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Structure of the reconnection layer

10 mm



•Description of experimental setup

•Diagnostic techniques (Interferometry, Faraday Rotation 
Thomson Scattering)

•Demonstration of power balance

• Plasmoid unstable reconnection
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Overview 
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The MAGPIE Current Generator 
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The MAGPIE Current Generator 
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The MAGPIE Reconnection Framework

L. G. Suttle et al. – PRL 2016; PoP 2018

J. D. Hare et al. – PRL 2017; PoP 2017; PoP 2018

Parameter Value

ne ~ 1017−18 cm−3

Bin 2 − 3 T

L ~10 mm

λei ~ 0.1 mm
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The MAGPIE Reconnection Framework

MA = 0.7

S ~ 100

βdyn ~ 1

Carbon Plasma:

Negligible radiation

Sub-Alfvénic

J.D. Hare et al. PRL (2017) , PoP (2017)

MA = 2.5

S ~ 10

βdyn ~ 10

Aluminium Plasma:

Radiatively cooled

Super-Alfvénic

L. Suttle et al. PRL (2016), PoP (2018) 
Comparison Paper: J. D. Hare et al PoP 2018



•Description of experimental setup

•Diagnostic techniques (Interferometry, Faraday Rotation 
Thomson Scattering)

•Demonstration of power balance

• Plasmoid unstable reconnection
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Overview 
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Structure of the reconnection layer

10 mm
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Structure of the reconnection layer
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Structure of the reconnection layer
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Magnetic Field Profile – Faraday Rotation

Reconnection 
Layer
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Magnetic Field Profile – Faraday Rotation

𝛼(𝑥, 𝑧) ∝ ∫ 𝑛𝑒𝐵𝑦𝑑𝑦

Reconnection 
Layer
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Magnetic Field Profile – Faraday Rotation

X-Position  [mm]

By [T]

ne [10
18 cm−3]

Carbon Plasma (𝐌𝐀 < 𝟏)
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Magnetic Field Profile – Faraday Rotation

ne [10
18 cm−3]

By [T]

X-Position  [mm]

Aluminium Plasma (𝐌𝐀 > 𝟏)

Flux Pile-Up 
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18 cm−3]

Carbon Plasma (𝐌𝐀 < 𝟏)
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Temperature and Flow Velocity Measurements 
Fibre Optic Bundle

Fibre Optic Bundle
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Temperature and Flow Velocity Measurements 
Fibre Optic Bundle

Fibre Optic Bundle
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Temperature and Flow Velocity Measurements 
Fibre Optic Bundle

Fibre Optic Bundle
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Temperature and Flow Velocity Measurements 
Fibre Optic Bundle

Fibre Optic Bundle λ0
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Temperature and Flow Velocity Measurements 
Fibre Optic Bundle

Fibre Optic Bundle λ0

Cs= 30 km/s, VA= 70 km/s
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Temperature and Flow Velocity Measurements 
Fibre Optic Bundle

Fibre Optic Bundle λ0

Cs= 30 km/s, VA= 70 km/s



Power Balance in the Reconnection Layer

24

𝑉𝑖𝑛𝐿ℎ 𝐸𝑚𝑎𝑔 + 𝐸𝑘𝑖𝑛 + 𝐸𝑡ℎ,𝑖 + 𝐸𝑡ℎ,𝑒 ≈ 𝑉𝑜𝑢𝑡𝛿ℎ 𝐸𝑘𝑖𝑛 + 𝐸𝑡ℎ,𝑖 + 𝐸𝑡ℎ,𝑒

2δ

2L 𝑃𝑖𝑛

𝑃𝑜𝑢𝑡
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Power Balance in the Reconnection Layer

25

2δ

2L 𝑃𝑖𝑛

𝑃𝑜𝑢𝑡

τ𝑣𝑖𝑠𝑐 ≈ 800 ns

τ𝑟𝑒𝑠 ≈ 350 ns

τ𝑒𝑥𝑝 ≈ 50 ns

Classical heating 
is too slow:

τ𝑒𝑥𝑝 ≪ τ𝑣𝑖𝑠𝑐, τ𝑟𝑒𝑠
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𝑉𝑖𝑛𝐿ℎ 𝐸𝑚𝑎𝑔 + 𝐸𝑘𝑖𝑛 + 𝐸𝑡ℎ,𝑖 + 𝐸𝑡ℎ,𝑒 ≈ 𝑉𝑜𝑢𝑡𝛿ℎ 𝐸𝑘𝑖𝑛 + 𝐸𝑡ℎ,𝑖 + 𝐸𝑡ℎ,𝑒
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Overview 
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Plasmoid Unstable Magnetic Reconnection 

