Laser and Particle Beam@001), 19, 249-252. Printed in the USA.
Copyright © 2001 Cambridge University Press 0263-0316$12.50

A compact laser-driven accelerator of macroparticles
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Abstract

Charged transparent macroparticles of silicium carbide of radia®.5 um are submitted to the repeated radiation
pressure of a laser beam which follows the sides of a squarg 3.5 m, using total reflection on three prisms. The
macroparticles follow a closed path since they are deflected by a strong electric field, using magnetic insulation. After
4650 revolutions, velocities up to 106 Ksican be reached.

1. INTRODUCTION macroparticle, namely a transparent sphere of silicium car-
bid SiC of massn = 1.68x 10™° kg, chargeq = 3.15X

The radiation pressure of light may accelerate macroparti10~*® C sog/m = 187.6 G/kg.

cles sized in the micrometer range to very high velocities. In - The driving force due to the radiation pressure of the laser

orderto avoid the vaporization and destruction of the macrobeam is

particle, Ashkin(1970, 1971 has suggested the use of trans-

parent materials. With the object of avoiding an accelerator

that is too long, Pozwolskil998 has suggested the use of

charged macroparticles driven by an electric field in order to ) _ ) ) )

follow a closed path. However the size of such a devicaVherec is the velocity of light ands = 0.1 is the reflection

could be considerably reduced by using magnetic insulatiofctor of the macroparticléraction of light reflected back

(Winterberg, 198% which allows extremely high electric  Numericallyf = 3.33x 10N and the acceleration of the

fields. The magnetic fiel® should be perpendicular to the Macroparticle isy = 1.985X 10° m/s” The equivalent

electric fieldE and its maximum value iE = 2.1 x 1088 Voltage that would produce the same acceleration along the

(Volt/m, tesla. In this article, we consider electric fields up '€ngthl is defined by:

to 60X 10° volt/m, which can be safely sustained using an

induction of 0.35 tesla. U, = myl/q=1585.5 V. 2

f = 2sP/c, D

2. CHARACTERISTICS OF THE LASER BEAM 3. CHARACTERISTICS OF THE TRAJECTORY

OF THE MACROPARTICLES
We consider a laser beam having exactly the same charac- ) o . .
teristics as estimatePozwolski, 1998in a previous arti- The macroparticles are injectedlimfter acceleration by a
cle: cw argon laser light, TEM mode, wavelength = dc voltagel; = 500 kV. Their initial velocity isvg = 13.696
0.5145um, powerP = 0.5 W. But now the considered beam km/s. They follow a circular path of radit® = 1 m since
follows the sides of a square 3:53.5 m through the use of they are deflected by aradial electric field between a portion
three prisms ensuring total reflection, as shown in Figure 10f two coaxial cylinders of radiuR, = 0.998 m andR, =
In the next section it will be shown that the macroparticlesl-008 m. We consider four sets of such portions of coaxial
are submitted to the beam along the segments AB, CD, Eps,ylinders. The inner cylinders are grounded and the external
GH, each of them of length= 1.5 m. The beam is focused cylinders are at a potentiél. An inductionB = 0.35 tesla,

so its radius ig = 0.5 um. This is also the radius of the Parallel to the axis of these cylinders, ensures magnetic
insulation. Such a field has a negligible effect on the motion

Address correspondence and reprint requests to: Alexandre Pozwolsk‘i),f masswe. macropartlgles. Besides, SL.JCh an_ effect 'COUId be
Education Nationale, 4 rue de la Plaine, 75020 Paris, France. cancelled if each portion of the coaxial cylinders is seg-
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0
LASER BEAM

Fig. 1. The laser beam follows the sides of a square>3.8.5 m, using total reflection on three prisms. The transparent charged
macroparticles are accelerated by the laser beam along the segments AB, CD, EF, and GH, eachlofléryth. The potential
differenceU between the portions of coaxial cylinders of radiRysandR; results in a circular path of the macroparticles; they travel
along the following arcs of a circle: HA,BC,DE,FG, each of them of raéRughe tubesl, maintained at the potentialof the orbit,

act as a shielded line.

mented, as shown in Figure 2, using, respectively, an upwherel, is the accelerating voltage that would result in a
wards and a downwards induction in each segmented portiorelocity v. The potential along the circular orbit is
The electric field acting on a macroparticle is
u = bu, (5)

E=auR ® whereb=alog(R/R;) =0.2008. The tub€eg,, T,, T5, T, are

at the potential of the orbit followed by the macroparticle,

wherea = 1/Log(R,/R,) = 100.3. For a macroparticle of \ich is shielded from stray fields. So the initial potential of

velocity v the required condition for a circular orbit is the external cylinders should bk = (2/a)U; = 9970 V and
the potential along the orbit is, = 2002 V; this is also the
U = mv?/ga=(2/a)u,, (4 initial potential of the tubeg.
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4. TIMING OF THE POTENTIAL VARIATIONS

]
The time origin is chosen at the first transit of the particle
N through A:ty, = 0. The velocity in M is
®3 vi1 = [20/m(U; + U /2)]Y7, (11
®
=S
5 -
€3)

and the transit through Moccurs at the timg 1 = (v11— vg)/

2 v=5.4703x10"°s. When the particle arrives in B, after the
first acceleration, its velocity is,, given by Eq(6), and the
transit through B occurs at the tinbg= (v — vg)/y.

