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Talk Outline

• MAGPIE reconnection platform

• Diagnosing energetic particles

• Measurements of accelerated 
electrons
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[L. G. Suttle et al. – PRL 2016; PoP 2018]

[J. D. Hare et al. – PRL 2017; PoP 2017; PoP 2018]
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MAGPIE Pulsed-Power Generator
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Sub-Alfvénic Regime
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Magnetic Reconnection Platform
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10 mm

Magnetic Reconnection Platform
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End-On View (X-Y Plane) Side-On View (X-Z Plane)

Direct Electron Acceleration 
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Fast Electron 
Beam



Reconnecting Electric Field
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Parameter Value Diagnostic

uin 50 km/s
Thomson 
Scattering 

Bin 3 T
Faraday 
Rotation

LZ 16 mm Interferometry

Erec = uinBin = 150 kV/m

න𝐅. d𝐥 ~ eErecLz = 𝟐. 𝟒 keV

𝐄 = −𝐮 × 𝐁 + η𝐣
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End-On View (X-Y Plane) Side-On View (X-Z Plane)

Fast Electron 
Beam

Diagnosing Accelerated Electrons
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X-Ray Emission 
(from target)

Target 



X-Ray Imaging and Spectroscopy

Particle Acceleration in Pulsed Power Reconnection

X-Ray emission 
(from target)

X-Ray filter 
Pinhole

X-Ray 
Detector 

Target 

Layer 

X

Z

Target 

(Figure adapted from S. A. Pikuz et al. 2008. Rev Sci Instr. 79, 013106) 

X-Ray Spectrometer
Spherically bent crystal 

(Mica, R=186mm)
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Electron Beam 
(from reconnection) 



Time Integrated Pinhole Imaging  
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End-On Setup Image
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XUV Image [100 – 400 eV]
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Thomson Scattering ⇒ Te ≤ 100 eV
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Time Integrated Pinhole Imaging  
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X-Ray Image [ > 750  eV]

X-Position (mm)

Thomson Scattering ⇒ Te ≤ 100 eV
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Time Resolved X-Ray Imaging Data
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X-Ray emission 
(from target)

X-Ray filter Pinhole + Slit

X-Ray 
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Time Resolved X-Ray Imaging Data
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Time Resolved X-Ray Imaging Data
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Time Resolved X-Ray Imaging Data
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X-Ray Spectroscopy Data
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(Figure adapted from S. A. Pikuz et al. 2008. Rev Sci Instr. 79, 013106) 

Target 

Electron Beam
(from reconnection)

X-Ray Spectrometer
Spherically bent crystal 

(Mica, R=186mm)
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Time Integrated X-Ray Spectra 

Fekα1 (E=6404 eV, m=8)

Fekα2 (E=6391 eV, m=8)
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Conclusions
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• Reconnection layer accelerates electrons to energies over 2 keV

• Consistent with acceleration by the reconnecting electric field

• Acceleration bursty ⇒ non steady-state / instabilities?
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X-Ray Image [750 – 1500 eV]
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[L. G. Suttle et al. – PRL 2016; PoP 2018]
[J. D. Hare et al. – PRL 2017; PoP 2017; PoP 2018]



Plasma Parameters
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λei ~ 6 × 10−3cmThermal Electrons: λei ~ 2.2 cm2 keV Electrons :
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Interferometry Thomson scattering
Faraday-Rotation 

Imaging

Diagnosing Plasma Flows

Particle Acceleration in Pulsed Power Reconnection 20

X (mm)

Z 
(m

m
)

X (mm)

Y 
(m

m
)

jack.halliday12@imperial.ac.uk



End-On View (X-Y Plane) Side-On View (X-Z Plane)

Interferometry (neL)
Thomson Scattering ( ux, uy, Te, Ti )

Interferometry (neL)
Faraday Rotation Imaging (By)

Diagnosing Plasma Flows
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Reconnection layer
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Time Integrated Pinhole Imaging  
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[ 𝑋 = 0.0 ± 2.5 mm ]
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Time Integrated Pinhole Imaging  
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Polypropylene filter transition 
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Aluminium filter transition 
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G. F. Swadling et al.(2014). RSI 85 (11), 11E502

1 mm

𝛼(𝑦, 𝑧) ∝ න𝑛𝑒𝑩. 𝑑𝒙

Magnetic Field Profile (Faraday Rotation 
Imaging)
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Harris Sheet:
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Velocity and Temperature (Thomson 
Scattering)

Cold (50 eV)
Fast moving
Δλ=0.6 Å
V=50 km/s

Hot (600 eV)
Stationary

Δλ

λ0
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Fibre Optic Bundle
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Fibre Optic Bundle



Post-shot images of target 
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Ionisation cross section
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Kα1 (ΔE =  1,487eV) Kα2 (ΔE =  1,486eV) 

Ref: Dyson, N. A. (2009) X-Rays in atomic and nuclear physics


