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Abstract

The Lambda Trigger for the E704
Forward Spectrometer

Jack Cranshaw

The E704 Forward Spectrometer was designed to detect the inclusive
production of hyperons (Ao, Zo) by a 200 GeV/c polarized proton beam
incident upon an unpolarized liquid hydrogen target. This measurement
used a four level trigger to detect lambdas, both from direct production and
from £ decay. This trigger used four hodoscopes and two levels of
programmable logic. The correlations fed into the programmable logic
(Memory Lookup Units and Programmable Logic Units) were calculated
using a GEANT3 Monte Carlo program. The trigger was tested and then
used during the 1990/91 fixed-target run at Fermilab. It was gradually
refined during the run. We were eventually able to see lambdas, but the
reconstruction rate was low due to tracking limitations, chamber

inefficiencies, background processes, etc..
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The Lambda Trigger for the E704
Forward Spectrometer

I. INTRODUCTION

The E704 Forward Spectrometer was designed to detect the inclusive production of
hyperons ( AO, 50 ) by a 200 GeV/c polarized proton beam incident on an unpolarized
liquid hydrogen target. This measurement used a 4 level trigger to detect lambdas, both from

direct production and from ZO decay.

PHYSICS INTEREST : HYPERON POLARIZATION

Hyperons are baryons with at least one strange quark. Hyperon polarization was first
observed by a Fermilab experiment in 1976 . It was observed that A's produced inclusively
by a high energy proton beam were polarized normal to the production plane. By inclusive
we mean that p + target = A + X, where X can be anything, This was a surprise since most
theorists believed that polarization effects should go down with increasing energy, an idea
supported by elastic scattering data. In fact, a naive perturbative QCD approach gives
P~0g(mq/ys) where o is the strong coupling, mq is the mass of the s quark and Vs is the
center of mass energy. Of course most of the data is for Pt around 1 GeV/c which qualifies
as arather soft scatter, and therefore a PQCD approach is rather suspect to begin with.
Several models have been proposed for the polarization measurements: the Lund String
Model, the Thomas Precession Model or DeGrand-Miettinen model, and a Multiple
Scattering Model. All of these models have some experimental support, and all use static
SU(6) wave functions and therefore assume that the spin is determined by the valence
quarksz.

The current data set shows certain patterns. Measurements have been done for
energies up to Vs=60 GeV, Xg up to .8, and Pr up to 4 GeV/c. The polarization seems to be
independent of energy, depend linearly on X, and depend linearly on Pp up to~1 GeV/c

whereupon the effect "saturates” and loses its dependence on Pt. The polarization is always
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perpendicular to the production plane and depends weakly on the target type (Be, C, Ha, Pb,

et.al.). The values of polarization have been measured for all of the strange baryons with
different uncertainties. The values measured for the A and =° are:

025 <Pp <-0.15
0.15<Ps<0.25

The polarization of the A is attributed to the spin of the s quark since the u, d quark
combination is in a spin singlet. The 50 polarization is attributed to a polarized s-quark
added to the contribution from the u,d pair which is in a spin triplet. With an unpolarized
beam one can measure the hyperon polarization, but to measure such things as polarization
transfer and analyzing power one needs either a polarized target or a polarized beam.
Polarization transfer or Depolarization, DN, is described by its name. A simple picture is the
following: high-Xg A's are believed to be formed by up and down quarks from the beam
proton combining with a strange quark from the sea. But for A's the up and down quarks are
in an isospin singlet and therefore in a spin singlet as well. We therefore expect the
polarization of the directly produced A's to have no correlation with the beam polarization,
i.e. DNN=0. Since we are also looking at A's from =0 which is in an isospin and spin
triplet - we do expect our total A sample to show some effects from the beam polarization.
Analyzing power, Ay, is defined as the asymmetry produced by a given beam polarization

i.e. Asymmetry NN = PBeam X Analyzing Power. Rice helped measure the

NT+Ni

polarization, polarization transfer and analyzing power of inclusively produced hyperons
(AO, }:0) with a polarized proton beam at Brookhaven ' at energies of 13.3 GeV and 18.5

