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Abatract 

TM working condition! of a new on-lin» elec­
trostatic collection system an presented. Tha 
main charocterlatlcs ara til in afflclancy (reaching 
201) and short daisy time (down tf< tha millisecond!, 
The -allant features of apaclflc divide» for swasu-
rementa of absolut* cross section», recoil range 
distributions and angular distributions ara gluan. 

1. Introduction 

Tha rollaction mathod presented hara la of a 
non selective type. This method la not to be com-
parai with tha blggjst high performance racoll 
spectracnetere but better oust ba considered as a 
necessary complement of existing devices. 

Our work ho» bean to complete and modify tha 
alraady known off-Una electrostatic collection in 
ordar to realize on-Una datactlon. I t oppaara that 
tha transport and tha deposit of the activity on 
tha surface of a detector can be easily performed 
with small devices. There la sona relationship 
of this method with the helium-Jet technique at the 
total efficiencies are comparable (tha transport 
dalay ties being nevertheless ooe order of magni­
tude snorter In our device], but the nain advan­
tages of the electrostatic collection «re simpli­
city, lightness and the possibility of a precis* 
•election both in recoil energy and angular distri­
bution. Then, known reaction mechanisms (fusion, 
deep inelastic . . .1 as wall aa new ones, that pay 
occur in the range 20-100 fleV/n, can ba atudlad by 
this method and this both for the exotic nuclei 
production and raachanlt-n atudy par se. 

2. Principle» and off-line testa 

All electrostatic experiments rely on two 
main basic principles i I I the recoiling nuclei ara 
stopped tr. a gas, i l l at the end Of the path an 
electrostatic field 1» applied. When the velocity 
vanishes (about ID"7» after the nuclear Interac­
tion) tha field ensure». In most of the cases, the 
presence of a remaining charge on tha nuclei. An 
electric force is then created and provides tha 
transport of tha activity on a catcher, or In front 
of a detector. 

Tha experimental devices built on these prin­
ciples haw been, up to now, focused on off-Una 
measurements in which nuclei ara first electrosta­
tically deposited on parallel platas and then 
hardly or mechanically transported In tha detection 
area (see Fig. 1). Differential range of fission 
fragments1' and evaporation nalduas 1**' were 
studied with such devices. In the case of exotic 
isotope collection, there was only one group 
(Chiorao et a l ' - ' 1 using this technique Mith 
on-line detection (discovery of element 103). At 
this tine (twenty years ago) many experimental 
points remained obscure In the application of the 
main principles. Especially the total efficiency 
and the transport time were not measured. Further­
more the Influence of Important parameters such as 
the beam quality and Intensity, the gas nature and 
pressure, the chemical properties of the collected 
nuclei, were only partially or not at a l l known. 

Fig. 1 Apparatus for differential range measure­
ment» by electrostatic 'collection I taken 
from Harvey1'). 

Tha Ion velocity In an homogeneous electric 
field 1» wall known*) when the ancle* concerned 
ara HeVMe. h^VNj . . . i.e. for particular cases 
whara ions cone from tha gas itself . Ue have then 
studied tha len mobility it of 2 1 6 Po in m and He. 
The pressure range was 0.02 to 1 bar end the elec­
tric field was varlsd correspondingly from lÔ V «>~1 

to 106V «pi. The 21Epo* ioo» came from e 2 2 4 Re 
source and were transportad along parallel f ield 
lines up to tha surface of an alpha detector. The 
three parameters P (pressure). Elalectrlc field) 
and d (transport length) were varied and the loss of 
nuclei dua to radioactive decay coring tha trans-
part was dataruined for each (P. E. d) value i 
other sources of experimental loss than decay rate 
were measured to ba negligible. All results an 
well reproduced by tha following formula which gives 
tha mean velocity v i 

with u - (2-2 * 0.2)10"* In tfe and (4.1 i 0.4)10"' 
In Ha, I f w, E and P units ara ms'1. V m' 1, and oar 
respectively. The width of the distribution Is morn 
difficult to obtain but can M roughly estimated to 
ba half the mean value. One must notice that I f the 
total transport length remains uf tha order of 0.1 
to 1 m, the transport time can be as short ai 1 ins, 
(P • 50'mnar, E -v. 4 1Û*V m-1). An important point 
is then to minimize tha distance between the stop­
ping point of the nuclei and the detector. 

