygni 1992 — HST Image

I Laura Colzi Colzi, L. et al. (2018b), MNRAS, 478, 3693



Nitrogen isotopic ratios "*N/">N

TREND IS REPRODUCED
BUT ABSOLUTE VALUES ARE DIFFERENT!!

/\B
O
=z
z
=60
N
V)
O
=z
T 40
N
=z

> Mass ejected (M) of PN in a single outburst is
different

> chemical fractionation in dense clouds

N(HCN) /N(HC

Laura Colzi Colzi, L. et al. (2018b), MNRAS, 478, 3693



Nitrogen isotopic ratios "*N/">N

TREND IS REPRODUCED
BUT ABSOLUTE VALUES ARE DIFFERENT!!

/\B
O
=z
z
> 60
N
V)
O
=z
T 40
N
=z

> Mass ejected (M) of PN in a single outburst is
different

N(HCN) /N(HC

Laura Colzi Colzi, L. et al. (2018b), MNRAS, 478, 3693



Chemical fractionation in molecular clouds

» LOW-TEMPERATURE ISOTOPIC-EXCHANGE REACTIONS?

e.g.
NN+ |4N2H+—> ANPPNHT + |4N2 +10.3 K lerzieva & Herbst (2000); Charnley and Rodgers

(2002); Rodgers & Charnley (2008a,b); Wirstrom et
NN+ INGHT s PNINHT + 1N, + 201 K al. (2012); Roueff et al. (2015); Wirstrom &

Charnley (2018); Loison et al. (2019), Hily-Blant et
5N+ CHMN — MN + CI5N+ 229K al. (2020), Sipild, Colzi et al. (2023)

- DIFFERENT RATES FOR DISSOCIATIVE RECOMBINATION OF N,H™?
e.g. Loison et al. (2019), Hily-Blant et al. (2020), Redaelli et al. (2020)

=2 ISOTOPE-SELECTIVE PHOTODISSOCIATION OF N5?
e.g. Furuya & Aikawa (2018), Colzi et al. (2019), Lee et al. (202 1), Spezzano et al. (2022), Sipild, Colzi et al. (2023)

L aura Colzi



Nitrogen isotopic ratios "*N/">N

Evolution of "*N/!>N in solar vicinity (Romano+2017)

PSNVALUE = 441

........................................................................................................

.............. NEW LOCAL ISMVALUE ~ 375 (CO/ZI et al. 20| 8b)
f f f | f f f OLD LOCAL ISMVALUE ~ 290 (Adande & Ziurys 2012)

N LTI

14N/PN [mass fraction]

8 10 12 14
Time [Gyr]
GCE MODEL (Romano et al. 2017) predict for present day a
local ISM *N/!>N < 44|

Observed values might be not affected by chemical fractionation but by Galactic
chemical evolution
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Nitrogen isotopic ratios "*N/">N

TREND IS REPRODUCED
BUT ABSOLUTE VALUES ARE DIFFERENT!!

/\B
O
=z
z
> 60
N
V)
O
=z
T 40
N
=z

> chemical fractionation in dense clouds

N(HCN) /N(HC

Laura Colzi Colzi, L. et al. (2018b), MNRAS, 478, 3693



Ejected Mass from single novae outburst

Values from hydrodynamic simulations of nova
outbursts: José & Hernanz (1998, coloured symbols),

Yaron et al. (2005, black symbols) and Starrfield et al.
(2009, small empty circles)

l\/Iejected: |O_7 M@
(Romano+2017)

1e-07
13 15

Romano et al. (201 7) Mass number
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Nitrogen isotopic ratios "*N/">N

. Adande & Ziurys (2012)
oetal (2017)
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Updated GCE models with stellar rotators

Table 1. Nucleosynthesis prescriptions for different models. Romano et al. (20 | 9)

Model“ LIMS Super-AGB stars Massive stars Urot Hypernovae  Novae
Milky Way  Prototype SMG (kms™1)

