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Motivation & Physical System

From the Periodic Boundary Conditions
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BCS Theory and The Gap Equations

We describe the system with the Hamiltonian:
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The Potential
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The Modified Poschl-Teller Potential:
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BCS Theory and The Gap Equations

From the
odd-even

The BCS ground state is
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where uy and vy, minimize the Free Energy:
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BCS Theory and The Gap Equations

From the Gap Dlstrlbutlon
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BCS Theory and The Gap Equations

From the Gap Distribution
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BCS Theory and The Gap Equations

From the Gap Distribution

d-even
i The Gap equay
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The solution of the BCS Gap Equations -

A(k) vsk for different (N)
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The Gap distribution as a function of &k for different
average particle numbers (V)
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From the

mdtter

George

Palkanoglou

\upel ﬂmdlh

solution of the BCS Gap Equations

9/29



The solution of the BCS Gap Equations -

Excitation Energy and the Gap

From the W]th]n BCS we deﬁne

d-even

A = min, F, (k)

where E, (k) = \/ (

h
2my,
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Alternative definition inspired by the odd-even
staggering (OES) in nuclear physics:

A(N) =E(N +1) — % [E(N) + E(N +2),

for Even N
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The solution of the BCS Gap Equations -
Avs (N)

From the
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The Gap as a function of the average particle number.
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solution of the BCS Gap Equations

From the

A(N)=E(N+1) — % [E(N)+ E(N +2)]
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BCS is formulated in a Grand Canonical Ensemble.
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PBCS - the Projected States

Restoring the conservation:

matter
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This is the ground state of the PBCS Theory.
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PBCS - the Projected Energy

From the

The energy of the projected states is:
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Projecting to
Fixed Particle
Number

The Gap beyond mean-field

BCS definition: mean-field

A = ming F, (k)

OES definition: beyond mean-field

A(N) =E(N +1) — % [E(N) + E(N +2),

for Even N
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From the
odd-even

Projecting to
Fixed Particle
Number

Avs N in BCS & the OES
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The Gap in BCS and the OES at krpa = —10.
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The solution of the BCS Gap Equations -

v(k)?vsk for different (V)

From the V2k vs k in BCS

the occcupation probabilities of BCS
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The pair occupation probability as a function of k for
different average particle numbers
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The BCS Gap Equations at the
Thermodynamic Limit (TL)

From the

In the Thermodynamic Limit:
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From the
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BCS & PBCS - E/N vs N
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The energy per particle in BCS and PBCS scaled by the

energy per particle of the free Fermi gas.
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Summary
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Twists
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Lin C. et al, Twist-averaged Boundary Conditions in

Continuum Quantum Monte Carlo
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Twists
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Twists

From the
odd-even

Figure: Gezerlis A. : Microscopic Simulations of Strongly
Paired Systems
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Solving the BCS Gap Equations

The solution of these equations is found through an
iterative scheme:
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The solution of the BCS Gap Equations -

v(k)?vsk for different (V)
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The pair occupation probability as a function of k for
different average particle numbers. Circled are the values

of k where E(k) is minimum.
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The solution of the BCS Gap

Equations-Excitation Energy and the Gap

From the E(k) vs k2 (at <N> = 66)
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The excitation energy as a function of k2.
of the excitation energy is the Gap.
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PBCS - The Projected Energy
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The Residuum Integrals:
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