GeV. Some of their results are shown in Figure 1.
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Fig. 1 Brookhaven Results
In our experiment we would like to extend the data to higher energies using
Fermilab's 200 GeV/c polarized proton beam facility. The data collected will again be used to
measure the analyzing power, polarization transfer, and polarization of the produced
hyperons. This requires an advanced trigger and many chambers for tracking to do

momentum analysis and vertex reconstruction.

THE POLARIZED PROTON BEAMLINE AT FERMILAB

Because certain beam characteristics are required in the trigger, I will describe briefly
how the polarized beam is produced. Fermilab commissioned a polarized proton/antiproton
line during the 1987/88 fixed target run ‘ Itisthe highest energy polarized proton beam and
only polarized antiproton beam in the world. It uses the decay of A's or anti-A's to produce
the polarized beam. When a A (or anti-A) decays in the rest frame into a proton (antiproton)
andam (1t+) the protons (antiprotons) come out 64% polarized along the direction of their
momentum due to the interference of the s- and p-wave amplitudes. The amount of transverse
polarization can then be found by analyzing the proton decay angle. Protons produced mostly
perpendicular to the beamline in the rest frame will have a large transverse polarization,
because when you boost into the lab frame the spin direction stays roughly unchanged.
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Fig. 2 Lambda Decay
It actually works out that you get a maximum transverse polarization at a production angle of
96 degrees to the beamline. This means that there is a correlation between the proton

polarization and it's transverse momentum. This is how the tagging determines the

polarization.
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Fig. 3 Polarized Proton Beamline
To produce the beam, first, the 800 GeV primary proton beam is extracted from the
MC beamline and focused onto a beryllium target. The interaction results are then sent
through a set of sweeping magnets to take out any charged particles produced and any non-
interacting primary protons. The region from 9m to 30m downstream of the target are used as
a decay region for the A's. The resulting polarized protons are then steered away, and any

leftover neutrals go into a neutral dump. The beam is then steered through a series of magnets
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and hodoscopes where the momentum and polarization are tagged for each individual proton

using a set of programmable logic units. Next, the beam is sent through a pair of threshold
Cherenkov counters (Cherenkovs 1 & 2) to tag any pions from K° decays in the A decay
region. For the proton beam the x" "contamination” was ~13%. For the antiproton beam the
7 “contamination” was ~83%. Finally, the beam goes through a set of beam defining
hodoscopes and a set of magnets - a Siberian Snake - which are used to rotate the spin to the
desired orientation.

Three signals from the tagging region are used in the trigger. There are three
momentum hodoscopes and three polarization hodoscopes. Two of the momentum
hodoscopes are before a dipole magnet and one after it. These hodoscopes use 14
overlapping 10 cm panels oriented horizontally to produce a 3.33cm resolution. The dipole
magnet bends the beam vertically. The beam particle must register in all three for the
momentum to be measured. There are three polarization hodoscopes before this dipole. These
hodoscopes use 16 overlapping 6mm wide panels to produce a resolution of 2mm. The beam
particle must register in at least two of them for the polarization to be measured. These panels
are vertical, so a well tagged, large polarization will be horizontal and transverse to the beam.
The hits from these hodoscopes are fed into a series of Programmable Logic Units (PLU's)
and Memory Lookup Units (MLU's) that calculate the momentum and polarization. These
generate the two signals GOOD HIT and GOOD MOM. GOOD HIT means that the particle
registered in at least five of the hodoscopes. GOOD MOM means that the momentum was
measured and came within 9% of the central momentum of 200 GeV/c. Our trigger requires
both GOOD HIT and GOOD MOM which guarantees that the incident beam particle will have
a good tagged momentum and tagged polarization. Requiring both means that there were hits
in all three momentum hodoscopes and in any two polarization hodoscopes. We also required
* asignal called TB*E*L which simply indicates that the particle was separated by 260 ns from
particles before and after it. This helps avoid closely spaced events piling up in our detectors.

