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On the last  day of Dec, 1978 at Dubna, a new heavy-ion acce le ra to r  was s tar ted  up - the 4 -me te r  i so-  
chronous cyclo t ron  U-400. This unique facil i ty for  nuc lear -phys ics  r e sea rch  was planned and constructed in 
three  yea r s  by a t eam of sc ient is ts ,  engineers  and worke r s  under the direct ion of Academician G. N. Flerov 
and Doctor of Phys icomathemat ica l  Sciences Yu. Ts. Oganesyan. 

The new acce le ra to r  is intended for the production of intense beams of fast  ions of almost  all elements of 
the Mendeteev table. The main range of mass  numbers  of the accelera ted  par t ic les  is 20 -< A -< 140. Ions of 
this mass  range can be acce lera ted  to an energy  of 10 MeV/nucleon or  less .  The requirement  for applied 
r e s e a r c h  for an energy of 1-2 MeV/nucleon can be met  for all ions with mass  number 1 2 _  < A _< 240. Light 
par t ic les  with A _< 20 can be acce lera ted  to an energy of 30-40 MeV/nucleon. 

When planning the acce le ra to r ,  the main attention was devoted to the achievement of a high beam intensity 
of the par t ic les  in the main mass  range.  For  this,  the design was optimized f rom the point of view of s im-  
plici ty of  acce le ra to r  construct ion,  a high operat ing rel iabi l i ty,  and a low operat ing cost .  As a resu l t  of an-  
alyzing different vers ions ,  the choice of the machine type was made in favor of the cyclotron:  this trend of 
technology for  the acce lera t ion  of heavy ions is tradit ional  fo r  the Nuclear  Reaction Labora to ry  of the Joint 
Institute of Nuclear  Research ,  The U-400 acce le ra to r  project ,  developed in the Nuclear  Reaction Labora tory  
of the Joint Institute of Nuclear  Resea rch ,  is based on the resul ts  of 20 yea r s  of  experimental  r e s e a r c h  by 
specia l i s t s  of the Labora tory  in the field of acce le ra to r  physics  and technology. The significant stages of 
these r e sea r ches  were the development of ion sources  of the arc  type, the construct ion and operat ion of the 
U-300 c lass ica l  cyclot ron (operating since 1960), the building of the 2 -me te r  U-200 isochronous cyclotron,  
which came on s t r eam in 1968, and was the prototype of the U-400 acce le ra to r  (scale 1:2), the construct ion 
of the U-300-U-200  tandem cyclotron and the acce lera ted  ions of Xe, Kr and Ge obtained on it. 

The decision on the cons t ruc t ion  of the U-400 was made in 1974. The f i rs t  components of the future cy -  
c lo t ron s tar ted  development on July 7, 1975. Assembly  of the acce le ra to r  was completed in Aug. 1978, and 
in November operation with the beam star ted.  A month later ,  the beam was reduced to the final radius and 
heavy ions were  ext rac ted  f r o m  the acce le ra to r  chamber .  

The e lec t romagnet  of the cyclotron,  with a mass  of 2000 tons, is assembled f rom individual s tacks of plates 
of o rd inary  steel.  The manufacture and assembly  of the stacks of the magnet f ramework  was ca r r i ed  out di-  
r ec t ly  in the cyclotron hall. The assembly  of the e lec t romagnet  as a whole was accomplished in paral le l  with 
this.  The unique tools for  assembling and machining the stacks of the f ramework  were  supplied to Dubna f rom 
Czechoslovakia.  

The design of the e lec t romagnet  allows a magnetic field s trength of 2.13 T to be obtained in the air  gap. 
The dist inctive feature of the U-400 is that on the final radius of the acce le ra to r  (180 cm), the energy of the 
acce lera ted  ions amounts to ~ 700(zl/A) MeV/nucleon. The azimuthal field variat ion is crea ted  by four pai rs  
of sec to r s  with s t ra ight  borde r s .  A drop f rom 2.7 T (hill) to 1.6 T (valley) provides  a stable focusing of the 
beam up to an energy of 30-33 MeV/nucleon. The isochronous shape of the central  magnetic field is provided 
by stepped annular shims and cor rec t ing  windings. 

