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A PARTICLE IDENTIFIER FOR LIGHT fONS 1. INTRODUCTION
by When faet charged particles interact with nuclei, thelr reaction pro-

J.B.A. ENGLAND ducts can contain many different particle types. The problem facing the
Department of Physics, University of Birmingham
experimenter is to obtain a mass and charge identification of these emerg-
and
ing particles. This must be done so that thelr angular distribution may
M.M. PRZYBYLSKI and G. SALVINI
Daresbury lahoratory be unambiguously obtained and hence the effects of nuclear forces examined.

Arrays of teleacopes made of thin 'AE' detectors mounted in front of

ABSTRACT an 'E' atopping detector, are positioned around the target under high
The fast analogue Particle Identifier for light lons, utiliasing the B vacuum in the 'scattering chamber', to provide information on the types of
and AE signals from a detector telescopa as inputs, has been designed for particles and their distribution in space.

the Muclear Structure Facility at the Daresbury Laboratory.
The two signals, E and AE, generated in a telescope are the variables

The 1dentifiler which 1ls of integrated circult-construction, is based from which an identifying function proportional to Mz2 may bs obtained,
on the AD.4298 maltiplier. It is capable of generating three functions: a where M and Z are the mass and atomic number of the particle stopped in
first order and two second order identification functiona. the detector. The value of thils functlion 18 constant for particles of a

particular type, independent of their energles.

The present PI (Particle Idfentifier) will provide on-line mass and
charge identificatlon in experiments at the Daresbury Laboratory Nuclear
Structure Facllity, for detected particles up to boron and charge identi-

fication for elements up to fluorine.

The unit has the following salient features:
(a)} It provides a fast first or second order approximation of the
expanded identlfication function.
(b} It can be aet up easlly from the E and AE inputs, without need
for an on-line adjustments.
{c) It is an all integrated circuit analogue unit in a sgingle width
SCIENCE AND ENGINEERING RESEARCH COUNCIL

NIM module.
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2. PRINCIPLE OF OPERATION
The generated ldentification function in the PI 18 based on the Bethe-—
Bloch formula for enexgy loss from a charged particle of kinetlc energy E,

passing through a given materialll) 1.e.

dE mzt oM
— =, — 2 =27
T ' ("

where : Cl1 and C2 are physical constants dependent on the detector
material, in our case Sllicone.

gf 1z the AE loes in the first detector of the telescopa.

and FE is the initial particle energy.

The equation can be re-arranged in terms of sz, mags and charge:

2 1 . * * 1
MZE = — AE E —_— (2)
M

vhich can be expressed asl2),
22 o BE(E + Ko - K{AR + K28E2 - x3aed + ...) (3

Taking into consideration the seml~empirical avolution of the coefficients
carried out by Ehgland(Z) or Gupta(3) over an energy range from 5 to 100
MeV, from protons to alpha particles, the above expansion can be re-written

in the form:
uz? @ 8e(B, - KI8B + Ko) (4)

where : .41] = 7.0 and it has the dimenslon of energy
K] = 0.5 is dimensionless
and E, = E' + AR
The value of KQ depends critically on a theoretical fit to the lowest en-

axgy datat%). PRecent experimenta to determine Kp have ghown that it

should be less than 7.0. However, the values of these conastants depend on

the gains or dispersions in the E and AE channels in the following ways:

AE Dispersion

gy = —x Lispersion

1 E Dispersion (5}
and

X 1 (6)

T E Dispersion
The following approximation (ET - K1AE) = (E' + K|AE) enables two types of
Identification functions; one as a Function of ET and AE the other in E'

and AE.

The PI provides three functiona: a firat order
Fy = (ET + Kg) AE (7}

and two second order:

F2 = ({B; - 0.5 8B] + Ko) 4E (8)
F3 = ([E' + 0.5 AE] + Ko} AE (9)
It also has two 1ndepéndent1y adjustable dispersion gain controls from 1
to 11 (MeV)/V, for E and 0 to 10 (MeV}/V for AE, giving a dynamic accept-
ance of up to 100 MeV equivalent signals from the solid state detecors.
The unit will accept up to 10 ¥V, 0.5 ps shaped input pulses and it pro-
vides both unipolar and bipolar outputs. An Eq output is also provided.

A block diagram of the PI is shown in fig.1.

At the heart of the unit is a four guadrant multiplier, with a wide
bandwidth full power response, to give low distortion. It provides the

E*AE and the sacond order product * K18EZ in the F2 and F3 functions.

The linear factor FKQAE is summed after the multiplier block in Ey,
fig.4 which also provides a variable gain for the linear and bipolar

outputs.



All the dispersion corrections are done in the AE channel relative to

1
E' or ET.

The input buffer Ej2 and E]a in the AE channel, drives the E disper-
sion factor switch and associated hellpot in an attenuating mode and the
AE dispersion factor and switch In an amplifying mode. The Ky linear frac-
tion is alsc generated after the E diapersion attenuator. BAmplifilers Ejy
and Ey provide the t KjAE which is summed in E2 with the incoming inverted
signal E to generate the second order correction term * 0.5 ag? in F2 and

F3 after the multiplier.

