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ABSTRACT '

‘A half scale mu1t1 -wire proport1ona1 chamber has been bu1lt

to determine the opt1mum gap and to test several proposed
features of the 1 meter chambers that will form the elements
of the NA_L-IS' bubble cnarnber external muon identifier. The
'charnbers and the'ir readout system are de signed to be simple
and 1nexpens1ve ‘with machining’ minimized in the construc-
tion. The main features are: B _ _ . o

- (1) Three coord1nate readout--X, Y and U (d1agonal) uS1ng‘ |

only one wire plane;

(2) A copper str1p--plast1c laminate that serves as a gas
barrier, cathode, and conveyer of 1nduced s1gna.ls for
_the Y and U coordinates;

(3) Anele ctromagnet1c de lay line readout that also prov1des
a prompt t1m1ng pulse and - :

(4) 'A wire - to -wire separa’uon (Smm) suff1c1ent1y large to -
. prevent electrostatic 1nstab1l1ty w1thout the need for’
support1ng structures. S

Research supported by U. S. Atomic Energy Comm1ss1on
TTo be part of a later publ1cat1on in a technical Journal

3:Address for rna11 Lawrence Berkeley Labora‘cory, Un1vers1ty
of California, Berkeley, Ca 94720



A. Introduction

A half scale multi-wire proportional chamber'has been built-
to determine the opt1mum gap and to test several" proposed features
of the 1 meter: chambers that will form the muon identifier detector -
elements. - The chambers and the1r readout system are deS1gned tov

be S1mple and 1nexpens1ve The main features are:

1. Three coordmate readout--X, Y (90 ), and U (63° now, to be 45°

in the 1 m: chambers)--us1ng only one wire plane

2. A copper str1p--plast1c laminate that serves as a gas 'barrier,

cathod'e', and conveyor of induced signals for the Y and U..c00rdinate_s_._- |

3. An -ele ctromagnetic delay line readoutii that also provides a prompt
timing p‘ul.se . o ' o '

4. A vyir'e-k-to-,rw'ire‘v separation'(S mm) sufflciently lar'ge' to prevent
ele ctrostat'ic ins'cability2 without the need for snpporting structures.
The system re solution will be l1m1ted, in any event, by the delaylme

: electromcs cycle time. In pr1nc1ple, however, re solution in. the di--
rection parallel to the W1re plane can be made much flner than the -

wire spac1ng

5.» The 1/2 m chamber gap was made adJustable through the use of

spacer frames

6. The lm chamber has been de s1gned to minimize machmmg Only _

saw1ng, dr1ll1ng, glulng, and solder1ng will be needed1n1ts constructlon f o

7. The cathode planes are kept flat w1th a hght welght non—conduct1ng

sandwich mater1a1 The 1/2 chamber uses Mylar bonded to polyure- .
“thane foam, wh1le the 1m chamber will use Mylar bonded to a paper

hone ycomb material.

B. The Ma1n Te st Re sults are:

1. A plastlc copper lam1nate w1th the copper etched to make

conductive strips makes a satrsfactory cathode and gas barrier. No

charging or shielding problems were observed. A number of subtle



effects were found Wthh played a. 51gn1f1cant role in the 1 m chamber
de s1gn l o » ' _ '

. 2. The max1mum ga1n for var1ous gases and gaps was. deter- -
m1ned We understand 1n general what sets the 11m1ts Th1s 1nfor- ,
mat1on was used in determ1n1ng the opt1mum gap th1ckness o
_ 3. Sat1sfactory delay line and prompt outputs have been
ach1eved RMS re solutlon should be of the order of *. several mm.
(The electromcs cycle time of 40 ns will broaden th1s somewhat )

4. The ampl1f1ed output from the delay 11ne w111 eaS1ly drive
a cable long enough to make the run between Neutr1no Labs Band A,
eliminating the need for a traller, electromc racks ina. h1gh magnet1c .
field, expens1ve 66 tW1sted pa1r cable (more $/ft than coax) and many
- cold walks: in.the Ill1no1s snow We W111 also be able to momtor the
raw s1gnals d1rectly ‘Tests for electromagnet1c 1nterference on sxte
however, remain to- be performed v '

