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Parameters
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The Schwinger critical field:  F/..it =
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Relativistically intense
X-rays
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ﬂ n overcritical plasma
Laser pulse_ ALV ---HE -
A * highest peak intensity among all laboratory sources . .
* shortest ever achieved duration u rBD
1as — e compact ,r"~\ U G
* controllable and tunable | \ o0&
‘ ' S50 \
\ / s "%
-~ o
C. 3
<
1fs = '
O 1t e ) .
S s I _
L *oe, ~.....: I hlghly
A 1 I relativistic
1ps c® I8 ! intensit
5‘. :g 3 oy | Y
o £l
qi | "A)
) .
: ool overcritical
1ns .. : =
2 plasma
(S8 O
i nl
| | | | | | | | .
109 1012 1015 1018 1021 1024 1027 1030 hlghly
non-linear

Intensity, W /cm? interaction



Intensity, W/cm?

Relativistically intense
X-rays
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Theoretical foundations

Plasma illuminated by laser light
at oblique incidence (angle 8) can
be modelled in 1D by boosting
parallel to the plasma surface by ¢

sin0.
A. Bourdier, Phys. Fluids 26, 1804 (1983).

Under the radiation pressure the
plasma forms an oscillating

reflecting interface.

Bulanov et al. Phys. Plasmas 1, 745 (1994);
Lichters et al. Phys. Plasmas 3, 3425 (1996).

The scenario is determined by the
relativistic similarity parameter S

= n/a.
S. Gordienko et al. PRL 93, 115002 (2004).
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Optimizing the signal

The “dream regime” of laser-plasma interaction
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The relativistic electron spring: Gonoskov et al. PRE 84, 046403 (2011)



Principles of the X-ray
generation
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Amplifying the intensity
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Wakefields In solids
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PIC simulations for A =5 nm, S = 103 indicate the possibility of driving wake-fields in solids.

B. S. Wettervik, A. Gonoskov and M. Marklund Physics of Plasmas 25 (1), 013107 (2018)



Wakefields In solids
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PIC simulations for A =5 nm, S = 103 indicate the possibility of driving wake-fields in solids.

We see a possibility to significantly increase the current density, which could be important for
some applications.

B. S. Wettervik, A. Gonoskov and M. Marklund Physics of Plasmas 25 (1), 013107 (2018)



The gquantum vacuum

* Photons can effectively interact via fluctuating electron-positron
pairs.

» Astrophysical applications; laboratory tests of high field QED.

* Many of these crossections scale positively with increased
frequency.

Vacuum fluctuations

Magpnetic field
ic nucleus . .




The gquantum vacuum

Quantity X <1 x > 1
photon emission rate [¢/A] 1.44avy 1y 1.460y~1x2/?
radiation power [mc® /X 200x° /3 0.37ax?/?
mean photon energy [mc?] 0.43vx 0.25%
r.m.s. divergence angle 1.1~y ! 1.3v 1ty 1/3
pair creation rate [c/A] 0.230y Lxe 8/ X)) 0.38a~y 1y?/3
helicity flip rate [c/A] XQ')/_l —
radiation length L; [A] 33a; " X - 55ag X 1/3
mean free path L, [A] 48a,, 15a, X 1/3
formation length L [A] 0.18@51 0.21a; *x'/?
pair creation length L, [\]  95a; 'ed/ (3% 57(151)(1/3
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Vacuum birefringence

The "vacuum” state (i.e. with a background field) shows a
birefringent nature: an anisotropic dispersion of photons.

(Adler 1970, 1971, Heyl & Hernquist 1997, Dittrich & Gies
1998, Rikken & Rizzo 2000, 2003).
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Vacuum birefringence

 Refractive index different for different
propagation angles, relative external field.
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» Corresponds to helicity flip in QED.




Conclusions

Strong fields should be characterized by invariant
parameters.

Relativistically intense X-rays access unexplored regions
of parameter space.

Driving wakefields in solid-density plasmas gives
nanoscale/attosecond electron bunches.

Quantum effects, such as vacuum birefringence, have
strong frequency dependence. Can be tuned to processes
of interest.



