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1. Introduction.

The project LISE 2000 was discussed in the GANIL Scientific Council session of 3-4
December 1998 ( ref. 1 ). It is a project financed and constructed by a collaboration of
laboratories:

GANIL Caen

CEN - Bordeaux Gradignan

CHARISSA collaboration ( UK )

IPN Orsay

LPC Caen

The LISE facility has been running since 1984. All along the last years, different upgradings
were achieved, essentially aiming at providing supplementary selection means, in order to
purify the secondary beams of exotic nuclei. They were:

A variable angle of the incident primary beam on the target in order to reject the beam
charge states.

A velocity filter.

The increase of the magnetic rigidity of the first analysing section, allowing
theoretically to work with thick degraders.

Finally a variable vertical angle dipole mounted on a rotating platform, transforming
the LISE spectrometer in a mass spectrometer ( A/Q ) by matching the dispersion of the Wien
filter with the one of the vertical dipole ( ref. 2).

Nevertheless, as far as the energy is concerned, the maximum available magnetic rigidity
remains to day limited at 3.2 T.m.

The upgrade of LISE, called LISE 2000, ( see fig.1 ), consists in the addition of a new
magnetic analysis channel, partly existing, on the ( same) production target of LISE, but
having:

a magnetic rigidity increased, up to 4.3 T m instead of 3.2,

a geometrical acceptance increased by a factor 3.

2. The physics motivations.

Among the motivations for such an upgrade are: the study of light neutron rich nuclei at the
limit of stability up to Z = 9, the halo nuclei, like 8 He, 11 Li, 9 C, the nuclei having a clusters
structure like 12 Be, 16 C, the study of the nuclei properties in the Al — Cl region around the
shell closure N = 28, and finally the study of isomeric states in the neutron rich nuclei, around



N =40 and 50. For this last topic, some nuclei having a very short time of life, the gain in
collection can be very much increased, due to the shorter LISE 2000 line length,( ref. 3,4, 5)

For all these studies, the higher magnetic rigidity will mainly allow the production
with a better statistics of neutron rich nuclei, taking also benefit of the maximum available
energy of GANIL beams, which is not now the case.

3. Some elements of optics.

The optics of the LISE 2000 line and its properties are similar to the one of LISE, concerning
the double achromatism, the use of an achromatic degrader and so on ( see ref.2 ). The main
constraint for the implantation of this new line was naturally the existing LISE facility, which
must not be too much disturbed by this new construction. The second one was the necessity to
have enough place around the focus point in the D4 room, preserving the mounting of large
detectors like for example DEMON which needs a time of flight length as long as possible i.e.
at least 6 meters.

These two constraints determined the dipole angle of the new compensating section: 22.5 °,
instead of 45 © for LISE.

The beam envelope is shown on fig. 2 for the following transverse phase space:
(x;0; )=(+/-1.5mm,+/- 37 mr)

(yp@; )=(+-1.5mm,+/-20mr)
dp/p=0.0

The first order transport matrix A between the target and the dispersive focal plane is
the following:

(Xf Bf Y (I)f’ lf dp/p )EA (Xiqei Yi CI)i li dp/pl)
( Transport units: cm, mr, m and %).

-2.79 0.0 0.0 0.0 0.0 -1.95054
14.06841 -0.35776 0.0 0.0 0.0 -4.21949
0.0 0.0 -3.06977 0.0 0.0 0.0
0.0 0.0 -8.98394 -0.32564 0.0 0.0
-3.92354 0.06978 0.0 0.0 1.0 -0.20355
0.0 0.0 0.0 0.0 0.0 1.0

Between the target point and the focal point, that is, at the detection location, the
matrix M is:

2.02421 0.0 0.0 0.0 0.0 0.0
-32.65237 0.49359 0.0 0.0 0.0 0.0

0.0 0.0 1.44552 0.0 0.0 0.0

0.0 0.0 49.64932 0.76490 0.0 0.0

0.0 0.0 0.0 0.0 1.0 -0.23481

0.0 0.0 0.0 0.0 0.0 1.0



And between the degrader position and the focal point:

-0.72456 0.0 0.0 0.0 0.0 -1.41365
4.73783 -1.37962 0.0 0.0 0.0 3.42032
0.0 0.0 -0.49584 -0.0 0.0 0.0
0.0 0.0 -9.31724 -2.35695 0.0 0.0

-0.42194 0.19506 0.0 0.0 1.0 -0.03123
0.0 0.0 0.0 0.0 0.0 1.0

4. Simulations

Some simulations using the LISE code ( ref. 6 ) are presented ( ref. 7 ). They include
production comparisons between LSE 2000 and the existing GANIL devices, like LISE3 (
ref.2 ) and SISSI ( ref. 8 ). The simulations which are compared, are done in all cases, for the
optimum set-up of each device. Thus, is taken into account: the geometrical and momentum
acceptances of each one, but also the optimum target thickness and the magnetic rigidity
limitations.
As an example, the case of the production of fluorine nuclei produced by fragmentation of a
36 S beam is presented. Fig. 3 shows the optimum BR for the production of N = 10 to 22
isotopes, using SISS1, LISE3, or LISE 2000.

On fig. 4, can be seen for the same fluorine isotopes, the production rates of SISSI and
LISE 2000 normalized to the one of LISE3. Beyond N = 17, the gain is clearly significant.

