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Max. Energy: 5.8 A MeV
∆E= +/- 0.6 MeV





Parameters of GARIS(D1-Q1-Q2-D2)

D1
Deflecting angle                  45 deg
Maximum field                      1.54 T

Q1,Q2
Maximum field gradient        5.2 Tm

D2
Deflecting angle                  10 deg 
Maximum field                       0.92 T

Solid angle (measured)            12.1 msr

Effective radius (measured)       1.452 m



φ125 mm

Rotat ing  target

φ = 125 mm, ω = 1000 rpm

New Rotating Target
φ = 300 mm, ω = 2000 rpm
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Principle of Operation 
for Gas Filled Recoil Separator-I

Reaction Products 
With

∆v & ∆q

Magnetic Field

Vacuum
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Bρ = mv/qe

= 0.0227A(v/v0)/q [Tm]

A: mass number
v: velocity of ion
v0: Bohr velocity c/137

ρ
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Principle of Operation 
for Gas Filled Recoil Separator-II

Magnetic Field with
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169Tm(40Ar,5n)204Fr
169Tm(40Ar,6n)203Fr
169Tm(48Ca,5n)212Ac
208Pb(40Ar,3n)245Fm
208Pb(48Ca,2n)254No
209Bi(48Ca,2n)255Lr

140Ce(58Fe,p5n)192Bi
140Ce(64Ni,p5n)198At
208Pb(58Fe,n)265Hs
208Pb(64Ni,n)271110
209Bi(64Ni,n)272111









208Pb(64Ni, n)271Ds

Experimental conditions

Beam 64Ni 0.4 - 1 pµA
Total dose 4.0 x 1018

Target 208Pb 190 - 250 µg/cm2 (98% enriched) 
evaporated  on 30 µg/cm2 C
covered        by 10 µg/cm2 C

Bρ (GARIS) 2.05 Tm

P (GARIS) 75 Pa

Counting rate 1 - 20 cps



Position difference (ER vs α)
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209Bi (64Ni ,n)272111

Experimental conditions

Beam 64Ni 0.7 - 1.8 pµA
Total dose 1.30 x 1019

Target 210～310 µg/cm2 

evaporated  on 30 µg/cm2 C
covered        by 10 µg/cm2 C

Bρ (GARIS) 2.05 Tm

P (GARIS) 75 Pa

Counting rate 2 - 10 cps



NN2003 at Moscow 18Jun2003

21
3 F

r6
.7

75
 M

eV
 4

p 
tr

an
sf

er

21
1 P

o 
7.

45
0 

M
eV

 p
n

tr
an

sf
er

21
1m

Po
7.

27
5 

M
eV

 p
n

tr
an

sf
er

21
2 A

t7
.6

79
 M

eV
 2

pn
 tr

an
sf

er

21
2m

A
t7

.8
37

,7
.8

97
 M

eV
 2

pn
 tr

an
sf

er
21

3 R
n

8.
08

8 
M

eV
 3

pn
 tr

an
sf

er

21
4 F

r8
.4

26
 M

eV
 4

pn
 tr

an
sf

er
21

4m
Fr

8.
54

6,
 8

.4
78

 M
eV

 4
pn

 tr
an

sf
er

19
9 A

t 6
.6

43
 M

eV
 p

4n
 e

va
p.

19
6 P

o
6.

52
0 

M
eV

 α
4n

 e
va

p.

19
7 P

o
6.

28
1 

M
eV

 α
3n

 e
va

p.
19

8 P
o

6.
18

2 
M

eV
 

19
9 P

o
6.

05
8 

M
eV

 

20
0 P

o
5.

86
2 

M
eV

 

19
7m

Po
6.

38
3 

M
eV

 

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.5
Eα (MeV)

400

300

200

100

0

C
ou

nt
s/

10
ke

V

140Ce + 64Ni evaporation residues 209Bi + 64Ni transfer products to GARIS
64Ni

209Bi Nat.Ce

system check &
energy calibration











Future plan for chemistry at RIKEN

GARIS + Gas-jet + (Gas-phase) Chemistry
208Pb(50Ti,n)257Rf , 209Bi (50Ti, n) 258Db

AVF cyclotron + 248Cm target
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