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Abstract

A trigger card has been designed and constructed to im-
prove the trigger efficiency of a large solid angle pair spec-
trometer to be used for the measurement of radiative muon
capture at TRIUMF. A number of these trigger cards are
connected to FASTBUS pipeline TDCs via the FASTBUS
auxiliary connector, to provide coarse information on the
tracks of charged particles in a drift chamber. The trig-
ger cards produce a majority OR of groups of six signals
from the chamber, allowing very fast on-line event rejec-
tion. The performance of the cards and other relevant
technical issues will be discussed in this article.

Introduction

The process of nuclear capture of a muon via the weak
interaction (the OMC process) is represented by (A, Z) +
/i~ —• (A,Z- 1)' + Uf,, where A is the mass number and Z
is the atomic number of the parent nucleus. The daughter
nucleus so formed is normally in an excited state which de-
excites by emitting neutrons. In radiative muon capture
(RMC), the final state also contains a gamma ray and the
reaction is (A,Z) + fi~ -» (A,Z - 1)" + i/,, + 7. The
RMC reaction is far less likely than OMC: in a nucleus
AflMc/AoA/c ~ 2xlO"5 for photons of energy >57 MeV;
hence RMC is experimentally much more difficult to study.
The elementary RMC process in hydrogen is considerably
rarer. Since the muon capture rate is proportional to Z4,
the partial RMC rate (Ey >57 MeV) per stopped muon
for hydrogen is only 1.2xl0~8.

The main problem is to design a large acceptance de-
tector sensitive mainly to gamma rays and insensitive to
neutrons. One must also minimize the detection of single
charged particles coming from ordinary muon decays. This
can be achieved by using a large solid angle pair spectrom-
eter. A thin (1 mm) layer of lead surrounding the target

converts the gamma rays to electron-positron pairs without
seriously degrading their energy resolution. A large drift
chamber contained in a uniform magnetic field is then used
to track the electron-positron pair. This chamber [1], is di-
vided into 272 cells, each containing 6 sense wires, spread
radially over four layers. Signals from the individual wires
are fed into LeCroy FASTBUS pipeline Time-to-Digital
Converters (TDCs) Model 1879 to measure the time of
drift to the wires. These TDCs have a conversion time of
several hundred microseconds, however they also feed the
input signals directly through to the FASTBUS auxiliary
connector.

Scintillators both inside and outside the drift chamber
are designed to select pairs traversing the chamber, and
signals from these scintillators are used to produce a fast
front-end trigger. However, these scintillators are also sen-
sitive to neutrons and bremsstrahlung photons from decay
electrons from normal muon decay, so that a knowledge
of the track in the drift chamber can further improve the
selection of "good" events.

Leod

Converter

•Supported in part by NSERC and NRC of Canada and US NSF
'TRIUMF, Vancouver, B.C., Canada, V6T 2A3
^University of British Columbia, Vancouver, B.C., Cuiada, V6T 2A6
3Univereite de Montreal, Quebec, Canada, H3C 3J7
'Virginia Poly. Inst. and State University, Blacksburg, VA, 24061
U.S.A.

Cell hits

Fig 1. Trigger information from the scintillator package
and trigger cards (open squares).

Since the drift chamber is divided into cells containing 6
sense wires, a coarse pattern recognition can be achieved
with a knowledge of which cells have been hit. We have



constructed trigger cards that mate with the FASTBUS
auxiliary connector to perform a majority logical OR on
groups of six signals from each cell. The trigger cards
are programmable, either by software or by switches, to
produce a majority OR function for different numbers of
sense wires, allowing easy changes of the trigger condi-
tion. When a front-end trigger occurs, the SLAC Scan-
ner Processor (SSP) microprocessor interrogates the trig-
ger cards immediately for the hit pattern, and makes a
decision within a few hundred microseconds on whether to
reject the event and reset the electronics, or to write the
event into the data output buffer.

