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ADb initioscattering and reactions

Thermonuclear reaction rates of alpha capture on light nuclei during the stell:
nucleosynthesis are criticér the formation of the building blocks of life and
the evolutionof the universe ( the production gf A OARIBUGCGHME = X0

The rates also determine the size of the iron cores formed in-Tyggernovae,
which results in the ultimate fate of the collapsed remnant into either neutron
star or black hole.
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ADb initioscattering and reactions

QMC calculationsf neutron-" scattering
Nollett, PieperWiringa Carlson, & Halé&?R199, 022502 (2007).

Ab InitioMany-Body Calculations of-£ , n-§ “H, p-£ "H, andn-A'H Scattering
Quaglioni& Navratil PRL101, 092501 (2008).

Ab initiomany-body calculations of the§¢ "Hi € "Hand & "H'Hil & "Husion
Navratil& Quaglionj PRL108, 042503 (2012).

Elastigoroton scattering of medium mass nucl&om coupledcluster theory.
Hagen & MichePRC 86 021602(2012).

Couplingthe Lorentz Integral Transform (LIT) and the Coupled ClusteMé&tligds
Orlandinj G.et al., FewBody Syst5, 907911 (2014).

***Deuteron is the heaviestprojectile in alinitio calculations of
scattering on a heavidarget that have been achieved.



ADb initioscattering and reactions

ADb initiocalculations of scattering and reactions suffer from the
computational scaling with the number of nucleons in clusters.

It remains a challenge to address important processes relevant for stellar
astrophysics
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Ab initioalphaalpha scattering

S.E., LedRupak Epelbaum Krebs].dhde Luy & Meil3ner.
arXiv:1506.03513
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Lattice effective field theory

Lattice effective field theory is a powerful numerical method formulated
In the framework of effective field theory.
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Lattice effective field theory

Lattice effective field theory is a powerful numerical method formulated
In the framework of effective field theory.

Effective field theory organizes the nuclear interactions as an expansion in
powers of momenta and other low energy scales such as the pion mass.
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Two-body scattering on the lattice

A Two spinl/2 particles scattering.
BorasoyEpelbaum Krebs, Ledyleil3ner Eur.Phys.J.A34:18%6,2007

A The LECs by fitting the experimenil scattering data

BorasoyEpelbaum Krebs, Ledyleil3ner Eur.Phys.J.A35:3455,2008




Nuclear lattice EFT

Nuclear lattice EFT collaboration
PRL106 (2011)192501; PRL 102012)252501; PRL 11@013) 112502; PRL 1{2014) 102501.
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Lattice effective field theorg Euclidean time projection




Lattice effective field theorg Euclidean time projection

0 O Nucleons
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Euclidean time

A evolvenucleons forward in
Euclideartime.
A alow themto interact



Lattice effective field theorg Euclidean time projection

A The evolution in Euclidean time automatically incorpordtesinduced
deformation and polarization of thelusters as they commear eaclother.

A Thedeformation and polarization are due to the interactiopfsindividual
nucleons between the twalusters as well as repulsion due the Pauli
exclusion principle for identical fermions



Latticesimulations

Transfer matrix operator formalism) DA D0 ) D

Microscopic HamiltonianQ O W

The free Hamiltonian with the simplest discretized dispersion relation
0 P or o dF a OF a
L ca
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>
Creutz Found. Phys. 30 (2000) 487

Theexact equivalence of several different lattice formulations.
LeePhys Rev., C78:024001, (200Brog.Part.Nucl.Phy$63:11%154 (2009)
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Lattice Monte Carlo calculations

Hybrid Monte Carlo samplinb

‘0O () actsas an approximate and inexpensive low energy filter at few first/last
time steps. Significant suppression of sign oscillations

Chen, LeeSchaferPRL9I3 (2004242302
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For time steps in midsection, the fidd Hamiltonian is used.
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Lattice Monte Carlo calculations

Higher order calculationsl QAQ[D"O | ]do
A D0 | 14

The amplitude is l
W [ aip (TS o TG

For the observable l
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AuxiliaryField Monte Carlo

o . . o D, _ Using a Gaussian integre
A@[DE v U ] cr QiA QIDE' v 0L U U identity ( is anauxiliary
field coupled to particle
density.)

Eachnucleon evolves as if a single particlaifluctuatingbackground of pion
fields and auxiliary fields.

> Euclidean time

LeePhys Rev., C78:024001, (200Brog.Part.Nucl.Phys63:11Z154 (2009)



