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Abstract 

Protons, deuterons, tritons, helium-3, and 
a particles produced in nuclear reactions have 
previously been identified by use of L:I.E and E 
counters to determine dE/dx and E. Multiplying 
these together produces an output that is depend
ent on the type of particle. This technique is 
based on the theoretical relationship between 
dE/dx, E, and the mass andcharge ofthe parti
cle. Unfortunately there is. an obvious restric
tion on the technique, since dE/dx changes as the 
particle passes through the L:I.E counter. For the 
E(dE/dx) product to have any real meaning, the 
L:I.E counter must be thin and absorb only a small 
part of the total energy. This limits the use of 
this technique in a given experiment to small en
ergy ranges and to selected types of particle. 

The new identifier also uses a L:I.E (thickness 
T) and E counter, but employs the empirical re
lationship. Range = a Ei. 7 3, where a depends 
on the type of particle. Using this relationship, 
one can show 

The identifier employs logarithmic elements to 
calculate this quantity and to produce an output 
that has a fixed value for each type of particle. 
The thickness of the L:I.E counter is not limited to 
a very small value, and the identifier can cope 
with mixtures of all five types of particle, each 
covering a fairly wide energy range. Experi
mental results u:...ing this identifier and lithium
drifted silicon detectors are presented, and il
lustrate the clear separation between He 3 and 
He 4 particles (difficult to achieve with the multi
plier type of identifier). 

The Problem 

Studies of nuclear structure commonly in
volve bombardment of target materials by high
energy particles produced by machines such as 
cyclotrons and Van de Graaff machines. As 
higher bombarding-particle energies are employ
ed in these studies the reactions produced in the 
target become more complex and several reac
tion products may: result. For example, 1 bom
bardment of a c12 target by 24-MeV deuterons 
produces the reactions c12(d, a)B10; 
c12(d, He3)B11; c12(d, t)c11; c12(d, d)c12 
(elastic scattering); c12(d, p)c13. 
The energy of the outgoing particle is, in each 
case, determined by the energy level of the final 
nucleus; since the final nucleus can be produced 

in a series of excited states (or its ground state) 
the spectrum of the outgoing particles, corre
sponding to only one of the above reactions, con
sists of a series of peaks covering a wide energy 
range. The measurement of spectra of emitted 
reaction particles is one of the principal tools in 
studies of nuclear energy levels. Unfortunately, 
unless a detection system can be devised which 
not only measures particle energy but also iden
tifies the particle as a proton, deuteron, etc., 
interpretation of the complex spectra can some
times be quite difficult. Particle -identification 
techniques such as described in this paper are 
therefore essential to many particle-reaction 
studies. 

Basic Existing Identifier Techniques 

Electromagnetic deflection systems may be 
used to select particles of a given type, but these 
are expensive and inefficient. Particle-identi
fying systems commonly used in nuclear reaction' 
experiments are based on the fact that different 
kinds of particles of the same energy lose energy 
in absorbers at different rates. Thus, the rate 
of energy loss for an a particle of a given energy 
is about 12 times that of a proton of the same 
energy. A thin transmission particle detector 
placed in front of a thick detector allows simul
taneous determination of the rate of energy loss 
(signal in the thin L:I.E detector) and the total en
ergy (signals in L:I.E and thick E detectors added 
together) for a particle passing into the counter 
system. If a suitable calculation using the two 
signals is carried out we can, in principle, say 
what type of particle is registered. Early sys
tems based on this concept employed scintillation 
detectors, but the improved energy resolution 
obtainable from silicon junction detectors has 
resulted in their use in the energy range where 
total absorption of the particle energy in a sili
con detector (up to 0.5 em thick) is possible. 
The following discussion refers particularly to 
silicon detectors, but the general considerations 
apply equally well to scintillation detectors. 

To achieve its maximum usefulness a par
ticle identifier must produce an output signal 
whose amplitude determines the type of particle 
with no ambiguity, even though several types of 
particle--each covering a wide range of ener
gies--may pass through t'he counter system. 
Thus, a 10-MeV proton should ideally produce 
the same identifier output signal as a 100-MeV 
proton, while 10- and 100-MeV a particles should 
produce the same output signal as each other but 
quite different from that produced by protons. 
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This case is a simple one, as a particles and 
protons differ greatly in their rate of loss of en
ergy. However, the problem becomes quite dif
ficult if one wishes to separate He3 and a parti
cles, for which the rate of loss of energy differs 
by only 25%. 
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In earlier particle identifiers the attempt was 
made to satisfy the requirements by using a mod
ification of Be the' s calculation for the rate of 
energy loss. 

