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Lawrence Berkeley Laboratory
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Abstract:

A 8Be identifier consisting of a divided collimator, a transmission
(AE) detector and a position-sensitive E detector has been designed. A

solid angle of vV 6 msr is subtended, providing efficient detection of 35 - 70

MeV 8Be events. Both a simple identifier, employing a single AE detector,

and a modified identifier, using twin transmission detectors with subnano-
second pileup'rejection, a:e_aescribed in detail, Oﬁ light targets.(A <1e6),
400 keVv 8Be enefgy resolution was obtained at a high cbunting rate (56 K éps).
The smallest absolute crOSS'sectiops observable were, at_20 K cps, 1 ub/sr
(simple identifier) and, at 50 K cps, 0.1 ub/sr (modifiéd-identifier). Results

from solid and gas targets are discussed.

Work performed under the auspices of the U. S. Atomic Energy Commission.



—f

A 8Be IDENTIFIER AND ITS APPLICATION

Contents

Introduétion e e e o o o o o o o & o s o s o
8Be Decay . . .,;'. e s e a4 e o s o o s s
Simple Identifier . . ¢ o ¢« o o o o o o o &
Experimental Résults (Simple Identifier) . .
Modified Identifiér I R
Experimeﬁtal Resuits (Modified Identifier) .
Gas Targets .:. e e e e e e e e ...
Breakup'Diétribution C e e e e e e e s e

Conclusions . ¢ ¢ ¢ o o ¢ o s o o o o s o o

LBL-2374

TO THE (0, Be)

e o o 6 o s s s s 4 s s e 1
c o o & o & s s s s s e o 3
e o o o o o o s o s s o o o 4
e e s s e s s e s e . e . . 10
e o o o o o s s e s o s o . 13
: e e e s s i 8 e e e e o o 16
e s e o s o e o6 o o o s 21
c e e s s ee e e s e e . 22

24



-1- . o LBL-2374

1. Introduction

The study of reactiéns‘with 8Be nuclei és‘the detected particles is
COmplidated'bf fﬁe fact that the SBe ground state decayé'§romptly (tl/2 N110—16
sec), and'therefore must be observed indirectly by meénéiéf its breakup
o-particles. 'Tﬁé.essential difficﬁlty lies in detectihg'thesé two a-particles
with high éffiéiehcy,.whiie at the same time accurately détermining the energy
and direction bf the original 88e event.

'Previoﬁsvmethods of detecting 8Be'nucl"ei fall ihﬁo-ﬁwq general categories:
those observing the two o-particles in coincidence in twOCSeparété detectorél),
and those using a single counter ﬁelescopez). The'létﬁer technique utilizes
'thé fact that twé épproXimately equal-energy a-particlés_simultaneously traversing
a AE—E telescope identify as a 7Li event;'however; the}fange of’excitatioh that
can typically be observed with this techniqte is limitédg) to V10 MeV. Both of
these methods rely on collimation to reduce kinematic broadening, so that one
' must strike a balance between detection efficiency and.gnetgy résolution,
particularly on light ﬁargets. High. efficiency redﬁifes'ébeBe identifier
subtending a largé solid angle, while a restricted solid:angle is necessary

for small kinematic broadening.

1

In the detection technique‘aigcussed below a‘position-sensitive detector
is used to'measure.bothvthe,directioh and tﬁe energy of,a ?Be event, thereby o
permitting both g§od detection efficiency and reasdnable énergy resolution.
Although 8Be evgnfs can then be selectively obserQed by.émploying a divided
collimétor before this detector (as shown below), %ubstahtial background
reduction of chance coincident events can be achievéd by also employing a

transmission (AE) detector. .
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8 . . , . . . . ) ,‘,‘ ] R
The "Be identifier--consisting of a divided collimator, a transmission

detector and a position-sensitive E detector--was developed to study the

a-transfer reaction’(a,BBe) on‘p—shell ;argets3). Bgcausérof the'lafge e _ ' -
a-sfructu;e émpiitude‘of 8§e, this re;ctioﬁ is a ver&'ﬁséful spect;oécopié | | |
.probe with.which to investigate theoretical a-étructure}ﬁﬁplitﬁdes,fsuch as - o !
those given by'Ku:athé) for p-shell nuclei. Both a simplelBBe idgntifier, ”

employing a siﬁgle AE detector; and a modifiedrbne, uti%izing twin'AE‘detéC£Oré C i
with sqbnanosecohd pi;eqp rejection to achieve low béckgrdunds at highv |

counting rates (50 K cps), are discussed.
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2. Bge Decay _ ' .

o 8. _ e .
The decay of 8Be ( Be = 8Begs, hereafter) is characterized by a single

decay.channel;‘a small breakup enerqgy (Q = 0,092 MeV);’tW6 identical charged

products (d-particles) and, since all the spins involved are zero, an isotropic

distribution of the decay products in the center of mass. By designing a detection

system optimized for high energy 8Be events (E8 > 35 MeV,.E8 = E8- )} to which

‘discussion below is restricted, advantage can be taken‘bf»the strong kinematic

focussing of the a—particlés into a narrow cone whose Axis-is in the diréction
. .8 ' R
of the original Be nucleus, and whose half angle (Bmax)'is given by:

o 1/3 ' N
Bmax = arcsin [(Q/ES.) ] _ (see fig. l) -
For high energy 8Be' events, Bmax is small (< 2.99) andvthe'angles'Bl and 82
are approximately equal [IBl-le/Bmax < 5,2%]. In thisiapproximation, the
radial distribution; R(r), of a-?articles across a detéctor is giben by:
2,2-1/2

_ ST T
| R(xr)dr é _(r/rm)(l -r/ m) drA ’

‘where r =D tan Bmax (see fig. 1).