5. The chamber gave no spur1ous s1gnals When subJected to a
v1brat1on test (h1t the table with a harnrner) vLeg1t;mate s1gnals _also
did not change in pulse he1ght R L |

6. The eff1c1ency for: perpend1cu1ar, _ charged tracks was mea-
sured to be 100 % 1/2%. R
_ " The two pulse resolution depends on the relat1ve size. of the
pulses and ranges, typlcally, from 2.5 to. 6.5 cm. '

. 8. The following 1/2 m chamber work rema1ns to be done

a. . Test the chamber in a h1gh magnetlc f1eld

'\'b._ '_Complete a l1fe test (partly done alrea.dy w1th the

many hours of runn1ng W1th hot 90 55Fe, and

‘ ‘109Cd source s).
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C. Details and Additional Results:
1. Constructmn | . ‘
Flgure 1 shows one of the cathode planes. A 1/2 mdelay line
is shown on the coupling pad region. Figure 2 shows the assembled
1/2 m chamber with the delay lines, p‘reamplrifiers', and fiducial driver.
Figures 3 to 6 show the 1 m chamber design. The basic idea is to
avoid machlmng by bu1ld1ng the chamber of strips sawed from uniform
(iO 05 mm), preground sheet of G410 fiberglass which is read1ly avail-

able for not too much more than the basic material cost. =~ One meter

str1ps are sawed with a carborundum table saw in about 30 sec. The
finish is smooth the surface is free of v151b1e carbomzatlon, and the

w1dth is uniform to £0.04 mm.
The cathode planes were made from Kapton bonded to 0.035 mm

Cu. The Cu was etched and plated with a thin Au coat to provide the
proper strip pattern for the Y (90°) and U (63‘_’_) planes. The strips
were 2 mm wide and spaced on 2.5 mm centers. A large fraction (80%)
of the sheet was made conductive to reduce the cathode field and to pre-
vent ga1n changes due to charging of the dielectric. ' .

- The 1 m -chamber will have to use Mylar (0.427 mm)—-due to
our inability to find Kapton--Cu in sufficient widths. The electrical
and mechanical properties of Mylar are just about as good as those of
Kapton but it tends to melt when you solder to the Cu if you are not |
fast. However, we have greatly reduced the number of solder joints
needed (fforn_ 619 for the 0.2 m chambers (described in Ref. 4) with 1
plane readout to 219--hopefu11y-¥for the 1 m chamber with 3 plane

- readout), and We plan to use impulse soldering for what is left.

2. Uniformity of the cathode planes.

With only a tensioned fine wire plane, and that with 5 mm spac-’

ing, the stress on the frame was reduced to the point where the Hexcel
was no longer needed for frame support. (There was les_s than 0.02 mm
bowing in 0.4 m.) However,. When we tried to do Without it, we found
the cathode (Outer_) planes Abulged out too much, under 'small to normal

gas pressure differences, rnak_in'g' the chamber gain highly non-uniform.
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Cathode plane with a delay line in place.

1

Fig
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Assembled 0.5 m chamber with delay line readout.

2

Fig.



027 -4-4041--—-—F 4 §

0.1 X hoe*i-,— ey DR
4 L
0.30F //// Cu-Mylar /// Z
¥ ('ryplcol) -—GL
G

-

Hlll'é.;i’:% '

Yo B
P

v ~ e
v T e

-‘ - :

e Zelle
G- ) [] Nomex (paper) core
GL ‘_GL e Hi . q
7zl High density Nomex
0. 27H V A .
G— -G 0.5 thk. Hexcel
g
—— __Naoa (honeycomb) with
~ ||54 - 0.015 Mylar skins
- I-—O.I : _
JI; Z-szm?iges e 1/16" O-ring (dia.)
0.315 am_ Solder
— Epoxy bead (or indicated
G ”“u by letters G=-G,
GL~~G_ (leak tight)

XBL725-2999

Fig. 3. One meter chamber preliminary sketch-exploded cross-section
view. All dinu"nsions are in inches. The wire diameter is 0.0008 in
and the spacing is 0.2 in. The G10 fiber glass thickness tolerance is
+£0.002 in. The top section is parallel to the anode wires. The bottom

shows one side only and is in the perpendicular direction.
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Fig. 4. One meter chamber-bottom G40 frame. The holes are 0.2
inches in diameter. Distances are shown between their centers except

the 0.2 in. spacings atthe corners are between the center and frame edges.



