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ABSTRACT

The Hazard Inspector is a CAMAC module which
divides a MWPC delay line into 8 independent signal
monitor and control segments. Independent control
effectively reduces delay line occupation time and
cuts the number of background and non-trigger particles
accepted by the 4XQT charge-time-pulse-width digitizer,
a device presented in a separate communication. Only
segments containing legitimate information are digi-
tized. Non-trigger related events are gated out at
the digitizer, and contaminating hits are noted for
computer correction.

INTRODUCTION

The Hazard Signals Inspector is a CAMAC device
which monitors the time and location of events on a
delay line MWPC. To be properly digitized, a hit on
a delay line chamber must occur in coincidence with
the trigger, since hits before and after the trigger
generate wrong position information with respect to
the trigger. The space-time region in which a hit
could fall to be wrongly digitized is called the
occupation zone of the chamber. The Hazard Inspector's
job is to reduce or eliminate the positional ambiguity
which multiple delay line hits generate. The Hazard
Signals Inspector performs two functions to delay line
information:

1. The Inspector receives trigger signals from

8 separately controlled segments of the delay

1ine MWPC. By only permitting analysis of
those segments containing legitimate hits,
the Hazard Signals Inspector reduces the
effective occupation time of the delay line
by a factor of eight.

*Work supported by the National Science Foundation
(Grant GP-38611) and the Energy Research and Develop-
ment Administration.

**Present address: TRW Systems, Redondo Beach,
California 90278.

This yields the same advantage as decreasing
the delay of the line by eight without the
associated expense of increasing the time
resolution of the delay Tine digitizer.

2. The Inspector monitors the hits in each seg-

’ ment of the delay line and classifies them as
good (i.e., coincident with the internally ad-
Jjustable trigger window) or bad. For the
occupation time surrounding each event trigger,
the Hazard Signals Inspector tabulates which
segments had only bad hits, which segments
only good hits, and which segments had both.
This information for the eight segments is
presented to CAMAC as a 16 bit word. An
additional bit summarizes the event as good if
no bad bits were encountered.

The ability of the Hazard Signals Inspector to re-
duce the number of wrongly digitized events is par-
ticularly designed for usel in FERMILAB experiment
E-192/454. For these experiments, we have created a
special delay line digitizerZ, the 4XQT. This device
digitizes above set threshold levels the center of
gravity, charge, and charge profile for up to four
particles or electromagnetic showers intercepted by a
detlay 1ine MWPC. Because of the fixed capacity of the
digitizer and the possibility of high background rates,
the Hazard Signals Inspector is a vital filter of MWPC
events.

SYSTEMS CONNECTION

One Hazard Inspector is used with each delay line
plane. The low voltage cathodes of a MWPC are tied to
a low distortion delay line with a delay of 5 nsec/tap.
An amplifier on one end of the delay line drives signals
with 100:1 dynamic range to the Linear Gate of the 4XQT
Digitizer. The anode wires of the chamber are grouped
in 8 segments, separately amplified. These serve as
triggers to the Prompt Generator, a timing discriminator
which signals the Master Trigger. The amplified segment
outputs are also delayed enroute to the Hazard Inspector,
where they are timed against the Master Trigger. The
Hazard Inspector output controls the Linear Gate of the
4XQT. This system is shown schematically in Figure 1.



HAZARD INSPECTOR OPERATION

Consider the picture of delay line space-time in
Figure 2. The course of every particle appearing on
the delay line begins on the delay line, at position
Xg and time tg and ends on the delay line amplifier at
X = Xo at time ty = tg + t where 7 is the propagation
delay. The trajectory toward the right end is a
diagonal line whose slope is the propagation velocity
of the delay Tine. For an event at tg on an unguarded
(without Hazard Inspector) delay line the occupation
zone is the paralielogram shown in Figure 2. A hit
in this zone at any time other than tQ will appear at
the amplifier and will give a false position reading
with respect to tp, the event trigger time. One way
to detect this non-trigger event as such is to amplify
both ends of the delay 1ine and pair arrival times of
pulses. Correlating arrival times by computer will
solve for legitimate hits for a reasonable number of
hits per trigger. In this case, however, because de-
tailed charge and charge profile information is needed
from the delay line, the 4XQT digitizer is used. Its
fixed capacity makes computer filtering ineffective.
Instead, as noted above, the delay line's occupation

zone is divided into 8 smaller zones shown in Figure 3.

Ease of design dictates these hazard zones be rec-
tangles rather than parallelograms. The total occu-
pation zone for a given hit is now 1/8 the area for
an unguarded delay line.

A block schematic of the Hazard Inspector is
shown in Figure 4. Consider an event at t = tg,
X = X2 on the delay line. This is shown on the timing
diagram of Figure 3. Notice that in this example two
hits occurred earlier at t = t] at X = Xz and X = Xg.
The hit at X4 is a Hazard or bad hit. It is noted
for computer filtering. The hit at X5 is filtered
out by the Hazard Inspector, although it would be a
hazard for an unguarded delay line.

Good Hits

The good hit at X2 is converted to a TTL pulse
by the Anode Segment #2 Amplifier. After a fixed
delay it is passed by the EVENT TRIGGER GATE, since
it was formed in coincidence with the TRIGGER. The
output of that gate fires a one-shot whose period is
/8, where = is the total delay of the delay line.

At the end of that period, a Trailing Edge Differen-
tiator (TED) strobes the storage flip flop, recording
the fact that a good event occurred on that segment.
The trailing edge also goes to the GOOD EVENT OR GATE,
which in turn triggers the DELAY LINE INSPECTION GATE
to the 4XQT. Note on Figure 3 that hit Xo arrives

at the amplifier (and Linear Gate) while the DELAY
LINE INSPECTION GATE (DLIG) is high. Thus the hit

is digitized.

