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FOREWORD

With DUMAND-H moving rapidly from proposal 10 reality, and deployment of
the first components little mote than & year away, it was imporiant to bring together
colisboration membess sctive in planning sad development of the trigger sysiem
for & brief but very productive workshop. We offered $0 host the meeting in Scattle
50 that our eatire group, the newest mentbers of e collsboration, could participate
fully. The discussions brought out a numbet of crucial issues for clarification and
decisive action, iachuding questions a8 fundsmental as Optical Module front-end
electronics specifications and as detsiled as chip selection for the String Bottom
Controller intesfaces. A new basic format for transmission of data to the shore
station was agreed upon, snd & bask window size of 2 ns for OM signal
digitization was recommended. Decisicns taken are summarized on pages 78-80.
These actions were communicated 10 the collaboration by electronic mail and fax,
and will result in _.!xrw.na:asu o the oa..ﬂu_ DUMAND Specifications file as
appropriate. .

We have collected contributions from participants, which differ in some cases
from initial presentations a1 the meeting. Questions or requests for further details
should be direcied to the individua! authors.  Viewgraphs are reproduced for
presentations by participants who did not submit written coatributions.

‘The Seattle Trigger Workshop could not have 1aken place without the assistance
of Linda Vilett, and these Proceedings were prepared with the aid of Phoebe
Bosche. We wish 10 give special thanks to Dr. Robert Spindel of the UW Applied
Physics Laboratory for allowing us to use APL. facilities.

Editors,

Kenneth K. Young,
R. Jeffrey Witkes
Seanle, 81590
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Physics Goals and Triggering DUMAND |

John G. Learned
Hawaii DUMAND Center

30 August 1990

Abstract
Wa discuss the oplions for on-line triggenng for DUMAND 11, be-
giming with the physics which is desired 1o be saved and estimating
some efficiancias and moue rates lor propased triggers. By trggering
we maan the alyorithms smployed for firs) level filtering  The suggested
" triggers utikze totsl energy depotition, and siting 2 and 3 fold neighbor
comcrlences to efficiently capture relativistic events such a5 muons and
cascader. This will also copluse some 1ypes of exotca. Ancther Lype of
1nigger 15 needed 1o capture slowly moving particles. and yet another for
passible superaova detection. Both the latler triggers rely upon monitor-
ing of optical module count raler abore vanous thresholds. h appears «
that ali vhe physics gonls can be met with 2 Lrigger processing scheme
involving one layer of programmable processors, communicating with ane
data harvesting computer to achieve the necessary 3 order of magnitude

T frowit end rejection in incoming caw date rate.

__ E__.,_._ws

-1 introduction: Wharse's the Physics?

The data siream coming to the shore station must be searched as it ietives
for 1he physics deta we want to save  'We cannol save everything. and. all act
immediately recorded wilt be Jost. Thus we must think carelully aboul how best
16 save both the expected physics [puons and nevtring inleractions), try to find a
~ few "long shots™. and akio 1o mahe curseives availsble for fortuitous discovery. In

the following | will first hst the physics we have considered 45 worthy and possible
{or exploring with DUMAND 11 This 1s 10 be differentiated from the phenomena
sensed by the detecior: different physics may have the same requirements for
triggening

1.1 High Ensrgy Neutrino Astronomy

The main goal is. of cousse, the detection of high energy muon neutrinos, made

.. manilest as single The muans produce conical hght wave fronts that are

detectable oul to about 24m from the track ! The triggering problem addressed
fietein thus naturally involves use of Lhe strong seatiat and temporal clustering
of the photodetector signals. High energy muons (> 1TeV'} will give more light
than fower ensrgies. and be easier to detect, so that if we design for misimum
1onizing muons we will be conseevative’  Siopping muons are also worthwhile
saving, since thesw rate relates to the neutsino speciral index. bul produce more
feeble signals. Just how efficient a tngger 15 al picking these out, and whether
they can be htled, needs computer simulations, row being carried out by Vic
{and others | hope)

1.2 Neutrinos from Fermilab

In order to detect the 200}’ neutrino beam from the Main Ring Injector pro-
pused for Fermilab. we must be sensitive to low energy mucns, the lower the
better Given the muon range of roughly 5m/CeV one can conclude withaut
benefil of Monte Carlo that given the 40m string spating and 10m module spac-
ing on the strings, that detection by a half dorén modules wil require 3 range

“of at least 40hm. or an energy threshold of about $CeV,. Note that knowing the
“girection and Lime for such events should help sybstantially in beating down the
- background. o "

1Dtaction probability of 1/2 for 2 muon at impact pacameter of 33.5m, face ‘on disction

.. of photan arrival, wee Figure 9. The probabikity is still 30% st Sdm.

150¢ the Monte Carko study 1eport of A Okadn, ICRR-209-90-2, for datsibi. Hae shows,

“ ju Frguse ¥b) theian, thal the effactive ares grows-slowdy to 1T muon ensrgy, amd then

grows mote nearly linwarly [jist as dE/dz).




1.3  Cosmic Ray Muons

Downgoing muons from interaclions of cosmic fays in the atmosphere overhead
areintecesting Sor various studies, ranging from direct productwon to muon astros-
omy. {Tie atier only being visble if high energy muons are indeed anomalously
produced by the “gamma rays” seen a1 around 105} ) Obviously. if we make
a trigger that is not direction seasistive, we will collect muons of all origins with
the same trigger  The downgoing atmospheric mugns conshitule the highest ex-
pecied rate of events in the airay, about 3.0+ e in contrast o upcoming
{and nde going) from atmospheric neutre  ntaractions, which will accur
at only about i/day

1.4 Multiple Muons

Multiple downgomg mucns are yselul lor studies of covmie ray compasilon Since
these events will produce more light per PM T and mare struck PM 1y anb sionlar
Limang struciyre, one would expect also that whatever trigger s selecied for single
muons-will work as well or better for multiple muons Signdicant eftorts are yel
needed to undurstand how well we can exiract the suence. bul 1nggenng appears
te be easy. : .

1.5 1,5 and Hadrenic Cascades

When & pesirno interacts i or near the array, 1he lght produced by the cascade
of particles from the nuckear vertex may also be deiectable la the case of 2
charged curtent electron neutring interaclion, we may delect the eleciromagnelic
cascade. While the rate of such eventywill be less than for through gomg muens,
they are well worth studying. Not much work has yet been dane with the Monte
Carlo programs on this subject however so the energy threshold is sill uncertain.
bul as can be seen o Figuee 16 the ellective volume s signiicant even at LGrl
In terms of \be signal in the detretor 1he ¢ dvi ade will be & few meters long with
brighiness i proportum (o total energy B ol the bght will travel at the
Cheri aten angle 1o Yhr (ot ade diterdui 4.0 there 15 same in every direchion.
In 1o o Lomung thie kMt looks sumewhat ke 3 pomt source, but directionally
prabed in ampliude see lgure )/ - : .
Vhere s of course. also an itermediate class of evenis those with showers
and moons  This class would be subsumed by the above, and comes presumably

]

free How well such events can be it and disunguished from either of those
classes remains to be explored i simulations

1.6 Anomalous Interactions

We should not Jorget some of The exalicd tlawmed lrom old undsrgenund (os
mic 1ay expenments because our var may sevral what has only besn hnted 31
previously A good esamph e gy elecpromagnein cascadey wrenon the
Koldr Gold Tields Such pvents o oramed ol the wrder el 3 1ol of elecitomag,
netic energy (which niakes one thenk ol #lectrun neatong interachions), but with
the preohar characteesiic of 3 large {1} wprong angle between sub cascades
Such ¢ phenomeaa i conlemed, could be the opemng 10 preomc slructure. far
example and 1hus s weil worth making sute wé can save {though htting 15 ol
Likely 1o be easy} ) :

I general, any interact-on inyolving particles moving near the speed of light
wr varugin will result i sometiung that looks Tike either & line source {muan) or
a pomnt source (cascade). or both S n seems that the tnggers that catch the
physics above will do for any other wonders we have not yet thought about, but
which involve simullaneous relativisuic particles  The main eflort {or trggering
conpideralions i 10 push downwards on ihe enesgy threshoid

1.7 Slow Massive Partictes

Thete temain 1wo other classes of phenomena which we have considered, which
are ot Caught by :_......o._a...:.._ they are both worthy of some {2 amount of
eflort massive slow particles and supernovae. ~ " :

By fanssive show particles | mean anything slow compared 10 2 muon, but a5t
compared 10 » hsh or even the speed of sound. The Sikely velocities are n the
range from the speed oF hght down 1o meleorilic velocities, or 1.00> 8 > 1074,

_ with array crosphg Limes belween Lusec and [0maec. One examgple of such an

ohject would be & “suchanis  as espovsed by Glashow snd DeRujula to solve

. the dark maties problem. whi b would be composed of 8 hesvy quark bag which

Jeaves an ionized glowing trail * Anather example would e » magnetic monapole
of the variety proposed by Rubakow, which gobbies nueleons along it's path.
recadiating them as pions and such. again making much light -The latter would

354¢ Vic Stanger's note shout this HOC-3-47. 1987
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be less bright than the former, but would have temporally Ught photon emissions.
Both can be charactenzed as causing large light levels in PMTs distributed along
their path. They may nol produce tight lime coicidences between modules, of
the type caught by the primary mucn trigger, so they form a class nesding special
duscussion, : _

Such particles have been sought by existing underground detectors, and man
limits published, without even a hint of a signal However, DUMAND, being 30
times farger in area than IMB {as & benchmark), can make substantisl progress
with a few years of live time, moving the mins down an order magnitude or
mare.

1.8 Supernova 2-:533

The hnal class so {ar identified, 15 due 10 the iateractions produced by a super-
nova within our galaxy. On the bass of observations w Kamwohande and IMB
(rom SN198TA we have a good wdea of how many events fo expect: a collapse
at Skpe should give roughly | interaction per ton of water. spread over 2 time ol
less than [Usecandy, or aboul 2 x HF events in the detecior volume Sadly they
are all of energy far below (by 100x ) our individual detection threshold, 5o we
have no chance with the fast coincidence techniques of detecting the individual
interactions. The total energy deposition is about T eV, which while emmi-
nently deteclable in one few aanosecond event, is not al all obviously detectable
spread over 11} ds. Forcomparison, Lhe total K% decay energy deposited in
the detector volume in 1he same time is about 2.6 x 10'%eV, more than 10M1.
greater, This woald seem (o make the detection hopeless, except for local {at
one PMT) coherence in ime.

