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IDENTIFICATION OF NUCLEAR FRAGMENTS BY. A COMBINED
 TIME-OF-FLIGHT, AE-E TECHNIQUE i
Gilbert W. ButlerT, A. M. Poskanzer, and D. A.‘Landis
Lawrence Radiation Laboratory . .
Nuclear Chemistry Division
University of California

‘Berkeley, California 9LT20 - g

August 1970

Abstract

Nuclear. freements of Z = 5 to lO that resulted from the 1nteractlon of
5.5-GeV protons w1th uranlum have been identified by a combined tlme-of fllght
AE-E technlquef_ A ‘thin AE detector. was used so that the AE E information pro-
vided only eleﬁent resolutlon,'not 1sotop1c resolutlon.‘ However, the measurement of
the time~of-flight between the AE éﬁd E detectofs together with the energy'deposited
in the E detector allowed the fragment mass to be determlned AThis technique |
enabled us to observe ‘not only the major isotopes. of these elements but also such

' 2

neutron=rich nqclel as 180 and ON. ‘An improved algorlthm for power—law particle

identification is also described.

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

o o | |
Present Address: Chemistry Division, Argonne National Laboratory, Argonne,

Illinols 60h39.
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'Inﬁroduction?

" The unique deté?mination of éhé'atomic number 7 and the mass number A .
df'tﬁe products bf a ﬁuéléar reaction is an essential part of the study of -
‘nuclea}'réactions._ Idehtification of z 1 and 2 fragments is commonplace and .

- theré has been rapld progress recently in the development of on—llne partlcle _
1dent1flcat10n technlques for heavier ffagments. In some cases this progress
has been stimulated by the'desire to establish the existence of extremely
neutron-rich particle-stable light nuclei in order to provide further tests of
the systematics of nuclear stability.

| Thefe are curréntly sevéral methodé of accqmplishing the on-line idenfi—
fication of nuclear reaction products with Z of 5—10. To determine the mass‘ofr
a nucleus, but not its Charge, simple time-of-flight techhiques have been used:
vwhiéh éllow‘measﬁrements down to very low energies. Genefally, one semiconductor
-&etéépo} ié'used for energy_éndAtime measurements with the other timing pulse
cominé'ffom ;ither an RF signal from a pulsed particle aécelerator (see fof
example Béf, i), or from a thin foil ffom which secbndary eléctrons are collectgd
'wiﬁh an electron léns; However, the most common technique that givés both nuclear .
‘charge~and mgss information is the use of a detector telescopefconsisfiné’éf ai'
AE defeétbr to measure.the rate of énergy loss of a partiéle.and an E (étopping)
defector‘to measure ité residual energy.

With the AE-E technique_therevare three widely used methods for deter-
mining-the identity of a particlevfrom the information provided by the AE-E
detector telescope. One method uées the1relationship2>‘(E + AE)x(AE) o AZQ,
which is an approximation to thevBethe—BIQCh'formula for the rate of.ehergy loés”ﬁf

a charged particle. Modified versions of this formula have been used to provide
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isotopic resolution up through the oxygen region; The second widely used’method
of partlcle 1dent1fication ut111z1ng a AE—E detector telescope is based on the
fact that the range—energy relationship of light nuclei can be approx1mated by

the empirical power—law formula R=a & s Where R is the range of a particle

| W
of energy &, a is a constant that is characteristic of the‘particle, and the ' ]
exponent p;is approximately constant but is_found.to provide better isotopic -
resolution if it is alloved to decrease somevhat as 7 increases.blThe exponent-
b is thus an adjustable parameter. For particles that obey this’power-law relae
tion the function (E r.AE)b—Eb can be shown to equal T/a, where T is the AE
detector thickness. The.Quantity l/a is approximately proportional to AZ2;
The third method involves storing a range—energy table for an 1sotope of 1nterest .
in a computers) Then from the AE-E information for each event ‘the apparent -
thickness. of the AE‘detector‘is caléulated and a histogram is‘constructed .Atf:
- the true thickness T of the detector there w1ll be a peak for the 1sotope of
1nterest, while other 1sotopes will peak at other apparent thicknesses. Other
modifications'of this method have been used6). All.of these AE—E methods are
limited by the energy resolution in’the AE detector. Isotopic resolution becomesv
quite difficult with thin AE detectorsvfor particles of Z > 8. A‘major limitation'
'of the AE-E method is that for Z > 5 there is some overlap‘of the quantity A22
for the.heaviest isotopes of one element and the lightest isotopes of thepnext
heavier element. This fact makes it P o difficult to estahlish unam;
_biguously the identity of neutron-rich and neutron-deficient nuclei. 1_f“§ |
Another method of particle identification 1nvolves the addition of thei
fragment time- of—flight technique to the AE-E technique in order to provide an

