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Abstract

HIRFL-CSR, a new accelerator project planned at the
Heavy lon Research Facility in Lanzhou (HIRFL), is a
multipurpose Cooling Storage Ring system which
consists of amain ring (CSRm) and an experimental ring
(CSRe). The two existing cyclotrons SFC (K=69) and
SSC (K=450) of the HIRFL will be used as its injector
system. The heavy ion beams from the HIRFL will be
accumulated, cooled and accelerated in the main ring,
and then extracted to produce radioactive ion beams
(RIB) or highly charged heavy ions. The secondary
beams (RIB or highly charged ions) can then be accepted
by the experimental ring for internal-target experiments.
In this paper the status of the HIRFL and the details of
the HIRFL-CSR project will be reported.

1 HIRFL STATUS

The Heavy lon Research Facility in Lanzhou (HIRFL)
[1], shown in Figure 2, has been operated for ten years
for the heavy ion physics and applications in the
intermediate energy domain. More than 40 species of ion
beam up to *°Xe'®" have been provided for the physical
experiments. Recently the construction of the Radioactive
lon Beam Line in Lanzhou (RIBLL) has been finished.
The details of it is reported by another paper of this
conference [2]. Several improvements of the HIRFL have
been done in order to improve the performance [3]. They
are the construction of a new 14.5 GHz ECR ion source,
the congtruction of the new ECR beam line and the
upgrading of the control system of the HIRFL.

1.1 14.5 GHz ECRlon Source

A new 14.5 GHz ECR ion source, shown in figure 1, was
constructed in 1997. For this source the high axia
magnetic field (field peak 1.5 Tedla) and radia hexapole
field (1.0 Teda on the chamber wall) can be reached. A
long plasma chamber with the effective length 300mm

and double wall was designed to increase plasma
volume. Two kinds of configuration, one is the coaxial
line, another one is the rectangular wave guide, were
considered respectively so that two microwave frequency
heating could be tested. The preliminary results obtained
on the test bench with the single frequency of 14.5 GHz
areshown in Table 1.

Table1l Test results of the 14.5 GHz ECR lon Source

Arll+ AI’12+

155 55

Ar®
460

O7+
100

lon o

520

Intensity(euA)

s

il

3

Figure1l 14.5 GHz ECRion source

1.2 New ECR Beam Line

A new beam line from the ECR ion source to the
cyclotron SFC was constructed to replace the old one.
Two ECR ion sources were installed on the new beam
line symmetrically. This make it possible to switch on
from one source to another conveniently. In the new line



a new analysis magnet with the bend angle of 90° was
used to get the higher charged-state resolution.

internal-target  experiments or high  precision
spectroscopy with beam cooling. On the other hand the
beams with the energy range of 400~900MeV/u will also
be provided by the CSRm while using slow extraction or
fast extraction for many external-target experiments.

1.3 Upgrading of the Control System

The old VAX/8350 computer system can‘atisfy the
present requirement of the HIRFL operatiorcéhtly a 22 Basic Parameters
new control system which consists of some high-level

micro computers, workstations and so on has bedine main acelerator parameters of the CSR system are

finished, and used for the beam tuning and the machihgted in Table 2, Table 3 is the beam parameters of it.

operation since November of 1997.

Table 2: Main parameters of the CSR

2 HIRFL-CSR PROJECT CSRm CSRe
2.1 Outline Circumferencem) 161.20 120.90
Race-track Race-track

CSR [4,5,6], a multifunctional Cooling Storage Ring G€ometry
(CSR) system shown in Figure 2, is planned to upgrad
the HIRFL to form a more powerful HIRFL-CSR
accelerator system. It consists ofmain ring (CSRm)

Energy meviu)
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30--400(c*)
30--250(u™)
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2.3 Beam Accumulation of the CSRm

Two methods will be used for the beam accumulation in
the CSRm. One is the multiple multiturn injection with
the horizontal acceptance of 150 T mm-mrad, and the
repeating circle is decided by the cooling time of the
beam phase space from 150 T mm-mrad to 30 T mm-
mrad. Another one is the combination of the multiturn
injection and RF stacking with the horizontal acceptance
of 50 T mm-mrad and the longitudina acceptance of
Ap/p = 0.75 %, the accumulation repesting circle is
decided by the RF stacking time. For the two
accumulation methods electron cooling will be used
simultaneoudly for the compressing of beam phase space
in order to increase the accumulation ratio and efficiency.
Figure 3 and Figure 4 are the e-cooling simulation results
for the two beams of *?C®* and *U"** with the initial
horizontal emittance of &, = 150 T mm-mrad, and the
initial momentum spread of Ap/p =+ 0.15 %.
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Figure3: E-cooling for the beam of *?C®*
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Figure 4: E-cooling for the beam of 2%8U™