Karakas (2010)  Doherty et al. (2014a,b) Nomoto et al. (2013)
MW G-02 Karakas (2010) - Nomoto et al. (2013)
MWG-03 Ventura et al. (2013) & unpublished Nomoto et al. (2013)
Ventura et al. (2013) & unpublished Nomoto et al. (2013)
Ventura et al. (2013) & unpublished Limongi & Chieffi (2018)?
MW G-06 Ventura et al. (2013) & unpublished Limongi & Chieffi (2018)”
MW G-07 Ventura et al. (2013) & unpublished Limongi & Chieffi (2018)”
Karakas (2010) Doherty et al. (2014a.,b) Limongi & Chiefh (2018)b
Karakas (2010) Doherty et al. (2014a,b) Limongi & Chiefh (2018)b
MWG-10 Karakas (2010) Doherty et al. (2014a,b)  Limongi & Chieffi (2018)b
MWG-11 Ventura et al. (2013) & unpublished Limongi & Chieffi (2018)°
MWG-12 Karakas (2010)  Dobherty et al. (2014a,b)  Limongi & Chieffi (2018)¢

™ X M M X X X X N X X X
NN X X X% X X X %X X X% X
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Updated GCE models with stellar rotators

Galactic chemical evolution (Romano et al, 2019) UPDATED

taking into account different intial rotational velocities (Limongi and Chieffi 201 8)

NEW Meeqes = 5x10¢ Mg
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Galactocentric radius (kpc)

NOW THE GCE MODEL BETTER REPRODUCE THE TREND WE FOUND

Laura Colzi Colzi, L. et al. (2018b), MNRAS, 478, 3693



Updated GCE models with stellar rotators

Galactic chemical evolution (Romano et al, 2019) UPDATED

taking into account different intial rotational velocities (Limongi and Chieffi 201 8)

We still miss the Outer Galaxy!
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NOW THE GCE MODEL BETTER REPRODUCE THE TREND WE FOUND

Laura Colzi Reference: Colzi,Colomtat df., RiVilIaR), MNRAS 21803 698IRAS, 478, 3693




Nitrogen isotopic ratios "*N/">N

|01 massive star-forming regions:
8/ (Colzi et al. 201 8a,b) T )

e
3 e ot A ﬂ”

// /',

Outer Galaxy (CHEIVIOUT) sample
(Fontani, F, Colzi, L. et al. (2022), A&A, 660, A76)

35 massive star-forming regions
Dee from 12 up to 23.5 kpc

L aura Colzi



CHEMOUT
CHEMical complexity in star-forming regions of the OUTer Galaxy

Pl: Francesco Fontani
35 sources selected from Blair et al. (2008):

(1) clearly detected in H,CO
(i) To span all the distances in the Outer Galaxy

CHEMOUT [:Fontani, F, Colzi, L. et al. (2022a), A&A, 660,A76

L aura Colzi



CHEMOUT
CHEMical complexity in star-forming regions of the OUTer Galaxy

Spectral
windows

(GHz)

85.310-87.130
88.590-90.410
151.750-153.570
148.470-150.290

CHEMOUT [:Fontani, F, Colzi, L. et al. (2022a), A&A, 660,A76

L aura Colzi



CHEMOUT
CHEMical complexity in star-forming regions of the OUTer Galaxy

Spectral
windows

(GHz)

85.310-87.130
88.590-90.410
151.750-153.570
148.470-150.290

Species Det. rate

HCN 100%
HCO* 100%
C-C3H2 97 %
H3CO* 77%
HCO 71%
SO 66%
SiO 46%
HCS* 40%
C,H 26%
NH,D 23%
CH;CCH 17%
CCS 11%

CHEMOUT [:Fontani, F, Colzi, L. et al. (2022a), A&A, 660,A76
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CHEMOUT
CHEMical complexity in star-forming regions of the OUTer Galaxy
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CHEMOUT
CHEMical complexity in star-forming regions of the OUTer Galaxy
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CHEMOUT

CHEMical complexity in star-forming regions of the OUTer Galaxy
CH3OH studied towards| 5 sources - Setup: 90.400-98.180 GHz and 140.720-148.500 GHz

» The emission is dominated by a cold and
quiescent gaseous envelope

» CH3;OH correlates with H,CO (linewidths and
abundances)

CHEMOUT ll:Fontani, F, et al. (2022b), A&A, 664,A 154
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CHEMOUT

CHEMical complexity in star-forming regions of the OUTer Galaxy
CH3OH studied towards| 5 sources - Setup: 90.400-98.180 GHz and 140.720-148.500 GHz

-- corrected for the gas-to-dust-ratio dependence

CHEMOUT ll:Fontani, F, et al. (2022b), A&A, 664,A 154

L aura Colzi



CHEMOUT
CHEMlcaI complexfcy in star- formlng regions of the OUTer Galaxy

'p=-0.70
C,N,MOL

18

18 ) Rec [kpc
Rec kpc] cc [kpcl

See Diego Gigli short presentation Diego Gigli Master's thesis 2024
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CHEMOUT
CHEMical complexity in star-forming regions of the OUTer Galaxy

