Neutrino reactions in astrophysics

Nuclear Physics aspects of core-collapse supernovae

Gabriel Martinez Pinedo
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Core evolution (Outline)
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Presupernova evolution
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Gamow-Teller strength

GT. strength measured in charge-exchange

(n, p) experiments (TRIUMF).
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Radioactive-beams facility could provide:

Improved energy resolution.

Experimental data for unstable
huclei (no experimental information
for odd-odd nuclei)

New experimental techniques based
on (d, 2He) reaction
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GT.. strength measured in (d,*He)
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Collapse phase

| mportant processes:

® electron capture on protons:

e +pE=2n+rv,

e Neutrino transport (Exact

solution Boltzman equation):
v+ A 2 v+ A (trapping)
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What is the role of electron capture on huclei
e+ (N, Z)—- (N+1,Z2—-1)+ 1,

Is inelastic neutrino-nucleus scattering comparable to
heutrino-electron scattering?

v+ AZ2 v+ AF
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Electron capture: nuclei vs protons

Capture rate and average energy
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Consequences
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Neutrino interactions in the collapse

Bruenn and Haxton (1991)
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e Elastic scattering:
v+ A= v+ A (trapping)

® -¢ scattering:

V+e 2rvte

® |nelastic -nuclei

scattering:
v+ A= v+ AF
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Explosive nucleosynthesis

Shell-Structured Gravitational Supernova
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Neutrino interactions determine Y. value

M. Liebendorfer et al
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r-process
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Astrophysical scenarios

Neutrino-driven wind Neutron star mergers
S
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Masses for r-process nuclei

two-neutron separ ation energies

25 .
—8— Experiment
X HFB-SLy4
A HFB-SKP
+ HFB-D1S
*  SkX
¢ RHB-NL3
20 , LEDF
> |
2 -
=
JT A
15
: data exist
10 1 | [ i I I
oS0 60 70 80

Neutron Number

N Mass Formul ae oo KB
20k *&E*% — CKzZ | _
o™ B

- **kkm b _

10| \ .
10— H
107 \\\ 7
1 ST ST E—
H N Neutron Number i
L@ A i

55 by A
N — X O ]
Pl ++£‘;AZ°<><>O i
T %0Aa o o
i + Rx0 0 i
+ X§¥§é ¢
- + Xxsﬁh. A A 163 T
++++X§§%‘\/\ ¢
- T+ RRR NS0 .
TrHiE8xa
0 _ e
. datado not exist _
A R T T R T
80 90 100 110 120 130
Neutron Number

XXXVIII Rencontresde Moriond: Radiactive Beamsfor Nuclear Physics and Neutrino Physics

Neutrino reactions in astrophysics — p. 14



Half-lives for r-process nuclei

Half-lives N=82 isotones
[ [ [ [ [ [ [ [ [

1000 |- DF3 (Allowed) =
i DF3 (All. + Forbidden) 1
A FRDM
<4 HFB
—~ 100F .EM - .
g p e : Effect of the half-lives
A 100; \ —o— Solar
3 1 g8 0  ——ETFSI+GT2 !
i 1 % 10 3 —e—ETFSI+cQRPA
N=82 Isotones | 1= g
1 i R N IR R RO N B B >
40 41 42 43 44 45 46 47 48 49 | o
Charge Number Z S 107}
130 B I
Cd decay (K.-L. Kratz et al) T 19
o 162(7)ms o g )
130 i
‘Qﬁ%go Mev E, keV] u Borzov & Goriely (2000)"
‘Sn'—"S.OQMeVu) lO“ S NS R S S SRR SR N
> 90 100 110 120 130
|1y log 1t . ,§$ A
05% 51 (108s
it St 1285 0 Peak position depends of the
s ¥ |(r°1081s o .
5% a1 1° =:§§ _ 2120 L half-lives used
37% 56, (1) ;Ei:_ 1669
24% 59 (1) ES 7 | ”
63% 54 12" 5 315
50% 59,1 L: o 4% 59 Y2 0
3in e

XXXVIIl Rencontresde Moriond: Radiactive Beamsfor Nuclear Physics and Neutrino Physics Neutrino reactions in astrophysics — p. 15



Neutrinos in the r-process

Ve charge-current interactions can acceler-
ate the flow of matter (A = Ag + A\,.)
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Abundances metal-poor stars
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Neutrino nucleosynthesis

Neutrinos interact with abundant

huclear 5pecies

e Neutral current (v, '):
Nucleus excited to particle
unbound states that decay

by particle emission.

e Charged current (v.,e™)
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Nucleosynthesis with and without neutrinos

(A. Heger et al)
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Neutrinos from SN19874

Type Il supernova in LMC (~ 55 kpc)
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Confirmed core-collapse supernovae emit huge amounts of
neutrinos (~ 10°°)

Supernova rate: One each 30 years.
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Supernova neutrino detection
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Supernova neutrino detection at ICARUS

Allowed cross section well known
from “OTi decay
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Summary

[l Radioactive beams offer the possibility of study the
properties of exotic nuclei relevant for supernova evolution
and nucleosynthesis

[1 Low energy neutrino beams are necessary to measure
heutrino cross sections relevant for supernova dynamics,
hucleosynthesis and neutrino detection.
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