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Phase stability in a synchrocyclotron. Particles arriving at a gap a
bit early (point b) are accelerated and at the next gap crossing (point b’) are
bunched closer to the particles in the synchronous orbit (points a, a’). The same
effect occurs for particles arriving a bit late (¢, ¢’). Point d is an unstable point, and
particles just ahead of or behind d appear at the next crossing further ahead or
behind. 14
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Lawrence's 60 inch cyclotron in
August, 1939, the most powerful
accelerator in the world at the
time. Glenn T. Seaborg and Edwin
M. McMillan (right) used it to
discover plutonium, neptunium
and many other transuranic
elements and isotopes, for which
they received the 1951 Nobel
Prize in chemistry.
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The 520-MeV TRIUMF AVF cyclotron.
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Figure 15.21 The 3-GeV proton synchrotron at Brookhaven, called the cosmo-
tron. Courtesy Brookhaven National Laboratory.
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(CH) at a mean depth of 40 m. Courtesy of CERN. 22
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2

) First accelerated max energy per beam, | Luminosity, 10 cm?  Perimeter (length),
Accelerator | Centre, city, country ) ) 1
operation particles GeV ] km
INP, Novosibirsk, .
VEPP-2000 , 2006 ee 10 100 0.024
Russia
INP, Novosibirsk, .
VEPP-4M . 1994 ee 6 20 0.366
Russia
BEPC I IHEP, Beijing, China | 2008 e'e 37 700 0.240
DAFNE Frascati, Italy 1999 e'e” 0.7 436" 0.098
KEKB KEK, Tsukuba, Japan | 1999 e'e 8.5 (e-), 4 (e+) 21100 3.016
pp, Au-Au, Cu-Cu,
RHIC BNL, USA 2000 o 100/n 10, 0.005, 0.02, 0.07 3.834
-Au
pp. 6500 (planned 7000), 10000 (reached 7700),
LHC CERN 2008 26.659
Pb-Pb, p-Pb 1580/n (planned 2760/n) | 0.0005, 0.13
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LHC (Large Hadron Collider, CERN)
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NICA will provide variety of beam species ranged from protons and polarized deuterons to very massive gold
ions. Heavy ions will be accelerated up to kinetic energy of 4.5 GeV per nucleon, the protons i up to 12.6 GeV.
The heart of the NICA complex is the upgraded accelerator "Nuclotron" (have being working at JINR from 1993).
The two interaction points are foreseen at the NICA collider rings: one for heavy-ion studies with the MPD
detector and another for polarized beams for the SPD experiment.
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(RCA dd3. 1 EZHC O, 1 teEmMmEasdSEPP-)Im | Values | Units
Circumference 366 m
Bending radius 34.5 m
Tunes Qy/Qy 8.54/7.58
Mom. compaction 0.017
Max. energy 5.5 GeV
Y et comverter Nat. chromaticity Cp/C, | —13/—20
3'(533;?11\]4?{’?“ RF-frequency 181.8 | MHz
Harmonic number 222
RF power 0.3 MW
Tbe _ RF voltage 5 MV
ba&‘;?a‘iiﬁé}nJ KEDR No. of bunches per beam
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The Spallation Neutron Source (SNS) i
mModsr 2 ddzlsj dedoedzr 2 o o
dzj 2 stetsdzdzr 2 d dzd 2 Isted dzdk { dzQ %
smdzse | Mddz' dzgslssydzisce s = 2
dZddzj 2 desets EMC tstedlsj dzw . IR S ey

Proton beam energyi 0.9- 1.3 GeV
Intensity - 9.6 QL0 protons/sec
Pulse duration- 380ns(FWHM)
Repetition rate - 60Hz

Total poweri 0.97 1.3 MW

Liquid Mercury target 7 10ton

Front-End Systems Accumulator Ring
(Lawrence Berkeley) (Brookhaven)

Mercury
Cooling
Jacket

Target
4"~ (0ak Ridge)

(Los Alamos and
Jefferson)

Stainless
Steel
Containment

Instrument Systems |
(Argonne and Oak Ridge)
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The Sandia Neutristor neutron-generators:
size 1.250 x O.
1000n per 500ns pulses.
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