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INTRODUCTION * Electron-positron beams in astrophysics
* Positron beams in conventional accelerators

» Alternative schemes towards neutral electron-positron plasmas

NEUTRAL ELECTRON-POSITRON = Optical set-up

BEAMS = Electron-positron beam characteristics

ELECTRON-POSITRON BEAM =* Beam filamentation
DYNAMICS * Magnetic field generation
= Expected beam profile

= Experimental evidence

= CONCLUSIONS AND OUTLOOK = Ongoing experiments
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Introduction

Neutral electron-positron beam dynamics
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» Highly-collimated electron-positron jets are observed being emitted by massive and
powerful objects, such as quasars, pulsars, and active galactic nuclei

Céntaurus A
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() == Astrophysical jets  EPSRC

» Highly-collimated electron-positron jets are observed being emitted by massive and
powerful objects, such as quasars, pulsars, and active galactic nuclei

Céntaurus A

= Associated with strong emission of gamma-rays

| = Optically thin

| = Power-law spectrum: n()/) o )/_(ZOHI) , a=0.5
" Some predominantly leptonic

= Relativistic

" Strong interaction with the intergalactic medium
| * Largest single events observed in the Universe

B = Lquipartition: 10 — 10

"Optica
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» Highly-collimated electron-positron jets are observed being emitted by massive and
powerful objects, such as quasars, pulsars, and active galactic nuclei

Céntaurus A

= Associated with strong emission of gamma-rays
| = Optically thin

* Power-law spectrum: n()/) o )/_(ZOHI) , a=0.5
" Some predominantly leptonic
= Relativistic
" Strong interaction with the intergalactic medium
| * Largest single events observed in the Universe

B = Lquipartition: 10 — 10

The generation of gamma rays requires strong and long-lived magnetic fields:

> Intergalactic magnetic field (~ nT) too small

» MHD shock-compression, equipartion of 10-!!

> Fields from the central engine, equipartition of 107
> Weibel-generated fields, too short-lived
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== Astrophysical jets  EPSRC

» Highly-collimated electron-positron jets are observed being emitted by massive and
powerful objects, such as quasars, pulsars, and active galactic nuclei

Céntaurus A

= Associated with strong emission of gamma-rays
| = Optically thin

* Power-law spectrum: n()/) o )/_(ZOHI) , a=0.5
" Some predominantly leptonic
= Relativistic
" Strong interaction with the intergalactic medium
| * Largest single events observed in the Universe

B = Lquipartition: 10 — 10

The generation of gamma rays requires strong and long-lived magnetic fields:

> Intergalactic magnetic field (~ nT) too small

» MHD shock-compression, equipartion of 10-!! Electron-positron
> Fields from the central engine, equipartition of 107 beam flamentation?
> Weibel-generated fields, too short-lived
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General setup EPSR
o Laser-wakefield electrons to trigger the cascade in a solid

v" Divergence: 1-5 mrad (from solid: ~ 20 degrees)
¢ v Duration: ~ 10 s (from solid: 1 — 10 ps)
v Energy: 100s of MeV (from solid: 10s of MeV)
v" Laser energy: ~1-10] (from solid: ~k])

v Possibility of generating neutral e'/e* beams in situ!

" Accetersting
o electron beam
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3.3cm

General setup EPSRC

>
e @
Laser

Gasjet

15cm

v" Divergence: 1-5 mrad (from solid: ~ 20 degrees)

v" Duration: ~ 10 fs (from solid: 1 — 10 ps)

v" Energy: 100s of MeV (from solid: 10s of MeV)

v" Laser energy: ~1-10] (from solid: ~k])

v Possibility of generating neutral e'/e* beams in situ!

Iron Magnet Yoke

Plastic

Plastic

Iron

G. Sarri et al., Phys. Rev. Lett. 110, 255002 (2013)
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7 Accelerating
electron beam
P r— v T

7 v Divergence: 1-5 mrad (from solid: ~ 20 degrees)

| ¢ v Duration: ~ 10 fs (from solid: 1 — 10 ps)

[ " v Energy: 100s of MeV (from solid: 10s of MeV)

v" Laser energy: ~1-10] (from solid: ~k])

v Possibility of generating neutral e'/e* beams in situ!

