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HIRFL Layout

• ECR Ion Source 

• SFC K=69(72)

• SSC K=450  

•CSRm Quasi-synchrotron 

• CSRe High Sensitive & 
Accuracy Spectrometer



RF :             14.5 GHz, 
800-1000 W
Extract:  f 8mm, 20-25kV

Slit:              10-15 mm
Faraday-cup: -150 V

Ar11+ 240  eµ A , Ar14+  30 eµ A

129Xe20+ 160  eµ A , Xe26+ 95 eµ A, Xe30+ 7 eµ A

Ni12+ 75  eµ A , Ni13+ 57 eµ A, Ni15+ 31 eµ A

Fe11+ 210 eµ A , Fe12+ 175 eµ A, Fe13+ 141 eµ A, Fe16+ 25 eµ A

LECR3 

Ar11+ 325  eµ A at 18GHz



SFC & SSC

KSFC = 72

KSSC = 450



CSR Installation



Beam Intensity at HIRFL 
(E>5MeV/u)

• SFC: (Z<30)
– Intensity: ~3 ×1013pps (C——Ne)
– >5×1012pps(Mg——Ar)
– >1×1012pps(Ca——*Zn)

• SFC+SSC:  (Z>30)
– Intensity: ~1011pps(Kr——Xe)
– ~1010pps(>Xe)
*SECR



23 New Isotopes
Synthesis 10 kind new 
isotopes : 121Ce, 125Nd, 
128Pm, 129Sm, 133mPr, 
135,137Gd, 139Tb, 139Dy, 
142Ho,149Yb

Synthesis about 8 
kind isotopes : 175Er, 
185,186Hf 208,209Hg, 
237,238Tl, 239Pa 

Systesis about 
8 kind new 
isotopes : 
235Am

Synthesis 2 kind 
new isotopes : 25P, 
65Se

Synthesis 2 
kind of heavy 
isotopes : 259Db, 
265Bh

IMP, CAS synthesis about 23 new isotopes from 1993.

N

Z



259Db
0. 5 s

9.47    α

265Bh
0.94 s

9.24    α



Experimental Setup for 259Db
Z.G.Gan, et. at, 
Eur. Phys. J. 10, 
21-25(2001)

241Am(22Ne, 4n)259Db 
118MeV



259Db α decay 
energy

255Lr α decay 
energy

259Db α half-live 
time

255Lr α half-live 
time

α Decay Chain
259Db  α (9.47 MeV) →

255Lr → α (8.36MeV)



Experimental Setup for 265Bh

Z.G.Gan, et. at,  
to be published )

243Am(26Mg, 4n)265Bh 135MeV



264Bh
440ms
(1 s)

260Db
1.5 s

256Lr
25.9 s

Eα= 9.48, 9.62 MeV

Eα= 9.04, 9.07, 
9.12 MeV

Eα= 8.43, 8.52, 
8.39 MeV

265Bh
0.94

261Db
1.8 s

257Lr
0.65 s

Eα= 8.86, 8.80 MeV

Eα= 8.93 MeV

+0.70
-0.31

Eα= 9.24 MeV

265Bh,264Bh decay chain? Measurement : 265Bh 
T1/2= 0.94 sec., α decay energy Ea= 9.24 MeV.



9759098260Db23219481264Bh

2599003260Db12039524264Bh

13789085260Db27709501264Bh

26868988260Db5559440264Bh

34808927261Db13349199265Bh

16088869261Db25479245265Bh

15238902261Db19339179265Bh

4368942261Db11409222265Bh

58348918261Db1939274265Bh

14058887257Lr18988921261Db5749219265Bh

46398905257Lr2248924261Db10159300265Bh

48609006261Db17369268265Bh

t3 / msa 3 / KeVIsotopet2 / ms a 2 / KeVIsotopet1 / msa 1 / KeVParent

α Decay Energy & Life Time in Reaction of 
26Mg + 243Am—>265Bh+4n
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Ongoing Upgrade Programs
• RIBLL Upgrade for SHE (5.2004)
• Superconductor ECR Ion Source (12/2004)
• Pulsed Ti:Sa Laser System (12/2004) 
• New SHE Spectrometer ( with Laser RIS) 

(12/2005)
• Improve SFC Extraction System
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Main Parameters
RIBLL SHIP

∆Ω >7msr            ~1.7msr

∆P/P ~10% ~10%

Bρmax ~4.2Tm         ~1.2Tm

A/ ∆A              ~300 ~300



Wien Filter at RIBLL

x 25 .000mm    1 0 . 0 0 0 mr a d  

x180 .000Deg    100.000KeV 

x 1 0 . 0 0 0 mm   1 0 0 . 0 0 0 mr a d  

x 25 .000Deg    10.000KeV 
 NP1=   1 NP2=  15  68. 00 mm( Hor i z o n t a l )     25 .0  Deg . ( Longi t u d i n a l )

  68. 00 mm( Ve r t i c a l ) Lengt h=   4620. 00 mm
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H A= 0. 0 0        B=0. 7 6 4 E - 0 1    
V A= 0. 0 0        B=0. 7 6 4 E - 0 1    