Just before the beam is incident on the experimental target it goes through a Siberian

Snake. This is a set of 12 dipole magnets with their field oriented at 45 degrees from vertical.



They can be used in two different configurations. The first configuration uses 8 of the
magnets and rotates the spin from horizontal (S) to vertical (N) orientation. The second uses

all 12 magnets and rotates the spin from horizontal to longitudinal (L).

SNAKE MAGNETS

X
H

I I
1 >

Ay MAGNETIC FIELD FOR ROTATION S TO -N
X
<o o o N///NXNN\/ o\

PROTON SPIN
*J*****/x/¥\¥i

Fig. 4 Snake Magnets
Thus any spin orientation that is desired can be used, and the spin state can be regularly
reversed to help eliminate systematic errors. We used the vertical (N) orientation. The
magnetic fields were set so that they should precess the spin but cause no net deflection of the
beam. There were a pair of hodoscopes before the snake magnets and a pair after them to
monitor that the beam suffered no deflection in its passage through the snake. Each pair
contains one vertical hodoscope for horizontal (x) measurements and one horizontal
hodoscope for vertical (y) measurements. Our trigger requires a signal called SNAKE AND
which indicates that there was at least one hit in each of these four snake hodoscopes, that the
particle was not vetoed by Cherenkov 1 or 2 - i.e. that the particle was a proton and not a
pion, that it was not vetoed by the muon veto, and that it was not vetoed by the beam halo

counter upstream of the hydrogen target. The beam halo veto is a set of four scintillator
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panels forming sides around a square aperture of width 27.5mm centered on the beam. By

requiring GOOD MOM, GOOD HIT, TB*E*L, and SNAKE AND we required that the beam
particle was a proton, that it had a well tagged momentum and polarization, that it went

through the target volume, and that the particle was well isolated in time.

II. EXPERIMENTAL APPARATUS
PHYSICAL LAYOUT FOR THE FORWARD SPECTROMETER

E704 collaboration was actually composed of six different experiments: the Forward
Spectrometer, the CNI (Coulomb Nuclear Interference) polarimeter, CEMC (high P nos),
Aoy (o(=,-) - 6(«,=)), Ao (T]) - the same measurement as Aoy, using a different
apparatus, and a direct photon measurement. The latter was not approved for this last run,
but conducted some preliminary tests for the 1992 run. Because there were so many groups
there were three different targets: CNI scintillator target, liquid Hp target, and polarized
proton target. The Forward Spectrometer used the LH2 target, which was S5cm in diameter
and 100cm long. After the target are a series of proportional chambers, drift chambers,
photon calorimeters and hodoscopes used for the trigger and for tracking as well as the Rice
Cherenkov. The analyzing magnet MP9AN ramped to a current of 2500 amps and a field
strength of 1.4T during spills and had its field oriented vertically. The physical layout for the

Forward Spectrometer is shown in Figure 5.



1ouonpadg premio oy jo oA [oiskyg g Biq

CEMC-1

GUARD

Wid

o

«

)

S

=

<1 R 4k7)

