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HIRFL-CSR Layout
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®Project construction start: 1999

¢ Total cost: ~US$30M

= Including two cooler-synchrotrons, transport
lines, experiments, civil engineering (new
buildings)



Physics Program of CSR

RIB physics

(With Radioactive lon Beams)

Researches of hot nuclel
(With high-energy beams)

Atomic physics
(With highly charged heavy ions)

Related applications



CSRm

CSRe

rcumference (m)

161.0014

128.8011

/erage radius (m)

8RSSC:34RSFC:25-62416

4/5Rcsrm=20.499328

CSR major parameters

eometry Race-track Race-track
ax. energy (MeV/u) ifg(o) ((g)m) iggic@)
500 (U 500 (U%*)
> (Tm) 0.81/12.05 0.50/9.40
T) 0.10/1.60 0.08/1.60
amping rate (T/s) 0.05~0.4 -0.1~-0.2
>peating circle (s) ~17 (~10s for Accumulation )
ceptance Fast-extraction mode Normal mode
A (r mm-mrad) 200 (Ap/p = +0.3 %) 150 (Ap/p =+0.5%)
A, (m mm-mrad) |40 75
1.4 2.6

Ap/p (%)

(en= 50 T mm-mrad)

(en= 10 T mm-mrad)

CSRm CSRe
E-cooler
Electron energy (KeV) |35 300
Eff. cooling length (m) | 3.4 3.4
RF system Accel.  Accum. Decelerat
Harmonic number 1 16,32,64 |1
frin/fmax (MHZ) 0.24/1.81 6.0/14.0 |0.4/2.0
Voltages (n x kV) 1x70 1x20.0 |2x10.0
Vacuum (mbar) (3.0 x 10
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CSR Operation Scheme
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CSRm Injection scheme

C,N, O, F,Ne, Ar, Ca, A<40, E =7--10MeV/u
SFC + CSRm

Stripping injection (A<20) ) +e-cooling —»— =107

Kr, Xe, Ta, Au, Pu,U, A240, E =10--25MeV/u
SFC + SSC + CSRm

MMI + e-cooling (A=40) »— =10’



To CSRe
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Accumulation
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Acceleration
Fast extraction
Slow extraction

External target
Internal target
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CSRm Lattice Layout
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CSRe lattice layout



CSRm-dipole Fabrication

1000 1500 2000 2500 3000
1(A)

-Type, Angle=22.5% Rbend, Radius=7.6m, Air Gap=80mm, Useful aperture= 140x60mm?, Precision= 3x104




CSRm-Quadruple Fabrication

300 400 500

- I (A)
o

aperture= 160x100mm?, Precision=1.5x103




Special magnets of CSRm




Static-electric se th M (for multi-turn injection)

L=2m, V_,=160KkV, Septum = 0.1mm



KICKEr for fast extraction

Rising time: 150ns
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CSRm RF System

RF-station for acceleration RF for beam accumulation
f=0.24~1.81 MHz,V,_=7KkV f=6~14 MHz,V_=20kV




UHV System of CSR

Bake-out temperature: 250°C, Pressure: 5 x10-12 mbar
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Electronics Development
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CSRm 1st-Commissioning in 2006
Scheme

lon; CO*

Stripping Injection
Electron-cooling
Cooling-Accumulation + Acceleration

Particles: 108

Energy: 1 GeV/u



Scheme of the stripping injection in CSRm -

Chopping
Top: 1~5ms

CoRmM
Stripper

TRS
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Orbits of the stripping injection in CSRm



9 turns beam signal from BPM with zero-bumping

Single-turn injection 05/10/22 01:(

le Warical Timebase Trigger Display  Cursors Measure  ath  Analysis LHilities Help FT:| Setup.

Fy
-35.5 psff Trigger
SO0 s iy SO0 s Adivy SO0 ms Sdive 10.0 p=rfdiv |Mormal 455 |
97 .0 my offzet -109.0 m* ofst S00 nSfdive 5.0 G5i= |Edge Po=il
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2006.0?

4 Bumps layout for the CSRm Injection

EPTUM FOIL

\ 4
Move away while STI



Current signals of 4 bump-PS for dynamic bumping orbit

Bump-PS controlled by the new DSP
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22 turns beam signal from BPM with dynamic bumping orbit
2006.0

File “edical Timehase Trigger Display Cursors Measure  Math  Analvsis  LHilities  Help

Timehaze 0.0 p=Trigger
200 m il 20.0 p=idiv [Stop 20 mh
10.0 p=idiv 200 k= 1.0 35)= [Edge Pozitive




First stored beam signal from spectrum analyzer

Bumping orbit , RF modulation (1.3Kv), Spe. Ana. in zero-span mode
Multi-turn injection 23Cy2 =7A 21D4 =0.5A  06/1/23 22:47

5times of RF In 10s 1/e life-time = 10s



06/7/29 1

Co*.peam accumulation test in CSRm

Beam current from DCCT

—

220pA~10°

Time (5)
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PS & RF Setting 010152
7-1000MeV/u Ramping
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Major Parameters of 1GeV/u Acceleration

>6+.Beam

/—1000MeV/u 0.76Tm-11.3Tm |l ,=1mA
140x60 mm?

Jipole 0.1-1.5T 160A—2500A 450A/s
160x110 mm?

Juadruple [0.6T/m - 9T/m 20A —-600A 100A/s

F f=0.45-1.63MHz |H=2-1 Vi = 3.9KV

Top Power Vacuum
Aachine I 3MW 5x1012 mbar




First COC for CSRm

06/12/27 21:00
Before correction After correction
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e-CO()lng for C6+_beam at 7MeV/u 06/12/27 0

Tekironix RSA 3303A A/D OVERFLOW 7 Al PALSE

||
Frequency: 22.2 MHz Spectrum Length:  1.28 ms
Span: 100 kHz Spectrum Interval: 1.22 ms
Input Att: 0 dB MNBW: 1.566 kHz

-6l
dBm

dBm

Center: 22.2 MHz Span: 500 kHz Center: 22,2 MHz Span: 500 kHz




06/12/27 1

Beam Accumulation with e-cooing in CSRm
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Beam current: 1.5mA




07/01/03 1

Cooing-accumulation in CSRm

With 9 times of beam injection

Tekironix RSA 3303A
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Cooing-Accumulation and Acceleration in CSRm

07/01/03 20:0
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Cooing-Accumulation and Acceleration in CSRm
/-1000 MeV/u, Top current (final record) : 3.4 mA, 2.1x10°  07/01/03 20:3
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Schedule of CSR 1st-=Commissioning

2006.01

2006.03-04

2006.05-10

2006.11-12

2007.02-04

2007.05-08

Get the CO beam

Accumulation: 108 Particles (C%)
1GeV/u-Accelerating

COC, e-cooling

SSC+CSRm---MMI (Arl8+), Fast extraction

Stored beam in CSRe, Experiments



Thank You!



