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R. F. .Parry, R. D. von Dincklage,* and Joseph Cerny

Abstract:

Improvements

substantial increase

source redesign that

as by an increase in

Department of Chemistry-and
Lawrence Berkeley  Laboratory
University of California -

Berkeley, California 94720

December 1979

to the on-line ﬁass separator RAMA have permitted a
in total yield. This increase was achieved by an ion
improved the total efficiency of the system as well

7

activity from ﬁtilizing a multiple-capillary multiple-

' . . e . 2
target system. Successful observation of the exotic light nuclei OMg

‘and 24Si indicates an observable cross-section of approximately 1 ub for

activities in the 100 ms half-life regime.

*This work was supported by the Nuclear Physics and Nuclear Sciences
Divisions of the U. S. Department of Energy under contract No. W-7405-ENG-48.

+Qn leave from: University of JYv;skylE,.Finland.

’ '*Present address: University of GBttingen, W.;Germahy.
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1. Introduction
The versatility of the on-line mass separator RAMA has already

2)

been demonstratedl' . The basic s&stem, however, had some features
which made its operation ineffective. It was evident that the operating
conditionsbof the helium-jet system had not been totaily optimized.
Further, the ion source was excessively long, making the ;éceptance of
Ehe skimmed éctivity cone necessarily small; finally, the accelerating
and extracting potentiél could not be maintained above 11 kV without
breakdown of priﬁary insulators. Since the overall efficiency of the
‘RAMA éystem-descfibed_in the precediné paperl) was neither optimai nof al-
ways cdnsistent,'it was §f interest to improvevthe operating conditiohé.

| One of the original objectives of the.RAMA system was to study
the deca§ of the A = 4n, Tz = ;2 series of beta-delayed proton emitters.
Iﬁ the search for‘4oTi via the 40Ca(3He,3n)breaction b? Sextro, et. al.3),
only protons frém the known beta-delayed proton emitters 37Ca and 41Ti,
~produced in much.higher yield in the éompéting (3He, a2n) and (3He,2n)
_reactions, were observed; This was a typical result of such seéréhes_so'.
ithat mass separation was clearly_needed;_ The (3H¢;3n) reactions were
expected to have production cross sections such thaéaeffective observable
cross sections of 1 ub were 6f interest. Considerablé:improvement in
total yield was thus needed to ﬁake these studies_possiblé. Thoﬁgh our
discussion will continue'to use the search for'these beta-delayed proton
emitters as an example, the ability to‘obse¥ve low yield, short half-life

species is of general interest in the study of nuclei far from Stability;
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Figure 1 presenﬁs.a schematic diagram of the RAMA system with
these improvements to the helium-jet and the ion source. The first.
improvement was the addition of a mﬁitipie capillary, multiple target
approach to recoil gtom‘collection employing a cooled collection
cylinder and nitrogén gas—cooled—enfrance and exit windows. The second
major improvement was a total redesign of the ion source region iﬁcluding
shortening the ion source‘by more than a faétor ;f two. vThis report wili
center primarily on discussing these two improvements in addition to é
brief account of.the new détector systeﬁs developed for studies of the

quite short-lived (V100 ms):TZ'= -2 beta-delayed protbnvemitters.
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2. Multiple Capillary System

In a traditional one-capillary gas-jet system, the total transport

yield for short-lived (t < 500 ms) and long-range (> 1 cm) recoil atoms

1/2

is limited due to the relatively large gas volume needed to stop the recoils.

Since many light nuclei far from stability have half-lives in the 100 ms

'regime, improvements to increase the yield of short-lived activities from

the helium-jet system had to be considerea. A muléiple capillary sYStém was
designed for both gas and solidvtargets-to increase the totai target thick-
ness for optimum recoil production. i 4

The multiplevcapillary system employed fOrvgas targets is shown
schematically in fig. 2.  In this‘éase the transport gas also serves as the
target medium. Nuclear reaction recoils are thermélized in the collection

cylinder, collected by a set of‘adjacent capillaries evenly spaced in the

side of this cylinder, and then sent to a junction. A single 6 m long

" stainless steel capillary transports the activity from the junction to the-

- skimmer-ion source region. The total yield exiting from the helium-jet

system is given by:

-YI.ELD = Y =_c'-N-Avoe"‘znz(td/tl/zy o E (1)
where td = the total_delay time

t1/2 = ha;f-life of the activity of interest

AVO = active collecﬁion volume per cépiliary

N = numbéfiof capillary tubes

ol = the effective cfoss section thermalized in.AVO.