While the K *' events are all around | Afe}”, the mean of Lhe supernova events
is about JUMeV . and the tip ol the specirum extends to 50Mel’ or more One
can think of each PMT as compnising a poor man's detector. which has some
chance 1o collect 3 multi-PE signal from a fortuitously aimed event throughout
a fairly large volume. I, for example, we have 2 1w 100 chance of gettng
a muhi-PE hit from thioughou! a volume of radis Jikn, then we could have
BOOG muhi-PE hita in I0arc. H ihe background rate above the as yet unspecilied
mukti-PE thrashold is. say. 1% of the A% tate, then the increase in the malii- PE
rate due to the supernova could be 200
Ho . this handwaving srgument has quite a few “ifs” in it. 2ad should
only be taken a5 motivalion 1o work on the problem. For present purposes,

5
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however. what | want to indicate s simply that (as far as | can see), the only
hope we have of detecting 3 supernava with DUMAND Il is via the rate of mult-
PE events. Perhaps our best strategy will not be to trigger on superova-like
events. but only to record those which are supernova like, with the intention of
2 posteriori correllation with other deteciors with better low energy sensitivity.

One might object that it 15 nol worth spending much effort on superncvs de-
tection becsuse there are other detectors that can do far better. As we saw from
the case of SN198TA, tkere certainly 18 much room for conhrmatory detections.
Moreover, if we are lucky and have a collapse within a kpc, then DUMAND H
data could be very important in examining the lirhe disiribution. because of our
high rate handling capability, where a detector such as IMB wilt be completely
jammed by full buffers.

1.9 Types of Phenomens

Summing up, it seems that all the physics possibilines we have identified so far
can be placed into 4 categores in terms of the phenomena to be sought by the
tggenng system: ' :

* muon ke (hne source moving at ¢}
» point source hke (locaiized in sime and space)
-« slowly moving (8 > 10°1) singles tale increasé traversing array

o unilormly distributed multi-PE rate ncrease (up to iDsec)

Perhaps we need 10 associale some priotities with these categories Clearly
the first two dominate our physics goals with DUMAND [t The latter are long
shots. but of great physics vatue if found Note that while trigges efficiency is
important for the first two it is not for the latier

2 What kind of Triggers?

The design goal for the on-line triggenng equipment at the shore station is to
tag. on the fly. the physics we want 1o save for further processing. The 1otal

G e
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dats sate to shore is vastly too much to save entirely. ~ 2 x 11®bits/sec ® or
~ one Bmmiape/2Zmin! We must select the interesting physics and discard the
rest; anything aot saved immediately will be lost forever. (Cerlainly we will want
to save a random sample of the unselecied incoming data) Naturalhy e will save
a5 much as possible. but we conmod reasonably save more than a tiny fraction of
the dats stream. Restricting the data saved to one 8mm tape per day imphes
saving < 1072 of the incoming da1a a1 the shote station Anyway, if we cannot
keep up with processing on-bae it i hard to imagine how we conkd later caich
up. anless we only wanted 10 g0 back and search the archives for some event at
a particular time. (is fact we probably can comfortably save all the physics data
selected by Ahe on-bne analysis on disk, wilh tape serving only as backup, in case
of disk crash, and as archive to permit the recovery of subtleties that may escape
the on-tine filter.}

We are thus in the uncomfortable positwon, typical of modern counting exper-
imeats, where the decisions made about the front end electromics will determine
what phenomena we can cbserve. As we shall see below, that is no problem
for the major goal of the project, neulsina-astronomy employing high energy

as the neulnno pointers. but we wish to be careful 10 aliempl 10 allow
Tor serendipitous discovery 100
The first level tnggers must meel two crieria:

o efficiency in extracting the physics, and
» suppreswon of background (o & rate manageable by the next level

By tnggering eliciency we mean the probability of coliecing evenis which
might later be successlully fitted  The defintion 15 thus a b sloppy. because
{intability s not easily delined, even for throughgomg muons 1% loss is & desire:
able ‘goal {99% efficitncy). however as typcat of such expenments, realisicaliy
we expect 1o live wilth data losses of arder of 10% [l we are 10 do such measure.
mants, a5 neulnno oscillation studies with the almospherc neutnnos, then we
musl work al knowing our eflective area well, including the effect of triggenng
etficiency, which will depend upon angle

For suppression of tandom background light induced 1riggering, the gosl must
be 10 keep the rate of triggenag below that which will saturate the data harvesting
computer. We do rot yel know what Lhat rate s precisely. but we shali assume

7

herein that we want to keep il 1o < 10 triggers/sec for computer processing. U
we Lake a trigger as comprising 2gaec of dala (assuming that SN triggers and slow
partiche triggets contribute little to the 1otal trigger rate}. then 1000riggers faec
would harvest 17500 of the data siresm. Thia is already close ta the amount
of data thit we can afford e more. so we can conlemplate saviag everything
passing the first lével triggee®. Honce. once the Rust level processor has thown
away the hviously random data, we.cam make rather koose criteria on saving

“wvents therafter, srd the fisting compuier should have plenty of time 1o run

everyone's fitter, on-hne . LT . )
Note that if we have 2 first level hardware trigger rale of 103/ acc, the soltware

" Ifvering at the second level and beyond will have.to get another rejection factor

of 1U¥ for upcomiihg muon tracks in order to make the random noise background
1o neviting events neghgibly small (< 10% of stmospheric neutrinos). (This

s distinct from the fitter requiremem of nol teconstyucting downgoing muons

wrongly as upcoming, which is about ¥ factor of 2 x 10°7}.

2.1 Optical Noise

A few words are 1 order about the assumptions relative to the incoherent firing
of the optical modules. We leatned in the SPS experiment that the background
rate in the ocean would give us typically 30.000 counts per secand from the
Hamamatsu PMTs- We expect that wih improved module efficiency, that may
be nearer 60.000 counts per second in DUMAND 1. The mdwidual K decays
genetate 5o {ew phatons (about 40) thal 1he probabiity of PMT getting 2 or
more PLs from a given derays - 1% of the overall PE rate The probability thay
? neighbor modules see the same K1 decay is 1otally neghgible  Thus higher
pulse heights than one PE will come lrom withen the PMT, due to the shoppiness
of the tlection multiphcatson. or due to internat effects such as ion feedback.
Buoluminescence will occur sometimes, we beheve. Our measuiements are
very hmned. and nat in a real equilibrum situation, bul we think that random
bioluminescent evenis may occur perhaps 1% of the ume (a3 creature Hashes).
it could be that a cioud of luminescing material will drilt into the array once
in a while. and we assurae that we will simply be off the air for that period,

h mS__._:_ umple Ino suppression, 1000 events par second would be reduced Lo ~ W%hilefsec
or one Bmm tape avery § hours. Another faclor of ten would then mahe for a comiortsble
tegerding rate.



which we expect to be infrequent For the situation of & local Hiash of kight
{which flashes we know last for durations of typically one second) we will simply
gate off 1he temporarily blinded PMT. In-order not 1n overflow the bufler a1
1he SBC digitizer, this will have to be done al the aplical module. One of the
jobs of the shore station ciecuitry will be 10 heop canstant trach of the status
of every module in the array. We anticipate that the effect of such local flashes
will be restricied 10 one module, and will not generate excess coinaidences dué
to coerellatad increases in random rate, and even f they do occur, they will be
almast all at the one PE level.

2.2 Simple Coincidence?

All tnggenng schemes make seleclions in four-space {and maybe more, i we in-
clude charge. for example] The simplest trigger. helaved of alt £xpenmentalists,
1s the ume comawdence requinng some threshuld number ot signdls within a pre
determined time window  This works very well for an expecsment such as IMB. in
which the major trigger 15 simply the observation of more than 10 photomultipher
(PMT) hits from anywhere in the detector within 100 ns This will not work in
DUMAND, as long realized, because of Lhe substantial acise rate due 10 K" in
seawatret {expected count rate of R, = 60, 0L/ se c/rnodule®) and the large size
of the artay [ =~ Ipver across) In calcutauing random comcidence rates {we
do assume that the PMT noise rates are not correllated), the important quantity
is 1he sxpected number of his in lime 1. A, which we can write a5

M - Ry Ny w713,

where N, is 1he total number of optical deteciars. 2160 1n DUMAND Il

Thus 13 PMT comadences will uccur all the ume and even 25 PMT con
cidences will ooeur at o rane of — 19 3ec  1he distnbution of the number of
module dits fur through going. muoas s Musteated o Figure | The mean sumber
of PM Ty kil by a shroughgang muan v atoul 13 50 such 4 wmple caincdence
w thae (o beng usetol (13 nosse s pe o0 conredlated munn. wduced hits).
Howeeer it yeems that the gger descnbeg neat 15 somewhal beller .

| have sun & Muntr Cardo cahudation lus cascades of elementary particles.
wih ¢ | b spectrem exteading from [£2e4 10 10T}, and the j.-.:.- is shown

“Note that we have [ehen the prachict of ermplor g LB, 160, snia/sec 2 the safe design:

value for soine calculations.

in Figure 10 (fitlable events ave taken as those with more than 5 non-noise hits).
One sees » rapidly falling distribution, which points 1o the importance of seeking
efficiency for small numbers of hits. The question of whether the smalker of these
events can be fitted is not addressed herein

2.3  An Energy Trigger T'F

A slightly more sophisticated togger. which we designate TE, could employ the
total number of photoelecteans [PE) in the arisy Since the K™ noise will be
almost entirely single P’ E uncorrelated {in time of space) noise, the summed PE
rate will be close 10 the random PMT count rale The mean number of PEs per
through geing muon event 15 about 23, as dustrated in Figure 2. The reason for
this 15, of course. thal the muon s likely 10 pass close to one or more modules
and produce large pulse heights in 7 few of them  The random rate {or events
the size of Lypical muon events would be, assuming Poisson statstics,

Jeo= P (A4 KL MY T = 030 sec,

for k o 22 Af = 13 and + o lpsec.

Since 70% of the muons producing * € hits in the array have more than
L3P K. a togget threshold of 277 E that would include most muons would have
a random Lriggering rate of about 452/sec ¥ am not very sure of this caleulation,
however, since | have assumed that the distnbution of photcelectrons in the whole
array vheys Porsson statistics

1he results of 1he calcatation for cascades s shown in Figure 11, where once
agan the distubution falls rapidly with increasing numer of pholoelectrons. In
order 10 say sumething guaniitative about the efliciency of vhe T'E trigger for
catching such events we nred 1o use @ model spectrum. An unreabstically far
spectrum was employed i the calculation {for computational ease n generaling
the effective volume versus ruergy shaw m Figure 16).

Implementation of such « tngger can be carried out with the speciakized
processors which Wiaconsin plans (or the Lrigger processor card (at least one per
string). The string level trigger processors would caleulate a string sum for each
10libver period {1usec), and this would be passed to the next beval processor for
makisg the sum of strings. In order 10 nat have the rate domisated by single
large its from one module, (a5 normally occor n PMTs due 1o s} it wil
probably b hecessary 10 require » mini ber of madules 2z well.