0.6
0.8 04

i) t_l'g (Typ)

A\
- e
[—
i b

/

For
corner
detail

see
Fig.6

T

404 —l1404

R TER LA AR R LT AR RAR LAY

.4 |4 —

.- 1.8 18—l
| 4

i I ) S T R S T S I i |

ANENET VA ERNERN N Y XANNNNNVY NSV NVRNWIN

E

08 | &a
06
XBL725-2983

Fig. 5. One meter chamber-top G410 frame (seen from bottom).
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Fig. 6. One meter chamber-corner detail, top G10 frame (seen from

bottom).
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Supports of 12.7 mm polyurethane foam sandwiched between two 0.38
mm Mylar sheets glued to the Kapton planes made the pulse height
uniform to £ 10 to 15% over the entire chamber area to within a milli-
meter of the edges. When the gap was changed from 2X4 mm to 2X 12
mm, signals 2X larger within ~1 cm of the edges parallel to the wires
and 2X smaller on the other edges were observed. This was due to
the cathode plane Cu not continuing over the frame. This edge of the
cathode plane printed circuit also caused a small reflection at the point
where the delay line crossed it. This reflection (see Fig.22) can be
removed by placing a Cu strip of the proper width under the ends of the
delay lines in the present chamber, and by continuing the Cu strips for
the delay line length in the 1 m chambers. We confirmed the observa-
tion of Ray Fuzesy3 that thicker outside wires and a wire-free space is
not needed for the anode (center) plane, providing the fine wires are

laid within the frames on each side (see Fig. 6).

3. Delay line coupling and the cathode planes.
The delay line coupling proved to be much tighter than originally

expected (The delay lines were as expected, but we just didn't under-
stand the situation. See section 8 for further details). Two delaylines
on the same strips (as occurs for part of the present U plane) conse-
quently load down the signal. To prevent this in the 41 m chamber the
strips are at 45° and only go to one of the two U plane delay lines.
Along the diagonal, lines of force from avalanches will still split be-
tween strips going to both delay lines. Figure 7 shows the signal
height as a 55Fe source is moved across the equivalent border in the

0.5 m chamber.

4. The anode plane

The anode plane was wound with 20 p stainless steel wire. & The

wire is quite uniform,5 has its elastic limit at about 75 g and breaks at
100 g. We used a winding tension of 60 g. Figure 8a shows a scanning
electron micrograph of the stainless and Fig. 8b shows a similar one

of 20 p gold plated tungsten.
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Fig. 7. Induced signal pulse height near dividing border in U cathode
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Fig. 8. Scanning electron micrographs of (a) 20 p stainless steel,

(b) 20 p gold-plated tungsten wire.
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The 20 p plane has proven to be satisfactory. A similar 30 p

one was made but has not yet been tested. To the extent that the adja-
cent—-wire electrostatic instability limits the voltage, a 30 p plane
wound with (%)2 as much tension would be expected to have a higher
ultimate gain (using the gain formula and data from the uniform-gain
pa.per5 together with Tom Trippe's tension formula). However, that
will not limit us. The maximum voltage before the instability sets in
is V<NT s/Cs. Substituting for the capacity, C, of eachwireé, and convert-
ing to practicalunits, :
< (980 T, )12 <o.3

(gm)

V, esu
&y )

2mt +2s ln(s/md)
V(KV) zn = ) (1)

where f = wire length, s = separation, d=diameter, and t= half-gap.2 i
For £=1026 mm, s=5 mm, d=0.02 mm, t=8 mm, and T =60 gm, we

get V< 6.67kV, well above the expected operating range of 2.5 to 3kV.