Thus, 

XNz 

dE 4'11" q 4z2 

mV 

2 mV 2 
[loge -I-- (1) 

where dE = rate of energy loss of the particle, 
dx 

q,m 

z,v 

z 

N 

charge and mass of electron, 

atomic number and velocity of 
particle, 

atomic number of the absorber, 

number of atoms per cc of absorber, 

particle velocity 
velocity of light 

average energy to ionize atoms of 
the absorber. 

If~ << 1, Eq. 

dE_ K 
dx - 1 

(1) simplifies to 

Mz2 K . E 
~ loge 2 M' (2) 

where K
1 

and K 2 are constants, 

E, M, Z energy, mass, and atomic number 
of the particle. 

. As the logarithmic term is not a sensitive 
function of energy, Eq. (2) is usually further ap
proximated to give 

2 
(dE/dx) · E = K 3MZ • (3) 

Equation (3) forms the basis for many parti
cle identifiers, since signals obtained from a thin 
Ll.E counter and from a thick E counter can be 
multiplied together to give the left-hand side of 
Eq. (3), which in turn determines the value of 
Mz2 and therefore identifies the particle. 

Re-examination of Eq. (3) reveals three 
problems that may arise in these identifier sys
terns. 

(a) The variation in the logarithmic term of Eq. 
(2) is neglected. Figure 1 shows the effect of this 
approximation. The absolute value of these 
curves can be changed by changing circuit con
stants; we have chosen to normalize the two 
curves to the same value at the top of the energy 
range. Note that calculation based on Eq. (3) in
dicates that (dE/ dx)E remains constant with 
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variations in E. However, in practice the real 
behavior is that predicted by Eq. (2). Thus, the 
output of the simple multiplier decreases at low 
energies. To partially correct for this, it has 
become common to calculate (dE/dx)(E + E 0 ), 
where E 0 is an adjustable constant. Since dE 
becomes small at high energies, the value of 
(dE/dx)Eo behaves as shown in Fig. 1, and ad
dition of this curve to that for Eq. (2) yields a 
reasonable fit to the curve for Eq. (3). In other 
words, the product (dE/dx)(E +Eo) has an almost 
constant value (depending only on MZ2) over a 
wide energy range- -the desirable condition for a 
particle identifier. 

(b) We have assumed that the Ll.E counter ab
sorbs only a very small fraction of the total par
ticle energy. This is not a valid assumption over 
a wide range of particle energies and for anum
ber of particle types. For example, a Ll.E de
tector that absorbs only 6 MeV from a 40-MeV a 
particle might absorb 14 MeV from a 15-MeV a 
particle. In the latter case it is obviously im
possible to regard the Ll.E detector as deter
mining the rate of loss of energy, for this rate 
is changing radical! y as the particle crosses the 
Ll.E detector thickness. To partially correct for 
this factor it is common to regard the particle, 
for identifying purposes, as having a total energy 
of (E + kL:!.E), where k is al} adjustable constant 
whose value lies between.- and 0.5, E is the 
signal from the thick E counter, and Ll.E is the 
signal from the thin Ll.E counter. If the loss in 
energy in the Ll.E counter is small compared with 
that in the E counter, the correct value for k 
is 0.5. The presently available particle identi
fiers, using the corrections from (a) and (b), 
calculate the quantity Ll.E(E + kl!.E +Eo), and the 
constants k and Eo are adjusted experimen
tally to obtain the best results in a given experi
ment. At the best this is a poor compromise, 
and the usefulness of such identifiers is limited. 
In addition, the circuit doing the multiplication 
has generally used expensive and specially made 
square-law tubes. 

(c) The total energy of the particle entering the 
detector system is required for energy spectrum 
analysis. Clearly if the energy loss in the Ll.E 
counter is a substantial fraction of the total en
ergy, the value of the total energy must be ob
tained by adding the Ll.E and E signals. An in
cidental advantage of this is that variations in 
thickness of the Ll.E counter across its area con
tribute no loss in resolution in the energy-deter
mining system. 

The design of the new identifier, to be de
scribed here, started as an attempt to use log
arithmic semiconductor devices for performing 
the multiplication process required in the earlier 
types of identifier. Although this was success
fully achieved, it became apparent that the use of 
logarithmic elements allowed us to develop an 
identifier technique that did not suffer from the 
limitations m.entioned in the previous paragraphs, 
at least in the energy range of the 88 -inch 
Berkeley cyclotron (a's from 10 to 120 MeV, 
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j3' s from 6 .. to 60 MeV). The philosophy and de
sign of this identifier are as follows. 

