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Two and three hole-line diagrams interms
of the Brueckner G-matrixs






The ladder seriesfor the three-particle
scattering matrix
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These results are suggestive of the “unitary limit”
behaviour of neutron matter :

a > d o >>

where a Is the scattering length, r Is the effective
range and d Is the average distance between particles.

For a tha oRlyoscale Is given
by d = 1/k-and the corresponding energy scale
can be only the kinetic energy

E = ¢E;

with ¢ a density independent factor






Three hole-line contribution

k_ 04 05 06 07 08 (m
D 0.023 0.091 0.107 0.153 0.148 (mev)
3

B -0.630 -0.416 -0.526 -0.611 -0.592
BU 0485 0.389 0.515 0.648 0.651
R 0.156 0.122 0.123 0.121 0.095

H 0.012 -0.004 -0.005 -0.005 -0.006

M.B. & C. Maieron, PRC 77, 015801 (2008)



kg=0.4, q dependence at fixed P
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Using effective theory .
Pethick and Schwenk PRL 95 160401 (2005) ( Pauli operator only )

Introduce a local and energy dependent interaction

V(E) = §(r — 1').g%/(A — E)

together with a cutoff A and adjust g and A to reproduce the scattering length a and
effective range r, to lowest order in A. Taking only cutoff independent terms in the ladder

sum one gets

Tmed — 47T/D

k ket 05P 1k k2 1025P2 k2 (kg 0.5P) k2
+ = log( ) + log( 2 2)
T kg + 0.5P — k P (kp — 0.5P)2 — k

1 k 0.5P
D— - — —rk?— ke +0.0F
a 2

The “in medium” scattering length and effective range turn out to be

a = a
- 1-2akg/7

Forakg>>1 , a ~ —é. However this is valid only if the term in the effective range
r. is small, and this implies
1 2

—— L kp €€ —
a e

For the n-n system 1/a ~ —0.2 and % ~ 0.7, and the conditions cannot be satisfied.




A simple exercisein nuclear matter
Calculate the neutron matter EOS at low density

Take a separable representation for the 190 channel

V(K,K') = A@(k) (k') witheg. ¢@(k) =[k*+B°]™
for which the free scattering matrix reads

T(k,K) = A9(K) o(K')/[1-A<@|G,(E) | @ >]
where G,(E) isthefreetwo-body Green's function. Then fix

the parameters A, B inorder to reproduce the scattering length
and effective range for this channel (low energy data)

The in-medium G-matrix reads

G(k,K) = Ap(k) p(K')/[1-A<@|QG,(E) | @ >]
where Q isthe Pauli operator. Compare G-matrix and T-matrix.

Everything isanalytical. The neutron matter energy can be calculated
by simpleintegration.



.".
Explicit expression of the separable G-matrix

—

(kIGCP, kp)lky = 1/[(1/a — Lrok® + 1i% /(67 8))

+ Atk, P kr)].
1 ) kp+P/2
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k dependence I kF=D.4fm'J,

kp=0.4 fm ', P dependence

T

e e T

P=(.i
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M.B. & C. Maieron, PRC 77, 015801 (2008)

k=0.303




G sep ——
Schwenk-Pethick (EFT) -l
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M.B. & C. Maieron, PRC 77, 015801 (2008)

A. Gezerlis and J. Carlson, Pnys. Rev. C 77,032801 (2008)
Quantum Monte Carlo calculation




M.B. & C. Maieron, PRC 77, 015801 (2008)




Conclusions for the “very low” density region

1. Only s-wave matters, but the “unitary limit” is actually
never reached. Despite that the energy is ¥2 the kinetic energy
In a wide range of density (for unitary 0.4-0.42 from QMC).

5. The dominant correlation comes from the Pauli operator

7. Both three hole-line and single particle potential effects are small
and essentially negligible

10.Three-body forces negligible

12.The rank-1 potential is extremely accurate : scattering length
and effective range determine completely the G-matrix.

15.Variational calculations are slightly above BBG.
Good agreement with QMC.

In this density range one can get the “exact”
neutron matter EOS



Confronting with “exact” GFMC for v6 and v8

45 T T T T : | | |
- - 40 - V8, BHF+3h ——— _
. i V6’ BHF+3h ----------- H _
3 Vg  BHF v
30 B V8, UC'GFMC @
> vy UC-GFMC o
2 sl Vg VCS  x
:E/ Vg VCS X
@, Vg AFDMC é
V6, AFDMC H
_ 15

Variational and GMFC : Carlson et al. Phys. Rev. C68, 025802(2003)
BBG: M.B. and C. Maieron, Phys. Rev. C69,014301(2004)




| = D2+D3(gap)
° D2+D3(cont.)
Av18 pot.

Neutron matter




|« D2+D3(gap)
° D2+D3(cont.)
Av14 pot.

Neutron matter




V18 NN potential
+ TBF

The baryonic Equations of State

HHJ : Astrophys. J. 525, L45 (1999)
BBG : PRC 69, 018801 (2004)
AP : PRC 58, 1804 (1998)