1ndependent determlnation of the fragment masses. In these experl_ments7 9) frag—

‘ment flight times were determined between two AE detectors.'
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The mass number was calculated from the non;relativistic formula A = const & t

where 1t 1is the fragment fllght time between the two AE detectors and & is the

' fragment energy during flight. Experiments ut11121ng this technique have had

-to_rely'heavily on the isotopic resolution obtained from the AE-E method because

theitime—of-flight mass'resolution was slightly greater than one mass number.
HOwever- tﬁe téchnique was successful in establishing the identity of several

/
neutron-rich light nuclei produced in the interactlon of hlgh—energy protons

with heavy nuclel7 9)

Magnetic anelysis together nith an energy measurement by a semiconductor
detector placed in.tneifocal plane of a spectrometer'has been used for heavy
ion identificationlo). ‘This method hes sone ambiguities beceuee different
isobars ‘canihave the séme-effectiﬁe cherge.and;alsoldifferent.nucli@es can have
similar values of - ngf/‘ ‘The‘letter difficulty can be eliminated by the addi-
tional measurement of the time-of-flight of the iensll). Measurements have aleo
been made by the cempination of time-df-flight, enengy, and magnetic quadrupole
analysislg).

Another metned of particle identification is the combination of the
13).

AE~-E method with magnetic enalysis A AE-E detector telescope was placed

in the focal plane of a magnetic.spectrometer to study heavy ion transfer reac-

" tions on a thorium target. This technique overcomes the usual difficulty of a

magnetic analysis system by measuring the nuclear charge and not Just the atomic

g cherge. Isotopic resolutlon was obtained up through Z = 10 nuclei, and many

1h 16

'new neutron—rich light nuclei were identified by this technique ).

In this paper we wish to report on improvements in particle identification
techniques. First we discuss a new algorithm for particle identification by the

power-law method. Secondly and more'importantly we describe significant
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' improvements in the combined time;of-flight, AE4E teohnique. ln the'latter,
‘tmodified electronic equipment wss used to identiﬂy-nuclear fragments of 2 = S—lO
produced‘in the interaction‘ofVS.S—GeV protons with uranium. -Fragmeot flight

' times were determined between.a AE and an E detector instead of between two H
AE detectors as in earlier ekperimentsT_9). This made it possible to measure
ifragments that had lower‘eﬁergies and consequently.longer flight times; The'longer
fllght times" greatly enhanced the tlme-of-fllght determination and the lower
energies meant greater fragment yields since the minimum energles measured were
still above the peaks of the measured energy distributions for these high—energy
reactionsl7). In this experiment the AE detector was thinher-sod provided only

element resolution but the time-of-flight determination provided adequate mass

resolution by itself.

- Improved Algorithm’for'Power-Law Particle Identification

The power-law partlcle identifier was first developed at Berkeley by "
Goulding and'Landis3’¥). Details of the use of thls type of partlcle 1dent1f1er
" that employ either one or two AE detectors have»been publ1shed elsewhere18 ?O)
This method of particle identification does not give-isotopic resolution for
moderate energyvhuclei with 2 > T oecause of the inadequate energy resolution:'
::from the very thin AE detectors that are required. Hoﬁever, in an earlier
experlmental study of the interaction of hlgh—energy protons with- uranlumIY),f”
Vwe used a thin AE detector .and ‘were able to resolve elements (no isotopic reso; ' <
-lutlon) from Be to Na, as shown by the partlcle spectrum in Fig. l(a,, which -
'represents the output of the analog electronic system. The particle spectrum )
shown in Fig. 1(b) was calculated by an off-line oomputer from the AE and E

data by the use of the power-law equation with a value of the exponent b

of 1.40 to simulate the analog particle spectrum. A two-parameter contour plot"
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of' the number of e?ents versus particle signal and total ehergy for this same
experiment ié_;howﬁ in Fig. 2(a). It éan be seen from Fig. 2(a) that the par-
ticle signal is;ﬁ@t independent of energy for a given-eleﬁent. For the lighter
elements the decreasevin pafticle signal with increasing energy could be corrected
by raising the parameter b, but then the curvaturé at thé-lowest energies for
the hegvier elémeﬁts would be considerably worse. |