By integrating thisvexpression over r, the fraction, F(r), of breakup
o-particles which fall between .r and rm‘is given by:'

Fr) = (1 -r2/r)t/?

‘From this it follows that 71% of ﬁhe o-particles lie between r = 0.7 ro and

r = r . (This result can be visualized by realizing that 71% of the breakup
d-particles have a direction in the center of mass corresponding-to Y > 45°, ’

which in the laboratory is equivalent to r > 0.7 r since r = L sinY, see fig.

1.)
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3. Simple identifier
3.1. POSITION-SENSITIVE DETECTOR

- The dist;ibution of the breakup a-particles suggests that, in order to
detéct a substantial fraction of the.QBe eQents,_a detéctor must subtend an
éngle at least as large as that of the breakup cone (“15?). However, such a
large angular'écceptance allows considerablevvariation,ip £he_detection gﬁgle
(elab) of .the 8-}3e-events‘. On light targets (A < 16), a_typical value of‘dE/dG:
is around 500 keV/deg for the (a,sBe) reaction at_Ea &_65 MeV. The
substantial kinematic broadening that would arise from=th;§ large value of '
dE/df is avoided by using a position-sensitive detectof:(PSD).' A particle
striking such a detec;or generates. both an energy siénél (E), and a signal (XE)
proportional to the product of the_energf'(E) and the diétan&e of impéct from
one side of the detectqr (X) (see fig. 2a). Fo; high enérgy 8Be events, the
breakup Q—valueuis'small compared to‘the ?Be energy, and:so the two breakup
a—particleé have; to-a first épproximation, eqﬁal eneféiés [1E1—E2|/(EI+E2) < 10%].
bn‘étriking a pbsition—senéitive”deteCtdr; one u-pagtic;e therefore éroducés a
signal XlE/Z, the other X2E/2. Since both alphas arrivé'within a fraction of
a nanosecond, the individual E and XE signals are aﬁtoméfically summed and
the resultant E 'signal gives the energy of the 8Bé_even£; The position
~signal (X) obtaiﬂed by-dividing~opt_the energy dependenée_isvgiven by:
‘x ‘= (xlE/z + X/ZE/Z)'/(E/Z + E/2) = (xl + x2)/'2 .
~As can be seen'frﬁm fig..2a, this average position establishes the direction
of the 8Be evgnt (elab), and substantial kinematic broadeﬂing can therefore be
avoided by gating the enefgy signals with pogitibn Siéﬁéls‘corresponding to a.

small angular range.
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>It.is implied in thé above defivation that the expfession for X holds
only to.the extént that E, ; E, aﬁd Bl = st and‘thereforé that the direction
of the 8Be event.(elabi is correspondingly uncértain.- In %act, elab'is more
accﬁratély detefmined since the differences in B and E"closely cancel.
Qualitatively} the da-particle with the lower energy has fhe la;ger B énd
hence thé largér.f, and vice ve;sa\(see fig. 1). ﬁeferfing t&'figs; 1 and 2a,

the direction of:the 8Be event is given by X, while XE/E division vields

X', where:

X'-X = (1/2) (ég)'sin2yi .
E8 .

.As .mentioned above, a transmission (AE) detector is introduced to reduce back-

ground and this modifies the above expression to:

'-; - oy (D9 -, 3LE .
X'=X = (1/2) <E8-AE <l + Eg sin2y - .

This corresponds_to an error in the angle elab of < 0.1° for high energy 8Be

. . 5 . ) . X
events ) detected with a counter telescope employing a 100 um AE detector.

3.2. DIVIDED COLLIMATOR

.While good efficiehcy and. energy resolutionicaﬁLbelobtained with a
bosition-sénsitive detector alone, numeréus particlefstasie nuclei would a;so_
be detected, and so obscure'sBe events exéept when LheSe'happened to be more
energetic., To‘aVOid this iimitation,_the,high probabilitylthat‘the angular
separation of the two breakup a-particles is clése to its maximum value (Vv 5°)
is exploited to selectively detect_sBe events. This seieCtivity is accomplished

by using a divided collimator, which has a post subtenainé:“/2°, to block out

the central region of the position-sensitive detector, as is shown in fig. 2b.
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.Employing suéh a divided collimator eliminaﬁes particlé—stable nuclei that
are emitted within v #1° of the center of fhe‘detector;  However, a
substantial fraétion of the two a-particleé from 8Be nudieivemitted in

" this direction pass one on éither side of the. post. "fAs'indicated

in fig. 2b, thése‘events yield signals corresponding to thé région of the
position-sensitive detector masked by the post. Theréforé; gating the energy
signals by such pdsition signals selects gBevevents, while-eliminating

particle-stable nuclei.

