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R-process nucleosynthesis

sxNuclear models are needed to provide input for r-process simulations:

masses, level densities (p), B half-lives, y-Strength Functions (fx. ), fission
barriers...

O Known mass
O Known half-life
O r—process waiting point (ETFSI-
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Radiative neutron capture: resonant capture

n+ (Z,A-1) (Z,A) o+ (Z-2,A-2)
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2M;nEin (248 +1)(2dp+1) 5 + Ty
for E, ~keV Th>T) — otV ~T)

E; n, M; - center-of-mass energy, reduced mass of the system

Jn = 1/2-neutron spin

TH = To(E J,m EI' 0 1l') TY = Ty(E,J,m; E},, Iy, mhy)- transmission coefficients

For a given multipolarity (EJ.,m) o
T (E.J.m EY JY,n%) = 2nE2L+ £y, (. Ey) H ggﬂ e
w=Test, using SM, the key ingredients of Hauser-Feshbach cal- 70650 — /
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Radiative neutron capture:

resonant
capture

AX+n

Direc capture

A+1X
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direct capture

Xi. Yu and S. Goriely, Phys. Rev. C86 (2012) 045801

6P%(E) = ¥ 5/04s(E)
f=0

Sn
+ (S [ X p(Errm) < of ks
X Jp

If no experimental data available:

@ use combinatorial model for the level
density with (S)=0.5

= The key ingredients: low-energy levels and
spectroscopic factors

= Validate theoretical approximations (HFB) in
exotic nuclei using SM predictions
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Shell model: generalities

Shell model relies on the possibility of diagonalizing the Hamiltonian
matrix and deriving (constraining empirically) a suitable effective

interaction. .
o Direct capture: knowledge of

the lowest-lying levels
(energies and spectroscopic
factors)— quality of the
effective Hamiltonian

o Resonant capture:
knowledge of statistical
properties (energies and
transitions in nuclear
continuum)— possibility of

Hopt |V orr) = E|W o) computing of hundreds of

nuclear levels
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Lenzi-Nowacki-Poves-Sieja interaction
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O based on realistic TBME S. Lenzi et al, Phys. Rev. C82 (2010) 054301
O new fit of the pf shell .
. Used succesfully in over 50 pa-
(KB3GR, E. Caurier) y ba
pers (masses, spectroscopy, transi-
@ monopole corrections tions, spectroscopic factors...)
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60Fe spectroscopic factors

S. Giron, PhD Orsay, 2012
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S. Giron et al.,Phys. Rev. C95 (2017) 035806
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’6Ni from (p,2p) reaction
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Z. Elekes etal, Phys. Rev. C99 (2019) 014312
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’6Ni from (p,2p) reaction
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O Proton gap Z = 28 estimated to

be 4.4MeV in 76Ni and 5.2MeV
in 78Ni, compatible with other
recent studies in the region.
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Direct capture rates using SM results
64Ni(n, y)8°Ni
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Direct capture rates using SM: Ni & Cr
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Direct capture rates using SM results: chromiums
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. pl/2 ——
512
e
g9 ——
intrinsic d5/2
Q
0 0.5 1 1.5 2
Eexc(MeV)
NUSPIN, 25.06.2019

12/23



Direct capture using SM: triaxial nuclei above "8Ni
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K. Sieja et al.,Phys. Rev. C88 (2013)
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wSpectroscopy of odd-N nuclei past N = 50 of interest for nuclear models

Kamila Sieja (IPHC)

NUSPIN, 25.06.2019

13/23



Going beyond usual SM applications: y-decay

photoabsorption (PSF)
Q use Lanczos Strength Function method
with a large number of iterations

EXP: YB(E1)=0.4940.16 efm? (6-10MeV)
J. Gibelin et al., Phys. Rev. Lett. 101 (2008) 212503

THEO: Y. B(E1)=0.485 e2fm? (0-10MeV)

0 T T T T T
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y-decay (RSF)
O calculate desired number of low lying
states using standard SM diagonalization
techniques

O obtain the averages and radiative strength
functions from relations:

fin /g1 (Ey) = 167/9(hc)® Sy g1 (Ey)
Smi/e1 = (B(M1/E1))p;(E;)

10

deéay strehgth —
0">1 ——

0.1

0.01 |
0.001 r
0.0001
1e-05
1e-06
1e-07
1e-08
1e-09

fey (€2fm?)