We haVéfdefermined a modified power-law formula that is capable of auto-
matically adjﬁsting the exponent to obtain improved resolution for a broader
spectrum of particles. It can be seen that the nuclei that deviate the most
from the originalbpower—law formula are the heavier elements with the lowest
energies; Since these nuclei are the onéé that have the highest dE/dx values,
we decided tdfméke the exponént decrease with the value of dE/dx given by the
energy deposigéd_in the AE'deteétor.-.The modified algorithm has the following

form:
E+ AR |
— -

where the exponent is n = b -

)n 1/2

~ =

c AE

T - We have taken the units of ¢ to be mg/cmz—MeV.

In this formula the two energy terms are divided by a large constant (we use k = 300
but the exact value is not critical). This isvdone because with a variable exponent
it is necessary to normalize the spectra at a high energy where the exponent is
approximately constant. The square root of the particle signal is used simply
. o | , |

because it makes. the signal proportional to Z instead of to Z°. It should be men-
tioned thaf in'the search for the best b and ¢ values to use in this equation we have

. . O . 21,22
relied on range-energy and energy-loss programs written at this laboratory ).

The dramatic improvement in particle spectrum resolution that results.

from the use of the modified power-law equation with the appropriate b and ¢
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parameters, is illustrated in_Figs, 1(c) and 2(b), which represent the same daﬁaf
reprocessed according to this modified equation; (The calculations'tolprccess.
' each event took about 300 usec on a Control Data Corporation 6600 computer.)

The modified equatlon produces the desired effect of making the partlcle s1gnal
more independent of energy and the resolution is improved to such an extent that

9

the isotopes TBe and 8B-are clearly resolved in Fig. 1(c). .(8Be-andv B do not

appear in the spectra because their half llves are too short to allow them to

reach the detector.) The widths of the other peaks are mainly due to the high
. 17)

yields of the many unresolved isotopes of each element . We have shown that -

it is possible to obtain element resolution up to argoh (z = 18) with a 20-pm AE -

detectorl7) and this method could probably be extended to even heavier elements

with the use of thinner AE detectors.

Experimental—-Combined Time—of—Flight AE-E Technique

The experiment was performed by using the 5.5-GeV external proton beam '
'of the Bevatron to bombard a uranium metal target of 27 mg/cm2 thickness. Beam

pulses 0.8 sec long and containing an average of lO 12 protons occurred every six

seconds. Many of the details of the experimental equipmeht that do not'involVe‘

| time-of-flight have been publlshed elsewhere ) and they w1ll not be dlscussed
.here unless there are significant differences.

A detector‘telescope consisting of three phosphorus—diffused silicon
~detectors was placed at 90° to the_beam to view the fragments emitted from the.
target. The 225um AE detector was 14.5 cm from the_center of the target, and
the ll2-pm'E detector was 25.7 cm further away with a rejection detector right
behiud it. The AE and E detectors had sensitive areas of 5 X T mm and were

collimated to 4 X 6 mm by copper collimators 0.8 mm thick.
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The eleétronic circuitry that was used for this combined time-of-flight,
particle'identifiéation experiment is schematically iilustfated in Fig. 3. Fast
rise-time linearvpreamplifiefs were integrally mounted with the AE and E detec-
tors in thé vacuum:chamber as shown in Fig. 4. The detector was DC connected
to the input FET by the shortest possible path to minimize electronic ringing
due to inductance in the input circuit. . Signal feédback around the front end
of fhe preamplifier was'algo avoided because of its téndency to prodﬁce ringing
onxsignals;b Thékvoltage produced across the fixed detector cagpacitance was
amplified by a’high-transconductance (50 mA/V) FET, whoseé operéting conditions
were étabilized.by DC (low frequency) feedback to prevent éhanges in the operating
point caused by leakage currentAchanges in the detector due to radiation damage.