(¥
o~
)
o
5

TEN
i 11 ug
o3¢ %2
’ [} .
£34 _B.. 0134
T
134
— \ Deuvs o0
h — ! —
; "
1134



9
To reconstruct the particle tracks many wire chambers were needed. There were two

types of readout systems used for the proportional chambers (PC’s). The chambers PC3,
PC4, PC8, and PC9 used the LeCroy PCOS III readout system and were provided by
Argonne National Lab. The PCOS III chambers have a programmable delay which gives time
for a trigger to make a decision. The chambers PC1, PC2, PC3', PC4', PCS, PC6, PC7,
PC7', PC7", PC14 and PC1S5 all used the RMH readout system provided by the Trieste
group and Iowa University. These chambers were used for both the Forward Spectrometer
and the CNI polarimeter. The RMH chambers have no programmable delay. All of the RMH
chambers and PC3 required a pretrigger (an incomplete lambda trigger) as a strobe. Some of
the chambers have a full set of planes (X, Y, U, V), some have only X and Y, and some
have an extra X instead of a Y as shown in Table 1. Dark areas in the table indicate that the
chamber had that type of plane. We needed more X-planes in order to measure the path of the
particles both before and after the magnet. The Y-planes can be tracked through the magnet.
We also had one drift chamber (DC1) located near the rear of the experiment.



PLANES DIMENSIONS (cm)

X' | YUV X Y Z

PC1 -4.85/4.85 | -4.85/4.85 250
PC2 -9.65/9.65 | -9.65/9.65 600
PC3 -12.8/12.8 | -25.7/25.7 850
PC3’ -32.2/32.2 | -32.2/322 1137
PC4 -25.7/25.7 | -12.8/128 1218
PC4’ ~32.2/322 | -32.2/322 1257
H2 -30.0/0.0 |-20.0/20.0 1308
PCS -25.7/25.7 | -25.7/25.7 1356
MPY9AN -30.0/30.0 | -27.0/27.0 1500
PC6 -32.0/32.0 | -32.0/32.0 1645
H3 -30.0/30.0 | -20.0/20.0 1702
PC7 -32.2/322 | -32.2/32.2 1746
PC7’ -32.2/32.2 | -32.2/32.2 1761
PC7" -50/50 ~45/45 1832
PC8 -81.9/1229 | -256/25.6 1997
PCO9 -81.9/122.9 | -256/256 2100
H4 -50.0/70.0 | -30.0/300 | 2136
PC14 -98/2 ~45/45 4671
PC15 -98/2 -45/45 4695
HS-H6 -112/98 -52/52 4737
DC1 -152.4/152.4|-50.8/508 | 4710
Lead Glass -91.3/-32.8 | -45.5/455 4784
Sandwich -128.8/-2.8 | -54.9/54.9 4878

Table 1 Detector Positions

10

The Cherenkov was a threshold type detector built by Rice. It was built to distinguish

between pions and protons. It had two sections. The first was 5 feet in diameter and 40 feet

long; the second was 6 feet in diameter and 40 feet long. They were bolted together to form a

cylinder 80 feet long. There were four mirrors and four phototubes inside for collecting the

Cherenkov light. During use it was pressurized to ~4.1 P.S.LA. of helium. The detector was

installed and tested with an 30 GeV electron beam during the ES81 run of 1987/88. During

this last run we redid the pressure and high voltage curves to make sure we understood the
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detector. The Rice Cherenkov was used in coincidence for the 7t trigger and in veto for the

lambda trigger.

Finally, at the very end of the experimental hall was the Rice Calorimeter. It was
composed of a lead glass array of 124 pieces and a lead-scintillator sandwich array. The lead-
scintillator sandwich was used to catch any showers that leaked out the back of the lead
glass. This calorimeter was calibrated using a 30 GeV/c electron beam during the E581 run as
well as being recalibrated with an electron beam during this run. During both runs it was
used to look at high Xg nos to measure the analyzing power. It was also part of our o

trigger and was used to catch the photon from the decay ZO=>AO+ Y.

®

Undeflected
Beam

Fig. 6 Rice Calorimeter (Lead Glass Array)
DETECTORS USED FOR THE TRIGGER
The lambda trigger used 5 scintillation counter hodoscopes (H2, H3, H4, HS, H6).