[Jy/beam km/s]
0.01 0.02 0.03 0.04 0.05 001 002 003 0.006 0.008 0.01 0.012 0.014

- Target WB89-670 at 23.5 kpc in the far Outer
Galaxy with ALMA
- Resolution of 1.5 = 0.11 pc

0.01 0.02 0.03 0.04 0.05 0.01 0.02 0.03 0.04

- Chemical differentation at core scales

36°07'30"

36°07'00"

R.A. (J2000)

See also Shimonishi et al. (2021) for ALMA maps towards WB89-789 at 19 kpc
CHEMOUT IV:Fontani, F, et al. (2024), accepted in A&A
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Nitrogen isotopic ratios "*N/">N

Inner+Outer Galaxy

For |4 out of 35 sources we have
detected H'SCN and HC'>N

= “N/!°N ratios

Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Nitrogen isotopic ratios "*N/">N

Inner+Outer Galaxy

Outer Galaxy sources are below the extrapolated
Inner Galaxy trend

They follow the parabolic trend:

HCN/HCN =-2.58 kpc > X R%~ +57.82 kpc ™! x Rgc + 128.94

Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Nitrogen isotopic ratios "*N/">N

Inner+Outer Galaxy

Outer Galaxy sources are below the extrapolated
Inner Galaxy trend

They follow the parabolic trend:

HCN/HCN =-2.58 kpc > X R%~ +57.82 kpc ™! x Rgc + 128.94

Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Nitrogen isotopic ratios "*N/">N

"N /PN<250 |
250< N /°N<450
“N/PN>450

Inner+Outer Galaxy

o
o
) I ) ) ) I ) ) ) I ) ) )

g
?
I

2

S
o
o

N(HCN) /N(HC°N)

Outer Galaxy sources are below the extrapolated
Inner Galaxy trend

Parabolic trend:
HCN/HC"N =-2.58 kpc™* X Rg; +57.82 kpc ™! X Rge +128.94

NO trend within Galactic spiral

Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Nitrogen isotopic ratios "*N/">N

" x 1 1 <~ I3~ I -
Model  Mass range for M€ M _N Flag

WD progenitors

Mo) Mo) Mo)
1-8 5.40e-7 3.35e—-8 dark green

ejec ejec

1-8 6.40e—7 3.95e—8 light green
3-8 3.25¢e-7 191e-8 magenta
3-8 4.25e-7 2.40e-8 pink

Different models takes into account IS 3!
and different

of nova outbursts.

Rgc (kpc)

CHEMOUT IlI: Colzi, L., Romano, D,, Fontani, F. et al. (2022b)

I Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Nitrogen isotopic ratios "*N/">N

" x 1 1 <~ I3~ I -
Model  Mass range for M€ M _N Flag

WD progenitors

Mo) Mo) Mo)
1-8 5.40e-7 3.35e—-8 dark green

ejec ejec

1-8 6.40e—7 3.95e—8 light green
3-8 3.25¢e-7 191e-8 magenta
3-8 4.25e-7 2.40e-8 pink

Different models takes into account IS 3!
and different

of nova outbursts.

Rgc (kpc)

CHEMOUT IlI: Colzi, L., Romano, D,, Fontani, F. et al. (2022b)

Overall trend from novae with a low-mass WDs as main '°N producers;
Decreasing trend in the OG for strong metal dependence of the '“N vyields.

I Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Carbon isotopic ratios '*C/'3C

'2C - Primary production in all stars.

In both cases nova contribution only on long timescales.

Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|



Carbon isotopic ratios '*C/'3C

g Observations from Milam et al. (2005)

10 15
Rgc (kpe)

model 1
model 2
model 3
model 4
This work

Observations from Gan, L, Colzi, L. et al. (2024)
| | ] | |

2 4 6 8 10
Rec [kpcl

'2C - Primary production in all stars.

In both cases nova contribution only on long timescales.