5. The Maximum Gain

The gain proved to be limited by regenerative avalanche feed-
back. Figure 9 shows 59pe signals (85% Ar, 15% CO,, 2X8mmgap) as
the supply voltage is raised. After more than 600 volts change where the
only obvious effectis anincrease inpulse height, amarkedincrease in
pulse height spread startsat2720V. By 2775 there is an increase in
pulse duration as well. If the voltage is increased beyond 2800 V,
the regenerative processes (ionization by ultra-violet photons and pos-
sibly ions that have traveled away from the wire) cause continuous dis-
charges. The increased pulse height spread is presumably also caused
by an earlier stage of the same phenomena. Figures 10 to 14 show the
pulse height from the anode wire preamp for 2X4, 8, and 12 mm gaps;
5; 40; 45, 20, 25, and 30% COZ; and 55Fe(5.9keV x-rays), 109Cd(23
keV x-rays), and 90Sr (2.26 MeV B's passing through 1.27 cm diameter
collimators above and below the chamber and triggering a scintillator
below it). The delay line coupling was 4.2% and the preamp gain was
430. Al 55Fe curves are carried to within 100 V of breakdown. Since
we need 100% efficiency, the minimum f pulse height is plotted; pulses

of up to three times that are common because of Landau straggling.

De spite the factor of two in maximum high voltage as the gap is varied
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Fig. 9. Wire chamber signals as breakdown is approached. Direct-
output (no amplifier) from anode plane delay line, 0.2 pse c/div,

5 mV/div.
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Fig. 10. Wire chamber output vs HV, 2X4 mm gap. Typical pulse
height spreading approaching breakdown is shown for the 25% CO,

curve.
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from 2X4 to 2X 12 mm the maximum attainable pulse height is the
same within measurement errors. In all cases the approach to break-
down is qualitatively unchanged from Fig. 9.

When the percentage of CO2 is increased, the gain drops, pre-
sumably from an increase in inelastic, non-ionizing collisions. Con-
sider Fig. 14. An ~ 18% increase in voltage is necessary to restore
the gain when the CO2 is increased from 5%to 25% . Now, however,
it is possible to raise the voltage still further and get a larger ultimate
gain since an increased fraction of the photons that could start new
avalanches are being absorbed in exciting (but not ionizing) CO,.

Several other features of the curves are of some interest. A
comparison of the 23 keV and 5.9 keV x-rays shows proportionality of
gain at low values and the onset of space charge saturation at the
higher values. This probably also causes the reduction from the ex-
ponential voltage dependence of the 55Fe pulse height since the simple
theory that predicts a near straight line (see formula (1) and refer-
ences in the uniform gain paper)5 allows for neither space charge nor
regenerative effects.

The source-off counting rate is voltage independent to within
200 volts of breakdown providing the counting threshold is set at a con-
stant fraction of the 55Fe pulse height. For 40, 50, and 100% of 5.9
keV, it was measured to be 76, 54, and 43 counts/second. These num-
bers include counts from approximately 27 cosmic rays/second and do
depend somewhat on the state of cleanliness of the chamber. Guard
strips have never been tried, are presumably unnecessary, and would
complicate the construction. Wires finer than 20 p would probably al-
low a yet higher maximum gain, so long as the electrostatic-force
limit is not exceeded. At one extreme, it is known that a parallel
plate, DC proportional chamber cannot be made; it breaks down. On
the other, Rich Muller and Steve Derenzo, using 3.6 and 5 p dia. wire
have reached gas gains in pure xenon--no quencher at all--of over
40,000. ¥ The best we have done in pure argon with 20 p wires is 100.
Furthermore, we had all sorts of trouble with breakdown in the field

intensification region of the gas tubes in our lead-plate spark chambers
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when we had large diameter holes. Smaller holes with their necessar-
ily greater intensification, nevertheless, gave no trouble. All this
leads one to suspect that minimizing the volume of gas in high fields
may be desirable. Someday, after we have experience in winding and
operating 20 p chambers, it might be desirable to try one with 10 to

15 p wire. No other accompanying changes would be needed, providing

the tensioning device could handle this range.

