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Abatract

The working conditions of & new on-1ine elec~
troatatic collection system ars presmted. Tha
main characteristics ere high sfficiency (resching
201) ong short oelay time (down tr, the millisecondl
The ‘alisnt festures of specific dyvices for measu-

remunta 0f absoluts crose pections, recoll ran
distributions and angule: stributions are giv

1. Introduction

The collection method pressnted here is of &
non aelective type. This method is not to be com-
pared with the biggust high performence recoil
1pectroneters tut better must be conaidered a3 @
figcesaary complemmt of existing duvices.

Our work has tieen to complete and modify ths
alresdy known off-line slectrastatic collection in
ardac to reslize on-line detsction. It appears that
the transport and the degosit of the activity on
the surface of a detector csn be sasily performed
with small devicus. Therw i3 soma relationship
of thia method with the halfuw-jet tachnique as the
total effl are le (the port
dalay time being neverthgless one order of magni-
tuda sharter in our device), but the main adven-
tages af tha electrostatic collection are simpli-
eity, lightness and the posaibility of a precise
selactiaon both in recoil anargy and angular olatri-
butian. Then, hnown reaction mschenisma (fusion,
deap inglastic ...) a3 wwll ‘as new ones, that mey
accur in the range 20-100 MeV/n, can be studied by
this method and this both for the exotic nucled
production and mechanizn study per se.

2. Principles and off-line tests

All @lectrostatic experimgnts rely on two
main basic principles 1 i) the recoiling nuclai are
stoppad {n & gss, 11) at the end of the path an
alectrostatic field is applied. When the velocity
vanishes {ebout 10°7s aftsr the nuclear Intarac-
tion) tnhe field snsures, In sost of the cases, the
prasance of o remaining cherge on the nuclef. An
electric force 1s then creatsd ond provides the
transpart of tha sctivity on @ catcher, or in front
of a satector.

Tha experimentsl devicas built on thess prin-
ciplas havw lean, up to now, focused on of f-line
maasuremants {n which nuclel are first slectrasta-
tically depgsitad an parallel plates and then
hancly or machanically transpartad in the detsection
araa {1ee Fig. 1). Differential range of fission
fragmanta?! and eveporetion residues’%! were
studied with such davicas. In the cass of sxotic
1sotapa callectian, traru was only ana group
(Griarac at al’+%) ysing this technique with
on-11ne cetection (diacovery of clsment 103), At
this tima (twenty years aga) many expsrimental
points remalned gbscure in the application of the
main principles. Especlally the total officiency
and the transport time wers not measurad. Further-

,aare the influonce of {mportant parcmeters such as

the beam quality and intansity, the gas naturs any
prasaure, the cherdcal propecties af tha collactad
nuclial, ware only partislly or not at all known.

Fig. t Apparatus for uuunnt.ul Tange messuru-
ments by alsctroatatic collection Iteken
from Rarvay')).

2.4, Muasuremsn f _the fon mobility in 1ighc
{1113

The ion velocity in an homgengaus electric
#1910 1s wall known®) when the scecies concerned
are He'/He, N2*/Hy ... 1.e. for particular ceves
whare ions come from tha ges itsalf, We have then
studind the icn mobility 1 of 21600 In Nz end He.
The pressurs range was 0.02 to 1 bar and the elec-
tric field was varisd corrasgondingly from 103v m-?
to 105V m"1. 7he 216P0* 1ons come from & 224Ra
scurce and were tronsportad along parallsl field
1lines up to the surfacs of an alphs dstector. The
three paramsters P {pressurw). E{electric fiela)
and d {transport length) ware veried and the loss of
nuclel dua to ratioactive cecay ouring tha trons-
port waa detarminad for each (P, E, d) value ;
other sources of oxperimental loss than decsy rate
wWars measured to bs nagligibla. All results are
wall reproduced by the following formuls which gives
the mean velocity v ¢

