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University of California v
~ : Berkeley, California 94720

April 1972

Abstract

A resistive—wife position~sensitive proportional transmission counter
has been built.for the detection of'heavy ions in the focél plane of a mégnetic
spectrometer. The 45 x 6 em counter measures position and energy loss with a
resolution of O.? mm and 8-10% respectively. Time-of-flight is measured with
a plastic sciﬁtillator behind the proportional counter. The position, fime
and energy loss signals are used to identify heavy ions with unit mass and

atomic number resolution up to about A=20, Z=10.
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1. Introduction

The study of transfer reactions with'heévy ioné requires & detecting
systeﬁ capable both of high energy reéolution and good_particle identification.
The usual AE-E semiconductor ﬁelescopes perform less well than with light
parﬁicles - resdiutions of 250-300 keV for heavy ions of 30-60 MeV are typicall).
Furthermore, separation of ions éf the same atomié nﬁmﬁer Z but different mass
number - A éan.be obtained onlyvﬁith AE counters of such fhickness that they
seriously liﬁiﬁvthe lowest detectablé particle energye).

Magnetic spectrometers are free from these difficulties provided that

the detector in the focal plane is capable Qf adequate position resolution and

pafticle identificéticn.v;MoreoVef, the large kinematic effects in heavy ion
reactions .can be‘compensated By aajustment of the position of the detector3)}
Thus large solid angles mey be used Vithout loss of resolution. Fihaliy,
energy'dispérsed rather than energy analyzéd_beams can be used. This feaﬁure
is particularly valuable iﬁ expefiments at‘cyciotrons,and linear accelerators;
whose external.beams’afe usually faf frém mbnoenergetic;‘and where the_ioss of
intensity résulting from eneréy‘analysiskwould be»ﬁery‘serious.

Since heavy ioﬁs are only fﬁlly strippéd of_atom;c eleétrons at thé
highes£ energies, four parametérs fqr each_ion must be detgrmined. They are
A ana Z;.fhe masé'and atomic numbers, q,_the charge state of the ion in flight
through the spectrometervmagnef, and of‘éourée the kinétic energy T. TheAfocal
plane position of a partiple meaSureé Very aécurately its magnetic rigidity :
Bp from Vhich T can be oﬁtained-provided thﬁt A and q hévé been determined.

To measure the four parameters for éach partiéle requires, in the mQSt

generalvsituation,vthe determination of Bp, velocity (time-of-flight), kinetic
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ehergy and energy loss dE/dx. Measurement of the last quantity is essential

because it is the only one of the four wnose value (at'least for heavy ions of

the’usuai energies) depends on Z. In a detector of the area normally reqnired'

in a spectrometer focal plane, sufficiently accurateimeasurement of the kinetic
energy is not feasible. Fortunately, measurement of the three gquantities Bp,
velocity v, and dE/dx, suffices to separate the energy spectra of different

particles in most heavy ion nuclear reactions.

Some.ambiguities remain in principle.. For example, the‘interaction of

16 ' 16

0 ions w1th a target nucleus could produce overlapplng energy spectra of O_i

and _lhO ions. Measurement of veloc1ty and Bp can, as descrlbed below, separate
ions with different values of A/q, but will not separate‘ O($+) ions from .
o(7+) ions. Measurement of Z willrnot separate 16O‘from lhO. The Q-value

16 16

for the reaction X( 0')X' will nearly always be less negative than

(16 lhO)Y, so that at least the hlgh energy end of the 16O spectrnm will be
freevfrom lho contamlnatlon. Its low energy end, however, may contain lb'O(_'(+)
ions. Measurements of the lhO(8+) spectrum and the_intensity'ratio_of (8+) to

0(7+) contribution to the low

»(74) ions might .permit subtraction of the
energy end ofvthe 16 0(8+) spectrum

" The focal plane detector to be descrlbed measures pos1t10n (1 e..
magnetic rigidity Bp), dE/dx and tlme—of-flight.(veloc1ty) with suff1c1ent:
precision to permit unit mass and charge resolution for ions up to A=20 and

2=10. 1In addition, the position resolutlon (O 7 mm) is compatible with a

" spectrometer whose energy dlsper51on is 0. 05% per mm.

