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Parameters

● L T beta b(fm) L(fm) T(fm) mπ mπ L mπ T Ncfg Nsrc
24 48 6.1 0.145  3.4 6.7 806.5(0.3)(0)(8.9) 14.3 28.5 3822 96
32 48 6.1 0.145  4.5 6.7 806.9(0.3)(0.5)(8.9) 19.0 28.5 3050 72
48 64 6.1 0.145  6.7 9.0 806.7(0.3)(0)(8.9) 28.5 38.0 1905 54

errors:(statistical)(fit systematic)(lattice spacing)



  

Nucleon operator

mπ=805.9(0.6)(0.4)(8.9) MeV

mN=1.635(0)(0)(18)GeV



  

NN scattering in 1S0 channel

L=3.4fm L=4.5 fm L=6.7fm

Volume effects are observed in the smallest volume

The binding energy in the infinite volume is taken from 
the binding energy in the largest volume

Effective mass of the first excited state



  

Lowest-lying continuum states in 
1S0

● .    ΔE b |k|/mπ kcotδ / mπ
24^3x48 0.0358(13)(16) 0.3506(64)(78) 0.175(+.034 -0.031)(+0.043 -0.036)
32^3x48 0.0165(13)(22) 0.2373(92)(96) 0.030(+0.031 -0.028)(+0.057 -0.046)

binding energy
Bnn = 15.9(2.7)(2.7)(0.2) MeV
from 3.4 fm, 4.5 fm, 6.7 fm



  

K cot delta in 1S0 channel

2-parameter fit 3-parameter fit

kcotδ=−
1
a
+
1
2
r∣k∣2+P∣k∣4+O(∣k∣6)

a( 1S0)=2.33−0.17−0.20
+0.19+0.27fm r( 1S0)=1.130−0.077−0.063

+0.071+0.059fm

P: consistent with zero P mπ
3
=−1−5−8

+4+5

cf. exp.: a_nn = -18.9 +/- 0.4 fm r_nn = 2.75 +/- 0.11 fm 
a_np = -23.740 +/- 0.020 fm r_np = 2.77 +/- 0.05 fm



  

Phase shift in 1S0 channel



  



  

NN scattering in 3S1 channel

L=3.4fm L=4.5 fm L=6.7fm



  

Lowest-lying continuum states in 
3S1

● .    ΔE b |k|/mπ kcotδ / mπ
24^3x48 0.0306(16)(23) 0.324(8)(12) 0.065(+.031 -0.029)(+0.47 -0.40)
32^3x48 0.0115(17)(23) 0.198(15)(19) -0.069(32)(43)

binding energy
Bnn = 19.5(3.6)(3.1)(0.2) MeV
from 3.4 fm, 4.5 fm, 6.7 fm



  

K cot delta in 3S1 channel

2-parameter fit 3-parameter fit

kcotδ=−
1
a
+
1
2
r∣k∣2+P∣k∣4+O(∣k∣6)

a( 3S1)=1.82−0.13−0.12
+0.14+0.17fm r( 3S1)=0.906−0.075−0.084

+0.068+0.068fm

P: consistent with zero P mπ
3=3−6−6

+5+5

cf. exp.: a_np = 5.419 +/- 0.007 fm r_np = 1.753 +/- 0.008 fm



  

Phase shift in 3S1 channel



  

conclusions

● Low-energy NN scattering parameters at 
SU(3) symmetric point
m_pi = 800 MeV

● Effective ranges are calculated for the first time

● Phase shifts change sign at higher momentum, indicating that 
the nuclear interactions have a repulsive core

● Experimental values

a/r ~ -8.7 (1S0), +3.1(3S1)

● Present work : performed at a single pion mass
with one lattice spacing

a/r∼2.0
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