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The origin of the heavy elements

HEAVYMETAL is a project to uncover the nuclear and astrophysical
pathways leading to the creation of the rapid neutron capture
elements
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A unified spectral
series of AT2017gfo

Fig. 1 from Sneppen et §2024b) - unified spectral dataseries can be found at
https://github.com/Sneppen/Kilonovaanalysis

Data from LDSS MagE[Shappeeet al, 2017], ANUAndreoniet al, 2017], SALT [Buckley et al,
2018], X-shooter [Pian et al, 2017; Smartt et al, 2017], SOAR$rnocket al, 2017], Gemini
[Nicholl et al, 2017], HST [Tanvir et al, 2017


https://github.com/Sneppen/Kilonova-analysis
https://github.com/Sneppen/Kilonova-analysis
https://github.com/Sneppen/Kilonova-analysis

The rapid evolution N
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Sneppen et al (2024b), Table 1, blackbody temperatures

Time (days) Telescope/Instrument Tobs (K) Publication =
0.48 Magellan/LDSS 11000*320° [1] Shappee et al. (2017) %
0.53 Magellan/MagE 9300 + 300 [1] Shappee et al. (2017) 2 _
0.92 ANU/WiFeS 6800 + 200 [2] Andreoni et al. (2017) ;j‘ 17
1.17 SALT/RSS 6400 + 110 Buckley et al. (2018) E e "
143 VLT/X-shooter 5440 + 60 Pian et al. (2017) g /\\
1.45 VLT/X-shooter 5380 + 60 Sneppen et al. (2023a) g
1.47  SOAR/GHTS, Gemini/FLAMINGOS-2 5330 + 60 Nicholl et al. (2017), Chornock et al. (2017) o "
242 VLT/X-shooter 3940 + 50 Smartt et al. (2017)
3.41 VLT/X-shooter 3420 £ 40 Pian et al. (2017)
4.40 VLT/X-shooter 3330 £ 40 Smartt et al. (2017)
540 VLT/X-shooter 3070 £ 40 Pian et al. (2017)
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1.43

days

Time (days) Telescope/Instrument Typs (K) Publication
0.48 Magellan/LDSS 110007335 [1] Shappee et al. (2017)
0.53 Magellan/MagE 9300 + 300 [1] Shappee et al. (2017)
0.92 ANU/WiFeS 6800 + 200 [2] Andreoni et al. (2017)
1.17 SALT/RSS 6400 + 110 Buckley et al. (2018)
1.43 VLT/X-shooter 5440 + 60 Pian et al. (2017)
1.45 VLT/X-shooter 5380 + 60 Sneppen et al. (2023a)
147  SOAR/GHTS, Gemini/FLAMINGOS-2 5330 + 60 Nicholl et al. (2017), Chornock et al. (2017)
242 VLT/X-shooter 3940 + 50 Smartt et al. (2017)
3.41 VLT/X-shooter 3420 + 40 Pian et al. (2017)
4.40 VLT/X-shooter 3330 + 40 Smartt et al. (2017)
5.40 VLT/X-shooter 3070 + 40 Pian et al. (2017)

Snepperet al. (2024b)
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The blackbody spectrum

Sneppen (2023), Fig.c6ee also Sadeh et al (2025)
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Spectral features

Sneppenret al (2024b)

Feature zoom-in
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Spectral features from individual elements

60

—— Blackbody + Sru

Reproduced and extended with systematic analyses using radiative LLHEEYN T L] N B Blackbody

transfer codes with more atomic line data: 50

- Domoto et al. (2021)
- Gillanderset al. (2022)

- Vieira et al. (2023)
- Sneppen et al (2023b)
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Additionally, accounting for the full 3D spatial and time dependence
of the density with line-by-line opacity:

(1017 erg s~ cm-2 A‘l)\l atu rE, (1017 erg s~ cm2 A-") + offset

- Shingles et al. (2023) o
—
- _pe - o
and NLTE feasibility in N
- Pognanet al (2023) ‘_j
L e cil Mo | 1.5 days,
- Tarumi | (2023) ) 3 ays
) CCD 3- MR L L L ML L Ll . 25davd
_B[etha”e[ eta|(2“25 -3-
. 49 S 3. s 3.5 days.
- Arya et al (in prep) © 3
! - ; T N N 4.5 days,
- Chiba et al (in prep) 3
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NIR spectral wiggles
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see also Gd Il contribution iRahmouni et al (2025)
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1) The presence of Sr |l

2)

at 750 nm from Yttrium

requires Y Il to be present

If Y Il is present the line
transitions4(bn-4Q will

produce a P Cygni arounc
/750 nm
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See also Shingles et al (2023), Tak et al (2024aret al (2024), Banerjee et al
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Y Il constraining the optical liHdanketing?
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Dowd et al (2025)



