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Brief Introduction of BRIF

(Beljing Radioactive\lorl-\\beam Facility)
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General View of the 100 MeV Cyclotron
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Characteristics:

» Compact structure,

» CW mode, high beam
current;

» High electric power
conversion rate;

» 70-100MeV energy
variable;

» Dual beam extracted
simultaneously;

> Low extraction beam
losses.




The mstallatlon mapping and shlmmlng of the main magnet
system are finished by July, 2013, total weight is 436 tons




RF system

The measured Q factor
reaches 9500, world
record of the compact
cyclotron
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_ First compact cyclotron with

g — straight sector pole for energy
SN A\ beyond 70 MeV in the world
NN \\\\ F : S ;

Technical

Field map is measured in the :
P Innovations

vacuum for the first time in
the world, the final phase slop
less than +£10°
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Developing a parallel computation code, which is implemented in 6
Institutes to study space charge effects and multi-pacting effects.




Beam Commissioning

O The multi-cusp 1on source was tuned up and could provide 5mA,
38 keV H- beam.

O On December 18 of 2013, we got 320 nA DC beam on an
Internal target. The transmission efficiency from the ion source
to the exit of inflector is higher than 60%.

O On June 16 of 2014, the internal target is moved to 1 MeV
region and successfully catch 109 nA beam under the condition
of 20% rf duty cycle, corresponding to an injection efficiency of
more than 10%.

O we gradually increased the duty cycle and reached CW mode
operation.



July 4, 2014 F|rst 100 MeV Proton Beam W|tness




.12 hours running test with beam current > 23 pA
July 25, 2014
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The ISOL System
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The ISOL System

100%

90% |
80% |
70% |
60% |
50% |
40% -
30% |
20%
10% +

0%

23Na+

H

41|{+

M

O In May of 2014, the stable 3°K beam is tested for commissioning
and is successfully transported to the front of the HI-13 tandem.

[0 The mass resolution is better than 10000. The transmission
efficiency is higher than 70% under the high mass resolution

condition.

CIAE



Superconducting Booster

O In March of 2014, The sputtering
experiment for the first QWR
cavity Is done and the measured
quality factor is about 3x108.

O During low-temperature test, the
power is successfully fed into the
cavity and the measured
accelerating gradient is 2.5MV/m.

O the procedure of low-temperature
rf conditioning is established and
the functionalities of the low-level

rf control system were debugged
in detail. The QWR cavity before and after
the sputtering process
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Superconducting Booster

O The beam-loading
experiment of the pulsing
system is carried out for 2
times.

O The pulsing equipment
results agreed well with
the designing. We tested
the chopper and buncher
by using the oxygen beam.
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The measured wave profile of the pulsed beam
by using the capacitive ring (FWHM of beam
length is 2 ns)
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CIAE High Power Cyclotron Proposal

___) ~1 MeV Pre-injector __ 100 MeV Injector
(C-W or RFQ) Cyclotron

Target Station l
Target Station Bending Magnet «— 800 MeV'Ring

Cyclotron
Target Station

* Better extracted beam quality
Our option: p === - \ature technology
 Lower engineering risk

(rather than H,*)
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Top proton beam power accelerators
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_
Layout of the 800MeV cyclotron

pole number 9

kinetic energy (MeV) 100-800
magnetic rigidity (T-m) 1.48-4.88

average orbit radius (m) 2.76-5.42

cyclotron radius (m) 8.0
RF frequency(MHz) 44.37
harmonic number
main cavity number 5
flat-top cavity number lor2
Q,/ Q, at extraction 1.55/1.40
Q, max/min 1.85/1.10
Q, max/min 1.40/1.05
dR/dn at extraction (mm) 7#;22?;39
dR/dn max/min (mm) 35/6

[T.J. Zhang et al.,
NIM-B,2011




Ideal Field Map
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e
3D Magnet Design

ELEMENTS

L

O 3D FEM magnet model is built
O Good isochronous magnetic field is found

O The design of normal ring conducting coll is straightforward
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Space charge simulation

by OPAL-cycl
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The space-charge-limited beam s 14
current is increased to 2 mA by 12

1

avoiding the crossing of Q,=1 and 05

to further Increase beam Current
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RF cavity design
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Type
Monitor
Component
Plane at z
Maximum-2d
Frequency
Phase

E-Field (peak)

Hode 1

Abs

[¢]

362899 U/m at 4.38078 / -0.08333333 /7 @
44.36089

08 degrees
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cavity number 5
peak voltage (MV) 1.0
frequency (MHz) 44.37
length (m) 5.0
height (m) 3.63
cavity center (m) 4.4
inner radius (m) 1.9
outer radius (m) 6.9
cavity width (m) 0.4
cavity azimuth (°) 25.0
cavity rotation angle (°) 15.0

400

Voltage profile




Layout of the Injector
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Magnet

pole type straight sector
pole number 4

hill field (T) 1.15

average field (T) 0.36-0.41

pole radius (mm) 4134

Azimuth width (°) 22-30

hill gap (mm) 40

yoke inner radius (mm) | 4300

yoke outer radius (mm) | 6100

Cavity

cavity number 2

cavity type double-gap
outer radius (mm) 3900

Dee angle (°) 22.5

peak voltage (kV) 500




Injector: Ideal Field Map
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Injector: Betatron Tune and Resonance
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Conclusion: the resonance-crossing will not bring evident
influence on the beam’s quality.




Summary

O The beam commissioning of the three sub-
systems of the BRIF project is in progress. The
results show that the driver of 100 MeV cyclotron
will be able to provide 200-500 pA proton beam in
the coming years. The joint commissioning of the
three sub-systems for RIB production is expected
to start soon.

O From the pre-study of an 800 MeV high power
cyclotron complex, it is confirmed that a 3-4 MW
cw proton machine should be feasible based on our
existing technologies. We are eagerly expecting
extensive international collaborations.
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