The New Identifier Technique 
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It has long been recognized that the range
energy relationship for particles in the range 10 
to 100 MeV can be represented quite closely by a 
power law. Nomograms, sometimes used for 
range-energy calculations, rely upon this fact. 
Thus we have 

where R = particle range in the absorber, 
a = constant depending on the type of 

particle, 
b constant (about 1. 7 3), 
E = incident particle energy. 

(4) 

Figure 2 illustrates the fit between the powe:z law 
and data calculated accurately from Eq. (1). The 
only significant departures from the power law 
occur for low-energy a particles and He3, but 
even here the agreement is within ± 2%. In Fig. 
3, the use of this range-energy relationship in a 
particle identifier is illustrated. The particle 
first passes through a L'.E detector a::1d produces 
a signal L'.E, then enters and stops in an E detec
tor and produces a signal E. The calculation 
given in Fig. 3 shows that a quantity T/a can be 
calculated by generating the function 
(E+.6E)1.73- E1.73. The quantity T/a is charac
teristic of the type of particle, and its calculated 
value establishes the identity of the particle pro
ducing the signals in E and L'.E detectors. The 
method of calculation is also illustrated in Fig. 3. 
The most important circuit element is a function 
generator whose output is equal to the input raised 
to the power 1. 7 3. The signal from the E detec
tor feeds the input to the function generator for 
about 1. 5 fl. Sec then the L'.E signal is added to the 
input for a further period of 1.5 fJ.Sec. The height 
of the step that occurs in the output of the function 
generator during the second half of this sequence 
is therefore a measure of (E+L'.E)1.73- EL73 
which, in turn, determines T /a. The method of 
using a single function generator and time-sharing 
it between E and .L'.E signals was chosen in prefer
ence to using two function generators to avoid dif
ficulties that might arise because of relative drift 
between two function generators. 

The advantage of this technique over the ear
lier method lies primarily in the fact that no ap
proximations are involved except those implicit in 
the empirical power law. Therefore, no experi
mental adjustments are required in order to use 
the identifier, and a wide range of energies and 
several particle types can be simultaneously 
handled by the identifier. 

Description of Instrument 

General Operation 

The purpose of the identifier is to accept 
signals (amplified) from L'.E and E detectors and, 
using these signals, to generate two outputs: 
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(i) A signal E + L'.E which represents the total 
particle energy. 

(ii) A signal whose amplitude can be used to 
indicate which type of particle is detected. 

In the actual instrument a single-channel analyzer 
permits selection of a specific type of particle, 
and a linear gate, operated by the output of the 
single-channel analyzer, lets through only E + L'.E 
signals produced by that type of particle. For 
the sake of simplicity, these are omitted in the 
block diagram (Fig. 4) of the system. The 
coincidence circuits, amplifiers and gates shown 
in Fig. 4 are part of linear amplifier and gating 
units 11X1981P-2. 3 The remainder of the sys
tem is contained in the identifier unit itself. The 
purpose of the coincidence gating preceding the 
identifier unit is to prevent signals that do not 
satisfy certain coincidence and amplitude re
quirements from entering the identifier; the 
pulse rates to be handled by the identifier cir
cuits are thereby reduced. 

E and .L'.E signals 3 fJ.Sec wide (shaped in the 
amplifiers), which are in coincidence and meet 
the amplitude conditions imposed in the ampli
fiers, are mixed in the manner shown in Fig. 4 
by the gated mixer circuit. The E signal passes 
through this mixer unchanged except that after 
1. 5 fl. Sec the L'.E signal is added to it for the re
maining 1. 5 fl.Sec. The timing generator, which 
receives its start signal from the coincidence 
circuit in the amplifiers, generates the 1.5-fisec 
delay required in the gated mixer, and also pro
duces synchronizing signals to the remaining 
circuits. The stepped waveform at the output of 
the gated mixer feeds the input of the function 
generator, where the whole waveform is raised 
to the power of 1. 7 3. As described in the pre
ceding section, the amplitude of the step in the 
output of the function generator provides a signal 
suitable for recognizing the identity of the parti
cle. A sampler circuit picks out only the step 
occurring between 1. 5 fl. Sec and 2. 5 fl. Sec after the 
start of the waveform at the output of the function 
generator. The resulting pulse is amplified to a 
suitable level to become the identifier output. 

