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1. Green’s Function Approach

Bose-Hubbard model
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Strong-coupling Hamiltonian:

A _UA N A_
HOZZ Eni(ni—l)—ﬂnz‘ )

(

U

Hy|n) = NgE,|n), E,= gn(n—l)—,un

[maginary-time Green’s function (A = kg = 1):
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Expansion in hopping matrix element:
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Locality of H, allows decomposition of n + 1-particle unperturped Green'’s
functions into local cumulants, e.g.
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Diagrammatic representation [1]:
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In Matsubara space (w,, = 27m/f3):
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First two orders of perturbation series:
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First-order resummation:
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FEasily summed in Fourier space:
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Phase boundary given by divergence of G1(w,, = 0;k = 0).
First-order result reproduces mean-field result |2,3].
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Sum over all one-particle irreducable diagrams:
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Full Green’s function obtained by:

Gl(wm, k)
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One-loop approximation by considering only the first two terms in @~

2. Results for 3d System

Phase diagram for zero temperature:

- Second order gives a difference of
less than 3% from high-precision
Monte-Carlo data at the lobe tip.

- Second order reproduces effective
potential result [4],
extentable to higher orders |5]

numerically

- Strong-coupling approach com-
pares particle and hole states
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Phase diagram for finite temperature:
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Excitation spectrum:

- Excitation spectrum given by
poles of real-time Green’s function

- Spectrum gapped in Mott phase,
becomes gapless at phase boun-
dary

- Only quantitative effects from fi-
nite temperature

- Spectrum in superfluid phase by
effective action method [10]

- Both thermal and quantum fluctua-
tions shift phase boundary towards
larger values of critical hopping

- One-loop corrections most Impor-
tant near quantum critical point (tip

of lobes)

- Temperature effects most important
between lobes due to larger thermal
Huctuations

- One-loop corrections slightly larger
for lower temperature

15-

1.0

= =0
7 ) — ¢t =0.017U (1st order) [11]
05+ - - t=0.017U (2nd order) [9]
- — t=10.029U (1st order) [11]
- t=0.029U (2nd order) (9]

0.0 J T I T H T O N | |
0.0 0.5 10 15 2.0 2.5

o Fla

Serlin, Germany

Excitation gap:

- - Characteristic gap in Mott phase

- —
———_———
-
-
]

-----
- smn"
‘—‘— ------
- -
L - -
_‘—’ 444
-—— - e®

- Gets larger with higher temperature
due to thermal fluctuations
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Time-of-flight:
- Time-of-Flight pictures give momen-
tum-space density

- Obtained from Green’s function |[14]:
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Top to bottom: First-order perturbation theory,
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w(k): Wannier function

- 2d pictures by integration along z-
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Second-order perturbation theory [12], experi-
ment [13]. Left to right: Vi =8, 14, 18, 30 E
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