15cm

< 2
Iron Magnet Yoke

Plastic

3.3cm

o B -

Gasjet

Laser

Plastic

Iron Magnet Yoke G. Sarri et al., Phys. Rev. Lett. 110, 255002 (2013)
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G. Sarrietal.,
Nature Communications
6, 6747 (2015)
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A neutral pair beam
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A neutral pair beam
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A neutral pair beam
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Solid target

A neutral pair beam
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positrons

FLUKA simulations

» similar spatial distribution

» beam radius: ~ 150 microns

10° » positron percentage 46 — 50 %
== = Positrons
= Electrons 108
» spectral symmetry
107
o:”Mev » departure from neutrality
1 .
only at low energies (< 5 MeV)
10°
o0 a0 0
Energy (MeV)

G. Sarri et al., Nature Communications 6, 6747 (2015)
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Laser-driven electron-positron beams have, however, a broad spectrum (Maxwell-Juttner
distribution and a wide divergence
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X = 9107.0390
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v Electrons (blue) and positrons (red) produce beam-lets with a characteristic diameter of
the order of the relativistic skin depth of the beam

v" The beam-lets tend to distribute by filling each others density gaps
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Neutral electron-positron beam dynamics Guanluca Sarn
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Filamentation: theory EPSRC

Go!d North Beam,
Electron Foil F/2 Parabola

Beam

Primary
Gas Cell

South Beam,
F/20 Parabola

Lead
Converter

Proton
Beam

Interaction

Cell

Plastic
Shielding

Lead
Shielding

Positrons

Screen

Backeround plasma

* np=10%cm?

* Ty, ~ 100 eV (from Hydro simulations)
* wp=>5.6x10"Hz = t, ~ 100 fs

* vy~ 7x10°m/s =¥ rp ~ 40 um
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Filamentation: theory EPSRC
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A Cell
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Lead
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Proton
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Shielding

Electrons

Positrons

Background plasma

* np=10%cm?

* Ty, ~ 100 eV (from Hydro simulations)
e * wp = 5.6x10" Hz = t, ~ 100 fs
* vy~ 7x10°m/s =¥ rp ~ 40 um

Electron-positron beam
L e pp = 4x100 cmd
* Yav ™ 19
* wp=3.6x102Hz =» t, ~ 1.7 ps
* ¢/wg ~ 80um = (relativistic) c/wy ~ 320um
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Filamentation: theory EPSRC
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o Backeround plasma

shietding Shl;:lz(ijng ® nP — 1018 Cm-g
e S * Ty, ~ 100 eV (from Hydro simulations)

Electrons > \\Slicarr;i); ° WP - 5.6X1013 HZ 9 tP ~ 100 fS
/ e vy, ~ 7x10°m/s =P rp ~ 40 um
Electron-positron beam
L e pp = 4x100 cmd
* Yav ™ 19
* wp=3.6x102Hz =» t, ~ 1.7 ps
* ¢/wg ~ 80um = (relativistic) c/wy ~ 320um

Positrons

v" Beam-plasma linear instability theory predicts a growth rate and a wavelength:

13 M. V. Medvedev et al.,
r ~ CUBCUP ~ 10 HZ ) A« ~ ZJTC/F ~ 150 Mm Ap1526’697(1999t)

Granluca Sarn

Shde 11/15




Filamentation: thecory EPSRC

o Backeround plasma
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* wp=3.6x102Hz =» t, ~ 1.7 ps
* ¢/wg ~ 80um = (relativistic) c/wy ~ 320um

v" Beam-plasma linear instability theory predicts a growth rate and a wavelength:

I~ w,w, ~10° Hz, A~2mc/T ~150 um

v" The instability should then grow within tens of microns, producing 1-2 filaments!

M. V. Medvedev et al.,
APJ 526, 697 (1999)

v" The background plasma gyroradius is smaller than the filament wavelength,

suggesting that the plasma can get magnetised
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Can proton radiography see these fields?
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Can proton radiography see these fields?
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Can proton radiography see these fields?
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Proton radiography
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Can proton radiography see these fields?

defocussing

(10 fs) return
l current

RCF
| Jocussing
) gas |
|

 cccep |
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|
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proton beam
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Proton radiography EPSRC

Can proton radiography see these fields?

A‘ RCF
____ defocussing\ || Jocussing
| gas i

e  beam |
b === ——— L - — == |

(10 fs) return i

|

|

} current

v" Azimuthal magnetic fields left in the background plasma persist for longer than the
duration of the beam (proton radiography resolution ~ ps)

v" The divergent nature of the proton beam
implies that azimuthal magnetic fields induce =
focussing/defocussing of the protons

-4 0 2 4 6 8 10

A. Smyth et al. Phys. Plasmas 23, 063121 (2016)
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v" Proton radiographs of the background gas, show clear proton modulation only for
quasi-neutral electron-positron beams:
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v" Proton radiographs of the background gas, show clear proton modulation only for
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» These beams can be used to investigate
fundamental pair beam dynamics
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