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INTRDUCTION The energy of the beam remained constanie¥, the

At present, the beams of charged particles amuration of beam pulse varied fromSec up to 20
used not only in fundamental researches but they haygec, cross section of the beam was 1 cm®. The scheme
found a wide application in solving the plasmaf the experimental setup is represented in Fig 1. The
electronics problems [1], modification of materialproton beam falls down the edge face of the acoustic
surfaces properties [2] and in a number of othegaveguide (2). Excited oscillations were registered by
applications. piezosensors (3,) placed along waveguide length.

Beams of the charged particles, interacting witfThe signals were fed to the electronic oscillograph. As
solids, excite elastic oscillations [3,4]. The energy flowan acoustic waveguide the prism manufactured from an
of pulsed intense beams can achiev&-10' W, that acrylic plastic with the sizes 1.5-1.5-60°owas used.
considerably exceeds the power of known controlleihe choice of the given material is caused by the fact

energy sources. Therefore, the use of intense beamstfgit its wave resistancev_is close to the wave
generation of elastic oscillations is of increasing . - . S . .
interest. esistance of liquids, with which the irradiator should be
It is possible to mark three basic mechanism&2atched g is densityy, is sound velocity).
of elastic pulse excitation by intense beams of charg:
particles, namely: shock, thermoelastic, and ablatic EO.
ones. The shock mechanism - generation of oscillatio
by transfer of beam momentum to the target - is tt
basic mechanism in the range of small energies, wh
the effective reflection of particles from target surfac
prevails. Thus the double momentum of beam pulse
transferred to the target. With increasing of beat
energy, the particles penetrate into target substani
transferring to the target both momentum and energy.
Irradiated volume is heated up and deformec

kR 32 33 3.4

exciting an elastic wave. If the absorbed energy results Fig. 1 Scheme of experimental setup

in intensive evaporation of a target, the ablation

mechanism is included forming a pulse of pressure due EXPERIMENTAL RESULTS

to the ablation process. The pulsed pressure®aon In the work the spatial-amplitude characteristics

solids can be achizeved with the thermoelastigf excited oscillations and spatial distribution of the
mechanism and fOlOl Pa with ablation development acoustic wave amp”tude in the Wa\/eguide are
[4], while modern piezoelectric and magnetostrictiomvestigated, the modes of excited waves are identified.
converters used in ultrasonic engineering have The characteristic oscillogram of oscillations
allowable pressure only to 1Pa. (a), registered by piezosensors 3, is represented in
In this connection of increasing interest is the Usgig.2 This oscillogram is obtained by means of the
of charged particles beams for generation of ultrasonignsor 3 placed at the distance 15 cm from the
oscillations, which are greatly required in physics anghteraction region of the beam with the target
engineering. At present the ultrasound has a wid@aveguide edge). The sensor sensitivity is [[VBPa,
application for the intensification of technologicalmaximum amplitude corresponds to the value of
processes, defectoscopy, modification of materigressure ~ f0Pa. The bottom oscillogram (b) is the

properties, signals processing and propagation. calibration signal of frequency 100 kHz.
The experimental works performed early [3, 4]

with electronic and ion beams have a demonstrating
character, the fact of excitation of elastic pulses in the
condensed substance was established. Besides, the
excitation of pressure pulses by ion beams is more
effective, comparatively to electronic ones, since ion
beams have considerably larger energy linear losses.
EXPERIMENTAL SET UP