3.3. TRANSMISSION DETECTOR
- while 5 divided cﬁiiimatof and é pdsition-sensitive detecﬁor would make

a selectiQe and:efficiént 8Be detector, substéntial backgréund would arise at
moderate counting rates (V15 X cps)6) from chance-coincident particles
“arriving within the pulse pair resolving time of the deﬁector. Nearly all

of these intra-beam-burst pileup events are from partigleéfwhich have sufficient
energy to tréversé the dep1e£ed depth of the PSD. Most éf;them, though, cannot
be eliminated by qsing a ;gject detector, because commefciélly available PSDs
have such thiqk ﬁndepletéd back layers that a large fraction of theée particles
would fail to travérse the PSD. Howevér, many background events can be
eliminated by adding a trahsmission'detector (see figf-2$)'and peﬁforming
particle identification .(PI) with the AE and E signalsfk'Fbr events stopping
in the depleted depth of the PSD; an a-particle generates'a PI signal éiven by:

: 1.73 1.73
PI(a) = (Ea + AEa) - By, o

while a Bée event generates the following signal:
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8 1-73 * | 1-73
= + + + -
‘PI( Be) EU. EO"2 AE(]. AEd,z ‘ Eal + EO"2 .

Since E ® E- and hence AE. = AE » this expression is closely approximated
1 G2 | L) .
by: '

p1(®Be) = 21°73 pr(a) .

Thus the a-particlés from a 8Be event identify as a peak in the PI output.

. However, pileup events from Q-particles that ttaVerse.the depletéd depth of the__.
PSD give fise_to PI signals falling substantially lower in the PI spectfum than
PI(BEe),, and so substantial background reduction is pdssible, at moderate

counting rates, by setting a gate around the 8ge pI peak. -

3;4. DETECTION EFFICIENCY

. When using the siméle identifier, tﬁe magnitude of the acceptance soiid
angle éQacc) for'aetectiﬁg 8Be events is restricted to thg_solid anglevsubtenAed
by the post of”the divided collimator. Only a certain fracﬁion of the 8Be
events emitted_in;o Qacc are detected. This fraction_i# defiped to be the
detection efficiency (€), and the pgoduct of € and Q;cé yields the effeqti;e solid
anglé (Qeff ?.é,. Qacc) fpr detectiég 8Bevevents. .‘ |

By increasing the vertical size of the post of ﬁhe'divided cdllimator, both

the‘acceptancéisq;id angie and.thé efficienéy are i@créaséd. A lérger € results
becauge € is the éverage efficieﬁcy over the entire exﬁent of the acceptance
solid angle. This solid angle is necessarily small'forvg narrow post width (P)
while thé efficiency is zero for a post width greater thén,the diameter of the

breakup cone.(dm =2 rm). Thus there is an optimum.post width corresponding

3
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to the largest effectlve solid angle. This is 111ustrated in fig. 3(a) for the case

of a circular d1v1ded collimator of diameter - dﬁ. When the collimator diameter is
greater than that of the breakup cone, the optimum post width of VvV 0.35 dm
is essentially independent of A7. The o;dinate scaleﬁdepends on the energy
of the 8Be even; that is being consideréd, since the épex'énglé of the breakup
cone yaries as ‘]../(Es)l/2 for high energy events»(seetéection 2).

In part b of fig. 3 is shown the dependence of'the detection
efficiency (€) on the’ diameter of the collimator, for.é éést width of
0.4 dp. . As ﬂéyincreases,.e alsé becomes larger. However, if the maximum
counting rate'in the idehtifier is limited by the eleétroﬁics, the highest
data acquisitioﬁ raée‘is obtained not for the largest € but when theiratio of
the effeeti&é solid angle for the detection of 8ge evén£é cqmpa¥ed to that for
parficle'stable nﬁclei is greatest. This latter solidfangié is that subtended
byvthe open afea of the divided:collimator (Qcoll)‘ ;Thé ratio, Qeff/gcoll .

is called the relative efficiency (e ). Because of ﬁhé_finite extent of

rel
the breakup cone, thefe is an optimum diameter of the divided colliﬁator
for maximum felative efficiency. As can be seen from fig. 3(b) this
maximum ié‘obtained fof de/xll 5 d;. Over a restricted range of kinetic
energies (35—70 MeV), the size of the breakup cone varlés by only a small

rel

be achieved. A rectangular divided collimator can alsdhbe used and similar

amount (dm o« l/(E8) 1/2 ), thus a falrly energy—lndependent and large ¢ can

considerations apply as for a circular one.
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\

3.5. ELECTRONICS
A block diagram of the electronics for the-simpie 8Be identifier is

shoWn in fig. 4. Signals from the AE and E(PSD) feed th;ee amblifier syStems

and a‘piléup rejector (PUR’. This last unit.establishéé é_coincidence (2T = 50 ns)
bétween the AE-ahd E éignals and inspects for pileﬁp arising from different
beam 5ursts over 1.5 microseconds. In the absence of-suéh inter—beam—burst
pileup a valid—e;ént signal is Qenerated.