Z A= 0. 0 0        B=0. 8 0 1 E - 0 1    

BEAM AT NEL1=   1
H A=- . 2 0 3 E - 0 1    B=0. 7 6 4 E - 0 1    
V A=- . 4 0 8        B=0. 5 2 3 E - 0 1    

Z A= 10. 3        B= 8. 6 0        

BEAM AT NEL2=  15 I =      0 . 0  mA
W=  15. 0 0 0 0    1 5 . 0 0 0 0  Me V

FREQ= 425. 0 0  MHz    WL=   705. 3 9  mm
EMI TI =  2 0 9 . 4 4 0   2 0 9 . 4 4 0     1 7 . 9 4
EMI TO= 209. 4 4 0   2 0 9 . 4 4 0     1 7 . 9 4

 N1=   1   N2=  15

MATCHI NG TYPE =  1
MATCHED  BEAM  DESI RED
   ( MATCH TO BEAMI )    
      Al p h a      B e t a   
x      0 . 0 0 0 0     0 . 0 7 6 4
y      0 . 0 0 0 0     0 . 0 7 6 4

P B O Lab T R A C E 
DATE:  1 0 - 2 3 - 2 0 0 2
TI ME:  0 0 : 1 0 : 1 0



RIBLL 
Upgrade



Unique Features of SECRAL 
 

l Axial solenoid coils are located inside of Sextupole  
Decrease interaction force 
The Ion source more compact 

                                       Reduce the stored energy 
                             Reduce stray field  

 
l Cold iron structure as field booster and clamp 

 
l Sextupole with curved saddle-shaped coils 

 
 More convenient for clamp of the coils 

 

l Three solenoid coils are energized by same direction current 
 

64Ni17+ 50µA
86Kr25+ 50µA
132Xe30+ 50µA



Identification  Z by RIS ?

1st and 2nd Ionization Potential



Possible Excitation & Ionization RIS

Lifetime ? 

Lifetime ?



Key Point of Identify Z by RIS

• Strong Laser with 1015-17/p for excitation 
cross section about 10-15--17/cm2

• Maintain SHE in a small location à RFQ
• Precise excitation level à QED Calc.
• Half-lives of excitation state 
• 1sr or/both 2nd ionization 
• Laser photo energy > 6eV   ?



Pulsed Ti:Sa Laser System 
(Tunnable pulse width >50ps & >10ps between each pulse)

Ti : Sa
400mJ/800nm, 30Hz

Bump, 100mJ/532nm
10Hz,

Amplifier
10Hz, 2mJ

Expend
50~ 500ps/1nJ

Fs Laser oscillation 
30fs/400mW/800nm

~50mJ/200nm

Bump, 5W@532nm
Verdi? Millennia

Parameter Amplifier
( ~ 15mJ)

200nm→230~450nm

Freq. Double? BBO
800→400nm(200mJ)

Bump, 800mJ/532nm
30Hz,

Bump 800mJ/532nm
30Hz,

? ?

? ?2dn Freq Double? BBO
400→200nm(100mJ)

~100mJ/400nm

~20mJ/200nm~30mJ/200nm

Parameter Amplifier
( ~ 10mJ)

200nm→230~450nm

Delay I

Delay II ? ?



Pulsed Laser Assemble



New Spectrometer at 
HIRFL

RFQ 2

D 1

D1

RFQ 2
D2

S lit 1S lit 1

Slit2
Q 9 , 1 0 , 1 1

Slit2
Q9,10,11

Laser
Laser

Detector
or Trap

Q 1 2 , 1 3 , 1 4Q 1 2 , 1 3 , 1 4

Q 1 5 , 1 6Q 1 5 , 1 6RFQ 1

Q 1 , 2 , 3Q 1 , 2 , 3

R e a c t i o n
Chamber

Reaction
Chamber

TargetTarget

G a s  F i l l
S e p a r a t o rQ4

Q 5 , 6

Q7,8

x  0.000Deg     2.760KeV x  0.000Deg     2.760KeV 
 NP1=   1 NP2=  11  50.00 mm ( H o r i z o n t a l )      0 .0  Deg. ( L o n g i t u d i n a l )

  50.00 mm ( V e r t i c a l ) Length=   2140.00 mm
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∆Ω 30~50 msr

Bρmax 2.5Tm

A/ ∆A              >400



Future Development

Linac
Injector

RIB

•ISOL Type RIB 
50MeV e+C--- γ+238U or

50MeV e+238UC

(>1013 fission/s)

•Linac Energy: 6—10 Mev/u
50MeV e

Feature:

• High intensity beam for SHE

•Fission tape RIB beam

•Integral ability of HIRFL System

•High accuracy RIB experiment at 
CSR



Thank you !



Measurement Method

par ent  mode

par ent  at om
daught er  r ecoi l
par ent  α

direction of wheel rotation

gas- j et
capi l l y

daught er  at om

daughter mode

direction of wheel rotation gas- j et
capi l l y


