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Abstract: In the so-called unitary limit of quantum gases, the scattering length diverges and the theory becomes scale invariant with dynamical
exponent z=2. This point occurs precisely at the crossover between strongly coupled BEC and BCS. These systems are currently under intense
experimental study using cold atoms and Feshbach resonances to tune the scattering length. We developed a new approach to the statistical
mechanics of gases in higher dimensions modeled after the thermodynamic Bethe ansatz, i.e. based on the exact 2-body S-matrix. Calculations of
the critical temperature Tc/T_F = 0.1 are in good agreement with experiments and Monte-Carlo studies. We also calculated the ratio of viscosity to
entropy density and obtained 4.7 times the conjectured lower bound of 1/4 pi, in good agreement with very recent experiments. We also present
evidence for a strongly interacting version of BEC.
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Thermod}'namic Bethe Ansatz in 1d
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The formalism: a TBA-like approach

In any dimension

- 3 -
£ L
- 4 - - " 5
L 2 =5+ i 5 | MratTy I To Ao rTAattieoaarT Ty —E g Pt st T als
L 1 K + | A4 i L b1 | - ] 113 I { ! 1 .
. AR oy el 4-"-\_- e e M ik leadk AL S K 4 oA AN AN S A A n B S .., e e e b Ve ek
- | s - - - I S —_— el - 4= - - v ———
1 EE | ¥Fa 1 i Wi Al | ol | 1 i -
L bk EERES CERING FAM T SR T8 AL AANIALARTN L | Ei%: ki1l 0K % ¥
o — e Tk o - e | - - - T e B e - — - o T
. B oS { | - i L s L !
t i 4 e T ™ o i ] ! | 1 { £ Sy
o W 4 WY m - b B 2 P L L bl AN L LIRS A L% & L. 2 1% A K % b e N g, i

A /
* * 4 - - - S =
variationgai primcipic: S =T

i i

0024 Page 2




The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach
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The tormalism: a TBA-like approach

in any dimension
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The tormalism: a TBA-like approach
in any dimension
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The tormalism: a TBA-like approach
in any dimension
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The formalism: a TBA-like approach
In any dimension
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The tormalism: a TBA-like approach
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The formalism: a TBA-like approach

In any dimension

o i -

1 ¥ | =+ - - | P e b T el e el g et e Tar e - - w e e

, K ety g { e § | g ) ITYI Y 'a’ ar= e |
Vil BAE - | | | ( } 1 ]
- e e f o gy, gy, e o mem e e el o 4 LS A AL Lot Lo Lald o i e Mo e Al e e
e Sy e A e e e R i S S L— e
H = | { H_ | i §ii0.= L Ld . 2%
SO LA AL L REAS 53 A% E WAL FEL L kX FEL RAIRALILRFNA | AR RN LA Ll TR K

T
ol S W ol wr v i P oy e et =Ta _ - = - = i LT _— -
i - Xi%sl s i : P EE ) ; | - i b
N B W - il e Pl i AWRd SN AN L 48D y 8 L L% L 42 L% 41 % 2 d N & L
s & T =" FI T
o IVOLEL L

variational princCipie: —

il |
R 'f-;

0024 Page 3




The tormalism: a TBA-like approach

In any dimension
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The tormalism: a TBA-like approach

In any dimension
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The tormalism: a TBA-like approach

In any dimension
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The tormalism: a TBA-like approach

in any dimension
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The tormalism: a TBA-like approach

in any dimension
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The formalism: a TBA-like approach
in any dimension
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The formalism: a TBA-like approach
in any dimension
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The tormalism: a TBA-like approach

in any dimension
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The formalism: a TBA-like approach

in any dimension
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Final result (atter much work).
Varational principle gives:
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Critical points must occur at fixed values of [/ I
These points can be expressed as:

A

nA+ = constant bosons) _ oD

I./Tr = constant fermions)
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