10
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While some of the specialized triggers discussed below can dip into the noise
a hit belrer, Lhe energy trigger has the nice propedty of makuing minemal demands
wpon our preconception of the event topokogy. It should collect any deposition of
energy by relativistic particles. The eneigy threshold for 2 sphencally radiating
sonrce in the pootest place for light collection, in the center of a six unit cell
{wedge 10m high}. would correspond 10 2 mere & GeV.

We should note that in the conversion from pulse widih to PE for each
module, we can wse a lookup table in the trigger processor. As Ralph Becker-
Szendy has suggested. this need noi be lincar we may find that the sum of
SQUATES, OF SOMe olher power, is 2 better Lngger. This is because the signals
explored 9o far do tend 1o produce lasge pulse heights in a few modules. fn
any case, bry buiding such conversion into the fookup table generation we can
oplimize the \ngger experimentally.

2.4  Plane Wave, Local Coincidence T3

Considering possible iriggers for DUMAND [1. at the lime of writing the pro-
posal, Vic Stenger proposed inggers which involved concidences on (any of)
three strings. The sub-triggers within the strings would require coincidences of
sdjacent modules. Vic's combinations were 4-3-2, 3-3-2, 5-2.0, and 4.3-0. The
individual modules were only required to have > 1PE. and no there was PE
sum requirement. In June "B9 it was realized that since each of the combinations
above involves a triple hit on a string. we might be able to make a trigger at the
string level withou) the extra complhication of 3 second layer. if we could heep
the random coincidence rate within bounds. :

One can easily see that 2 plane wave'will have exacily the same time difference
bpiween pairs in the 3 aeighbor hits.  The light wave from 2 muon i conical
howaver, 30 subtracting the differences will not yield zero, but should be small.

. i necesaary ta emplay 3 Monte Carlo simulation in order to explore this question

quaniitatively {see description in Agpendix A)

tn Figuse 3 we show the distribubon of tme differences between neighbor
modules a3 a fuaction of zenith angle of the muon track. The time differences
are unique lor vartical racks, and most widely distributed for hotizontal tracks,
the overall shape being banana like. {The scatiered points are due to random
noise ) The tme difference of neighbor concidence paws are plotied against
each other in Figure 4, where one sees that the hits are confined below the
diagonal. The difference of differences is illustrated in Figure 5. again versus
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zemith angle of the track, and o the projeclion of this scatler plot in Figure
6. excepl that the latier contams only the smallest value per muon We see
Uhat a cut of 1515 will heep about 85% of the muons, but there is a systematic
tendancy for Lhe large lime difference events to be neat horizontal. The concern
about introdecing & systematic bias in the tngger will be addressed below, but
this example emphasizes the importance of having multiple tnggers in operatian
simultaneously

Figures 12 thiough 15 present plols that are the same as Figures 3 through
6. except they are for cascades of particles The mawn conclusion 1o draw from
here 1s thai the '3 works very well for cascades, as shown in Figure 15, where
one sees a tolally neghgible number of events beyond 15as.

As shown in Appendix 3. 1he expected rate of simple tople coincidences i
about a thousand per second, and scaling with the cube of the module noise .
cate With the 15ns cut the difference of differences trigger, herealter called T3,
the predicied rate falls to a comiortabie 54/ ser

2.5  Neighbor Pairs with High Pulse Heights 72

Another possibility is te use neighbor paw coincidences, but with » requirement
of some minimum pulse height, which we shall designate T2, We realize that
employing amphtude in the Liigger is not generally desirable, both because it 15
more technically difficult, but more importanily because pulse height is poorly
resolved Mevertheless. we know that some of the muon trajectores will produce
a large pulse heght in some modules. for example, those teajeciories that are
near horszontal snd pass near one-module. possibly not producing a T3,

Some other physics phenomena may do the same. producing # large pulse
beight in only 2 PMTs on one strmg, and perbaps enough hits on other strings 10
mahe the event distinguishable from backgiound. In a way. T2 can be thought
of as just‘a local verion of the array wide T'E.

We can test the efficiency of such a tngger with the Monie Carlo, but the
problem is that we do act yet know the relationship between noise rale and
amplitude for the real oplicai modules, in the real ocean, and cannot thus mahe
reliable calculations of trigger random rates. I we assume that the Philips PMT
v capable of a reduction ol the noise by & factor of 5. and the Hamamatsu
PMT capable of a factor of 10 similarly, then the 67k/sec reduces to 3 more
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tolecable 134/ aer. ff we tequire > 2/°E i each module ™.
As we shall cee below . Lhis trigger is rather eflective at extracimg some events
not otherwise caught, though it mostly does overlap with 73

2.6  Nucleasites

Now let us discuss the case of the fast lantern. which | shall call a nuciearite
generically. Such particles will rsise the noice sate in the PMTs within several
tens of m along the track. If the rate goes hgh rnough it will Irip the PMT
into shutdown mode, as for bioluminescence 1 he lalter takes some lime 1o
happen, being governed by the rate kmiting (rour a1 the PMT, but probably
only 10usec®. The fast dats teansmission coreuil has a lactur of 1en of so dynamic
range in tetems of rate for all the PMTs, but the local digtizer will s00n become
saturated i we 4o not Timit the PMT rates.

Hence we just cannot track the progress of a nuclearite 1hrough the array
by watching the singles rates in the PMTs, as they arrve viz the fast diginizer
circuit.  Since the larger end of traversal times we expect is only 10ms. the
particle will have gone by the time the fast rate limiters recover Nor can we
trach the progress by the rate measurements sent ashore on the Command and
Cantrol link, becavse we cannot sample the rate and send it o shore many times
in a second. Thus it seems that we can only observe the progress of the nuclearite
by the noting times of Lhe Jast pulses belore ihe rate hmiter kicks in Moreover
the relatively slow integral cate information recovered from Lhe C? Vink can be
used for total amplitude as well as fitting the trageciory spatially

The trigger processor circuit on shore wdl know when a module has gone into
hibernation mode by findwmg a star{ without a stop pulse. We da not know how
often bicluminescence will produce such pulses. but the TTR4 data suggested

TNote that herein | have treated FEx as integurs, while in {act the PMT output pule
charge is d {by H in the ok Highat ¢ircuit) to an effectively continueus
function. For thig reaton we aeed both the noise rate versus culput charge, under appropliate
sandom hght illumination, snd we need the distribution of in lime puties Jor varicus Tight lerels
{pioducing 1,2,Y,..."E}. The forner i needed for the random noise cHleuiation, the lafter
for efficincy Msestment.

*The PMT rate fimitar paramelars have not bren settied yet, but | am proposimg that
the optical modules will shut - off their fasl dava outpul # they receive more than 100 hits in
Hpser, and thai they will stay in thei sate uatil their mricroprocessor mestures & rate back
1o normal, but &0 ess than 1 second. These times may not turs out 10 be the firal values.
but they camnot bx far wiong.

£

that it muight be 1% of the time 1 this were so, and the duration of the pulse
weie typically one second, then we could expect that there would be about 2
PMTs shutdown in the array at any given moment. L would not be 100 much
data then to record the exact starting Lime of the pulses with no atop  Thes,
one of the 1asks of the data harvesting compuler can be 10 kesp @ walch lor
unusual fluctuations in such a rate and if fuuad 10 lock Jor a progresncn ol the
hits through the acray The rats wloroation measured 3t the M1 eng sem Lo
shote on the Command and { -~1e-d kak can then be employed tu rebre the bt
and measure the 1otal bght cutpat ot the 1rack .

No.one hay yel studied the question ol threshold and elhicency for such a
particle {any voluateers?) My guess would be ihat we are about as =fhcient as for
muons m catching tracks that have enough hght 1o dnve the nearest PMTs into
ratefmitatson  The energy threshold must be something bae an equivaleat of 100
times 1he light from a muon, eg with an equivalent dEjdz of > 200 eV fem,
for a d = Il # parucle, and scaling upwards with decreasing B It seems that
such particies mught be missed by this trigger neas the upper velocity range, but
they probably would be caught by the 7'E tngger il they cause enough light Lo
exceed the array threshold in one rollover cycle | do not see this as a big problem
i there is some boss in this region, since the expectation for heavies would be
to be at least gravitavonally bound to the galaxy, and travellng in the range of
SR L N

Untsl we have more in ocean expenence | have no way 1o calculate the rate of
random tnggers for such  beast While thrs is 2 matler we will have to explore
alter Lhe array is in opeation. it is hard 1o imagine that the false eveni rale
would be farge (1l 11 15 we are i rouble for other physics with dead ume from
tioluminecsence!}

2.7 Monopoles

The other possibility is that the slow massive particle is visible only in bursts of
kght along it's path, as in the case of a monopale promoting nucleon decays
along itg trajectory via the Rubakov process. These remnants of the nucleon
may give coincidences between at least neighbor modules. An unknown quantity
in \his affair 15 the crossecion for such interactions, and the fimits are usvally
presented with this a3 & parametes. The interaction length may be equivalent
1o a strong intecaction, snd thus we might see one or more decays per meler,
For this case then we would have many trials for local coincidences. The light is
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surely mote feeble than the nuclearite case, 5o we cannot count on picking them
up by overall rate. Hence it seems that we must pich them out by T2 coincidence
trails Since we will trigger on T'2 the data will go to the next level processor,
which can Then heep a watch for a series of T2's marching through the armay

Again, wa will have to employ expenence Lo astess the false svent rate. Some-
one who wanis 8 nice project could, however, begin the process of calculatimng
the range of sensiivity of DUMAND Il in velocity and cross section space.

2.8 Supamevs Trigger

As staled in saction 1. | veally am not at all convinced we have a chance for
detecting supsrnovae, but feel it well worth some (awr amount of effort Al this
time the only chance | see is lor us 10 record a siabishically significant mcrease
the rate of individual module signals with a threshold - 1P As for assessing
either of ‘the important questions of efficiency and threshold of caiching the
signal {which would teanslate inlo how much of the galaxy we can “see"), or
{alse trigget rate, the former needs some Monte Carlo simulations. and the latter
needs the PMT noige rate versus amplitude distnbutions

However, for planning the irigger we can say that « 15 desireable 1o implement
the capability for each irigger card 10 keep a second by second tally of the number
of tits per todule above some indwdually programmable threshald (this is in
addition 10 the total rale of \nggers)

3 Rste and Efficiancy of Triggers

The trggermg efficiency for through going muons has been studied with the
simple Monte Carlo. 1t would be mice 10 have 3 .:::28. definition of fittabikty.
but (particulacly in the presence of noise) this does not seem possible. | could
fit the evenin, but that would oaly test the Lrigger relative to my fitter, and
wveryone's fitler is shghily different. The following table presents some of the
resuhts for an, isotsopic. fux of single, minimym ionizing, through going muons
Figwre 7 shows the eflective area for each trigger versus zenith angle, for what |
define o iltable mypons, > Bhita. Figure B shows the same plot for defnition
of > 12hits on > 3airings, demonsicating 1hat the efficiency of the triggers
does. nol. relatively change mach. though the eflective area goes down a fair
amount,

R T2 T SUM
Efiiceney 6).3% 63.9% 79.5% 90.8%
L Exel EN 31% 41.3% 14.6%

Ef Avea 1| 22,414mi | 23, 750m? | 29, 567m? | 33, 738m?