To minimize deadtime caused by the high'cpunting rafe in the AE‘detector,‘

double—delaybline éhaping is used to provide short ;ignal Shaping times

and fast baseline recovery. Because signals from theiE(PSD) have a slow and
posifipn dépendent risetime, a linear amplifier with a tWo.microsecondvpeaking
timé is‘used for both the 'E and XE signals. A pulseLfrom the E émplifier
_is used to feed a pileup rejector which inspects over Ehe dufation ("v 8 us)

oé.the E signal (the counting rate in the E(PSD) is typically a factor of

four less than in the AE). The vE, and XE siénals are connected to a divider,
which converts the position information into a time diffefence, and a time-
. to-amplitude cdnverter ig used to give a voltage signal.éioportional to the
position. ThevAE and E signéls feed a particle idenﬁifier. Both particle
identificatioh (Pi)band.position géfes_are set with single channei analyzers
(scas) and enefgy spectra, gated by these, are collected}dn a Nuclear Data

4096 channel analyzer. éated and ungated PI and positiqﬁ_spectra are

monitored during experiments.
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4. Experimental Results (Simple Identifier)

In an initial stgdy3) of the (a,eBe) reactionIOnilight targets, a Simple
identifier with a 125 um AE detector’ (10 mm in diameter) and a 300 um E(PSD)
detector (iOXSO mﬁi was used7). A circular divided poilimétor, with an
acceptance angle of six degrees and a central post of two degrees, was placed
seven and -a half cenﬁimeters from the target. With this geometry, forward angle
obse;vationé'were poséible'to a minimum angle of twelveIAegrees, and near
maximum relaﬁi?e efficiency (erel) was attained for the range éf Be events
stopped bf the identifier (35-60 MeV). The beam spot siée was equivalent to
one degree ana.a one degree position gate was set, Thésé'cénditions géve »
adequate energy resolution ahd detection efficiencies ké) éf 15-26% for 35;65
MeV'8Be events eﬁitted into the acceptance solid #ngle defined bf the position
gate. The intrinsic position resolution of thé above Aétector was 1/2° and
the two degree éost width ensured the complete elimination of particle-stable
nuciei from the centrai région of the position-sensitive detector.

The elimination'of par;iClé-stable nuclei is illﬁSérated'in the
appropriate position spectrum shown in fig. 5(a). The upper spectrum was taken
with an open circular collimator, and the 16§er with a circular divided one.

The counts in thé_Central region of the latter are from 8Be events with é small
number from infra-beam—burst pileup éyents. These speéﬁra were collected at

lab

The counting rate in the AE detector was 15 K cps. Only‘eGents satisfying an

6 = 15%3° during the bombardment of a carbon target With 65 MeV a-particles.

inter-beam-burst pileup condition, a AE energy SCA (set to eliminate Z=1 and

2 events) ahd an E-lower threshold of 8 MeV were recorded.

In fig.HS(b), PI spectra are shown of the events-Satisfying the one degree

.

position gate indicated in part (a). The upper spectrum shows the identification

of the pérticle?Stable nuclei, 6Li and 7Li, with the relatively abundant 8Be
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evenﬁs appearing as a shoulder on the 7Li peék. Thé lqwer speétrum, collected with
the.divided cblliﬁator, is characterized by the absence of lithium isotopes and
thé océurrence of a single peak at the location prediétéagfbr 8Be events by
range-energy calculatiénsz). Nearly all background e;éﬁﬁs seen above and
below this peak]cérrespond to intra~beam-burst d—a piiéué. A relatively small
‘fraction of thésé corréspond to both chance coincidentrd-particles stopping
in the sensitive region of the PSD. The PI signéls for these events iie’ |
close to the position of the 8Be peak (Vv eqﬁal—energy1a—éa#ticles). However,
as the energy‘of,éne or both of the o-particles increaées above the makiﬁum
capable of being stopped in the depleted region of the'PSb, theFPI'signal
rapidly decreasés_in magnitudes). Consequently, at modgrate counting rates
(15 K cps), nearly all pileup events are eliminatéd by'setting a‘PI gate
around the 8Be peak. | )

An energg_Spectrum, taken in one hour with the siméie identifier, of
1

the lB(ot,sBe)7Li reaction at ©
v lab

A 100 ugm/cm2 llB target (enriched to 98%) was used and ahlexperimental

=20° and E, = 65 MeV is shown in fig. 6.

resolution of 600 keV was obtained at a counting rate inh;he AE detector

of 19 K cps, which caused a 9% deadtime. TranSitioﬂs pépulating

the ground and second excited statesg) of 7Li are seen. Preferential
population of these states isvexéected on the bésis of calculated a-particle
structure factors4). The measured Cfoss-section fb thé T;igs is 3.2 yb/sr

at this angle, which;vaffer allowing for the detecfionlgfficiency (23%),
'cdrresponds to an absolute cross-section of 14 ub/sr.’ndtber spectra from

the (a,BBe) reaction on p-shell targets, taken with the simple identifier,
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are presentedﬂin-ref. 3). No contribution'frém the (a,?Béf(2.9 MeV)) reactionlo)
was observed, which is in agreement with the 16w calculated detection efficiency
(v 0.5%) for °Be* events. The moderately low level of'couﬁts above ther7Ligs
peék_is due to.intra-beamfburst chance coincident eventé that fall within the
8Be PI gate. This level of background is indicative of the background contri-

bution to spectra taken at 19 K cps with the simple identifier, and is equivalent

to an absolute differential cross section limit of V1 ub/sr.
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5. Modified Identifier

‘S.l. TWIN TRANSMISSION DETECTORS

A substantial improvement to the simple identifier.can be made by
using, instead of a single AE, two AE detectors diffused side by side on a
single silicon wafer (see fig. 7). An order—of—magnifude reduction of intra-
bea@—purst pileup can then be achieved by making a subhanosecond coincidence
between these detectors. Further reduction in background_is possible through-
a comparison of the energy loss in each detector.