Carbon Plasma (𝑺~𝟏𝟎𝟎) Aluminium Plasma (𝐒~𝟏𝟎)



𝑆 =
𝜇0𝐿𝑉𝐴

𝜂𝑆𝑝
[Lundquist number]
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Semi-Collisional Plasmoid Instability 

S. D. Baalrud et al. (2011). PoP, 18, 92108
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In-Situ Measurements of Plasmoid Field Structure 
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In-Situ Measurements of Plasmoid Field Structure 



• Versatile driven reconnection platform (MA ∼ 0.7 or 2)

• Good power balance between inflows and outflows

• Anomalous heating with Te<<Ti

• Plasmoids observed, consistent with semi-collisional regime

jack.halliday12@imperial.ac.uk Magnetic Reconnection Experiments on the MAGPIE Pulsed Power Generator 33

Conclusions 

λ0

By [T]

L. G. Suttle et al. – PRL 2016; PoP 2018

J. D. Hare et al. – PRL 2017; PoP 2017; PoP 2018
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Further Work 

• Anomalous scattering in the vertical 
direction (ion-acoustic turbulence)

• Structure along the reconnection layer 
(temperature / velocity measurements 
within plasmoids)

• Signatures of plasmoid mergers
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Parameter Inflow Layer

Electron Density (𝑛𝑒) 3 × 1017 cm−3 6 × 1017 cm−3

Effective Charge (𝑍) 4 6

Electron Temp’ (𝑇𝑒) 15 eV 100 eV

Ion Temp’ (𝑇𝑖) 50 eV 600 eV

Layer Half-Length (𝐿) 7 mm

Layer Half-Width (Δ) 0.6 mm

Ion skin depth (𝑑𝑖) 0. 71 mm 0.41 mm

Thermal  Electron MFP (𝜆𝑒𝑖
th) 9 × 10−2 mm

2 keV Electron MFP (𝜆𝑒𝑖
fast) 40 mm

Velocity (𝒗) 50ෝ𝒙 km/s 130ෝ𝒚 km/s

Alfven Speed (𝑣𝐴) 70 km/s …

Sound Speed (𝐶𝑆) 30 km/s 85 km/s

Fast MS Speed (𝑣𝑓𝑚𝑠) 75 km/s …

jack.halliday12@imperial.ac.uk Magnetic Reconnection Experiments on the MAGPIE Pulsed Power Generator 36

Plasma Parameters (Carbon Plasma)
Parameter Inflow Layer

Alfven Time (𝜏𝐴) 100 ns …

Ion-Elec’ Cooling Time (𝜏𝑒\i
𝐸 ) 30 ns 140 ns

Radiative Cooling Time (𝜏𝑟𝑎𝑑) 100 ns 600 ns

Magnetic Field (𝐵𝑦) 3 T …

Reconnecting E Field  (𝐸𝑅𝑒𝑐) 150 kV/m

Dreiser E Field (𝐸𝐷) 2 × 103 kV/m

Thermal Beta (𝛽𝑡ℎ) 0.4 …

Dynamic Beta (𝛽𝑑𝑦𝑛) 1 …

Lundquist Number (𝑆) 100

Two-Fluid Effects (𝐿/𝑑𝑖) 18

𝜆𝑒𝑖
th/𝐿 1 × 10−2

𝜆𝑒𝑖
fast/𝐿 1

𝐸𝑟𝑒𝑐/𝐸𝐷 4 × 10−2
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Plasmoids in Electron Density Maps
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Plasmoids in Electron Density Maps
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Generalised Sweet Parker Model
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Thermal pressure significantly accelerates outflows into vacuum:

Compressibility and ionisation effects enhance inflow velocity:

2δ

2L

H. Ji, M. Yamada et al. (1999). POP, 6 (5), 1743



Neglect Reconnected Magnetic Field

• Sweet-Parker model predicts:

• Magnetic energy in outflow small:

J. D. Hare: Pulsed Power Driven Reconnection, jdhare@ic.ac.uk 40



Anomalous Heating of Electrons

• No energy exchange with ions

• No radiative cooling

• Solve:

• Spitzer resistivity too slow

Jack Hare, jdhare@ic.ac.uk, Plasmoids in Pulsed-Power-Driven Reconnection 41



Anomalous Heating of Ions

• No energy exchange with electrons

• Solve:

• Classical viscosity too slow
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