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MOTIVATION

EVOLUTION OF MASSIVE STARS: CORE COLLAPSE

» As the star evolves, the
core gets hotter and
denser

» Successively heavier
elements undergo
burning, creating more
heavy nuclei

ﬁa“piaolectron capture 3
1 1 | 1

» Iron core is formed,
grows, then collapses
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CAN WE SEE PRESUPERNOVA NEUTRINOS?

FIRST LOOK: ODRZYWOLEK ET AL. (2004)

Detector Mass Reactions Number of Flux at 1 kpe Event rate
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Processes

B* decay

e*e” capture

plasma
photoneutrino
pair

Formulae

AN, Z) = AN=-12+1)+e +v,
AN Z) - AN+1,Z-1D+e" +v.

AN, Z)+e- = AN+ 1,Z— 1) +v,
AN, Z)+et - AN-1,Z+ 1D +v.
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e +y—e +Vv,+V,

et +e” s v, + v,

Main References

[Fuller er al. (1980, 1982b,a, 1985),
Langanke and Martinez-Pinedo (2001),
Oda et al. (1994); Odrzywolek (2009)

Ratkovic er al. (2003); Odrzywolek (2007)
Dutta et al. (2004)
Misiaszek er al. (2006)



ADD IN BETA PROCESSES

MISSING PIECE: BETA PROCESSES

AZ+1(E"

» Beta processes

» Many isotopes present in core in late

stages

» Electron neutrinos and antineutrinos
produced through decay or capture
reactions

» Importance of beta processes in late

%
%
stages varies depending on stellar +

e > AN —-1,Z+4+1)+ v,
evolution model used Lt AN +1,Z—1) + .




e Beta processes onn, p

== Thermal processes

kT=0.43 MeV, log,,0=8.85 | g/cm3 |, ¥.=0.445 kT=0.43 MeV, log,,p=8.85 [ g,/cm3], Y.=0.445

00, ST™™n
“Co SFe
TFe “Fe
SMn : sSCr |
“SMn MCr
SCr *Mn _
S6Fa ‘ 2Ti
“Mn %102 BY
80, *Mn

15 V. P . S0

| | 100
&, [MeV] &y, (MeV]




BETA CALCULATION DETAILS

BETA SPECTRUM

» Shape of spectrum completely determined by phase space of electrons
involved

» Depends on chemical potential pe, temperature T, which we get from
(see Farmer et al. arXiv:1611.01207) / /\ES/..

» Necpc and Ng are normalization factors so our rates match tabulated rates
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progenitor collapse
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detector composition | mass interval NEC Ne! NCC€ Ne! Nt = NCC 4 Nel
p B o] ~ |
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FUTURE

WHAT'S NEXT?

» Detectability

» Include realistic detector response and backgrounds
» Nuclear physics

» Effective-Q approximation could be improved
» More nuclear physics processes?

» Neutral current de-excitations (see eg. Misch and Fuller arXiv:
1607.01448; Misch, Sun and Fuller ApJ 852 43 (2018))

» Failed SN?
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» My collaborators: Cecilia Lunardini, Rob Farmer, and Frank
Timmes

» The CIPANP 2018 organizers

» Thanks for listening!



