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INVESTIGATIONS ON NEW ACCELERATION SCHEMES IN DUBNA 
V.P.Sarantsev 

The direction in accelerators, based 
on the use of collective effects haa been 
born and developed as efficiently alter- 
native to synchrotrons and capable to 
assure high acceleration gradients by the 
more efficient way. It was relative to 
the accelerators of protons, heavy ions 
and electrons. 

One of the collective method direction 
using dense electron rings for the ions 
acceleration and there keeping during the 
acceleration has been investigated in the 
last few years in Dubna. Initially such 
accelerator should be a protons linear 
accelerator with high acceleration gra- 
dient. Then, taking into account the JINR 
traditions and other reasons, as for ex- 
ample rapid development of superconducti- 
vity, that defined the priority of pro- 
ton synchrotrons relatively to all of me- 
thods, the investigations have been run 
with heavy ions. The collective method 
investigations with electron rings acce- 
lerating heavy ions have shown that the 
maximum gradients on a full scale proto- 
type accelerators (KUTI-20) of today are 
4 MeV/nucl*m. The made calculations and 
experiments /1,2,3/ on possible variants 
of collective accelerator efficiency in- 
crease nave ehown that due to the increase 
of the electron ring long time keeping in 
Adgezator chamber the ratio of the charge 
to the ions mass (Z/A) can be increased 
up to the value l/2-1/3. The use of supple- 
mentary system of ring forming permits to 
improve geometrical characteristics of 
the ring. All this permits to hope to re- 
ceive acceleration gradients $0 MeV/nucl*m. 
Comparing the expenses on the collective 
accelerator building and these on the hea- 
vy ions aynchrotron we can say that they 
are comparable up to the particles ener- 
gies 1 GeV/nucl. To produce heavy ions of 
higher energies the synchrotron remains 
always better. 

As for the relativistic particles 
acceleration systems the last years a 
range of different directiona of investi- 
gations has been born. It permits already 
now to think about the linear colliders 
with high efficiency. One of such direc- 
tiona foresees the transition in accelera- 
tion systems to higher frequenciee (10 - 
100 GHz). So, the top value of accelera- 
tion gradient in eleotrodynamic structure 
increases l/h where> is the wave 
length of accelirating voltage. 

If we take the accelerating structure 
as diaphragm wave guide, the accelerating 
tysipn wavt length should be evidently 

- 10 mm. To produce high power levels 
of zuch a radiation tht best ia the ust of 
high current induction accelerators to ge- 
nerate coherent electro-magnttic radia- 
tion /4,5/. Taking into account the JINR 
possibilities this direction hes bten 
chosen for the investigations. 

As a tesult of this investigations 
it is proposed to choose an optimal gent- 
ration system, from the point of vltw of 
an induction acctltrator (beam configura- 
tion, acctltratind gradient value) as well 
as the radiator type from the point of 
view of its efficiency. 

Usually in schemts of two-beams acce- 
leration a parallel scheme is discussed, 
it means that the high-current beam of 
small energy excites tht electro-magnetic 
wave interacting with lowering structures, 

and this wave excites the acceleration strut 
ture with high gradient. After the inter- 
action the high-current beam passes tht 
acceleration region, where the radiation 
energy losses fill up and preparea to 
the next interaction /6/. Fig.1. 
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Fig. 1. Two-beam acctleration scheme. 

We will not discuss hers the btam 
monochromatization questions after inter- 
action and possibilities of the electron 
beam multiple use for the interaction. 

To produce high accelerating gradi- 
ents in accelerator, for examplt 250 McV/m, 
a supply eltctro-magnetic wave power 1 Gw 
par meter of accelerating structure is netded. 

