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Direkte Reaktionen fiir die Astrophysik — eMARIO WEIGAND,
Lukas BorT, BENJAMIN BRUCKNER, PHILIPP ERBACHER, STEFAN
FiEBIGER, MATTHIAS FI1X, JAN GLORIUS, KATHRIN GOBEL, TANJA
HerTrICH, OLE HiNnRrICHS, JAN Dowminik KAISErR, CHRISTOPH LAN-
GER, FLORIAN LupwiGc, THIEN TAM NGUYEN, MArRKUs REICH, RENE
REIFARTH, KILIAN SCHEUTWINKEL, ZUZANNA SLAVKOVSKA, BENEDIKT
THoMmAS, MEIKO VOLKNANDT, DANIEL VELTUM, CLEMENS WOLF und
AsHkAN TAREMI ZADEH — Goethe-Universitat Frankfurt a. M., Ger-
many

Die Héufigkeitsverteilung der Elemente im Sonnensystem bildet einen
Forschungsschwerpunkt der Nuklearen Astrophysik. Fiir das Versténd-
nis der zugrunde liegenden Nukleosynthese in Sternen werden Daten
iiber eine Vielzahl von Reaktionsraten benétigt. Die Elemente schwe-
rer als Eisen werden primér durch sukzessive Neutroneneinfinge und
Betazerfalle in Sternen verschiedener Stadien erzeugt. Dariiber hin-
aus existieren Isotope, deren Entstehung mit Hilfe von Protonen- und
Gamma-induzierten Reaktionen erklart wird.

Die Forschungsgruppe ,Experimentelle Astrophysik“ der Goethe-
Universitat Frankfurt bestimmt Reaktionsraten mit verschiedenen ex-
perimentellen Methoden. In diesem Beitrag werden bisherige Ergeb-
nisse vorgestellt und ein Ausblick iiber kiinftige Projekte gegeben.
Gefordert durch: Helmholtz International Center for FAIR, BMBF
(05P15RFFN1), European Research Council im Rahmen des Euro-
pean Unions’s Seventh Framework Programme (FP/2007-2013) / ERC
Grant Agreement n. 615126.

HK 19.2 Di 14:30 S1/01 A02
Isospin-asymmetry expansion of the nuclear equation of
state — oCoORBINIAN WELLENHOFER!, JEREMY W. HorLr?, NOR-
BERT KAIseEr!, and WoLFrRaM WEISED3 — 1Technische Universitét
Miinchen — 2University of Washington — 3ECT*

The isospin-asymmetry dependence of the nuclear equation of state
obtained from microscopic chiral two- and three-body interactions in
many-body perturbation theory is examined in detail. The quadratic,
quartic and hexic Maclaurin coefficients in the isospin-asymmetry ex-
pansion of the free energy per particle of homogeneous nuclear matter
are calculated using finite difference approximations, and the result-
ing polynomials are compared to the full isospin-asymmetry dependent
free energy. It is found that in the low-temperature and high-density
regime where the radius of convergence of the isospin-asymmetry ex-
pansion is generically zero the inclusion of higher-order terms beyond
the leading quadratic approximation leads to a worse description of
the full isospin-asymmetry dependence. Only at high temperatures
and densities below nuclear saturation density does the inclusion of
the quartic and hexic coefficients lead to an improved approximation.

HK 19.3 Di 14:45 S1/01 A02
A comparison of equation of state models with different clus-
ter suppression mechanisms — eSTEraN TypPeL! and HELENA
Pais? — 1GSI, Darmstadt — 2University of Coimbra, Portugal

In order to model the transition from clustered matter at subsatu-
ration densities to uniform nucleon matter at baryon densities above
nuclear saturation, a mechanism for the dissolution of clusters has to
be implemented in theoretical approaches for the equation of state. A
widely used heuristic method is the excluded-volume mechanism that
assumes a finite size of nucleons and nuclei. An alternative description
introduces medium-dependent mass shifts that mainly originate from
the action of the Pauli principle.

In this contribution the predictions for the chemical composition and
the thermodynamic properties of neutron star matter at finite temper-
atures in a statistical excluded-volume model [1,2] are compared with
those of a mass-shift approach in a generalized relativistic density func-
tional [2,3,4]. Since both description use the same interaction model for
the nucleons, the observed differences can be attributed to the cluster
description.

[1] M. Hempel, J. Schaffner-Bielich, Nucl. Phys. A 837 (2010) 210.

[2] M. Hempel at al., Phys. Rev. C 84 (2011) 055804.

[3] S. Typel et al., Phys. Rev. C 81 (2010) 015803.

[4] S. Typel, arXiv:1504.01571[nucl-th| (2015).

