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Problem

Galactic chemical evolution models fail
to reproduce the observed P
abundance in the Galaxy, discrepancy
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Discovery of 16 stars rich in P

in APOGEE-2 DR14 (Masseron+20ab)
* metal-poor ([Fe/H] = -1)

* low-mass giants




Problem

Galactic chemical evolution models fail
to reproduce the observed P
abundance in the Galaxy, discrepancy
of = 2.75 (Cescutti+12)

Discovery of 16 stars rich in P

in APOGEE-2 DR14 (Masseron+20ab)
* metal-poor ([Fe/H] = -1)

* low-mass giants

- there must be a progenitor /
unknown source of P




Step |: Analyzing APOGEE-2
DR17 spectra

P-rich stars also show high Si abundances
(Masseron+20ab)

- check if Si-rich stars (Fernandez-
Irincado+19,20) are also P-rich
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DR17 spectra

P-rich stars also show high Si abundances
(Masseron+20ab)

- check if Si-rich stars (Fernandez-
Irincado+19,20) are also P-rich

High resolution (R~22,500), high SNR (>100),
H-band spectra (1.51-1.70 um)

Abundance calculations done with BACCHUS
(Brussels Automatic Code for Characterizing
High accuracy Spectra) (Masseron+16)
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Step I: Analyzing
APOGEE-2 DR17 spectra

DR14, 16 stars
(Masseron+20ab)

P-rich stars also show high Si abundances
(Masseron+20ab)

- check if Si-rich stars (Ferndndez-
Trincado+19,20) are also P-rich



Step I: Analyzing
APOGEE-2 DR17 spectra

DR14, 16 stars
(Masseron+20ab)

P—normal

P-rich stars also show high Si abundances
(Masseron+20ab)

- check if Si-rich stars (Ferndndez-
Trincado+19,20) are also P-rich

DR17, 78 stars
(Brauner+23)
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Step |: Analyzing APOGEE-2 DR17 spectra

[N/Fe] error = £0.05
LU B I N B N R L R A B R

Chemical finger print found:

Overabundances in O, Al, Si, Ce, correlated

with P

Mg enhanced in some of the stars, correlated

with P

S and Ca are not enhanced
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Step Il: Analyzing optical UVES spectra

Brauner+24

1D LTE abundance analysis of the four brightest P-
rich stars in the optical



Step Il: Analyzing optical UVES spectra

1D LTE abundance analysis of the four brightest P-
rich stars in the optical

48 light and heavy elements up to Pb, focusing on
the neutron-capture elements

Pb | A =3683.462A

— A(Pb)=1.29+0.10
3683.2 3683.4 3683.6

Wavelength [A]

Ba Il A=4934.0754

—— A(Ba)=2.11+0.10
4933.7 4934.2
Wavelength

BallA=6141.7154

—— A(Ba)=2.11 £0.10

6141.4 6141.6 6141.8 6142.0
Wavelength

6142.2

Pb | A =4057.807A

|Fel

— A(Pb)=1.29 £0.10
0.0

4057.5 4057.7 4057.9 4058.1

Wavelength [A]

Ba Il A=5853.6764

— A(Ba)=2.11£0.10

5853.2 5853.4 5853.6 5853.8 5854.0 5854.2
Wavelength

Ba Il A =6496.8964

—— A(Ba)=2.11 £0.10

6496.4 6496.6 6496.8 6497.0 6497.2 6497.4
Wavelength




Step Il: Analyzing optical UVES spectra

1D LTE abundance analysis of the four brightest P-

rich stars in the optical

48 light and heavy elements up to Pb, focusing on

the neutron-capture elements

Extremely high Ba ([Ba/Fe]>1) abundances found,
slight enhancement in some elements between Rb
and Sn and other heavy elements (e.g. [Pb/Fe] =

0.45)
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Step Il: Analyzing optical UVES spectra

Brauner+24

1D LTE abundance analysis of the four brightest P-
rich stars in the optical

48 light and heavy elements up to Pb, focusing on
the neutron-capture elements

Extremely high Ba ([Ba/Fe]>1) abundances found,
slight enhancementin some elements between Rb
and Sn and other heavy elements (e.g. [Pb/Fe] =
0.45)

Comparison with nucleosynthetic models of s-
and/or i-process

least discrepancies found for a combination of s-
and i-process > highly uncertain! - i-process is
not well constrained yet

-‘- s-process dil (Zr), f=0.01148
s-process dil (Zr), modified solar
®- 2M22480199+1411329

Iron-peak elements (Mn-Zn)



What produces the strange
pattern?

Discrepancy GCE/nucleosynthetic
models persists (Brauner+23,24)




What produces the strange
pattern?

Discrepancy GCE/nucleosynthetic
models persists (Brauner+23,24)

(Masseron+20ab) "PI=CeSS

“classical” s-process
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What produces the strange (Brauner23)

Accreted pepulation

pattern? Sub-Chandrasekhar SNela

Pair-instabitity SNe

Discrepancy GCE/nucleosynthetic
models persists (Brauner+23,24)

(Masseron+20ab) "PI=CeSS

“classical” s-process




What produces the strange (Brauner23)

Accreted pepulation

pattern? Sub-Chandrasekhar SNela

Pair-instabitity SNe

Discrepancy GCE/nucleosynthetic
models persists (Brauner+23,24)

(Masseron+20ab) "PI=CeSS

“classical” s-process

Binary interaction?
(Brauner+23,24) I-process?

Novae? (Bekki &
Tsujimoto 24)
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Cut features of
Hterest
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"~ (Universidade da Coruna)

What S next?

Search.forrmere P-rich stars in APOGEE-2
DR17 (= 650,000 targets) applying
unsuperwsed learnln,q/clusterlng on
spectra

o

Mainly using t-SNE (=":’t"-distr,ibuted stochastic
neighbor embedding) '
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..and uncovers similarities

Work in collaboration with R. Santovena

X Projection



* P-richs, line-to-line scatter
"% P-richs, star-to-star scatter
® P-normals, line-to-line scatter

Summary

No.nucleosynthetic Aodel
*satisfactorily produces the
abundanee pattern of P-rich
stars

We look for a source that
produces (a lot of).P, O, Mg, Si, | $ o o
Al, Ce, and (a lot of) Ba b
Binary interaction, i-process

~ contribution, spallation
""processes, and the role of novae
need further investigation
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