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1994: THE DUBNA EFFECT

The Dubna Effect
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And a whole new accelerator has been squeezed into a circular

service tunnel underneath the aging Synchrophasotron. By re-

RUSSIAN ; cycling parts Qf the old machine,. suc.h as the preaccelerator‘line
CE and the experimental halls, the institute could afford to build a
SCIEN new ring with superconducting magnets. The brainchild of Alex-
ander Baldin, chief of JINR’s high-energy lab, the Nuclotron
will push nuclei up to energies of 7 GeV per nucleon to study
nuclear interactions at relativistic speeds. Researchers have car-
ried out three test runs this year and will soon start experiment-
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«DEUTERONS, 5 MeV/u; N~ 10 ppc.
+PuLSE DURATION - ~5 pus

-9 -0 s
e VACUUM: 10 =10  Torr ( beam pipe)

e TOTAL RUNNING TIME ~ 240 hours
¢ RELTABILITY OF COOLING SYST. »98%

o INJECTION, ORBIT CORRECTION, R.F.,
BEAM DIA6NOSTICS ETC. WERE
TESTED
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MAIN ACCELERATOR - SC SYNCHROTRON BASED ON 5T
COSINE (8) MAGNETS. (First sample was tested at LHE)

NEVERTHELESS: NO ACCEPTED TECHNOLOGY, NO MONEY.
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DUBNA
Superconductivity —
highway or hard way
to Nuclotron?

High energy physics with heavy ions
lear physics) began
jo at the Laboratory
in Dubna. The accel
7 nuclel {from deute-
1d recently polarized
e Synchrophasotron
aw life into the ma
s been in operation

Following this work a supercon-
ducting synchrotron of energy 15—
25 GeV, called the Nuclowron, is con-
sidered of greal interest for the fur
ther development of relativistic nu-
clear physics. To this end, the Labo-
ratory of High Energics has been
working on the technology of 2 1o
2.5 T superconducting iron yoke
magnets. Such magnets have some
advantages over both canventional
magnets and 5 T superconducting
magnets.

The weight of the superconduct-
ing magnet can be up to twenty
times smaller than a ‘warm’ magnet
of the same aperture due to the high
current density in the superconduct-
ing coil {up to 500 A per mm?2). More-
aver, because of the smaller energy
consumption the operation cost is
much lower even taking into account
costs for the helium cryostat and
refrigerator.

Comparing the Dubna magnets
with B T superconducting magnets,
the quantity of superconductor per
magnet unit length is smaller by a
factor of ten. This decreasos energy
losses under pulsed operation and
field shape distortions, inherent in
superconducting coils due to “frozen’
currents and so on. A closely wrap-
ped iron yoke lowers the number of
required ampere wrns of the coil by a
factor of two, shapes the field and
shields external fields. ht also acts as
a restraining band 10 (ix the coil
geometry. The absence of a non-
magnetic band makes the structure
simpler and less expensive, as wall
as decreasing the stored energy
Lower stored ecnergy affects both the
necessary power supply for the ac-
celerator magnets and their reliabili
ty, allowing easier evacuation of the
energy in any accidental transition to
normal state.

A further lowering of the cost is
possible by eliminating the helium
cryostat. The magnet is then force-
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Three prototype cells for a model 1.5 GeV
superconducting synchrotron being
assembiled at Dubna prior to successful
tests. The 2.5 T magnets have been
specially designed with a view to eventually
building a synchrotron, called the Nuclotron.

(Photo Dubna)

cooled by liquid helium in hollow su-
perconducting cable. This brings the
Dubna magnets still closer 10 con-
ventional types. The first pulsed su-
perconducting magnet with forced
two-phase helium circulation was
successfully t i 0Q.and.had,
“excellent. characteristics, The pre-
dicted field value was achieved with-
out training and the same field was
reached when the frequency of trian-
gular cycles was as high as 1 Hz.

o e —— - ud

Besides the magnet design, the
application of superconductivity in
an accelerator leads to some prob-
lems of integration of the magnets
with the r.f., vacuum, injection and
extraction systems, etc. A model
1.6 GeV superconducting synchro-
tron is being designed at the Labora-
tory of High Energies to solve these
problems and gain experience. The
accelerator will contain more than
100 superconducting dipole and
quadrupole magnets, in 24 regular
FODO cells each 1.6 m long, and two
matched 9 m straight sections.

The first step was the construction
of three prototype cells which have
been cooled and tested. Experience
with the magnet system has an-
swered many important questions
not only concerning the design of the
model synchrotron, but also the
eventual construction of accelera-
tors of the Nuclotron type for the
acceleration of heavy ions.

» Superferric
2.5T magnets,

e Setup “SPIN”,
» SC technology,
* Low cost,




nichrome wire
d=0.2 mm

superconducting wire
d=0.5 mm

copper-nickel tube, .7
5,

two-phase helium

A.A.Smirnov et al.
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UNIQUE CHARACTERISTICS — FAST CYCLING OPERATION
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e TWO PHASE HELIUM, T=4.5K

: | KBALLPYNOJIBHAS
MATHUT; | INH3A: G= 34 T/m, [
|B=2Tn, B=4Tic G = 68 T/m-s

UNIVERSALITY: FAST CYCLED AND QUASI — CONTINUES MODES
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WORLD LANDSCAPE OF SC MAGNETS

ramp more
20000 T/s

uclotron
SIS-100

FCC dipole,
16 T, ramp - ?
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-170 1/m
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A = BEC MAFHUTA
HYKNOTPOHA - 0.3 T/m
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V.S.CHERNOMYRDIN’S VISIT TO JINR:

He had a look at our exposition on helium
facility where Orenburg gaseous plant
was mentioned. Later A.M. signhed letter
to him with our requests. Everything was
fullfiled by Heliummash Company.
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1944: phase stability
principle;
1956: new methods of
acceleration

190: reA‘IatlAvis’tic
nuclear physics;
1973-1993:

Nuclotron proposal
design&construction
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S N S T this is oak tree planted by AM
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MANY THANKS FOR YOUR

ATTENTION
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