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Pre accelerator system of CSR
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CSRmM Layout
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CSRe Layout
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HIRFL-CSR
Subsystems

Construction: 2000--2005

- Commissioning
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H-Type, Angle=22.5% Rbend, Radius=7.6m, Air Gap=80mm, Useful aperture=140x60mm?, Precision= 3x10-4




CSRm-Quadruple Fabrication
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UHV SyStem Of CSR Bake-out temperature: 250°C,

Pressure: 5 x1012mbar
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RF-sta;tE_)cT)_n for acceleration RF for beam accumulation
f=0.24~181 MHz,V =7kV f=6~14 MHz,V_=20kV
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Electronics Developments for CSR
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CSR Alignment

Accuracy~0.1 mm
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HIRFL-CSR
Commissioning

2006---2007



Stripping Injection Scheme
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Bump section for CSRm stripping injection

\ 20us
¥ Bump-PS 3200A




signal from spectrum analyzer in CSRm

Bumping orbit , RF modulation (1.3kV), Spe. Ana. in zero-span mode
Stripping injection  23Cy2=7A 21D4=0.5A  2006/1/23 22:47
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e-cooling effect

Co*.7MeV/u , observed the longitudinal schottky signal from spectrum analyzer

. . 06/12/27 08:15
Copling Ring
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Beam with e-cooing in CSRm
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Ampl1 tude (k]

2007/09/29 06:25

SFC-12C*-7TMeVlu, |, = 11uA, STI, 1.8mA in 10s, 10mA on top, 7 x10°
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STI for C*~%*-beam in CSRm with e-cooling

SFC-12C*-7MeV/y, I, = 11uA, DCCT=3.4mA, Gain ~ 300 2006712129 23:20

inj.

y
W
1.56 x1010




Current related beam break-up observed in CSR commissioning  ,407/09
TMeV/u 2Co strip inj. [=2.5mA (1x10'9) . Just stop inj.

228 230 232 234 236 238

228 230 232 234 236 238

trans.) signal —— measured

2 from DCCT X-

y+ signal signal

[(t)}=Aexp(-t/1)
1/7=0.55(s™)

t(s)
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I(1A) f(MHz)

In time domain [
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Scheme of the MM for Ar-beam in CSRm

2007/04/24
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Bump section for CSRm Multi-turn injection
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Amplitude (ab)

MMI + Ramping iIn CSRm
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Fast extraction section of CSRm ke 208
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1206+-600MeV/u 2007/10/06 07:40

Irst beam in CSRe
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12C6+.660MeV/u 7x10° 2007/10/23 12:18
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Testing experiment

SFC+SSC+CSRm+RIBLL2+CSRel,

—=>Isochronous mode

2007/12
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Mode = Isochronous
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Experiment settings
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2007.12.07 back 1

Mass Measurement of RIBs in CSRe
Isochronous Mode: y =, =1.395, To

2,
oL ~ df . / dP 1 d(m/q)
_ 134 fre _“\%) P72 m/q
z AM/M~10-°
S°F
0:"'” l[lln'--ll-l-ﬂ-.-lﬂ-...l

615.65 615.7 615.75 615.8 615.85 615.9
Rev-time (ns)



Slow extraction of 1/3 Resonance in CSRm
2008.01.10

MS2: 2900A, 4300Gs Tt
MS2: 29004, 12800 MS3 N
W R P S L > l?J%“]L&ﬁE
I\rxﬂﬁfﬁuﬁ === -
% e R ; = e
L I P hiE |
— | £RRE 1 2 E2 [ |EeFEs (£ REa L RE S 2Rk e |
Coil3 o i i |
= ES1 ES
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Hi/ 31111.?'(1
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Beam signal for the first slow extraction in CSRm