3. CIRCULT DESCRIPTION
The complete formuli with the incluslon of the Dispersion Factors and

output galn selection provided by the PI are:

G K
=3 [ET + B%; ] aE (10)
el bF K
2 = & {(F, +DF‘1\B x) aE) 2 + =0 aE] ()
-8 DI'"E
DF
G AE K
F3 = 35 [(e* + e, K] AE) AE + ;:‘— AE ] (12)
E

where DFg and DF g ore dispersion factors of E and AE signals. The input

&
slgnals required by the PI are 0.5 to 2.0 us shaped pulses, as from the
Ortec 572 type amplifier. The cireuit diagram and specifications of the

unlt are given in fig.4 and in appendix A respactively.

An operational amplifier, should have a bandwidth at leagt 5 times
the centre frequency of the pulse used, to give an error in amplitude of
less than 2%. On the other hand any tendency to overshoot should be mini-

»

mised, The delays through the different paths in the circult should be

mateched so that linearity ls maintained after multiplicatfon and summing.

The chosen amplifier is the PH1322 with a 1.6 MHz full power band-
width. The PH1322 is configured as a stable and fast inverter and its low
drift characteristlc reduces the offset errors at the input of the multi-~
plier block. The inverting and summing astages have been equalised with an
Input phase compensation that extends thelr dynamic range to above 1.5 MHz

(fi1g.2). The delay through the amplifier is 40 ns.

An error 1s introduced in the summing of two gemi-Gausslan pulses,
which are not perfectly coincident in time. 1In the path, where K)DE is
generated, because of the extra delay introduced by E;y and E7 amplifiers
relative to the input E signal, a correction must be made to restore a

true Bum in Ep.

R wider bandwidth device, the LH0024, was selected for the X5 ampli-
fier Elu. It was designed with a low drift feedback network and has a
20 ns longer propagation time than the inverting PH1322 stage. An increase
in amplitude was made In K]AE chain to compensate For the effect of differ-
ence in time of X)AE with E and AE. That way, pulse distortion created by
the delay, is partially compensmated, in the product of the semi-Gaussian

inputs in the multiplier.

The AE non-inverting input bufier E has to drive the low imped-

2-13
ance disperslon controls, to keep the loading error at the helipots below
1%. A PH1322 amplifier followed by an MC143BR buffer enclosed in the same

foedback loop, with compensating networks were used to achieve a full

power response to over 1.5 MHz.

The spame palr of IC's are used for the inverting output configquratlons

to obtain a controlled cutput impedance with good gain stability.



The bipolar output is obtained in BIO n

RC differentiation for a 0.5 ue shaped input pulse. ‘the differentiation

with a single stage passive

was designed to give equality of peak amplitude between input and output

for 0.5 us shaped pulges.

The 4298 Analcogua Devices multipller with a full power bandwidth of
2 MHz, waa set up for minimm offset and feedthrough for 3V, 0.5 is shaped

pulses. The error introduced by the 429B is below 1%.

The unlt, with an all d.e. path, is sensitive to offsets at the lnput

of the maltiplier, as a source of error in thg generated function.

The fraction KpdE givea the largest term of the functions for low

values of E and AE,

By selecting a low output impedance for the AR input buffer and for
the disperslon controls, the Ko fraction could be set to better than % 0.5%.
The circuit diagram of the PI is shown in fig.4 and a complete unit is

shown in fig.3.

4. TESTS AND PERFORMMNCE

4.1 Dynamic Test of the 429B Analoque Multiplier

The accuracy of the 4298 analogue multiplier degrades above 100 kHz.

i dynamic test with 0.5 ps shaped input pulses was performed. After
adjustment of the offset and feedthrough, the same pulse was applied to
both inputs of the multiplier. Tha output was measured for a 0.01 V to
10 ¥ range of input voltagas. Deviation from a sguare law characteristic
ias shown in fig.5.

4.2 Dynamic Test of the PI

For test purposes the PI is considered as an analogue computer cap-

able of generating the three functions F), F2 and F3. The putput was mea-

aured as a function of E, with AE as a parameter.

A gerias of error curves from computed values are shown in fig.6 for
the three functions F), F2 and Fj. Errors are expressed as a percentaée
of reading. A block.diagram of the test circuit is shown in Fig.7.

4.3 Tenmperature Tests

Thrae tests were carrled out to check the temperature characteristic
of the PI in the range 20-50°C.

The first was a cycling test from switch-on to 50°C and back again to
20°C. This was done by recording the output of the PI get to F1 = 6 V
while varying the temperature (fig.8a).

The second test was carrled out for F|, F2 and F3 with E and AE
inputs set to 1 volt (fig.8b}.

The drift was 0.5 mV/°C and was linear throughout the range from 10
to S0°C.