E
vey— )
P

with i » (2.2 ¢ 0.2)10°% 1n My and (4.5 2 0.4)10°9
in He, 1f v, E ond P unita are ma~1, v m1, ond cer
raspactively. Tha width of the oistrieytion 1z morw
difftcult to abtain hut can be roughly estimated to
be half the mean value. Ong must natice that L(f the
total transport length remaina uf the order of 0.1
to 1 m, the transpart time can be as shart as 1 ms,
{P = 50°moar, € ~ 4 109 m~1). An leportant point
{s then to minimize tha distance betwasn the stop-
ping point of the nuclei and the datector,

2.2. Tha slectrostatic field line configuratians

The velocity is limited i{n the gas by the
fluld friction. So there 1s na significunt kine- -
matic force perpendicular to tha electric one. Foc
the 3ame reason, a magnetic fleld has a aegliglule
affect 1f the prassurs is greater than i mbar. Sa.

-trajectaries aof lans are directed by the electro- -

static fiald lines.



Fig. 2 Schematic view of the elsctrode configuratian in an “in heam"

collaction

2.2,1, Boundary conditions determined by
meteliic elactrodas

In thia classic case the Laplace squation
completely solves the problem. Within the restric-
tion of non-crossing field lines it is possible to
find an electroda disposition establiahing the
fiald along an arbitrary given line. In Fig. 2 is
illustrated & standard case whare the mean path is
a straight line in the lower part and a circle in
the upper part.

An importsat property of the 4V = 0 equation
1s that 1f the geometry of tne electrodas is given,
the relative intensity of the field along & fleld
tube ia datarmined by the section af this tube.
This implies that tn a facusing configurstion as
displayad on Fig. 2, the electric field is rmuch
lower in the convergent part. The tatal transport
time 1s consequantly increassd and reachss 10 ms
f1n standard conditions) for this syatem.

2.2.2. Devices including inauistors

1f » continuously jonizing source {such a5 a
beam or & radioactive source) i{s prgsent in the
elactric fleld the equation 8V = g(El/ep 15 of an
intagral type. The charge density pl(E) is detormi-
nad by the movement and recombinat{on of tha crea-
ted fres charges., themselvas conditicned by tha
electric flald.

We triad with some success to imposa, tn ad-
dition to the potantisl condition, & voluma candi-
tion by the mean of an insulator (Fig. 3). On the
surface of the insulatar the charge density reaches
an equilibrium state, Tha normal comoonent of the
electric field vanishes. Thua this boundary charge
condition dafines & field tube when potential
constragnts fail to do so. The system shown in
Fig. 3 is charge eguilibrated in a time varying
from sevaral minutes in presence of & 109 alpha a1
source to few milliasconds mhan & beam gass through
the device.

This system fafls in two casea : 1) 1F the
1anizing source is too wesk, 11). 1 tha numbar of
anorgetic ions directly implanted in the insulator

is too high, for exampla, in tha first degrees
around the besm directfon,

Fig. 3 Electrustatic device using & massive
insulator



3. In bsam collaction of fusion residusa

ang vecoil range massurements

We have usaed the device shown in Fig. 2. The
target and the Ni window ara in the vicinity of
the collection zone and have the ssme spplied vol-
tage 8a the lowsr plate. The detection baing timi-
tad to alpha spuctroscopy, the beckground 13 very
low (less than 1 eventhour-1 Mev-1) sbove 3 Mav °
when ths surface barrier detector {a placed betind
a metsllic scresn and well protected from multiple
scattering. This latter point justifies the circu-
lar field line creatad {n tha upper part by & suc-
censjon of 17 slectrodes. The nuclel ere depositsd
onto the syrface of the detsctor which definas
ground 1 and the last
The rasolution is thars still good, typically
30 RaV with a 450 mm? detectar. With this system
we found optimum conditiona for detscting isotopsa
with P 'f-1ives greatsr than 1 a which wers @

P = 260 mbar of N3, V « § AV, bsam intensity :

§ x 1070 part »-1, The total efficiency (including
tha datection sfficiency) ia then 2% in the case of
rare eorth and frencium fsotope production.

