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ABSTRACT
Expariment E787 at 8rookhaven National . !
Lanoratory is designed to study the decay X* » u"uy ! e :
va 2 sensitivity of 2 = 10~'8, To achieve accept- | s [ ] 1z,
able muon rejection it is necessary to couple tradi- [ ——— —_—

tional methods {range/energy/momentum correlation)
with abservation of the «* « y*y  decay sequence
etuu

1 sgintillator,

We report on the design and construction of
over 200 channels of relatively low cost salid state
waveform digitizers, The distinguishing features
are:

8 bits dynamic range, SC0 MHz sampling, zero
suppressian on tne fly, deep memory {(up to .5 msec), .
and fast readout time (100 ysec far the entire !
system). We report an data obtained during tne
February-May 1988 run shawing performance of the
system for the observation of the abave dacay.

INTRODUCTION

The digitization of analog signals from
standard high energy physics detector elements has
often anciched qur understanding of the devices
generating the signals and fregquently improved the
perfarmance of these systems thraugh more thorough
saftware analysis of the data. In a small class of
axperiments {ours included) such digitization is
vital for extracting physics information unavailable
through other readout means, In future high rate
experiments at colliders such digitization witl play
a central rale in pipelined systams necessary for
hign speed data acquisition., In this note we
descridbe a system of 20Q channels of 500 Msample/sec
8-bits of dynamic range digitizers used in
Brookhaven National Laboratory (BNL) experiment E787
to observe the decay Sequence s + pv in scintil.-

. Letuy
lator. The system is extendable to aven larger
number of channels and has several features judged
vfca! to high rate experiments such as zera-suppres-
sian priaor to write, deep memory, fast readout in a

standard format (FastBus) and on-line triggering
capability.

PHYSICS REQUIREMENTS

BNL experiment E787 is designed to study the
dacay K + avwv to the level of 2 x 10-'? in branching
ratio. Figure 1 shows an cutline of the detector.
Low energy kaons (750 to 800 Mev/c) from a separated
secondary beam are degraded by a Be degrader and
stopped in a 2000 element (of 2 mm each) fiber
target. The charged decay products are momentum
analyzed in a cylindrical drift chamber {ap/p 2 2%) |
and stopped in a 15 layer, 24 azimuthal sactor,
scintillator range stack. '

A hign rejection photon veta (lead-scintil-
Tator) surrounds the detectar in both the barrel and
endcap regions. A 10 kGauss solenoidal coil
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Fig. 1. E787 Detector
surrgunds the entire detector and a thick iran yoke
and endcaps provide excellent- flux return.

While it is not the purpose of this note to
provide a detailed description of the detector, it
is useful to give a brief outline of background
rejection mechanisms. Roughly speaking the major
backgrounds are K* + p¥2? and K* » 4ty and A
K* » p*uy. The first is rejected by a cambination
of the «% rejactiun from the phaton veto
{« 5 x 10-%) and by working with charged pions above
the K » =*y0 charge pion momzntum of 205 MeV/c. The
other two backyround's rejection depends on a
combination of range/mamentum/energy analysis and
the abservatian of the decay sequence of the stopped
charged track in the range stack, The pion will
decay intg a mono-energetic meon which in turn will
decay into an electron and two neutrinos, while the
muon will decay directly into an electron and two
neutrinos. In order to observe the decay sequence
in the scirntillator one needs a device capable of
digitizing the photomultiplier signals with
sufficient performance. There are roughiy 800
channels and the summing of more than 4 PMT channels
into one digitizer is undesirable from the point of
view of background rate and signal degradation. The
garameters of the decay sequence set the performance
scale of the digitizers:

{1} Since the typical signal is 40 nsec wide
at tha base and the pion lifetime 1s 26 nsec one
needs sampling rate of upward of 300 Msamples to be
able to detect early decays (less than 10 nsec).
The detection of those decays is vital

ving an
overall large acceptance fongtT
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{2} Singe the muon lifetime is 2,2 microsec-
ands ana needs a memory depth of at least 1N micro-
sacands ta insure high efficiency for the detection
af the muan decay.

(3} The energy of the stopping pign ranges
from | to 30 MeV wnile the decay muon is always 4
MaV¥ in energy. In order to observe the mygn with
sufficient resolution and still have a small number
af pion ovarflows it is necessary to have a dynamic
range of i least 7 bits,

{4) The experiment is designed as a high rate,
high statistics experiment. In order not to
compromise the hasic design of the data acguisition
system, one neegs 2 suppression af the large number
of zero points priar tq writing. This insures
fast readout of the averall systam.