Hé 12

AN A A
A Al

A HZE H3

Fig. 7 Lambda Event and the Trigger Detectors
H2 was composed of two 15cm wide panels located just upstream of the magnet to beam
right. H3 was situated just downstream of the magnet and was made of twelve Scm wide
panels arranged vertically. It covered the same area as the gap in the magnet. H4 was situated
further downstream just in front of the Rice Cherenkov. It was made of twelve 10 cm wide
panels arranged vertically and placed asymmetrically to catch both the decay 7t and the decay
proton after the magnet. H2, H3, H4 were all supplied and tested by the Trieste group. The
final 2 hodoscopes (HS5, H6) were situated much further downstream just behind the drift
chamber. These were provided by Argonne National Lab and were tested by the Rice group.
These hodoscopes had panels with a large active area, and phototubes were mounted on both
ends. In the trigger there had to be hits in both phototubes for it to register in the trigger
logic. H5 used twelve 14 cm panels overlapped to give a resolution of 9.33 cm. They were
not encoded into bins of 9.33 cm for use in the trigger (raw panel hits were used), but this
may prove useful as information for offline analysis. H6 used 11 of the same type of 14 cm
wide panels, but none were overlapped. H5 started 28 cm to beam right and continued right;

H6 started immediately to the left of H5 and continued left.

MONTE CARLO CALCULATIONS
A GEANTS3 Monte Carlo simulation was done by Marzio and Francesca Nessi to

calculate the correlations that were fed into the programmable logic ?, They looked at events
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with 0.5 <XF < 0.8 and 0.15 < PT < 1.35 GeV/c. The upper limit on P was set by the

acceptance of the analyzing magnet and the lower limit by too large a background. They also
looked at A's produced to beam right (150° <¢< 210°) and A’s produced to beam left
(-30°<¢<30°). The trigger was designed to look at right produced A's. The only decay
channel used was A = 1t + p (BR=65%), since the other primary decay channel A = no +
n (BR=35%) into neutrals is much harder to detect. These decisions on where to look were

based primarily on physical limits and available detectors.
Plots of hits for the =~ and proton in the three hodoscopes (H3, H4, H5) were used

to come up with correlations for the 7', the proton, and the relationship between the two.
Since the magnetic field in MP9AN is vertical they looked mainly for correlations based on
horizontal deflection. They did look at vertical correlations for both the &~ and the proton, but
no hodoscopes were ever installed to handle that in the trigger. They also looked at three way
correlations using 3 different sets of hits. The best one was for the T correlations in H3 and
H4 analyzed by proton hits in various bins of H5. This was not a strong correlation, though,
and deemed too complicated to be worth the trouble. After analyzing various combinations it
was decided to use three sets of two way correlations for horizontal deflections. The best
correlations for the 7 showed up in plots of H3 vs. H4 (Fig. 8). The area inside the figure
corresponds to particles satisfying the correlations. The more linear the plot is, the better the

correlation is.
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Fig. 9 Stiff Proton Correlations

The hardest correlation to find, and the loosest requirement in the programmable logic, was
for the =t relationship to the proton. The best one was for ¢ hits in H4 correlated with

proton hits in H5 (Fig. 10).
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Fig. 10 Pion-Proton Correlations
These correlations were calculated to have a global background suppression of 95%. They
are very sensitive to multiplicities, and if you go to high multiplicity the trigger will accept a
lot of non-lambda events. The Monte Carlo calculations showed an average multiplicity after
the magnet of ~3.

These 3 sets of correlations were programmed into two types of memory modules:
Programmable Logic Units (PLU's) and Memory Lookup Units (MLU's). Both types used
the input as an address to look up a specific result in memory. The PLU's had 8-bit inputs
(2kbit memory) and allowed for 8-bit outputs. We only used one bit of the output. The
MLU'’s were more flexible. An MLU could have from 12- to 16-bit inputs (for a 64kbit
memory) and from 1- to 16-bit outputs. If a 12-bit input was used there was room in the
memory for a 16-bit output. If a 16-bit input was used there was only enough room fora 1-
bit output. It's just a matter of how one wants to set the memory matrix defined by
A" "™ 4 of outputs). We used 15-bit inputs which allowed a 2-bit output, but again
we only used one bit. Both of these types of modules required a gate to latch the inputs
before they would generate an output. We also used an Octal Logic Matrix (8LM) which is

simply a set of programmable logic gates with a 16-bit input and an 8-bit output,
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TRIGGER LOGIC SUMMARY