6. Selection of the Gap Thickness

The maximum measured gas gain does not change significantly
with gap. However, the track length is proportional to the gap, and
since we do not use electro-negative gasses, we collect all the elec-
trons. Also, since the delay lines sum and interpolate to find the cen-
ter of inclined tracks, the usual multiple signal problem with individual
wire readout is not present. Larger gaps, in addition, reduce the sen-
sitivity of the gain to gap non-uniformities. Examination of Figs. 10

to 14 indicates that for a constant output voltage, V /t decreases

supply
as the half gap, t, is increased. From formula (1) it can be seen that
such a decrease makes the tension requirement less stringent. '
What finally sets an upper limit to the gap 1is a completely dif-
ferent phenomena: incoherent addition of the induced pulse at the delay
line. As the positive ions pull away from the anode wire, the matching
electrons that were held nearby on the wire also leave, following it out
to the power supply. The field induced by the now unbalanced positive
charge is spread over a length comparable to the gap thickness when
it reaches the outer plane. Figure 15 shows the measured spread for
2X8 and 2X 12 mm gaps. When this distance becomes comparable to

delay l1ne)>< LT pulse widt
For 2X4, 8, and 12 mm gaps the induced signal was 33, 40, and 15%

(v h) the induced signal amplitude decreases.
of the wire plane signal. (Our 0.2 m chamber gave 40%.) The max-
imum expected is 50% . This can be seen as follows. Suppose n elec-
trons are collected on the central anode wire, Py, positive charges are
induced on the adjacent anode wires, and 1/2(n - pw) charges are in-

duced by the remaining lines of force on each of the cathode planes.
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Neglecting phase lags in the addition at the delay lines, the ratio
[cathode signal]/ [anode signal] will be [ 1/2 (n—pw)]/ [n—pw] . The
ratio for 2X 8 mm, 40% is quite satisfactory. However, the 2X 12 mm
ratio, combined with the other major sources of pulse height spread,
the Landau effect (3:1), delay line attenuation (at least 2:1) and track
length variations (say 41.5:41) would present the amplifiers with a re-
quired dynamic range of 60:1; possible, but very uncomfortable. One
question remains: why is the ratio down to 33% at 2X4 mm. It's not
clear. It may be part measurement error, and part reduced coupling
at the delay line, since the signal comes in on fewer strips and hence

sees a lower capacity to the delay line.

7. Efficiency

The efficiency for all gaps was measured to be 100% with an
error of 1/2% , and thus played no role in chamber design. The scope
was triggered on 90Sr counts from a scintillator under the chamber.
Half-inch lead collimators were used both above and below the cham-
ber. A definite minimum { pulse height was seen (see Fig. 16.)
Occasional zero height pulses were also seen at a rate compatible with
the phototube noise rate. Two typical runs of equal duration at 2 X8

mm gave:

1115 triggers, collimator open - 1102 counts + 413 zero height traces

54 triggers, collimator closed - 38 counts + 16 zero height traces.

8. Delay line performance

The use of flexible circuit boards clamped to the delay lines
has produced a reliable coupling. The delay line that is placed on the
high voltage plane is wrapped with three turns of 12.7 Mylar. and
kept at ground. (It is much easier to make the transition from high
voltage in the high impedance part of the circuit. When the signal is
on the ~ 1 kK& delay line, headed for a ~ 1k termination, any series
capacitor must have 1/wC << 1K and hence a C >>100 pF. Disc ce-

ramics are rather noisy and glass encased ones in that capacity and
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side of the

Fig. 16. P pulses triggered by a scintillator on the far
chamber. 2X8 mm gap, 25% CO,- 75% Ar, 0.5 psec/div, 50 traces
each, (a) 0.1V/div, HV =2.4kV, (b) 0.2 v/div, HV = 2.6 kV,
(c¢) 0.5 V/div, HV = 2.8 kV.
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voltage range are large, expensive, and a general nuisance.)

Figures 17a and b show 55Fe pulses from one end of the wire
plane delay line when the scope is triggered by the other end. Due to
the quantization of the avalanche positions by the wires, the pulses
come out at discrete positions with the only scatter being a +0.2 mm
spread due to noise. Figure 17c shows similar pulses from the in-
duced plane (Y) delay line for two positions of the source separated by
1 cm. Now a spread about each position of about 4.5 mm can be seen.
This is reasonable considering the dimensions of the source.