QY
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2. Experimentgl
2.1. THE PROPORTIONAL COUNTER

 The specfrometerh) at thé.Berkeley 88-inch cyclotron was designed for
a live focal plane-detector:' thé particle trajeétories are very nearly normal
to the focal plane. The dispersion_-— 3.75 m for_dp/p :.l (p ='particie
momentum) -- éorresponds‘td a’position shift of about l.mm for an energy change
AE/E =~ 0.05%._ Energy resolution is abdut.0.03% et 1 msr solid angle.of
acceptance. Thus the focal plane detector requires at'léaét'O;S mm position
resolution. .For hea&y ibn exﬁerimenfs even a résolution of 1-2 mm is still

much better than can be achieved with alternative systems (E-AE silicon

counters), which perform very poorly for heavily ionizing particles (they

typically give AE/E ~ 0.5%). The focal plane length,’6Q'cm,'corresponds to .
~ 30% energy range. Thus the focal plane detector should be rather long
(30—60vcm), and capable 6f better £han 2 mm spatial.resolution. The verticél

size of the image in the center of the focal plane is about five times the

vertical size of the beam spot on the target but increases by a further factor

of two at the énds of the focal plane. ?réliminary fests with a Si(Li)
position sensitive detector showed that the_systeﬁ_should be sensitive over g
vertical height of 6 cm. | |

The‘detector, shown in figs. 1 and 2, consists of a resistive - wire
propoftional qOunter of the Bork§wski-Kop§]type5’6) with.six 0.00ES_ém dismeter
carbén—coated quartz fibers+,’resistance 5’8,060 Q/mm,.midway between the,front

and rear high voltage electrodes, which are planes of 0.0006 cm aluminized -

.mylar foils spacéd 1l cm apart.'_The six'quarfz fibers are spaced_verticallyvOne

TGeneral Electric Co., Valley Forge, Pa.
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above the othéq with a separation of 1 cm. The horizonﬁal sensitive length 
is 45 em which_corresponds té an energy range in the spectrometer of 24%. _The
counterigas (93% Ar + 7% methaﬁe) is contained By.a frontpwindoﬁ of 0.0012 em
(non-aluminized) mylar and at the rear by a plastic sciﬁtillator — lucite
light bipe counter which ié ﬁsed to measure the time—of—fliéht of parficles
with respectutq the cyciotron oscillator. | |

, Tests.with a prelimiﬁary vérsion of the proﬁoftionaivcouﬁter showed-
fhét quartz fibers under low mechanical teﬁsioh will begin é sustained
: vibration at‘some critical value of the appiied high voltage which may be wéll
below the potential required to give adequate gas multiplication. The fiberé
ﬁere_thereforé attachea in the manner shown in fig. 3. 'One end of tﬁe fiver |
was glued with Epoxy resin to a polystyrene insulator butﬁon on top of a
0.0075 cm diameter phosphor-bronze wire. The plastic bridge at each end of:
thé'counter serves to position the fibers exactly midway between the piane
electrodes and exactly 1 cm apart. A spring balanceIWas,uséd to hold the
_'fibers at.a tenéion of 12 g while they‘were glued to fhezsécond polystyrene
button mouﬁted on a stiff stainless sfeel_pin. Bendingvéf the phdsphor broniév
wires (about 2 mm) serves to maintain the fiber tension at a neariyfconstant
value independent of small dimensional changés of the support stfgctufe;
Electrical contacts to the fiber were made by éttaching fire wires to the B
'polystyrené.buttons with conducting silvér paint. With this arrangemént, the
countgr would support 800 volts Wheh filled with A:t'.A+-CHl\t at a pressure of 0.2
étmoépheres. Adequate signal to noisé rétios werenobtaihea at operating.
voltages-as.low as 520 volts. Assuming that the secondary electroné from the

window make a negligible‘contribution to the collectéd'charge, the gas -
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multiplication is very approximately 2000 at T80 v bias and 0.2 atmospheres

pressure. A copper wire embedded in epoxy just'below the upper surface of
each bridge was connected to a pulse generator. . Using the capacitive coupling

from the wires to the quartz fibers;'artifiéial pulses from one or both ends

~ can be injected into thé fibers to test.theielectronic system.

To obtain good ehergy loss ihformation, the aluminized mylar electrodes
must be parallel and smooth. Figure 3 shows details of the rear electrode.