The total trigger logic for the lambda trigger was made up of various levels as shown

in the following block diagram.
2 » VETO
o
7]
[« W
g P MLU 1&2
0 FINAL
i:_ -3 Level1 — MLU 334 ?:;ging? LAMBDA
T TRIGGER
2 PLUs
<
T
2 Y
o
T FAST
CLEARs 2
CLEAR

—# RMH STROBE

Fig. 11 A Trigger Logic Block Diagram

Levell : 4>H322,H422,ahitin H2, hits on both sides of H4
(pretrigger)
Level2 : Satisfy "Soft Pion" correlation

2 MLU's with H3 (1-10), H4(3-10)
Satisfy "Stiff Proton" correlation
6 PLU's with H4 (9-14), HS (1-12)
No Veto: multiplicity vetoes (H4>3, H5>4), beam veto, or

Rice Cherenkov in veto
Valid SNAKE AND signal
Level3 : Satisfy "Pion-Proton" correlation
2 MLU's with H4 (3-11), H5 (1-12)
Level4 : Valid GOOD MOM, GOOD HIT, and TB*E*L signals

(Tagging)

After the hodoscope signals are discriminated there were four levels to the trigger as listed
above. Level 1 required a hit in H2, at least 2 but no more than 3 hits in H3, at least 2 hits in

H4, and hits on both sides of H4 (using the 8LM). If the event passes this level the chambers
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that needed a pretrigger were gated, the next level of the trigger was enabled, any further

pretriggers are vetoed, and the system of CLEARS was started. Level 2 had 4 requirements.
First, the "Soft Pion" correlation had to be satisfied. This used panels 1-10 of H3 and 1-10
of H4 which served as inputs to two Memory Lookup Units (MLU's). Second, the "Stiff
Proton" correlation had to be satisfied. This used panels 9-14 of H4 and 1-12 of HS which
were fed into six Programmable Logic Units (PLU's). Third, there must not be a veto from
the H4>3 multiplicity veto, the H5>4 multiplicity veto, the beam veto (4 panels of H6, 2 to
either side of the beam), or the Cherenkov. Finally, there must also be a SNAKE AND signal
present. If all of these conditions were satisfied, then Level 3 was enabled. Level 3 looked
for "Pion-Proton" correlation using panels 3-11 of H4 and 1-12 of H5 which served as
inputs for two more MLU's. The fourth and final level required the rest of the tagging signals
to be present: GOOD MOM, GOOD HIT, and TB*E*L. If the event passed all of these levels
a final lambda trigger occurred and the event was read out. If the event failed to pass any of
these levels, all of the equipment that was activated by Level 1 was cleared, and the trigger

started over. For more information, please see the Appendix.
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The n* trigger logic summary is shown in Figure 12.
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Fig. 12 & Trigger Logic Block Diagram

Levell : 4>H321,H421,ahit on the right side of H4
(pretrigger)
Level2 : Satisfy "Stiff Proton" correlation

6 PLU's with H4 (9-14), H5 (1-12)
No Veto: multiplicity vetoes (H4>3, H5>4) or beam veto

Level3 : Rice Cherenkov signal
Level4 : Valid SNAKE AND, GOOD MOM, GOOD HIT, and TB*E*L
(Tagging)

The n* trigger was designed to look for a fast, stiff track to the right of the beam after the
magnet. It used some of the same logic as the lambda trigger. There were 4 levels to the e
trigger as listed above. For Level 1 it required at least 1 but no more than 3 hits in H3, at least
1 hit in H4 and a hit on the right side of H4 (using the 8LM). Unfortunately, the Rice
Cherenkov signal was too late to put in Level 1. This caused the  first level to trigger on
beam particles as well as pions. Level 2 used the "Stiff Proton" correlations to look for a
track to beam right. Level 3 used the Rice Cherenkov to determine whether the track was a

pion or a proton. Finally, Level 4 looked for the same Good Tagging signals used in the
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lambda trigger. The n" was switched between 7" and - by reversing the polarity of the

analyzing magnet, MP9AN.