Important considerations in the construction of the
cards were as follows: the cards must be triggered as fast
as possible; the data from the OR comparison must be
immediately available for interrogation; the card density
must match the number of TDC inputs; and the cost must
be low.

Technical Description

The module generates a majority OR function for groups
of six consecutive inputs to the TDC, corresponding to the
six wires in each cell of the chamber. The OR function
may be selected by switches or software to be either two
or more, three or more, four or more, or five or six of the
six channels in a group. The OR function may be changed
under software control without affecting the latched data,
permitting one set of data to be viewed with different OR
functions (fig 2).
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Fig 2. Logic Diagram of Trigger Card : One of a group
of 16 circuits.

The LeCroy 1879 TDC converts the ECL chamber sig-
nals to TTL levels, and feeds them to the TDC shift regis-

ters, and, through 110 ohm resistors, to the Fastbus aux-
iliary connector. On the Majority OR board, the signals
from the Auxiliary connector are applied to the clock in-
puts of 74F112 J-K flip-flops, one for each of the 96 chan-
nels. The signals at this point are active low, and the
74F112 is a negative edge triggered device, so the flip-flops
will be toggled by the leading edge of the input pulse.

Previous data are cleared from the module by a Fast
Clear signal from the TDC, which will, in fact, "set" all the
flip-flops. When the external enable signal, generated by
fast trigger logic in the experiment, is active, an input pulse
will toggle the flip-flop to the "clear" state. Once toggled,
the flip-flop will be unaffected by further transitions of the
clock. The Q outputs of the flip-flops are connected, in
groups of six, to address inputs A0 to A5 of 82S129 bipolar
read-only memories. Address bits A6 and A7 are used to
select the particular majority OR function required. The
82S129 is a 256 word by 4 bit field-programmable read-only
memory (PROM). In this application, only one output bit
is used. The data programmed into the PROMs at each
address was generated by manually counting bits set on
address lines A0 - A5 to determine if the OR condition
requested by address lines A6 and A7 was satisfied.

As the TDC handles 96 channels, and this module pro-
cesses the channels in groups of six, it generates 16 bits of
data to be passed back to Fastbus. Since the TDC only
provides a 12 bit data bus to the auxiliary connector, the
module is arranged to be read as two registers, each with
8 bits of data. The TDC has provision for the Auxiliary
Function Card to respond to the Fastbus CSR addresses
C000 0002 to C000 000F. (C000 0000 and C000 0001 are
used on the TDC.) The TDC provides four address lines,
A3 - A0, a write strobe, and a read strobe and requires the
Auxiliary Function Card to return a valid address signal
for any addresses used.

Address lines A2 - A0 are decoded to provide address
strobes for CSR registers C000 0002, C000 0003, and C000
0004. The first two decoded address lines, together with
the read strobe, are connected to the chip enable inputs of
the 82S129s, allowing the OR data to be read. The third
address, C000 0004, is used to select a six bit latch used
as a control register. Bit 2 of this register selects whether
bits 0 and 1 of the register, or a two pole DIP switch on
the board, will select the OR function.

On power-up, the control register is cleared, selecting the
switches to control the OR function. If a " 1" is written to
bit 2 of the control register, bits 0 and 1 will select the
OR function. The state of the OR select lines, and the
switch/register control bit can be read at any time. Since
the data is held in the flip-flops until explicitly cleared, the
same data can be examined with different OR functions if
desired.

The 74F112 requires a minimum clock pulse of 4.5 ns,
so the board will respond to signals of that width. The
74F112 has a typical propagation delay of 5 ns, and the
82S129 has an address access time of 20 ns, so the majority
OR data will be available from the PROMs about 25 us



after a change at the TDC input.
In an attempt to reduce the number of parts required,

we considered programmable logic devices, but could not
find any readily available that would respond to 5 ns pulses
as required by this project.

The module as built is approximately 8 by 14 inches, vio-
lating the Fastbus specifications for a rear-mounted board.
The Fastbus crates we are using do allow this size board.

