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       I. Introduction: NCSM to the NCGSM



 
 
 

No Core Shell Model

“Ab Initio” approach to microscopic nuclear structure
calculations, in which all A nucleons are treated as
being active.

Want to solve the A-body Schrödinger equation

H A
A A

A

 R P. Navrátil, J.P. Vary, B.R.B., PRC 62, 054311 (2000) 

 
B.R.B., P. Navratil and J.P. Vary, PPNP 69, 131 (2013)

P. Navratil, et al., J.Phys. G: Nucl. Part. Phys. 36, 083101 (2009)





 
 
 







               II. NCGSM Formalism
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 III. NCGSM: Applications to Light Nuclei





       

Very good scaling with number of shells



: Triton

 88, 044318 (2013)



PRC 88, 044318 (2013)
 PRC 88,044318 (2013)    



 
 
 







 
 
 



 
 
 

Comparison of Position and Width of the 5He Ground State:  
                               Theory and Experiment 

 NCGSM/DMRG:                  1.17                               0.400

“Extended” R-matrix*:          0.798                             0.648

Conventional R-matrix*:      0.963                             0.985

Method               Energy (MeV)          Width (MeV)

*D. R. Tilley, et al., Nucl. Phys. A 708, 3 (2002)







Results

Basis:
Gamow p3/2 proton
states
(0p3/2 s.p. res) +
 20 scattering continua.
Rest up to h-waves are H.O
States of hw= 20 MeV

G.P et  al in preparation

 Similar trend with 4H

Preliminary



      

N3LO SRG L=2.0 fm-1

N2LOopt

4 H 5 H 6 H



http://www.tunl.duke.edu/nucldata/chain/04.shtml

3H:    -7.92 MeV
3He: -7.12 MeV (for the thresholds)

Results as compared to experiment

NCGSM

                   4H:
2- g.s: 2.775 MeV   Γ = 2650 keV
1- 1st  2.915  MeV   Γ  = 3085 keV

                   4Li:
2- g.s: 3.613 MeV   Γ = 2724 keV
1- 1st   3.758 MeV   Γ  = 3070 keV



K. Fossez, et al, arXiv: 1612.01483v1[nucl-th] 

Tetraneutron

Energy (width) of J=0+ pole of the 4n system 

- NCGSM results for 4n-system depend weakly on details of the chiral EFT 
interaction

- No dependence on the renormalization cutoff of the interaction  weak 
dependence on the 3-, 4-body interactions 



Continuum is non-perturbative
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IV. Summary and Outlook  
1. The Berggren basis is appropriate for calculations 
of weakly bound/unbound nuclei.

2. Berggren basis has been applied successfully in an 
ab-initio GSM framework --> No Core Gamow 
Shell Model for weakly bound/unbound nuclei.

3. Diagonalization with DMRG makes calculations 
feasible for heavier nuclei using Gamow states.

4. Future applications to heavier nuclei and to 
nuclei near the driplines.





NCGSM for reaction observables

 NCGSM is a structure method but overlap functions can be 
assessed.

 Asymptotic normalization coefficients (ANCs) are of 
particular interest because they are observables…

 (Mukhamedzanov/Kadyrov, Furnstahl/Schwenk, 
Jennings )
   

 ANCs computing difficulties: (see also K.Nollett and B. Wiringa PRC 83, 
041001,2011)

       1) Correct asymptotic behavior is mandatory
       2) Sensitivity on S1n … 

See also  Okolowicz et al Phys. Rev. C85, 064320 (2012)., for properties of ANCs

 Astrophysical interest
     (see I. Thompson and F. Nunes “Nuclear Reactions for Astrophysics:…”  book)









 
 
 



      

Interaction: chiral N3LO Vlow-k with 

5He

5He

G. Papadimitriou et al., PRC 88, 044318 (2013) 

 1.9 fm1

ENCGSM  26.31MeV

NCGSM  400keV

EExp  27.4MeV

Exp  648keV

ECCSD  24.8MeV

CCSD  320keV

Sn;NCGSM  1.17MeV

Sn;Exp  0.89MeV

Sn;CCSD  2.51MeV









 
 
 

,
where



 
 
 



 
 
 



A. Schwenk


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51