The output signal from the gated mixer is 
used as the E + .L'.E (total-energy) signal for the 
purpose of energy analysis. For this signal to be 
correct under all conditions, it is essential that 
the gains of the two amplifying chains to this out
put point be precisely equal. We have found that 
this can be achieved quite satisfactorily by feed
ing a dummy signal consisting of a step function 
of voltage through a small calibrated capacitor to 
the two preamplifier inputs in turn (using the 
same capacitor and voltage). This is done with 
detector voltages applied so that the effects of 
detector capacity are included in the calibration 
adjustments. The amplifier gain controls are 
then adjusted while the E + .L'.E signal is observed 
on an expanded vertical scale on an oscilloscope. 
We are able to adjust the gains of the amplifiers 
to within 0.1 o/o of each other by this method, and 
the stability of the system is such that observed 
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drifts in 48-hour experiments are also within 
about ± 0.1%. As we make the adjustments while 
observing the output of the gated mixer, the 
method accurately compensates for differences 
in gain in the two signal paths through the gated 
mixer itself. In practice, the 6E signal at the 
detector nearly always has a maximum value less 
than one -half the maximum E signal. For this 
reason, it usually proves convenient to operate 
the 6E amplifier with gain twice that of the E 
amplifier (thereby utilizing the dynamic range 
of each amf>lifier to its limits) and to include 
a gain of 1; 2 in the 6E path in the gated mixer. 

A brief description of specific circuits of 
special interest follows. (Complete details of 
the instrument are given in drawings listed on 
LRL print list 11X26 50 P-1. ) 

Gated Mixer 

The gated mixer circuit shown in block dia
gram form in Fig. 5 contains two basic circuits 
which are used throughout this system and are 
described in Ref. 3. The linear gate is a series
shunt transistor gate, which generates a pedestal 
less than 5 mV high and which allows the 6E sig
nal to pass through practically unchanged or not 
to pass depending upon the presence or absence 
of a "gate-open" signal from the timing gener
ator. The "gate··open" signal is present only 
during the second half of input signals. The 
adder circuit is a fedback transistor pair (ground
ed emitter followed by a grounded collector stage~ 
As this inverts the signal, and we wish to work 
with positive signals at the outputs of all units, 
a further similar stage with a gain of -1 follows 
the adder circuit. The virtual ground at the base 
of the first transistor in the adder provides the 
mixing point for the signals, and choice of the 
feed resistors to this point allows simple choice 
of the relative gains in 6E and E paths. 

Function Generator 

The function generator gives an output pro
portional to the input raised to a power b 
(b :::e 1. 7 3). To accomplish this operation the log
arithm of the input is generated; this is then mul
tiplied by a factor b, and finally, the antiloga
rithm of the resulting waveform is obtained. In 
order to achieve the desired accuracy in the end 
result of the calculation it is essential that the 
logarithmic and antilogarithmic elements obey 
the correct laws accurately over the full range 
of inputs and outputs (input range "" 10: 1, output 
range :::e 20: 1). It is also essential that the de 
shifts introduced at high counting rates (up to 
""10 kc/s) be negligible. The unit described 
here has been tested up to 50 kc/s, which is 
more than adequate for scattering experiments. 
In addition to these requirements, it is also 
essential that the function generator retain its 
calibration for long periods of time despite tem
perature variations up to ± 10 o C. Thiso unit 
actually remains quite accurate from 0 C to 
50 o C, and no changes in calibration have been 
noted in periods of several weeks. 
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The circuit that generates the logarithm and 
antilogarithm relies on the logarithmic nature of 
the relationship between the base-emitter voltage 
of a transistor and its collector current. (A 
complete analysis of the behavior of the loga
rithmic and antilogarithmic circuits is given in 
Appendix A. ) The logarithmic circuit (together 
with the signal multiplier that multiplies the 
logarithm by b) is shown in Fig. 6. In this 
figure, Q-2 and Q-3 constitute a White emitter
follower which feeds the input signal through 
resistor R 1 to the base of Q-4. Q-4 and Q-5 
form a fedback transistor pair, the feedback 
being via the transistor Q-6, which acts as the 
logarithmic element. Since the base of Q-4 is 
a virtual ground the input signal V 1 drives ,a 
current V tfR1 through R 1. This current is 
forced into the collector of Q-6, and the base
emitter voltage of Q-6 changes by an amount ap
proximately proportional to the logarithm of 
V tfR1. The waveform at the emitter of Q-6 then 
feeds the fedback transistor pair Q-7, Q-8, and 
produces an output signal equal to R 3/R2 times 
the waveform at the emitter of Q-6. As the val
ue of R 3 can be adjusted, the gain from the e
mitter of Q-6 to the output can be changed. In 
practice, the gain is adjusted to 1. 7 3. 