From Scintillation Crystal Monitor 2008.01.10 15:00

36Arl8+.368MeV/u Slo W[jleCX(:f reascéi on

Mumeric

R o R RN R

R T R

8665.86ms Tirne 7828.51ms

® Spill length: 1.2s
® Main frequency: 50Hz



Slow extraction for 2C#-300MeV/u in CSRm

From Scintillation Crystal Monitor 2009.03




HIRFL-CSR
Operation & Experiments

2008---2009






“First” experiment
78Kr->Ge,As,Se(2Z-1)
2008.6-7 r
2008.10-2009.1 \
e

CSRe

Iso-mode
_Secondary Beam

CSRm

78Kr28+

198.98 MeV/u
~371.71 MeV/u

~450.86 MeV/u

~499 78 MeV/u Mass Measurements of RIBs

2008.6-2009.1



challenge

SC-ECR("8Kri®*)

- SFC(’8Krt%*, 4MeV/u)

- BL2 (®Kr?8+), max. —600nA

- CSRm(’8Kr?8*+, 368-500MeV/u) . 2008-6-25 1445
- RIBLL2 (“8Kr?8* or 8Kr3¢* or RIB)

- CSRel,, o MWWWMWWM

2.0 =

\\

-0.5

dcct data(uA)

-1.0

'1.5 T T T T T T T T T T T
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ts for RIB mass spectroscopy
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Count

Results of the RIBs mass-measurements (2008-2009)

For the 3 drip-line nuclei ©3Ge, %°As, 9’Se with the life-time of 100ms

3 B Pe
25 |-
5 L.
15|
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os |- Rb.| PRb-
O T W T BT T T T o [y e [ PRy | PR |
Revolution time / 4007| 390#+| 650< '
V\ 7Br. | TBro | Bt | PBr |
N

< &8e. | 5 57Sev 63@3
\ 0004 o 2004,
g | BAS | 6T A
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3004 1408 f 2007
DGae| Gaf| “Ga- | Gac a\ﬁjGaa
1105 /% LN
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100#4
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Cancer Therapy with CSRm (2009.03-04)

§ patients, recrudescence after normal treatments! 3-10cm

r i In treatment:
— 10°pps required
100-250MeV/u
Energy degrader + multi-leaf-collimator

scan magnets £5cmxtScm uniformity 95%

Also tested

SMeV/u-step active change
Optimized single stripping injection

preliminary
clinic results: good




Cancer Therapy with CSRm (2009.03-04)
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Test of single turn stripping Injection

. Optimized single stripping injection
In treatment: multi-injection +e-cool P g pping 1n;]

tes}zg_, >10°
e aran |
. N N T Y T
S . o
.(\ )'V{[\ H jl{\ j'VJ : L |
k\l\l\l\l.\ A
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sSummarize for CSR Beam Status

lon: 1206+, 36Arl8+ T8Ky28+ = 129X@27+
Energy: 1GeV/ufor C & Arin CSRm

7x10°) for C-600MeV/u in CSRm
4x108) for Ar-368MeV/u in CSRm
0.6mA (1x108) for Kr-480MeV/u in CSRm
0.5mA (1x108) for Xe-235MeV/u in CSRm
15mA (8x107) for C-660MeV/u in CSRe

Experiment: RIBs mass-measurement, isochronous mode of CSRe , AM/M~10

N

Intensity: 10mA
1.2mA

~—~ /N

Slow-extraction: For external-target experiments and cancer therapy



Prospect of a new Injector LINAC

Buncher

108.48 MHz 108.48 MHz 216.96 MHz 216.96 MHz
\AA/ \A\/ \AA/ \AA \AA/ \AA/
4-Rod RFQ [XXIXI  [XL MO -1 X YIYIX IH-2 Y A
0.3 AMeV 1.85 AMeV 2.77 AMeV 3.71 AMeV
< >

L~96m

Cooperation with IAP, Uni-Frankfurt

Ion source Parameters

Super-Conducting 12C4+, 40 A pl2t 129 27+

278GHz ECR 208pp27+, 238]J28+ .
Beam Current (emA) 0.5-1.0 50-100 times for C
Charge-Mass Ratio(q/A) | 1/8.5-1/3 >1000 times for heavier ions
Ext. Energy (MeV/u) 235 =210




Future position of injector LINAC
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