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Neutrino nucleosynthesis

~10°8 neutrinos released in 1 .c‘ ‘ e d Affected nuclei enter the

a matter of seconds. . nucleosynthesis chain.
”o
c‘/€'u$

Collective weak nuclear response:
excitations, transmutations...
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Neutrino nucleosynthesis

GOAL:
Global microscopic self-consistent estimates
of the neutrino-nucleus cross sections .
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~10°8 neutrinos released in ; .c‘ ‘ e d Affected nuclei enter the

a matter of seconds. . nucleosynthesis chain.
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Collective weak nuclear response:
excitations, transmutations...
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Relativistic QRPA

GROUND STATE EXCITED STATE

Relativistic energy density functional: Relativistic QRPA:
s _(B)

Blp.s] = Eraale] + Bl o= 5. 5,{*.\ (AJ BJ) (X,f) o (X;')
— _BJ _AJ YUJ - W YL’J .

Effective interaction through meson exchange:

- 7 7 Residual interactions from the same EDF:
2
yrh o — 5—E VPP '
as(p) 12,34 61921 5)034 ) 12,34 6!‘{;2 5:‘{;34
O/v(l))

arv(p) Nuclear matrix elements from RQRPA:

¥ ¥ (1/J|OJ|O) = Z (X;T{upvn + ngvaun) (p||OJ||n)

pn

Density-dependent couplings. Parameters X o
fitted once and used for all nuclei. —| B,(0y) = ‘(VJ|OJ|O>‘ :

Output: {(23,1;(7'), €k, Ak; )\t; Eka Uk, Uk} J
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Cross sections

TWO WAYS TO ESTIMATE THE CROSS SECTION

1| FULL DECOMPOSITION: 2| ALLOWED APPROXIMATION: q = O

do Lepton current: Plane waves — kinematics only.
(d_Q> Many-body problem, nuclear o (E u)
response... 9 1
G%ke 1 L sy - G*ke 1 2
T Tr 241 [(”””W TillM 11 Ji)| T 2J+1 Z v
=0

+ ¢4 |2]

* Only two simple g-independent

+ Z {1 — (- §)( )} <| g, ) ‘2 + (e TSN s ‘2> matrix elements.
J>1 * Only J™= 0% 1* transitions
survive.
+ G- (0 — 5)} 2 Re ( T | T 728N T (T | TS, )} « Connection to experiments
through B(GT) ad B(F).

* More complex g-dependent matrix elements.
* Contains all J" transitions.
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E, =50 MeV

full calculation full vs allowed
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E, =40 MeV

full calculation full vs allowed
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E, =30 MeV

full calculation full vs allowed
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E,=20 MeV

full calculation full vs allowed
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E, =10 MeV

full calculation full vs allowed
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Michel spectrum Fermi-Dirac spectrum
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Michel spectrum Fermi-Dirac spectrum
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Michel spectrum Fermi-Dirac spectrum
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What is next:

- Develop neutral channel and include muon/tau leptons |

- Odd nuclei []

- Deformations, nuclear temperature 11

- Decay channels ‘1111
- Higher order correlations 1111
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What is next:
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)| Check for updates

Properties of nuclei in hot stellar environments such as supernovae or neutron
star mergers are largely unexplored. Since it is poorly understood how many
protons and neutrons can be bound together in hot nuclei, we investigate the

limits of nuclear existence (drip lines) at finite temperature. Here, we present
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