Two deviations from the required logarithmic 
law may arise in this circuit. These are caused 
by the standing current in the collector circuit of 
the logarithmic element Q-6 and by its series e
mitter resistance. The effects of these factors 
if not compensated are shown in Fig. 7. To 
compensate for the effect of standing current, 
the timing generator is used to switch a refer
ence current in diode CR2 at the same time as 
the input signal appears. To compensate for the 
series emitter resistance of Q-6 a small part of 
the signal is used to produce a current <j> V 1, 
which mixes at the base of Q- 7 with the signal 
from the emitter of Q-6 (via R 2). Appendix A 
analyzes the compensation tecnnique. 

The output signal from the logarithmic cir
cuit (multiplied by the factor b) drives the base 
of Q-12 (see Fig. 8), and its collector current-
which is approximately an exponential function of 
the base drive voltage--represents the antiloga
rithm of this signal. The voltage developed by 
the collector current in R 4 is fed via emitter 
followers Q-.13, Q-14, and resistor Rs to the 
fedback amplifier that constitutes the output am
plifier. As with the logarithmic circuit, depar
tures from the desired law arise because of 
standing current and series emitter resistance 
in Q-12. The standing-current effect is com
pensated by a reference current iref(2) generated 
by the timing generator at the same time as the 
signal and mixed with the current in R 5. The 
series resistance is compensated by applying 
controlled positive feedback via Q-13, Q-14, and 
Q -15 from the collector of Q -12 to the emitter of 
Q-12. 

As noted in the Appendix, the temperature 
dependence of the antilogarithmic circuit exactly 



compensates that of the logarithmic circuit, so 
that temperature does not appear as a variable 
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in the final equation. However, the circuit as 
described so far does not eliminate the effects of 
de shifts at even moderate counting rates. This 
is the purpose of transistors Q-1, Q-2, and Q-3 
in Fig. 6 and Q-9, Q-10, and Q-11 in Fig. 8. 
The two circuits are quite similar, we describe 
the action of only the first one in detail. To sim
plify the discussion, transistors Q-1, Q-2, and 
Q-3 are assumed to have infinite f3, so that col
lector and emitter currents are equal and base 
currents are zero. With these assumptions it 
can be seen that in the rest condition the stand
ing current in R 1 (i.e., the standing current in 
the logarithmic element Q-6) is 130 J.lA. The pur
pose of Q-1, Q-2, and Q-3 is to reestablish the 
current in R 1 at 130 fLA between input pulses at. 
all times, so that all input pulses drive the log
arithmic element from the same starting point,-

With no input pulses fed to the circuit, neg
ative feedback from the emitter of Q- 3 through 
emitter-follower Q-1 to the base of Q-2 estab
lishes the emitter of Q-2 at the correct voltage 
to drive 130 J.lA in R 1. Under these circum
stances, the emitter of Q-13 sits at a positive 
voltage of about 12.5 V and diode CR1 is non
conducting. When a positive pulse is applied via 
C1 to the base of Q-2, the White emitter-follower 
containing Q-2 and Q-3 applies the signal with a 
gain of 1 to R 1. Most of the current flowing into 
R1 during the signal flows through Q-3 and its e
mitter voltage drops until CR

1 
conducts. Note 

that CR1 conducts even for qmte small signals, 
an input signal of 100 mV being adequate. At the 
end of the input pulse, the charge that flowed in 
c 1 during the pulse must be restored if no shift 
is to result in the next incoming pulse. Since, 
following the pulse, the base of Q-2 is restored 
to a voltage slightly lower than its value prior to 
the pulse, the currents in Q-2 and Q-3 are small
er than their normal values. Thus, the emitter 
voltage of Q-3 is raised and this positive move
ment, applied to the base of Q-1, drives current 
through the 51.1 K to recharge C 1 rapidly and 
restore its charge to its starting value. At a 
high input-pulse rate, the effect of this action is 
to produce a de shift in the voltage (between 
pulses) at the emitter of Q-3 and collector of 
Q-2, but no significant shift occurs at the emit
ter of Q-2. For this arrangement to work satis
factorily it is essential that the signal pulses 
should not be followed by any significant over
swing. 