A bléck diagram of the preamplifier, fast amplifier and discriminator
system is sthn_in Fig. S. The élecfrohic rise time of the preamplifief was less
than one nséé,:and its decay time constaﬁt was about 60 usec in the case of the
AE channel and soﬁewhat less for the E channel becauée of the lower detector
capacitance.. Sighals from the pfeamplifiers wére sent through wide-band low-loss
50-§ coaxial cables to the fast-amplifiers in the counting area. The amplifiers
clipped the signals to 10 nsec and supplied them to zero-crossing discriminators.
The rise time of the signals from the fast amplifiers was 2.5 nsec and the change

in rise time up_to a maximum output'of 2V . caused less than 100 psec change

in the crossover point of the double~clipped signal developed in the crossover

discriminator. The zero-crossing discriminator was a modified version of one

?3)

developed for use with fast photo-fubes' . It has a dynamic range of over

100 to 1 with a maximum input of 2 V.. The signal at the positive input

triggered the pedestal circuit whose output current was set just to trigger the

tunnel diode-discriminator. When the signal coming into the negative input and
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'the pedestal signal were added the tunne1~diode discriminator triégered at
the zero-crossing point of the double—delay—llne clipped 51gnal
The time walk in the discriminator output as a functlon of 1nput slgnal
size and the FWHM tlmlng spread of the fast system was measured w1th a fast pulse
‘generator giving the results shown. in Table I. For the measurements.glven in -
T;ble I(A), the timing of the AE system with reference to the 1nput 31gnal was‘
bdetermlned (a 220 pF capacitor was used to simulate the detector) These measure-
ments were accompllshed by starting a time-to- amplitude converter (TAC) with the
pulser and stopping it with the AE discriminator output signal x Forvthe measure-
ments in Table I(B) and I(C) the detectors were connected and the time dif-
ference between the AE and E discriminator outputs was measured  For Table I(B)
the pulser supplied a fixed signal equivalent to 50 MeV to the E preamplifier 1
while the AE signal was raried from 5 to 50 MeV. in Table-I(C) the AE signal'?
was fixed at S50 MeV'and the E signal was varied. ‘
During the actual experiment the fast discriminator outputs were sent
Vto a TAC that opereted in the O—lOOpnsec range. The TAclwas started by the E‘G
discriminator signal and stopped by the signal from the AE discrimiuator delayed
by 50 nsec. The time spectrum was thereby inverted so the flight time of a
), where EO was a zero—time reference whose value it was

tTAC ?

necessary to determine.“The;system-was set up to measure. flight times ranging

fragment was (tg

from 10 to 30 nsec--adequate to cover the flight times of all fragments from . -
B to Ne in the energy range 10 to Lo MeV over a 25.7 cm flight path.

The AE E, TAC and particle signals for each valld event were dlgltlzed
and sent to a ;small on-line computer and were then stored on magnetic tape. The

\ 17) .

details of this computer system have been published'elsewhere The computer

)
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performed an on-line mass calculation by computing the quantity E(tO"‘tTAc)g

which is proportional to Et2 (and thus to mass) for the correct value of‘tb._

This'on—line‘calculation and the associated oscilloscope display were of con~
siderable use for monitoring purposes during the long experiments but the fihal

data reduction was done with a CDC-6600. computer, where a Fortran program used

the raw data tape to calculate a massvspectrum corrected for the walk of the

“timing signals with pulsé height. This program also calculated a particle spec-

trum from the modified power-law equation described earlier.

