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1. OUTLINE time of the total operation of machine is increased one
year by one year and it is more than 75% now. Up to now

The layout of Heavy lon Research Facility at Lanzhomore than 40 species of beam were running to physicists.
(HIRFL) is a cyclotron complex as shown in Fig.1. It
consists of an ECR ion source, a short beam line between 3. UPGRADE FOR HIRFL
ECR and SFC, an injector SFC (Sector Focusing
Cyclotron) with energy constant K=69, a pre-beam line3-1 Vector Resultant Phase Shifter
a main cyclotron SSC (Seperated Sector Cyclotron) wi

energy constant K=450, a post-beam line and LEhere are 6 sets of RF amplifier with different frequency

experimental devices as well as a bypass beam line usr,ga Iizgtavr\]/:sp;(\jﬂ:je; dmasRZ fgfsr’zenn;e()f hlzLF;Fl{é ?;rrl]eroltllg-?he
to transport low energy beam from SFC to th P P

experimenal devices directly. Besides them, hase stability of RF system. By using the vector

Radioactive lon Beam Line at Lanzhou (RIBLL) Wasresultant principle, a new 36@hase shifter adjusted by
icroprocessor with phase resolution of better than

constructed and operated in July of last year successfully.
P y Y :1° has been developed and took the place of the

mechanical phase shifter. As we know, the mechanical
phase shifter has transient interruption of output signals
PN in the process of shifting the phases of input signals. This
short-term signal interruption could disturb the beam a
lot in the accelerator. Furthermore, the mechanical phase
shifter has some other shortages such as short lifetime,
low reliability, large volume, etc. So it ieoessary to use
the vector resultant phase shifter instead of the
mechanical one.
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3.2 ECR lon Sources

3.2.1 The Improvement of Existing ECR lon Sources

RF RF

Some improvements for the 10 GHz ECR ion sources on
line have been doffe The plasma electrode is made of
aluminium instead of stairdesteel. And it is moved
towards the plasma chamber about 12 to 15 mm. A thin
aluminium tube is put into the plasma chamber tightly
so as to generate more secondary electrons. A new
configuration of the axial mirror magnetic field and a
new structure of the hexapole were tested. The results
shown in Tablel indicate that the improvements are very
effective.

Fig.1 The layout of HIRFL, RIBLL and CSR ) )
Tablel Typical data of 10 GHz ECR ion sources

2. OPERATION STATUS Beam Current (@A)
, ) | lons ECR1 ECR1 ECR2 ECRZ
After the ECR ion source and corresponding beam “j‘;o When Imported  After Modified| Trad. Mode  New Mode
were ensembled in 1992, the cyclotron complex w AL 110 220 545 230
running for physicists about 3500 hours each year. T1&Ar9+ 45 20 125 300
running efficiency which is defined as the ratio of th Pi0p 11+ 10 40 o5 80
beam time afforded to the physical experiments over t

3-2.2 The Construction of a New ECR lon Source



The reasons to do so are: (1) a single buncher is
In order to get the ions with higher intensity and highegificult to give good bunching efficiency for the both
charge states especially for the heavy elements and me{gjdes, the short bunching distance demands high
elements, a new 14.5 GHz ECR ion source (Fig.2) Waginching voltage and generates high energy spread in
designed, constructed and tested last year. There are high case of H=1, but the long distance gives too important
axial magnetic field (field peak 1.5 tesla) and radiafgpaCe charge effect in the case of H=3. (2) the new
hexapole field (1.0 Tesla on the chamber wall) in the iofethod is to increase the match efficiency between SFC
source. A long plasma chamber with effective length 304hq SSC. Due to the mismatching of the two cyclotrons
mm and double wall was particularly designed in order {®.(SFC)=0.75 m, R(SSC)=1.0 m) the longitudinal
increase plasma volume. Two kinds of configuration, ongatch efficiency between the two cyclotrons is only 50%
is the coaxial line, another one is the rectangular wayg theory in most cases except SFC at H=3 and SSC at
guide respectively, was considered in the ion source a4 where the efficiency is 100%. We simply reduce the
that two microwave frequency heating could be teSteBunching frequency by half f (, =fx</2), here called
The preliminary results obtained on test bsnch by smgheaﬁ-frequency bunching. The beam corresponded to the
1‘71;5 GHz freqlffncy are Shoﬂ’f as f°”°W§:lz?20¢lA' original two packets could be squeezed into one by the
O™ 520@uA, Ar™ 460@uA, Ar™™ 130@uA, Ar™" 55@UA  pncher. But it needs double bunching voltage and some

and so on. changes on the RF systems due to the working frequency
range expanded from 6-18 MHz to 3-18 MHz. The direct

ﬂ = JLF# discharging method is used to get higher voltage, the

*'? | performance on the testbench has shown the good results.
‘ LY = #4 field and get lower bunching voltage requirement in the

‘ o case of H=1, we choose a buncher structure of two gaps

forming of saw-tooth wave by recharging and
In order to get rid of the problem of the stray electric
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drift tube type with the sacrifice to take symmetric
R triangle wave instead of saw-tooth wave.