The circuit of Q-9, Q-10, and Q-11 differs 
from that of Q-1, Q-2, and Q-3 in including Q-12 
the logarithmic element within the feedback loop. 
However, the action of the circuit in correcting 
de shifts is similar. 

An important consideration in the design of 
the function generator was the need to achieve 
adequately short rise times in the circuits. It 
was this factor which dictated the use of currents 
in the range 0.1 to 10 mA in the logarithmic ele
ments. It has proved quite practicable in this 
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instrument to perform the required calculations 
over the range of interest here to about 1o/o ac
curacy in times of about 1 f1Sec. [However, with 
very-low-level signals (E signal < 0. 5 V) dif
ficulties arise owing to the response time of the 
circuits. The primary source of the problem 
appears to be the speed of voltage change at the 
collectors of Q-2 and Q-10. Fortunately, the 
effect of this is negligible in this application of 
the circuits.·] Performance curves for the func
tion generator are shown in Fig. 9, and for com
parison purposes a vi. 7 3 slope is also plotted. 
The curve shows the effect of the slow response 
for small signal inputs and illustrates the ex
cellent performance for input signals greater 
than 0. 7 5 volt. 

Sampler Circuit 

This circuit ;_s used to produce an output 
pulse equal in amplitude to the step that occurs 
during the second half of the waveform generated 
by the function generator. Figure 10 shows the 
circuit used. During the first half of the pulse 
from the function generator clamp, transistors 
Q-2 and Q-3 are both saturated because Q-4 is 
cut off and the current in R 2 flows into the bases 
of Q-2 and Q-3. In this condition Q-2 and Q-3 
represent very low impedances from collector to 
emitter. The first part of the input signal there
fore cuts off Q-1 for a short time while current 
in R 1 charges c 1; the charging current flows 
through Q-2 to ground. Virtually no signal ap
pears across Q-3 or at the output of the unit. 
During the second part of the input signal a gate 
pulse obtained from the timing generator causes 
Q-4 to conduct, and thereby Q-2 and Q-3 become 
nonconducting. Any change in the input signal 
now feeds via emitter-follower Q-1 and capacitor 
c1 to the output circuit. 

In the complete instrument an adjustable gain 
is included in the output circuit of the sampler. 
This feature is provided so that the output pulse 
amplitude can be made convenient for the particle 
type of most interest. If the pulse output corre
sponding to a particles is adjusted to 8 V (the 
normal maximum linear signal in this and other 
compatible systems at the Lawrence Radiation 
Laboratory), the pulse height corresponding to 
protons is about 0. 7 V. 

Experimental Results 

This unit has been used in a number of ex
periments over the past 6 months, and a dual unit 
will shortly be used in a series of scattering ex
periments in which correlations between parti
cles ejected simultaneously from a target in two 
directions are to be studied. The unit can be set 
up prior to experimental runs in about 30 minutes; 
electrical dummy signals are used, as mentioned 
earlier in this paper. We have found it conven
ient to check the instrument by generating dummy 
signals corresponding to LI.E and E signals that 
would be obtained in a typical experiment. Table 
I gives a series of typical values and illustrates 
the wide range of signals handled by the unit. 
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The identifier outputs given in this table are ac
tual measured values, and they show that the i
dentifier produces unambiguous signal outputs 
for each type of particle. 

Typical results obtained under experimental 
conditions are shown in Figs. 11, 12, 13, and 
14. These illustrate the value of the identHier in 
experiments with slightly different emphasis. 
Fig. 11 shows complete spectrum of identifier 
output signals obtained when bombarding oxyfen 
with 40-MeV protons. In this case, pa, pHe , 
pt, pd, and pp reactions occur, and, according 
to the previous discussion of the identifier, one 
might expect to see lines in the identifier output 
spectrum corresponding to each type of particle. 
In practice the lines are spread out, owing to a 
number of causes, such as signal spread in the 
detectors, plus electronic noise and Landau ef
fect in the LI.E counter (only 6 mils thick). De
spite these effects we see virtual!? complete 
separation between alphas and He , and very 
good spectra for tritons, deuterons, and protons. 
For the tritons, deuterons, and protons the en
ergy loss in the LI.E counter, at least for the high
er-energy groups, is very small, and a thicker 
LI.E counter would be used to optimize identifier 
peak separation for these particles. Figure 12 
shows the a and He3 spectra obtained when Fig. 
11 was obtained. Note that the energy range of 
a and He3 particles was from about 14 MeV to 
35 MeV, the lower limit being determined by the 
particles' being complete! y stopped in the LI.E 
counter. A ver3 small amount of breakthrough 
of a's in the He spectrum is evident in· Fig. 12 
[where A corresponds to the ground state B 
to the first excited state in the o16(p, a)N1§ re
action J, but the effect is practict"ll y negligible 
despite the large yield of the o1 (p, a)Nl3 reac
tion in comparison with the o16(p, He3)N14 re
action. Also note that the general alpha groups 
between channels 500 and 7 00, due to breakup of 
the compound F17 nucleus, do not obscure the 
fine structure in the He 3 spectrum in this energy 
region. 