A preliminary experiment was done with the AE and E detectors 3.2 cm
apart to set up ﬁhe electrbnic equipment and to detérmiﬁe an approximate value
of tO to be used in the on-line mass calculgtion. During this experiment it

wasAfound that the collection time characteristics of the E detectof had a

marked effect on the fast timing resolution. Some improvement in resolution was

obtained when the E detector bias was raised from 100 V to 200 V so the latter

value was used throughout the experiment..._Also, in order to obtain the best

timefresolution, thé E detector was positioned so that the negatively-biased v

side faced the target. This configuration provided the shortest path for the

‘holes (which are only one-third as mobile as electrons in'silicon at room tem-

pefature) since most of the fragments of interest penetrated only a short dis;'
tance into the E detector. The timing reéolution and walk measurements were
made by collecting the TAC spectrabfor all the fragments that deposited from
18-20 MeV in the E detector. The TAC spectra were sorted on the analqgrparticle
signai (which was sufficient»to pfovide_element resolution) and then correctéd
for the appropriate flight times ovér the short flight path. The results of |

these measurements are shown in Table II. The resolutions have been cofrected:
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for the épréad in velocities due to the 2 MeV_vide'windOW placed on the E sig-
nal. The listed AE energies were calculated from range-energy tables for the -

. F o 11 13, e ceen i
highest yield isotope of each element (ie., » C, etc.). It can be seen that
“the walk and reéolution are not as good as with the pulser. This is pfobably due
;méinly to the collection time in the E counter, which is a function of the range
i .

lof the particles. An improvément could be made by using a somewhat thinner E°

lcounter at still higher blas or by cooling the detector to a low temperature.

Results——Fragments from Uranium + 5.5-GeV Protons

The particle spectrum.obtained during a 57 hr experiﬁeﬁf is.shown in
Fig. 6. This spectrum was calcﬁlated from the improved poWer—law equafion with
the parameters b = i.8h and ¢ = 0.064. We believe the resolution is not as gd@d :
as thét in Fig. 1(c) because of a .greater ndn-unifofmity of fhé AE detector uéed
in this experiment. However, the resolution obtained was adequate for the detér—
minatién of the nﬁeleér chérge of tﬁe frégmeﬁts.

The technigue that ﬁas used for determining the éorrections to the
time-of-flight data that were needed to compensate for fhe walk of the timing‘ 
signals with éulse height in both of the detectors will Be déscribed iﬁ some
detail since it was a very crucial part of the final data analysis. The crudé:

to,values determined in the short flight path experiment were not adequate and

thus the final data were used for this purpose. First the raw data tape was -
processed off-line several times using different values of to to calculate the
mass spectrum for those events that deposited from 18-20 MeV in the E detector.

" This processing was done by sorting the TAC signal on the anélog particie sig-

nal, which was sufficient to provide element separation, and calculating the

«
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mass spectra in order to determine the value of t. that gave the best mass reso- -

Q

- c——
-

lution for each element. This_procedﬁre effecti&ely.détermined the timing walk -
due to. the variation of the AE pulse height, which varied from about 11.5 MeV
for a Boron fragment to 3h MéV for a fluoriné fragment. The walk of the timing
.signél with pulse height in the E detector was determined in a similar manner |
,by“procéssing those events that deposited lO—lé MeV and also 36—hO.MeV in the E

detector. HdWever, now the #alue of t, for each element was chosen to put the

0

isotopes of that element in fhe same mass channels as did the best value of to.

obtained from the 18-20 MeV data. Thé resultant array of to values was fitted

by a linear least squares program to an equation that contained terms linear i@

AE and E and a term with the product (AE)x(E). This t. equation was then used

0

during the final data reduction at the CDC-6600 computer to determine the walk-

0

corrected ?alue'of t vfor each event.

The cbrrecfed mass SPectrum ?ontainiﬁg all of the fragments that deposited
»from.l5 to 30 MeV in the E detector is shown in Fig. T. Eééh mass peak in fhié
épectrﬁm contains some contribution ffom more than one isQBar. The mass reso-
lution (FWHM) is‘h.O% at mass 11 and 4,19 at mass 18. The;time resolution ofv
the pulser was 140 psec. The time>resolution'for the partiéles was about 250 psec..
This was calculated from the measufed mass resolution, with a correctiop for.the
contribution from the energy resolution.