Hose Rate 134/ sec G4faec | 452fsec | 6d0fsec

ISRUR SRS NS PO B

One maght be 1empted 10 conclude that the T3 tngger 15 faurly useless That
1s nol the case, though in the table # has been subsumed by the T £ inggers,
because 0, alone among the triggess depends only upon the geometry of the
comcidence and not upon puise heights. G the triggers, | anly feel comfortable
about the rate predicuions for T3, having had 10 make shaky assumplions about
putse heights for calculating the others. Also, rote that though the array total
area. o.__!uwua over all arnval angles now totals nearly 34, 0hn?, aad aearly
S0, Uim? over the lower hemisphere, this does nol mean Lhat we can i all of
those events in prachice. This gwves the people wriing litling roulines something
for which 10 aim!

The effective volume of the artay is liustrated in Figure 16. By effective
volume | medn the fraction of generated events which produced more than 5 has
and which generated one or more triggers. Limes the 1es1 volume in which they
were genetated (2 x "m?}  Note that the effectwe volume reached the test
volume at [0Tel’. so that fusther calculation may reveal the eflective volume
continuing 1o rise. This is a bit amusing since the contained volume is only about
2 » 1I¥m?, 50 almost all the events are being seen from afait Are they fittable?

4 Conclusion
We have discussed various possible triggers for the DUMAND H array, and find

that 3 easily implemented triggers (T3, T2, and TE} wilt work-for the main
goal of recording muons The T3 trigger requires small second time diferences
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between trios of modules (1%ns) The T2 trigger 1ags neighbor near concidences
with unusual pulse heights (90ms, > 4P°E). The TE trigger seeks large numbers
of PEs from amywhere in the array (Ipsec. > (13 + 14)PEY}.

More simulation work is needed on cascades and low energy muons. but
the proposad triggers probably work about as efficiently a5 we shall achieve at
plucking such evants oul of the data stream . More work is needed in studying
fitting of such kow energy events. And more effort is needed in charactenzing the
sigaals and nowe from the PMTs.

. These Uiggers siso seem fo have a good chance to exitact non-standard
types of evasts involving relativistic particles of all types. Triggers lor slow.
bright particles, and for superncva detection, require special consideration, and
a different type of hardware implementation. Our best approach seems 1o be
through the implementation of means 1o record the times of PMT saturation,
PMT noise rates sach second {both single and multi-PE), and by searching for
patterns in T'2 coincidences.

While il it rot clear if we have a chance 10 detect supernova neulrinos, the
best opportusity appears 10 be via the monitoring the rates of pulse heyghis more
than one PE sad seekang few second increases distnbuted throughout the areay

Summarnizing what is needed of the trigger card’

» search r= o...wt string Lriggers 1'2 and T'3
o 1ally 10tal P*£s for each rollover and forward to next level

» tally totals of aMl pulses, and pulses exceeding a predeternuned 1hieshold,
by modube for each second

+ note PMT stant 11-3_ without stops. .:m.vu-u along stari ime, updaling
PMT status woed 1o be read with scaler rates each second

Summarizing what is aeeded at the next level for data filtering snd preliminary
fitling

o collect and fhiter single string triggers, seek [IIH) < reduction
» make PE 1ctals for TE, and test for trigger every rollover cycle

o watch for array wide increases in single PE and multi-Pe rates
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o watch for rigple of PMT shutofl times

This document should be Jooked upon a5 a starting pomnt for more detailed -
considerations Of more immediate concern, {or making progress on the system
design, it seems that we will be able to create the iriggers we need with the
system as presenily conceived, and thal we are at teast not far from optimum
thggering.
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Appendix A Monte Carlo assumptions

The Monte Carlo program used in the studies reparted herein was written not
to be all encompassing. but to be reasonably tast and simple so that | could
fry out different trigger configurations without huge computer time. The basic
muon generating routine generates lrachs perpendhcular 10 3 disk cenlered on the
array The onentation 15 made uniformly random, and the tracks are taken as
infimstely long. The angies and distances relative 1o each madule are calculated,
and the mean number of PE expected i each module is generated. Then the
actual number of PEs are Paissan lluctualed aboul that numbrer. No effects ol
amphtude smearing are used, and no conversion 1o dugitized units is iniroduced
{not needed for present PUrpOSES).
The function employed lor calculating the number of PEs is

3.1“?: < .,..—oﬁn. L] &u.nnlgﬁﬁﬁ.:h.

where ng = 217.6, d, = 17.86m, o = 0.437, A = 0.02085/m, and the slant
distanes d'is in m. This function is Wustrated in Figure 3, where one sees that
1the minimum ionizing Muon represented by this function will produce a mean of
IPE a1 a slant distance of 28m. The funclon & for head on illumination, and
the angular distribution must be inserted. | use
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F(¥] = 4u(0.525c0s(¢) | 1.475)

for the Hamamalsu PMT, and

F(¥) = Aul01.546c0s(y) 1 1.606),

fot cas(¥) between —0.9 and 0.75. Nitior Cos(p) . 1.9, and Aq otherwse,
for the Phikps PMT. The types of PMTs are taken to be alteraating on the
strings, and ol PMTi taken 10 be face downwards. | believe thal these are
exacily the same Tunctions a5 used by Vic Stenger, and documented in his notes
abou). his Moate Carko program. (The attentuation function is aresult of 3
cakowlation | did. years ago, updated in May 1988 for new input data See HDC-
81-10 for details ) . .

The cascade smulation is simplified, employing the pont source approxuma-
tion presented by Art Roberts in the 1978 DUMAND Workshop, 1. 103 (1978).
Events are genesated throughout 2 cylndrical volume. extending either side of
the refetence disk. as decnbed above. For the preliminary calculations presented
heren | used a disk of radius 15lm, and the cylinder was 305m long. 1115 evident
(see Figure 16) 1hat above 10 GeV we have sigarhcant contribution from events
outside 1he array

Noise s mserled &1 a rate of 60,000 bus per second iv each module, in a Lime
window ol 1jistc centered on the event meah 1une

Appenitin 8 Caluudation sl Minimum Numbies of Hits

AR inierasting questn v whal o The o tual Tt atien i Bee armalbest size ol
comeniencen cauved by muon kke events wt Vhe ity which cun be extranted
_.:.... noise? Forgel lor the moment whethri sudl events can be bited The idea
s that there 18 some space 1n which These eventy are 43 Ught as possible, and
in which 1he random comcidences will be mumal  This is & vor1 of phase space
approach

Imagine that we continuausly plot alk events on o direcion phot, with a number
of cells equal 10 the best resolution we can achewe  [hes rmght be Ny 1 for
one degree resolution Imagine also that we divide each direction sato as many
impact poinis as we have \emporal resalution Lo support, agan say Np (I
{about 2m? gnd} A through guing muon would dlurminate 1ypecally 1 20

1%

modules, though hitting a mean of about k - 12 {though this is whal we shall
solve for soon)

For this trisl track [with chasen direction and impact point) we can thus
predict the relative time of arrval of photons a1 all modules 1o within the vanation
of geometry and the lime resolution of the system. Suppose then that we ash
the question every 2ns as 1o whether or not there is a comcidence of module
signals amangst the 20 candidate modules along the trial track  The rate of
candom comcidences will then be given by the aumber of trals per second limes
the probablility of a coincidence of that level.

Ry - (NpNpfra)m' K,

where the laiter term is approximately the Poisson probability of gelting
& coincidences when m are expected, when m << 1. The expecied number
m o IRt = LUS24 for the stated conditions. 50 while the number of Lnals
is vast, the probabdity drops fast with ncreasing £, such that for 2 value of
k- B8 the rate is a neghgible once in 23 years! The value of 2ns may be overly
optumsstic, but even so, i i were as bad as Bra we find a rate of only once per
14 yearsfor k - 9

| thus conclude that we could dentify physics evenls solely on the basis
of phase spate, with a neghgible bhachground from tandom comcidences il the
comcidence threshold 15 as bow s B ur 9 modules Muteover, this is conservalive
s e Ehe question we have asked has 10 do with the topology expecied of muons,
anil wwr 1 an apply pulse height s nlena on dup of the space ime 11 Wahout
turthes 1onsderatisn we can atwe sate that we should be able to wiploy inuon
111 clown 13 Vhe level of elonl 7 hits (with expreled randum 1dte ol 4« 10" fyrar ).
o we aeonpt an mireane in the brat hgroundd due 10 CuSMKE Tay Hivms

19 seerma to ise thal thin s telling, us that we coubd PriRciphe sLurf AHRRFI
duwn 16 the level of about 12 nome hits plus 6 real muon bis, sl that an icheal
hites could exiract the signals Irom nose Based upon Al previcus ducussion
uf the gross comcidence sale @ cosrse lume window ol Ljaec, we 1ee that 2
simple tngger will not come close 10 this wdeat goal  On the other hand, the T
dors gel events down at this tevel. so tius telts us ot is being fanly efiicient 4t
gelting out the mazimum smuount of physics
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Appandix C Random Rate of 2 and 3 Fold Neighbor Triggers

First consider the rate of neighbor coincidences. The coincidence ime window. in
order 16 accept 2l trajectories, must be at least the Hight 1ime of photons in water
travelling from one module to Lhe next i the module spacing is Pp = 10m,

the speed of kght ¢, and Lhe index of refraction in seawater n,, = 1.35 = 4/3.
then:

T3 = Ry ¥ Dy fr = 15ns
H the __.E..v.! of modules per stong is M 24, the number of strings
N, = 39, the individual module nouse rate R - G0, 1K/ 3er ®, Lhen the lotal
array rale of random pair coincilences will be )

5 (M = 1) n (NG} > 20 02 5 7g = BT, 000800

The random rate for three neighbor concidences is just the inple concidence
e times the number of combinations:

By (N - 20 (M) s 3 HY ae],

where 1, = the coincidence window dor triple neghbor coipcidences, This is
equal 10/ Lhe flight 1ime for a photons in water (o traverse the distance between
the farthest modules, 2, or akoul Hima  The random rate for triples anywhete
n 1he array i3 then about,

. fty : UM ser,

whuch 15 51l nol tolerable, particularly smce this could become 5, 110/ ser f
the module noise rate turns out to be NN MR e e