There were also several programmable delays and latches used in both triggers for
fine tuning the trigger and recording the trigger results for each event. The raw hit patterns
for H3, H4, H5U, H5D, H6U, and H6D, as well as the results from the MLU's and PLU's,

were latched in three LeCroy 4448 Coincidence Units and readout for every event.

TESTING THE TRIGGER

Most of this system needed to be in some form of readiness before we started getting
beam. This was done using the TEST feature on the LeCroy 4413 programmable
discriminators used for H3, H4, and HS5 - the VETO scheme and the CLEARS were set up
and tested after beam came on. We ran a signal from a pulser into a fanout, estimated delays
for time-of-flight between the hodoscopes, and fed the pulser signal into the TEST input. On
4413 discriminators a mask can be programmed to fire only certain output channels when the
TEST input is present. Thus we could program a mask, apply a pulser signal, and use the
latches to check the hodoscope patterns and trigger results.

The computers available at E704 were the following. The E704 VAX Cluster
consisted of a VAX 780 as the primary node: FNALO1, two VAXStation 3200s: FNAL1A
and FNAL1B, and two VAXStation 3100s: FNAL1D and FNALIE. The two 3200s
belonged to Iowa University and Kyoto University respectively. The two 3100s belonged to
Rice and Northwestern respectively. As of early 1989 only the VAX 780 was available.
There were also three PDP-11 computers (Bison21, Bison23, and NWU) which served as
front-ends for the various experiments. The PDP use was distributed among the groups. We

used Bison23, Aoy, and CNI used Bison21, and CEMC and the direct photon test used
NWU. The final setup looked like the following.
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Fig. 13 E704 Computer System

A program called TRIGGER was written to run on the 780 which read out the
latches, displayed the hodoscope hits and trigger results, and showed the results of a
software decoding of the programmable logic. For testing we compared the software
decoding to the results from the latches. Originally, we programmed the PLU's and MLU's
with bits set to one at every memory location as this was easy to program and would at least
let us see if we had the units set up properly. This worked corréctly with no problem. We
had a lot of help setting up the MLU's and PLU's from Fred Luehring of Northwestern who
helped set up the Tagging's programmable logic. Unfortunately, programming with all ones
is totally symmetric, and one cannot tell if cables are interchanged, etc.. After much checking
the system checked out using the TRIGGER program. During running, though, no one
wanted people running big programs on FNALO1 because it was being used as a datalink for
the two 3100s and remote logins. We couldn't easily shift onto FNAL1D because several of

the routines used direct CAMAC commands, which won't work over an Ethernet. The
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TRIGGER program was written in a very modular way, though, and eventually pieces of it

were absorbed by the main online program MON704 on FNAL1D.

PROGRAMMING THE TRIGGER

The trigger was programmed by using the correlations as a template and going
through all hodoscope hit combinations that fit. I finished a program that F. and M. Nessi
had written that did the calculation. I'll describe the process for the MLU's first. The

following correlations were programmed into arrays of minima and maxima.