A two—parametér contour;pibt of the number of events versus parﬁicle
signal and mass éignal-is shown.in Fig. 8. The element lines increase with mass
simply because ﬁhe particle signal is somewhat a function of the mass of the -
isotope as well as its chargé.i With the walk correéfions that we used the mass

number lines are not all vertical, which means that the mass resolution was some-

what better than is indicated in Fig. 7. It is clear from this contour plot

[ . A
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that the charge and mass resolution was sufficiently good to separate not only
thé majof isotopes of the elements boron to neon, but also mény of thé neutrén;rich
nuclides._ This is illustrétéd'more clearly in Fig. 9, which.is the carbon masé.
Spectruﬁ obtained by projecting the carbon déta in Fig. 8 oﬁto the mass axis.

In this experiment l'-(Clywas prodﬁced in much greater yield.than'iﬁ our earlier
experimentT). Even 180 is easily distinguishable in Fig. 9, and we thus confirm
recent experiments;h) concerning the particle -stability of this nuclide. Unfor-
funately, backgrouhd problems prevent us frombbeing able‘to say anything about
the parficle stability of nuclides of ca}bon heavier than 180, such as lgc,lwhich,
has been fepdfted récently as being particle stableg). Also, as seen in Fig.'8;
our data clearly confirm the recent Worklh’ls) in which the pafticle stability’g

of the neutron—rich nuclei 20N, 220, 23 25

F, and "“Ne was established by observing
these nuclei duringva study_of heavy ion tranéfer reactions on a heavy nucleus.
Our experimental system does havé some residual background problems,:
as caﬁ be seen‘in‘Figs. 8 and 9, eépecially in thé low mass regions. We think
that most of the background was primarily caused by events in which the time- |
of-flight signal of a réal e&ent was distorted by a chance coincidence with a .
light fragment, such as é lithium isotope, that registered in the E detector'b#t
 did not deposit enough energy in the AE detector to trigger it. The number of
chance coincidence events could.bé reduced by using a very fast pilefup rejectbr
to trigger dbwn to very small AE signals. However, this might be difficult ;

. Zi
because the counting rate in the AE detector at low energies was over 107 sec

during this experiment.
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Discussion

The combined AE-E, time-of-flight method of particle identification

" described here is potentially capable of idehtifying indiVidual_nuéléi'with
- moderate energies up to much higher mass and charge than is possible with the"

AE-E method byvitself. ;This is illustrated more clearly in Fig. 10, which is

a graphical summary of the limitations of the AE-E method,of particle identi- -

'.ficatiOn. The solid lines represent the minimum'total energy that is necessary
. to observe a nuclide with a certain thickness of AE detector. These total ener-

gies include both the minimum energies in the E detector that are listed near

the bottom of the graph and the energies needed to penétrate the AE detector.
The approximate limits of isotopic resolution by the AE-E technique are repre-

sented by the dashed iine. "That is, to the left of the dashed line individual

~isotopes can be resolved, but to the right of the line only element separation

can bé obtained. Thé use of the AE-E method for determining nuclear charge dnly
should be very useful for elements even with Z > 18 (argon). |

The use of the time-of-flight teéhnique to determine the masses ofkvafioug
nuclearvreaction pfoducts has become more wideépread in recent yeafs.‘ The limi;
tation of'this technique_is shown in Fig. 11. This is a graph of the energy at

which adjacent mésées are just resolvable as a function of the mass number of the

nuclide. We have defined just resolvable as that resolution which gives a two to

" one peak-to-valley ratio for equai height gaussian distributions. For adjacent

mass peaks this corresponds to a FWHM of v2/2 mass numbers or to a 0 of 0.30 mass

numbers. ITheée»curves were calculated from the following formula, which assumes

that. the engfgy:resolution is small compared to the time resolutioﬂt

e 0.129 (A8)2(a)>
A (At),2

°

—~

where & is the fragment energy in MeV, A 1is the mass nuﬁber, AL is the.mass
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resolution, 4 is the flight péih in em, and At is the time resolution in nsec.
’Where the lines curve they were calculaéed with relativistic equatlons wh1ch were '
. solved parametrically as a functlonsof velocity. The 1mportant quantity in Fig.
11 is the rétio of_the flight path‘to the timévresolution, d/Af, and each of -
the cﬁr?es is labeled by this quantity in cm/nsec. It is cléar from the steépf ;/”
pess of these curvesrthat one must have either a long flight paih or very good
%ime resolution to be éble to resdlve masses in the medium énd hiéh mass regioﬁs.
However, the technique described hére-has the addifibnal advantage that the flight
times are measured after the fragments penetrate the AR detector and therefore
they have lower energies and 1onger flight tlmes. A dlfflculty in applying thls
techniQue to absolute cross section'measuremenﬁs would be the evaluation of the

correction for loss from multiple scattering.
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Table I. Walk and resolution of the fast electronics as measured
. with a pulse generator.

