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The Classical Realm: Solid-State FQHE The Frontier: Ultra-Cold Plasma

CRYSTALLINE ORDER: PERFECT LATTICE | v =1/3,1/5,2/5,3/7 | LOW TEMPERATURE STABILITY FLUID DYNAMICS: AMORPHOUS CHAOS | UNEXPLORED REGIME | EXTREME CONDITIONS
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Collinear Experimental Set-up for time-of-flight (ToF) measurement

Density of plasma 1mm away from jet nozzle: >107® cm3
Expect extremely low electron temperature and quantum degeneracy

General Valve nozzle 1mm
Plasma hitting the ¢=4 mm aperture: plate (1) 10 bar Ne, 1bar NO

apply short (0.3us) pulse 1
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Laser 2

Long (6us)+3.6 kV pulse on aperture 1
= .85mm/us






C-D: width of P, ,=5.5us; D-G: gap of 0.2us
G-H: width of P, ,= 20.2us, i.e. long

C DG H

J1,1U I:,1,2

DOUb'G pU|Se P1,1'P1,2
“plasma is sliced up”
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10 bar Ne, 1bar NO
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plied on E1

I

Laser 2

Long (6us)+3.6 kV pulse on aperture 1
Vit = .85mm/us



Signal Intensity farb. units



(m/z)/30:

m/z:

716 11/6 14/6 3 in units of myg=30u
35 55 70 90 /u

First interpretation

“Missing” peaks

Time-of-flight=ToFcc\(mass/charge)=\(m/z)




Grounded
2 1 Charge inversion:
cloud hitting plate 1 becomes

positively charged by extraction of Lase r 2
electrons: high potential on plate 1

Pulsed Supersonic

Acceleration towards 2 by ‘ D Jet Expansion of 10%
High Voltage of 3.6kV on 1 ‘ NO in Neon @10bar

Plasma Cloud after 170 ps:
T ca 13 cm from Plate 1
Laser 1

long +3.6 kV pulse on plate 1 fired at 170 us

Plasma is separated into a negatively and positively charged cloud



Ambipolar diffusion: what it can prove

electron pressure Expansion diagnostic:

tries to escape

Hot electrons accelerate ions
Slow expansion is evidence for
low electron pressure

Cooling channel for electrons:

Ambipolar expansion can cool
electrons adiabatically according
ambipolar field to mass ratio of NO/electron

locks electrons to ions

Expect electron temperature
below 60 pK




Wigner-Abrikosov ion crystal: ordering and pulsed-field slicing

Wigner-Abrikosov-like ion ordering
field alungatinn at E1 ions occupy steep Coulomb minima

aperture contact can seed planar sheets

pulsed electric field

degenerate electron background

neutralizes and screens ion lattice



Wigner-Abrikosov lon Crystal becomes elongated by the field

Valve

Skimmer Y

Negatively charged side of elongated system touches plate E1



Phase relation and coherence
™ Is produced by fag.t double pulse
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relative TOF w.r.t. rise of P1,2 (C) /us
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Periodic System of many-body ion-electron system
From m/z=35 to 92.5 u with delta=2.5

35, 37.5 50, 52.5, 55 67.5,70,72.5 85, 87.5, 90, 92.5
Mass to charge ratio in units of My, i.e. setting Myo=1

2058090908050 80 %8090 508050843080 5054 81 Sa B0 D0 T

lon to electron ratio

%% 502 9426 45 %02 %436 55 3052 54 86 56 0 H2 44 Te B %o

Fractional Elementary Charges

ii 8 9 10 1_51_61_7 22 23 24 25
14 15 20 21 22 27 28 29 34 3536 37
11 235 5 4 17 11 23 2 25
7 5 5 7 11 9 7 29 17 35 3 37

Direct Observation of Topological Bodies of
Quantum Matter containing Fractional Elementary Charges



Direct Observation of Topological Bodies of Quantum Matter
containing Quasi-Particles of Fractional Elementary Charges

Laughlin-Jain Composite Fermion Theory: N
Jain Series for the filling factor v of Landau Levels LL VvV = N» + 1
N= number of electrons in LLs, 2p= number of magnetic flux quanta pT
11 235 5 4 17 11 23 2 25
7 5 5 7 11 9 7 29 17 35 3 37
Laughlin/Jainp: 3 2 Jain+,p:1 1 1
N: 1 1 2 3 5
= 11 235
2Np+1 7 5 5 7 11
Laughlin/Jainp: 3 2 Jain+, p:1 1 1
N: 1 1 2 3 5
N 5 4 2
- 2N—1 9 7 3
17 1123 25

Jain Hierachy: 29 17 35 37



Supersonic Expansion

Collisional Cooling

Ambipolar Diffusion

Quantum Degeneracy

Supersonic Expansion
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Collisional Cooling

Ambipolar Diffusion

Quantum Degeneracy

10 bar Neon carrier gas
1 bar Nitric Oxide (NO)

Vier = 0.85 mm/pus

Tons are collisionally
cooled to an ultra-low
translational
temperature of 0.1 K

Driven by ion/electron
mass ratio (~5 x 109).
Escaping electrons induce
a space charge that

pulls them back.

ICAP29, Wuhan



Wigner-Abrikosov crystal

The plasma electrons are quantum degenerate and
ions form a Wigner-Abrikosov crystal

Electrons must be ultra-cold since plasma expansion is
essentially explained by low ion temperature, the ions are
collisionally cooled to ca. 0.1K by the Ne carrier gas:

Ambipolar Diffusion now cools the electrons down
driven by the ion/electron mass ratio & 5*104



Electrons must be ultra-
cold since plasma
expansion is essentially
explained by low ion
temperature, the ions are
collisionally cooled to ca.
0.1K by the Ne carrier
gas:

Ambipolar Diffusion now
cools the electrons down
driven by the
ion/electron mass ratio &
5%104

My Favouritg

Wigner-Abrikosov crystal
" The plasma electrons are
¢/ quantum degenerate and
i3 ions form a

; Wigner-Abrikosov crystal






C DG H then pulse 3 is scanned in 10ns steps

i |

Double pulse P, 4-P, ,
plasma is sliced up

plied on E1
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:(l |
/] IJl
=

Introduce a +0.8kV pulse on E3

“Slices” are measured
Mass to charge ratio: m/z

P1,1 P1,2

TO  Qswitch T,7500ps
I I |||| [
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Topological Bodies could be rings
with periodic potential provided by ions:
The gaps are filled by fractional charges




ToF w.r.t. rise of P,, scanning delay of pulse 3
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measured; Red: Simion simulation
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relative TOF w.r.t. rise of P1,2 (C) /us
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