e | The superfluid density in systems with complex interactions
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& | What does “"complex interactions” stand for?




& | What does “complex interactions” stand for?

Example

If we are interested in the BCS-BEC crossover in a lattice, we may consider the
following Hamiltonian:

H = —ta Z (“I‘% + H.c.) —tm Z (m;-rmi + H.c.)
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The superfluid density: Avoiding misconceptions
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The superfluid density: Avoiding misconceptions

8x8 Bose-Hubbard with 1™ and 2" neighbor hopping

This example demonstrates that the well-known —
formulae that have been used for decades to |
calculate the superfluid density cannot be applied to
all Hamiltonians!

_ |

Questions i

¢« What is the condition of validity of the well-known formulae? _
¢« Can we derive a new formula that is valid in all cases?




& | Experimental detection of superfluidity




Thought experiment and correspondence principle
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Thought experiment and correspondence principle

Limit when the torus' radius
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Thought experiment and correspondence principle

Quantum average of the total momentum in the lab frame:
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Thought experiment and correspondence principle

Quantum average of the total momentum in the lab frame:
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Thought experiment and correspondence principle
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Thought experiment and correspondence principle

Normal density:  pOn,

~ A

p Lo
Superfluid density: ps = p + ith : /0 e Mo [R, HO] G_T%Od’r>

V.G. Rousseau, Phys. Rev. B 90, 134503 (2014).
“Superfluid density in continuous and discrete spaces: Avoiding misconceptions”
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Test of the new formula

It can be shown that Fisher et al. and Pollock & Ceperley's formulae can be written
in terms of momentum correlations:

Ps = P — Qid<73 : /ﬁ eTﬂoﬁe_Tﬂ"dT>
0

The new formula,

5. .
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This condition is systematically satisfied for
reproduce  Hamiltonians with no complex interactions

R, Ho| = iLp

m

This is the condition that the Hamiltonian must satisfy for
the old formulae to be applicable.



Test of the new formula

8x8 Bose-Hubbard with 1™ and 2™ neighbor hopping -
t=1 A=0.8 U=20 Half-filling

e—e P obtained from W
=—m P, obtained from general formula




Test of the new formula
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Conclusion

The superfluid density is an important quantity that allows us to characterize
various phases encountered in Condensed Matter physics and in quantum gases.
However, the well-known formulae used for the calculation of the superfluid density
are not applicable in all cases.

Based on a thought experiment and the Correspondence principle, | derived a
general formula for the superfluid density that does not involve any assumption on
the form of the Hamiltonian:

p
m ~ 7-7:[0 > ) _’T?:Lo
ps—p+zhﬂd<73 /o e [R,’HO]G d7'>

| showed that this new formula gives consistent results for a model with second-
nearest neighbor hopping, where the old formulae failed. The impact of this new
formula on the ongoing research should be important, given the fact that
Hamiltonians with complex interactions are currently under intensive investigations.
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