Testing

After preliminary testing of the functions of the trigger
cards, it was clear that an automatic test procedure was
needed, due to the large number of different combinations
of input signals required to thoroughly exercise each board.

A test program was therefore written on the MicroVax
II, that exercises and tests each board in turn. ECL input
signals to the TDC were supplied by 6 LeCroy 4413 16-
channel CAMAC discriminators, and the gate signal was
supplied by a CAMAC NIM driver ND027. Communica-
tion between the MicroVax II and the FASTBUS crate was
handled by a Struck STR300 CFI and DRQ11-C boards.
The SSP (SLAC scanner processor) was not used for these
tests. Communication with the CAMAC modules was via
a Struck STR320 FASTBUS branch driver.

The program performs three test procedures.
Firstly it tests for crosstalk between the 6 wires of each

cell by sending every combination of input signals to the 6
wires (from no wires to 6 wires), and comparing the results
obtained from the trigger card registers with the expected
values. This is repeated for each of the trigger card OR
functions.

Secondly, crosstalk between cells is tested for as follows:
a signal is sent to one input of a particular cell, followed by
signals to the first input of all other cells. The registers of
the trigger cards are then read and checked against the ex-
pected value of zero (since the trigger card OR function is
set to require 2 or more wires throughout this test). Next,
the test is repeated, but this time signals are sent to the
second input of all other cells, and so on until all wires
in the other cells have been tested. The whole procedure
is then repeated using the the next input of the partic-
ular cell, and so on, until every wire has been tested for
crosstalk.

Thirdly, the trigger card is tested to see if it will identify
signals outside the gate. The trigger card OR function is
set to require 2 or more wires throughout the test. Input
signals are sent to the first wire in all cells without the
gate. Then, input signals are sent to the second wires in
all cells within the gate period, while the gate is applied.
Next, signals are sent to the third wires in all cells without
the gate. The register values of the trigger cards are then
checked against the expected values of zero.

All three tests take about 5 minutes to perform on each
card. Further monitoring of the cards is achieved on a con-
tinuous basis during the experiment by taking special runs

with only the hardware scintillator trigger. The expected
results from the trigger cards are simulated in software by
applying the conditions set on the cards to the TDC read-
ings. Efficiencies computed for each cell are all > 99%
when comparing the data read from the trigger cards to
the data read from the TDCs themselves.

Rejection algorithms

The information from the trigger cards represents a
crude picture of the activity in the drift chamber in the
XY plane. It can be used to search for the characteristic
signature of RMC events, i.e. a pair of tracks with op-
posite curvature originating from the same point on the
cylindrical lead converter.

Software cuts based on pattern recognition restrictions
were first introduced in the analysis of Monte Carlo-
generated Michel electrons, and RMC events. The results
indicated that several quick tests of the hit pattern pro-
duced by the trigger cards could eliminate a considerable
portion of the non-capture events without affecting the
events of interest. A study of the use of table look-ups
was also pursued but this was found to be too time con-
suming due to the large number of patterns possible.

The detector was used during this past year to measure
RMC on various light and heavy targets. The hardware
conditions required that one inner scintillator and at least
two outer scintiliators in the appropriate region of space
fire. The conversion time of the TDC's after the hardware
trigger signal is of the order of 450 microseconds. This
period of time was used to apply an online software cut
based on the trigger card information. A simple cut on
the total number of cells active in the chamber and on
the total number of gaps or holes between fired cells was
sufficient to reduce the trigger rate by a factor of two on
average. This software decision was obtained in 100 to
200 microseconds. For the future measurement of RMC
on Liquid Hydrogen a simpler Ii=.rdware trigger requiring
only one of the external scintillators to trigger is being
considered. A much larger number of false triggers would
then be generated. The present software cuts are expected
to reduce the trigger rate by a factor of 10 in this case.

In conclusion, the trigger cards have already proven
themselves to be very useful in reducing the number of
false triggers, thus reducing the dead time due to the data
read-out process as well as the total amount of data col-
lected.
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