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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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" Abstract: BN
A ) A resistive-wire spectrometer focal plane proportional counter system
" has been\imprbved by the addition of a thin foil scintiil@tion timiﬁg detector
near the spectrometer entrance andbof a second proportibnal counter with larger

energy loss and hence better resolution.

7
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_Expe:ience with the particle-identifying spectfémeter focal plane °
detector systehl) for heaQ& ion eiperiments showed that iﬁproyément of the
reéolution'in,tipé-bf—flight (TOF) -and energy loss (dé/ﬁﬁf was desirable to
obtaig more éomplete,separation of ions of différent méssfahd atomic numhers.

/In thelsystem.preéiously deséribed,-TOF was_meas#réd byua plastic
scihtillator-in tﬁé focal plane with respect to_the ¢y¢lotron radio frequency.
Time resoluﬁion (v 2-3 ns with third harmonic and "V 6 ns_With'first harmonic

7/ R -
’ beams) was equal to the microscopic beam pulse width and therefore very

sensitive to details of cyclotron. tuning.
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A thin (Vv 30 ug/cmz) NE 111 plastic scintillafef of the type described
by Mugaz) and Gelbke, SE.E£'3) was therefore installed<at'a distance of 25 cm
from the target and just ahead of the-spectrometer aefinihg slits. The large
" vertical dimeneion”of these slite required that tﬂe foii pe very’lohg - )
5 cmAX'l.S cm. The_syStem (fig. 1) consists of thelthin fefl attechea to
a Lucite frame (for easy replacement) insertedvinte a»bi4cdnicel Lucite'iight ‘
guide. Two RCA 8850 phote multipliers were reauired iﬂ’o%der to obtain a
constant deeeetion.efficiehcy over the veétical dimenéioh?of the foil. Flight
time through ehe spectrometer is measured betweenvfﬁebfeiieand the focal plane
plastic scietiilatof. ) B )
The vaxiie.tion in pulse height along the foil 'was__ measured with a
2 mg/cm2 foil and a collimated 241Am a-source. Figure 2 ehows the pulse
height in a single PM (cireles) and in the summed outpgt;df the‘two PM's
(triangles). Tﬁe‘summed pulse-height (and hence the ae£eetion efficiency)
is roughly independen£ of the source éositioﬁ; _Compafieoqeof the suﬁmed
end difference pulses could be used fo make a rough posiﬁiqn'measﬁrement.
With a feii of 80 ug/cmz, a time resolution Qf;i.Z.ns (FwHM) was
obtained for 100 MeV 160 ions between-the foil and the foCal plane scintillation .
{counter usinéiz mm wide spectrometer eﬁtrance slits. with the slits‘at 5 mm

N

(correspondingvto the normal solid angle of 1 msr); the reselution.Was 2 ns.
The/gifference arises f;om the increased variation,in fliéht path in the
spectrometer ae the slits are opeeed.v Since the_foil count-rate ie always
much higher than that of‘the focal plane system, its oufput, suitably delayed,'
is used as,thebstop signal of the TAC. The foil is highly sensieive to
electrons eoming frdm the target. They are removed-by a parallel-plate

electrostatic deflector 12 cm long with a field of 2 kV/cm}
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The éfficiency for detection of heavy ith'wanmeéSured by comparing
the number of'TOF:~ prdportional'Counter coineidences_withfthe'number of
events in the proportiOQai counter, for which it is safe tb assume an
efficiency of’lOO%-when'the‘particle spectrum‘is dominated.by the'elastic
peak at small‘angles. The eff1c1ency for a f011 of 70 pg/cm2 was 90% for

‘ 16 12 L
104 Mev 10 ‘ions and 84% for 78 MeV C_lons._

. L R D
In the.prev1ously'descrlbed,system ), both posltlon-and dE/dx‘were
. - N - .
measured in a 1 cm—deep re51st1ve—w1re proportlonal counter. The dE/dx

resolutlon (“110% for 104 Mev 16O'at a.counter gas pressure‘of 1/3 atmos.)

was limited by energy-loss straggling and. thus could betihpréved only by -

increasiné the erergy loss. -Two metﬁods aré“a?éiiableq; te:increase the
counter gas pressure or to increase the ceunter depth.- : We.chose the letter
since increased gas pressure would requlre a thlcker Mylar entrance window.
Avsecona perortional counter - 4 cm deep_; Was‘installed behiﬁd the
original 1 cm aee§ resistive-ﬁire counter. it-hae the:saﬁe:number ofvwires -

five, 1.5 cm apart-- as the front eounter;"They are 0700§5,cm dia.. nickel.

'The depths of the two counters are deflned w1th three planes of 0. 0002 cm

polycarbonate plastlc foils. operated at a common negatlve potentlal The

first and third_foils are aluminized on the inner surfaces, the second foil

A\

on both surfaces.

The central three Ni wires of the second dE/dx counter are connected

;-

together and AC coupled to an external charge - sensitive preamplifier.

The outer two wires are kept at the same potential as the others, but serve

only as guard wires. The relative gas multiélication of_the two counters

can be adjusted by applying a separate bias to the Ni wires; For heavy-ion
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detection, the lower field strengtﬁ in the second counter combines with its
greater depth to give the optimum gés_multiplication Whenrno separate bias
is applied. For light particles, an extra positive bias'is usually applied.

The counters are operated at gas multiplication of apprbkimately 100 and

10, respectively.
The'greaﬁer depth of the second proportional cédhter makes it more

sensitive to end effects in both the horizontal and vertical directions.

1

The gas multiplicatign'is'therefore a function of the horizontal position
_of a particle and each wire must be separately calibrated along its length.

The wire responsible for an event is assumed to be thenéne'directly behind

\ i

the resistive wire in the first counter, from which a'w}ré"~ identifying
‘logic pulse is obtainedl). ) |
The dE/dxvreéolution'in the seéohd counter is 5% (EWHM).for 104 MeV
16O - twicé asvgobd aé.from the first counter. Thé atomic.numbe; resolution
is.therefore 2{5§. >The system has been used for the déﬁgétion of 42>Mev
protons with a position resolution of 0,6 mm, eorrespogding to an energy’
resolution of 13 keV.. The four-fold‘coincidence requifémént (thin foii,'two
proportionai counters, focal plane scigti¥lator) assures én exfremely low
1

: 8 o 8 - .
background count rate. In the reactlon,(l B, B), peaks of B were readily

.detected at 10 nb/sr.
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Figure Captions

’

Fig. 1. Schematic diagram of thin scintillator foil holder and light guide.
Fig. 2. Signal from one PM (circles) and sum of two PM signals (triangles)

-

as functions of distance o-particle source from one PM.

s



-7- - _ LBL-2377

 RCA ¥8850 PHOTOMULTIPLIER TUBE

LUCITE
~ FOIL
- FRAME

- BI-CONICAL
~ LIGHT
NE 11 "GUIDE
FOIL (ALUMINIZED AREA)’

RCA ”8850 PHOTOMULTIPLIER TUBE

XBL 7310-1270

Fig. 1



LIGHT OUTPUT [rel. units]

O

N

-8-

"~ LBL~2377

1 'l ] 1 . 1 >
| 2 3 4 » -5
PM.(cm)

DISTANCE, SOURCE~-

Fig. 2

XBL 7310-1269



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.




.- = -

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





