Induced instability for trapped Bose-Fermi mixed condensate
due to attractive Boson-Fermion interaction
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Discoveries of the Bose-Einstein condensates (BEC) for Alkali atoms and the Fermi de-
generacy for trapped *°K atoms encourage the study for boson-fermion mixed condensates of
trapped atoms. In this study, we focus on the instabilities and collapses of the boson-fermion
mixed condensates due to the attractive boson-fermion interaction[1]. In BEC, such instabilitiy
has been observed in the trapped meta-stable "Li.

We consider the polarized boson-fermion mixed condensate of potassium isotopes in the
spherical harmonic potential at T' = 0. Using the Thomas-Fermi approximation for fermion de-
gree of freedom (appropriate for large fermion number), the total energy of the system becomes
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where w and m are the angular frequency for boson/fermion trapping potential and a bo-
son/fermion mass. Boson-boson (boson-fermion) interaction strength g(f) is represented by
its s-wave scattering lengths, while the fermion-fermion interaction has been neglected for the
polarized system.

Evaluating the total energy with the variational method, we take the Gaussian ansatz for
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The variational parameter R in (2) corresponds to the root-mean-square (rms) radius of the
boson density distribution. In the Thomas-Fermi approximation with (2), the fermion density

boson order-parameter:

distribution n¢(7) becomes
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where Ry is the root of the quantity inside curly braket. Using eqs. (2) and (3), the total
energy E(R) = E[®(r; R),n¢(r; R)] becomes a function of a single parameter R.
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Figure 1: I: Total energy variation E(R)/(Nhw). II: Stability phase diagram for N and —h/g.
Boson-boson scattering strength is 15.13 [nm] and w = 450 [Hz] (N = N, = Ny).

In Fig. 1-I, numerical results for F(R) are plotted for o« = —h/g = 0.1, 1.0, 2.0, 2.5, 3 (lines
a-e) with N = 10°, where three kinds of patterns can be read off: stable (a), meta-stable (b,c)
and unstable states (d,e). For weak boson-fermion interaction, the system is stable against the
variation of R, and has an absolute minimum as an equilibrium state. For the intermediate
strength, the system becomes meta-stable with one local minimum (lines b,c), and, in strong
attractive interactions, the minimum disappears and the system become unstable (lines d,e).

As shown in Fig. 1-I, the stability of mixed condensate can be judged from the small R
behavior of E(R): positive divergence in small R implies astable state. To obtain the stability
condition, we consider analytically the asymptotic expansion of E(R) in R < 1. The leading
order of E(R) in small R gives the stability critical condition : —h/g|. = 27%/%(N,/N¢)(Fig. 1-11
dashed line).

On the other hand, the critical condition for unstable regions is obtained with the Thomas-
Fermi approximations for both fermion and boson distribution. Especially, if the boson and
fermion chemical potensials satisfy the condition : apy < pp ~ pg(h = 0), the instability
critical condition becomes h?/g|, = (4%2/62/3)N;1/6(Fig. 1-IT solid line). In the variational
method, we evaluated the critical o between the meta-stable and unstable states for several N
the results are plotted in Fig. 1-II (filled circles).

Finally, in the collapses of metastable and unstable states, both boson and fermion distribu-
tions become localized and compressed. Those collapses can also be determined from instability
of the in-phase monopole excitation evaluated in the sum-rule method [2].
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