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Current landscape of r-process sites
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New landscape of r-process sites
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Magnetars (soft gamma repeaters)
vs. Pulsars (“normal” neutrons stars)

Pulsars
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Magnetar Giant Flares (GFs)
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Radio Afterglow From GFs
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Radio Afterglow: Evidence for Baryon Ejection
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A Possible Mechanism for Baryon Ejection

shocked
crust
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et al. (2024)
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Properties of Unbound Ejecta (Cehula+2024)

Shock jump conditions: p,e = EOS — s, T
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Nucleosynthesis
Calculations
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Nucleosynthesis
Calculations
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Optical/UV Emission: a “Mini-Kilonova”

Mini-kilonovae: less mass, shorter duration
Heating: O(1)
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A third EM component in ~MeV?
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Radioactive Gamma Ray Emission
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A 20 year old mystery: delayed MeV emission in the

SGR 1806-20 GF
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A 20 year old mystery: delayed MeV emission in the

SGR 1806-20 GF
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A 20 year old mystery: delayed MeV emission in the

SGR 1806-20 GF
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Calculating gamma-ray emission

dy(t) = Na Z Yi(t)Aibi Z Lij€ij,
? J

For a nuclear species i:

eg. I[—=>f*>f+y

Y.(f): number abundance £ 3
A: beta-decay rate )
b;: photon branching ratio (% of beta % ev\g,’\z,\,w
decay energy emitted as y) v |4

€i1
Ilj: relative intensity per decay of /S l LA 2

photon with energy £
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Calculating gamma-ray emission
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Light-Curve and Fluence
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Light-Curve and Fluence
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Spectra (unattenuated)
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Spectra with (preliminary) MC radiation transport

gamma ray transport by Indrek Vurm
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Spectra with (preliminary) MC radiation transport

gamma ray transpcrt by Indrek Vurm
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Magnetar GFs can contribute ~1-10% of
Galactic r-process
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Magnetars are born early in Galactic history!

r-process enrichment —
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Summary: Delayed MeV detection from the SGR 1806-20 GF is
consistent with gamma ray emission from ~ 10_6M® of r-process

Radio Observations ~MeV Observations
V[ Ejecta Mass V] Peak Time-Scale :J/ Fluence
v/ Velocity v Decay Rate :J/ Hard Spectrum

- Atleast 1-10 % of
Galactic r-process

- Operates early in
galactic history

- Provides first
opportunity to directly
Observe nuclear hne . a) Prompt y -ray spike b) Spi)r(l-lg(;dtl;lj?ted c¢) Radioactive y-ray emssion
emission from the r-
process

Luminosity

- (Can constrain GF
operating mechanism
and probe magnetar
field evolution
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Backup
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Neutrinos detectable?
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For a supernova with £, g\ ~ 10°? erg and (€,sn) ~ 5 MeV, HyperK will detect

N, sn ~ 10* — 10° neutrinos fora ~ 10 kpc source.

For a magnetar giant flare at similar distance:
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No, it's not from the Sun.
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Nucleosynthesis
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Figure 7. Variation of the proton fraction Y, as a function of the mean
baryon number density in the outer crust for the nuclear mass models HFB-
22, HFB-24, HFB-25, and HFB-26.
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Decays

Ani Patel
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Gamma ray Thermalization
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Gamma Ray LC Parameters
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Nova Brevis LC model

Opacity:
k(1) = Xp(t)Kp + X K, + XK + XoKky + X3k (Kasen+2013, Tanaka+2020)

Thermalization:

_ 2@ 40| '
fol®) = 0387+ 710,25+ 04 (1= exp (=0, /x(0) }

Attenuated light-curve: ¢;...(f) = f4,(£)g(?)
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LLC model
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Alpha Rich Freeze-out 1
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Alpha Rich Freeze-out 2

alpha formation
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Observed spectrum
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Nova Brevis vs Kilonova

What merging neutron stars  flaring neutron stars
Ejecta mass ~102- 101 Mg, ~10%-10° Mg
Ejecta velocity ~0.1-0.3c ~0.1-0.7 c

Peak luminosity  ~10*'— 10 erg/s ~1038-10% erg/s
Peak duration ~1 - 10 days ~1—10 min

Rate per galaxy ~1/10*- 10" years ~1/10- 100 years
Follows short* GRB short “GRB”
Followed by broadband afterglow radio afterglow
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Nuclei contributing to gamma ray signal
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