It was for this reason that 1he dflerence of diflerences igger was developed
1he question (o be addressed here 15 what i the expectied ninge rate wih ihis
cul? We approach this wn two steps  First consider the requ 1 of 44 close
a neighbor paw coincidence as posuble

"We take _-_ :.o.&l.-—-o ..o. .v‘-ﬂa.__r_ n nome 1ate With some trouble one may shaw that for a
lasge numbier of modules it works well encugh to Lake the mesn nowe rate for such coincrdance
calculations. Tiws has been erpeimentally venfad in the IMB detector in 1983,
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We get a factor of 5ix tight away by requinng the window 1o be hall and 1he
reduced combinatorics every ime there 15 a hit n a polential «.o:__! .._._a.._.__vﬁ
of & tniple we ask the guestion of whether there was a neighbor _....o..:.,._n_u_.nn. in 3
ime + of - Ty about that event, We can da betier, however, since i the signal
is early on one side, 11 must be late on the other. 50 we can gain another factor
ol two ]

You tan pictute the random noise hils abaut 1he center module H._a.n. a
undormly populating a square regron 3 scatter plot of cne neghbor's _=3a
difference versus the other. This plot 15 shown in Figure 4 for muons, and Figure
13 for cascades The requirement of one beng early while the other 15 late cuts
the square on the disgonal. The fusther requirement of the ume difference being
less than some value (which we determined from the Monte Caslo 10 be about
15 ns without losing many events), then we are further restricting the area of the
plane 10 a parallelogram of base A - I5ins and height 27, but less 3 triangular
region of area A7/2. The resulting rate s then given by

H, (Ne 20% N, x R A« (- Af2) = 54/ sec.

for a net gan of a factor of 20 over the simple triple coincidence Hy.
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Appandix C Random Rate of 2 and 3 Fold Neighbor Triggers

First consider the rate of neighbor coincidences. The coincidence time window, in
order 10 accept all \rajectones, must be at feast the fight time of photons in water
travelling from oae module to the next. |f the module spacing is [}, = 10m,
the speed of kight c. and the index of refraction in seawater n, = 1.35 = 4/3,
then: ’ :

T3 ¢ M ote -0

Il the number of modules per strng 15 A, 't 1k number of sinngs
N, = 5. the mdividual module noise rale K,
artay vate of random pasr coinaidences will be

w7 then the lotal

it (M L) - IN) -2 N

Th ooy

The random raie for three neighbor conudences 1s just the 1nple cainadence
rate imes the number of combinations.

Hy ﬁ_?.... .N_nﬁ_?__nw_-u. ...ﬂ....»a“.
where 73 == the coincidence window lor Liple neghbor <oincidences. This is
equal 1o Lhe light time for 3 photons \n water 1o traverse the distance between
the farthest modules, 20hn, or about Hins T he random rate for triples anywhere

in the array 15 then abour,

Iy

LT

which s st nen

able parta ulady sinca

The module nose tale Turss ol L be

1y touled hecome Yol s of

[ILLL T T

I owas for ths seanan thel the didlere me - 8 ddferendes tngger was develuped
The gurshion 10 be sddressed hete w4t « the expecied nose rate with this
wut? Ve appendch this o two Steps  Fast conwider the requirement ol as close
& neighlng pas Loncidence as pusmble

TWe Lake alt modules te. be vqual in noise rate Wilh some trouble one may show that for s

large numbet of modules 1t works well enough 1o take the mesn nowse rate for such coinadence
calculatons  This has baen experimentalty verified in the IME detectos in 198,

H

We get a facior of six nght away by requiring the window 1o be hall and 1he
reduced combinatorics every time there 15 a bt in 2 potential cenler member
of a triple we ash the guestion of whether thete was a neighbor comcidence in g
ume § or  1; about that eveni We can do hetter however, since o the signal
i early on ane side il must be fate on the ulher so we can gan annther lacton
ol 1wo

You tan prcture the rand-.r o s hits ghugt the cenler module teme a5
uniformly populating a squate fegenoan 4 sratler plol vf one neghbot s [rme
difference versus the ather T his plit s shown  Figure 4 for muons. and Figure
13 for cascades 1he requrement of une brng early whie 1he other 15 late cuts
the square on Lthe diaganal  The further iequirement of the ume diflerence bewng
less than some value (which we getermined lom the Monrie Carlo to be about
15 ns without losing many events), then we are further testneling the area of the
plane to a parallelogram of base 3 1fns and height 27,. but less a triangular
togion ol area A7y7 The resuling rale s thea grven by

K, (N 21 5/ see,

tu1 a net gain of & Jaclor of 20 over the simple tnple comncidence K
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Figure 3: Pair time differences versus sanith sngle.
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Figure 4: Neighbor pair time differences.
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“igure 5: Secoud timpe difference versus zenith angle.
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Figure 7: Effective area vs Tenith angle, >oH
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Figure t1: Cascade caused PEs in fittable sventy.
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Figure L3: Neighbar pair t!.ma'd.l.ﬂmncu.
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Figure 15: Smallest second time difference per svent.
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Figure 17: PEs va angle, 10 Gev cascade at 20m face GO.
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NOTES ON THE SBC
FAST DATA PATH

by Phil Eksirom,
University of Washington

This is my understanding of what got adopied by the Seattle wrigger meeting and
what that implies.

1) Primary daia from cich swing will be sent down oac color of the string's fast
data fiber. The second volor will be used for redundant data transenission.

The high cost (in various coin) of undersea fibet optic connectors requires that the
two colors be carried on a single fiber from SBC (0 1B, However it is conceivable 10
sepatate and recombine the colors in the JB s0 &5 10 send them to shore via adjacent
fibers. Dick Davisson assens that it could be done with very low loss using passive
dichroic couplers. This would allow continued unimpaired operation in the face of one
ot more fuiled fibers 1o shore. The possibitity was discussed, but not decided so far as 1
have heard.

2) SBC messages are of two kinds: optical event messages snd rollover
messages, Opticul events are stacked in the digitizer along with the counter coniemts
{(time in units of 2 nanoseconds) as they occur.  Roflover events are stacked every
microsecond 4t counter rollover siong with the current values of the data input hits.
Messages are resd out into the link as time permits, first in, first Gut.

Simulaneously occumring events are wansmitied in ascending order of address.

This implies that rollover, which is address zero, is sent First before any other events al
lime zero.

SHO mesauges on the fast duta link share a common overall format, each has
three fields, but the jnterpretation of (he Gells dilfers.

] Oplical I:vent | Raollover event
Address field nonzero pumber of | zero, marks
{5 bits) event source. | rollover type.

Time/Daw | Time of event in | Data Giekd
. Obiw | usisof2NSec |

7 UpDown _ State of line 10 counter bit
(1 Bit) after transition . after roflover
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Amngement of fields within the transmined word is arbirary and 3 matier for
sgreement between the icams working on digitizer and trigger hardware. T have
therefore avoided drawing any pasticular oac. They may also agree 1o sorne way of
communicating FIFO overflow, perhaps by dedicating address 31 to it.

Two nanosecond resolution sed | microsecond rollover imply the 9 bit time/dats
field width. Putting all the data from a sring dows one coloe channel implics the 5 bit
address fickd width 10 ideatify 24 OMs plus 3 calibrators. Total width is 13 bits.

3) A SB/GB expansion for fiber iramamizsion makes the transmitied message 18
bis long. Sent st 256 Mbiisisec the measage rate is 14.22 / microsecond and the
wmessage period is 70.3 nanoseconds. Subimacting one reHover messsge pet wicrosecond
yields an event throughput of just over §3 evenis per mu rwevond.

There are varipus advantages 1o making the wansmined bit rate simply related to
the digilizer clock rate, for instance an exact binary sobmultiple. One such advanage is
discussed in iem 9.

4) Design cvent burst raie is 12 hit/2 NSec, 48 hit/200 Nsce, The digitizer
must provide a fast FIRO buffer to siack the event bursts without loss until they can be
sent to shore. This sccounts for much of the difficuity of the digitizer, and current
designs have gone to a two-stage FIFO with one stage on & scparaie memory chip.

Even so, the limiied density availsble in GaAs would require segmenting the
digilizer inlo two picces, each handling haif of the event generators and producing half of
the messages. The hit specification above appears o assume this division. Each half
would need to contribule messages to the single data stream and must either have
synchronized counters of generate separate and distinguishable rollover messages.

The grealer density available with 5i CMOS may offer the option of digitizing
evenls from a whole suwing on ome chip, thereby avoiding the coordinution ixsue.
However uther considerutions may outweigh this advantage. Eric Hazen will decide.

Some aspecis of the wigger design will depend on this decision.

) Since each of the ¥ dats input bits is sampled and sent every microsecond,
each may be treated as & | Megabaud serial link. Three of them carry hydrophone
signals digitized to 12 bit precision a1 nominally 80 KHz sanmipling rate and transmilted a3
twelve or thirteen-bit synchronous serial bit streams. The 13 bit length will be needed o
get sample iierval sbove 12,5 microsec if the LTC1292 serial out digitizer chip is to be
used. A fourth wream carries a framing (aliss sync) bit to mark the beginning or end of 2
transmitted word, Exact format (which end first, 12 vs 13, location of framing bit. eic.)
is up 10 UWA who will be dealing with both ends of the link.
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Slow Asynchronous streams may be sent by just applying them to one of the data
bits. The Neil Brown Unit output and CC data will be seat this way.

This uses six of the nine available bits.

1 note that two bits are allocaied to “rolloves count”. | missed the discussion
which led (o this, so cansot explain it. However aote that one bit of rollover count is
already being sent via the Up/Down bit, and the discussion below suggests \hai it will
suffice. o o C

This leaves one spare.  Again the £aml amangement of bits within the word is
arbitrary. .

6} Rollover messages serve 1o increment an exlension counter in the trigger. The
“enth™ bil of the digitizer vounler, sent in the Up/Down bit, should be compared with the
lowest bit of the extension counter i the migger. If a rollover message has been
comupied or atherwise losi, the bits will disagree.

7) Rollover messages divide the evenl stream inso “pages”. One page holds the
optical event messages received berween any two rollover messages. Any pair of events
which occurred less than one microsecond apart must result in messages cither in the
same page or in adjacent pages. Therefore the trigger need onty form time differences
between events in a two-page black of data.