To improve inéﬁlation from the aluminized high"voltage surface to the fiber-

supporting bridges, the aluminum was removed on both sides of the mylar (with

a dilute sodium hydroxide solution) in the vicinity of the bridge. The mylar

was stretched as tightly as possible over a large frame, the support surfaces

. were coated with epoxy resin and the mylar, (still in its frame), was placed

in contact with the resin. When the resin had hardened, the mylar was trimmed
to its fihal dimensions and then ténsioﬁed by heating it with a jet.of hof
airl‘ The electrédes thus obtained have fhévappearance §f a.good mirrér.‘

| The front gas—tightvﬁvlar window Qas glued to iﬁs framef The rounded
surféce of thé frame, against which the mylar is tightly pressed by the
internalvgas pfessure, was lubricated with Teflon aerosol. With no lubrication,
slipping of the ﬁylar ovef the”surface és ip stretched during inflation todk
place in a series of jefks accompanied by a creaking'noisé,-and pinholé”leaks

usualiy developed. The 0.0012 cm - +thick window is operated at a maximum

pressure of O,h atmospheres. -Its breaking pressﬁre is ~ 0.6 atmospheres.

GoodvdE/dx'resolution requires that the preséﬁfé.and purity of the
counter gas remain constant.  These réqﬁiremehts are met by a continuous gas

flow system at a pressure regulated by a Nullmatic Model.hhézo regulétor+ﬁ

+Moore Products, Spring-Hduse, Pa.
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2.2. THE SCINTILLATION COUNTER

The time-of-flight detector consists Qf_a Pilot-F plastic scintillatbr;

0.316 cm thick glued to a Lucite light pipe to the end of which was glued én'
RCA 8575»photomultiplier. Signals are taken from'thet9th dynéde (fbr.pulsé

height information) and from the anode (for fast timing).

2.3. ELECTRONICS

Position of a partiélé is measured by'thé rise—time comparison method
described by.Borkowski and Kopps). | |

Figufe h.shows the circuit of one of the tweive voltage-sensitive
preamplifiersi Figure 5 shows a block diagfam of the elec%ronics.

Sighais fromveach4preamplifier are examined fof pulse height withl"

respect to an adjustable threshold voltage. Signals larger than the threshold

génerate a logic Signal to denote which fiber detected the particle so thét

 the six positibn spectra can be stored separately. An’additional logic signal'

denotes that two fibers detected simultaneous events. All such events are
stored in a‘seventh.spectrum in the Nuclear Daté'analyzer. kThe threshold is
required because a pulse on a wire is accompanied by a small signal on.an-
adjécen¥ wire. Only very.rarely does.a partiéle‘inducevéignals of cOmparable
size on two wires. - ‘ |

Thé outputs éf the éix preamplifiers at_eacﬂ‘end are ﬁix?d and the
two miied éuéputs are amplified to produce Gaussian—shaped,pulses with 8'us'
peaking'time.- Differentiation‘and cross-over detection produce timing signals
whiéh arevuéed (one of them passing throughvan adjuétable delay)’to_starf>aﬁd
étop,é‘fime-toQamplitude converter (TAC)i Thé maximum time délay between

start and stdp pulses is about 20 us.

-’
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Our eafly work on resistive—ﬁire pféportional countér; indicated a
| serioué_problem in achieving linearity of the»outpuf froh_the TAC as a function
of positiéh. The non-linearity was not restricted to points nesar the end of
the wire, bﬁt”extended dut.at least éS%IOf £he wire;léngth at each end.
Investigétion»showed that the noh-linéarity ig affécted markedly by the |
termination-of»the wire, and aiso by the type,.and timeééonstant, of .the pulse-
shapiﬁg networks used to produce‘the.biphase éignais fme which crossover timing
pulses are derived. ‘Figure 6 shows the behaviors under two cohditibns of
~terminationvu§ing simple RC differentiation and integration. As shown iﬁ.tﬁis
curve, a Qéry‘léW~value'bf terminétiﬂg capacity causes curvaturé with the
“output falling low toward the ends. The reverse situation occurs if the
 capacity is too high. As shown:in>fig. 6,vthé optimunm value of éapacitor
broduces é slight S-shaped distortion. By including a resistor ih series with the
capacitor érpractiéally linear response is achieved. Components Rl, Cl in
fng 4 serve this purpose whilé resistor R2 (iOOMQ) sefves.tq provide.the de
patﬁ to groundrfof'the gaﬁe of.Ql. The bootstrap arrangement~éhown in fig. 4
reduces all stray capacity'to ground effectively to zero so that Cl is by far
the dominant términatiﬁg capacity. |

