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Since the Heavy lon Research Facility at Lanzhou Thelayout of CSR is shown ithe block of dottedine.
(HIRFL) wasput into operation in 1989, 19 kinds of ion hav&l--Internal targefor atomic physiceand RIB physics;T2--

been extracted fahe experimentand alot of improvements

Internal targetfor the studies oéxotic nucleiand atomic

was finished. In order to provideigh quality stable and physics; T3--External target for cancer therapy research; T4--
unstable nuclear beams for many experimetits, HIRFL External targetfor researches othe properties of nuclear
Cooler--Storage Ring Propogdasbeen submitted to Chinesematter under extreme conditions.

Academy of SciencesThe HIRFL status and the main
performance, lattice as well as tmain technicaproblems of
Cooler-Storage Ring (CSR) are described in this paper.

l. HIRFL STATUS

A. Operation

After the first beam was extracted fronthe main
accelerator SSC (k=450) on Dec.12,19BBRFL has been
operated successfully excep991 when the injector SFC
(k=69) wasshutdown to upgradend instalECR source as
well as its beantine. Layout of HIRFL isshown in Fig.1 and
the accelerated ions are listed in Table 1.
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Fig.1 Layout of HIRFL

Table 1 Accelerated beams and operated
parameters of HIRFL

SFC
ION | Z |RF(MHz)| h| E(MeV/u)| I( /&)
e | 4| 626 |1 45 5
%09 | 5| 626 |1 45 3
2c | 4| 753 |1 6.6 3
©pr | 8 | 1354 | 3 2.4 2
ONe | 4 | 1354 | 3 2.4 2
80 | 6 | 626 | 1 45 2
UN | 5| 626 |1 45 3
%0 | 6 | 854 |1 8.5 2
2c | 5| 823 |1 7.9 2
e | 4| 802 |1 7.5 2
84Ky | 13| 1098 | 3 15 0.25
SscC

2c | 6| 939 |2 50 0.4
%9 | 8 | 939 |2 50 0.05
2c | 6 | 1129 | 2 75 0.05
©pr | 15| 1354 | 4 25 0.05
2Ne | 8 | 1354 | 4 25 0.04
80 | 8 | 9.39 |2 50 0.04
UN | 7| 939 |2 50 0.05
%9 | 8 | 12.80 | 2 100 0.01

B. Improvements

1. ECR ion source and its beam line installation

In order to increase the i@peciesandimprove thebeam
qualities, a Caprice ECR source purchased from CENG Lab,
and thebeamline from ECR to SFChad been installed in
1991. To meet the neddr ions of heavier elemergpme



possible modificationshad been tried. As a result, a
considerable increase in beam current with a factor of 1.5 to 2 Il. HIRFL--CSR PROPOSAL
is gotten for Neand Arrespectivelﬁ/u. Meanwhile a new
10GHz ECR ion sourckasbeen developed iaur laboratory
and its performance is satisfactory.

A. General Description

HIRFL-CSR, a heavyon Cooler-Storage Ring, is a new
acceleratoplant. Itcould provide stablandunstable nuclear
beams withhigh quality for experimental researches. The
CSR consists of enain ring(CSRm)with a circumference of
To meet the requirement of the external injecBgstem a 141.051m and an experimental ring (CSRe) with a

lot of improvementshad been doneThe central region of . . .
P 9 circumference of 70.525m. It will accelerate the particles up

SFC was redesigned. Followitige general design principles, | o010\, forlight heavyions (Z/A=1/2)and 600MeV/u

Eng ;heeq:atllons:deo;l(-)n a asz]lanted electrostat?c mﬂ?Ct%r heavier ions (Z/A=1/2.6) by usinghe existing two
adbeen designednd fabricated™. The central trajectonescyclotrons SFC (k=69)and SSC (k=450) as injectors
had been studied carefullgnd in detailBecausethe new . . - .
respectively. The heavy ions from the injectors will be
coils tookthe place of the original one whitfad been used . .
accumulated, coolednd accelerated in thenain ring, and

fodr abodut so yearsandf Tge exte;nahjectlona.system W83 then extracted to produce radioactive ion beams (RIB)gir
é opted, the magnet field must be mappg n- Atsam§ charge statdieavyions. Afterthat thesecondary beams can
time theDeeand dummy Dee wasebuilt. The electrostatic . . . . .
be injected into the experimentaihg for internal target
deflector was replaced by new ondwo HIRFL-800 . . . .
experiments. Those beams stored in the experimental ring can

cryopumps took the place tfo oil diffusion pumpsAnd the also be decelerated tow energy [110MeV/u) for physical

microcomputer--CAMAC system is used to control SFC and . - . L .
experiments, or reinjected into theain ringfor acceleration

to highenergies (500--900MeV/u) fdhe internal or external
target experiments.

