


introduction

-‘The paper lnvestlgates a version of the muon trlgger system,
which uses signals from drift tubes. ‘; : :
The use of a large number of drlft'detectors usually: requires
external trigger systems. As drift detector systems in SSC and LHC
experlments become increasingly large,,creatlon of-an’ inexpensive.
precise :external trigger system ‘using the vast number - of: 51gnal
channels becomes an increasing challenge. SRR i
.#:Thus,> an- intriguing: opportunity..may: lle in: -thex exp101tatlon
of the actual drift detector s1gna1s for trlggerlng.,We suggest‘
some . methods . pertaining . to, this problem. These methods
- feature, firstly, the symmetry of the time s1gnals reglstered in
the drift detectors. and, secondary, 1nvolve“a,transformat;on‘of

the coordinate, system from’i;d1v1dual drlftL imes'to‘differential“
tlme coordinates. The geqmetr;eal,arrahgemehtAassumes;that‘even
and odd detector layers are'offset”by‘one half cell :and -that the ..
projective distance between, adjacent layers is constant

One - idea:for generatlng ‘fast’ trlgger s1gna1s> from two
triplets of drlft detector . cells is posed in Refs. 11, 2}. This
method allows calculatlon "of the ;arrival,.time*of “the .track "and

. generation.of ‘a precise trlgger/51gnal The colnc1dence matrlx for-

- selecting .- true ~signals - “from..- -among candldate; solutlons is -

investigated, ‘and a. pOSSlble mion’ trlgger system for drlft cell“

superlayers‘ is;:proposed.  However; “a"~ spec1f;c study for.. one

detector system shows' that the volume of the electronics necessary -

- for-.vevaluating ::the..; coincidence;: matrix  .elements . increases

significantly~for,multiftraqkheyents,,asfpoted}}hygetih{3].
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‘coordinate’of tracks in the first .detector -layer with-.

: slope equal to 10-degrees.

|
i
-
t

1
5

o

o
o

'.nelghborlng tube breaks the tlme reflectlon symmetry

A second idea.is, dlscussed “in: Ref. [4] ThlS method proposesi
the use- of. mean tlmers for the. generatlon of the trlgger s1gnals.;

‘The present -investigation: studles a. hybr1d vers1on of. the two,

methods - with' a. restricted .detector. geometry,AAandu results~raret

described below. . - T e UL ;:';_'xtk;;;j,;

2. Principles‘of trigger-signalbgeneration,« T

'

The f1rst stage of analy51s of dr1ft tube s1gnals :is shown 1n,

Flgure 1. The drift. time: 51gnals from a. stralght track reglsterlng,

in.sL1 and SL2. superlayers are shown. A tlme reflectlon symmetry;

‘about T t‘,J.s seen in SL1 between palrs (w1 w3) and (W2, W4) Thlst

symmetry is . characterlstlc of partlcle tracks that 11e w1th1n an;

However, . ingsSL2, the7 track has passed out51de the corrldor

- imaginary corrldor of four. sequentlally alternatlng half cellsnn

'boundarles .at . layer 4, ;and the w4 51gnal reglstered 1n ”theh

N R

Slgnals from each adjacent pa1r of drlft tubes layers come to;
the . inputs of mean tlmers Mi-M6.. . The resultlng output 51gnal1

reallzes the ar1thmet1cal process' St

where tuis the tlme of s1gnal from the: output of mean tlmer,

T and T are times of the 1nput pulses, .and T is the total delay‘
of the’ mean‘tlmer. Tm must be greater than or ‘equal to T, theﬂ

tt
total drift time of’ electrons in the drlft tubes, by an-‘amount

4

dependent: ‘on the propagatlon delay of ~the electronlcs. Flgure 1

shows. the tlme p051tlon of output mean tlmer pulses for the casej

whenf'T j#T . . . s IR '; . -
At m - tot ®

The time symmetry of pulses comlng from the wires to the mean:

tlmer 1nputs is® v1olated ‘in the preaence of ‘tracks w1th slopes

relatlve to the detector plane.;Thus the output mean tlmer SLgnals~

are shlfted relatlve to T t1me and the value of  the shlfts 1s1

+At/2;:

for true declslons. For wrong declslons wh1ch orlglnate in

cases’ when a track crosses  a boundary of cells, the sh1ft is
”,smaller than At/2.‘i L :

T

“The’ behav1or of the output mean tlmer dec151ons for two.

"T4 layer superlayers SLl and SL2 is. 1llustrated in flgure 2 for a
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corridor: Of'uidth'éRf The output signals Ml‘M6’were“calculated for’
tracks w1th a flxed slope of 10" degrees. As seen from the flgure,
we have  at least two ‘true dec1slons for each superlayer. “Such”

a plcture ‘is’ observed up to 12° for distance between the  detector
,1ayers equal to RV3. Beyond this "angle the" range of tracks where
only. one true decision is found 1ncreases.f :
M1-M6 - mean -
symmetrization of . the time picture‘irelatlve» to time’ T~ o The

