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Exactly solvable cases:
@ Quasi-spin limit (Kerman)
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@ Richardson’s solution:
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@ Gaudin’s model - closely related to Richardson’s.

@ The limit in which the energy levels are degenerate (the
first term is a constant for a given number of pairs):

H=-G1> ¢eSf s
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(Draayer, Pan, Balantekin, Pehlivan, de Jesus)
@ Most general separable case with two shells (Balantekin
and Pehlivan).



Degenerate Solution
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Define
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In the 1970’s Talmi showed that under certain assumptions, a
state of the form
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Is an eigenstate of a class of Hamiltonians including the one
above. Indeed
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What about other one-pair states?

For example for two levels j; and j,, the orthogonal state
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is also an eigenstate with E=0.
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States with N=1 for two shells
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Then eigenstates are of the form
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F. Pan, J.P. Draayer, W.E. Ormand, Phys. Lett. B 422, 1 (1998)
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5+(0)5+(zM) ... &+ (z\V)(0)

is an eigenstate if the following Bethe ansatz equations are
satisfied:
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is an eigenstate with zero energy if the following Bethe ansatz
equations are satisfied:
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These are eigenstates if the shell is at most half full!




What if the available states are more than half full? There are
degeneracies:

No. of Pairs | Energy/(—|G|) | State
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|0): particle vacuum

10): state where all levels are completely filled
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* SUSY QM tells us the partner Hamiltonians B*B- and B-B* have the
same energy spectra except the extremal (usually ground) state.

* In this case the partner Hamiltonians happens to be identical, so
this supersymmetry connects the particle and hole states.
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A.B. Balantekin and Y. Pehlivan, J. Phys. G 34, 1783 (2007).




Exact solution with two non-degenerate levels j; and j,
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Balantekin and Pehlivan, Phys. Rev. C 76, 051001 (R) (2007).
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What is next?

* We have an exact solution of the s-wave pairing
problem with fwo non-degenerate orbitals in terms of
the solutions of the Bethe ansatz equations. This

problem is of course diagonalizable in an SU(2) x SU(2)
basis.

* It seems to be very difficult to generalize the Bethe
ansatz method to the case of three non-degenerate

orbitals. (Of course this problem is also diagonalizable
in an SU(2) X SU(2) X SU(2) basis).

* The Bethe ansatz method is generalizable to at least
some d-wave pairing situations.




Talmi's conditions for exact solutions:

H|0) = 0
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Hamiltonian with at most .
2-body interactions Doubly-magic core
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Note the suggestion of an algebraic structure. In fact, Ginocchio
model satisfies these double commutators. Can we generalize the
Bethe ansatz method if we have an algebraic framework?



The answer is YES!

Gaudin algebra \— 1
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The answer is YES!

Gaudin algebra
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The answer is YES!
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The answer is YES!

Gaudin algebra
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Change these with the generators of the new algebra



The answer is YES!
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Find the new infinite
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Thank you!

Grazie!