HK 19.4 Di 15:00 S1/01 A02

Raum: S1/01 A02

Quartic isospin-asymmetry energy of nuclear matter from
chiral pion-nucleon dynamics — eNORBERT KaIlser — Physik
Department T39, Technische Universitat Miinchen

Based on a chiral approach to nuclear matter, the quartic term in
the expansion of the equation of state of isospin-asymmetric nuclear
matter is calculated [Phys.Rev.C91,065201 (2015)]. The contribu-
tions to the quartic isospin asymmetry energy A4(ky) arising from
lm-exchange and chiral 27-exchange in nuclear matter are calculated
analytically together with three-body terms involving virtual A(1232)-
isobars. From these interaction terms one obtains at saturation density
po = 0.16 fm—3 the value Ay(kypo) = 1.5 MeV, more than three times
as large as the kinetic energy part. Moreover, iterated 1mw-exchange
exhibits components for which the fourth derivative with the respect
to the isospin-asymmetry parameter ¢ becomes singular at § = 0. The
genuine presence of a non-analytical term §%1In|d| in the expansion of
the energy per particle of isospin-asymmetric nuclear matter is demon-
strated by evaluating a s-wave contact interaction at second order.
Work supported in part by DFG and NSFC (CRC110).

HK 19.5 Di 15:15 S1/01 A02
Nuclear matter within the self-consistent Green’s function
approach using chiral interactions* — eARIANNA CARBONE —
Institut fiir Kernphysik, TU Darmstadt

The combination of ab initio many-body approaches and chiral interac-
tions derived from the underlying quantum theory, QCD, has provided
for the past two decades a promising framework to obtain a realistic
description of infinite nuclear matter. This analysis is fundamental to
shed light on many aspects of nuclear systems, from the limits of nu-
clear existence to the astrophysical processes in neutron-star mergers.
To address these questions, we have recently extended the scope of
self-consistent Green’s function theory (SCGF) to include three-body
forces. I will present studies of the microscopic and bulk properties of
symmetric nuclear and pure neutron matter, both at zero and finite
temperature. The results show how the inclusion of three-body forces is
crucial to predict the empirical properties of symmetric nuclear mat-
ter. These also contribute to stiffen the neutron matter equation of
state, which is important for neutron stars.

* This work was supported by the DFG through Grant SFB 634
and by the Alexander von Humboldt Foundation through a Humboldt
Research Fellowship for Postdoctoral Researchers

HK 19.6 Di 15:30 S1/01 A02
Neutron drops with the optimized effective potential
method* — eTnomas Krocer':?2, Kar HeBeLER'?, and AcHIM
ScuweNk!2 — lInstitut fiir Kernphysik, Technische Universitét
Darmstadt — 2ExtreMe Matter Institute EMMI, GSI Helmholtzzen-
trum fiir Schwerionenforschung

Neutron drops are a unique benchmark system to test nuclear in-
teractions and constrain energy-density functionals, especially in the
neutron-rich regime of the nuclear chart. We use the optimized effective
potential method for the first time to second order with local chiral
interactions to calculate neutron drops in harmonic traps. Our calcula-
tions are a first step towards calculations of nuclei in ab initio density
functional theory, which connects energy density functionals to chiral
effective field theory interactions.

*This work was supported by the DFG through Grant SFB 634 and
by the ERC Grant No. 307986 STRONGINT.

HK 19.7 Di 15:45 S1/01 A02
Large-scale HFB calculation with exact blocking for odd-
A nuclei — @ALEXANDER ARzHANOV!'2, GABRIEL MARTINEZ-
PiNnepo!2, TomAs R. Robricuez3, and Luis M. RoBLEDO® —
Hnstitut fiir Kernphysik, Technische Universitit Darmstadt, D-
64289 Darmstadt, Germany — 2GSI Helmholtzzentrum fiir Schw-
erionenforschung, Planckstrafte 1, D-64291 Darmstadt, Germany —
3Departamento de Fisica Teérica, Universidad Auténoma de Madrid,
E-28049 Madrid, Spain

Any realistic model of r-process nucleosynthesis requires accurate pre-
dictions of nuclear masses for isotopes beyond the reach of currently
available experimental facilities, thus one has to rely on theoretical
nuclear masses. Self-consistent mean-field (SCMF) theories based on
energy density functionals (EDF) were actively developing in the recent
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decades. However, due to computational comlexity most of systematic
surveys did not treat the odd-A nuclei at the same self-consistent level
as the even-even isotopes. We performed a fully self-consistent large-
scale calculation of nuclear masses using the exact blocking presciption
with time-reversal symmetry breaking for odd-A nuclei within Hartree-

Fock-Bogolyubov (HFB) framework with Gogny EDF. We analyse and
compare the results for odd-A nuclei with the experimental values as
well as commonly employed equal filling approximation. Supported by
Helmholtz Association through Nuclear Astrophysics Virtual Institute
(VH-VI-417).