3.4 The Improvement of ECR Beam Line

After several years operation we found that the original
existing ECR beam line constructed in 1992 was not
satisfactory. Firstly, the beam line was too short so there
were no enough space to ensemble some diagnostics
elements for the beam monitor and emittance
measurement. Secondly the distance from ECR ion

Fig. 2 14.5 GHz ECR ion source source to analysis magnet should be little short to
_ decrease the effect of space charge and the sputter of ions
3.3 The Buncher System on the ECR Beam Line on the inner wall of the pipe because of which the

On the ECR beam line which is deserved to transf¥cuum pressure in the pipe was not good. Thirdly, the
beam from ECR ion source to SFC, a saw-tooth wavesolution of the original 4%ending magnet used as the
form buncher was installed together with the line in earf@nalysis magnet was too low, it was difficult to choose
1992. But the operation since then showed that it workéde available ions. To solve these problems, a new ECR
below the expectation. It can increase the extracted be®§aM line was designed, constructed and tuned last
intensity by 4 times at the best cases for the firsa. The layout of new beam line is shown in Fig.3.
harmonic accelation mode (H=1), and by 6 times at!Wo ECR ion sourcses

maximum for the third harmonic accedtion mode installed on the beam line symmetrically make it possible
(H=3), compared with the case of no buncher in work. Awitching on from one to another conveniently. Because
detailed study shows that the main reasons for thkere are only a short straight section from ECR ion
present low bunching efficiency are low available buncRources to the analysis magnets and two slits after the
voltage, nonlinearity of the bunching wave form. Thefagnets, the sputter from beam on the inner-wall of
on the base of the study, a new buncher system wRifes behind the analysis magnets will be decreased
proposed and is under construction. The new bunch@pviously. It wil give two aspects of advantage: keepping
system consists of two bunchers; Bnd B, respectively better vacuum pressure in the pipes and decreasing space

working at the SFC acceftion mode H=1 and at the charge effect. Using SGanalysis magnets instead of old
mode H=3 (Fig.3). 45 one the resolution of charge states will be changed



from 20 to 65. The beam tuning shows that ththe acceptance of this device, changing ptidgec
transparency of beam along this beam line is increaseddirection of primary beam to obtain the polarized RIB

960 (5064.68) TS and so on.
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The layout of RIBLL is as shown in Fig.1. The RIBLL
- has been run for 2100 hours. The results indicate that all
of the characteristics of RIBLL are satisfactory. On the
device, the beam of the drip line nuclei with short
lifetime such adHe, *'Li and *“Be were already obtained.
CSR (Cooling Storage Ring) is a multipurpose cooling
storage ring system shown in Fig.1, and consists of a
main ring (CSRm) and an experimental ring (CSRe).
%\ Y The existing HIRFL will be used as its injector system.
' The heavy ion beams from HIRFL will be accumulated,
: cooled and accelerated in theain ring, and then
e extracted fast to produce radioactive ion beams (RIBs) or
highly charged state heavy ions. After that, the secondary
beams(RIBs or highly charged state ions) cancbeped
by the experimental ring for internal target experiments.
) . Two electron coolers located in the long straight
Fig. 3 14.5 GHz ECR ion source sections of CSRm and CSRe respectively, will be used for
beam accumulation and providing high quality beams for
3.5 Renew of the Control System internal target experiments.
o In June of last year, our govement has already
A VAX/8350 computer has been used for the originalyh oved this project in principle. The detail description
control system in HIRFL for more than ten years. But if;,5,t the status of RIBLL and CSR project  will be
was very difficult to satisfy the operation of the macm”?eported in this conference.
because of too old and no more spares to do the
maintainance ( The production O¥AX/8350 was 5 SUMMARY
canceled in the factory). In the meantime, the touch

panal on the consol was not very convenient. A NeRer the improvements mentioned above were finished
contribution control system which consists of some highz g year, the beam intensity of HIRFL is increased
level micro-computers, workstations and so on Wagyiously. HIRFL is easier to be tuned and operated then
finished. The new system has been used for the begmy pefore. In 1998, a new SFC vacuum chamber and a
tuning and the operation of the machine since Novembgg,, puncher B1 located between injector SFC and main
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of last year. Everything looks well. accelerator SSCilk be designed and constructed if the
funds are possible. If so, the beam transparency will be
4. RIBLL AND CSR increased greatly.

In July of last year, RIBLL(Radioactive lon Beam Line at
Lanzhou) was constructed, tuned successfully.

In the de_5|gn|ng of RIBL_L, the follpwmg spemﬂcatlons[l] B 5 AL ¥, ECR# THE 5 S et ®h 4
were considered: decreasing spot size of primary beam 4 Vol 20, No. 10 ( 1596),
the target to decrease the emittance of RIB, USING [  J¥ Tangetal. The 14th Itemational Conference on
antisymmetric double achromatic structure to increa Cselotrons and Their Applications P265-268
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