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A number of multiwirc, ~osition-sensitive. Las pro-

portional chambers have been construstcd which usc fns~
delny line (2.5 ns/cm) readouts to provide trajecio~
position and angle information for particles near the
focal pianos of the Energetic Pion Channel and SFc:trom-
etcr (EPICS] and High Resolution Spectrometer (11!?S

at the Clinton P. ,Anderson !Ieson Physics Facility
(LAMPF] . These chambers arc two dimensional with anode

wires in one direction and cathode wires in the other
directio~. h’herr opc~ated as ordinary delay line chium-
bers, position resolution of 0.5 mm (FWIR1) can bc ob-
tained in the cathode direction for short cathode wire
lengths. If the drift information from the an~des is
used, resolution OF less than 0.35 mm (IWl+l) can be
obtained in this direction. The chambers can be operat-
ed at count rates of 5 x 105 pulses/see with livo times
of greater than 903. Efficirmces, measured at lower
counting rates, are typically greater than 99%.

Delny Lines

The delay lines are mlcrostrip~ delay lines print-
d on copper tcflon-glass lminate. Tllc properties

of a 30-cm length of delay line are swmrrarizcd in
Table If

..Table I. Delay Line Properties

Length 30.0cm
Width 7.6 cm
Thickness 0.8 mm
Conductor Width 0.5 nml

Conductor Length 20.0 m
Inductance 9.0M
Capacitance 680.0 pF
Attenuation (100 !Uiz) 3.0 db
Delay 2.5 ns/cm
Delay/RJ.setime 19:1
Impedance 110 n
Resistance (D.C.) 40 n
Resistance (100 MHz] 80 n

.— -—-——

The delay per unit length OE 2.5 ns/cm compares with
delays of 80 ns/cm, 40 nslcm, 11 ns/en!, and 2.2 ns/cm,

in previously roportcd work.3-6 The rise time/delny
time and attenuation for this delay line is worse than
in some others reported in the literature. However,
a cofiection which restores some of the degradation in
position resolution due to :hese effects is described
inter in this pape~,.

Construction—.—

The actlvu cathode and the anode for each chamber
arc mounted on anc side of an S.25-mm thick “window
franc” COllSLIIICCOd from aluminum tooling plate, Iihich
is c(it chxm to accommodate the cathode. The in:lctivc
cathode iS mo\\lltCd on ~ similnr ol~l~osin~ fr.~me. The
wire plaiics ore insulated From the aluminum by the
delay line 011 one ●nd and by a 0.7S-IMII thlCA pi(?cc of
epcxy fibrrclass hoard (Cl!)) on the other ctld. For
the anodu plane, the ~10 and the tcflon sf the delay
line arc allowed to ovrrhang t.hc ed~u of CP,C :Ilumin(un,
providing the neccssnry high voltn~e tnsul:ltion. Gns

windows of zs Urn alwmini:cd ~:~iar are taped and groimd-
cd to the outsides of the alllminum frames. A gas seal
is made arollnd the edge of Lhc assembled ch-nber using
p!astic tape. The anode to cathode gap is ~ypical:y
4 mm.

The cathode plnncs arc wound with 131J>m copper
clad nlumint.m wire with l-rL~ spacings and the anodes
are wound with 20 pm gold-plated tungsten wire with
2-S nm spacin~s. The wires in both planes are solder-
ed directly into their delay lines. Signals from the
anode, which is run at high voltaf.c, are capacitively
couplud f=on the ends of the delay line.

Chambers with nctive areas of 60 cm x 10 cm,
30 cm x 20 cm anti 911 cm x 30 cm have been constmcted
and are in routine use at LA’PF.

Electronics

The fast rise time si~nals (shown in Fig. 1) from
the ends of the dclcy line are transported, thoui:h sh;rt,
up to 2 m, 93 2 cable to leading edge discriminators.
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Fron the disc? .i,nin.ltors :lrc tr:~nsportcd t.l,rntlqil UP [o
200 m of 50 f~ co.lx ial c:iblc to Wunti n:: holl~rs d)L’1.L.

thry arc rc:cncratc, 1 .Ird wsc~ ill tri;:p.ur luflic :111.1 ;15

steps for a multichxnncl CIi’l\C time..co-digital con-
vcrtcr, ‘;IIC.

Computer Proccssinc-

The digitized time information is read into a com-
puter khcre time sums (ts) and time liffcrcnccs (td)
are fonncd from the signals from each delay line. Tirle
differences are used to measure the position and ti~.c
sums are usrwl to nc~sure the drift time for each event.

Count rate 10SSCS and inefficiencies can be noni-
torcd by subtracting the anodo t5 from the cathodo ts
to form the time sum check, t=. A typical histogram
of this qumtity ~s shown in Fig. 2 below.
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Fig. 2: Time sum check for a 60 cm x 10 cm delay line
chamber.