‘Two 5.5212.mm transmission detectors, AEL and Aﬁg ¥separated by a
one millimeter undiffused région.wére made on a 110 um thick wafer. These
twin detectors aCt.as a large area detector when the left and right signals are
addéd. Since the same wafer is used for both AEL and AER‘,good uniformity,
and hence éobd particle identification, is ensured. Tﬁis technique takes
advantage of the fact that the central region of the AE'détector is not used
since it is masked by<the central post of the divided coiiimator.

Since in this apprdach a 8ée event cah be'charééférized by a fast
coincidence bétween the AE detectors, rather than by a'position signal corre-
sponding to the masked region of the E(PSD), the post need oniy be wide enough
to cover the dead region between the detectors. (In thé‘limit of a.post width
of zero, the acceptance solid'angle (Qacc) would be restricted to the solid '
angle subtended By the half width of the "divided" coliimétor.) The detection
efficiency and the‘relative efficiency depend on the diméASions of the divided
cpllimator in a.similar way to that discuséed in sectién‘3; except that the
acceptance soliﬁ angle is not restricted to the post width, As for‘the simple

-identifier, Qacc is defined by the setting of the position gate.
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5.2, INTRA-BEAM~BURST PILEUP REJECTION
When 8Be decays, the two breakup a-particles génerally have different
energies, and so different arrival times at the twin AE detectors. The

maximum time difference (Atmax) is given by:

Atmax.= 1.24 D/E8 nsec ,

where D is the'distance from the target to the AE detector, and E8 is the
energy of the 8Be event. For Eg > 35 MeV and D = 11.8 cm, Atmax is less than |
0.42 nanoseconds;“ Therefore by performing a subnanosecond coincidence, the
background can be reduced by a factor of ten, since the typical beam burst
width at ihe Berkeley 88-inch cyclotron is approximate1y fi§e nanoseconds
(at a fréquency of 10 MHz).
| To achieve subnanosecond timing, two fast preamplifiers are used,

whose first stages are mounted on the holder for.the'twin.AE detectors. These
preamplifiers are similar tb the one described in ref. l}), but with a
charge-sensitive (slow) output added to give greater éné;gy stability. The
FET in the first stage of.the'preamplifier.is connectedfby'a low inductance
strip to the surface of the detector. This detector is made with a low sheet
resistance (< 16.Q/cm2) and the shqrt direct coupling produces very faét'riéetime
pulses (< 2 ns).

The 110 pm twin transmission detectors have a low capacitance (v 70 PF),
which gives a good signal to noise ratio, and they hold.é high voltage
gradient (2 VQlts/um), which ensured fast (< 1 ns) cqlléction of the

deposited charge. As indicated in the block diagram of the electronics for

the modified identifier (see fig. 8), the fast outputs of the AE. and AE,
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.preamplifiers feed two qonstant—fraction discriminators (CFD), which are

cgnnectéd to a-time—to—amplitude‘converter (TAC). The range of O~particle

energy‘deposited in the AE detectors varied between 4 andvll'MeV} but no

,time-walk—with—amplitude-cOmpensation is required for good_time resolution,

‘since 8Be eventS'geperate AEL and AER signals of approxiﬁgtely equal amplitude.

By injecting charge on the detector surface with a fast»pu;ser (< l:ns risetime),
L

a simulated 8Be‘event (AE_ = AER = 8.75 MeV, E8 = 32 MeV) gave a time

resolution of 140 picoseconds'FWHM.

5.3. RATIO REQUIREMENT
Since both breakup o-particles from a 8Be event have similar energies,
in AER. By

the energy 1oss'offq in AEL is approximately equal to that of a

1 2

calculating the ratio R = AEL/(AEL'+ AER), 8Be events can be characterized by a
rétio signal close to 1/2. Because two chance coincident particles will
generally have different energies, setting an SCA about'the 8Be'ratio peak
will eliminate some intra-beam-burst pileup events; Th; division of the AEL
amplitude by the summed AEL and AER amplitudes to yield‘thé ratio R is

carried out in a similar manner as the XE/E division (see_fig} 8).
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6. Experimental Results (Modified Identifier)

6.1. BACKGROUND REDUCTION

Figuré 9 presents a TAC spectrum (AEL(start) -'AER(stop)) of events

originating from the same beam burst. These events, from the bombardment of

a 10B target with 72.5 MeV o-particles, were detected with the modified

identifier at'elab = 24°, The symmetric-double peak is due to Be events.