The total delay time is a sum involvihg-the effective sweep-out time of

£he total collection volume N-AVO, the multiple capillary delay time,
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and the delay time in the main capiilary tube. It is given by

e o w21 )
a 0 — 3v ! ’
v o
: m
-where Q° = flow.rate
'fh, = average capillary length in the multiple capillary system
Vi = average velocity in the multiple capillary system = 40/NT DM
L =  length of the main capillary
v =  initial gas velocity in the main capillary
D = diémeter_of a éingle capillary in the multiple capillary system.

‘ . : -y . v |
The last term in equation (2) is an approximation ). Additionally, the
very -small delay time in the junction has been ignored. If we assume

L < 0.0l-L-and D

M <D (where D is the diameter of the main capillary

M

. tube), the delay time in the multiple capillarf system is small and the

total delay time can be approximated by

2

ot
2

o
0|

. | _
[gLD +7N-AV0]. _ o _ (3)
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‘An illustration of the effective Yield of a nuclear reaction as a
fuanion of the number of capiliaries-and the speéies half-life is given in
fig. 3. By substituting either ﬁeasufed quantities or reasonabie éstimateé
for all parameteré in equation (1), the relationships for two different 6 m
longvcapillary tubés (1.0 and 1.4 mm IDi for two different half-lives are
obtained. For very short-lived activities, the improved producfién is lim-
ited by.the lohger‘tfansport times associated with a multiple capillary
systém. A yield éélculation under such cénditions'for‘a 1 mm ID capillary
showsvthat;the yiela for a nuclide witﬁva 122 ms half-life (21Mg) increases
by a factor of four when a single gapillarf.is reélaced by ékten-capillary
sYstem.‘ An overall inéreaée of a factor of 10 resﬁlts‘when the same ten-
 capil1af§ system feeds a.1;4 mm main éapillary tubé. Thé§é>calculations
were experimenfally cheéked Qith 2ONa:and 21Mg ?roducéd in tbe 20Ne(3He,p2n)
ana‘zoNe(BHe,Zn)'reactions at a bombérding energy of 40 MéV. The ﬁarget
emplofed was'spark—qhamber éas_(90% Ne + 10% Hei which for these experiments
served both as fhe Stopping and the>tréﬁsport medium. The results were in
good agreement>ﬁith the‘curves given in fig. 3.

Similar cénsideraticns for a solid. target system change to some
dégree with each préjectile—target combination because of the differing>.

. range-energy behavior ofvtﬁe.recoiling compound nucleif Light ion projectiles
normallfvlose relafively little energy in‘traversiné a‘target which is‘one
compoundvnucleus ;ecoil disténce thick ﬁaking the effective bombarding energy
the same éhroughouf, while heavyvioh projeetiles 1ése mgch greéter amounts
of enéfgy in traversing the system (target biusvgas) creating‘a substantial_
bbmbarding.eﬁergy.gradienﬁbénd dften a dramatic cross sectioh change. These

. conditions were émpirically optimized by maximiéing the number of targets

which could be effectiVely utilized with_the choice of an overall 8-12
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capillary system. The twelve-capillary, three target‘systém shown in Fig.r4
was thus constructed for light ion reactions such as‘ﬁould be needed.for

the studies éf A=4n, TZ = =2 nuélideg. The four capillaries for each
target provide collection from approximately oﬁe recoil range for

compound nuciei formed atithe back of a target; This ihcreasé-ih the effec~
tive colléétidnvvo;ume for each target multiplied by the three targets again
provided neafly a tenfold ineréése'in yiela. A further, ten-capillary ﬁwo¥
tafgeﬁ sYstem was constructed to accommodéte target-érojeqtile éombinations

in which the projectile ranged from 10B to 20Ne. For incoming projectiles

heavier than 20Ne, a teﬁ capillary system_is used with a single té;get. The
overall mean transport times for ali of theée muitiple capiliary sysfems
havé been measured Qith.the 446 ms beta?delayed'alpha—pafticle emitter zoNa'
b& pulsing the cyclotron on forvO.l.s and off for 3 s. The ébserved trans-
‘port times afe listed'in.Table I. The overall He-jet efficiéncies were
typically above 10% as determined earlierl). ”