The delay line coupling was measured by taking the ratio

v
v

V, 1:1 scope probe at delay line end _ 1.8 m
Vs 1s4 m

] probe on printed circuit pad =~ 11.5

The delay line and preamplifier were in place for both measurements.
This figure includes the normal (small) attentuation for the last few
inches of the delay line, but does not include a correction for the ex-
tra loading of the pad signal by the probe capacity. This is measured

by measuring

V, preamp, probe on pad _ 145 mV
T 434 mV’

V, preamp, probe off
The final result is then (1.8X 145)/ (411.5X 434) = 5.3%. A similar mea-
surement with the same delay line wrapped with Mylar for high voltage
service gave 4.2% . The original 0.5 m delay lines (6.35 mm X 19 mm
cross section, 19mm wide ground strip, No. 36 wire, 7 nsec/mm)
were used for this measurment. Newer lines (4.8 mm X25.4 mm cross
section, 12.7 mm wide ground strip, No. 38 wire, 7 nsec/mm) have
a coupling greater by a factor of 10/9. .
Attempts that have been made to increase this figure by doing
such things as scraping off the insulation and soldering the delay line
wires to the pads would not be expected to have much effect however,
(other than wrecking the delay line) because the capacitative coupling
to the delay line is already quite tight. This showed up clearly when
we tried to take a prompt signal out by looking at the end of the 470 k2

resistors as shown in Fig. 418. Almost nothing came out! Not until
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Fig. 17. Delay line pulses from collimated 55Fe source. 2X4 mm
gap, 20% COZ— 80% Ar, HV = 1.7 kV. (a) Anode plane, showing

position quantization, 200 m V/div, 50 nsec/div, (b) Same, 50 m
V/div, 20 nsec/div, (c) Cathode plane, 100 m V/div, 50 nsec/div.
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Lift this point
from ground

XBL725-299I

Fig. 18. Delay line and ground plane-prompt signal.
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the 470 k2 was reduced to the point where the delay line signal was
being degraded (due to the low, position dependent, shunt impedance
of all the parallel resistors), was much signal seen. Most of the cur-
rent was going into the delay line; when it was lifted from the pad, the
signal increased by a factor of 5. This was also seen on the U plane.
Those strips that ran to 2 delay lines produced a signal only 1/3 as
large (see Fig. 19). This would not happen if the delay line were only
loosely coupled to the pad.

The ratio of the delay line voltage to chamber voltage is con-
siderably less than unity largely because the delay line has a relatively
low impedance and is being fed by a high impedance current source
(the chamber). Positive ions in the chamber move away from the anode
wires at a rate determined by the high voltage. As they do, the av-
alanche electrons that were collected on the wires are released from
them, pass through the power supply and go to the cathode plane where
they are attracted by the approaching positive ions. The delay line is
in series with this circuit (for fast AC signals), so the signal voltage
will be ~I(Z/2) where Z, the delay line impedance is only ~ 1 k{2 (cur-
rently).

Consider the cross section view of the delay line shown in Figs.
20 and 21a. Electrons released from the anode wire appear on the pad
and momentarily change the potential of the delay line windings and
ground strip. Positive charges, attracted to the low impedance ground
strip, quickly bring its potential back to zero. The windings, isolated
by their high inductance, remain at about 70% of the pad potential (as
estimated by modeling the configuration with conductive paper). About
95% of the lines of force between the pad and ground strip go by way of
the windings as shown in Fig. 21b. The positive surface charge on the
windings is held in place by the negative charge on the pad. The neg-
ative charge together with the matching positive charge on the ground
strip, driven out initially by Coulomb repulsion, forms waves of charge
of q/2 moving out in either direction along the delay line as in Fig.21c.

The voltage corresponding to this charge would be half of the initial
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| Delay line (U5)

Wire
- // /{J 3Y T_r_e’chon
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I/3 size
Delay line (U,)

XBL725-2992

Fig. 19. Delay lines on U plane.
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Cross section view of delay lines and chamber pads.
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Fig. 21. Schematic cross section views of delay line and chamber

pads. Charges that provide the DC chamber field are not shown.
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voltage (which was 70% of the pad-ground voltage), except that, due to
the spread in arrival time of the charge on the pad and to the dispersion
of the wave itself, the charge spreads out over a distance dwave = full
width at half height > d ad’ reducing the peak voltage. The resultant
voltage ratio, '1/2 X 0.70 X dpad/dwave

the measured value. Finally, long after the delay line signal has left,

, is in reasonable agreement with

the charge on the pad leaks away through a resistor to ground.