2.2. The electrostatic field line configurations 

Tha velocity 1» limited m the gas by the 
fluid friction. So there is no signifieont kine­
matic forcB perpendicular to the electric onB. For 
the same reason, a magnetic field has a nacll^iulu 
effect i f the pressure Is greater than 1 mbsr. Sa. 
trajectories of lona are directed by the electro­
static field UnBS. 
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Fig. 2 Schematic view of the electrode configuration In 
collection 

In this classic case the Laplace equation 
completely solves the problem» Within the restr ic­
t ion of nan-crossing f i e ld lines I t Is possible to 
f ind an Blectroda disposition establishing the 
f ie ld along an arbitrary given l ine . In Fig. 2 Is 
I l lustrated a standard case where the mean path Is 
a straight l ine In the lower part and a c i rc le In 
the uppBr part. 

An Importent property Of the âV • 0 equation 
Is that I f the geometry of tne electrodes 1» given, 
the relative Intensity of the f i e ld along a f i e l d 
tube la determined by the section af this tube. 
This implies that in a focusing configuration as 
displayed on Fig. 2, the electr ic f i e l d is much 
lower in the convergent part. The total transport 
time is consequently Increased and reaches 10 ms 
Un standard conditions) for this system. 

2.2.2. devices Including insulators 

I f a continuously ionizing source (such ss a 
beam or a radioactive source] is present In the 
electr ic f i e ld the equation ÛV • p(Ëj/en. is of an 
Integral type. The charge density p t t ] Is determi­
ned by the movement and recombination of the crea­
ted free charges, themselves conditioned by the 
electr ic f i e l d . 

We t r ied with some success to Impose, in ad­
dit ion to the potential condition, a volume condi­
tion by fns mean of an insulator (Fig. 3). On the 
surface of the Insulator the charge density reaches 
an equilibrium statB. The norma] comoonent of the 
electr ic f ie ld vanishes. Thus this boundary cdarge 
condition defines a f i e l d tube when potential 
constraints f a l l to do so. The system shown in 
Fig. 3 Is charge equilibrated In a time varying 
from several minutes In presence of a 104 alpha a'1 
source to few milliseconds when a beam goes through 
the device. 

This system f« i l3 in two cases ! 1) 1* thB 
Ionizing source Is too weak. 11) I f the number of 
energetic Ions directly Implanted in the insulator 
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3, In beam collection of fusion residues 
and recoil range measurements 

We have used the device shown In Fig. 2. Tha 
target end tha Ni window era In tha vicinity of 
thB collection zona and have the asms applied vol­
tage as the lower plate. Tha détection being 1Imi­
ta d to alpha spectroscopy, the background la very 
low (less than 1 eventhour"! HaV') above 3 fteV 
when the surface barrier detector la placed behind 
a metallic screen and wall protected from multiple 
scattering. Thie latter point Justifias tha circu­
lar field Una created in tha upper part by « suc­
cession of 17 electrode». The nuclei ere deposited 
onto the surface of tha detector which defines the 
ground potential and constitutes the last electrode. 
The resolution Is there s t i l l good, typically 
30 keV with a 430 m 2 detector. With this system 
WB found optimum conditions for detecting Isotopes 
with r- 'f- l lves greater than 1 a which were t 
P « 2S0 mbar of N 2 , V - 5 kV, beam Intensity : 
5 x 1010 part s* 1 , Tha total efficiency (Including 
tha detection efficiency) Is then 2\ In the case of 
raro earth and fronclum Isotope production. 

This device enabled us to discover (In 1979) 
a new Isotope Ifl'pb 1"' formed in the heavy ion fus­
ion reaction I 4 nCo • HB.Sm). The large detection 
efficiency (4SI) allowed us to make a-a time delay 
coincidence between the new alpha line 6620 keV and 
thB known 6120 koV line Of 1 8 D Hg. These parent-
daughter relationships are of great interest, as 
emphaulzed by Hofmenn et a l " ) for tha velocity 
f i l ter . In tha Identification of new isotopes de­
tected by non-selective collection methods. 

For shortest half-lives the operating condi­
tions must bs changedi the pressure and voltage 
being reduced (100 mbor. 2.5 kVl. The total e f f i ­
ciency is only 1%. for a 5 me half-l ife [21*Fr). 
WB must emphasize that the crossing of the beam 
through the device strongly reduces the efficiency 
since its value is 50% in off-line tests and cor­
responds to the detection geometry. 

3.1. Recombinaison and space charge effects 

The ionization created by an heavy ion beam 
In a gas (at pressure about 100-1000 mbar) Is very 

high, but the separation of these chargea by an 
electric Field is small due to thB recalling field 
existing between positiva and negative species. So 
recombination Is a dominant mode. The ionization 
current between two parallel plates can be estima­
ted by taking into account the equation of mobili­
ty (Eq. 1) for ions and electrons. 

