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Mass symmetry in pair plasmas leads to different plasma behaviour to traditional plasmas, and 
they can enrich outflows from extreme astrophysical objects
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Artist’s impression of blazar jet. 
Credit: NASA.

Pair plasma processes play a fundamental 
role in energy dissipation and radiative 

emission...

…but models have never been tested in the 
laboratory.



High-yield pair beams can be produced using ultra-relativistic protons 
accelerated by the Super Proton Synchrotron at CERN.
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3 x 1011 protons
440 GeV/c
0.25 ns (1-σ) C. D. Arrowsmith, et al., “Laboratory realization of relativistic pair-plasma beams”, Nature Communications 15, 5029 (2024).



A laboratory testbed for relativistic electron positron plasma studies has been developed at the 
HiRadMat facility, driven using the Super Proton Synchrotron at CERN
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For an ambient plasma, a meter-scale inductively coupled argon plasma discharge was 
constructed, and the plasma parameters characterized using a Langmuir probe.
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Design criteria:
1. Beam dimensions exceed skin depth (np > 1011 cm-3).
2. Long enough for instabilities to develop (L ~ 10’s of cm). 
3. Diverging beam is contained over 1 m (d > 2.5 cm).

p = 4 Pa



A laboratory testbed for relativistic electron positron plasma studies has been developed at the 
HiRadMat facility, driven using the Super Proton Synchrotron at CERN
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A laboratory testbed for relativistic electron positron plasma studies has been developed at the 
HiRadMat facility, driven using the Super Proton Synchrotron at CERN
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No evidence of filamentation is observed in the transverse beam profile, imaged using 
luminescence screens.
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PIC (OSIRIS) simulation



Faraday rotation using a magneto-optic crystal achieves a magnetic field sensitivity of 
B~5 mT, but no significant fields are observed.
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Suppressed beam instability due to the finite thermal spread of the beam is the 
most plausible explanation, which is confirmed by 3D particle-in-cell simulations.
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(cold beam, Δ =0)

Δ𝜃 = 2.5%

Experimental Conditions

Idealised Conditions



Suppressed beam instability due to the finite thermal spread of the beam is the 
most plausible explanation, which is confirmed by 3D particle-in-cell simulations.

19



Assuming the instrument sensitivity as the upper bound, we estimate an upper bound for the 
growth rate of the magnetic field

FLUKA + Ampere’s Law 0

Faraday sensitivity exp
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Scaling the growth rate and saturated magnetic field amplitude

Pair density, mean Lorentz factor and transverse momentum spread of beam, and electron density and collisionality of plasma.
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Implications for blazar pair cascades – here include B scaling.
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Inverse Compton cooling time

Theory, 

Scaling argument 

Observational Data (MAGIC, Fermi/LAT)

Scaling argument (particle trapping) 

𝜆 ∼ 𝜆௦