As was mentioned in theuérevibus paperl), the opening aﬁgie for
the heavy mass clusters needs:to be'<l2o to reach the plasméhregion of
the ion source;‘ Ethylene glycbl hds traditionaily béeh’used és our additive
ifor efficient transport for the RAMA ﬁelium—jet because it‘most effectively
met this small opéning anéie cfite:ion, :The ;esults, hd%ever,.were not as
reproducible as might be desired. The transport efficiency at low beam
intensities has been obéerved to deéend on the béam current passing through

1 for the different

the helium in a manner scaling approximately as [dE/dx]-
projectiles. A general capability for handling increased beam on target was

then necessary to improve the transport efficiency as well as to increase

the actual production. Unfortunately, for heavier projectiles, the entrance
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ana exit windon failed when too high current'beam was incident. . To pérmit

a nominal beam trebling, double-winddwed entrance and exit foils were incorpér-
-ated into the'sYstem:(see fig. 1), by which cold nitrogen gas could be di-
rected onto the windows. This process also cooled the He-jet region to
‘temperatures near or below 0°C. This cooling caused the opening angle to
decrease (i.e., the élpster size had apparéntly incréased), improving the
transmission of activity through the skimmer into the ion source. However,
if -the gas temperature and the teﬁperature of the collection cylinde: |
différed'greatly, a totalvextiﬁction of yield was noted. Thus an independent
. éoéling of the cylinder waé.introduced. The optimum gas temperaﬁure region
fbr 3He induced reactions appeared to be v 0%10 0C, and an’opﬁimal cylinder

temperature needed to bé maintained within ten degrees of this value.



LBL-9721

3. Ion Source Region

Two major goals in the redesign of'the ion source were to decrease
the distange between the capillary exit and the plasma region and to raise
the accelerating potential to 18 kV from the li kv limit necessitgted‘-

) earlier'by the existing high voltage insulators. Given the design criterion
~ that the critical internal diﬁensions of our hoilow—cathode-ion source must
remain intact,»a,modified ion source and ips holdér as 'shown in fig. 5 were
developed. This new ion source is only.9 cm long, as co@paredeith V21 emo
for the original. Eliminatioﬁ of the focusing solenoid (whiéh was found to

be ineffective) helped produqe a larger acceptance angle (éee previoué‘paperl))
and,provided'space for better vacuum pumping in the extraction region,
thereby réducing scattering between the_idns and spectator neutral molecules
(or atoms). The extractor and Einzel leﬂs assemblies éf the oriéinal RAMA
desigﬁ were left uﬁchanged.

Tests with’internally_proéuced 18 keV beams of.40Ar+ and sze+
"‘showed that thevsystemvéould bé,operated for long periods of time with no
apparent changes in beam characteristics. .As.én example of the reéqlution
obtainable with this improved'ioh sourcé,.a channelfron electron multiplier
scan of the stable tin isotopes between masses:ll4 and 122 is shown in fig. 6.
' Therobservea resolution at full-width one-tenth maximum has ihcteased to
3O4I(from 194, see ref. l);;_gince all of the optical paréﬁéte;s were
'gognd to scale by either E;- i6T§-= 1.31 . for magnetlg e;ements o;

Er-(l.7l) for electrostatic elements, this increase in resolution can be

I ‘ : .
attributed to a lowered ion source emittance, the reduced pressure in the

extractor region, and the reduced space charge effects at this beam energy.
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Tests with radioactivity were also performed té_détermine the
effects of these changes on the actual throughput of -the ion source. The
results of increasing the extraction potential from 10.5 to 18 kV were
checked with the rare-earth alpha particle emitter 1§3Erxproduced in the
142 16 ' . v ‘ L

Nd( 0,5n) reaction at 105 MeV; an increase in yield of a factor of
about five was observed.

"Extensive tests pefforﬁed with the beta-delayed alpha-particle -

. 20 : 2
emitter Na produced by the
the ion source efficiency for sodium had increased a factor of approximétely
three. The total increase in the vONa yield on the focal plane was then
nearly 30 due to a further factor of ten from the improvéd He-jet yield.
Table II lists examples of RAMA ion source efficiencies for short -lived

isotopes of Na, Mg, and Si. The Higher efficiency obtained for Na can be

explained by its high volatility and easy surface'ionization.l

: oNe(3He,p2n) - reaction at 40 MeV showed that



4. Detection System Improvements

Due to the expected low vields on the RAMA focal piane for
many of the reaction products of interest, large solid angle deteqtor systems
are a necessity in increasing the overall efficiéncy. Suéh a system for |
éharged particle defection-(incorporating two detector telescobes for
reasons noted béloW) was developed as shown ih'fig. 7; this syétem
poésesses a detection-éfficiency of 38% of 4ﬁ'for higher energy particles.
The original telescope used 300 ug/cm2 Kimfoil catcher foils (see ref. i)
rather than the carbon'foils shown. These thick Kimfoils pfoved to
degrade the énergy of thé'protons (observed in. beta-delayed proton-decay)
and thus broaden the measﬁred peak width;v The present system with 2vX.25
ug/cm2 carbon foils was subsequently incorporated.

