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Abstract

With the doubly achromatic spectrometer LISE at GANIL, the energy of a

secondary ' 'Be beam produced by the reaction of 63MeV/nucleon l^O with a ^Be target

has been reduced to Coulomb barrier energies using various thick targets and a thinner

target plus a thick degrader. The experimental results were compared with calculations

performed with the program INTENSITY and with simple analytical expressions. It was

found that in the present device, the thick target method is more convenient and efficient

than the achromatic degrader.

1.Introduction
Since high energy, high intensity, heavy-ion beam facilities combined with

appropriate magnetic spectrometers became operational, they have offered a unique

possibility to study the structure of exotic nuclei. For example, in the case of the very

neutron rich nuclei, neutron halos, soft-dipole resonances and large electromagnetic

dissociation cross sections have recently been discovered. Fragmentation-like reactions

have proved to be a very efficient means of production of secondary exotic beams. The

yield for this reaction mechanism is optimal at high beam energies, of the order of 100

MeV/nucIeon or more, where production cross sections and forward focussing of

reaction products are highest.

Recently, it was predicted that the fusion cross section for very neutron-rich halo

nuclei increases at low energies due to a reduction of the fusion barrier associated with

the extended neutron distributions [1]. The fusion-cross section is thus sensitive to the

intrinsic properties of the valence neutrons which constitute the halo. The nucleus ^ B e is

one of the nuclei with a neutron halo[2,3] which may be produced with a relatively high



yield. This is why we plan to study beryllium isotopes induced fusion-fission reactions

near and below the banier[4]. It should be noted that other reactions such as the

formation of certain neutron-rich compound nuclei or evaporation products require very

low energy secondary beams. A more complete catalogue of such studies can be found in

ref.[5].

The energy of me secondary beam produced by projectile fragmentation is, by

virtue of the production mechanism, close to that of the primary beam - usually larger

than 50 MeV/nucleon. Hence for the study of secondary beam induced reactions with

energies around the Coulomb barrier, the major experimental obstacle is the reduction of

the secondary beam energy with the minimum loss in intensity. To our knowledge, no

systematic study of the reduction of the energy of a secondary beam, produced via

fragmentation, to such low energies has been performed.

2. Experimental setup

The 63MeV/nucleon ^O beam was supplied by the GANIL accelerator. In order to

reduce the secondary beam energy and to investigate various experimental conditions, a

range of 9Be targets were used - 370, 740, 1110, 1480 and 1850 mg/cm2. It should be

noted that some of the targets were thicker than the range of the primary beam

(1170mg/cm2). The targets were located at the usual object position of the doubly

achromatic spectrometer LISE[6]. Reaction products around zero degree were selected by

LISE and detected by a two element silicon detector telescope (50|im and 300nm) located

at the achromatic focal point. By combination of energy loss and time of flight between

the detector signal and the accelerator high frequency, all different secondary products

could be identified without any ambiguity. Slits located at the dispersive focal plane were

used to change the momentum acceptance and thus limit to manageable levels the

counting rate in the telescope.

3. Results without achromatic degrader

The first series of tests were performed without an achromatic degrader in the

dispersive intermediate focus plane of LISE. In order to limit the count rates in the

detector telescope, the energy slits of LISE were set to ±lmm, which corresponded to a

momentum acceptance of 0.12%. If necessary, the primary beam intensity was also

reduced. The angular acceptance was always left at its maximum value, ±15mrad in

horizontal and vertical emittance. By changing the mean magnetic rigidity of LISE, the

rates for different energies of the reaction products could be measured. The 1 ^Be rates

obtained using different production targets are shown in figure 1 and are also listed in

table 1. The measurements for the thickest target used in the experiment (1850 mg/cm2 )

were made down to an energy of 5 MeV/nucleon. For reference all the results have been



normalized to a primary beam intensity of 2 |iAe (the highest ^ o beam intensity that can

be produced by GANIL is 3 fiAe). The ] ]Be secondary beam intensity at 5 MeV/nucleon

was about 130 panicles per second (pps). This should be compared to the highest ^ B e

beam intensity of about 6000 pps which was obtained for the two thinnest targets at

energies of 47 and 55 MeV/nucleon. The beam rate was thus reduced by a factor 50 in

decreasing the energy to 5 MeV/nucleon. With the energy slits of LISE fully opened to