4.4 Performance

The PI was tested with 3He and 4He charged particle beams from the
Radial Ridge AVF cyclotron of the Department of Physics, University of
Birmingham.

On the first test tha set up was as follows: 33 MeV ane* polarized
beam on 56Fe target at 62.5° lab. The E dlscriminator was eet at 0.5 MeV
and the AE at 0.25 MeV. The PI was set to F3 and the output gain to X4,
while the dispersion factors DFp and DF&E were both set at 4.3 MeV/V.

Mase and Energy spectra are shown in figs.9, 10 and 11. The mass
spectrum shows very good separation of 3He and 4He.

On the second run a sources were placed in front of the detectors in
the telescope to optimize the disperalon factors.

The aeckup was as follows: 25 He¥, Y“He on a carbon backed titanium

target at 30° lab. The target was: 126(q,at, 1%0(a,a), 507i(a,a) and



1BlTa(u,a). Thea PI was set at F3 and the enargy spectrum was accumulated
from the ET output of the unit. The resolution of the energy spectrum was

0.45% (fig.13). The mass spactrum was good ad may be meen (fig.12).

& number of runs were taken with dlfferent setting of DE‘E leaving con=~
stant the DFAE' Becauge of the high accuracy of the unit, an interesting
fact emerged; the setting for the best resolution of an energy spectrum is

different from the setting for the best 'mass spectrum'.

This implies that the empirical Ky facter differa from the value of

¥o = 7.00.

The Ky was changed to a new value of Xg = 6.0, keeplng the Dispersion
Factor calibrated with the o source. As seen from the graphs figs.14 and
15 a factor of 3 improvement in ET resolution was obtained, while the

mass spectrum remains unchanged.

5. CONCLUSIONS
A new and improved version of a PI has been designed and tested. The
unit met ite target specifications. The high accuracy and stability of
the unit in generating the analogue functions allows the confirmation of
the experimental observatlions that Kj should be less than 7.0 as suggested

fram fits to the theoretical range energy data by Skyrme(“_S).

The functions generated by the unit perform well for ions up to boron

lsotopes and give good charge separation up to fluorine.

Improvements could be made by the addition of the third and fourth
order termsa in the identifying function to give complete lsotope 1dentifi-

catlon up to oxygen.
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APPENDIX A

Particle Identifier for Light Ions

{Provisional Specification)

E and AE, d.c. or a.c. coupled (front panel selectable), 0
to 10 Vv input range. Impedance: 1kl ¥ 1% on d.c. k2 * 1%
in series with capacitor on a.c.

The ratings are for 0.5 us shaped pulses Erom ORTEC 572,

451 or 471 amplifiers.

(57441
Posltive, unipolar, d.c. coupled, 0 to 10 V.
output impedance 50 £ v 5%
Front panel selectable functions
1) Fi = C(By + Kp)4E
2) Fz = C(ET - 0.5AE + 7.0}AE
3) F3 = C(E" + 0.5AE + 7.0)AE
where ET = E' + AE
ET = total energy
E' = sgtopping energy
AE = enargy in dE/dx detector
C = constant.
o/P2
Positive-going bipolar, 0 to 10 Vv at 0.5 ps shaplng, gener-—
ated by single stage pasice RC differentiation of 0/Pl.
output impedance 50 R % S%.
0/P3
Positive unipolar Ep = E' + AE signal,
Gain unity * 3% at 5 V output

output impedance 50 1 ¥ 5%,

12



Output Gain :
D.c., Adjust :

Integral
Non-Linearity:

Gain Stability:
D.c. Drift:
Dimensions:
Power:

Connectors:

x1, x2, x4, x8 ¥ 10%

Front panel multiturn potentiometer giving a £ 1 V range
of adjustment.

Legs than 1 2% of full scale over a 1 ¥ Lo 10 V range of
AE signals for 0 ¢ E < 10 V), for 0.5 ps shaped pulses
fram ORTEC 572, 45t or 471.

t 1omv/°C

t 10 mv/°C

Single width NIM

v

E, AE, O/Pl1, O/P2, O/P3 - BNC front panal

13

Flg.1
Fig.2
Fig.3
Fig.4 a & b

Fig.5

Fig.6
Flg.7
Fig.8
Fig.9
Fig.10
Fig. 11
Fig.12
Fig.13
Fig.14

Flg. 15

FIGURE CAPTIONS

Particle ldentifier block dlagram.

Typlcal inverting stage with compensation.

Photograph of the complete unit.

Particle identifier schematic circuit diagrams.

Accuracy of the analogue multipller block 4298 with 0.5 ua
shaped Input pulses.

Er;or curves of the PI for the three functiona F1, F2 and Fj3.
Sat-up to measure deviatlon in the PI fram computed values.
Temperature performance of the PI.

Energy spectrum before identification.

Identifled 3He and "He maass apectra.

3D identified mass spectra from P to e,

P, D and T mags spectrum.

Repgolution of the energy spectrum by the PI.

Improved encrgy resolution with K = 6.0

Kaps spectrum with Kg = 6.0
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