The second set of results, shown in Figs. 13 
and 14, was obtained in an experiment in which a 
thicker LI.E counter (20 mils) was used to optimize 
the performance for p, d, and t separation. The 
clear separation and excellent spectra are evi
dent in these curves. Note that the high-energy 
protons are not stopped by the E counter in either 
of these experiments. Fortunately, as with the 
older type of multiplier, this results in a reduced 
identifier output, but, as protons normally con
tribute the smallest identifier output, no con
fusion exists because of their not stopping in the 
E counter. 
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Appendix: Analysis of Behavior 
of the Function Generator 

We refer to Figs. 6 and 8; component desig
nations correspond with these figures. 

Now 

Let V 
1 

= signal input amplitude (pulse), 

1
01 

= standing current in R 1 (assumed to 
flow in the collector circuit of Q-6, 
as the base current of Q-4 is _ninute), 

i 0 = diode saturation current for eJ;nitter 
base diode of Q-6, 

ire£( 1 ) = current switched into CR2 at the 
same time as a signal is present, 

= current driven into the base cir
cuit of Q-7 by the signal, 

= effective series emitter resistance 
(excess over junction resistance) in 
Q-6. This includes rb/[3, which 
can be regarded as appearing in 
series with the emitter, and the 
bulk resistance of the emitter 
region, 

k Boltzman' s constant, 

T = temperature, o A 

q = electronic charge. 

The voltage from emitter to base of Q-6 in 
the standing condition is 

vbe1= -[~T loge{iol~+io} +i01Rs1]. 

Because io "' 10- 11 A, and i 01 "' 1o-5 A, this 
can be simplifled to 

The signal input increases the collector cur
rent in Q-6 by an amount = V 1/R1. 

At the same time, the current in Q-6 is re
duced by ire£( 1 ). 

.". New voltage across base-emitter of Q-6 

v 

[ 1 
i01 + 1R_0~ - ire£(1) l 

V =- kT loge 
be1 q 

+ ~o1 + ~:) Rs 1] 
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Change in voltage vbei- vbe1 

[k: 
v 

~ loge 
1 R

1
1 + i01 - ire£(1) 

l 1
01 J 

+ (io1 + ~) R1 , RS11 
In practice, the last term in the result is of 

significance only when V tfR1 is in the range of 
several milliamperes. In th1s range 

V /R1 » i01' 

,', Output signal at emitter of Q-6 

Examining this equation, we see that the desired 
relationship, which is proportional to 
log (V 1/R 1i 01 ), is confused by two items, one 
dueeto the effect of the standing current io1 in 
the transistor and the other due. to the effective 
series emitter resistance. Figure 7 shows the 
effect of these terms (assuming ire£( 1) to be 
zero). By making ire£(1)-:: i 01 the effect of the 
standing current can be made negligible. In this 
case, output at emitter of Q-6 

The current removed from the base of Q-7 is 
then given by 

kT 
q 

RS1 
If we chose <j> = ~ this equation becomes 

R1J:\.2 

The final output signal from the emitter of 
Q-8 is then given by 

vout 
kT 
q 

UCRL-11245 

b 

kT 
V = - log out q e (R~i~ 1) (A1) 

This signal now becomes the input signal to the 
antilogarithmic circuit and appears at the base of 
Q-12. 

Set i
02 

= standing current in Q-9, 

= diode saturation current in base
emitter diode of Q-12. 

Initially we will neglect the effect of emitter 
series resistance in Q-12 and also the effect of 
R7. 