±45mm, which corresponds to a momentum acceptance of 5.3%, the expected ^ B e

beam intensity is about 6000 pps at 5 MeV/nucleon. This value, however, may be

slightly overestimated due to loss of transmission at maximum acceptance.

The n Be beam rates calculated with the code INTENSITY[7], for a 1080 rng/cm2

target are also shown in figure 1. Compared with the present experimental results, the

width of the calculated ' ^Be energy distribution is considerably overestimated and the

peak position is predicted at too low an energy. This is most probably due to the

assumption used in the code that the fragmentation cross section is constant for projectile

energies higher than 40 MeV/nucleon. A somewhat better agreement was obtained

recently with the code LISE[8], mainly for the high energy pan of figure 1.

In order to obtain a simple way to predict the observed count rates, we note that the

slowing down of the reaction products in the target has mainly two consequences. The

first one, trivially, is that the final Bpf value is lower than the optimum yield Bpi value.

The transmission through the spectrometer is proportional to dBp/Bp, therefore a factor

Bpi/Bpf will be lost. The second effect to be considered is a broadening of the

distribution. The characteristics of the energy loss in solids imply that lower initial

energies enhance the energy loss. It is therefore easy to see that the broadening is given

by the ratio dBpf/dBpj - the change of Bpf as a function of a change of Bpj as given by

energy loss tables. Thus the loss of transmission is given by the simple relation

If/Ii=(dBpi/dBpf)(BPf/Bpi) (1)

Here we neglected angular and energy straggling in the target, which are assumed

to be small as compared to the width of the distributions of the nuclear reaction. This

approximation should be valid in the present case. The relation also assumes that the

acceptance of the spectrometer is small with respect to these distributions. To check if this

analytical relation is valid, relative beam intensities have been plotted in figure 2 as a

function of (dBpi/dBpf)(Bpf/Bpj). It can be seen that the experimental points of the four

thick targets fall on the line x=y as expected from this very simple relation. Equation (1)

may therefore be used for quantitative predictions, if the above-mentionned conditions are

satisfied.



4. Results with an achromatic degrader

One of the aims of the present experiment was to compare the yields using a thick

target, without a degrader, to those obtained using a target with optimum thickness for

production and a thick degrader for the energy reduction. In the first case the

transmission is lowered due to first order terms in the slowing down process, and the

straggling can be neglected. In the second case, using an achromatic degrader[9,10], the

transmission would be the same as without degrader if straggling could be neglected.

However in this case the straggling must be compared to the acceptance of the

spectrometer, which is much smaller than the width of the distributions from production.

This is the reason why, in the case of a thick achromatic degrader, the losses due to

straggling become important.

The degrader used in our experiment was achromatically shaped NE102 plastic,

with a central thickness of 802 mg/cm^. A low atomic number material was chosen to

reduce the effects of multiple scattering. With the degrader, the counting rates became

quite low and the energy slits were set to give the maximum momentum acceptance

(5.3%). The target used in this case had a thickness of 1480 mg/cm^. We fixed Bpi, the

magnetic rigidity of the first section of LISE before the degrader, to give the maximum

yield for ^Be and varied Bp2, the magnetic rigidity of the second section of LISE after

the degrader. In such a manner the relation between the intensity of the 1 *Be beam and

Bp2 was measured. For Bpi=2.24Tm this is shown in figure 3. The results are

compared to the predictions of the INTENSITY code in figure 3, where the absolute

value of calculations has been normalized to the experimental value. It can be seen that the

relative values of the calculation are in good agreement with the experimental data. The

calculated and experimental relation between Bpi and the optimal Bp2 after the degrader

is shown in figure 4. The corresponding beam intensity loss in the degrader is shown in

figure 5 as a function of Bp2- From figure 3,4 and.5, we can see that INTENSITY

provides reliable estimates for the energy loss and straggling due to the degrader and the

consequent intensity loss.

