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HIRFL L ayout

« ECR lon Source

« SFC K=69(72)

e SSC K=450

*CSRm Quasi-synchrotron

) e CSRe High Sensitive &
"/ Accuracy Spectrometer

SFC | ¢




LECRS

RF : 14.5 GHz,
800-1000 W o
Extract: f 8mm, 20-25kV ZEEa.
Slit: 10-15mm s

Faraday-cup: -150 V

AT 240 el AL Ar 30 el A Arll+ 325 ep A at 18GHz
129Xe?0* 160 eu A, Xe*®* 95eu A, Xel* 7eu A

Nil2* 75 eu A, Nil3* 57eu A, Ni®® 3leu A

Fel* 210 ey A, Fe" 1751 A, Fel™ 141eu A, Fel* 25eu A
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Beam Intensity at HIRFL

(E>5M eV/u)

. SFC: (Z2<30)
— Intensity: ~3~ 10%3pps (C——Ne)

— >5" 10%pps(M g——Ar)
— >1" 10%pps(Ca——=*Zn)

. SFC+SSC (Z>3@) I 7
— Intensity: ~10pps(Kr——Xe)
= ~10pps(>Xe)
*SECR




Synthesis 2

23 New | sotopes ind of heavy

isotopes : 2°°Db,
265Bh

g/nthesi s 112C1) Ki n(ilzgew Systesis about
isotopes : 121Ce, 125Nd, 8 kind new

128Pm, 1298m, 133mpr’
135,137Gd’ 139Tb’ 139Dy’
1424 0’149Yb

Isotopes :
235 Ay ™Y

l Synthesis about 8

1 kind isotopes : 175Er,
185186 {f 208,209}y

237,238T| ’ 239 Pa

Synthesis 2 kind
new isotopes : 2P, Al .iEEE et \
GSSe :

- M siavie nuclides
N ¢, B+ decay

[] B~ decay

] o decay

M Fission

N > B p emission

IMP, CAS synthesis about 23 new isotopes from 1993.
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Experimental Setup for 2°Db

241Am(>2Ne, 4n)?°Db
118MeV

Faraday
cup

N

NaCl acrosol generator

He-gas in

Sy

Flowmeter

A

Reaction

Z.G.Gan, €t. d,
Eur. Phys. J. 10,
He-tank  21-25(2001)




a Decay Chain

Counts

Counts

| 29Dp3, a (9.47MeV) ®
29Db a half-live
~gjme >l r ® a (8.36MeV)
' ~ ~ Energy : keV
E =947 MeV = a) 5
T, ~0.51+0.16s ;. 3
------------- ]ﬂ'T %_.; 5 i 2 2 B §‘
] 02 04 0.6 na .0 ] 1,2 14 E! g % —_ E % 525 = |
255 r @ half-live g v £z 5°°tDb g decay
time =T, - | Erferoy’s
8 lhi ||~'||H..,|||L|u | ‘H Ililll w1 D
2oy, gy "
F, =836 MeV g
T, =018 ® "Ff
L ? H "]HI 2200 2300 h 2400

Time(sec) Channel Number




Experimental Setup for °Bh

NaCl aerosol generator

g
He-gas in |

flowmeter

A

He—tank

Beam

Window
Capillary
L
Detector
A g ’5 Rotating
Detﬁgtar l wheel

243Am(25M g, 4n)255Bh 135M eV

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



E.=9.48, 9.62 MeV

E.=8.43, 852,

8.39 M‘ey

260Db
E,=9.04, 9.0/, 15s
9.12 MeV
259s 0.65s

264Bh

440ms
(19

261Db
1.8_ S

’u

E,= 8.93 MeV

A: 8.86, 8.80 MeV

265Bh

0.94 54,

E.=9.24 MeV

265Bh,264Bh decay chain? Measurement : %°Bh
T,,= 0.94 sec., a decay energy E,= 9.24 MeV.



a Decay Energy & Life Timein Reaction of
26M g + 243Am_>2658h+4n

Parent a ,/KeV t,/ms Isotope a ,/KeV t,/ms Isotope a ;/KeV t;/ms

265Bh 9268 1736 261Db 9006 4860
2658h 9300 1015 26Db 8924 224 257y 8005 4639
265Bh 9219 574  261Dp 8921 1898 257y 8887 1405
265Bh 9274 193  261Dp 8918 5834
265Bh 9222 1140 261Db 8942 436
265Bh 9179 1933 261Dh 8902 1523
265Bh 9245 2547 261Dh 8869 1608
265Bh 9199 1334 261Dh 8927 3480
264Bh 9440 555  2600Dh 8988 2686
2648h 9501 2770 26Db 9085 1378
264Bh 9524 1203 26°Db 9003 259
264Bh 9481 2321 26Dbh 9098 975




Ongoing Upgrade Programs
« RIBLL Upgradefor SHE (5.2004)
o Superconductor ECR lon Source (12/2004)
 Pulsed Ti:Sa Laser System (12/2004)