8) If the “tenth” bit sent with the last rollover message is appended to all times in
the first level wrigger calculation, then wen-bit twoscomplement differences formed
between times in the same page or sdjacent pages will be correct when interpreted as
positive numbers.  Overflow cannol occur. This assumes that times belonging w0
messages received earlier are subiracted from the times of messages received later, not
vice versa. Any carries off the end of the regisier are ignored,

As an exampic, any Iwo events which yicld a difference formed as above with its
top four bits zero must have oceurred within 128 nanoseconds of each viher and in the
corree) urder. Conversely, all events which ocourred move than 28 nanoscoonds apan
will cither uppear in pages which arc not wdjacent or ise will yield time differences
which have st least one bit in their op (our nonzero. :

Once a pair of differences has passed such a test, we know that the top bit of each -
is zero. They may then be subtracted from each other with either the same or identical
hardware to yield a signed second difference which cannct overflow, That signed

number may then be subjected 10 a two-sided iesi for magnimde of the second difference. < .
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Example: If such & second difference has its six 10p bits either all zero or all one,
then it Lies between -32 and +31 nanoseconds. Less simple-minded tests can be
performed to set limity which are not exaci powers of two.

In any case, nﬁu:ggsggggzcnﬁgwg.&aﬂ:«_ra
wrigger calculations.

Let me suggest oue of two viewpoin 10 adopt when working ail this out
yoursell 10 chack sy conclusions. One way s to regand the initial tiow values &s truly
circular ~ like numbers on a clock face -- ruther than as either  positive or signed
%E?&irsgsgﬁuiwgi
50 that rollover never occwes.  Then observe that in the first difference omly the Tower
ten bits are ever monzero, There is o point In computing high order biss which are

always zero, and since you don't need 1o compuse beyond en bits, there'is no need o

represent moce than tea bits of time.

9) Once intoresting regions of data are identificd by the First level wigger

algorithen, the data can be readied for fusther processing by appending the Jocal extension
counser 10 the front of the tdme and subtracting from the now loager word the calibration
parameter appropriate (o the particular address,

The calibration psrameters (1 doa't call them constanis for reasons o be seen
below) sre determined by observing light pulses from the calibration modules. They
depend pot only on the various propagation delays for Jight and other signals, bl also on
the arbitrary initial comtents of the local counter. They are chosen so that when
subtracted from the composise word made of ransmitied time and local counter contents,

- they give equal numbers for simultaneous events,

Calibestion requires pulses from laser light sources which have w limited life.
Therelore it must be s relatively infrequest evenl, cucurring on a scabe of xome per day
ruther than pes second. 1 the Yock of string clock 1o the CCOC clock reference were 10
fuil, calibration could ot be performcd ofen enough 16 correct fur the offset and drift of
an ordinary crysial oscillaw string clock.

If the transmitted dan clock were chosen o be 5 binary submultiple of the
digitizer clock, thea a fairfy simple circuit could watch both the data clock recovered
cnshore and a correct orshore refereace and generate 1 value which when added o a
calibration constamt would form o calibration psrameter continuously corrected for clock
emrors. This mode of backup operation has all of its modest added complexity on shore,

" and may be preferable to giving each swring s more claboraie and extremely suble, e.g..

Rubidium, clock st the sea bottom.
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18) However long or short the trigger's local extension counter, it will eventually
roll over. [ suggest that when the *calibrated® time rolls over, s rollover message be sent
along with the dats so that an additional exiension counter of any desired length could be
maintained in software during fusther processing. Joha Lesmed can sctually have Julian
date in nanoseconds if he wants it Consisent use of rollover messages completely
eliminawes any loss st counter rollover.
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APPENDIX;

Briel Regarding String Clocks

by Phil Ekstrom
81390

clhman. sch

At the Seattle meeting | heard concem expressed over the fact that an ordinary
crystal clock in the SBC digitizer would not be sufficienty stable W permit continued
operation if its lock to the CCC link should fail, The proposal offered there was 10 put &
betier, £.g., Rubidium, clock in each String Bottom Controller. This will do the job, but |
suggest an altemate way which puts the added hardware on shore where it can be
repaired.

‘r The idea i not 1o control the swring clock phase drifi, but to monitor and comect
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for it. Then & crystal clock is stable enough. This can be done transparently with a
remarkably small amount of added hardware and code in the migger processor, plus one
precaution taken in the SBC.

In the SBC one must only choose the transmitted baud rate of the Fast link 10 be
some simple, preferably binary, submulliple of the siring clock: 1/2 implying 250 Mtlz
comes 1o mind, Then the baud rate clock which the on-shore receiver mustL recover
anyway is a string clock signal available in the rigger whenever the link is working at
all.

Next one combines this with the onshore phase reference in a circuit which can be
viewed as a quadrature lock-in. The circuit can be very simple, using parts of three ICs.
The two difference frequency outpuls are quadratiure square waves which can be handled
with the same circuitry and algorithms used for quadrature angle encoders. In particular,
you get to count either up or down as apprapriate, 1t is easy 1o arrange for one count @
be worth one cycle phase emor of the string clock. (Actually it would be bester for it to be
112 cycle of less, which is also exsy, (o eliminate any contribution o quantizing emrors.)
Further details depend on Matty's choices here, bul those two low-frequency signals
could be sent direvtly 1o the DSP, where he would maintain an up-down counter of
accumulated clock phase emor in. say, nanoseconds.

First leve! trigger provessing involving only one string would not aced any
correction, When adding the calibratn parameter i ready the daia for correlation
between srings, the DSP would alsv subusct the clock erros count. That's all it wkes.

See Seatide Proceedings for a circuit.
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SBC FAST DIGITIZER
SPECIFICATION

by Eric Hazen,
Boston University

i. General Description
A. SBC Inputs

The SBC must digitize OM pulses from 24 OM's ane 3 CM's with & least count of
1.95 nS (1/512 MHz) [hereafter referred to as 205" amd "SOOMHz" 10 keep things
simple]. Both leading and railing edges of cach pulse are digitized. Any arbiirary signal
on the inpuis can be digitized, provided thai the 1otal number of input transitions doesn't

exceed the intermal buffer size. 6 auxiliary inpus (for hydrophones, £tc) are sampled a1
| MHz.

B. Qutput Data Stream

For each transition, a 10-bit time word, 4-bit channet number, and | bit up/down fag
are transmitied. Every ! microsec (when a carry occurs from the %ih lime bit), a roll-
over word with channel number = 0 is ransmitted. The time field of roll-over words is
by definition zero, so the 10 time bits and up/down Dag are svailable for suxiliary data.
An overflow bit indicates lost dats. a

C. Physicsl design

The OM and CM data comes in on optical fibers. The fibers conmect to optical
receiver boards, which plug into the main fast SBC board, The output of the optical
gﬁgln&gmpnwiu.gnggqgﬁﬁwﬁﬁazv.

“The fast digitization it accomplished by & two semi-custom 1Cy, each handling 12
OM inputs and up 10 2 CMs. The OM and OM dath is fed directly to the chip, along with
a 50DMHz master clock, The output of each chip feeds directly 1 a serializer-encoder
(perhaps the Gazelie "Hot Rod™) chip, and then 1o a laser driver.

On-chip buffering is provided for 50-64 events, to handie bursts. The worsicase

burst expected is one double pulse on exch of the 12 OM inpuls, within approximately
20008, This generaies 48 wansition events which must be buffered.
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T1. Detalled Digitizer IC Description
A. Front-End (edge detector)

‘I first task of the digitizer is w synchronize the 14 inputs (12 OM's + 2 CM'y)
with the 500MHz clock, and 10 detect rising and falling edges. This is accomplished with
several laiches and an exclusive-or (XOR) gate on each input channel. Edge detection is
done by XORing two sucoessive samples of an input. The XOR output is high when the
two samples differ, indicating that the input has changed state. A I4-input OR gate
acnses when an edge is present on any of the 14 input channels, producing the TRIGGER
signal, 14 additional bits record whether the transition on cach input is a leading or
trailing pulse edge.

The output from this stage is 29 bita:

1 TRIGGER

14 change register
14 direction register

B. Time Stamp

The arvival time of each kit (TRIGGER) is recorded 10 2nS accuracy. A §2-bit
synchronous counter rues conlinuously st SO0MHz, and the low 10 bits are lawched on
each TRIGGER. When & caimy occurs from the 9th bit (every | microsec), a word is
lawched with a flag set to indicate roll-over, If a rigger is present when roll-over accurs,
data is recorded as usual in the change and direction regisiers, otherwise these fields
contain garbage.

C. Auxilary Data

When s clock Toll-aver occurs {every | microsec), 6 external inputs are laiched,

along with the upper 2 bits of the clock synchronous counter. These 8 bits, plus 2 zerves,
replace the 10 bii time word data.

The data stream at this point consists of:

) TRIGGER

14 change register

14  direction register

) time word (or auxiliary input data)
1 mlloverflag
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D. FIFO

A FIFO tuffer for several words is required in ihe digitizer for severa) reasons.
First, datz can woumulate in the digitizer st a mie of up to 300MHz, and it couldn't
possibly be shipped off the chip at that rate. Second, esch word may contain several hits,
requiring the ransmission of several output words off-chip.

A 39 (144144 10+1) bit word is writen into the FIFQ on each TRIGGER o roll-
over. The FIFO must sccommodaie inpul datz at up to S00MHz in shon tumts, if

closcly-space transitions occur on severs) aputs. Data is read ot of the FIFC w2
maximum rate of 100MHz.

The FIFO may be full when data is 1o be writien. 1f 50, no data is written, but &
LOST DATA Nag is set in the top word on the FIFO. in addition, & single tree Jocation
is always reserved for roll-over words ai the input to the FIFO, guaranteeing that no roll-
over wardi will be Jost, i

The FIFO depth required is spproximately 64 words (see discussion in section 1)
E. Channel Number Encoder

Each outpur word from the FIFO is lstched into aa encoder, which scans the
change register for 1 bits. Each time one is found, s word is transmitted off the chip with
the current lime stamp. A priority encoder converts the 1-of-14 input from the change
vegister into a 4-bit binary channel number. The channel number is used to select the
appropriate bit from the direction regisier for output.

When the roll-over flag is set, & word is wansmitted with chanael number 0, and
suxiliary date in the clock Feld. If any bits are set in the change regisier, normal data
words are also transmitted, with the clock field set 1o 0.

The following output word is baili:
4 channel number (zero for roli-avers)

10 time wonrd (aux data for roll-overs)

1 direction bit {zero used for roll-overs)
1 lost dam (preceding this word)

-
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Rol}-over aux dais word {replaces time word):

2 roll-over counter
3 Hydrophone (3 12-bit serial streams}
1 framing bit for above
i EM
1 Command & Control output (serial}
2 spares (set 4o zero)

F, Qutput

A 16-bit word is tmnsmitted off-chip. The simplest scheme for doing this is w
simply Lasch the word into an output segister, and wait for the laser serializer (Hot Rod)
<hip to remove it.