One finds that J. tha density of the extracted 
current le given by tha fallowing equation : 

where a * 3. This current evacuatBS about two to 
four orders of magnitude less charges than those 
created by the beam. So tha probability for a re­
coiling charged nucleus to be collected before neu­
tralization is very small I f I t Stays In the plasma. 
Fortunately the collision Induced relonlzotlon 
occurs with a great probability and extraction from 
the plasma of long-life Isotopes such as 1 5 1Dy has 
been experimentally found to be In hetween 401-100%. 

In addition to this effaet, in the Interaction 
zone, the space charge regime has also a great in­
fluence In the transport. Inside a positive charge 
cloud moving under the Influence of a primary elec­
trostatic f ield, a repulsive component appears 
when the local charge density Is too high. This 
effect Is responsible of an Important loss on the 
aiMst of the electrodes during the transport of 
tha activity to the detector. 

3.2. Measurements of recoil range distributions 

All effects correlated to thB space charge 
are of a particular Importance when the aim of the 
electrostatic collection becomes to give a correct 
view of the recoil range distributions through an 
homogeneous f ield. Fig. 4 exhibits the system we 
havo successfully tested first with a low energy 
fusion reaction and afterwards with the very ener­
getic 1 2C beam of ŒRN. 

Previously experimenters checked carefully 
the symmetry between the beam and the two parallol 
plates. The space charge study shows that behind 
an apparent symmetry in the electrodes, the mobility 
of electrons and ions ara so different 
(u(e"J » 103 u(*Dthat charge densities and electric 
fields exhibit Strong differences between the elec­

tive t) fwitirt 

Fig. 4 Apparatus for differential range measurements by 
on-line electrostatic collection 



Fig. 5 combination of s gaa flow with the 
electrostatic.collection 
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tronic and Ionic collection zones. An Important 
consequence la that the potential of the metallic 
parts placed In the beam such as Nl window or tar­
get must have an applied potential close to the 
cathode one. Otherwise we have noticed a lO'ii of 
collection for small rangea (less than 3 cm), and 
some authors'"1' mentioned s short-rang* ta l l du» 
to a distorsion In the collection, 

4. Addition of a gas flow to the electrostatic 
collection 

A system like the on* In Fig. 1 does not 
guarantees that the efficiency Is independent of the 
half-live over a wide range. This Is a problem 
to measure absolute cross-sections. In order to 
suppress multiple relonlzatlons and rucomblnotions 
as well as to compel the total transport titra to 
be as small as possible, we used a system mining 
a gas flow and an electrostatic collection (Fig. S), 

I t must be noticed that this technique la 
quite different from the helium-Jet for two rea­
sons t 1) the gas flow is insured by a small ven­
tilator (power * 20W, dimension i + BO mm» instead 
of a big pump. 11) the total flow rate of the eva­
cuated gas in the collecting chamber la quite 
high t 105 cm3 s - 1 whatever the pressure 1B in the 
rang» i'D-100 moar. In an He-Jet system the total 
flow rate la 1CZ cm3 s"1 in the high pressura 
chamber i f the operating pump evacuates 10. m3 s" 1 

at a 10"2 i*ar pressure in the vacuum chancer. 
The higfflow rate Insures the total removing of 
the sas receiving the activity In less than 20 ms 
(This time could s t i l l be easily lowered with a 
more powerful ventilator). 

We measured the same efficiency for t-o 
isotopes whose half-lives were 30 ms and 150 ms 
(source tests). In on-llna tests we found far a 
36 s half-live ( Z 1 3 F D an efficiency twice the 
value for a 5 ms half-live ( z 1 *F r1 . These results 
are consistent with the mechanical caroctertstlca 
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Fig. 6 Alpha spectrum obtained with an equal efficiency for al l 
half-llvei of the produced i so topis (from 1 5 1 0 y , T 1 / Z - " n 
to 155LU. T V Z . 70 mn) 



•f the ventilator predicting a total transport 
time In the range 10-15 ma. 

This point Is vary crucial In the Interpre­
tation of results obtained with tha 1 2 C beam at 
1 GeV at ŒRN. I t appears on Fig. 6 that exotic 
nuclei as far from the stability line as 1 5 7 Hf 
( T V 2 - 120 ma) and ««Lu I T 1 ' 2 - 70 mal could be 
seen i and we can state that tha non-dataction of 
mora exotic Isotopes Is only due to a too low pro­
duction yield slnca 156t+r (I""? - 25 me] and 
1 s a Ts (T"2 . 37 tnst have half-livas greater than 
20 ms. 