Laura Colzi Colzi, L, et al. (2022b), A&A, 667,Al5]|




Nitrogen isotopic ratios "*N/">N

14N/1°N x 3C/12C ratio

Inner+Outer Galaxy
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CONCLUSIONS

» |sotopic ratios in the Outer Galaxy are key to constrain
Galactic Chemical Evolution models

» Chemical processes in molecular clouds are also needed to be considered

- CHEMOUT project
Fontani et al. (2022a,b,2024), Colzi et al. (2022b)
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BACK UP SLIDES



1200

1000

800

600

NH,D NH;

Barnardy ..
NGC1333

@ Low-mass pre-stellar cores
@ Low-mass protostellar objects

N,H*

L183
Blb
6293A
IRS7B
MSe6
2017
+2012
g+2017

L1544
C-3M

Colzi+2019
man+

ontani+2015
R Cra
OM

Guz
Zen
Colzi+2018a,b

IRAS 1
Adande

F

Blb
6293A
IRS7B
MMsSe6
+2012
g+2017

Zen
Colzi+2018a,b

IRAS 1
R Cra
OMC-3
Adande

== |[RAS 05358+3543

€+2012

TW Hya
Fontani+2015

Hily-Blant+2oéiB
Adand

Nitrogen isotopic ratios "*N/">N

NEW LOCAL ISM
"“N/'°>N (8.4 kpc)
375150

Credit: Colzi Laura, Ph.D thesis

Consistent
with the bulk of observed
values with respect to the

PSN one

Stellar nucleosynthesis!?

10/22

L aura Colzi

Reference: Colzi, L., et al. 2018b, MNRAS, 4/8, 3693



GALACTIC CHEMICAL EVOLUTION MODELS

Multi-zone model, where the Galactic disc is divided
in concentric rings that evolve at different rates

° INITIAL CONDITION: - mass of gas at t=0 or fresh gas that accrete;
- primordial chemical composition;
°* STELLAR BIRTHRATE: function with a given star-formation efficiency.

—> STELLAR EVOLUTION AND NUCLEOSYNTHESIS OF ELEMENTS

Model LIMS Super-AGB stars Massive stars Novae
| Karakas (2010) - Nomoto et al. (2013) No
2 Karakas (2010)  Doherty et al. (2014a,b) Nomoto et al. (2013) No
3 Karakas (2010) - Meynet & Maeder (2002b), Hirschi et al. (2005), Hirschi (2007), Ekstrém et al. (2008) No
4 Karakas (2010)  Dobherty et al. (2014a,b)  Meynet & Maeder (2002b), Hirschi et al. (2005), Hirschi (2007), Ekstrém et al. (2008) No
5 Karakas (2010)  Doherty et al. (2014a,b) Nomoto et al. (2013) Yes

| aura Colzi Reference: Colzi, L., Fontani, F, Rivilla,V. M., et al. 2018, MNIRAS, 478, 3693 20/40




Isotopic ratios: a good indicator of nucleosynthesis

“N: primary product ISN: secondary product
* Primary production from fast-rotating * Primary production: from low metallicity
low-metallicity massive stars massive stars (this is mainly in the outer
galaxy where there are less white dwarf and
* Primary production in the base of the then the secondary production is less
convective  envelope of AGB efficient)

(Intermediate-mass)

e Secondary production from hot CNO cycle

* Secondary production through CNO
cycles iIn MS stars and in the H-
burning shells of red giants

that occurs In

L aura Colzi



CHEMOUT IV

MODELS THAT BEST MATCH DATA:

low densities (103 cm3) —> diffuse gas
intermediate kinetic temperatures (20-40 K)
cosmic-ray ionisation rate unconstrained
low radiation field
[O/H] consistent with extrapolated el. gradients
[C/H] NOT consistent with extrapolated el. gradients
[C/H] > 1/5 [C/H]® modelled
[C/H] ~ 1/14 [C/H]® extrapolated

L aura Colzi

CHEMOUT IV:Fontani, F, et al. (2024), accepted in A&A

4.5 5.0 5.5
Number density l0g1o (nH (cm~3))

50 60
Temperature T (K)

-15.0 -14.5
ic ray ionisation rate logo (¢ (s71))

0.0 0.5 1.0
Radiation field logio (Fyv (Habing))

0.4 0.6
Initial oxygen abundance fo/fo, o

-14.0




Nitrogen fractionation across the Galaxy

149NI/'>N as good indicator of nucleosynthesis

“N: primary product

* Primary production from fast-rotating
low-metallicity massive stars

CNO Cycle

* Primary production in the base of the by y
convective  envelope of AGB T
(intermediate-mass) Tripleat |

/PP Chain '