This device ensbled us to diacover fin 1979}
a new isotops 18%51%) formed dn the heavy don fus-
1on reaction (40Ca + 1485m), The large detection
efficiency (45%) allowed us to make a-a time delay
coincidence batwasn the new alphs iine 6620 keV and
the known 5120 keV }ine of 180Hg, Thess parent-
daughter relstionahips are of graat intsrest, am
emphasized by Hofmann et all!) for the velocity
filter, in tha f new de=
tecied by non-eelective collection methods.

For shortest half-l1ives the operating condi-
tions must be changad, tha preasurs and voltege
teing raduced (100 mber, 2.5 kVl. The total effi-
clancy 1s only 1%, for a 5 ma half-1ife [29Fr).
Wo muat emphasize that the crossing of the team
through the davice strongly reduces the sfficiency
since {ts velus is 50% in off-1ine tests and cor-
responds to tha detaction geometry.

3.7. Recombinaison and space charge effects

The fanization created by an haavy ion baam
in a gas (st presaurs about 100-1000 mbar) is very

high, but the ssparation of these charpes by an
alectric Finld §8 small due to the rncslling ficld
existing between positive and negetive specirs. So
recombination is & dominant mode. The fonization
current batween two parallel plates can be estime-
tad by teking into account the agquation of mobili-
ty {€q. 1) for ions and wlectrons.

One finds that J, the density of the extracted
current is given by the fallowing squation :

J =K Ln (L ) x — 2)
BEAM'
P

where a = 3. This current evacuates about two to
four orders of megnitude less charges than those
crasted by the beam. So tho probability for a ra-
coiling charged nucleus to be collectad before neu-
tralization is very small 1f 1t stays in the plasma.
Fortunately tha collision inducad reionization
occurs with a preat probability and extraction from
the plasma of long-1ifs isotopes such a3 510y has
besn experimentally found to bs in hetween 40%-100%.

In addition to this effact, in the interaction
zonw, the space charge regims has also a great in-
fluence in the trensport. Inside a positive charge
cloud maving under the influenca of a primary elec-

c field, ar appears
when the locsl cherge dansity is too high. This
sffact i3 responasble of sn irmportant loss on the
asvges of thao elsctrodes during the transport of
the activity to the detsctor.

3.2, Meeaurements of racoil range distributions

All sffects correlsted to the space charge
are of a particular importance when the aim of the
slectrostatic collection becomes to give a correct
view of the recoil rangs distributions through an
homogeneous field. Fig. 4 exhibits the system we
have successfully tested first with o low energy
fusion reaction and afterwards with the very enar-
getic 12C besm of CERN.

Praviously experimenters checked carefully
the symmetry batwesn the beam and the two parallol
plates. The space chorgs study shows that behind
an spparent symmetry in the electrodes, the mobtlity
of slectrons and fons are so diffarent
(u(w~) = 109 y(+]Ithat charge deniities and electric
fields axhibit strong differences between the elec-

Yo

Fig. 4 Apparatus for differential range measuremants by
on-line slectrostatic collection



Fig. § Combination of a gas flow with the
alactrostatic collactian

transpert time x W0
R > 40% wilh 2 wree
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tronic and fanic collection zones. An importent
conssquence 18 that the potential of the metellic
parts placed in the beam such as Ni window or tar-
Eat fust have sn applied potential closs to the
eathode one, Othe we have noticed a lous of
colloction for smsll ranges {less than 3 cm), and
soma authors?~*) menticned & short-ronge toil due
to a distorsion in the collsctian,

4. Addition of & gas flow to the electrostatic

collaction

A system like the one in Fig. 1 dows not
guerantam that the efficiency is indepsndent of the
half-(ive over a wide ran This i3 a problem
to measure absolute cross-sactions. In order to
supyifeas multiple reionizstions and rucombinationa
as wall a3 to compel tha total transport time to
be as amall as posaiblo, we used a system mixing
& gas fiow and an elsctroststic tollection (Fig. S1.

