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https://two-dimensional-gasses.readthedocs.io/
http://www.apple.com
https://github.com/evanberkowitz/two-dimensional-gasses

THE BRT TRANSITION




A little about BKT:
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BASIC KNOWLEDGE TIME bepesucun ITO (1970
Kosterlitz + Thouless 10.1088/0022-3719/6/7/010.(1972)

» Finite-temperature phase transition in 2D

» Happens in the XY model, cold fermi gases,
arrays of Josephson junctions, ...

H=-J Si-sj=—JZcos(6’i—0j)
(ij) (ij)

"
l!

» Divergent critical exponents (!)

» No local order parameters!

» Topological


https://doi.org/10.1088%2F0022-3719%2F6%2F7%2F010

TURNING AND TURNING IN THE WIDENING GYRE Kosterlitz + Thouless 1010885/(6)8521/];;:;/%6;;/?):?))gzzg;

H = —JZCOS(QZ-—QJ-) ﬁHo"‘gJ'de | V9|2
)

Vortex: Jd?- VO =2n

)
VO ~ —

I

@ L Energy: E ~ Jnn? log(L/r)
Entropy: S=logQ ~ log(L*/r?)

Free Energy: F=E-TS



https://doi.org/10.1088%2F0022-3719%2F6%2F7%2F010

Wikipedian ChrisJLygouras CC-BY-SA 4.0

TURNING AND TURNING IN THE WIDENING GYRE
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TURNING AND TURNING IN THE WIDENING GYRE

Wikipedian ChrisJLygouras CC-BY-SA 4.0

T/J = 0.4 on 2502
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TURNING AND TURNING IN THE WIDENING GYRE Widpedisn ChisiLygourss CCBYSA 4.0
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» No local order parameters!

» Topological

Jd7° Vo — Z dx; - (Siyz — S)



FERMI GASSES IN 20




NONRELATIVISTIC 2D FERMI GASES

Contact

[yl = (L]
v H = szx + Cy(y'w)*

» CoM is dimensionless

4/M
» 2D two-particle scattering amplitude = ——
P J amp cotog(k) — i
T . 2
» Low-energy EFT; 'universal cot §y(k) = — log ka + O(k?)

T
» But also: a UV fixed point! C/_ | |
Warning: 2 common conventions
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IT'S REAL!

» Trapping!

» Lasers!
» Feshbach Resonances!

» lons!




PHASE STRUCTURE

T/Tr

BEC

log ke a

BCS
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No vortices

] T
Theory

BCS mean-field
Petrov et al. [36]

|

Bighin et al. [36] O
Bauer et al. [40]
Mulkerin et al. [60]

Experiment

Ries et al. [24
Sobirey et al.
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This work

~-0-=45, N,=58
® [=o, N =co




Critical velocity 2-point function

In(k_a

F 2D)

~-0.5
O QMC data

Polynomial fitting

t=10.31
t=042
t=0.45
t=0.47
t=0.57

Hubbard Dispersion
log(k.a)=0.50
L=47, N =58
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First-order derivative
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TIT.

WHERE ARE THE VORTICES?




A PROBE OF VORTICITY

Berkowitz + Warrington, 2309.7777
Could also examine spin current

» Idea: try to find the vortices!

» What are 'the arrows'?

» What tracks the vortices?

» Example

l
= "V — V'
j == (¥ Vu = Vy'y)
C/— Lattice-exact Noether theorem
l
J Y, ' ' 4

) = szxx(X) | x)
— (y|lo@ |y«

x(x) = e"“%f(r)
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LAITICE APPROACH




TOOLS OF LAITICE FIELD THEORY

H = szx + C(y'y)? - Z Ax?

AV

+ Cyy'w)?
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TOOLS OF LAITICE FIELD THEQORY e o101610370.26937)91197-%

H = szx + Gw'w)?® - ) Ax? + Coly'w)’

» Work in the grand-canonical ensemble
» Trotterize + control time discretization  Z = tr [e‘ﬁ(H_”N)] = Z(A?) + O(AF?)

» Eliminate fermions for auxiliary field

path integral Z(At) = JQZ¢ e ()

» Markov-Chain Monte Carlo / HMC A real equal sign!
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. : 2
Finite volume 2-body energies cot §y(k) = — log ka + O(k?)
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N |
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X = 2uEL?

— S2(x)

NOORO

UV cutoff matches lattice
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Energies converge with Ax?






0.0 0.2
a =-1/log kr a




A PROBE OF VORTICITY

Berkowitz + Warrington, 2309.777?
Could also examine spin current

» What tracks the vortices?