Energy-loss signels are obtainedbby adding the pulses ffom the endé
of all the fibers. Since the preamplifier signal rise times are a_function;of
position, it is necessary to use. an amplifier with lésus peaking time.v Evéﬁ
though the dE/dx system contéiﬁs the mixed noise of all tﬁelvé breamplifiefs,
the resélution is not.iimited by the signatho-npise ratio even at quitévsmall
values of the_gas mulfiplication. fhe total noise is typically SQ—lOO mv for

signals of 6 v.
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Time—of—fligﬁt modulo'the_cyclofron periodjis ﬁéaéured by the
scintillation counter, light pipe and RCA 8575 Photbﬁulﬁiplier. 'Tﬁe'photb-
‘multiplier anéde.signalvand é signal from the cyclotron dscillator are used
to start and stbp a TAC. The light oﬁtput from the Pilot-F sciﬁtillator'is
highly Saturated:for heav& ions at energies below severél'hundreds of MeV: it
is therefore approximaﬁely'proportiona; to the.ggggg_of the particles.. This
information wbuld_be valuable for particlé identificétidn'were it nbt for the
poor resolufion (12 1/2% for lSO_MeV 20Ne ions) aﬁd fhe élmost total lack Qf
information about the Scintillator_responée as a functioﬁ of particle masé,'
atomic number and velocity. The intrinsic time resolution of the system appears
to be better than 2 ns: in practice the resolution is determined entirelyvﬁy
‘the cyclotron.beam pﬁlse widfh. |

domplicatioﬁs iﬁtréduced by the very different fise timeé of the
position, dE/dx and time-of-flight signais are solved as‘shoﬁn in fig. S>in-a
concéptuallyLsﬁraight—forward mannér._'After digitizingvinva hOOO%éhannel
analpgue to digitél converter, the signals and fiber—identification.pulses
are stored both on tape ana in an SCC—660 computer (32K méméry of 24 bit words
plns disc storage_of 800'Kvwordéj. .Details of the heavy ion identificatioﬁ.

method are deséribed below.

3. Results

3.1. POSITION RESOLUTION
“ ' 16

Position resolution was measured in the spectrometer with 60 MeV ~ 0
ions elasticélly scattered from a thin target of'l97Au. A 0.5 mm wide slit
was piaced in front of the proportional counter to separate the measured

resolution from all effects arising from reaction kinematies, target
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non-uniformity, spectrometer aberrations'etc; The TAC output as a function of
position was calibrated by;@hanging the spectrometer field so that the elastic
peak fell at twd points on the countef bracketing the position of the slit;

The magnetic field values were measured with an NMR system. If v,, V., and V.

1’ 72
respectively represent the NMR frequencies for the two calibration points and

the slit position, the intrinsic energy resolution 'of the counter in the

spectrometer is

where AV is the measured full width of half maximum of the TAC signal obtained

through the siit, V is the average of the TAC signals at the calibration points
and B, 1is the‘l60 ion kinetic energy.
~ AE/E was found to be 28 keV. From the calculated momentum dispersion

of the spectrometer, 3;75_m, thiS'valﬁe’corresponds to a position resolution

 (FWHM) of 0.88 mm. From this, the rectangular distribution 0.5 mm wide due

to the slit must be subtracted, leaving an intrinsic counter resolution of

~about 0.7 mm. This value still includes a contribution from slit scattering.

3.2. dE/dx RESOLUTION
The resdlution in the 4E/dx signal appears to bé”detérmined largely by
the straggling in the energy loss of particles'in the counter gas. Calculations

of the stragglingT) are compared with'some measured valﬁes‘of the dE/dx resolution

in Table 1.

Table l_showsvthat'the dE/dx resolution for thvMeV 16O ions imprdved
significantly when the counter gas pressure was doubled: The experimental

value is given approximately by: -
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(Expt. resolution)2'=V(Calculated straggling)2 + 25

Figure 7 shows the éhange of'dE/dx.Pulse ﬁeight as a fuﬁétion of
cduntef.bias at 0.2 and 0.k atmoépheres counter gas pressure. Raising the éas
pressgre at constaht bias prodﬁ;es'a roﬁghly propbrtionai degreése in pulsé'
height, To>limit éhanges in dE/dx signal due to préssure fluctuations to.l%
therefore reqﬁires thét the gas density be sfable to ébbut 1%.