Background counts are caused by fragmeﬁtation reactions and random charice coinci- -

dent events associated with the high counting rate of 25 K cps. in each of the AE
detectors (intra-beam-burst rate v 500 K cps). The fdil width at the béSe'of
the TAC peak (V1 ns) reflects the minimum energy (§f30 MeV) 8Be eyent that
could be detected, and the centrai dip is the effect of collimation on the »
breakup a—parti;le velocity‘distributioh. If the identifier had 100% detection
efficiency and perfect time resolution, then the TAC peak.would be rectangular
with a width of 2_Atmax. This is most closely realiied_qu Bpe nuclei emittéd
toward.the ceﬂter of the identifier. However, for thoéé émitted off center,
the first part of the breakup cone that is lost throughvcéllimation is the
- edge. Therefore, most of the‘BBe events emitted intolfﬁé cheptance solid
angle, that are not detected, correspond‘to thevbreakué a-particles having
approximétely equal velocities, ahd therefore equal time-of-flights, hence
the.central dip in the TAC spectfﬁm.
In the spectrum shown in fig. 9, only evenis depééiiing more than 10
MeV in the E detector, and satisfying a AEL - AER in;erébeam—burst coinci-
denée (2T = 50 ns) and AE energy SCAs (set to eliminaté'Z = 1 and 3 particles),
were recorded. Thé total number of intra-beam-burst backgfound counts, e#pfessed

- 8 ‘ s
as a percentage of the number of Be events, is 120% for the: above conditions




-17- - S LBL-2374

(see (a) in fig. 9). As further SCA requirementé are made: (b), (¢), (d), and
(e), the backgréund decreases considerably with only a 25% loss in the number

of 8Be events,which is almost entirely due to the setting 6f.a restricted

X gate (x = XL ;’XC + X_, see fig. lO(b)).v The lowest béckground is achieved
when the p051tlon signal is restrlcted to fall within the 8Be acceptance ang;e‘
(X sca); the PI falls in the calculated region for 8Be events (PI SCA); the

ratio is close to one-half (R SCA); and the TAC signal corresponds to a time
differegce S;Atﬁax(TAc sca). .All these conditions-arg characteristic of BBe'
events. With ;heée.requirements the total backgroundvin'avBBe energy spectrum is
1% 6f tﬁe number of 8Be events, at a counting rate of 2$ K cps in each AE detector.

Figure 10 shows a particle identification and a‘pqsiﬁion spectrum
obtained with the SCA conditions discussed'above,.excépt:that their respective
SCAs were not ;equired. In fig. 10(a) the PI spectrum.is dominated by a
sinéle peak occurihg in the expected location for 8Be eventsz) with very
little backgroﬁnd above and below this peak. (The AELHé-AER coincidence
requirement eliminates particle stable nuclei.) The peaking of the position-
spectrum, shown in fig. 10(b), at'24° (the angle of the céhter line of fhev
divided collimator's post) arises because 8Bé__nuclei emitted in this directioh
have the largest probability of yielding breakup O-particles which satisfy the
AEL - AER coincidence condiﬁionf.'

A ratio spectrum, with the above PI and. X SCA requirements, is given in
fig. 11(b). The double peaking in this séeétruﬁ correspbnds to that seen in
the TAC spectrum'shown ih fig. 9. If the lower veiocit?iéipha from a 8Be.event
traverses AEL and the higher velocity one traverses AER; this correspénds to
a negative timé'difference in the TAC spectrum. It also'éérresponds to a

higher AEL energy loss (dE/dx « MZZ/E), and therefore a ratio greater than

one-half. This equivalence is demonstrated in fig. ll{é) (ii{;
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In~fig; 11(c). (i) a TAC spectrum, routed by the wider R SCA, is shown.
The shape of this peak is closely predicted as can bezs§eqvfrom the calculatéds)

. peak shapes for 45 and 65 MeV 8Be events given in part (éi; (The asymmetry.
invthe experimentally observed TAC peak of fig. 1ll{c) (i); is duevto a slight
asymmetry in the position gates.) | .'

The relationship between the amplitude of the rétio (R) and that of the TAC
(T), illustrated in fig. llfc) (ii), demonstrates that a'factor of.3 to.4 fﬁrther
background reduction is possible. Expressing R = Ro + AR and\f = T, +,AT;.:
where R, and To correspond to a ratio of one-half and to a- time differenée of .

zero, respectively, yields:
AR « AT - (E8)1/2 .

This relationship could be calculated using a computer.. Alternatively, a
good analogue approximation would be to set an SCA about the sum of R and

T, since the variation in (Eé)l/2 is small for 35-70 MeV ?Be events.,

6.2. ENERGY SPECTRA |

In the modified identifier, besides requiring a fast coincidence and
comparing the relative enefgy loss in the twin transmission detectors, larger
area detectors were used. These allowed the identifier to be placed farther
from the target while subtégding the same solid angle.aé.bgfore, and henéé
maintaining good detection effiéiency. At this greater'distance_(D = 11.8 cm),
more forward angles could be studiea‘and the cont;ibutidn of the beam spot size
to the energy resolution was decreased.