The second laser acceleration begins in C at thetine

E (v1—vg)/y + TR/ 2v4, the velocil'% in the middle Mof tube
T, is vy = [20/m(U; + 3/2 U, )]*# and the transit through
T i M, occurs at
- R tor = (v — vo)/y + TR/ 20, (12

| More generally, for theith acceleration, the arrival in M
v occurs at the time

Fig. 2. Magnetic insulation is obtained by a vertical magnetic fiéld 7R

perpendicular to the electric fiel between the coaxial cylinders which tm. = (om. — vo)/y + <_> S (13
can be segmented in two parts. In the lower part of the figure the magnetic " " 2

field is directed upward§X)); so for a charged particle of velocitythe

electromotive fieldB is directed along the electric field. In the upper part where

of the figure the magnetic field is directed downwa¢@s and thevB field

is in the opposite direction d&. Furthermore sinceB < E, the motion of _ 12

the macroparticle is practically undisturbed by the magnetic field. om, = {20/mU; + (n = 1/2)U_ ]} (14

S =21, (15
1
The first laser acceleration process occurs along AB and
the macroparticle arrives in B with a velocity and the final velocity is

U1 = [ZQ/m(Ul + UL)]l/Z- (6) v, = [2q/m(U, + nUL)]l/Z. (16)
When the macroparticle is i, the middle of tubd, the

X ) : Some numerical values are given in Table 1, wh¢ren/4
external cylinders are raised to the potential

is the number of revolutions.

U, = (2/a)(U; + Uy), (7)

and the tube¥ are at the potential, = bU,. The subsequent Table 1. Numeric values for various numbers of revolutions.
acceleration processes occur along CD, EF, and FG. After

. . . . Un Un t’Vln S
accelerations, the total accelerating potential is N n (km/s) (KV) m (ms/m)
Up = Uy + nUL. 8 1 13.718 10.002 0.0547 0.0789
2 13.74 10.033 0.278 0.146
. . . 3 13.762 13.762 0.502 0.218
The potential of the external cylinders and the potential of 1 4 13.783 10.097 0725 0291
the tubesT are 5 13.805 10.128 0.938 0.363
2 8 13.869 10.223 1.614 0.58
U, = (2/a)U,, 9 5 20 14.124 10.602 4.247 1.436
2500 10000 78.335 326.12 667.12 217.31
U, = bU,. (10) 4650 18600 106.1 598.02 953.37 310.53

The potential rise, from,,_, to U, occurs when the macro- The variations of the potential of the external cylindéks and the

. . . . velocity v, are given, namely the numbeiof accelerating processds =
partlcle is in M,, in the middle of the tube where tireh n/4is the number of revolution§, andty, , respectively, are the sum of the

acceleration occurs. inverse of the velocities and the successive arrival times in M.
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5. FINAL RESULTS AND CONCLUSION whereg, is the permittivity of free space. In practice it looks

After 4650 revolutions, the final velocity is 106 kis and possible to use simultaneously beams of macroparticles

the potential of the external cylinders reached 598 kV. In theWhICh are_3 mm apart. o
As previously pointed out, the main interest of such macro-

considered device, the macroparticle is submitted to the _ e .
articles accelerated to hypervelocities is the generation of

laser beam on the major part of its trajectory and therefon%. . : X
o - . igh bursts of power and the simulation of micrometeors
the effect of gravity is negligible since the laser beam also

brings about a radial acceleration, about one half the valué-FmChtemCht & Becker, 19711
of the longitudinal acceleration, which constantly maintains
the macroparticle inside the bed#shkin, 1971.

Another point of interest is the possibility of accelerating
a set of macroparticles together. They should be Iocate%SHKIN A. (1970. Phys. Rev. Let24, 156
along a vertical line, perpendicular to the plane of Figure 1’ASHKIN7 A: (1971): AppI.IPhys.. Lettlé 28é.
and with a minimum spacin®, chosen so that the laser FRIICHT,ENICHT, JF. & BECKER, D.G. (i97]). Astrophys. J166,
radial driving forcef/2 should be larger than the electro- 7417
static repulsion between adjacent macroparticles. Thus, pozworski, A. (1998. Laser Part. Beam46, 503.

WINTERBERG, F. (1984). Atomkernenergie-Kerntech4, 312.
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