I11. Conclusions

We have siudied the requirements of the SBC digitizer chip in some detail. and
believe that the above design will meet them, and can fairly easily be implemented on a
single GaAs ASIC. Using Tri-Quint semiconductor's QLSI standard cell family as an
example, we have designed and analyzed several of the key (read "hard!") pans of the IC,
including the front-end, counlers, and FIFQ control logic, and encountered no serious
problems.

The major remaining design problem is 10 provide sufficient buffering on the chip to

handle bursts. It remaing to be seen whether current GaAs or ECL acrays are large
enough,
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JOM pulse structure

Akirn Yamaguchi {lohoku Univ.)

At Bren meeling {June 1990}, we have propused Japan Optical Module pulse
steucture having information on "pulse widih und charge” of a photo-tube putput

pulse. This information may be useful for the analysis of multi-muon events ete.

T, Hayashino (Tohoku} has developed the Monte calre simulation for multi-
muon events based on Lhe interaction of high energy casmic ray (proton and iron
nuclei) with air (see Minuies of Bern meeting). He showed Frejus data on multi-
muon flux was expisined well by very high energy cosmic ray of proton 50% and Fe
50% incidents. When we apply this MC simulation Lo DUMAND site. we can
summarize the simulation results as follows:

t1)  High #'smultiplicity events (r >10) were cause only by Fe incidents,

(2) Muons of high /s event fram Fe incident are in spatial epread of ~10m.

{3} On the vontrary, muons from proton incident are in small spatial spread
of <3m.

OM output pulse will be wider proportional to muon spatial spresd. So, the
pulse width will give » good information for the analysis of cosmnic ray composition.
Especially, this E..EB may be done with 3-string DUMAND because of no need of
angular resolution such as 1° However, we have a question how the multi-muon
event is seen at DUMAND array and haw it can be separated from a single-muon
event. We need more advanced sitaulution to study the high muon multiplicity
events. T, Iluyashine shipped vul the multi-muon events on 0 magnetic tape e J.
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Learned, C. Ley, and A. Okada. They will tesl the effect of 2-puise structure for the

track reconstruction and the analysis of muiti-muon physics.

H. Kawamoto (Tohoku) and A. Okada (Tokyo, ICRR) are developing circuits te

OM pulse

output the 2-pulse, i. e. bolh pulse width and charge of 8 OM output pulse. The pulse

structure proposed at Bern meeting is shown in Fig. 1 (s). The first pulse has a \"T T T T T 4 Threshold
width of OM output pulse over threshold. The second pulse is proportional to charge

\n Q) measured using a integrator circuit and starts at 100nsec afler the beginning

of the firat pulse.
o) Width : Charge {nQ}
Afer the discussion about the 2.-pulse structure al Bern, we concluded o need i
a notch in order to recognize two pulses as one events by the trigger processor. We " | r|
have considered to put & notch of 5~10 nsec between two puises as shown in Fig. 1 100naee
(b
{b}

At present, we are trying 1o test Lwn circuita fur notching. One (Fig. 2) is n
cireuit W maho the second pulse froms meanusiog s tiow frone the peabh ol integrubr

oulput pulie W ils threshold, The adber (Fig. i) oses n anmple £ hasdd 10 andd uugpal o —— — /_V# .
. j -
b

deday e un Uhe wacand pulve afber smmpling podéor hollong integretor sutpul

pubse. Tho doad e of thess clreulta may b sevacal loulyml anoe. ——

noteh

Fig. 1. Two pulse sbructure,
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FEATURE EXTRACTION AND TRIGGER
IN THE DUMAND II DETECTOR.

by Kenneth K. Young,
University of Washington

ABSTRACT,

In order 1o trigger the DUMAND 11 experimens fur 3 wide band of event
types, it may be necessary to imerpret subtle patwems in 3 configuration
space , time and pulse height space. .i:& this in mind, we cxamine the
work at accelerator laboratories 1o carry out this ask, The work includes
the use of custom hardware, RISC farms, Transputer Amays, and the
spplication of Commercial Imaging Processors. Each of the technologics
have unigue sirengihs and weaknesses. This survey will point out some of
these so that we can plan ahead for applications to Dumand I 1n general
~ the custom hardware is the fustest but it is also the Jeast fMexible so that

adaptation 1o realistic conditions may not be fulfillable.

Dumand Trigger Meeting in Seaitle, July, 1990
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1. INTRODUCTION.

A 1ypical accelerator experiment will use a large battery of detectors encompassing.
tracking devices, energy measurement devioes, and timing devices. Interesting events
usually leave a signature which is composed of many or all of the devices, A modern
rigger sysem will 1ake many or all of the devices into account before recording the
event. This is ofien necessary 1o avoid uatenable dead Lime and data record length. In
DUMAND I, owr basic data are pulses from the optical modules (OM's) only 30 our task
is much simpler. However, the data rae from background is quite high and the signal
ate is quite Jow. We also have 10 take into account the spatial, time and pulse height

coordinates 10 Teconstruct events. The experience at accelersiors may be applicable 1o
Dumand Ti needs,

II. EXPERIENCE AT ACCELERATOR EXPERIMENTS.
IL.1 Custom Hardware.

For expesiments at FNAL, a system of plug-in boards and 3 NEVIS BUS system was
developed 1o provide real-time reconstruction of tracks and coordination with calorimeter
showers, and muon tracks in experiment ES0S. A more advanced sysiem was applied to
other experiments. ‘The experience in E605 was that it was not very useful. The
designed sysiem coukl not handle the ambicnt background during the experiment. Since
the device was hasdware which required long lead times for modification, it was not
sufficiendy flexible to modify 10 meet the ambient conditions. In this case, the hardware
et the original specifications but it did not have the flexibility to be modified for real
conditions. Much later versions of the experiment did use the trigger hardware

successfully when these was encugh time 1o make a proper marriage of hardware io real
conditions.

The CDF experiment at the Collider st FNAL has construcied specialized hardware
10 trigger on calorimeter showers. This has worked very well as the design specifications
was sufficiently close to the real conditions of the experiment. However, modifications

10 the trigger to accept more subtle and new signals have proven to be quite difficult and
requires much R and D time.

Both hardware systems have not found general outside of the particular experiments
which fosiered their development. It's probably fair to conclude that these specialized
sysiems require much Jabour to implement and are not transterrable 1o other 2xperiments.
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152 SLD AT SLC

The SLD experiment at SLC has & DAQ system which is rather similar o the
Dumand Il DAQ. The detectors have local digitization and the digitized information is
multiplexed and sent 1o the counting house
via optical cables. See figure |.

The original intention was to use RISC processors to correct and 10 trigger on the
data stream in real lime. As the SLD expeciment has come closer to commissioning
time, the amount of real-tlime processing using RESC chips has diminished. Now only
the physics corrections to the data is processed in the data sweam. The trigger funciion
has been relegmed to & later stage. The data seream is first built into an Event using &
commercially cbuined EVENT BUILDER. The EVENT BUILDER follows the
ALEPH design and is produced by 3 Swiss company, Struck ar a cost of $50K. The
Event is then processed using conventional 68020 processors in software.

The cautionary tle |0 draw from SLD that even for a echnologically very powerful
group like the SLD experiment and with years of lead time, the group had 10 back down
from customized use of RESC chips to the use of a commercial Event Builder and
conventional sofuware.

113 ZEUS AT HERA

The ZEUS experiment at HERA is 1 large modem collider experiment using an
approximaiely spherical detector of many kinds of trackers, and celerimeters. The
proposed trigger technology in this experiment had novel features which excited my
imagination. Typically, for analysis and triggering, the experimenters will unfold &
spherical detector into x plane (like world maps). The disadvantage of this is thal you
lose insights as to the relationships at the boundaries. The typical analysis then writes
many special programmes to handle the boundarics and one finds often that the boundary
regions are quite roublesome and revire much more resources than the regions in the
centers of the planes. The proposed trigger for ZEUS would wiilize a spherical array of
Transputers. The Transpulers are R1SC processar which have the special facility of
being connectable to neighbours via its sundard multiple poris. In Zeus, conventional
commerics] technology would be implemented in fexible and straightforwand way to
handle the 3 dimensional data without the difficulty of boundary regions. Figures 2 and
3 shows the Zeus transputer network.

Transputers are now available in plug in boards for PCs. The GESPAC system has

dual transputers on a card which can be assembled into the proper array for your
experiment.
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The ZEUS physicists compared the T800 tranpuser with other processors.

Processor Speed Whetstones
intel 80286/80287 &8 MHz JOOK.

MC 6B020/68881 16/12 MHz T55K

IMS TBOO/30 N MHz S000K

Camerini cautions us that the ZEUS experiment has not implemented this hardware
in any fore even 1.5 years after some of the proponents for this systen seemed
oplimistic that implementation would be quite stmuigiv forward.

114 LAA EXPERIENCE AT CERN

I heard about the LAA experience from the SPACAL experimenters reporting at
SNOWMASS 90, They had applied the DATACUBE panalle! pipeline image processor
successfully 1o their data from a calorimeter test run to separaie clectrons from hadrons.
While most ¢'s are quile different from hadrons, some patierns overlap quike
significantly, This is isportant when one requires & high degres of Jiscrimination with
the requirment of kigh efficiency.

The philosophy of the approach by R.K. Hock at CERN is instructive. 1 quote the
abstract from their paper, "FEATURE EXTRACTION IN FUTURE DETECTORS", R.
K, Bock et al, NIM A289, p 534 (1950). .

*As part of CERN's LAA desecior development project, we have studied the
posaibilities of using modern fine-graine parallel comiputer stractures for extacting
high-level informatioa (physics features) from fasl detectors, in real time. Such
information conki subsequenty be substitated For taw data and thus allevisie bandwidth
_ problems, or could serve for “intellegent™ viggering, The main objective is o show how
Exst soday’s ditial devices, implementod as custom-magde or comunercial processors, can
execute basic algovithins, The possibilities of inegrating them efficiently in the dta flow
of expesiments, and the extzapolation 10 by made for sechaclogical cvolution ove the
SEEQEF%;%En%%E?

gggig .

Bock e al considered three commerically available systems:
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R)DATACUBE. This is a board sysiem on the VME bus which executes standard
image algorthms in hardware st a 10 MHz rate, (this is soon (o be 100 MHz) Figure 4
shows the peak finding algorithm configuration used by Bock et al.

BYGAPP, Geometric Arithmetic Parzlie] Processor, GAPP SCGT2 made by NCR, &
SIMD machine.

