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Abstract Weak repulsive interaction Strong repulsive interaction
We investigate a Bose gas with finite-range interaction us- The total energy in T-matrix approximation is T= Sy, A= Kco
ing a scheme to eliminate self-interaction in the T-matrix - T T T ' ' — -
approximation. In this way the corrected T-matrix be- U = Z El fB( Ek) + Z ; E( >(1 + 2 fB( Ek)) of 77 Bogoliubov /,/” -
comes suitable to calculate properties below the critical k+#0 k+0 * - hafd'SP_hel‘e /,/::,/” _:
temperature, without the use of anomalous functions [1-3]. quasi particles — | T=matrix S N
In the vicinity of the onset of Bose-Einstein condensation S 1:_ | ’.'\f" -
(BEC) chemical potential and pressure show a van-der- — Ekvi + @ N? — NNy + % Ng) = : mimm R
Waals like behavior indicating a first-order phase transition k0 of— = -
although there is no long-range attraction. Furthermore for depletion  attraction in momentum space -/ normal BEC
sufficiently strong interaction the equation of state becomes -/

multivalued near the BEC transition. For a Hatree-Fock
or Hartree-Fock-Bogoliubov approximation such a multi-
valued region can be avoided by a Maxwell construction.
However, for the T-matrix approximation there remains a
multivalued region even after a Maxwell construction.
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FIG. 4. Chemical potential.

For a strong repulsive interaction the attraction

Renormalized Kadanoff-Martin k-0 In momentum space 1s too strong to be com-
approximation T—e A2024 pensated by medium effects, therefore also the
(T_m atrix approxim ation) _ I e T-matrix approximation yields a multivalued re-
| |--- Bogoliubov I, oion, which cannot be avoided by a Maxwell con-
-|— hard-sphere T :
_ - o= struction.
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FIG. 1. Diagrams for the self energy and T-matrix |4], 3. | /i&///.//’/_‘:________>~;T:j_| LS I | ;
red arrows mark reduced propagators. Of 7 > - |--- Bogoliubov g
: . : : _ / 1 [ — - 1-matrix 7 -
To avoid selt-interaction, the full Green functions I L S E L 5 | -
| 02 04 06 08 1 12 14 B -
in the upper loop of the self energy were replaced n [n ] - 9
. . . = | 7 =T
by reduced ones, which do not include the sin- FIG.2.  Chemical potential in Hartree-Fock-Bogo- 0.5 i vt )
gular contribution ng7-(q) [2,3]. The resulting liubov, hafdg-sphefe_ and  T-matrix approximation, | g
full Green functions have the same structure as i ~ 0.0597" 1s the ideal eritical density for Bose con- | Con
densation, the constant quantities are given above the 0 07 04 06 0% ] T 14

those obtained with anomalous propagators |1

12, + €q

G(q,1z,) ~ - ,
CRED 122 — 6%1 +n37T%(q)

diagram, e, = Ry /2m, A = STh? /mey.

The Bogoliubov and hard-sphere approximation
6-8| show an unphysical behavior of the chemical

FIG. 5. Condensate density:.

72 e potential due to an overestimation of the attrac- - I'= Gp = Inicll -

€qg = o A+ 2n7T(0) . tion in momentum space. Furthermore there is a I [--- Bogoliubov -
drop of the chemical potential when BEC sets in 0.l |— hard-sphere P
Medium effects are covered by the many-body T- signaling an instability of the system and a first- o6l - I-matrix /./’/ )

matrix 7 (q). The dispersion in the BEC phase order phase-transition. The multivalued region S e
1S can be avoided with a Maxwell construction. For = 041 /,/’,7' _____ ~e
; the T-matrix approximation medium effects com- 0.2 /,,/’/ ! -
B — hk? noT(0)] — n2T2 (k) pensate the repulsive interaction near the onset 0:;;;:_:_::______IT_ mmmmm e — —

\ 2m 0 of BEC. Therefore the attraction in momentum 0.01 0.1 1
space 1s compensated. Nevertheless the vanish- ATA )

We consider a homogeneous interacting Bose gas
n equilibrium with the Hamiltonian

hok?
H = Z —a,’;ak

ing of the interaction leads again to an instability
and a first-order phase-transition.
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FIG. 6. Solutions for the condensate density at n = nyg.

The Bogoliubov and hard-sphere approximation
always have two solutions for the condensate den-

1.5 | ' | ' ' |
| )\ At A ' |--- Bogoliubov sity ng at the ideal critical density n;;. For the
| _ 4 QpQg— . L. .
00 £« Pa—pIp—1 Ik Kha—k | — hard-sphere _ T-matrix approximation the second solution ap-
q.p.k 1| = - T-matrix - L .
— | PR pears only above a critical interaction strength.
and assume a separable interaction with Yam- = Rt
—1 o i ‘/'//’
2 7’ -
. — p - | P ]
aguchi form factors g, = (1 + ¢) 5. 0.5} - — Summary and conclusions
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