If we take realized already today da- 
ta on the generation system /5/ we can see 
that in these txperiments with energy of 
electrona 3.5 MeV when interacting with 
3 meter onaulator a necessary 1 Gw power 
has been produced with the efficiency 
34 46. The filling up of the beam energy in 
such an induction system with mtan accele- 
rating gradient 5 - 10 kV/cm ia possible 
on the length of l-2 metera. It ia seen 
that induotion acceltrator system rtquiere 
tht incrtase of accelerating gradient, bt- 
ing diffioult to product by a direct me- 
thod, but poesibleby the transition, for 
example on two parallel generating beams. 
As for the electro-dynamic structures, its 
linear efficiency should be increased in 

5 times. 
First experiments on the beam interac - 

tion from the induction acceltrator with 
different electro-dynamic atructurts have 
been run in Dubna. 

a) First serie of invtstigations 
concerns only well examined structures 
with periodic magnet-static field. The 
block-shame of the experimental set-up 
is given in fig.2. The old induction ac- 

Fig.2. Beam and ondulator interaction schtme. 

celerator LIU-3000, uaed earlear in the 
model of the collective accelerator /l/ is 
used as the electron accelerator. This 
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accelerator permits to produce the elec- 
tron beam with 200 A current and 1.5 MeV 
energy. The energy spread in the beam is 
4 2 4%. beam radius in the accelerator 

exit = 0.3 cm. 
The interaction region represent8 a 

wave-guide/4/ forming a thin-wall tube of 
stainless steel with 2.9 cm diameter. The 
Interaction region magnetic field is the 
superposition of guiding longitudinal mag- 
netic field H,, 4 IO kG, creating by the 80- 
lenoid /2/ and transversal one periodically 
rightpolarizated wiggler field /3/ with 
amplitude 5 kG. Due to the emooth inoreaae 
of the field vale from zero to the maximum 
value ( on the f irat five wiggler perioda) 
(wiggler period length waa 7.2 cm) the adi- 
abatic beam enter in the wiggler field has 
been a&R&red. The interaotion region from 
both aides was limitted by the mirrors /5,6/. 
The distance betweem them could vary in 
limits from 0 to 250 cm. The electron 
current passing through the interaction re- 
gion was controlled by the meters /6,7/. 
The spectral constitution of radiation was 
determined with the help of q emiconductor 
detector /8/ and aesembly of wave-guides, 
permitting to change the wave length cutt 
in the limits 3.4 mm ,( >r<11.9 mm. To in- 
crease the deteotor meaeuremente accuracy 
we baaed on the data of supporting detec- 
torig/. 

In these experiments a large region 
of parameters of H and 
t igated and we t hi& 

has been inves- 
that 3 wo regions are 

the most intereating. In fig.3 a rating 
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Fig.3. Longitudinal beam velocity, depend- 
ding on the interaction region fields. 

longitudinal velocity depending on the 
X = &with fixed Hw value is given. 
Zone???and 4 in fig.3 were realized in the 
experiment. For the zone 1 when 
Hw = 2.2 kG end Ho = -2.7 kG (Ho field 
direction is opposed to the electron ve- 
locity direction) radiation pulrses lating 
from the electron current pulse to 50-80 ns 
with duration (100-120 na) were observed. 
A characteristic spectrum of generated 
radiation is given in fig.4, curve 1. 
The radiation la observed in a large range 
of wiggler field values 1.5 kG - 3 kG with 
a maximum when I$, - 2 - 2.4 kG. 

Another generation regime was observed 
when the driving field direction coincided 
with longitudinal movement direotion of 
electrons. The pulse generation duration 
ooinoided with a beam current pulse of elec- 
trona. The characteristic peculiarity of such 

a reaonanoe radiation depending on the 
wiggler field intencity and the solenoid, 
For example when the wiggler field opt i- 
mum value of 300 G (Ho=5 kG) decayed on 
50-80 G, the power of generation decreased 
up to zero, But we could renew the genera- 

1 5.6 ‘O A,(-) 
Pig.4, Hadlatlon spectra. 

tion approximately with the came power and 
the aeme spectrum character by the Ho gui- 
ding field reforming. The generation band 
(zone 4, fig.3) was I& = 200 - 1000 G and 
respectively by Ho - 6 -7.6 kG. Total po- 
wers of radiation in both generation re - 
gimes were approximately equal. It atems 
to be necessary to examine the first re- 
gion in a regime of independant signal 
inoreaae, because of the poaeibility of 
considerable ondulator length decrease by 
the transition to lesser wiggler periods 
when HW values are bigger. 

b) Another aerie of works concerns 
the investigations of differ mecaniama of 
part ioles at imulat ed radiation. Teat expe- 
riments were run, where the stimulated Ce- 
renkov and cyclotron radiation waa pro- 
duced. 