 New SHE Spectrometer (with Laser RIS)
(12/2005)

e SFC Extraction ﬁm/
: \/ - e —pEE— ——— =] ——

% RBLL1

\ -
\ -
AN
N N ™
AN N >
N &
~. O B
/ N R
SR SEERN &2
DN A
AN ™
N N N
N N AN ~
N N
N N >
AN /
- RS
~ 7/
Y4



RIBLL Upgradefor SHE

Main Parameters

RIBLL  SHIP
DW >7msr ~1.7/msr
DP/P ~10% ~10%
Br max ~4.2Tm ~1.2Tm

A/ DA ~300 ~300



Wien Filter at RIBLL

BEAM AT NEL1= 1
BJ0.764E-01
B=0.764E-01

<T
>
od
og
og

25.000mm 10.000nTad

Z A= 0.00 B=0.801E-01

180.000Degx 100.000KeV

100.000nT ad

\ B=

8.60

25.000Deg

10.000K eV

NPI= I 68.00 mHorizontar) 75.0 Deg.(Longitudinar)

NPZ="15

L—]
Z

= .

~

4 }» 8 L © 10 11

NP— \

68. 00 nm( Vertical)

\"’"I—_—engt h=

4620. 00 mMm







Unique Features of SECRAL

® Axial solenoid coils arelocated inside of Sextupole 64Nil7*  50mA
—

86K r25+ 50mA
132X630+ 50ITA

® Cold iron structure asfield booster and clamp
® Sextupole with curved saddle-shaped coils

=
® Three solenoid coilsar mﬂﬁzed by same direction current

7 ﬁ jﬁr ﬁ"mfﬁj B

Cryostat suppply tower with a cryo-cooler

Cryostat

Injection tank with wave guides, oven and bias disk

. }
1 * f
% AN Turbo pump

Axial mirror coil 1

Magnetic field booster
and sextupole magnef clamper Axial mirror coil 2




first ionization potentials (eV)

|dentification Z by RIS?

—=—[A 119
—a—1A,120

—h— |IIA,113
—y— VA 114
—=—\VA 115
—e—\/IA 116
—A—\/[|A 117

—r— VA 118

cferens 18
’ *117
Lo '

G
DL

atomic number £

Second ionization potentials (eV)

[ —=—1A, 119
H—e— IA,120
—A—IIIA,113
Hw— VA, 114
| —=— VA 115
-—e—VIA, 116
| A—VIA 11T

»—\IIlA 118

T
......Jﬂﬁ

1117

16

50 &0 FO 80
Atomic Number Z

1st and 2nd lonization Potential

a0

100 110 120



Possible Excitation & lonization RIS

field L
ionization _ _ _ _ _ _ _ _autoionization
: state
continuum I8 VIZ2IRIiiD Yies, ff//fsx’y/ﬁ
]
Third step Rydberg
. states
{lonization)
‘ ‘ ‘ Lifetime ?
second step
excitation
‘ 1 l Lifetime ?
First step
excitation
two step three step three step
excitation + excitation + excitation +
final step field autoionization

photoionization ionization



Key Point of Identify Z by RIS

e Strong Laser with 101>17/p for excitation
cross section about 10->-17/cm?

« Maintain SHE in asmall location 2> RFQ
* Precise excitation level - QED Calc.
o Half-lives of excitation state

e 1sr or/both 2nd ionization

e L aser photo energy > 6eV 7



Pulsed Ti:Sa Laser System

(Tunnable pulse width >50ps & >10ps between each pulse)

Fs Laser oscillation Expend Amplifier

e . o (G 4_-

Ti:Sa
400mJ800nm, 30Hz
~30mJ/200nm 27 2dn Freq Double? BBO 22 ~20mJ/200nm
400® 200nm(100myJ)
100mJ/400nm
ﬂ 26 ﬂ

Parameter Amplifier Parameter Amplifier

( ~ 15mJ) ( ~ 10mJ)
200nm® 230~450nm 200nm® 230~450nm

E B

Freg. Double? BBO
800® 400nm(200mJ)




Pulsed L aser Assemble




New Spectrometer at

Chamber
Gas Fill
1,2,3 04 Separator H I R F L
|:| D1
05,6 spit 1
Target /
/ 015,16
07,8 \\
/ Slit2 012,13,14
f 09,10,11 o1
D2 |
— _H.l. — .H.l. .
I Laser
0.00UDeQT 2.760KeV 0.000Deg>r 2.760KeV
[NP=—T 000 Fm (HOfZontal) 0.0 Deg. (Longiudinal] NP 1T
DW 30~50 msr

I e G S S Br max 2.5Tm

”’Qr/ B 0 Q \
:f;mz g g LA T i— A/ DA >400

\.\—\_N““% wf_/_r—n-"”ﬂ—’
| -
\\\v/f
5000 mm (Vertical) Length=" 2140.00 mm




o|SOL TypeRIB
50MeV e+C--- g+23U or
50MeV e+23UC

(>10"3fission/s)

Linac Energy: 6—10 Mev/u

Feature:

* High intensity beam for SHE
*Fission tape RIB beam

I ntegral ability of HIRFL System

*High accuracy RIB experiment at
CSR




Thank you !



M easur ement M ethod

° parent atom

ol

i, daught er recoi |
nOfW/;eQ, - ——= parent a G G
ro,(% capi | ly
® " parent node

o daughter atom
gas- et
capilly