The high-frequency sys tem of the cyclotron consis ts  of two coaxial resona tors ,  loaded by two dees with 
an angular  length of 42 ~ which are  a r ranged in two oppositely placed val leys .  Over  the frequency range 6-12 
MHz, the potential on the dees was about 100 kV. This sys tem has a Q-fac tor  of 5000 and allows ions to be 
acce lera ted  efficiently at  the 2nd, 3rd and 4th harmonics  of the high-frequency potential (the energy increase  
of the ions during revolution is equal to 2.83; 3.7 and 4zieV 0, respectively).  The average  power of the high- 
f requency genera tor  is N30 kW. The vacuum space of the acce le ra to r  amounts to 25 m 3 and is pumped-out  by 
seven o i l - v a p o r  pumps with an output of 4200 l i t e r / s e c  each. The working vacuum with the beam of accelera ted  

Transla ted f rom Atomnaya t~nergiya, Vol. 46, No. 4, pp. 281-282, April ,  1979. 

0 0 3 8 - 5 3 1 X [ ~ 7 9 [ 4 6 0 4  - 0329 $97.50 �9 1979 Plenum Publishing Corporat ion 329 



Fig. 1. General view of the U-400 isochronous cyclotron (Photo: Yu. Tumanov) 

ions is equal to 2 - 10-6 t o r t .  It is assumed that in future the p res su re  will be reduced to 5 .  10 -7 t o r t ,  due to 
the introduction of cooled surfaces .  

In o rde r  to ext rac t  the beam f rom the U-400 cyclotron,  the method of charge t r ans fe r  suggested by G. N. 
F lerov ,  Yu. Ts. Oganesyan, and G. N. Vyalov in 1964 will be used. The essence  of this method consis ts  in that 
for  the ions passing through a thin carbon tape, the charge is increased as a resul t  of which a s t rong radial 
instabil i ty of motion originates.  Describing a sharply uncoiling spiral  in the axially nonuniform magnetic field 
(deflection by 360 or  ~700~ the  par t ic les  exit f rom the acce le ra to r  chamber.  Smooth tuning of the ions is 
achieved by movement of the carbon tape along the radius,  and its movement  in azimuth allows the beams of 
ions with different energy to be directed to the target ,  located at a fixed position. This method was investigated 
in 1965 on the CEVIL cyclotron (Orsay, France)  and was used for the f i r s t  t ime on the 200-cm isochronous 
cyclotron of the Joint Institute of Nuclear  Resea rch  for extracting 4He+l ions and for  a smooth variat ion of 
their  energy f rom 27 to 41 MeV*.  Two-revolution extract ion is used in the U-400 cyclotron,  which allows 
three beams to be obtained simultaneously,  of which the charge differs by one or  two units (e~g., 4~ 4~ 
and 4~ 

Powerful ion sources  of the arc  type with radial  injection are  used in the U-400 acce le ra to r  (the arc  
power for a pulse duration of 1 msec  and an off-duty fac tor  of 4 amounts to ~30-50 kW). 

In Dec. 1978, a beam of 4~ ions was obtained on the U-400 cyclotron,  with a pulse intensity of 8 �9 1013 
par t ic les  and an energy of 5 MeV/nueleon. The f i rs t  experiments  will s tar t  in the near  future. In paral le l  
with this,  the intensity and energy of the ion beams will be increased,  the selection of accelera ted  par t ic les  will 
be widened, sys tems for t ranspor t ing  the extracted beams will be developed, and rooms  for  experiments  will 
be equipped. 

The bringing on s t r eam of the new acce le ra to r  opens up extensive prospec ts  for  conducting fundamental 
investigations in t he  field of heavy-ion physics ,  in par t icular ,  for experiments on the synthesis and study of the 
physical  and chemical  proper t ies  of the far  t r ans fe rmium and super-heavy elements (Z >- 108) in nuclear  r e -  
actions initiated by par t ic les  of mass  A ~ 40, including the r a r e  isotopes 48Ca, 54Cr and 7~ for  studying the 
interaction mechanism of two complex nuclei, p roper t ies  of nuclei remote  f rom the region of fi -s tabil i ty,  and 
cer tain urgent  problems of atomic physics  and quantum electrodynamics .  The beams of heavy ions of the U-400 
will significantly extend the possibi l i t ies  for solving prac t ica l  problems - t h e  preparat ion of nuclear  f i l ters ,  
simulation of  radiation damage,  ion implantation, etc. 

�9 This method was used subsequently also for heavier  ions up to 22Ne. 
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