
 
NN Scattering Phase Shifts – OPEP vs Full Potential 
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NN Scattering Phase Shifts from a State-of-the-art Phenomenological 

model (Argonne v18) 

 
 

 
Note the energy range extending beyond pion production threshold. 

This feature is critical to calculations of the properties of neutron star matter 
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Radial Dependence of the Argonne v18 Potential in the 1S0 channel 
 

  
Note similarity to the Van der Waals Potential! 

 
 

Spectra of Light Nuclei Obtained from QMC Using the 
Phenomenoloigical Argonne v18 + Illinois 7 Hamitonian 

 
asss

 
 

15

-100

-90

-80

-70

-60

-50

-40

-30

-20

En
er

gy
 (M

eV
)

AV18
AV18
+IL7 Expt.

0+

4He
0+
2+

6He 1+
3+
2+
1+

6Li
3/2−
1/2−
7/2−
5/2−
5/2−
7/2−

7Li

0+
2+

8He 0+

2+
2+

2+
1+
3+

1+

4+

8Li

1+

0+
2+

4+
2+
1+
3+
4+

0+

8Be

3/2−
1/2−
5/2−

9Li

3/2−
1/2+
5/2−
1/2−
5/2+
3/2+

7/2−
3/2−

7/2−
5/2+
7/2+

9Be

1+

0+
2+
2+
0+
3,2+

10Be 3+
1+

2+

4+

1+

3+
2+

3+

10B

3+

1+

2+

4+

1+

3+
2+

0+
2+
0+

12C

Argonne v18
with Illinois-7

GFMC Calculations

FIG. 2 GFMC energies of light nuclear ground and excited states for the AV18 and AV18+IL7 Hamiltonians compared to
experiment.

TABLE I AV18+IL7 GFMC results for A  12 nuclear ground states, compared to experimental values (Amroun et al., 1994;
NNDC, 2014; Nörtershäuser and et al., 2009; Nörtershäuser et al., 2011; Purcell et al., 2010; Shiner et al., 1994; Tilley et al.,
2002, 2004). Numbers in parentheses are statistical errors for the GFMC calculations or experimental errors; errors of less than
one in the last decimal place are not shown.

A
Z(J⇡;T ) E (MeV) rp [rn] (fm) µ (µN ) Q (fm2)

GFMC Expt. GFMC Expt. GFMC Expt. GFMC Expt.
2H(1+; 0) �2.225 �2.2246 1.98 1.96 0.8604 0.8574 0.270 0.286
3H( 12

+
; 1
2 ) �8.47(1) �8.482 1.59 [1.73] 1.58 2.960(1) 2.979

3He( 12
+
; 1
2 ) �7.72(1) �7.718 1.76 [1.60] 1.76 �2.100(1) �2.127

4He(0+; 0) �28.42(3) �28.30 1.43 1.462(6)
6He(0+; 1) �29.23(2) �29.27 1.95(3) [2.88] 1.93(1)
6Li(1+; 0) �31.93(3) �31.99 2.39 2.45(4) 0.835(1) 0.822 0.1(2) �0.082(2)
7He( 32

�
; 3
2 ) �28.74(3) �28.86 1.97 [3.32(1)]

7Li( 32
�
; 1
2 ) �39.15(3) �39.25 2.25 [2.44] 2.31(5) 3.24(1) 3.256 �3.9(2) �4.06(8)

7Be( 32
�
; 1
2 ) �37.54(3) �37.60 2.51 [2.32] 2.51(2) �1.42(1) �1.398(15) �6.6(2)

8He(0+; 2) �31.42(3) �31.40 1.83(2) [2.73] 1.88(2)
8Li(2+; 1) �41.14(6) �41.28 2.11 [2.47] 2.20(5) 1.48(2) 1.654 2.5(2) 3.27(6)
8Be(0+; 0) �56.5(1) �56.50 2.40(1)
8B(2+, 1) �37.51(6) �37.74 2.48 [2.10] 1.11(2) 1.036 5.9(4) 6.83(21)
8C(0+; 2) �24.53(3) �24.81 2.94 [1.85]
9Li( 32

�
,
3
2 ) �45.42(4) �45.34 1.96 [2.33] 2.11(5) 3.36(4) 3.439 �2.3(1) �2.74(10)

9Be( 32
�
,
1
2 ) �57.9(2) �58.16 2.31 [2.46] 2.38(1) �1.29(1) �1.178 5.1(1) 5.29(4)

9C( 32
�
,
3
2 ) �38.88(4) �39.04 2.44 [1.99] �1.35(4) �1.391 �4.1(4)

10Be(0+; 1) �64.4(2) �64.98 2.20 [2.44] 2.22(2)
10B(3+; 0) �64.7(3) �64.75 2.28 2.31(1) 1.76(1) 1.801 7.3(3) 8.47(6)
10C(0+; 1) �60.2(2) �60.32 2.51 [2.25]
12C(0+; 0) �93.3(4) �92.16 2.32 2.33



Chiral Expansion of Nuclear Forces 
 

Λχ  ~ 800 MeV 
 
 

 
 
 

Warning: low-momentum expansion inherently unable to describe interactions 
in dense nuclear matter! 

 
 
 
 



Phase Shift obtained from chiral interactions 
 
 

 