That the dE/dx signal be indepeﬁdent of pcsition;along the counter

for ions of a given energy loss is not»important. Since thé position.is always

kqdwn,'a correction can be made. At a.cdnstant maghétic field and for an ion
of fixed A and Z, dE/dx should be (and indeed_is)»lower for particles that
fall on the right'hand (high energy) end of thé‘couhter. Théfevis an
insfrumental efféct of unknown origin that nearly compensates for the drop;'
As will be'discussed below;’aﬁ/dx is corrected empiricaliy,to remove positidh
‘dependence. Figuie 8 shows a dE/dx spectrum obtained after making this
cofrecfion. |

When the counter biss is too high (abqve about»?bo v dﬁ'o.h atmos;
pressure), dE/dx peéks frOmvheavy ions begin té devélop:a "tail" on the highi

energy side. .

3.3. TIME RESOLUTION
The flight path from target to focal surface is about ,7 m: 'flight

times for heavy ions are typically 250 ng. .There is a small dispersioﬁ of

about 1 ns in the flight time depending on the angle at which a particle leaves

the target. This dispersion can be made arbitrarily small by closing slits

between target and spectrometer, but it is too small'to-present any difficulty.

AV
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The flight path is also a'function of the position at which a particle ihter-
sects the focal surface, but since that positidn is always known, the time-of-
fiight can be cofrected as diséuésedvbelow. |

| In practice‘the time resolution is determined by the pulse width of
the cyclofron beam, which varies as a function of many parameters. Third
harmonic aqcelerafion generglly gives beﬁter regsolution, but of course cannot
be used for highér énergy beams. Figure 9‘shows the measured time distribution

obtained by scattering 60 MeV 160 ions from 97

Au: the acceleration was on
third hermonic. A time specirum of scattered particles that were accelerated
on the first harmonic is shown in fig. 10.

Satellite time peaks are fréquently observed but can be réduced to

acceptable intensities by adjustment of the cyclotron'frequenéy, dee voltage

_or_harmonic colls with little loss of beam intensity. The resultant time

resolution is typically 4-T7 ns.

4. Particle Identification

The signals on each wire correspondiné to'éosition, energy 1os§, time—_ﬁ
of-flight and scintillator pulse height are digitized in a h096-channel ADC-
multipiexer and-étored in the SCC-660 computer. Upon arrival of each 48 events,
the infbrmationrié written oﬁ magneticvtapé.

The éomputer permits-oscilloséopé disél&y of all ﬁhe singles spectra
as well as displéys of time—of—flight zg..position; dE/dx vs. position,
scintillator dyn;de signal vs. position and fime—of—fligh£ vs. dE/dx. The
measﬁred quanfities are related'to'the particle'parameters in the following

way (for non-relativistic heavy particles):
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Position = X o Bp o Av/q
aB/ax o 22 (A/E)Y? o 2°/v
A display of time-of-flight (1/v) vs. position thérefore;ponsists of curves
each of which corresponds_to'a unique value of A/q. In practice, only time
differences AT are measured.
To obtain a signal independent of a particle's positién, a correction

~is applied to the measured time-of-flight AT:

TOF ( corr) =‘(T0 + AT) (1 + ax)

‘where T, and o are empirically chésén,conétants and X is the position of a
particle along the counter. A typical display of TOF’(corr)-Xg,”X is shown’
in fig. 11. Windows can be set to select chosen values of A/q.

The dE/dx signal is corrected for itS'position.dependence by

(aE/ax)____ = dB/ax(1 + BX)

Figﬁre 12 shbws‘a display of (dE/dx)corf vs. X for all values of A/q. .Particles
of differentvz.are Well—separatéd by the dE/dx éignai. Figpre 13 Shows a
~display of corfeéted time;of-flight vs. éorrected'dﬁ/dx. Parﬁiclé tyﬁésj
separaté info diécrete spbts accordiﬁg fo theirIValﬁes of Z énd-A/q: .fhis.
display is particularly usefui when adjusting the cOmputer gates én dE/dx and
time-of-fligﬁt{in order fo select a chosen particle,type. Idenﬁification df
'particle types during the course‘pf‘an experiment is facilitated by making

prior calculations of the TOF vs. X and dE/dx vs. X plots. The calculations
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~are remarkably close to the experimental results. The computer is capsble of

pfocessing and storing about 50 events per second. During tape-writing no
events ‘are accepted, so a signal from the computer gates bff all analyzers,

scalers, a clqék and the beam integrator.: Final reduction of results is done

_off-line by replaying the data tapes.