Several sources of spurious pulses have been found and removed.
On the Y = max side of the chamber, the Y and U2 delay lines are adja-
cent, and signals jumped between them until we placed a shield (a sand-
wich of two sheets of bakelite and one of copper) between them. An
interesting effect was seen when the U plane was not tied down with a
delay line: a displaced pulse on the Y plane delay line whose position,
relative to the main pulse, depended on the positiion of the source along
the strip being read out (see Fig. 22). The induced pulse was bypassing
part of the delay line by following the U strips. The jump from the U
plane to the Y plane was made capacitatively.

Figure 23 shows a reflection caused by the edge of the copper
plating and by the end of the delay'line 5 cm further on. A, B, and C
show the end reflection change as the terminating resistance is varied.
The reflection at x is removed by inserting a grounded Cu strip half-
way under the delay line. (When it is pushed under further, the re-

flection reappears.)

9. Prompt signal

Up to now we have gotten profnpt signals from scintillators or
from an unused plane (cathode or anode) from the proportional cham-
ber. Neither will be possible with the muon identifier chambers, and
getting a good prompt output without interfering the other three (X, Y, U)
has proven to be nontrivial. Looking at the cathode common bus (Fig.
18) did not work well for reasons mentionedin section 8. A 2.5 cm
wide Cu strip laid over the pads and separated from them by 50 u of
Mylar gave a good signal but degraded the rise time and peak amplitude
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(To ‘Ann < >Y-plane deloy line
bottom <[+ = = & > (to top trace and

firinges) f / scope trigger)
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(2) XBL725-2994

XBB 727-3558
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Fig. 22. Typical alternate induced signal path. (a) The path.
(b) The signal. 2X4 mm gap, 20% COZ— 80% Ar, HV = 1.7 kV,
1 psec/div. Top trace 0.1 V/div. Bottom trace 0.05 V/div. An

arrow marks the displaced pulse.
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Fig. 23. Delay line reflections. 2X4 mm gap, 20% COZ- 80% Ar,
HV = 1.7 kV, 0.2 V/div, 1 psec/div. Anode plane delay line. Top
Bottom trace: y = max end.

trace: y = min end (triggers scope).
P marks the reflection

Termination (a) small, (b) OK, (c) large.

due to the discontinuity in the plating, and T the one due to the ter-

minating resistor.
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of the delay line signal. The most promising method picks off a signal
from the delay line ground.

Suppose the delay line ground strip is lifted from ground,
as shown in Fig. 24, by resistor RG' The ground strip current can
now generate a prompt voltage signal. Both imputs to each delayed
signal amplifier rise as the distributed capacitances are charged.

(The inputs are tied together initially mainly by the winding-ground

strip capacity.) Since the amplifier is a differential one, and has, in

its output stage, a filter to block high frequencies, the prompt signal

is suppressed. To complete the suppression it is necessary to add a
common base input to the prompt amplifier to reduce its input imped-
ance (to~50€) and hence the voltage swing of the delay line ground strip.
The 0.01 pF low voltage capacitors shown prevent the DC bias currents
of one amplifier from affecting the others. The diodes protect the Fair-
child pA-733 IC's from large voltage swings, and the 200 pF capacitor
reduces ringing. The 10 K's provide a DC return.

Full details of the delay line amplifiers are shown in Fig. 25.
They were designed by Kai Lee, who also suggested using the ground
strip pickoff.

Figure 26a shows the prompt and delayed outputs from the wire
plane delay line. Attenuation along the delay line (new type) can be seen,
comparing the y = 30, 23, 15, and 8 cm traces.

Initially the small ringing on the prompt output was far worse
(see Fig. 26b). This turned out to be due to one of the two U plane de-
lay lines being off at the time the tests were started. The source was
nowhere near the affected section, but the signal took two capacitative
jumps following paths such as the one shown in Fig. 27. As the de-
layed signal progressed down the structure composed of the delay line
and the coupled Y plane strips, similar paths were created, causing

the observed ringing.
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Fig. 24. Prompt output schematic.
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Fig. 25. Delay line amplifier schematic.
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Fig. 26. Prompt and delayed amplified outputs from 55Fe. 2X 8 mm
gap, 20% CO,- 80% Ar, 2.4 kV, 0.2 V/div, 0.5 psec/div. (a) Normal

operation, (b) ringing from U plane.
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Fig. 27. Alternate signal path when cathode plane is not tied down

by delay lines.
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Figure 28 shows the signals before and after 120 m of RG 55U
coax. The cost for this cable is 6 ¢ per foot. RG 58U which is sim-
ilar (17.8 db/100 ft. at 10? Hz vs 16 db for RG 55U) costs 3.2¢ per
foot.