We will show that our final design of tne 500
Msample 3 hit system achieves all the above goals.
Figura 2 shows a block diagram af the basic
agitizing channel, [t consists of four parts: the
flasn A/D converter, the custom data handling chip,
fast ECL 296 < 4 memories and data acquisition
readout protocol electronics.
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Fig, 2. Basic Digitizer Channel
THE FLASH A/D

In choosing the basic digitizing technigue
flash A/D's affer a somewhat lower dynamic range
than charge coupled devices (CCD) or analag memory
davices. However, they offer the distinct
advantages of hiving the ability to subtract zeros
prior to wri“ing and of generally faster access to
the data, as wel! as of having large depth of memary
{or pipe). Our choice for the task was a Tektranix
A/G converter hybrid TKADS08 consisting of a 500
Msample/sec Sample-and-Hold circuit and two
interleaved 250 Msample/sec A/D converters. The
hybrid with all 3 IC's comes in a standard 84 pin
flat pack with 7 watt power consumption. Two
diffarential input ports are provided, both with 50
ohm internal termination. Two separate sets of
reference voltages (positive and negative) must also
be provided to the hybrid. The driving clock is a
pair of differential 500 MMz square waves., The
output of the hybrid is a pair of interleaved bytes
of data at a rate of 250 MHz. One byte is output on
the risipg edge of the clock, while the other is

S

output on the falling eage of the clack, Tne gevice
is capanle of 7 effective bits performance at 30 *hz
input frequency.

We us2 the two analog inputs in a non-standaray
fashion., Since our signals are all of one palarity
{negative) we input the analog signal on ane side
and a DC level generated by the 12 bit DAC an the
other, This allows to have a software settable
thresnold of .25 mV seasitivity while the digital
thresnold cut is at a fixed count of 7, This
flexibility is necessary since standarg PMT signais
are transported on RGBX and RG58 cahles and can
acquira smal) DC shifts. Those small shifts can be
disastroys in tne sensa that they push all signals
abgve the zerp suppression cut and cause a huge
ingrease in the amount of data generated hy the
device. O0AC level correction to those DC shifts
effactively eliminated this problem as well as
provide an efficient means of online testing and
calioration,

The outpyt rate of the flasn A/D of two Dytes
at 250 MHz renders it difficylt to deal with since
no standard memQry runs at such a fast rate, Also,
as mentioned earlier, 1t 15 aesiraple to 40 Zero
suppression prinr to writing in memory. We opted to
design a custom [C to hanale both tne speed of tne
data and zero suppression, as well as the varigus
nousexeeping and digital readout duties required in
such a gevice. The IC (BNL787TD) is commonly called
tne Macro-Cell and is described in the next section.

THE DATA HANDLER {MACRO-CELL:

The custom-designed IC BNL787TD s a time
demyltiplexer capable of hanoling input data rates
of up to 400 MMz {it normally runs at 250 MHz) with
agwer consumption of 12 watts, 1t is implemented in
Signetics ACE2200 current mode logic technology and
nas roughly 2150 gate equivalent. Figure 3 shows a
block diagram of the IC. In operation it has as
input 2 bytes of data and a synchronizing clock
(pair differential}. The output is 4 bytes a® data
at half the input frequency. In addition the 1C
generates twe identical sets of 8 bits of memory
address for controliing the external ZCL RAM, The
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Terp Suppression is acnieved Dy incrementing the
memary address AFTER at least one of the input Dytes
nas a value greater than 7, [n effect values Delaw
? are overwritten by the subsequent cata word. In
aadition a single input line (Enable Suppression}
can, it neld in ECL hign state, force memory address
tncrementing regardless of the data vaiue. This is
a useful feature for debugging and testing. Since
data is often gverwritten, a timer word 1§ necessary
to identify the sequence af data in time. There is,
internal to the IC, an 8 bit timer running at half
input clock fraguency, and when its value is written
to the external RAM, cam be usad to reconstruct the
aata in time. The timer is then capable of
rggistering times of up to 2 migroseconds. 1n orger
to extand the gepth of memory bayond 2 ysec

a noundary word 1§ forced into the memory every Uime
the timer overflows. In a complaete no-gata avent
tne memory is filled with Bboundary words {256 of
tnem). The maximum memory depth witn tnls scneme 1s
.5 millisecond. [n addrcion the I accepts an Ynput
control line {Read/Write) tnat 1denti1fies the state
of gata taking: write (ECL low) dyring analog
drigitizazion and read (ECL hign) after triggering
and during readout by <he data agquisition sysiem.

3 word of data is forced into tne memory every t{ime
this line changes state fram write w0 reag. Tmis
1gentifies the trigger time and syncnronizes all
channels in different boards or crates. Since the
axternal RAM 15 used as a last-in-‘irstegur (LIFQY,
a single input (gacrement) 15 used to Jecrement tne
memory agaress during readoutl.