To make theee experiments , one of the 
induct Ion accelerator sect ions was aomple- 
ted to produce a tube-electron beam (fig.5). 

Fig.5. Scheme of experiments on the inves- 
tigation of stimulated Cerenkov 
and cyclotron radiation of elec- 
trons. 

The diode cathod and anode were made 
of thin-wall metal tubes, placed on a va- 
riable distance. The voltage between them 
was recieved by 24 inductors voltage sum- 
mering. The particles energy could vary 
in the limit6 200-500 keV by changing the 
modulator voltage and anod-cathod distance. 

The longitudinal xnaqnetic field, 
focueing the particlea and having inten- 
city up to 20 kG we8 created by current 
bobbins. The field nonhomogeneity in the 
operating region did not exeed 3 !%. The 
value of electron current passed through 
the interaction zone was measured by the 
ahunt of reverse current. In the experiment 
the electron ourrent value changed 
in the limits 0.4 - 1.2 kA. Current 

Ii 
ulse duration was near 200 ne. But the 
earn trace on different materials we 
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could determine that&e beam had a tube 
structure with a tube diameter equal to 
the diameter of oathod and the wall 
thickness d 1 mm. Two generatore, baaed 
on different meoaniama of electron eti- 
mulat ion radiation have been chosen8 
on the baee of Cerenkov radiation of 
rectilinear beams, another one - on the 
base of cyclotron radiation in the homo- 
geneoua magnetic field. The axial-aymmet- 
ric resonators representing the frag- 
menta of weak-nonregular wave-guides 
were used in both generators (fig.5.P'rom 
the cathod end they were limltted by 
narrowing, out of limits for thw opera- 
t ing mode, from the exit one - by the 
horn for the radiation taking out. The 
resonators difference was following: for 
the Cerenkov radiation excitation the wall 
of the resonator was corrugated with the 
depth? 4 

h&monio of resonance oscillation, 
atrving for the creation of slow 

space 
synchronous with electrons. The lateral 
surface of gyrotron rasonator was 
smooth /0/. The El21 mode with 0.5 mm 
wavelength has been chosen as the opera- 
tine; mode of Cerenkov radoator. The mode 
selection has been done as in /7/ through 
longitudinal cute In the resonator wall. 
The value of start current of eleotrona 
in the generation regime was 200 A. When 
the current was 600 A we recieved a stable 
generation with the efficiency z =5-7%. 
The mode type wae well fixed by the cha- 
racteristic radiation distribution. The 
radiation DOWer waa 15-20 MW when the %I! 
pulse duration - 50 na. The Cerenkov ge- 
neration passed practically always near 
the current pulse front. 

When the electron beam energy de- 
creased, we observed the generation fruet- 
ration at the mode El2 and ita appearance 
at the mode E2, with the wavelength 17.5 mm. 
When the beam energy was 250 KeV and the 
current - 400 A, the generation power was 
10 - 15 Me, corresponding to the efficien- 
cy nv= 10 - 15 %,. 

TO produce transvereal electron beam 
velocity, necessary for the cyclotron radi- 
ation, before the resonator a ahort on- 
dulator waer placed, formed by three cupper 
ringa, modulating the field of pulse 
aolenoid,The distance between the rings 
wae chosen near the lermor particlea 
step. The oscillation mode H311 with the 
wavelength 12 mm wa8 choeen as an opera- 
ting one. The transversal particlea VC- 
locity&r= 0.15 oorresponds to the 
starting regime when the calculation Values 
of particles energy are 300 KeV, current - 
600 A, magnetic field - 13 kG. In the 
experiment when& = 0.1 - 0.15 the gene- 
ration wa8 abaent. WhenJB,= 0.3 - 0.4 
the stable generation power 7 - 10 NM 
and efficiency q = 3 - 5 % WBB observed. 
SO, when we use the tube beam, we can have 
geometrical characteriatice , necessary 
for the effective use in generation 8yatems. 
The Cerenkov radiators assure one-mode 

7 
e- 

neration (70 % of total radiation power when 
interacting with such a beam, and when 
interaction lengths are small (- 30 cm). 
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