Even after adjustment of the preamplifier neprrk, position linearity
is not quite perfect, nor are all wires;idéntiéal;v Adding spectra from all
six Vires thefefore produces a total spectrﬁm with an unacceptabie loss of
resolution. Figure 1L (ﬁpper) shows a spectrum obtainéd by adding the sepsarate
spectra from all wires. The speétrum‘ffbm a single wife is éhown in the lower
ha;f of the-figure. The ldss‘of resolution by simple adding is clearly
visible.: |

For each wire, true position szg, channel number C can be measured by
means of a collimated 2hlAm a-particle soufce mounted on a lead-screw parsallel

to the counter. A leaét-squaresvfit of this calibration géve the.followingb

result:
WIRE 1 X = -22.7894 + 0.11k2C - 2.265k4 x 107 ¢® + 1.0087 x 107 ¢3
WIRE 2 X = -22.5930 + 0.1048C - 1.55h2 x 107" ¢2 + 6.06k9 x 107 ¢
WIRE 3 X = -22.9347 + 0.1124C - 2.9380 x 10'”702 +1.9523 x 1070 ¢3
WIRE 4 X = -22.7490 + 0.1093C - 1.1k52 x 107" ¢ + 2.1509 x 1077 ¢3
-,WIRE.S X = -22.3505 + 0.0076C + 3.3257 x 107 02'- 3.1723 x 1070 ¢3
WIRE 6 -~ X = -21.7T06k .0080C +.2.0770 1_o‘l*c2 - 2.0235 x 1of6'c3

.+
(w]

By means of these six equations, all spectra can be converted to true

position spectra and added with little loss-of resolution. The top spectrum of -
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fig. 15 was obtained in this way: it is to be combéréd with the lower speétrum

of fig. 1k (a singlevwire) and the upper spectrum (all six wire spectra simply
added).
The lower spectra of fig. 15 show individual particle types Sepafated

16

out from the upper spectrum. The ~ 0 peak comes from elastic scattering df_a"

small 16O(h+)‘§ontaminént-in the 12C_(3+) éyclotron beam. -The'sépérationvof
vl3C from the enormoué l2C'ela.sti'c peak is_especialiy satisfying. |

_Energy resolution is typiéally 0.015%. 1In éome'test.runs a resoluinn
of_O;Ol% has béen obtained but under the practipal;conditions Qf‘taréet
thicknééé; beam emittance and speétrometer solid'aﬁgleffhat are used in an

experiment, the resolution is not quite so good.‘ In any event, the position

-resolution and stability of the counter do not appear to be a limiting factor.

5. Conclusions‘

_Thevﬁprkowski—Kopp proportional counter, when éperated'with end'v
terminations and shaping as describéd_aBdVe; provides a rélativélyvéimple
method for making siﬁﬁltaneOus poéition and enefgyeiéss measﬁfements. ‘TheA;
system described_here can undbﬁbtedlyabe'improvéd. Among the ményvparamefens
that have not been systematically inveétigated to optimiie performance are
1) quartz fiber diametér and resistance‘E) verﬁical fibér:sepafaﬁidn 3)vcdﬁhter
depth 4) ébunter gas pressure and 5) counter gas mixture. The counter can.‘
probably be adépted to the-detection'of.;ight partiéléé'by‘operatingbit aﬁ
higher gas pféssure and bias. Time resolution can probably be improved to
~ 2 ns (6r “’l%)'by'detecﬁiqn'of secondary eiéct;ons from a.very thin foillép
the entrance:tO'the spectrdmetef8) té.ﬁake a timéfzero'signai. Time resolution

,would then be independent of cyclotron tuning and it should be possible to
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separate adjacent mass values at- the same charge up to A = L40-50. . Improvement

of’dE/dx resolution by increasing the .energy loss should be possible.
7)'show that the energy loss straggling for 60 MeV 16O"ions becomes
only 2% when the energy loss is increased to 10 MeV. A resolution of even 5%

in dE/dx; corresponding to.2.5% in Z, would permit separation of adjacent

elemenﬁs up to Z = 20.
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Table 1. Comparisoﬁ of éalcuiated_energy loss straggling and measured 4E/dx

resolution. -

dE/dx Resolution (%)

~ - Particle  Energy Gas Pressure Energy Loss Calc.(l) Expt .

(MeV) (Atmos .) (MeV)

r 16 60 0.2 | 1.35(;) ' 6.8 | 9.0
16, ;  104 0.2 0.9(1)- | 10.2 11.6
1%, 10k 0.4 1,8(1) 71 8.5
164 | | 140 0.4 1.5(1) 9.2 105
égye 150 0.k ~2.2 R 9.0

Yo 25 o2 ~o.057 ko ~ 30

Note: 1) Calculated, ref. 7.
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Figure Captions

Fig. 1. General view of the eouﬁter syStem:

Fig. 2. Detaii'of one end of thebcountef.. The mein-frames are fibergleseeepoxy.
Fig. 3. Detail,of quartz fiber-suppeft. | : .. . o ST I
Fig. kL. Circuit of one breamplifier. B Y
Fig. 5. Block diagram of the electronics.