Table 4 is the accumulation parameters of three typical
ions for the two methods. Comparing with the method of
the multiple multiturn is faster than the combination of
multiturn and RF stacking for those very heavy ion

beams, but for those light heavy ion beams it is just
contrary.

Table 4. Parameters of the accumulation in the CSRm

12 C6+ 129X e48+ 238U72+

Energy (MeV/u) 50 20 10
Current (pps) 3.1x10" | 1.2x10% | 8.2x10°
Accum. period (9) 10 10 10
Multiturn injection ( 150 tmm-mrad)

Repeating cycle(ms) | 2505 246 106
Particles of accum. | 1.0x 10® | 1.2 x 107 | 2.0 x 10°
Multiturn injection ( 50mtmm-mrad )+RF stacking (0.75 %)
Repeating cycle(ms) 50 30 30
Particles of accum. | 1.5x 10° | 1.8 x 107 | 1.1 x 10°

2.4 CSRmDesign
2.4.1 CSRm lattice

The CSRm is a race-track shape and consists of four
identical arc sections shown in Figure 5. Each arc section
isadispersion suppressor consisting of four dipoles, two
triplets and one doublet. 8 independent variables for
guadrupole are used in the CSRm. The lattice of each arc
section is given as follows:
Ly Lo
---------- FDF--B--B--F-------DF--B--B--DF---

where 2L, is a long-straight section with dispersion free
for e-cooler or RF cavities. L, is a dispersion drift for

beam injection or extraction. Table 5 is the linear lattice
parameters of the CSRm.
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Figure5 Magnetic-focus structure of the CSRm



Table5: Lattice parameters of the CSRm

Transition gamma Vi = 4.76

Betatron tune values Qx/Qy=2358/254

Natural chromaticity Qx/Qy=-353/-3.17

Max. B-amplitude Bx/By =12.9/14.0m (Dipole)
Bx/By =18.4/31.3m (Quadrupole)
Max. dispersion Rax(X) =3.0 m (Dipole)
Dmax(X) = 4.2m (Quadrupole)
Injection section Bx=5.4m, Dx= 4.1m (Septum)
Bx=6.4m, Dx=4.2m (Quadr.)
Bx=5.3m, Dx= 3.0m (Dipole)

E-cooler section Bx/By=6.7/16.2m, Dy=0

RF station section Bx/By=18.2/2.2m, Dy=0

2.4.2 Beam injection and extraction of the CSRm

One dectric-gtatic septum (ES) and two magnetic
septums (MS1, MS2) will be used to deflect the beam
into the ring, and four bump magnets (B1, B2, B3, B4)
will be used for making the central orbit of thering asa
convex orhit in the injection section so that the injected
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Figure 6 Injection orbit and beam envelope of multiple
multiturn injection in the CSRm.
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Figure 7 Beam envelopes of multiturn injection and RF
stacking in the CSRm.

beam can be just attached onto the accumulated beam.
During the multiturn injection the convex orbit will be
descended continuoudly. This injection system will be
adapted to the two beam accumul ation methods. Figure 6
is the injection orbit and the envelope of the beam
accumulated by multiple multiturn injection. Figure 7 is
the injection orbit and the beam envelopes of the
multiturn injection and the RF stacking.

The fast extraction is shown in Figure 8. Four in-
dipole bumping coils will be used first to shift the stored
beam to the extraction elements, then using one kicker to
kick beam to the extraction orbit, finally the kicked beam
will be deflected out of ring by three magnetic septums.
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Figure 8 Fast extraction orbit of the CSRm.

The 1/3 resonance extraction method will be adopted
by the dow extraction of the CSRm. For the dow
extraction six in-dipole bumping coils are used to move
the closed orbit, one fast Q-shift quadrupole is used to
shift the tune of the ring near to the 1/3 resonance point
and two families of sextupoles are used to shrink the
horizontal phase space of the stored beam. The resonance
beam will be deflected to the extraction orbit by one
electric-static septum and extracted finally by the three
magnetic septums of the fast extraction. Figure 9 is the
dow extraction orbit of the CSRm.
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Figure 9 Slow extraction orbit of the CSRm.