-1 P-P T-p
T3 A4 HZ s HA 05
1 3-4 9 NA 3 NA
2 3-5 10 1 4 1.2
3 3-6 11 1-4 5 1-6
4 4-7 12 4.7 6 1-7
5 5-8 13 7-10 7 1-7
6 5-9 14 10-12 8 1-8
7 6-9 9 1-8
8 7-10 10 3-8
9 8-10 11 5-9

10 9-10

Table 2 Trigger Correlations
The program took one hit in each hodoscope going into one of the units e.g. panel 3 of H3
and panel 4 of H4 for MLU]1, panel 10 of H4 and panel 7 of HS for ML U4. For the MLU's
it put the two together into one 15-bit sequence, just like the inputs on the front panel. The
program then looped through all possible inputs and checked to see if they contained these
two bits. Afterwards the program looked at an array containing the limits from the

correlations to see if it fit (see Fig. 14).



CORRELATION H3:4 H4 : 4-7
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Does it satisfy the correlation?

4 < A(H3=4)=4¢ 7 YES |
Fig. 14 Programming Method

If it did, it put a one in that part of the data array for MLU's. We actually had to do some
extra work for the MLU's, though, because an MLU must be loaded with 16-bit words.
Since we were using the mode with 2-bit outputs we had to build eight results into each word
of the data array. The PLU's used a similar method, but we only had to loop through 8
inputs and we only needed one result for each word of the data array.

The 8LM was somewhat simpler to program. You simply had to give it three arrays
and one test word. The first array, A(i,j), covered the ANDing for the input i directed to
output j. The second array, B(i,j), covered the ORing for the input i directed to output j. The
final array C(j) told whether to take the complement of the signal to output j. A 16-bit test
word, T, was also loaded. Since we wanted OR’s of both sides of H4 for the A, we used
A(i,j)=0, C(§j)=0, B(1,2:7)=0, B(2:8,0)=1, and B(9:13,1)=1. For the n* trigger we used the
same values for B(i,1) and set B(i,0)=B(i,1).

Once these data files were produced they had to be loaded into the units. This was
done using a program on the PDP. Originally the programmable logic was loaded using the
TRIGGER program on the 780. Because the TRIGGER program was being disassembled
and the link between the 780 and the PDPs was not very reliable it was decided that the
loading should be moved onto the PDP. Basically, I copied the programs straight over; but a
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lot of changes had to be made. A PDP uses standard FORTRAN 77, so I had to resize

variable names, eliminate underscores, reduce array size, etc.. By the end of January, I had
three programs modified to run on the PDP. Loadones loaded ones into the memory of the
MLU's and PLU's. Loader loaded the trigger pattem into the memory of the MLU's and
PLU's. Logic loaded the 8LM.

THE READOUT SYSTEM

All of these pieces of the lambda trigger went into a readout system which read out all
of the chambers, the Rice Calorimeter, the Rice Cherenkov, the Taggine information, Snake
states, hodoscopes, the TDC's, and trigger results. It started with the pretrigger from Level 1
of the lambda trigger. This strobed the systems that needed the pretrigger and started a
pretrigger latch which fed into the BUSY OR. The BUSY OR vetoed any more pretriggers
and enabled the CLEARS. If a final trigger did not occur, a CLEAR from the CLEARs
occurred or the pretrigger latch timed out and another pretrigger was accepted. If a final
trigger (PED, AME, LED, v, m, A, Z, Beam) did happen several things occurred. First the
trigger was gated by a delayed pretrigger signal. If it passed this, it started a Trigger BUSY
which stayed latched until a PDP Reset was received from the computer. The Trigger BUSY
also went into the same BUSY OR with the pretrigger latch to block any pretriggers during
readout. The final trigger also strobed the PCOS III chambers, DC-1, the trigger scaler, the
Cherenkov ADC, and triggered the readout of the PCOS III and the RMH. The final trigger
came on a separate line to gate the 2280 ADC system. Finally the trigger gates itself before it
triggers the PDP. The system was setup to take multiple trigger types at the same time; we

didn't run with more than one at a time until the last week, though, to avoid problems.

III. RESULTS

The Tevatron started providing us with beam on February 12, 1990. It took till the
start of April before we had the trigger working the way we wanted and enough chambers in
place. We had to add the pretrigger busy, redo the CLEARing system, add the various






