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In 1956, V.I. Veksler') indicated the possibility of performing new
methods of acceleration involving the use of collective interactions.
During the past few years these ideas have been successfully developed
on both theoretical and experimental levels, firstly in the USSR?) and

later in other countries.

The staff of the JINR Department for New Acceleration Methods has
made great progress in the development of the collective acceleration
technique, and has accelerated o particles on a collective linear ion
accelerator model. This gave experimental proof that the new acceleration

method is efficient.

In order to accelerate protons or heavy ions by the new method, a
dense cluster of electrons is required. In the JINR collective ion
accelerator model, a ring—shaped bunch of electrons rotating in a magnetic
field is used to form this cluster. The LIU-3000 induction linac is
used to inject the electrons. The 100 A, 1.5 MeV beam is injected into
the adhesator's weak—focusing field to a radius of 40 cm. The pulse fields
are switched on to ensure pinching of the beam and further adiabatic
compression down to a radius of 6 cm. During the initial turns, the beam
has an elliptical cross-section with semiaxes Ar ~ 1.6 cm in the radial
direction and 1.2 cm in the axial. During adiabatic compression, the

beam's transverse dimensions are reduced?) .

Calculations show that, allowing for variations in the frequency of
betatron oscillations due to the capture of ions from the helium medium
in which compression occurs, the ring's cross—section measures v 1 mm at
the final stage of compression when P = 1077 mm Hg. These calculations
are confirmed by the measurements made of the ring's radial cross-
section during its ejection from the potential well. Figures 5 and 6
illustrate the adhesator's system of coils and the magnetic field pro-
duced by this system. As can be seen from these figures, in order to
eject and accelerate the ring, the magnetic barrier must be distorted
adiabatically ~- its symmetry must be disturbed in such a way that an
ejecting force acts on the cluster in the z direction. To do this,
coils (4), (5), and (6) are shunted at a specific moment by means of the
spark gap (9). As a result, a magnetic field is set up in the adhesator

(a graph of this field is also shown in Fig. 6), the axial gradient of
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which creates the required accelerating force. The problem of confining
the ions within the ring of electrons during acceleration imposes
specific demands on the field gradient“). The gradient is controlled by
selecting the time for switching on the spark gap (9) and solenoid (7).
It is hard to measure local gradient values very accurately. Therefore,
when the ring was accelerated, the mean field gradient in the 40 cm
accelerating area was maintained at approximately 10 Oe/cm. With this
gradient, the ring is not accelerated to the maximum, and doubly-charged
o particles can be accelerated to 30 MeV. As calculations show“), the
ratio of the number of accelerated o particles to those initially trapped

in the potential well is 30Z.

The accelerated ring, charged with o particles, strikes the target
which is made from copper foil. The target is located in the region of
strong field decay; a dummy target is placed directly in front of the
target and the electron component is precipitated on this. However, due
to the irregular precipitation of the electron ring, the energy of the

o particles is spread out towards the higher energies.

A technique of measuring the induced activity on the copper target
was used to monitor the beam of o particles and determine its main para-
meters, This activity is the result of the interaction of accelerated
o particles with the nuclei of 53Cu and ®°Cu. The main nuclear

reactions occurring on the copper are the following:

63Cu(u,n)GGGa TVz = 9.4 hrs

$3cu(a,2n)®%Ga Ty = 15 min
2

85cu(a,n)®%Ga Ty = 70 min

®5cu(a,2n)®’Ga Ty, = 78 hrs.
2

66Ga is a very convenient isotope for monitoring gamma radiation
as its gamma spectrum contains two intense lines of 511 keV and 1040 keV.
As the measurements were made 4-5 hours after irradiation, the contribution
from the reaction's other channels in the 511 keV line is insignificant

due to the short half-life of °%Ga and ®%Ga 5).

The bremsstrahlung interaction of the electrons with the nuclei of
®3Cu and ®°Cu forms a secondary reaction on the copper. The photonuclear

reaction threshold on 65Cu(OL,n) is 11 MeV. 1In order to estimate the
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effect of isotope yield from these reactions, the copper target was
irradiated by the ring of electrons at maximum compression. There is no
activity in the gamma spectrum for this target in the energy ranges

which interest us. Thus, by measuring gamma spectra from the copper foil,
it is possible to assess the energy and number of o particles striking

the target.

Estimates were made of the efficiency with which the o particles
are recorded using this isotope. It was shown that it is possible to

monitor a-particle fluxes with Na > 5 x 10% and Eu > 10 MeV.

To determine the parameters of the a-particle beam, targets were
placed 40 cm from the median plane. The target is a composite type com-—
prising five sheets of copper and aluminium foil. The gauge of the
copper foil and aluminijum foil is 12 mg/cm® and 5.4 mg/cm?, respectively.
Four to five hours after irradiation, the activity of the foil was
measured on a scintillation spectrometer. Figure 1 shows the full gamma
spectrum, Figs. 2 to 4 show the spectrometer's main parameters, the
energy dependence of y-quanta recording efficiency, and the calibration

line.

The gamma spectrum contains two lines of 511 keV and 1040 keV. The
half-life of this activity was measured giving a value of Tb& = 9 hrs.
The energy was measured by measuring the activity in each layer. The
results are shown in Fig. 7. It can be seen that the maximum yield
occurs on sheet 4 of the copper foil. The energy of the incident
o particles was estimated using the results from papers®s’), and also
those obtained by irradiating the same foil stack in the U-200 cyclotron
at the Laboratory for Nuclear Reactions. These estimates give the value

Ea = (291 6)MeV.

The error in determining the energy value depends on the error in
measuring the thickness of the copper foil, which amounts to 107, and
the inaccuracy in fixing the position of the maximum in the excitation

function.

Knowing the energy of the o particles, the integrated flux of
incident o particles can be determined according to the isotope yield

on foil 4 using the formula



Ng
N = ————— (1)
o o(a,n) Nnuc
where Ny is the number of active 85Ga nuclei at the initial time and
Nnuc is the number of target nuclei per 1 cm®;
S ) . e>‘tde1ay
eak
Ng = —2P (2)

Ke(l - e—ktmeas)

S ~ area for photopeaks

peak ¢ P P
K ~  absolute quantum yield
€ - efficiency of quantum recording
t time between end of irradiation
delay

and beginning of measurement

t - measuring time

meas
A - 66Ga decay constant.

The calculations give the value for the integrated flux of

0 particles as Na ~ 5 x 10°.

The error in determining the number of o particles depends mainly
on the error in measuring the energy of the a particles (20%) and the
thickness of the copper target (10%). Thus the flux of o particles is

fixed at

N, = (5 1.5) x 10° .

The experiments and measurements have indicated the presence of
accelerated o particles and have thus proved unambiguously that it is
intrinsically possible to perform acceleration using the collective

method.

In conclusion, the authors wish to thank all those colleagues in the
department who helped with the experiments and assessment of results, in
particular: A.A. Rashevskaya, V.S. Khabarov, I.V. Kozhukhov, I.N. Ivanov,
E.A. Perel'shtejn, N.B. Rubin, V.A. Prejzendorf, and also Yu.Ts. Oganesyan

and A.T. Shamsutdinov from the Laboratory for Nuclear Reactions.
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