0 2 4 6 8 10
E, (MeV)

NUSPIN, 25.06.2019  14/23



E1 strength: comparison to other models

K. Sigja, PRL119 (2017) 052502
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O Description of the resonance and radiative
decay in the same theoretical framework.

O Reasonable agreement between QRPA
and SM PSF up to 15MeV.

Q@ Microscopic SM strength has a non-zero
limit for E, = 0. Consistent with the EGLO

model.
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Dipole strength in 44Sc: theory vs exp

PRL 119, 052502 (2017) PHYSICAL REVIEW LETTERS Poirir o

Electric and Magnetic Dipole Strength at Low Energy

K. Sieja
Université de Strasbourg, IPHC, 23 rue du Loess 67037 Strasbourg, France
and CNRS, UMR7178, 67037 Strasbourg, France
(Received 7 March 2017; revised manuscript received 6 May 2017; published 31 July 2017)
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M1 upbend: general trends

K. Sieja, Eur. Phys. J. Web of Conf.146 (2017) 05004 ND2016

S. Karampagia et al., Phys. Rev. C95 (2017) 024322
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= The strength at £, = 0 peaks around shell closures and is flat in deformed

nuclei
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Shell structure in the nuclear quasi-continuum

Ratio of B(M1) strength: %
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J. Midtbo et al., Phys. Rev. C98 (2018) 064321
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sd — pf nuclei:

BML1 ratio

O The ratio peaks towards the
edges of the model spaces at
N =8,20,40,50.

O Some extra shell effects are
present in the Ni chain.
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O In sd-pf nuclei the ratio peaks at

N = 28 for Ca only.
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The puzzling case of “6Ar
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D. Mengoni etal., Phys. Rev. C82 (2010) 024308
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Application of the low-energy limit to the QRPA results

Collaboration with S. Goriely (ULB), S. Hilaire and S. Péru (CEA-DAM)

107
jSDI\I/IM+QRpA / \\.\ @ S. Goriely, S. Hilaire, S. Péru and K. Sieja, PRC98 (2018)
Eq. (2) / '\_\ 014327
o« \ E To describe radiative decay, phenomenological
> "\._\ low-energy corrections fitted to reproduce SM
= N trends and data are added to microscopic
N: \.\7 QRPA-Gogny M1 and E1 PSF:
134Xe
e fer(ey) = 18 (e) + U/ + el oY1)
_,f-\.\ (b) fui(ey) = f3Ae,)+Ce e @
\
\ i
\ O upper limit (Olim+)
\'-\ fo= 5'10710M6V74, g=5MeV,
N C=3-10"8MeV~3 1 = 0.8MeV!
N\
36 O lower limit (Olim™)
"Ba fy =10"""MeV—4, gy=3MeV,
: C=10"8MeV—3.n =0.8MeV~!
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Impact on radiative neutron capture
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Impact on the radiative capture

MACS ratio at T = 109K
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w=Non-zero limit of the E1 strength from SM has small impact on neutron capture: 20 —50%
=M1 upbend can alternate the cross-section by a factor >10 in exotic nuclei

S. Goriely, S. Hilaire, S. Péru and K. Sieja, PRC98 (2018) 014327
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Summary

O SM can provide reliable spectroscopic factors and help testing usual
theoretical assumptions in cases no exprimental data is known — work
in progress.

O Spectroscopy of neutron-rich nuclei around “8Ni is still of interest for
nuclear models.

O E1/M1 RSF and PSF can be microscopically obtained within the SM.

O Shell effects survive at higher excitation energies and are visible in M1
dipole strength functions.

© M1 upbend has a significant impact on neutron capture cross sections in
exotic nuclei: x10.
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