CJASP, an Associgtive String Processor, A specific implementation will soon be
delivered to Brunel University for track analysis in experiment NA 35,

.:.omn«wuﬁ_.at re evaluated by Bock ct al in carmying vut specific tasks in patern
recognition. Bock comments that MIPS and MHz parameters are not useful in evaluating
systems _.o.;_.ccwsuw The systems were asked 1o carmy vut specific Lasks within 10
MiCTOSECon: ds. These tasks were:

a)peak finding

b)pattern recognition by parametrization

e)calorimeter clusier analysis

d)E_t calculation in calorimeters

¢) truck finding,

Bock finds:

a) All of the systems were able cary out most of the tasks within 100 microsec.
However, lechnical improveroents would soon bring the time 10 less than 10 microsec.

b) Peak finding in these systems were cquivalent w0 > 105 Vaxen,
with ASP, peak finding was > 106 Vaxen.

n:uo.ﬂ_ Etlav _o<-una .m%tl@tﬁrgiﬁnﬁi is task)
d) U>._.>n:um is casy t0 _uann:._ and interface _E. is the least powerful.
ov>m$5§!m§§§ﬁ&ﬂ

SpaCal Experience, se¢ CERN LAA RT/90-01, "ALGORTHMS AND AN IMAGE

PROCESSING ARCHITECTURE FOR ON-LINE IDENTIFICATION FROM
LATERAL PROFILES IN SPACAL.", Bock et al.
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SpaCal is 1 CERN group who are building and evaluating Spaghetti calacimeters for
use in post LEP experiments. The spaghetti calorimeter is composed of scintillating
fibers imbedded in a lead matrix. The light is projected on to a plane where it is vead-out
by PM's. This is a imaging-kind-of calorimeter. ‘The sim is 10 use the image t0
distinguish electrons from hadrons in real-tinse for trigger purposes. The 5paCal group
found that implementation of \he DATACUBE system provided excelient e-hadron
separation.

ILS NEURAL NETS.

Since paterns of ¢ snd badron showers are “random” patterns they are not
charactizeable by linear algorthms which can exsily be pesformed by normal processors.
Our visual conex can easily distinguith patierns and can leam patiems, Atlesipls to
emulate luman vision have patially succeeded. David Cous at Brown University has
analyzed & sad badeos showers ia 3 calorimeter using feed-forward neurs! sets and by
conventional linear algorthms. He has found that the neural net system is significamly
better than the results from Linear algorthums, He is considering implementing NN in the
DO experiment for the trigger. . o

in CDF, Brwce Denby and Myron Campell have received funding from the DOE to
make a hardware NN for the purpose of tigpering the CDF experiment un low energy
clectrons. ‘They have studied the NN paradigm using software emulators. This has been
quite successful. This group now is trying 1o implement the NN in hardware using
commercially available NN chips. The NN hardware being considered runs in
approximately 10's of microseconds.

Both of these projects looks promising but we probably won't see resulls of the
hardware systems for a couple of years.
We can emulsie NN for the Dumand F trigger now using standard sofiware packages
available commerciaily or from Cutts or Denby. Denby has a highly documented
crmulstion program which will run on the VAX.

1. CONCLUSIONS,

RISC farm talk is cheap. Powerful groups have gone down this road without
producing & viable flexible sysiem.

Commercial producers like DATACUBE may ha-e o product which is directly
applicable 10 (s needs.

Neural Nets are fun but po useful hardware examples exist at this time.

The Dumand 1l DA should be sufficiendy flexibie to wake the global trigger systems
into its fold. 1 looks like the DACG sysiem is acceptable.
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List of figures

1. Data Acquisition and Trigger for the SLD
experiment at the Stanford Linear Collider.

2. Planned transputer network for Zeus for trigger.
3. Outline of the Zeus data acquisition system.

4. An implementation of the "peak finding"
algorithm using standard DataCube modules.

1]




uhw.&\& .H :

_ SLD DAQ AND TRIGGER SYSTEM. b

[ uou ARGON CALORMETER |

Y

PREAMP in situ al calorimeler

_nE.%on and coniroter |

| 1OM,timing conirol modue |

Y

i 32 optical fibers

[CDM,  Caliibration Dot Madule. |

ﬂ _ in counling housce

| AED.  Alph Evend Buiker |

"y

[iviggm. 8 .__mw.. procevsor |

— VAX, SCP {solo conlr ol ml.é.z_:; _ o '.._ Oulsidle World _

65

.NI H. \nm%:\s Z 0

Trgger Masier

Trngger Master

Uisnaputer network tuon e secomlb level calunmeren wsgger. Lhe transpuoiess e
lorward, barrel and ear pans ol ihe calunimeter are cunnecied vis ks, The bk
berween the pants are dashed. The resalts of 1he two ngger processors are combined
and sent 1o the global wigger.

TRANSPUTER METWoRK  TOR  TRIGHERING,
. (OP7ioNaLy

b6



T

0 — 1st = § uaec pipaine FLUURL
— _142 — An implementation uf Lhe "peak-finding”
- algorithm using stardard DataCube modules.
Scc/reasl wcoirasei Digitize, store in pnmasy
" corporent bulfer.data corvar:
« kKilz Z0r0 wuporesion socal eventy
inlo sec. component tutler
[
3 SquIpMm, m m B
comp. ) 3 mm
§5 . -
Digiizars m HE =
Local #q. compter W m }mmw L N mm
genarale hatogr. i & bi -
monionng etc. ) w m-m ' _mm.
] m T m o D 0.
fa2 DR S
CROSS BAR 2
Event Bulider .¢ #venl busger into = WD
SUW i DOMAry even bulter : 8z
— oo Ha R
[ Leveld Ingger u - 4
E Parami procussar - E g m .m.
LAN 3 Ird (smuiatory, ACR: = M N -
b —— lovel refinec cuis. corre a 3 Ao w
- : ¥ &
trigger . m i
' | Suosrvisory comou'a- \
Alarms glonal man.:r N S
Dan compirer Mw
conirol datatiow . v
|__LAN____| Supervis. b.AQ. LAN Wrnestor data (o 1BM m mm
Computer —l Computer BOC. ovanl Dulter M wm

@ h?-.o_dn. uhnﬁw u wm“‘”_.w“_.:n N

fig. 2. Outine of the ZEUS dawa-acquisidon systerm

1Y)

bl




TAXTI Chips

by Dick Davisson,
University of Washington

We need some way 1o convert the data back and forth between the very high
clock-rae serisl form appropriate for transmission over long distances and the lower
clock-rate paralle bus form appropriaie for data manipulation.

This is 3 need we share with oihers. There are commercially available circuits
designed to meer this need. We would be well advised to take advantage of the
engineering effonis of others.

One such commercial device of which 1 am aware is the TAX! chip pair from
Advanced Micro Devices (AMD). The pair, comprising a transmitter chip and a receiver
chip, work 10 crecte in effect a one-deep FIFO with the input regisier at one cnd of a
high-speed serial datz link, and the ouipul regisier at the other end. The serial data link is
not visible from the rcgisters and is completely self-conwined. The encoding and
decoding of data, and the syachronization of the link are all atiended 10 by the TAXI
chips, The chips accept asynchronous data, bul to realize the highest data throughput in
an asynchronous environroent, the TAXIs should be embedded as a layer of a FIFO
cascade.

The data rate of the TAXI chips reaches 146 Mbps with the serial clock at 175
MHz. The discrepancy arises from the 5-6 encoding scheme which is vsed, Their
encoding provides some emor comection but is mostly useful for error detection. The
encoding scheme used secems 1o be optimized for some 1ask ditferent from ours, meaning
that 1 might have done it differently, but that is & minor point, Overall, it Tooks like a
very useful device,

Not surprisingly, those at the Trigger Meeting who had been involved in the
clecuronics for DUMAND were aiready aware of the TAXI chips and also of some even
faster GaAs chips called Hot Rods. The two types are similar in purpose and operation
but they fit their names: the Hot Rod is much faster than the TAXL. The serial clock rate
for the TAXI can be anywhere in the range 40--175 MHz. The mnge for the Hot Rod
includes 250 MHz (but } don't know its limits). In general, high clock rates can be put to
good usc in DUMAND but we must not kill ourselves by ovemreaching.

8/15/90
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STRING BOTTOM CONTROLLER
by Jeff Bosel,

University of Hawaii

July 12, 1990
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SUMMARY OF DECISIONS
FOR PROCEEDINGS

Critical Decisions for Dumand 11
Taken at Trigger Subgroup Meeting, Seattle, 12-13 July, 1990

We have decided in favour of the fast data siream that has been outlined
by Phil Ekstrom (see contribution on page 41). This means that the
hydrophones will be digitized and entered into the data stream at regular
intervals at the rollover word. At the rollover, the NBU data will also be
recorded. The SBC will receive the analogue hydrophone data and the
digital NBU data. At the JB, the EMC will pass on the digitized NBU,
hydrophone data. The TV data will be superimposed either by digitized
signals or by a different color FM signal.

1. Rollover 1 microsec, 10 bits time data

2. 2 ns least count for the OM digitization. The subgroup decided that 2
nsec is necessary, but 1 nsec would be too difficult and expensive for the
time available.

3. GaAs or 5i(CMOS). Both pre OK. Eric Hazen will decide.

4. Multibi specifications for OMs; 48 hits/200 ns and 12 hits/2 nsec
{Note (hat 'hif' means input lransition, so that one PMT pulse may generate
up to 4 electronics hits, if we use the Yamaguchi double-pulse scheme).

o Eric Hazen: will determine what is possible by 10/90
o J. Leamed will simulate

5. 2 color allocations 1o optical fibers: the 2 colors will be used o

provide redundant data paths, since the Ekstrom scheme provides adequate
rates for data transfer.
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6. Rale Limiter will be located at OM and be programmable.

7. SBC data siream will be 16 bit words:

time addr
Optical Data } 9bits |1l 5}
start/stop
lost data (overflow)
data addr
Rollover i 9bits  N1}1] 5]
not used
lost data (overflow)
Hydrophones 3
NBU 1
2 1
framing 1
rollover count 2
sparc 2

Regarding the Environmental Module at the }B we have decided:

1. G96 bus with 68000 CMOS microprocessor (Gespac MPLA4080).

2, Digitize hydrophones with 12 bits.
3. JB-EM: Fast Data:

© Hydrophones. Use "hot rod" chips,
o Video. Use digilal or FM, Choice will be up 1o UWA.

4. UH 10 build C2, C3 MUX/DeMUX,

5. UH 1o supply package plans for card cage for EMC.

9

6. NBU 1o be mounted at 100m from BOTTOM, not #t top of string.

7. In OM strings, alt of EM will be in NBU which will talk directly to
the SBC,

8. The hydrophones will have local preamps and will talk directly by
copper to the SBC. At the SBC, the analogue hydrophone signals will be
digitized and the data will be inscried into the data siream at the rollover.
{UWA will be responsible for the design of this sub-subsystem.)

These decisions were distributed by E-mail and FAX for prompt review
by the Collaboration, and should now be considered firm with one
exception: the 2 ns least count for OM data (instead of | ns) was found to
require further study and a final decision should be taken at the Sendai
Collaboration Meeting in October, 1950,
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