It must be noticed that this technigue ia
quite different from the helfum-jet for two reo-
sons s §) tha gas flow is insured by & small ven-
tilator (power « 20W, dimension : ¢ B0 mm) inatuad
of & big pump, 11) the tatal flow rate of the eva-
cuated gas in the collecting chamber 1s guite
high : 105 on? a~1 whatever the pressure 1s in the
range J0-100 mpar. In an He-jet system the total
flow rato 18 102 cmd 8-1 4n tha high pressurg
chamber 15 the oparsating pump evacuates 10 md 3°
at & 10°2 mbar prassurs in the vacuum chowoer.
The high flow rate insurss the totsl removing of
the gas receiving the activity in lgss than 20 ms
(This time could still be sasily lowsred with o
more powerful ventilstor).

We measursd the same efficlency for two
tsatopes whosm half-lives were 30 ms and 150 ms
(source tests). In on-lina teats we found far a
36 & half-1ive {213Fr) an efficlency twice the
valua far & § ms half-l1tve (219 r]. These reaults
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Fig. 6 Alpha spectrum cbtained with an equal a"ici!r\:y for_all
holf-1ives of the produced isotopss (from 1370y, T1/2« 17 mn

to 155Lu, T/2+ 70 mn)



of the ventilator predicting a total transport
time in the range 10-15 ms.

This paint {s very crucial in the interpra-
tation of results obtained with the 12C beam at
1 GeV at CERN. It appeara on Fig. B that exotic
nuclei as far from the -nnq}gy line as 157nf
(792 = 120 ma) and 1551y 11127« 70 me) could be
sgen ) and we can state thet the non-detection of
more exotic iaotopes is only dus to a too low pruo-
ductian ,‘ulu sinew 158H¢ (T1/2 = 25 me) and
158rg ( 37 ma) heve half-1ives grester then
20 ms.

The elsctrostatic design ia arranged with
the gas flow in ordar to insurs that : 1) near
target and during the tranaport, alsctric forces
are small compared to fluid forcss, 11) near the
datector the force situation is ravarsed by expan-
ding tha gas while the eluctric field
in » focussing configuration. The total efficiency
is entirely controllad by recombinationa occuring
in the plssma zune. All neutralized atoms ars lost
for ths furthar electrostatic deposit on the da-
tector. The intensity of the extracted current can
be approximsted by the following exprassion i

vy 8P
(] )?

e

J =R P ——————— @
ead
where vy, d and V are the gas velocity, the slec-
trode separation and the elsctrudes voltagi apec-
tively. The extractsd currant only slightly chan-
ges when the baam intensity or enargy oF natun is
variad. On the cnntrary. the total numbar N,
pairs 18 “D thass

paramsters

&
" Ty P IS (ED “w

5 (E1 being the stopping power of the beem in the

zus. The afficiency proportional to the ratio .l/N
is then given by the following rslation if

“Dap

Ve

VZ
(1]

Py
L] -3
uxdxl o oxgx €

The better conditions for this system are
anargatic beams (low dE/dx). low intansity besme
angd bigh fluid velocity, Sc we have cbtoined a
total efficiency of 15% using the 1010 part s-1 12¢
beam at 1 GeV (trensport sfficiency ~ 45%). The
counting rate ie alm-t independant of ths beam
intensity sbave 1010 part s~1, increasing by &
foctor of two for & tenfold lnnnul of the beam
intensity.

An interusting d-v.lom-nt af this aystem
could bs 1ta use twehind an electromognetic recoil
saparator, @ven A crude ana, as a residusl
107-109 part s~ bwam would nat hinder the collsc-
tion.

S. Out of beam collection and on-1ine sngular

distributiona

3
H (5)

The crossing af the besm through the collec-~
ting sectian is the anly cause of the problem
appearing in the system presanted just befora.