Fig. 5 shows the production in LISE 2000 and SISSI normalized to the one of LISE3,
of the different nuclear species ( Z =2 to 9 ) at the drip line, i.e., 8 He, 11 Li, 14 Be, 19 B, 22
C, 23N, 240, 31 F, using the fragmentation of the same 36 S projectile beam. The expected
gain can be 5 to 10.

On fig 6a are shown, identified by the * energy loss / time of flight’ technique, the
different species produced by fragmentation of a 36 S beam. Among these nuclei, is plotted
on fig 6b as an example, the rate of 8 He and O 24 nuclei, both for LISE3 and LISE 2000.
The nuclei are doubly selected, by an achromatic degrader of optimal thickness and by the
Wien filter, for LISE3 ,while for LISE 2000 they are only selected by an achromatic degrader.

Concerning the plot 6 b, the ‘total rate’ is the counting rate of all the produced nuclei (
plot 6a ), the ‘maximum rate’ is the maximum counting rate for a nucleus ( eventually
surrounded by many contaminants ), and the ‘rate’ is the counting rate of this nucleus for a
given set-up ( i.e. configuration of the Wien filter, and / or, of the degrader ).

This plot represents the ‘purity of the beam’ ( of 8 He or 24 O ), versus its
transmission through the spectrometer:

For the 24 O beam, we see that with LISE 2000, we can have the maximum counting
rate ( 100 % ) with a purity of 0.1 %, but still around 85 % with a purity increased by a
factor 1000, i.e. without loosing too much nuclei ( 15 % ).

If LISE3 is used, the counting rate is limited to about 40 %, but with a much higher purity.

Concerning the 8 He beam, the counting rate can be much higher using LISE 2000

instead of LISE 3, with a purity about 90 %! ( instead of 100 % ).
Finally, fig. 7 shows the result which could be obtained for the production of a 31 F beam,
using the fragmentation of a 36 S primary beam on a Be target and a selection by a Be
achromatic degrader: few contaminants, ( note that 28 O is probably not produced ) and a
transmission around 80 %.



5. Conclusion.

In the field of the production and study of light neutron rich nuclei and short life isomers,
LISE 2000 should represent a cheap but significant upgrade of the LISE spectrometer. It
should be started in next November.

** At the date of 15 12 OI, LISE 2000 has been successfully tested, and a first experiment
dedicated to isomers produced by fragmentation of a Krypton beam, in the region of 78 Ni is
going on { see photo 1 ).
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Figures captions.
1. General layout of LISE 2000 / LISE3.
2. horizontal and vertical beam envelopes.
3. Available magnetic rigidity for producing Z = 9 isotopes.
4. Production comparison of the Z = 9 isotopes.
5. Production comparison at the drip line.
6a. Ensemble of nuclei produced by fragmentation of a 36 S beam at 77.5 MeV / u.
6b. Purity of a beam versus its transmission.
6. Selection of a 31 F beam.

Photo 1 : The detection point of LISE 2000 in the D4 room at GANIL.



aund aalsuadsip
— . b |

AST T Jorewonsadg ;Hﬁ

4
m | ajodip Ja3awou}dads
| _ S50
S iy o

M o
eTq PR N L T
SR L ey - e o

.wwnﬂm E 431114 c93( i !
1uod 0204 o e e e
Youly

LU0 10304 pund o0
DL OWCUYID PUOISS W I OWOUYI0 35

0oz ur
antnshyd o] ap sanbiaa) IACI3

JINYY

aueyd anisdadsip
pUGIAS



cm

cm

=~

N
|Il|_|_LlIIilILIlI!III

cm

and Y cn

|
ra L]
L J_I | I 'S

I
I||iil|llLJll

=

12-DEC-BY 16:06:56 LI21PLOT



Magnetic Rigidity

36S beam

375

3.5

325

Optimum B rho (T.m.)

-

LISE2000

- - -]

s 10 12 14 16 18 20 22 24
N neutron number
"y Lol
Lt o
€ esf
z L *
& -
o s
S, "
38 |-
® - +
g s |E LISE2000
:
20 :'- -+
C
- e
2 - o MR + *
18
o +* 4+ . SISSI
k | -—--------------------t---'t ---------------------------------------- -
" i -
“ +
os - + o+ + +
: | L s L. L
s 10 12 4 16



Rate / Rate LISE3

Production Nuclei at drip line

6
; LISE2000
+
s e
+
* +
-+
o+
4
- +
3 -
- $1SSI
! +
2F o+
+
* +
; +
+
+ +
i } ' 1 1 ] b '
| 2 3 4 - ¢ 7 -] 9

=



Rate / Total Rate

3 8

A

Energy ioss (MeV) /detector #1/
&8 8

R :

-
F. ) e 80
18.02. 2001 16304
LISE - [CWHNTOrolhes olversBonsw 4 I 0 2000c ix]

180

™) z;o 190
Time of flight (ns)

102

L] l‘ll'l"

10

Ll L 3 llllll[
- Wewe,.

L | 'llllll

10

¥ ITII'UI

*

10-' ll_llllllllllllllllllllllillll]lllllll]l.llllliIll

10 20 20 40 3% e 70 60 S0 W00 110

Fig.6b

Rote / Rate Mox

Fig.6a



Wedge selection plot

363 77.5 AMeV + Be (272 mg/em?) Settings on 31F 9+ 2+ Slits 1-st image: + 5.0 mm
Wedge: Be (2000 pm) [Achromatic -3.8556 mrad] defect=1.00%
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