Tha electrostatic design le arranged with 
the gas flow In order to Insure that i 1) near tha 
target and during the transport, elactrie forces 
are small compared to fluid forces, 11) near the 
detector the force situation Is reversed by expan­
ding the gas while the electric flald le enhanced 
In a focussing configuration. The total efficiency 
la entirely controlled by recomblnatlone occurlng 
In the plasma zone. All neutralized atoms are lost 
for the further electrostatic deposit on tha de­
tector. Tha Intensity of the extracted current can 
be approximated by the following expression t 

P d 3 

where vn. d and V ara the gas velocity» tha elec­
trode separation and tha electrode voltage respec­
tively. Tha extracted current only slightly chan­
ges when the beam Intensity or energy or nature Is 
varied. On tha contrary, tha total number N_ of 
Ion-electron paire Is strongly dépendent or these 
parameters t 
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-T- (Et bains tha stopping power of the beam In tha 
gas. Tha efficiency praportlon.il to the ratio J/N 
is then given by the following il lation I f p 

» " " " W " ar '" 
The better conditions for this system are 

energetic beams (low dE/dx]. low Intensity beans 
and high fluid velocity. So we bava obtained a 
total efficiency of 151 using the 1010 part e~1 12C 
beam at 1 GeV (transport efficiency 9 45%). The 
counting rate Is almost independent of the beam 
Intensity above 10K> part s" 1 , ineraaslng by a 
factor of two for e tenfold Increase of the beam 
intensity. 

An Interesting development of this system 
could be Its use behind an electromagnetic recoil 
separator, even a crude ana. as a residual 
10?-ID9 part s~1 beam would not hinder the collec­
tion. 

The crossing of the beam through the collar-
ting section Is tha only couso of the problem 
appearing In the system presented just before. 
We have then developed devices in which the beam 
is out of the electrostatic field. As the number 

of diffused particles can reach 10s part s~1 with­
out any Influence on the collection, tha forbidden 
solid angle Is reduced to the beam emittance, that 
la lots than 1* aperture. 

Tha system shown on Fig. 7 Is only on example 
of this hind of disposition. The target and the 
beam are In a vacuum chamber while the collecting 
chamber Is reduced to a l i t t l e cell In which the 
electrostatic field is used to focalise tha activi­
ty onto tha detector. The background Is very low, 
since tha direct scattering cannot reach the detec­
tion zone (Fig. a). The total efficiency has been 
measured to be In the range 201-40* and tha condi­
tion» of tha collection appear to be very similar 
to off-line conditions. The time transport Is 
therefore given by the velocity measured In off­
line tests. The efficiency of collection la about 
100% for the charged recalling nuclei. But depen­
ding on the chemical nature of the collected 
nuclei, on the stopping gas and an the electric 
f ield, a fraction of the entering ions la neutra­
lized in tha last part of the slowing down path. 
Due to the exclusion of the platma, a further 
reionlzatlon of neutral atome ie Impossible. The 
proportion of "* or O charge states In the eV-KeV 
energy range la not well known. Experimental 
da ta ' * 1 ' 1 ! Indicate that In H2.Ke.N2, mast of the 
•laments ramcln s t i l l charged at the end of the 

Fig, B Alpha spectrum obtained at 7* and 
20" in the laboratory system In the 
reaction Df 12c at 1 GeV on 1 81T« 
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stopping path i tha exceptions ara rare gaaea and 
halogens which ara mainly n e u t r a l i z e d . I n tha casa 
of rara earths our measurements Ind icate a 40% 
greater p r o b a b i l i t y fo r tha 1 * charge s t a t a than 
f o r tha 0 o n * . I f tha stopping gas has a too low 
I o n i z a t i o n p o t e n t i a l (Ar, CHj.* . . - ) tha s i t u a t i o n 
nay bacon* vary d i f f e r e n t and even elsmrnts having 
a low i o n i z a t i o n p o t e n t i a l I l k a Ca nay b* almost 
t o t a l l y n e u t r a l i z e d 1 1 ' . 