If Vbe 2 standing base-emitter voltage of 
Q-12, then 

When the signal given by Eq. (A1) appears at the 
base of Q-12, it increases the collector current 

':Axp {q/k+be2 + kT/q loge (R~:~ bJH 

iO oxp(qVbe,/kT) , (a~~i ~ b - io 

0 

102' (R~'~i y V b 

Change in current= i 02 (R11 ~ 1 ) - i 02 ; 

signal across R 4 = -R4 i 02 (R~1~ 1 ) b + i 02 R 4• 

This signal appears across R 5 and the current it 
produces in R 5 is mixed with i £( 2 ) at the input 

of the fedback ampl:~er, . (reV 
1 

) b 

Final output = - • R 1 ---
signal Rs 6 02 R1 i01 

If ire£(2) 

R4 
Output Signal = R 

5 
(AZ) 
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ThiB equation, which represents the desired re· 
lationship, indicates that the temperature depend· 
ence evident in the individual logarithmic ele
ments disappears in the final equation. 

The overall response of the function goner
tor is therefore represented by 

b 
VOUT = 6 V 1 ' 

where 

UCRL-11245 
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(A4) 

We must now examine the role of Q-13, O·t4, 
Q-15, and R7 in compensating for aeries re"' 
sistance in the emitter of Q-tz. The value of 
this resistance in the type of transistor used is 
between 0.5 and 1 ohm. Let this value be ~z· 
The change in the collector current of 0·12 is 
given by 

I - i 02 "' X/R4, 

where X =voltage swing at the collector of Q-tz. 

The change in emitter current of Q-1Z has 
approximately the same value. Because of this 
change in emitter current a voltage drop given by 
CX/R4) • Rsz will .be produced in the emitter 
aeries resistance ofQ-1Z. Transistors Q-13, 
Q-t4, and Q-t5 are arranged to draw a current 
proportional to X/R4 out of the emitter of Q-12. 

Y• X Let the collector current of Q-t5 = -,r-- . 
4 

• Voltage produced in F 7 = i: · Rsz· Xl: 
4 4 

X 
= R. CRsz - y). 

4 

Rsz' x 
voltage awing at top of ~ = - R

4 

This exactly compensates the voltage drop 
produced in the aeries emitter resistance, and 
the effect of the emitter series resistance (plus 

. rb"'P)is removed. 

Table 1. TD:!cal aiel ran1•· 

Particle E Total .M: Signal E Signal Typical 
output 

fMeV) (MeV) (MeV) (mV) 

10 0.46 29.5 50 
Pr~on 20 0.60 19.4 48 

tO t.10 8.9 50 

30 0.75 29.3 80 
Deuteron zo t.05 t9.0 85 

10 1.75 8.3 75 

30 1.05 29.0 tzo 
Triton zo t.40 t8.6 1ZO 

to Z.40 7.6 t05 

He3 
30 4.20 25.8 540 
20 6.20 u.s 520 
t6 a. to 7.9 530 

30 5.70 24.3 740 
Alpha 20 8.20 u.s 680 

t6 t0.7 5.3 640 

AE Detector thickne .. a .. wned 5 mils (30mr/cml 
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Fig. 2 

Fig. 3 

Fig. 4 
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Figure captions 

Effect of approximation in Eq. (3). 

Rang.e -energy relationship. 

Principles of new identifier technique. 

-- System block diagram (simplified). 

-- Gated mixer schematic. 

Logarithmic circuit (simplified). 

Logarithmic circuit nonlinearities. 
Uncompensated circuit: 

kT v1 
V = - log ( .-R + out q e 1

0 1 

where RS = series emitter resistance. 

Ideal curve: 

kT v1 
V t = - log (~R ). ou q e 1

0 

Fig, 8 -- Antilogarithmic circuit. 

Fig. 9 -- Function generator response. 

Fig. 10 --Sampler (strobed-clamp) circuit. 

Fig, 11 

Fig. 12 --

Idep.tifier spectrum: 6-mil Ll.E counter; 
o1b + 40 MeV protons, lab angle 
28 deg. 

Trgical a - He 3 spectra: 
0 + 43.7 -MeV protons, lab angle 
24 deg; energy scale = 35 keV per 
channel. 

Fig. 13 -- Identifier spectrum: 20-mil Ll.E 
counter, 80-mil E counter; 
o16 + 40-MeV protons; lab angle 
30 deg. 

Fig. 14 -- Deuteron spectrum for o16(p, d)o15; 
40-MeV protons, lab angle 30 deg. 
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Values of constant a 

Proton 
Deuteron 
Triton 
He3 
Alpha 

32.2 
19.1 
14.2 
3.54 
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Rl = T+R2=aE 1
1
'
73 
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T/a= E,I.73·-E21.73 
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