A 13%X20 mm position-sensitive detector7) was used which had a

resolution of 0.1 mm, (¥ < 0.1°) and an energy linearity of better than 1%,
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Its 500 um débletion'depth,vinvconjunction Qith a 110 uﬁ AE detector, enabled
up to 70 MeV 8.Be eVenﬁs to be detected. Since two éE deteétorsbare used in
the‘modified identifier, the area of each detector need‘oﬁly be Vv1/2 as larxge
(5.5x12 mm) f6r'use with'the above PSD; | -

" To lgséeﬁfthe effect of kinématic broadening éﬁ'the'sBe energy

resolution, threg'narrow position gates (XL, XC, XR) Wére.set‘(see.fig. 10b).
Each was equivalgnt to 0.4° and.the summed gate (1.2°)'had.a detection

~ efficiency (€) of 23-37% for 35-70 MeV 8Be events. In éddition, thin targeté
(v 150 ugm/cmz) were used and'rotéted to reduce the combined éffect of‘thé
differential énergy lossvin the target and the beam spot size.

A 8Be energy spéctrum accumulated in two hours f;om the llB(d,aBe)7Li
reaction at el&b = 20° and Eq = 72,5 MeV isvshown in fiq.}}Z.v This.speétrum
was obtained by summing the kinematically corrected energy spectra correspond-
ing to the three position gates. Over 25 MeV of excitation in'7Li is observed,
and the main transitions to the ground and second'éxcited:staﬁes ére obtained
with better eneréy resolution and‘lower background than was seen in fig. 6.
Also indicated aré transitions to the 7.47 MeV; 5/2° aﬁa the 0.48 Mev; 1/2°
states (the latter only paftially resolyed). The 5/2" and 1/2_ states are
expected to be less strongly excitea on the basis of ca}éulated a-structure
factors4). The absolute-cross sectioﬁ,td thé grbund‘étaté!is 16 ub/sr at
this energy aﬁd aﬁgle."The observed energy resolution is 400 keV and the
 counting rate in each AE detectér ﬁas,25 K cps. At this_countihg rate the
deadtimé.(measured by a pulsér triggered by a monitor;Couqter) is 35%.

Using the modified identifer, data could be colieétéd at twice the rate

~and with a lower background level than was possible with the simple identifier
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(compare figs, 6 and 12). The average background level abqve the ground state
in fig. 12 corresponds to an absolute differential crdsé section limit of

v 0.1 Ub/sr. Lower cross section limits could be achieveévif necessary by
réducing the counting rate. l(Regarding background frqm'BBé*(2.9 MeV) when
using a modified identifier, its large breakup Q—value‘coupled with the

restriction on the separation angle of the two O-particles (< 6°) imposed by

the divided collimator causes o, and 0. to have sufficiently different energies .

1 2
. . e 8 o
that the TAC SCA and R SCA requirements eliminate Be® events from the energy

spectra.)
. 8 | 16, 8 .12 .
Figure 13 presents.a Be energy spectrum of the ~0(a, Be) ~C reaction
at eiab

target with 72.5 MeV o-particles and by summing the kinematically corrected

23°, This spectrum was obtained by bombarding a 220 ugm/cm2 sio,
energy spectra from the three position gates. Transitions can be clearly

seen to the ground and first three excited states and‘to:the 14.08 MeVv (4+),
state. The observed energy resolution in fig. 13 is 400 keV and the absolute

cross section to the 12Cgs is 13 ub/sr.
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7.. Gas Targets

By introducing an additional divided collimaéorvﬁearer to the target,
both the simplé énd modifiedvsBe identifiers can be‘usgdiﬁo study.the (a,sBe)
reacfioh on gaérfargéts. The front collimator definesithe'eXtent éf the
térget'and removés the possibility of detecting.reactién éroducts from the-
gas cell wallé_(éee fig. 7). To reduce the singles counﬁing rate in the AE
detectors, a 0.5 mm tantalum partition connects the posts of the two collimators. .
This partitidn eliminates particles passing through difféfent sides of the

front and back collimators.

An energy_spectrum 6f the (a,8Be) reaction on'avlsN gas target is
shown in fig. 14. This spectrum was collected at 61a5 = }9° aﬁd Ea = 72.5
MeV with a simple.identifier'which had twin transmissiqnvdetectors acting as
a large area AE detector (of thickness 190 um). The siﬁéies coupling rate
was 15 K cps in each of tﬁe'AE'detectors. Tranéitions_t§ éeveral states

.11 . . e
in B can be seen. Those indicated are some transitions expected on the

basis of theorefical calculations4).
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8. Breakup Distribution

" By measurihg the detection'efficiency'for moneneréetic 8Be events,
from the 12C(a,SBe)SBe reactién, with four open circular cdllimatorsl2) of
different diameters, one can determine whether the deteéted a-particles have
a iadial disttibUt?on across the breakup céne éonsistenf with the expected
one. Figure 15 pfééents meésured efficiehcy (é) points cgmpared with |
calculated,oneéls), using a 1° positibn gafe. Good agreéﬁent is obtained
between the e#perimental and calculated values at thé'tﬁq:sBe energiés.

To carry §ut these measurements, remotely'movablé_épllimation was
employed with a simple identifier. Any of five diffe;énf collimators drilled
in a single piece of tantalum could be placed in front of the AE-E(PSD)
teléscbpe. Différent collimation, to within 0.1° of the Same angle of
observation, was made possible by moving the rectangulér.?iece of tantalum
in a veritical slide, " Changing the collimation rotatéd a helipot, and the
location of the collimators was determined remotely by reading a voltage
across the helipot with a digital voltmeter. -

- Thelkinematic focussing of the a-particles from.the.decay of 8§e

nuclei causes the o-particles to be confined to a cone."To establish this

focussing, transitions to the ground and first excited §#é#es of 8Be, from
12 8 '

8 . : ' : e - .
the ~“C(a, Be) Be reaction at E, = 65 MeV and elabv= 25°, were studied.