As can be seen from figure 3, a H Be intensity of 1200 pps can be obtained at an

energy of 3.3MeV/nucleon (Bp2=0.727Tm). From equation (1), one can estimate that the

reduction of the beam energy, without degrader, from 5 MeV/nucleon to 3.3

McV/nucleon results in a loss of about one third, to give a final rate of approximately

4000 pps. Consequently, the secondary beam rates which can be obtained at these

energies with a thick achromatic degrader are about three times lower than without

degrader and using a thick target. It should also be noted that a thick achromatic degrader

increases considerably the beam emittance. In the case of a thick production target, a thin

degrader may be used for the purification of the secondary beam without a significant

increase of the emittance and therefore without significant loss.



5. Conclusion
A low energy secondary 1 ^Be beam was produced in LISE, by using a thick target

and a degrader. A comparitive study showed that higher secondary beam rates were

obtained without degrader than with degrader. Thus the thick target method is simpler,

and gives a better beam quality and higher yields. For a 2(iAe primary 18O beam at 63

MeV/nucleon bombarding a 1850 mg/cm^ 9Be target, a secondary Hfie beam of about

6000 pps at 5 MeV/nucleon should be obtained within the full acceptance of LISE. In

order to get a high purity of the secondary beam a thin degrader can be used and will not

decrease these rates very much. Such intense low energy beams can be used for the study

of secondary beam induced reactions.

A simple analytical relation was shown to be valid for the present case and can be

used for quantitative predictions of thick target losses. Concerning the program

INTENSITY, the degrader part agrees well with the experimental results, whereas the

calculation of projectile fragmentation is not precise enough to predict quantitatively the

thick-target yields measured.
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Table. 1. "Be beam intensities produced by 63MeV/nucleon
on

Target
(ma/cm2 >
370

740

1110

1480

1850

Energy
(MeV/u)
45.5
48.7
55.0
60.1
65.3
39.5
43.4
47.4
52.0
56.2
25.2
30.4
36.0
42.2
48.7
55.8
20.5
25.2
30.4
33.2
36.0
39.2
42.2
48.7
5.0
6.4
9.2
12.4
16.2
20.5
25.2
30.4
36.0
42.2

Bp (Tm)b)

2.700
2.800
2.970
3.111
3.252
2.511
2.636
2.761
2.887
3.012
2.003
2.203
2.404
2.604
2.804
3.005
1.800
2.003
2.203
2.300
2.400
2.500
2.600
2.800
0.887
.00
.200
.400
.600
.800
2.000
2.200
2.400
2.600

n B e Rate
(pps)
2580
3640
5980
4940
1380
4000
5580
6060
5180
3100
1600
2720
4260
4600
2980
740
1820
2400
2840
2800
2780
2880
1940
740
130
200
340
560
920
1600
1840
2010
1440
520

a) for 2uAe

b) LISE momentum acceptance = 0.12%



r Fig.l. nBe beam rates as a function of final energy for different 9B e
target thicknesses. The momentum acceptance of LISE is limited to
0.12%

Fig,2. The relative "Be beam rates for different targets as a
function of (dBpi/dBpf)(Bpf/Bpj).

Fig.3. The "Be beam intensity versus Bp2 for Bpi=2.24Tm. Degrader:
802mg/cm2 NE102 plastic. The absolute value of INTENSITY
calculation is normalized to the experimental value.

Fig.4. Optimal Bp2 as a function of Bp t. Degrader is the same as for
fig.3 results.

Fig.5. "Be beam intensity loss due to the degrader as a function of
Bp2- I and IQ are the intensities with and without degrader
respectively.
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