= Thus, the main purpose “of- . timers is -a

pulses from M1-M3 ‘and M4-M6 mean ‘timer outputs-are joined- by uslng :

the OR" c1rcu1ts. Each track -is presented by two pulses" symmetrlcal
about T
flnterval between the palr of” true pulses. In a result, we’ form a
of - trackS' thlS 'i “the

condltlon for subsequent separatlon

symmetrlcal tlme plcture of pulses ‘iear T

The 6-fold “coincidence’ c1rcu1t can be ugsed. for . generatlon of
a’'trigger pulse for cases), when the slope of the track and “the
assoc1ated ‘At are “small.” These events w111’ correspond to” hlghjd

momentum muons if the drlft tubes are orlented to’ pro:ect back to

the” lnteractlon p01nt, 'as .in‘the’ SDC muon system.
The second". stage of analysis is’ ‘shown "in - figure 3." The second

,stage ‘mean tlmer has a shorter delay depth deflned by the angular
Qrange ,of registered muons. In partlcular, muons  with momentum.‘

equalpto 5-Gev/c'wlll have a slope of 9° in SDC muon system so the
delaygofathe'secondfshortjmeanvtlmer-has:totbe of ‘order 350 :ns.

I

Fig;3,kA:scheme‘of“a?vshort' pOSlthH mean timer.

Wrong dec151ons are randomly ‘distributed” 1n ‘the time .

‘further advantage in; reJectlng ghost pulses.

v<comb1nator1al .ghost pulses.w»u» i

: tlmer stages and the correspondlng tlme resolutlon.f““

k The symmetrlzatlon feature of the mean tlmer can be of

‘c01nc1dences are,. marked by symmetrlcal patterns‘of tlme pulses?“

“about - T the,outputs of - M1-M3. and M4—M6 can be ORed and then-‘

fed into. the inputs of. the second p051t10n‘sen51tlve mean tlmer;

True tlme c01nc1dences are, then .accepted - by a: c01nc1dence gateqf
.centered on the -middle of the short mean: t1mer.,4 fold p051t10nA

. coincidences. .can- be.. constructed to reduce the ‘rate of random andi'

< Coincidence : p051t10ns -can be’ calculated by formula.«1~~f,"‘

“where T’ and T, ai'e""th'e ‘times ‘of ‘pilses on ‘the’ inputs<of’

‘short mean’ tlmer (see ‘fig.3; SL1, SL2:inputs)‘and position‘is

calculated near “the middle of short” mean ‘timer .+ Another version of’l(

a second stage “of analy51s ig shown ‘in® flgure 4.~~'

A posltlon coordlnate can ‘be” used’ for estlmatlon of trackf'
slope and, for’example,vln 'spc muon system, for estlmatlon of theg

muon momentum.'A P select1v1ty W1ll determlne the number of meana{

S it

,_Slnce true tlmer‘~



dec1s10ns “and “we “obtain approxlmately an’ dec151ons from ‘eachOR"

'clrcult.‘ This set -inclddeés n pa1rs which' represent the ’ truej“
decisions, 7all others“are’ combinatorial in origin:
decision’has*'n-fold amplitudef“combinatorial'ghost‘pulses~can*bel
jrejectéd By the use:-6f ‘majority-coincidence ‘circuits.
,thisﬁcriterion isdtrue'onlyffor th?tmultf—track events. - .
‘a mult1 track event, overlapping in time with a. .single-track event; -

As we’ posed above, any track generates palred pulses ‘on the . .
OR‘outputs.,For events w1th n” tracks - each M ‘mean ‘timer glves n

Since’ only one

If we have’

. However,

" the. sltuatlon is: more complex. ‘A blind appllcatlon of .the majority

'<c01nc1dence c1rcu1ts ‘can lead to a loss of ‘the - single-track event.

In  such »cases,‘ the~;putput 1nformatlon‘

from

coincidence‘ circuits must be recorded for  use

the
in

majorlty

‘subsequent

analy51s. The -first majority circuit can be used for generatlon of

L the;  trigger;. 51gnal only, . and ;the subsequent

rejectlon

of.

‘combinatorial» slgnals .must . to be done. using colnc1dence, with

second - coordinate... superlayers,% and. . other . .

vxreglstered other muons.

superlayers

which

~.The second slgnlflcant feature of - the mean timers 1s the
/2 tlme.

: ompre551on of the time slgnals around the Toot
‘. on’ the -one- hand, thls is a posltlve feature.

and T
it decreases thei'
,‘effect EBf dlfferent systematlcal . errors by'

d1v1d1ng

systematlcal error by a factor of 4. (two mean tlmers)

-~any

~On the other hand,‘tlme compre551on of the 51gnals 1ncreases

the requlrements for t1me resolutlon -of the c01nc1dence c1rcu1ts

and the mean t1mers themselves. As estlmatlons show,

ra random

c01nc1dence rate equal to several percent can be obtalned u51ng

four fold c01nc1dences (two muon events) when the time resolutlon

of all mean t1mers equal to 4-5 nslvl

In conclu51on, we. would. like to

empha51ze

. . that
ol appllcatlon of mean t1mers to muon trlggerlng has many advantages

the

and d1ff1cult1es and more detalled simulations ‘are requlred to

V7~thlS end. .

We.. dlscussed ‘in this .paper a method “of . using- mean ‘timer S
:;c1rcu1ts for generatlng a muon trigger. w1thout any other systems:

~of. detectors.g,Includlng other, systems

such

_"as'1

planes

of

‘sc1ntlllatlon counters .in the trlgger .can.. 51gn1f1cantly decrease

" .the requlrements to the descrlbed scheme. )
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