The expected mean Iluminosity of internal target
experiment inCSRe will be ofL0?*"* for short lifetime RIB
(0.1-100 ms) and k0™ 28 for long lifetime RIB (0.1-5 s).

2. Upgrading the SFC

the beam line.

3. Bypass beam line construction

The bypass beantine from formerbeamline to thepost
one was constructed to delivitle beam extracted from SFC
directly to the experimental terminals in 1993.

B. Main Parameters and Lattice of CSR

- T The main parameters @SR are tabulated in Table 2.
There are Gets of RF amplifier with differeritequency Fig.2 and Fig.3showthe distributions of/Z-functions and

range angower in RF systemThe No. 0 cabinet was addeddiSIOerSions for CSRm and CSRe respectively.

as the reference phase to improve the phase stability of RF
system. Usingthe victor resultant principle mew 3608

4. Improvement of phase stabilization system

phase shifter adjusted by microprocessor with phase S B L UL IR L
. L —— Detax, betay -.-.D ]
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5. Development of HIRFL--800 cryopump s 10j 24
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Owing to larger consumption of liquid nitrogen, the E oo A AR GISANN o a
Balzers cryopump of RKBOO with a combined pumping @ F I | l | | ]
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speed of about 20000l/s was replacedtiy HIRFL 800 o % 50 75 100 125 150
ORBIT LENGTH(M)

cryopump withoutusing liquid nitrogen. Its pumpingpeed

has been tested at atandard tesdome to be 25000 and

27000I/s for nitrogen and hydrogen respectively. Fig.2 /Z-functions and dispersions of CSRm



Table 2 Main Parameters of CSR

Ring CSRm CSRe
Circumference (m) 141.051 70.525
Average radius (m) 22.449 11.2244
B Brax ! B Brin(T-m) 10.584/0.64  6.4/0.91
Acceptance
&( 7mm.mrad) 50 25
Ap/ p(%) 1.0 1.0
Lattice
K 4.44 2.35
Q/Q 4.24/3.23 2.73/2.35
Max. Z /1 & (m) 14.94/14.11  16.34/14.32
Max. D, (m) 3.971 3.944
Electron cooling
E.... (keV) 165 165
lemax (A) 48 4.8
cathode diameter(mm) 50 50
A ! Bo(m) 6.0/6.0 6.2/6.2
cooling section length(m) 3 3
RF--system
harmonic number 1 1
frnax ! T min(MHZ) 2.0/0.2 3.05/0.62
voltages (X kV) 2%x8 2x12
Vacuum(Torr) 1x10™ 1x10™
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Fig.3 A--functions and dispersions of CSRe

C. Lifetime of Stored lon bealfs

At the injection energies thmain factors defining the [1] B.W.Wei, ZW.Liu etal.,
survival of ion beamsre related to the thrgeocesses. 1.
Single and multiple Coulomb scattering on residual gas
molecules. 2.Charge exchange (i.e., electron capture ar['ﬂ J.B.Belmont.”

electron capture mechanism dominates the lifetimes of
heavier ions (Xe-U)and thebeam loss caused by Coulomb
scattering the vacuum

conditions of CSRm, lifetimes of thgpical heavyions at the

is negligible. However, under

injection energies are longéhan theneeded time for RF
stacking (~5s)and electron cooling (~1s)This allows to
obtain high intensity accumulated ion beams.

Besidesthe abovethree processesthe charge exchange
with target atomsand Coulomb scattering omarget atoms
have to be taken into account when determining lifetimes for
thin internaltarget experiments. In thsse electron capture
on target atoms dominates the circulatingam lifetimes.
Anyhow, the calculation results predict that the C8Rernal
target thickness of 1tatoms/cni is reasonable.

D. Electron Cooling Time

The electron cooling timkasbeen computed hysing the
more accurate cooling thedty The resultshowthatfor the
combination method of multiturn injection and RF stacking at
the injection energiespeam emittance othe order of
0.1 7mm.mrad isachieved in a typical cooling time tdss
than 1.0s, while the longitudinal momentum spread at the top
of stack is damped from.2& 7T0to 2 0x 10° in a time of
1.0ms, RF stacking
period(~20ms), while fothe multiple single-turn injection

which is much shorterthan
the emittanceand momentum spread ardecreased by 2
orders in a cooling time of leshan 60ms and 120ms
respectively.

Hencethis fast cooling makes it possible to increase the
accumulated ion beam intensity to a limitation sgace

charge effect rather than the phase space of machine.
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