Bad Hits

Hit X4 also arrives while the DLIG is high. So,
it too is digitized. This is a bad event, a hit not
coincident with the trigger. Since it fell in a haz-
ard or occupation zone, there is no way to avoid
digitizing it. However, the Inspector can note that
it is there.

The BAD EVENT COINCIDENCE WINDOW starts at the
same time as the DLIG. When Xg occurred at time ty,
it passed the EVENT TRIGGER GATE and fired #4 BAD
EVENT DELAY. The trailing edge of that delay is
passed by the #4 BAD COINCIDENCE GATE and strobes the

#4 BAD EVENT FF. This notes the occurrence of a haz-
ard in Segment #4, and sets the BAD EVENT summary bit.

The hit Xg triggers its #5 BAD EVENT DELAY. When
that delay.times out, the BAD EVENT COINCIDENCE WINDOW
is low, and so the hit goes completely unrecorded.

Design and Construction

The Hazard Inspector is housed in a double width
CAMAC module. It accepts as inputs the eight anode
segments of a delay line MWPC and the EVENT TRIGGER.
An internally adjustable EVENT TRIGGER WINDOW controls
the chamber jitter acceptance. OQOutputs from the front
panel are the DELAY LINE INSPECTION GATE and a test-
timing port. The CAMAC outputs are a 16 bit word
which states good and bad hits on each segment, and
one bit summary of the event.

Care has been taken to correctly define and store
hits when high rates are encountered. Multiple
triggers of the delays are acceptable. Test and cali-
bration features are included. The module is self-
triggering, and needs CAMAC attention only to transfer
data to the computer storage.

ACKNOWLEDGEMENTS

Thanks are due to members of LBL's Physics Systems

Instrumentation Group who gave material and spiritual
support to this project, including M. Wolverton,
K. Lee, S. Olson, and C. Whiteside. :

REFERENCES

1. S.R. Olson, et al., "A MWPC Instrumentation
System with Small Dead-Time and with Provision
for Automatic Testing and Calibration," published
in these proceedings.

2. Kai L. Lee, et al, "Four Deep Charge-Time and
Pulse Width Scaling Discriminator for Delay Line
MWPC's," published in these proceedings.

"
M



S
et

O 0 .

84 5 0 U0 s |
PROMPT
MWPC GENERATOR
ANODES

FROM NaI DETECTORS

LINEAR SIGNAL

FROM
'¥,§,2£ES <= AMP/WIRE MWPC
. AND Nal
TRIGGER
ouT
Y
YY
HAZARD -
INSPECTOR| L, = 4
| CHARGE
MASTER H é
! TRIGGER | 1L— | _SCALER
DELAY LINE[| INPUT | : TIME
INSPECTION , —
GATE ) axaT VT SCALER
! 1. | TIME OVER
‘ - =" THRESHOLD
HsTarT |L—J | scaLer

Fig. 1 MWPC Using delay line readout with Hazard Signals Inspector.

t=to-~
1

X

X=X7v

OCCUPATION

.
N XE =tot+ 7
X=xo ARRIVEs U t©

t=to ATAMP
EVENT
TRIGGER TIME

Fig. 2 Delay Line space-time diagram.

3

ZONE .
X " HIT OUTSIDE
?$? xfﬂg? X OCCUPATION ZONE

Y >t



#1

MWPC ANODE
SEGMENT INPUTS

#2

#8

P =

X=X7v
SEGMENT#8
EGMENT#7
HIT
BLOCKED OUT
SEGMENT#6 BY HAZARD
INSPECTOR
secmenTes| X8
BAD HIT X
OCCUPATION ZONES Zeo—— lcEamEN
!
SEGMENT# EVENT AT t=to WITH HIT AT X2
Xz
P ISEGMENT #
P JSEGMBYT:
y >t
t x=0 X2 o
t-to  ARRIVES
EVENT AT AMP
TIME X4
ARRIVES
AT AMP
xs
ARRIVES
AT AMP
ANODE SEGMENT #2 INPUT
ANODE SEGMENT #4 INPUT
ANODE SEGMENT #5 INPUT '
EVENT TRIGGER 4[1’1
#2 EVENT TRIGGER GATE _
#2 GOOD EVENT DELAY 1
#2 GOOD EVENT FF I
GOOD EVENT OR GATE A
DELAY LINE INSPECTION GATE I
BAD EVENT COINCIDENCE WINDOW i
#4 BAD EVENT DELAY [
#4 BAD EVENT FF I
#5 BAD EVENT DELAY | | I
I

FIXED EVENT TRIGGER TRAILING EDGE
DELAY GATE DIFFERENTIATOR (T.E.0.) STORAGE FF SEGMENT
TED #1
SEGMENT Rl sooo T
AMPS. .
EVENTTRIGGER o)) event 8AD EVENT
GATE DELAY COINCIDENCE
GATE SEGMENT
gL /8 TED #1
BAD HIT
w Ju
o - th sscrzzu'r
6000 600D HIT
I EVENT
DELAY

T
4 BAD HIT
ar 5 n

0
o]
o]
o]
\°]

SEGMENT

i JL T8 TED o (1

600D HIT

SEGMENT
°  #8
BAD HIT

EVENT TRIGGER I
[0

(FROM MASTER TRIGGER)

Fig. 3 Hazard Signals Inspector time and space signal relationships.

DELAY LINE
INSPECTION
GATE

(To 4xQm)

Fig. 4 Hazard Inspector block diagram.



| g

U ou s d s w v oW o

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 Energy Research and Development Administration, 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 private]y‘
owned rights.
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