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Vortices in the A phase Single-quantum vortex:

Chiral phase with defined angular
momentum direction |S,7..) = |0+)

Ay = Dady (i + in;)
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Vortices In the A phase

Vortex sheet:  Planar object carrying vorticity

//\\

Chiral phase with defined angular
momentum direction |S,7..) = |0+)

TN
AN AT, /‘

Ay = Aad,, (1 + in)

Clnsed Open

Created by rapidly

Us = o Z miVing —=V xvs 70 oscillating rotation
Mermin-Ho relation: .
A! (V X Us)z’ — —ez’jkl . (le X Vkl)
2m3

Rantanen & Eltsov., PRB 107, 104505 (2023)

Chain of merons

NMR absorption

vortices transition

_l L " n 1 L 1
0 500 1000 1500 2000 2500

Time, s



Vortices in superfluid 3He
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Vortex pinning
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Vortex pinning Vortices can be
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Pinning in SHe

Microscopic:
Chemically grown nanomaterials
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Nanofabricated substrates and devices
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Mesoscopic:
Nanofabricated substrates and devices
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Point impurity model

In the A phase, impurities orient l

Defects in | texture don'’t
carry phase winding, but
are pinned by impurities

A, = Aad,(mj +in,

max(A)

Single-quantum
vortex




Point impurity model

“Disgyrations”

In the A phase, impurities orient l

Defects in | texture don'’t
carry phase winding, but
are pinned by impurities

max(A)

Single-quantum
vortex




Point impurity model

In the A phase, impurities orient l

Defects in | texture don'’t
carry phase winding, but
are pinned by impurities

“Disgyrations”

Single-quantum
vortex

B AR g
////\:\ x‘)?\:i\\\é‘ " __\7\’ [
AASOBSNL T et L A
RN AN [ 7
SN o

AR | \\\_\p\-@

SO } VitttV NN
NNy L NNy
LN T

\S»»//{ \ \\? NV

/

"Q\\\\\\\\\\\N? \
\ 3
R,
‘/1//////// /
P PO PP /

N
N\
AN

P
,;;;///\
IAA,

Viss
PP e
/

7

/

N
>
7’
“S
N
¥
%

s
I

/

o
Vs
2
Vi
Fi.
P
/o
7
pLireE

¢ — T

S~

N
\

= %

e

2K
////Q
e %
o)
_L\Q:
r 7777,
7 {
1
2\
s
-~
%?//

/ AT
-

P T

o ar e a

s s

4
\
\ \ \\\\\\\\\\&:
RN R

AN
ERRRORSNNS
AR N
NRRRE SRR AR
AR R

W
N Toehes
Sk ciesnsan

AN

\\\\—.———;4

PP e

e
R e

-

s

Py
PP e

22N
o

A e

ss

PP L i i e a o P D /

~e

R
e
7

PP L i P /
PP L L i P

3

\

\

\

\

N\
3 SRR
SN

S I NI

N

=y
b f0e

ﬁ_'\
(A S,

7
W‘Jt
Si e
L L

Arrows show direction of
[ =m Xn




Mesoscopic pinning

Depinning from a single pillar
with increasing Q




Mesoscopic pinning

Depinning from a single pillar
with increasing Q
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Mesoscopic pinning

Depinning from a single pillar
with increasing Q

12 2107
107 In (1+rg/§2)
by o< ps
8| frp
® 20 bar
6 ® 15bar
0 bar
4r 10 nm < 7, < 100 nm

20nm < ¢ <220 nm

Excellent match over
wide range of parameters!

0 0.5 1 1.5 2 2.5

A! psIn (1 +75/€2) /\/€rp (g em™) 404



MeSOSCOpIC pinning Calculated energy barriers using

Depinning from a single pillar the Nudged Elastic Band method
with increasing Q
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MeSOSCOpIC pinning Calculated energy barriers using

Depinning from a single pillar the Nudged Elastic Band method
with increasing Q
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Mesoscopic pinning

12
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10 nm < 7, < 100 nm

20nm < ¢ <220 nm

Excellent match over
wide range of parameters!
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Depinning from a single pillar
with increasing Q

Calculated energy barriers using

the Nudged Elastic Band method
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F X E/d Strange scaling for length scale, triplet physics?



Mesoscopic pinning

QO Depinning in an array of
pillars with spacing D

6))
T

N

Decreasing pillar spacing
suppresses gap in plane

N
T

Depinning velocity (cm/s)
- w

Pinning force is reduced

/\ for smaller spacings

Vortices jump from 0 1 1 1 :

Al Suppression




Rotation sweep

Cylinder filled with ~8000 pillars
Increasing rotation rapidly up to 20 krad/s, then decreasing back to O krad/s

) =0 krad/s
Defect to initiate
nucleation
E I ~ T N
0 max(A) - s B A
Al Amplitude of 00 Phase of 00 Blue = B phase

component component Red = A phase
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Summary L

10}

« Superfluid 3He is an excellent model system for studying topology

® 20 bar
® 15bar
0 bar

« A multicomponent order parameter can support a wide variety of A
different vortex structures =] - =

« Impurities can pin other kinds of to 0 o5 1 > 25
to regular vortices v~ e e I (14 73/€2) /By 5 ) 10

* Pinning force depends on coherence length and size of object:

In (1+72/€%)
Al oo p—