In the given work the experimental results on
research of excitation of ultrasonic oscillations with a
proton beam in a specific system represented by the o ) . o
acoustic waveguide are represented. The transition fj9. 2 Characteristic ospﬂlogram_s of elastic oscillations
heavy particles, in comparison with electrons, has (a) and calibrating signal (b).
allowed to find out the effect of ultrasound excitation at From the analysis of oscillograms it follows, that
the comparatively low beam currents of about 5:20 the excited oscillations represent harmonic damping




sound oscillations at characteristic frequency ~ (0.8-: InA
.10° Hz. Parameters of ion beam during measuremer

are the followings: current 20A, energy 5 MeV, pulse A
duration 1Qusec. ¢
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' ' ‘ . > Fig.4 Change of the maximum amplitude of oscillations
5 10 15 20 7 4 along the waveguide
THEORY
A For the determination of excited frequencies
, arb. un. . . . o
range and oscillations identification it is necessary to
4 consider the character of acting force and properties of
4 - the system - acoustic waveguide. In this case the
external acting force is displayed as impact working
3+ during some time (duration of beam pulse). The most
b) probable mechanism of energy transfer to the acoustic
2r system resulting the oscillations excitation, is the
| thermoelastic one.. Really, at the fixed beam energy 5
! MeV, current 5-20 mA, area of cross section lem?, the
l | l L > density of energy flow is equaj= (2.5-10Y10° W/n?,
5 10 15 20 1 mA that is lower by some orders of magnitude than the
’ critical g*, at which ablation arises [4].
) ) o ) . _ANO . . Y
Fig.3 Dependencies of oscillations amplitude upon the q1= FT if 6>> (O(T) (1)

value of beam current (a), and upon pulse duration (b?/vhere T=0.1/R a and A are the temperature and
The dependencies of the maximum amplitud ' '

of oscillations upon beam current and pulse duratia e_rmqelast|c factors, rgspecnv'ellya IS the Iepgth
were investigated. In the diagrams of Fig.3 th pnhization proton Iosse§ in target; in thl_s case it ma_kes
dependencies of oscillations amplitude upon the valdie value ~ 10 -2em; L is mole evaporation heat, R is
of beam current (a), at pulse duration of lig&c., and universal gas constams duratlon of beam pulse. .
upon pulse duration (b), at beam current of 10mA are .The acoustlc_ proper_tles of the a_coustlc
represented. The values of amplitude are given By ve_gwde are determmeq by its geometrlcal sizes and
arbitrary units. Each point in the diagrams is evaluate astic properties of matenaI: In t_h|s case there may be
by averaging the experimental measurements fort e propagation Qf ha_rmomc eigenwaves extending
pulses. From the represented results it follows, that t on?hthe :Navtegwdef wnhou(; cpalr&ge of ghe wave form.
maximum amplitude grows directly proportionally to yr ents ruc ureinol S\c/)vu':'/ Ier ea(i{in elgelnn wa;/r?
increase of beam current and pulse duration. It [gpresents  a single  wave —propagating  along ©

necessary to note especially, that the frequency Wﬁ;;e?uadetﬁnd iStar?V(\j/”Lg in ? tr?]nfvetrs;eillz C(j;ricuo:;t'i InI
excited oscillations and character of damping in aflo ods the Sge at_elsdqe cha ac_l_eh € yf f'c?d
cases remains constant. requencies and essential dispersion. The acoustic fie

In the diagram of Fig.4 the change of thegf ttf;]e W&}V?_ prlopogatmg along the axis Z, is determined
maximum amplitude of oscillations along thePY "€ retaton:

waveguide is shown. The measurement of distance was P, =4, cosfnl‘[xcosimﬁy x

made from place of beam interaction with target - d [

waveguide edge. As it follows from the represented O O (2
: : . Omd  Omnd

diagram, the amplitude decreases by the exponential x expi | k2 -G B, — iyt
Iawg.J P g P P dE ! EZ l E

where A,, is the wave amplitudex, y are the
transversal directions of waveguide,and | are the
appropriate cross sizes, and m are the numbers of
waves, which take meanings 0,1,2,3 k.,is wave
number. The dispersion of phase and group velocities is
given by expressions:



v distance 1=m. from the place of beam interaction with
“ 3), target has value ~ i®a. Then, taking into account the
o _ ] waveguide volume, in which the energy of an elastic
lk E k E standing wave is located, and the spatial distribution of
amplitude (Fig. 4), it is possible to conclude, that about
o=y l1- Om _ OmmJ (4) 10% of beam energy was transformed to the energy of
£ k H Eﬁ% " elastic oscillations. As it follows from the diagrams of
5 5 ~ Fig. 3, the amplitude of oscillations grows linearly with
If x >\/(an/&') +(mTf/1) , then wave propagation increasing of beam current and pulse duration. It
. 2 2 corresponds to the model of thermoelastic mechanism
takes place; if £ < \/(”TW) +(mmi)" , then wave of oscillation excitation [3,4], from which it follows that
propagation is impossible. The critical frequency, beinglastic wave amplitude is directly proportional to the
lower for the wave be not propagating, is determine¢plumetric density of the absorbed energy.

from the relation: Thus, the possibility of ultrasound generation
G Cmm? O in solids by a pulsed beam of the charged particles is

w? = E + WE 0 (5). experimentally shown. Use of proton beam has allowed

| T EHd 1R to find out the phenomenon of oscillation excitation at

anleW currents ~ GmA. The transition to intense proton
hglnd ion beams will allow to elaborate generators of
éJItrasonic oscillations with high power levels.

If w<w mner the phase velocity goes to infinity,
group velocity to zero to (3) and (4), respectively. T
wave nature turns into oscillatory one with th
amplitude decreasing along the waveguide by the

exponential law. The fact of excitation of namely this

wave is proved experimentally (oscillogram of Fig. 2 Fainbera Ya.B F‘éEFERENtSl:ES £ ol lectroni
diagram of Fig. 4). Under the conditions of experimené’ ‘/"}'npﬁrg. a. f. lome pro 19822;3 \c; 1p1a3,31ile eclr??gnécs
the minimum meaning of critical frequency is equal: 1410y3|cs of plasma. - -V WAL P )
fiie = 1.2 16 Hz, (w=27f). The registered frequency . j . .

1 vl (05-2) 04 and does not cepend on beark DHTC AN IR A e LB e
current and pulse duration. The excitation of sound ged p

; ; . and alloys.- M.: Energoatomizdat, 1987.-p. |-184
wave at the given frequency is caused by oscillator, ;
properties of the system. The influence of pulsed Ranshenbach B., Hohmuth K. Generation of shock

nonsinusoidal force on it results in occurrence of oves by ion beam in solid target. // Phys. Status

: A : . Solid (a). - 1983. - V.75. - p.159 - 168.
damping oscillations at eigenfrequency. Proceedin : o
from the Hooke law, it is possible to show that thég' Golota V.1. et al. About the mechanism of excitation

characteristic frequencyf of «sounding» will be O;rgé?:;icbgsggzti%ﬁ PIE Ssugztl?rrr]]ce_ t\)/yggha'\rlg(e?d
determined only by elastic properties and geometrical 21093 - 1097 FNYS. ' o '

sizes of the oscillatory system.

_ | E

Here E is the Young moduled is the characteristic
wavelength determined by the waveguide cross sizes.
For the given materiaE ~ 7.5*10 Pa, p-= 1.2 16
kg/m®, waveguide cross sizes=| = 1.5 cm determine
the length of the first order wavd=3 cm. At these
parameters of the oscillatory system the calculated
frequency coincides with measured one.

It should be noted, that the critical frequency of a
given acoustic waveguide (IR0’ Hz) differs from
registered one (under critical, equal to O[8LF Hz), by
the value of measurements error. However, the fact of
exponential decrease of amplitude along the waveguide,
i.e. the absence of wave group velocity, is essential
argument for the benefit of the offered model for
acoustic field excitation in ultrasonic range at under
critical frequency.

DISCUSSION
On the basis of the given quantitative
characteristics of measurements it is possible to make
energy estimations of the efficiency of oscillations
excitation. The value of acoustic pressure in solids
characterizes the volumetric density of elastic energy.
The measured maximum amplitude of pressure at