We have up t o now obtained o n - U n a angular 
d i s t r i b u t i o n s o f neutron-def ic ient isotopes pro­
duced I n tha react ions of tha CERN 1 2 C beam on 
heavy t a r g e t s . A t y p i c a l spectrum l a shown on 
F i g . a . Thla k ind o f d i f f e r e n t i a l measurements has 
not i/et bean achieved I n a wide angular range 
IZ ' -3D"J by any other method and corresponds to 
an» of the more promising conf igurat ion of the 
e l e c t r o s t a t i c c o l l e c t i o n . S im i l a r systems w e l l 
sui ted for Isotope production, fusion or deep I n e ­
l a s t i c react ions, are now developed w i t h tha goal 
to c o l l e c t a l l nucle i emit ted outside « forward 
cone having a 1 * aper ture . 

G. Conclue ion 

The e l e c t r o s t a t i c c o l l e c t i o n presents very 
i n t e r e s t i n g c h a r a c t e r i s t i c s . This method I s simple, 
v e r s a t i l e and can bo used f o r d i f f e r e n t purposes : 
absolute cross sections measurements, r e c o i l range 
d i s t r i b u t i o n s , enguler d i s t r i b u t i o n s . Tha high 
e f f i c i ency (reaching Z0 \ ) and t h * short delay time 
(down to the «s i allowed exot ic nuc le i de tec t ion . 
The e l e c t r o s t a t i c t ransport In gases o f f e r s two 
methods c f f o c a l i s a t i o n i the gaa f low and the 
e l e c t r i c f i e l d I t s e l f I n which the mean delay time 
I s o f the order o f 10 ma and rr_-Mld be e a s i l y low­
ered to 1 ma. 

I t I s Important to not ice t h a t tha rap id 
methods at c o l l e c t i o n ara not un iversa l . Far 
exempta the r e c o i l spectrometers only c o l l e c t the 
fusion residues w i th high t i f f l d e n c y . I n other 
case» (Lohengrin, Josef) an a d d i t i o n a l low c o l ­
l e c t i o n r m u l t l c a p i l l a r y Ha-Jet eystsm. tape t r a n s ­
por t ] I s use fu l . Tha other very quick methods as 
mess spectrometry are r e s t r i c t e d so eoss> elements, 
a l c a l i n e s f o r example, and hardly detect h a l f - l i v e s 
shorter than 100 ms when the mess of tha Isotope 
exceed 100. Th* high e f f i c i ency c o l l e c t i o n I n the 
5 ms-lD0 ma h a l f - l i v e range, almost independent o f 
react ion mechanism and co l lec ted • laments. I s espe­
c i a l l y ln j jor tant since I n many cases the l a s t 
known exot ic Isotopes have prec ise ly h a l f - l i v e s 
about 109 me. 

References 

' ) B.C. Harvey. Ann. Rev. rtucl. S c l . 
JO (18G0) 23S 

* ) n . P icker ing and J . n . Alexander, 
Phys. Rev. Ç6 (1972) 332 

' ) L. Oryda, N.O. Lassen and N.O. Roy Puulssn. 
n e t . Fya. Had. 33 119621 n" 6 

N.O. Lassen. N.D. Roy Poulssn, C. SIdenlus 
and I . V l s t l s a n , ne t . Fys. Had. 34 11964) n* 5 

* ) J.ft . Alexander, J . G l l a t and O.H. Slsson, 
Pliys. Rev. « 6 MSB*) 1209 

* ) . 1 . G i l a t and J . n . Alexander. 
Phys. Rev. 136 (196*) 1290 

' ) M.T. P o r l l e end I . Fuj lwara. 
Phya. Rev. 1 j £ (1968) 1166 

* ) A, GhloroG, T . Slkheland. A .E . Lesch, 
R.n. Latimer. Phya. Rev. L e t t . 6 (1961] 473 

• ) A. Ghlcrso. J . n . Nl tschks, J.R. Alonso. 
C.T. Alonso. n . Murmla. G.T. Saaborg. 
E.K. Hu la t , R.N. Loughaed. Phys. Rev. L e t t . 
33 (1974) 1490 

* ) A. Oelgamo In Atomic and molecular processes 
ed i ted by D.R. Bates (19621, Academic Press 
New York and London 

" ï J . P . Dufoor, A. F leury . F. Hubert. Y. Llebedor. 
n .B. heuhourat. 
Z. Physlk A294 (19SG1 107 

' * ) S . Hofmenn, U. Faust, G. nunienberg. 
U. Relsoorf and P. Armorustsr. 
Z. Physlk A291 (1979) S3 

" ) S .D. Kramer. C.E. Bemla. J . P . Young end 
G.S. Hurst. Opt. L e t t . 3 (1978J 16 