10. Two track resolution

An estimate of two track resolution was made by connecting two
of the chamber wires and putting a collimated 55Fe source on one of
them as shown in Fig. 29. Figure 30 shows the output of preamp A and
(upper trace) discriminator with the source in positions 1 and 2. The
two signals are of unequal height because the induced pulses of opposite
sign on the adjacent wires go only to one of the two. The resolution
distance increases by about 40 to 50% for preamp B which receives the
signals through nearly the full length of the delay line. Overall, the
two pulse resolution averages about 4 to 5 cm and ranges from 2.5 to
6.5 cm. Intermediate values are found when three wires are tied over

to provide more nearly equal pulses.

14. Time resolution

The time resolution of the chamber was determined by trigger-
ing the scope on a scintillator signal from 90Sr's with the set up
described in section 5 and measuring the jitter of the prompt output.
Figure 31 shows the prompt output (top trace) and the output of a zero-
crossing discriminator (bottom 8 traces). Time slewing due to ampli-
tude variation was about 10 nsec. The full width at half max is 50 nsec,
and slightly more than 90% of the discriminator pulses come within
+50 nsec of the mean. The remaining 10% are all early. A more de-
tailed study will be made of the time resolution when the computer

readout is completed.

12. DC circuit
The DC circuit, shown in Fig. 32, is essentially the same as

that for the 0.2 m chambers. The chamber has also been run with
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- delay
line
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————L—-O'g. 2ec <~ < delay
iv line
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div - < prompt
XBB 727-3561
120 m coax in prompt output 120 m coax in delay line output
Fig. 28

Fig. 28. Effect of 120 m of coax cable on signals. 2X8 mm gap,
20% CO,- 80% Ar, 2.4KkV, 0.2 V/div.
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Fig. 29. Two track resolution test setup.

_€v_.



_v%_

XBB 727-3552

wire separation: 13 5 18 6
source position: 1 1 2 2
sweep speed  :200 nsec/div 100 nsec/div 200 nsec/div 100 nsec/div

Fig. 30. Two track resolution. 2X8 mm gap, 20% CO,- 80% Ar,
2.4 kV. Top traces: discriminator output, 1 V/div. Bottom traces:

preamp (end A) output, 0.2 V/div.
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XBB 727-3553

Fig. 34. Time resolution. Top trace (35 sweeps)--prompt output
from 9OSr signal, (0.2V/div.). Bottom 8 traces (5 sweeps per

trace)--zero-crossing discriminator output, ZV/div. 2X 8 mm gap,

20% CO, - 80% Ar, 2.4 kV, 50 nsec/div.
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po1nt A t1ed to ground and pomts B brOught to negatlve h1gh voltage
through the 22 M reS1stor to allow a d1re ct measurement of the s1g- v
nal on the central w1res w1th a 1:1 probe ' No d1fference in chamber
operat1on was seen (or expe cted) In the: course of the te sting, the
chamber has surv1ved several dlsasters (turmng the 1000 V knob in-
. stéad of the 100 V knob (SP), revers1ng polarlty 1nstead of chang1ng
»voltage- (RJ),‘ -} with no damage (except possibly to the exper1men- :

ter's nerve s)' Th1s is undoubtedly ‘due to the 22 M_Q resistor, whlch

should be . cha1ned 1n, in all future 1nsta11a1:1ons ' With chambers larger - .

- than the present one, the chamber capac1ty becomes 1arge enough to
store a damag1ng amount of energy (rule of thurnb for 2 kV and 20 H
stalnless steel wire: 102 pF is OK, 103 pF is marg1na1 104 pF is too .
'much) Then the 470 K resistors will provide self 1solat1on for the

' -chamber as well as for the delay lines.
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