We have then dovelaped devicas in which the beam
18 out of the eiectrnstatic field. As the number

Fig. 7 Tha on-line angular distribution
“datsctor®

of diffused particles can reach 108 part s~1 witn-
out any influsnce on tha collection, the farbidden
s0lid angle is raducad to tha baam smittance. that
41s lesa then 1° sparture.

The aystem shown an Fig. 7 1s only en examule
of this kind of disposition. The target and tha
beam are in 8 vacuum chamber whils the collecting
chamber 1s rsducad to a little cell in which the
slactrostatic fisld iz used to focalise the sctivi-
ty onto tha detactor. The background is very low,
since the dirsct scattering canaot reach the detec-
tion zone {Fig. 8). The total efficlency has tieen
measursed to be in tha rangs 20%-40% and the condi-
tians of the collectior, appear to be very similar
to off-1line The time t 1s

given by the meazured in of f-
line tests. The sfficisncy of collection 1s about
4100% for the charged recoiling nuclei. But depen-
ding on the chemical nature of the collectwd
nuclei, on the stopping ges end an the electric
fisld, a ‘rection of the entering ions is nautra-
lizad 1n the last pact of the slowing down path.
Due to the sxclusion of the plasms, a further
raionization of neutral atoms it imposmible. The
prnunrtlon of 5+ or D cherge statas in the aV-heV

rfy range is not well known. Exparimental

+2.8) {ndicate thet in H2,He,N2, most Of the
clu-nt- remiin stil) charged st the end of the

Fig. B Alpha spectrum cbtained at 7° and
° in the lauuratary system ln the
rucuun of 12¢ at 1 Ge¥ on
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path ) the
halngans uMl:h are mainly neutralized. In the cass
of rore garths our messurwemnts indicate a 40V
greater probability for the 1e charge state then
for the G one. Tf the stopping gos has & too Iow
ionization potentisl (Ar, CHy ) the situation
may become very differsnt and mven elements having
B Jow ionization nntlnﬁn 1iks Cs may be almost
totslly neutralized!?l.

We have un to now chtained on-line anguler
distr {cient hutwll pro-
duced in the nncuunl of the CERN 12C bsem on
hesvy tergets. A typical spectrum iz shown on
Fig. 3. Thip kind of Oiffersntisl measursments has
not set bean schieved in a wide engular range
{2°-20") by any other method and corresponds to
ons gf the mors promising configuration of tha
wlectrostotic collection, Similar systems weil
suited for isotope production, fusion or deep ina-
1sstic reactions, ore now developed with the goal
to collect o]l nuclel emitted cutside & forward
cona hoving a 1° aperturs,

&, Conclysfon

The electrostatic collection presents very
intareating choracteristics. This mathod is sirpls,
veraatile snd can be used for differant purposes :

cruss recoil range

engular distr The high

lf!il:l!ncy {reaching 20%) end the shert delay time
(down to the ms) allowed exotic nuclei detection,
The electrostatic transport in gases offers two
rwthads cf focalisstion ; the gas flow end the
alactric field itself in which the mean delay time
13 of the order of 10 ma and =_11ld be essily low-
ered to 1 ma.

It is {mportont to notice thot tha rapid
methods of cotlection are not universal, Far
wxarole the racoll spectrometers only collact the
fusion resicues with high ufficiency. In other
cases (Lohengrin, Josef) an additional low col-
lection ‘eulticapillary He-lei systam, tape trans-
port) is usoful. The other very quick mathods as
mass spectrometry ars restrictad so some slements,
alcalines for example. and hardly detect half-livws
shorter than 100 s when the msss of the isotope
exceed 100, The high efficiency collection in the
5 ms-100 me half-live range, slmoat independant of
Teaction mechanism and collsctsd slsments, is wepe-
clolly important since in many cases the last
known exotic fsotopss have precissly half-livea
obgut 102 wme.
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