Approximately_47-MeV 8Be events arise from these transitions and the calculated

apex angle for their breakup cone is 5,1%0,1 . Spectra'colleéted using two

different divided collimators of equal open area and with post widths of

5.4° and 3.6°, respectively, are shown in fig. 16. These spectra, accumulated

for equal charge, confirm the kinematic focussing of the two o-particles
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following 8Be decay. The inserts show the collimator dimensions relative
" to the size of theveBe breakup cone. ‘A simple identifier was used with a

AE counting rate:df 20 K cps and with a 2° central positiph gate,
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9. Conclusions

Both the simple and modifiea 88e identifiers Qete.developed for the
spectroscopic study of the (a,sBe) reaction.on solid.and gés targets. Using
the techniques described above, high detection efficiehéies (e v 30%) were
obtained with low ﬁackground and good energy resolution at high counting rates.

. . . : . -9
Other simple and multi-particle transfer reactions, such as ("Be, Be),

8 11 8

(6Li, Be), | B,Bﬁe) and (12C, Be), should have large’énough absolute cross
sections on iight:targets (do/d? > 5 ub/sr) to be easiiy gtudied wiﬁh the
simple identifier. Other cases for which the cross segtidn is lower-—er
example, the (a,SBe) reactién on some s-d.shell taréets—-will require the
use of the more sophisticated modified identifier. For either investigation,
these techniques greatly simplify fhe étudy'of reactions involving the

detection of 8Be nuclei, opening up the possibility of‘their more extensive

observation in the future.
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Figuré Captions |

Fig. 1. a) Kinematic focuésing of tﬁe a-particles %rom the decay of a 8Be
nucleus with a kinetic energy>(E8) grea£¢r than 35 MeV. Depicted:
BBe velocity vector (VB); centér of mass (c) an§ 1éboratory (Vi-and vz)
velocity §ectors of the breékup a-particles, and the éhgle in the center
of mass (y) and the laboratory (Bl) at which oy is,émitted relative to.v8.
b) An illusffation of the cone, within which the breakup o-particles are .
confined,. Depicted: distance from target to detecﬁof kD), maximum angle
in the laboratory (Bmax) at which a breakup a-particle is emitted relative
to Vg and thé radius of the breakup cone (rm).

Fig. 2. a) Determination of the 8Be event's energy and direction using a PSD.

- ‘(See discussion in text.) | b) A schematic diagram'qf‘the simple 8Be |
identifier showing the divided collimator, transmission detector and PSDf

Fig. 3. a) Thé dependence of Qeff on the post widﬁh (P) for two collimatér .
diameters (£’). E8 is in MeV and d, is the calculated diameter of the
breakup cone for a 50 MeV 8Be event, b) Calculated € and € el for

collimators of different diameters, each having a pdst width of 0.4 dpy.

Other symbols are defined in the text. 8
Fig. 4. An electronics block diagram for the simple Be identifier.

Fig., 5. Position (a) and particle identification (b) spectra obtained with
the simple-aBe identifier; ‘(sée text.)
. 8. | 1., 8. 7. ) .
Fig. 6. A "Be energy spectrum of the B(a, Be) Li reaction taken with the
simple identifier.
Fig. 7. A schematic diagram of the modified'sBe identifier, here employed.

with a gas target.
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Fig. 8. An electronics block diagram for the modified 8Be identifier.
Fig. 9. A TAC spectrum, [AEL(start) - AER(stop)], of events originating
8
from the same beam burst. The ratio of the total background to Be
events deciéases from 120% to 1% as various SCA requirements are introduced.
Fig. 10. Particle identification and position spectra- obtained with the .
modified °Be identifier.
Fig. 11. a) Calculated TAC spectra, [AEL(start) - AER(stop)], 3howing the
effect of the divided collimator's shape on the relatiQe velocity distri-
bution, b) A ratio spectrum, [AEL/(AEL + AER)];'céllected with the
PI and X gates shown in fig. 10. c) Measured TAC spectra routed by the
ratio gates shown in part b),
. ' 8 ' 11 8_ 7. .
Fig, 12. A "Be spectrum from the B(a, Be) Li reaction taken with the modified
identifier;
. .8 - 16, 8 .12 . :
Fig. 13. A "Be energy spectrum from the o0(0, Be) "C reaction taken with
the modified identifier.
, 8 15, 8 11 _ . .
Fig. 14. A Be enerqgy spectrum from the N{o., Be) B reaction taken with the
simple identifier and a gas collimator.
' - . . 8 , .
Fig. 15. 8Be detection efficiencies at two Be energies for open circular
collimators of different radii., The experimental points are normalized

to the calculated curves at r = 4 mm; statistical error bars are

shown. , : , N

12

»

. 8_ .8 . . . _
Fig. 16. Energy spectra from the C(0, "Be) Be reaction.taken with two different
divided collimators to illustrate kinematic focussing. Depicted in the
respective inserts is the size of the breakup cone reiative to that of

the divided collimator.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.