THE EXTERNAL MEMORY

The external RAM mus: be fas:t enougn ' 125 MH2
or 8 nsec) to handle the Macro-Caell output data. We
chosa the Hitacm HM10422-7 256 x & ECL memory with
access time of 4 nsec, The data word widtn is 48
oits (32 bits of data, 8 bits of twme and 8 bitvs of
flags to disentangle the 4-PMT-to-one-cnannel sum}
and one needs 12 such memories per channel (teortal
power cansumption of 12 watts). We operated the
memory in a fashion where we do not strope the write
enable line, rather rely on the fact that the data
and address Yines arrive at exactly the same phase
in order nat to corrupt the memory by writing ta the
wrong location. Tnat meant that the addrass lines
from the Macro-Cell must be generated with less than
200 psaz sxaw and tne PC board layout has =g tnsure
similar performance. To reduce tne load an <n2
agarass line we organized tne memories intn Iw0
23a1xs of § memorias each (henbe the two gdanttc
ada-ess line sats generazed by the Macro-Celll. The
2n7i~a mamory System is placed on a saparata °C
Soard which is plugged into the mother board via a
sat of connectars. This makes for easier
cansiruction and debugging.

al

OVERALL ORGANIZATION

The system is organized into six FastBus crates
each supporting up to 32 channels {see Figure &).
fach basic board is a double-width FastBus module
with 4 channels. Each FastBus crate also contains a
single baard (TDMASTER) which houses the 32 DAC
level generators and is used to readout the data.
Because of the bandwidth limitation and expense of
FastBus, the data is readout by the TDMASTER from
the 32 channels over a spectal bus on the auxilliary
backplane and transferred to the crate controller on
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Fig. 4. Single crate organiation

tne marn “astBus packplane, The crate of 3 1D
boaras and tne TOMASTER tnen looks logically to any
crate master as 3 single board at tne geagrapnica’
location of TOMASTER ang containing 32 ¢nhannaels of
seconcar~y adaresses. In agartion each crate nousas
a SLAC Scanner Processor (SSP) as 3 crate master ang
two 500 Mdr clock fanout boaras. Total power
consumption on the crate 15 230 A on the -5 Vv, 70 A
on the -2 Y,  and 40 A an the +5 Volt ang | & eazh on
tna +13 ang -15 volt lines. Cooling 15 3chieved by
farzez 2= through water-gooled heal aexchangers,

Tna typrcal local temperature is 23 °C naar any af
tne aevices. Tne overall reaaout time for the crate

s 130 microsecond {witn no software analysis!.

ON-LINE TRIGGER AND OVERALL PERFORMANCE

100 channels of the system were operated
petwesn Fedruary and May of 1938, Rougnly 3 million
selected decays were recorded on tape. It is
pernaps useful to show the Ibligatory typical event
display. Figure 5 shows : .'on pulse with the
subsaguent decay muon pulse,
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Counts

There are essantially two parameters tnat,
characterize the perfarmance of the system: tna
pign zatection efficiency and the muan rejection
efficiency, Both numbers are functfon of the axact
saftware procedures used to analyze the data, Since
in an-line analysis (dane in the SSP) one is farced
into cruder procedures, ane might expect that
an-line trigger methodalogy and efficiencies to be
difrerent from final off-line caunterparts.

In the on-line analysis muan rejection was
acnreved by comparing tne total pulse area {(or sum
of all tne digitized voltages) to the maximum
1ig11rzed voltage. These ratfos can be converted to
g1on or muon detection efficiency as a function of
the cut on the ratio. Figure 6 shows bath
afficiencies. In on-line rejection we obtained a
factor of 7.2 rejection of muans far only a 28% loss
af pians,
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Fig. 6. Efficiency of the algorithm for pions and
muons as a functign of the cut on the extra area

OFF-LINE ANALYSIS

The off-Tine analysis naturally aims at a
higner pion detection efficiency and higher muon
rejection, albeit at the cost qf extensive cemput ing
and reliance on highly complex algocithms., The best
algarithm designed attempts to fit pulses in the
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fig. 7. Pion decay time disi~ .7 3"

310p0iNg Counter to two d)fferent nypotneses: tne
first 1s tnat of a signle puylse, and tne SeCONG s
tnat of two pulses of arpitrary size anc %ime,

Based an tne ,° fit value one selection ar tne Jther
15 made. If the selection is that of two pulses tne
second pulse time and stze are determined. The
pulse time aistribution is shown in Fig., 7, and
carresponds accurately to the pion proper lifetime.
The reager will note that the algoritnm efficiency
arops for times less than 8 nsec, This 1S due to
tne compination of rise-time and relative pulse
s1zes conspiring to blurr the two pulse distinc-
tion. Figure 8 snows the secand pulse size which s
consistent with a monoenergetic muon of roughly 4
MaV aof kinetic energy. Figure 9 shows an example of
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0ff-1ine analysis we Achiaved an overall muon
rejection of bette~ tnan 10-=, with rcugnty 75% pion
acceptance,



CONCLUSION

We have constructed andg operated a system of
transient @19itizers capable of detecting the aecay
* e v o with 759% efficiency and of rejecting
ug,g ECAYS 02 level of 10°%. The features of the
system make it of interest to future high rate
collider-type experiments,
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