A method to measure the half-life 6f very Short—livéd nuclides
(<:200.mé)was also needed, but any mechanical device to move thé activity
.is generally fairly slow. Even the flipper wheels discussed'in ref. i.
wi#h the " 40 ms flié times could not be operated on a 200‘ms timescale
without cénsistent mechanicél failure due to the violent nature of
stopping such a rotation. However, iﬁtrodﬁcing the capability of fast
vertical switching of the beam between the double stack of teléscopes
showh in fig. 7 permits two collectiop-counting cycles while losing almost
no data. The RAMA beam can be flipped from an "up" to a>"dbwn" position
by reversing the polarity on the vertical deflection plates shown ih
fig. 1. This polarity change is accomplished by a fast driven vacuum tube

system which has been tested at a 100 Us cycle time even though nominal
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. flip sequences are on the order of 200 ms. Since the resultant deflection
on the focal plane is v+ 2cm from the centrai plane, this deflection -does
not seriously affect the optical properties.  The technique was proven to:

. 20
work well by remeasuring the 446 ms half-life of. Nas).
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5. Summary

Redesign,of"the ion séuréerand adaiﬁion of a multiple capillary-
multiple. target arrangement to our basic,helium—je£ fed on-1line mass
analysis system has resulted in a substantial increase in the
overall yield. These improvements have led to experiments observing

for the first time the beta-delayed proton decay of two members of the

24si5,6)

o v .2
T = -2, A = 4n series of light nuclides, ng and’ .. These

z

results show that activities with effective cross sections of 1 Hb and
half-lives of %100 ms can indeed be studied with RAMA. RAMA has also been

démonstrated to be a versatile instrument. Elements (ions) so far observed

. o L , + + .+ 4+ 4+ o+
as .activity on the RAMA focal plane include Na , Mg , Si , A1l , P, K,

+ + o+ + + + _+ o+ + + % + + +
In , Ag , ¢d, Sn, Sb , Te , I ,Cs ,Ba, T, Dy, Ho , Er , Tm , and

+
At .
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Figure Captions

Qverall séhematic diagfam bf the brésenf RAMA sysfém.
Schemaﬁic diagram of the gas targef mﬁltipie caéilléry system.
Theoreticél yield for two nuclideé of interes£ comprising a
short- and a longe;flived acfivity as a function of.thevhumber
of capillary tubes in.a multipie capillary system. In these

calculations spark chamber gas (90% Ne + 10% He) was used as a

transport gas. Further details are given in the text.

Schematic diagram of the solid target multiple éapillary system

used for'lightFion reactions.

Schematic diagram of the new RAMA ion source region.

'Channéltron electrbn multiplier-scan of stable tin isotopes from .

mass 114 to 122 at 18 kv.
Schematic diagram of the RAMA focal plane incorporating solid-

state deteétor'telescopes for measuring the decay,prdperties of

'shoFt-lived heavy particle emitters. Changing the beam from the

"up" to the "down" position on a cyclical basis permits half-life

determinations.
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Table I. Experimental Total Transport Times for Various Capillary and -

Target Systems

Transport Target System Main Capillary Mean Transport

Gas ' (Includes multiple Diamete; (mm) ' Time (ms)
> . capillaries) '
: a) :
Helium 2 Targets 1.0 . 520
. : . . .b) . :
Helium : 3 Targets 1.0 v 540
. - a) | Co
Helium 2 Targets 1.4 , . 180
y b) | : |
Helium . 3 Targets . 1.4 200
Neon _ Gas Target 1.4 _ 300

a) 5 'l.O,mm i.d. capillaries per targét
b) 4 1.0 mm i.d. capillaries per target

¢) 12 1.0 mm i.d. capillaries; spark chamber gas (90% Ne + 10% He) was used
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20 21 ' 25

Na : Mg ‘ Si
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Fig. 3
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