Energy (MeV)

5 10 20 50

A. AE system only, walk (psec) +10 +20 +20 0

with 220 pF capacitor  FWHM(psec) 90 55 35 20

B. Relative time E - AE walk (psec) +60 +20 -25 0

(E fixed at 50 MeV), FWHM (psec) 250 120 70 50
detectors conneéted

Relative time E + AE = walk (psec) =10 +20 45 0

(AE fixed at 50 MeV),  FWHM(psec) 120 70 70 50

detectors conneéted
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Table II. Walk and resolution cbtained in a short flight-path experiment.

Fragment

F

‘Pulser

walk .

AE E FWHM
(MéV) L(MeV (pséc) (psec)
11.5 19 %86' 260
16.8 19 +22 260
21.9 19 -T1 260
28.1 - 19 -T2 260
3.2 19 0 260

85

!
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Figure Captions

Fig. 1. Paftiéle spectra resulting from tﬁe interacﬁion of 5.5-GeV protons
- with a ur;nium target. AThé detector telescope'éonsistgd of a 20—m AE
detector éna a>300}um E detector. All three.speétra are from the same
"’exPériment Eut'the'data_ﬁere processéd in differehf.ways, as discussed
in the text. The pulser peak is split in (b) and (c) because the least
significént bit of the ADC was not functiohing dufing theiexperiment.
The Li daﬁé were removed from the figure.

Fig. 2. Cohtouf blots of particle signél‘aﬁd total energy corresponding to »
the data of Fig. 1(b) and 1(c). The contour levelé ére at 10,.20, 50, 100;@
200, 500, 1obo, 2000 and 5000 events. The array size was 6h x 32 and
accounts for thé coarseness of the plots.

Fig. 3. Schematic diagram of the electronics.

Fig. ﬁ. Phdﬁdgraph of the E detector and preamplifiér. The Jdetector, on
the circuiar wafer, is 5 X 7 mnm.

Fig. 5. Block . diagram of the fast electronics for the time—of-flight
measureménts.

Fig. 6. Particle spectrum obtained in this experiment. The data shown in
Figs.v6—9 repreéent only those valid events that deﬁésited from 15 to 30
MeV in the E detector.

Fig. 7. Mass séeétrum of Z =5 to 11 frégments dbtained'in this experiment.

Fié. 8. Contour plot of mass signal and particle signai for this experiment.
The contour levels are at 5, 10, 20, 50, 100, 200; 500, 1000, 2000, 5000,
10,000 and é0,000"events. The dimensions of the‘array are 128 x 64. The

elements and mass numbers are indicated.
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9 -Mass spectrum of carbon lsotopes that was obtalned by projecting

the carbon data in Fig. 8 onto the mass axis.

,Fig._lo.,.Graph showing the limits of the AE-E metﬁod of particle identi-

ficetion} Plotted is the minimum total energy needed to penetrate the
1nd1cated AE detector thickness and leave the mlnlmnm energy in the

E detector shown at the bottom of the flgure Thejdashed line indicates

~ the approximate limits of isotopic resolution. To the right of this line

Fig.

only element.resolutiqn_is obteined.
11. Graph for time-of-flight experiments showing~the energy during

flight at which adjacent isotopes’are Just resolvable. The curves are

labeled by the ratio of the flight path d (in cm) ‘to ‘the time resolutlon ;

At (in nsec).
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the ‘United States, nor the Comm1ss1on nor any person-acting on
behalf of the Commission:

A Makes any warranty or represéntation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa--
tion contained in this report, or that the use of any 1nformat1on
apparatus, method, or process. disclosed in this report may. not in-
fringe privately owned rights; -or : '

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or

- process disclosed in this report. : :

As used in the. above, "person acting on behalf of the Comm1ss1on
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access .to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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