2.4.3 COD simulationsand magnet apertures

According to the simulation of the closed orbit distortion
(COD) with misalignment and dipole field error, the
maximum CODg(r.m.s) is 12mm and the maximum
CODp(max.) will be 24mm in the horizontal plane, and
in the vertical plane the maximum COD,(r.m.s) = 8mm



and the maximum COD,(max.) = 18mm, while Targel
considering the main misalignments of AX, AY = %
0.2mm for the quadrupoles and the dipole tilt along the
beam direction A¢ = + 0.5 mrad, and the dipole field
error of AB/B = + 5x10“ Those errors obey Gauss
distributions with + 20.

The magnet useful aperture consists of three parts.
One is the beam net acceptance ( Ap= 200 Tt mm-mrad ,
A, = 20 mmm-mrad , AP/P = +1.5x10®), the second one 5
is the COD and the third one is the beam injection u/
channel or extraction channd (g, , & = 5 T mm-mrad , £
AP/P = +5x10™*, septum = 10mm, error = + 3mm). So the
magnet useful apertures of the CSRm are finally defined
as 150x70 mm? for the dipoles and 180x104 mm? for the Figure 10 Magnetic-focus structure of the CSRe
quadrupoles.
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2.5 CSRe Design

The lattice of CSReissimilar to that of the CSRm shown
Figure 10. Each arc section consists of two dipoles, one
triplet and two doublets. 7 independent variables for
guadrupole are used in the CSRe. The lattice of each arc
section is given as follows:

\
\

+ x [mm]

T
/

-x [mm]

. L
ot 1l coii2) - coia | coi 1L

where 2L, is a long-straight section with dispersion free o Lenghm] 8778

for e-cooler or internal target. 2L, is a short straight - : C .

section with dispersion free for RF cavities. Table 6 isthe Figure 11 Singleturn injection orbit of the CSRe.
linear |attice parameters of the CSRm. The magnet useful apertures of the CSRe are defined
as 150x70 mm? for the dipoles and 240x120 mm? for the
quadrupoles. It includes two parts which are the pure
acceptance and beam injection channd (g, , &, = 20 T
mm-mrad , AP/P = +5x107%, septum = 10mm, error = *
Betatrontunevalues ~ Qx/Qy=3.54/2.58 3mm). The C-type will be adopted for the CSRe dipoles
in order to install the experiment probes and injection
channel conveniently.

Table 6: Lattice parameters of the CSRe

Transition gamma Yer=6.5

Natural chromaticity Qx/Qy=-23/-17

Max. B-amplitude Bx/By =10.4/7.0m (Dipole)
Bx/By=21.3/17.5m (Quadrupole) 3 REFERENCE
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Injection section Bx=9.3m, Dyx=0m (Septum)

[2] W. L. Zhan, et al., “Radioactive lon Beam Line in

=10. Dy = adr. .
Bc=10.9m, D= Om (Quadr) Lanzhou”, this conference

E-cooler section By/By = 6.5/12.2m, Dy=0 [3] Y. F. Wang, “Upgrade of HIRFL", this conference.
[4] B. W. Wei et al., “HIRFL Heavy lon Cooler-Storage
RF station section Bu/By=3.2/17.2m, Dx=0 Ring Proposal”, Proc. of the 5th China-Japan Joint
Symposium on Accelerators for Nuclear Science and
The injection channel, show in Figure 11, is located Their Appl., 1993.

B. W. Wei et al., “HIRFL-CSR Proposal”, Proc. of
the 14th Inter. Confer. on Cyclotrons and their
Appl., 1995.

in adispersion free section and goesthrong the edge of a [5]
dipole in order to obtain very large momentum
acceptance. The single turn injection system consists of ; . .,
four in-dip0|e coils to bUmp the closed orbit, two [6] J. W Xia et al., HlRFL-CSR Plan , Proc. of the 6th
magnetic septums to deflect beam into CSRe and one Chlna-Japa}n Joint Symp_osmm on Accelerators for
kicker to kick the beam to the closed orhit of the ring. Nuclear Science and Their Appl., 1996.