* Secondary production through CNO

cycles in MS stars and in the H-
burning shells of red giants

| aura Colzi Reference: Colzi, L., Fontani, F, Rivilla,V. M., et al. 2018, MNRAS, 4/8, 3693




(cold) CNO-I cycle:

(important in Sun)

1.95 MeV
1.20 MeV (half-life of 9.965 minutes!”)
7.54 MeV

7.35 MeV

1.73 MeV (half-life of 122.24 seconds!”)
4.96 MeV

() Positron

Y Gamma Ray

V  Neutrino




%C + ]H — 1$N + Yy + 1.95 MeV

13 1 14
N+ H—= 0 +y + 4.63 MeV
. 7 1 8

Hot CNO-I cycle: | ~ . |

g0 - SN + e + v, + 514 MeV (half-life of 70.641 seconds)
(novae, x-ray bursts...)

N+ H > 30 +vy + 7.35 MeV

120 - 1§N + e+ ve + 2.75 MeV (half-life of 122.24 seconds)

N + {H = '2C + JHe + 4.96 MeV



Galactic chemical evolution (Romano et al, 2019) UPDATED

taking into account different intial rotational velocities (Limongi and Chieffi 201 8)

an \ "
Solar system
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Local ISM

6 8 6 8 12 14
Time (Gyr) Galactocentric radius (kpc)

NOW THE GCE MODEL EXACTLY REPRODUCE THE TREND WE FOUND

Laura Colzi Reference: Colzi, L., et al. 201 8b, MNRAS, 478, 3693 | |/22|



Nitrogen fractionation across the Galaxy

1000 T 1000
—— Best Fit —— Best Fit
—— Linear Regression Fit —— Linear Regression Fit
800 A 800
O =2 ’ ®
Z 600 - LA 600 ®
et @) =
I I
~ ~ ®
O =
Z 400 - O 400
I I
LYY
200 A 200 A +
0 T T T 0 T T T T
2 4 6 8 10 2 4 6 8 10
Dgc(kpc) Dgc(kpc)

Linear Fit: Bayesian method

AN/ISN = (22 4 6) Dac(kpe) + (198 +12)  N/'SN = (17 + 6) Dac(kpc) + (223 + 12)
| aura Colzi Reference: Colzi, L., Fontani, F, Rivilla,V. M., et al. 2018, MNRAS, 478, 3693




H13CN/HC5N

~
)]
]

5.0

2.5 1

0.0

To test the linearity of H'3CN/HC'® N and HN"3C/H>NC

|l aura Colzi

Nitrogen fractionation across the Galaxy

PYTHON TOOL NonParamRegression

| = Quadratic

== 90% CI

|
- Spatial Averaging

Cubic ® ®

HN13C/H15NC

20.0

17.5 1

15.0 A

-
N
($)]

- Spatial Averaging
= Quadratic

Cubic
== 90% CI

Reference: Colzi, L., Fontani, F, Rivilla,V. M., et al. 2018, MNRAS, 4/8, 3693
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160O/180O Galactic chemical evolution

2500 _.-...-...a. 2500 _._., ............ , ............ ..... ............ ,q.. .....
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1500 Jeeeeeeeeenes g ............. % ............. E ............. % .............. % ............. E ............. % ...... 1500 %mmmé"mmmé ............ % ............ ;mmmémmmé ........... ?mmmém

1000-"mmmémmmmém“mmémmmm;mmmm?mmmémmmmémm 1000 %mmmémmmé ............ é ............ §mmmimmmm§ ............ ?mmmé .....

169/180 [mass fraction]
1%0/180 [mass fraction]

IR S FN e S N N O R R T S e e
e SRS i

O 2 4 6 8 10 12 14 0O 2 4 6 8 10 12 14 16
Time [Gyr] Rgc [kpcl

Intermediate and massive stars destroy '8O rather than produce fit.
In this case nova are not important to produce '8Q.

| aura Colzi Reference: Colzi, L., Fontani, F, Rivilla,V. M., et al. 2018, MNRAS, 478, 3693 20/40




18O/!7O Galactic chemical evolution

(0]

80/170 [mass fraction]

—_
o

S 6 SRRy RSy AR RRp AR SRS ARpARLpUS: NERURRRRRPERR PRRRR RS PR

S SO

Time [Gyr]

7O is over-produced by nova

outbursts.
Their introduction s

important to explain the GCE.

|l aura Colzi

10 12 14

180/170 [mass fraction]

Reference: Colzi, L.
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