Inter-component correlations in few-fermion systems
iInduced by a shape of an external confinement
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Abstract

In a one-dimensional two-component mixture of a few fermions having different mass, their spatial arrangement
depends on a particular shape of external confinement. In a harmonic trap, the lighter component is split and push out
of the trap, while the heavier component is located in the center. In contrast, in a flat box potential, the heavier
component is split. In consequence, when the external trap adiabatically changes its shape, the ground-state of the
few-fermion system undergoes a specific transition between these spatial orderings. It is known that the transition has
many interesting properties similar to the properties of the quantum phase transitions. Here we analyze this transition
from the inter-component correlations point of view.
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Single-particle reduced density matrix:

po(z,z') = (GIUF(x) ¥, (2")[C)

/913'(567 37/) /)z4,(567 33,)

—_

S e
o r ®» M O M

Density profile p(x)

Position x’
- O = N W

|
N

Position x’

Npo=2 Ng=2
A=0 A=13.56 A =30

5 1F
a 0.4 0.8 |
- 0.6 H
o 0.2 04 |
- 0.2 |
A’ M L ol 0 | Eiaresra i il | | Liaals el 0 i n I il |
-3-2-1 012 3 -3-2-1 012 3 -3-2-10 12 3
3 3 F 3 F
= 2 8 2 8
3  E )£
3 0 E 0 E
T -1 E -1 E
5 2 1 2 8
:Tl\llllllllllllllllllJ\lJ‘\ _3 :_!“HllllllllllllllllllJHlll _3 :T‘lllllllllllllllllllJHIlI
-3-2-1 01 2 83 -3-2-1 01 2 3 -3-2-1 01 2 3
B 3 F — s
s 2 B 2 B .
= 1 = . 1 =
E ? E & -
- 0 & 0 &
. ' 1
:Tl\II|III|III|III|III|\II‘\ _3 0 s III|!|III|JIIJ1H|I _3 :![II|III|IIJ|III]JHJHI|I

-3-2-101 2 3
Position x

-3-2-10 1 2 3
Position x

-3-2-10 1 2 3
Position x

Position x’ Density profile p(x)

Position x’

o -
(o] N

o
~

NA=3 NB=1
A=0 A=113 A =30

- 0.6 | 0.6 |

- 04 | 0.4 H

- 02 | 0.2 |

L e ! 0 b 0 Hwd ! (A
SO 4203 82 40 28 =32 10 208
3 3 B 3 E

3 2 & 2 &

2 1T E 1T E

E 0 F 0 F

2 ' -1 8 -1 8

= 2 B 2 B
;_‘I\Il\l\l\llllllllllllllll _3 ;_llllhill\l\‘\I\l\ll‘l\l‘l _3 ;_l\ll|I\I‘HI|I\I|\I\|\II‘I
ol ot o) O Tt e o
3 3 B . a 3=

8 2 B R 2°F -
E 1B » 8 ' E

£ . 0 [ : 0 F

- E -1 3

3 -2 B -2 B

;_ _3 #I‘I\Il.\l\‘\l\l\ll‘l\l‘l _3 #\ll\l‘l\\ll\ll\l\l\lﬂl

3-2-14:0.:0--2..3
Position x

“3-2-1:01:2:3
Position x

-3-2-10123
Position x



Se(\ g) = ¢°'"Sp(g"/"1)

Intra-component von Neumann entropies:

S0 =~ X xenxo pr(e.') = 3 X))
Inter-comp;nent von Neumann entropy:
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Finite-size scaling:
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