Fig. 6. Effect of termination on counter positionklinearity.

Fig. 7. Relative gas multiplication as a function of counter bias at 0.2 and

0.k etmos,.preesure.. o : | . : '

'Fig. 8. Corrected dE/dx singlee spectrum, lSO>MeV ?ONe on 27Al.

Fig. 9.e_Time;spectrum obtained by elastic scattering of 60 MeV 16O ions
accelerated in third harmonic mode. eThe'right-hend peek was obtained by
introducing a 4 ns delay for calibration purposes. ' | R

Fig. 10. Time spectrum obtained from reaction products of 10k4 MeV,l6O ions on

208 15 17 - 16

Pb. ‘The left pesk is 160, the center peak is 77N + 0. The 0 ions

' . were accelerated in the first harmonic mode. The peek widths are about

5.5 ns.

Fig. 11. Two-dimensional display of corrected time—of;flight zg._positionil
showing bands of constant A/q. Dots are intensified on a iegarithmie

scale. 10L MeV l6O on ?08Pb.

Fig.'lQ;' Two-dimensional display of corrected dE/dx.Xgi'position'shoWing bands . -
. _ . . . - _ 1o
of constant Z. Dots are intensified on a logarithmic scale. 78 MeV ~°C o
54 - ' B ' o _ D o

on Fe.
Fig. 13. Two-dimensional display of corrected time-of-flight vs. corrected.’

'dE/dx'showing separation into spots according to A/q and Z. Ions are

54

' 12
identified in the key below. 78 MeV "C on ” 'Fe.
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v Fig. 14. Total position épeétrum obtained by.édding six sepérate wire speétra
i(upper).. Speétrum from a siﬁgie ﬁifé (lower). -
Fig. 15. The upper spectrum was obtainea by merging six wire spectra by the
;&-éoﬁfce calibration method described in the text. The 1ower15pectra éfe

-qbtained from the upper by separation of individual particle types.

\

€



-20-

F;LAN VIEW

AN
2
N

DNY
BANNN
RN

N

NN

NN BN
N “
RN

SCALE: INCHES

o 1 2 3
St}

NN,

LBL-651

ELEV. VIEW

XBL 721-44

*? |




01— LBL-651

. . SPRING PIN BRIDGE
N _ COLLIMATOQ_\ 7 :
: / . — MYLAR

R .. ——ALUMINIZED MYLAR
—"-QUARTZ '
. S—ALUMINIZED MYLAR
N-piLoT - £
LUCITE
2) 1 2 3
——

SCALE : INCHES : " xBL 724773

. - | | Fig. 2

L



POLYSTYRENE. -
INSULATOR

SPRING PIN

—22-

 LBL-651 o

_ PULSER WIRE

COPPER GUARD
. ELECTRODE . |

.ﬂ

4

 Fig. 3

u EIBER
\——.Al_.UMINlZE.D MYLAR -
ALUMINIZED '
CLEAR
XBL 724-771 \



_ «—INSIDE CHAMBER———

-23- LBL—6‘51

+
_'MF.I

BOOTSTRAP

BOOTETRAP

ADYUST OUTRYT
ZERO
1K

R3’
oK

et

WIRE

Qi
2N446

R
M

f

>

z R2

ci

. 10K
C o~ S.SPF>

A‘.l

=

..24V
XBL 724-770

Fig. k-



ol o | © LBL-651

!
1
i
|
H
:
]
i
i
i
i
i
| w |
— ;
t S !
ROUTER :
»_23 2 AMP. % AD §
i ! |
. W} '
MULTIR EXER :
" come. N i
¢ : r ELASTIC PEAK 1 )
g ] | SCALE DOWN 1 ;
SCALED-DOWN BLASTIC PEAK !
i ' POSITION SI6NALS TO ANALYZER I H
; " ] |
| I |
' !
| |
. |
¥ m——— PS:A:EV DOWN u:rgr. . ;
AK. TOF SIGNAL i
INC. 2.8 -@.—-4 :] TO ANALYZER. l !
| S ———— | :
A AR |
SCALER ;
t
. 1
- 1 H
. TO= !
2 0 [ P e |
RANGE :
o | "
. FROM AR ;
PULSER. Gmug ’
mAST Slow t
‘ i
[Sv O SYRaToue '
ANODE g 5ie] ‘p‘.::;‘ e Bk 77\'5 AMp eare (%0as) !
Riq ;
YALID [
) . RE E2T] :
PUR = Pile-up Rejector o SeaLer ) . :
XBL 724-772
i
i
'
i
i
;
i
Lo
Fig. 5 '
. |
W/
'
)
;
i
f
, i
|



PULSE HEIGHT (ARBITRARY UNITS)

-25- . o . - LBL~651

RC INTEGRATOR = 0.1 ysec.
RC DIFFERENTIATOR = 5 mMsec.