» w(x)is local

» Need ( w(x) w(y) ) correlations
Caution: OPE analysis shows it diverges as 020(x-y)

» B, = szx | x |" (w(x) w(0))

Intensive
n=>2 well-behaved in the continuum

l
a)=V><j=—MV1/ﬂL><V1//

Z Ax*w(x) =0 with periodic boundary conditions

20



A PROBE OF VORTICITY

Berkowitz + Warrington, 2309.7777
Could also examine spin current

» What tracks the vortices?

» w(x)is local

» Need ( w(x) w(y) ) correlations
Caution: OPE analysis shows it diverges as 020(x-y)

» B = | d*x | x|"{w(x) w(0))

Intensive
n=>2 well-behaved in the continuum
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A PROBE OF VORTICITY

Berkowitz + Warrington, 2309.7777
Could also examine spin current

» What tracks the vortices?

» w(x)is local

» Need ( w(x) w(y) ) correlations
Caution: OPE analysis shows it diverges as 020(x-y)

B, =[x "0 @(0)

Intensive
n=>2 well-behaved in the continuum

i
a)=V><j:—MVl/ﬁ><Vl/f

Z Ax’w(x) = 0 with periodic boundary conditions
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b2 / kF™4
b2 / kF™4

0.5 1

0.0 A

b4 / KF™2

—0.5 A

—1.0 A

0.0000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 : . : 0.6
1/nx"2 (nx0 / nx)™2

<4—— Spatial continuum




FIRST RESULIS!



® -0.549(10) x2=9.395 [4 dof] Q=0.052
-0.371(15) x2=0.045 [4 dof] Q=1.0
-0.472(10) x2=19.526 [4 dof] Q=0.00062
® -0.379(27) x2=3.244 [4 dof] Q=0.52
® -0.437(34) x2=1.760 [4 dof] Q=0.78
lfk

‘ | '
{

Each took about 1 hour on 1 NVIDIA A100 GPU
15 13 11

-0.5165(55) x2=2.907 [4 dof] Q=0.57
-0.442(10) x2=0.871 [4 dof] Q=0.93
-0.443(12) x2=9.144 [4 dof] Q=0.058
-0.452(17) x2=1.821 [5 dof] Q=0.87

OVA

N=09.
scaled L by 1.5




PHASE STRUCTURE

T/Tr

BEC

log kg a

our test

calculation
T/Te=1.2

BCS

24



CURRENT CAMPAIGN

Berkowitz + Warrington 2309.7?77

BEC

logkra =0

log kr a

MB,/ke4

BCS

T/Tg with fixed log kg a
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BACKUP SLIDES
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UWN TH EU REM ? Mermin+Wagner, PRL 17 (22) 1133-1136 (1966)
BUT KN : Coleman, Commun. Math. Phys., 31 (4): 259-264

» Mermin-Wagner(-Berezinskii-Coleman): H = - JZ Si * S O(2)
continuous symmetries don't spontaneously )
break in 2D - J(Z) cos(6;, — 0))
ij

» Therefore, correlation functions don't go to
a finite constant at long distance.

» BKT: OK, but if they decay with a power law?
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TOWARDS TOPOLOGY

BepesuvHcknm KITO (1970)

Kosterlitz + Thouless 10.1088/0022-3719/6/7/010 (1972)

JAV ¢

H

—JZCOS(HZ.—Q]-) ~ H, +
(i)

2

J[dzx Vo’

—

A


https://doi.org/10.1088%2F0022-3719%2F6%2F7%2F010

EXPECTATION VALUES AND SUSCEPTIBILITIES
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Tekt/J

T/J

susceptibility

Tekt/J

T/J

30



A PRO B E OF VU RTI CI I ' Berkowitz + Warrington, 2309.?7??
Could also examine spin current

. l
» What tracks the vortices? w=VXj=——Vy' xVy
M
4 (A)(X) is local Zsza)(x) =0  with periodic boundary conditions

» Need ( w(x) w(y) ) correlations
Caution: OPE analysis shows it diverges as 020(x-y)

B, =[x 1000 @(0)

Intensive
n=>2 well-behaved in the continuum
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What tracks the vortices? w=VXj=— - Vy' X Vi

OO(X) is local 2 Ax2w(x) = 0 with periodic boundary conditions

X

Need ( w(x) w(y) ) correlations

B, = |d’x | x|"{(w(x) 0(0))

n

Intensive
n=>2 well-behaved in the continuum




ANTICIPATED BEHAVIOR

Berkowitz + Warrington 2309.7?77

BEC log ke a

MB2/kg4

BCS

T/Tr with fixed log kr a
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