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Laser-Plasma accelerators

4 CONVENTIONAL ACCELERATORS:
— electron gun (photocathode) + accelerating cavities (RF)
— accelerating fields <100 MV/m

@ LASER-PLASMA ACCELERATORS
— plasma medium (gas ...) + electron plasma waves (intense laser)
— accelerating fields >100 GV/m

A schematic drawing of the principle of acceleration —
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Determination of the source term

€ Measurements on existing facilities up to 1 PW
Not easy task

=because the modality of production of particles (pulsed radiation);

mbecause of the availability of instruments able to measure very short pulses.

€ Only dosimetric evaluation are available Direct dose
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@ Any extrapolation to power higher 100 PW is quite impossible Laboratory
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Determination of the source term

Target Thickness 1 um Material H Density 0.088 g/cm3 2kJ 15 fs 1.6x10%3 W/cm?

Proton angular energy spectrum
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LNF FLAME Project

As already said the number of the new facilities, equipped with multi-terawatt laser, used for studies
in ultra-high intensity laser interaction with solid, gases and plasmas, as well as for high energy
gradient acceleration technique, knows a continuous increase in the world.

At National Laboratories of Frascati (LNF) is under commissioning the FLAME Laser ( Frascati
Laser for Acceleration and Multidisciplinary Experiments) whose main parameters are

Peak power 300 TW Output energy 8 J

Flame_Focused_Intensities

Pulse duration 20 fs Repetition rate 10 Hz

e 50pm diameter spot (100 %)
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Up to 10%° W cm™

At laser interaction intensities of greater than 10’ W cm™ a
considerable part of laser energy is converted into generation of
radiation.

Energy (J)
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Extreme Light Infrastructure (ELI)

http://www.laserlab-europe.net/
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LWFA with external

injection;

Thomson scattering;

LWFA with self-injection (SITE)
Proton acceleration (LILIA);
AO-Thomson (G-resist);

—_—

FLAME lab
Established
Dec. 2010

SPARC bunker FLAME

Previously
existing

e-beam -
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Accelerator shielding

The thickness of the shielding depends from the attenuation of the so called prompt
radiation ( mainly bremsstrahlung X-rays and neutrons) and from the radiation
protection policy chosen.

According to the recommendations of ICRP, to the European Directives as well as the
laws in force in such matter in Italy, the recommended dose limits are listed in the
following table.

Table 6. Recommended dose limits in planned exposure situations®.

Type of limit Occupational Public Our licensing authorities,
S referring to FLAME project,
Effective dose 20 mSv per year, averaged over | mSv in a year' remembered recently to us
defined peniods of 5 years® that the shielding design

Annual equivalent dose in: _ o should/ must ensure an
Lens of the eye® 150 mSv fqul'valenft iose l'mz'gs 15 mSv effective dose for the

. cd or lens of the eye members of the public
?Ike::ds and feet :% g: mSv/y f() mSv outside the shielding of
s - 10uSv/y!!

The radiation protection policy would suggest to adopt radiological requirements
lower than the limits above recommended.
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For the shielding evaluation We reported only the values obtained in most conservative case

from the point of radiation protection view (200 MeV, 1 nC/shot,
10Hz)

250 h/year

H*(10) < 1mSv/year

¢ Total attenuation (5 m, 90 degree)

ambient dose equivalent rate

The ambient dose equivalent rate
was evaluate only at 90°
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Plasma

FLAME Laser pulse
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Flame laser pulse
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1 0.55  0.84
= 2 0.84  1.99
noints : 3 0.56 1.01
he interz 4 0.34  0.56
e 5 1.05  2.31
6 611  497.22
7 65  174.00
8 48  1.29
9 327 135
10 23 0.99
11 13 0.52
12 006 0.04
13 005 0.04

J 70
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A person close to interaction chamber (point 6)

during the operation in such conditions could receive
in one minute about 2 mSv. This value is consistent
with maximum credible accident.
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Ambient dose equivalent rate
just outside FLAME pit as shown
in the previous figure.

H*(10)(uSvh?)

Each point represents the ambien

BBl

« dose equivalent obtained

Y $ > Time :
N N N N averaging samples on each
v Y Vv Y SIS P
minute of operation and scaling

0.4 for an hour.
o 27 July 2012 A contemporary gamma and neutron
S 0.3 - rhotons emission not always were detected.
V) —=— Neutrons
= 0.2 ' I
=y _’J ' Neutron background is negligible in
= ] AN : . .
Nt 0.1 WE A SR practice, while photon background is
= 0 M‘u.r"l' ~0.06 PSv/h

VQ Qo, : h;\ Annual exposure to natural radiation sources is
Q N Time N ~3.3mSv equal 0.38 pSv/h.
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