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The model
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the model is equivalent to the Heisenberg XXZ spin chain in continuum limit [1]
Problem: 7T o« (J)% a= a(g)
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Experimental realisation with >’Rb
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Tunneling amplitude between the chains
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Crossover in free bosonic gas

— asymptotic continuous case
—— asymptotic lattice case
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3D, Continuum limit
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Crossover in interacting system

Chain Mean-field ansatz:
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Mean-field Hamiltonian:
Hyp = Hy= 20" Y (=(67)(b) + (b, + b))
7z

Cumulant expansion (exact):
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Mean-field free energy Quantum fluctuations: Vi =H — Hy;

Expansionin ¥ = (b,

wur 9ives Landau free energy
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From a, =0 one gets critical temperature



Interacting bosons: mean-field level
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Where G(x,7,T) = (b'(x,7)b(0,0)) —correlation function of 1D tube [6]

4K

T\ = 1 1
(b (x, D)b(0,0)) = At (”-) + subleading

av X . . . X . .
<; + it + ze) JZ'T] sinh [(7 — T — ze) JZ'T]

sinh

Luttinger Parameter K(u,p,¢) and Al (u,p, 8), v(up, &)

kT I\ 1
BC= (Z)WF<_> , O =

J J _ L
2-%

1 T 1 1 1 .
MF l-a —+ s=—1pn2
= — AT sIn 2B | —,1 ——
0 T ) ( 00 4K < 8K 4K ) )

Free bosonlimit K- oc,a - 1/2

[6] M. Dugave et al. J. Stat. Mech 1404, P04012 (2014) N . | H[7
(7] M. A. Cazalilla et al., New J. Phys. 8 158 (2006) on-universal exponent! [7]




Interacting bosons: quantum corrections to Tc

We calculate the quantum correction to free energy (first order cumulant vanishes)
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And evaluate the quantum correction to 4;

Quantum corrections do not change the critical exponent, but only renormalise the
prefactor
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Prefactor satisfies the equation
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T./1J
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Critical temperature: QMC results, n = 0.15

Fitted exponent
ag, = 0,668 = 0.009

-0 ]
-
-
-
-
- 4
-
-
-0
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-

-~
-
-

Fitted exponent
ag, = 0,704 = 0.010

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-0
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-0

g=—J

* Numerics
- Mean-field
= Quantum corrections

----- Numerical fit
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Discrepancy for A = —-0.9

Grand canonical measurements in QMC (For more details see D.StraBel, PhD thesis (2017) )
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Conclusions

1. Non-universal critical exponents, quantitative description by mean-field
2. Quantum corrections of the lowest order do not modify the exponent

3. Strong quantum corrections of higher orders to the critical temperature

Further questions
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Non-homogeneous order parameter: Bogoliubov spectrum
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