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CHIRAL EFFECTIVE FIELD THEORY: TOWARDS PRECISION

NUCLEAR PHYSICS
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Importance
Chiral effective field theory is a low-

energy expansion of the interaction 

between nucleons.

Constrained to provide an accurate description of the 

A=2 and A=3 systems.

Predictions for nuclear structure and dynamic (A>3).

B. D. Carlsson et. al. 

PRX6 (2016)

E. Epelbaum, et al.

PRL115 (2015) 

n-p

NLO ­N4LO
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In configuration interaction 

methods we need to soften 

interaction to address the hard 

core. We use the Similarity-

Renormalization-Group (SRG) 

method

Bare potential Evolved potentialEvolution with flow 

parameter l

Preserves the physics

Decouples high and 
low momentum

Induces many-body 
forces

Unitary 

transformation

kô(fm-1)
k(fm-1)

kô(fm-1)
k(fm-1)

Flow parameter

EFFECTIVE INTERACTION AND THE HARD CORE 

PROBLEM
E. D. Jurgenson, P. Navrátil, R. J. Furnstahl PRL103 (2009); PRC83 (2011)é
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ÅMethods develop in this presentation to solve the many

body problem
Can address bound 

and low-lying 

resonances (short 

range correlations)
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A-body 

harmonic 

oscillator states

Mixing 

coefficients(unknown) Second quantization
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EQUAL TREATMENT OF BOUND AND RESONANT STATES: 

COUPLE NCSM AND NCSM/RGM (NCSMC)

No-Core Shell Model
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Can address bound 

and low-lying 

resonances (short 

range correlations)

EQUAL TREATMENT OF BOUND AND RESONANT STATES: 

COUPLE NCSM AND NCSM/RGM (NCSMC)

NCSM/RGM

Cluster formalism for 

elastic/inelastic

ÅMethods develop in this presentation to solve the many

body problem
Can address bound 

and low-lying 

resonances (short 

range correlations)
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A-body 

harmonic 

oscillator states

Mixing 

coefficients(unknown) Second quantization
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Channel 

basis

Relative wave 

function 
(unknown)

Antisymmetrizer

Cluster expansion 

technique
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ÅMethods develop in this presentation to solve the many

body problem
Can address bound 

and low-lying 

resonances (short 

range correlations)

Design to account 

for scattering states 

(best for long range 

correlations)

Å The many body quantum problem is best described by

the superposition of both type of wave functions

NCSMC

EQUAL TREATMENT OF BOUND AND RESONANT STATES: 

COUPLE NCSM AND NCSM/RGM (NCSMC)
S. Baroni, P. Navrátil and S. Quaglioni PRL110 (2013); PRC93 (2013)
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ÅMethods develop in this presentation to solve the many

body problem
Can address bound 

and low-lying 

resonances (short 

range correlations)

Design to account 

for scattering states 

(best for long range 

correlations)

EQUAL TREATMENT OF BOUND AND RESONANT STATES: 

COUPLE NCSM AND NCSM/RGM (NCSMC)
S. Quaglioni and C. Romero-Redondo et al. PRC88 (2013); PRL113 (2014)
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Cluster expansion 

technique
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Adding three-cluster degrees of freedom:

é
6He properties: C. Romero-Redondo, et al. arXiv:1606.00066
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COUPLED NCSMC EQUATIONS
S. Baroni, P. Navrátil and S. Quaglioni PRL110 (2013); PRC93 (2013)
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Scattering matrix (and observables) from matching solutions to 

known asymptotic with microscopic R-matrix on Lagrange mesh



n-4He SCATTERING: STUDY OF THE MODEL SPACE 

CONVERGENCE
G. Hupin, J. Langhammer et al. PRC88 (2013)

ÅConvergence pattern of n-4He probes 

the properties of the microscopic 

interaction between clusters.

ÅReaction threshold is driven by the 

NCSM eigenvalue of 4He (g.s.).

Convergence with respect to the 

number of HO major shells

Convergence of the phase-shifts as 

a function of the HO basis size.
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STUDY OF THE SRG FLOW PARAMETER 

DEPENDENCE
G. Hupin, J. Langhammer et al. PRC88 (2013)

Comparison at Nmax=13 between NN-only, NN+3N-ind and NN+3N between l=2.0 and 1.88

fm-1.

Testing the unitarity of the calculated phase-shifts

ÅThe SRG evolution is to a good 

extend unitary. NN+3N is 

almost a representation of the 

initial chiral interaction.
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Now including compound eigenstates

é and first 14th low-lying state of 5He.

n-4He SCATTERING: STUDY OF THE RGM CONVERGENCE 

IN THE 3N CASE
G. Hupin, J. Langhammer et al. PRC88 (2013); G. Hupin, S. Quaglioni and P. Navrátil, to be published in Physica

ScriptaSpecial Edition - Nobel Prize '75 anniversary

ÅWith only a microscopic cluster the convergence 

is difficult to assess.

ÅWe obtain excellent convergence with coupling 

to compound states.
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Convergence of n-4He phase-shifts for 

NN+3N potential with l=2.0 fm-1

Convergence with respect to the target 

polarization

+
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Differential cross-section at Eneutron

=1.79 MeV between NN+3N-ind and

NN+3N.

Comparison of the elastic cross-section 

between NN and NN+3N with 4He (g.s.)

n-4He elastic cross-section for NN+3N-induced,

NN+3N potentials compared to expt. and ENDF

evaluation.

(NN+3N-induced)

ÅWe obtained a better agreement 

with data when using NN+3N.

ÅThe 3N force is constitutive to the 

reproduction of the 3/2
+ resonance.

n-4He ELASTIC CROSS-SECTIONS
G. Hupin, S. Quaglioni and P. Navrátil, to be published as a contribution to the Special 

Physica Scripta Edition - 40 year anniversary - Nobel Prize '75 

NN+3N
NN+3N-induced