TIIis procedure cancels drift tire and uncertainties in

the starting time for the TDC, providing a sharp time
peak (about 1-2 ns FWl) nt :. time equal to the dif-
ference in the anode and crchode delay line lengths.

The time sum check can also be used to correct
the time difference (position) for effects due to linear
attenuation and dispersion in the delny lines. in this
●pproximation, the time sum and consequently the time
sum check do not depend on the position of the event in
the chamber but only on the pulse hei~ht. Consequently,
the time sum check can be used to correct the time dif-
fsmenccs for the effects of time wiIlk for pulses mmy
from the center of each delay line. Tho form of thi$
correction is illustrated in Figs. 3 and 4. The- im-
provement in resolution near the cdgo of the chamber is
nearly n facto OF 2.

Drift Chambers—..

Position :,rtfomntlon can be obtained from the anode
direction of a chamber by u~in~ the drift time”info~a-

tion.8’g For each event, the wire nu;,her is ol~tainrd
from the td and the drift time can lx obtained from ts
ic a prompt scintillator signal is used as the stnrt

for the TDC. A histogram Gf the t5 fOr u chanbcr is
shown in Fis. 5.
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Fig.3: A scatter

a 60 Clfix

is t
c

and

1

plot of tc Vs td for the anode of

10 cm ~hamber. The vertical axis

the horizontal axis is t;,a anode cd.

Fig. 4: Top; A histogram of the projection of td Crom

tho previous scatter plot. Bo:toc : A histo-

gram of the corrected t~=td(I.+k(tc-tcO))

where k oncl tco are constants which have been

adjusted LO Eivc the best resolution for wires

away from the ccntcr of the delay li]le.

This time information can he calibrated to give pasition
information by unifornly illuminating the chamber, and
by nssuming the t spectrum rc~resents a ur form posi-
tion distrilnltionswith a width of half the nnode wire
spacing. A drift distance histogram results a5 seen
in F1.c. (i.

Deciding whether to add or subtract the drift di:.
tilrice from tbu wiru Ioc;ltion requires the usc of two
Closcl)’ Spnc( offset anode planes. Also, if the tra-

jcctor~ dircrgcncc 15 larxer it is nc<cssary to usc
nnglc lnfolmnr,ion 10 :1~.’uitl havin~ anhipuo:!$ rcCions near
tho wlrcs. The (ucal plane rcglon of the EPICS spcctron-
cccr illclllilos two chx,brrs with S-rim umxle wire scpara-
tinll, ofl’set by d mm, mk! separated hy S mm, and a third
ch.amber Ioc:ltcd SO cm downstream f.)r mc~suring angles.
Ezch chru,lwr has an active arm of 9n cm x 50 cm.
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with a 90-cm length with S mm anode wire
spacing [112 anode wires).
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Fia. 6: Drift distance histogram. This figure sJiows
a unifomr posi?.ion distribution of 4 MMwidth.

Using the drift information from the first two chambers,
and the full beam exiting from the spcctronetcr ( grI cm
x 20cr mrrtd x 20 cm x 100 nrad) results in the position..
emor Ili.togram shown in Fig. 7. The H’JI!l resolution
is the distribution o: the difference betweerr the pro-
jections of the positions from the ttioch.w:bcrs to a
plane lying between then. Included in this rosolucion
of 0.5 rrmrart timins uncerrminty (which is corrcl~tcd
between the two ehmnbcrs ;Ind enters with & fuctor of
two), angle unccrtminty, and nonline.lritics in the
drift time to distance conversion, all avcrn:!cd over
the full extent of the bcxn. hlcn tllc known nns!e
uncertainty is removed, the single uh.ulber rusnllltion
is better than 0.54 r.n, a fisurc which is clo.~c to tb.,tt
obtaine(! from drifr chamhcrs with individual wire
readout:.
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Fig. 7: Error histcqran obtained between two drift

chambers near the EPICS focal plane.
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Conclusion*— —

Chambers Which p-vide inexpensive, accurate, and
reli~blc position in:omnation Iiith resal~ing ti~es
cornrarable to the irltrinsic resolving tines OS r.ulti-
wire chambers iiher~each wire is independently read out
by its own discriminator h~ve been cznstructcc!. TSe
position resolution obtainable frot!r the anode plane of
the chambers is better than 0.3 ma (FiIH’!) when the drift
time is used. For rhs cathode direction. nositian re-
solution ketter than 0.5 nn (F~J~!Ohas
cathode wire lengths less than 30 cm.
Icngths of 90 cm, position resolution
(FK-Pl) has been obt~ined.
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