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Outline

Superfluid neutron matter

m Where to find it & why care about it
m How to study it

m Results: How to study infinite superfluid neutron matter
with finite systems
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Motivation & physical system

Superfluid
neutron
matter with
a twist: From
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The best of both worlds

Ab initio Phenomenology
m No extra assumptions m Easier to implement
m Computationally expensive m Uncontrolled
(only smallish N is feasible) approximations

Phenomenology can guide ab initio
Ab initio can constrain phenomenology
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Twisted Boundary Conditions
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Twisted Boundary Conditions
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Periodic Boundary Conditions
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Twist-averaged boundary

Averaging over 8 can reduce

finite-size effects
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The pairing Hamiltonian
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BCS and PBCS theories for neutron matter

neutron
matter with

k
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PBCS: fized-N
[n) = %@*i%ﬂ +ePuef.el )0
N) = ; 5 ¢ ' (uk +e UkaTC—kL)‘ )
1
— A(N)zE(N-i—l)—5[E(N)+E(N+2)]
for even N

9/20



Twist-averaged energy

Superfluid
neutron
matter with
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Twist-averaged pairing gap

OES under PBC
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A(N) = E(N +1) — % [E(N) + E(N + 2)]

11/20




Conclusions

Superfluid
neutron
matter with

From

% - Twist-averaged boundary conditions work well for superfluid
systems

% - We now have a better prescription on how to approximate
infinite superfluid neutron matter with a finite system
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Conclusions

Superfluid
neutron
matter with

* - Twist-averaged boundary conditions work well for superfluid
systems

% - We now have a better prescription on how to approximate
infinite superfluid neutron matter with a finite system

Thank you
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BCS Theory and the gap Equations

Gap Distribution

matter w lfh

The gap equations are:

A(K')
Z kk’ 62 k/ + AQ(k/)

(. W)
™) =2 (l ) +A2<k'>>

where:

§(k) = Ikl2

2m,,

15/ 20



BCS Theory and the gap Equations

Gap Distribution

matter w lfh

The gap equations are:

A(K')
Z kk’ 62 k/ + AQ(k/)
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Average Particle Number (Fized)

where:
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E(k) = o—|k[* -
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BCS Theory and the gap Equations

Gap Distribution

matter w lfh

The gap equations are:

A(K')
Z kk’ 62 k/ + AQ(k/)

()
) =3 (1-
L 2 ( )+ AQ(k/))

Average Particle Number (Fized)

Chemical Potential

where:
h2
2m,,

£k = 5k -
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The solution of the BCS gap Equations

neutron
matter with




Odd and even particle numbers

LiB(V) + BV 1 2)]
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(odd systems)

BCS is formulated in a Grand Canonical Ensemble.
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PBCS - the Projected Energy

The energy of the projected states is:
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The Potential

The Modified Poschl-Teller Potential:
h2 2

Vir)=-x(A-— 1)—+

My, cosh™(qr)
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m Purely Attractive viMev] |

m Finite Range

ko [fm™]
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The residuum integrals

The residuum integrals:
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