AN
RESPONSE. AN
: N
RN : _
A . TERMINATING CAPACITY
N TOO SMALL.
X
NS
WIRE MID-POINT
N\ :
NN
WITH SLIGHT "
“EXCESS TERMINATING N
CAPALITY . NN
. X
N
N
\\ 1
N s 1 1 1 n " N 1 i 1 1 X 1 ' 1 I X
8 lo 5 2

- DISTANCE. FROM END (cm)
—_—

XBL 724-769

Fig. 6



'LBL-651

- -26-

L ' 1 1

T 5 3

loor=

,m_;m. S

(&LND Aeveiniady ) LHOIAH IsInd

740

660

_ 620
BIAS (voLTs)

540

XBL 724-768

VRS

Fig. T



S

C-OUNTS/CHANN '

2400

EL
P
3

)
O
Q

600

-27-

LBL-651

T T
200
CHANNEL NO.

Fig. 8

300

XBL 724-767



-28- - R LBL-651

COUNTS/cANNEL
8

___1_/4/1 'R NN U T NN RN B N R LlJ\"L'

N CHANNEL  XBL 724-766

Fig. ' 9



LBL-651

_29_

'ooa:ow':roaara:a.—arnr'—:’—:—:::ro:—:o::::::-’:o::::'.:o:ocoo:-oooaoa:o:oﬂvoaoooo.vv»oaa-: (YT IN Y

3
m
!
s
3
\
3
s
0y
!
s
s
\
%
3
\
s
s
\

H
s
by

s
s
by
B!
i
83

m
s
!
H
)
}
L3
L3
3
s
s
£
i
s
i
]
s
H
H
$
.

3
3
.
A
w
3
L
H
M
H
W
s
M
13

1

SEUACLAAAATARALALARARARLAANNRATRANL BRRABARERRNNNRY ,Oo'voo-oa—-——at-aro—aola‘—-taﬁAtﬁﬂnavt”t'irut"—¢¢"01r'07"'

|
o
i
|
§
|
M
H
M
M
s
m
s
m
b
!
|
M

XBB 721-421

Fig. 10



TIME OF FLIGHT

=40

POSITION

Fig. 11

LBL-651

' "o (8+)

XBB 724-2196



-31- LBL-651

! 1010 1 183 DE ‘DX By FOSTITON 3

XBB 724-2197

POSITION

Fig. 12



LBL-651

-

1H2oN1d 4O 3WIL

il
B
- 'zc .

P G ——

2135

XBB 724-

Fig. 13



COUNTS / CHANNEL

~-33~ : | | LBL~651

158
8Dp + 78 MeV  *C
Total position specfrurﬁ
6 wires
198 | J
sel _
, So0
‘S8
*®pb + 78 MeV *C
“ar Position spectrum, 1 wire 1
apl. - i
2e] : ]
L 7 ’ I : v i ‘
: 1@1}‘“&“”{ 2o J“\H 3oz MLQ“’&‘Q_HHM]_SW
C H A NN E L XBL 724-775

Fig. 1k



-3 " LBL-651"
150
e 5 ‘ *Pp + 78 MeV C, 60" lab
Merged- spectrum, 6 wires,
- all particle typées
100 | . . B
sel ]
“c
ad Alh PYPPITe. " PPN
3o ] 4o o0
i58
Py *pp(”C."C) *"Pb
d ' .60 lab
Zee 4
Z
<
L
(@)
z 7T f
2
8 5 % :
. . k i |14
iy
s o R p S
100
o 108 Pb(llcl n B) ZO?B.l'
’ 60" lab ]
;3
se|. | o
ho
sp| - 4
- iy )
. fu, . .
28] -
o e | J |
_MW&JAh ol TV AN
: 1 , 200 Joo

EZH £z
C H ANNEL— XBL 724-774
Fig. 15

*




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.
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