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Introduction 
l ., : •'" -~~--

' >t ' The paper investigates a version of ·the muon trigger system 

which uses signals from drift tubes. ~ 

The use of a large number of drift detectors usually requires 

external trigger systems. As drift detect·or ·,systems in SSC and LHC 

experiments become increasingly large; creation' of: an inexpensive 

precise external trigger system using the, vast number of signal 

channels becomes an increasing challenge. 

,Thus,· an intriguing: opportunity .may: lie, in )~lle :explo~tat~C?n 

of the actual drift detector signals for triggering~,~~ suggest 

some methods pertaining to, this P,roblem. These mE)thods 

feature, firstly, the symmetry of the time signals registered in 
>.; ' :· ' 

the drift detl'lctors and, secondary, involve :a transformation of 

the coordinate system from ;indiv'tdual :dri"ff tini~s to diff~rential · 
' ' J. ' ' ' 

time coordinates. The geometrical arrangeine~t.' assumes that, even 
' . ' ., " .. '· .. ' 

and odd detector layers are offset by ~qe half-cell, and that the 

projective distance between.adjacent:layers is constant. 

One · idea. for .generating··. fast· trigger signals from two 

triplets of drfft detector c~J_ls is po~ed in Refs. [ 1, 2]. This 

method allows calculation'' of' the.:.arrival' time of the track and 

'. generation of· a precise trigger -signal.-· The coincidence matrix for 
,{ ' ~' • '- ~- ' " ~ > • ' 

selecting true signals ·from---· among candidate solutions is . 

investigated, and a possible muon trigger system for drift cell 
. : . .• ----~- .. , - . .. ~- ' . 

superlayers, is. pr:oposed. _ Hqwever/ --·a ···specific ·study for one 

det~ctor system shows that the volume of' the electronics necessary ' 

for :evaluating·_· :the ,· .. coincid~nce: matrix :_e_l~IU_,e!!-5-!l .. :: ~n.c::;eases 

significantly -for multi-.track events,.· as: noted.,,in .. ~~(· cJ 3]. 

4 ;-: -: ~. '·. •.·: : .... : 
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"F'ig.'l. The'ftrst stage of'analyi:Jis.o£ signals from drift tubes 

s·u'perlayers. 
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. Flg';2: Dependence of behavior 6~' mean· timer decisions; from . the 

. coordinate''of. tracks' in the first ~detector layer· with 

slope equal to 10 degrees. 
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A. second J.dea. is disc-ussed in Ref. [ 4] .. This method, proposes - - - -·' ~ ' . . . . . ~ " 

the use of, mean timers :for· the. generation of; the .. tr~gger signals .. , 

The present, investigation.' studies .a. hybrid version. of. the two. 

methods with· a restricted ,detector. geometry, .and results ar:e 

described below. 

2. Principles of trigger signal generation~ 

The. first stage .of.,anal_Ysis of. drift. tube signals :is .~hewn in 

Figure. 1 .. :The drift. time.· signals from. a straight .. track registering. 

in .·SLl .and SL2 .. superlayers .are· shown. A:.time reflection symme.try ... 

about T . is seen in .SLl between pairs (Wl, W3) and (W2, ~4·): ;hls 
,. tot· ·. • ·- . · --. -· .. _,. ·-· • . - · ·. . ,_, . •· 

symmetry is , characteristic of particle tracks tit at lie within': an. 
. . ' - ·, '-· ,.. ' .'. ' ' , -· • ' . ,<' ·.: 

imaginary corridor of four ~equl:!ntially alternating .half-;cells.~ , 

However, in~SL2, the. track ha~ .. p~ssed .outs,ide the ,cqrridor 

boundaries at layer 4, .and. 'the. W4 signal registered in .the 

· neighboring tube breaks the·. time reflection sy~etry .·. 
. . Signals f·r~m each, adjacent palr of drift .tubes iayers come to .. , 

' ' l . . ' . - : -'< ' ,., ~ •, -_ '·. ' ••• ' • • - ' • • 

the inputs of mean ·timers. Ml-M6 •. Th~ .. :esulting 5>Utpu~,. ~ignaf. 

realizes .the, ar_ithmetical ,proce.~s: . ,,, 

T + f>t . Tt + T .,,T 
·~- -2-·~ ___ 2 ___ ! +:~-~·. . 2 - ( 1•) .• .t ., 

\ .• .. ·\) 
I . 

where t is th.e ~ime of ;'signal 'from· the· output: of_,mean ·timer; L 

T 'and T are times of the input pulses I and T is the total delay 
1 · 2 · · m · 

of the mean timer.' Tm must be· greater than or; equal to T · , .the· 
tot. ~ 4 • 

total drift time of electr.ons in the drift_ tubes, by an ~amount 

dependent on the propag~tion delay· of the electron.ic~ ;. Figure 1 
,. •• ,.. •• -' - ~ ' •••• < _:; ~ • • ;. 

shows.the time position of output meari timer pulse~. for the ~ase 

when T =T . 
~m. ~ ' . 
.The time symmetry of pulses coming· from· t_he wires. to: the mean 

timer;' inputs is v'iolated ·in the presence. of tracks with slopes 

relative to ~he det~ctor plane. Thus;the output mean timer ~ig~als. 
",' '. . . ' . ' ... : - ,: .. ' . ~ ~- . . . . - . . .· _. . 

are shifted:r~lative to .T time and the value of the shifts is 
i: ~ . - ; . ~ot ; :' . ... __ 1- ~--·- .,_ - • .. "·. \ 

±f>t/2. for .tr.ue decisions. For wrong ~ecisions .. which or.iginate ~n 

cases when· ';! track crosses a boundary of cells, the shift is 

_smaller than t.t/2 •· • . '.: 

The beh.avior of_ the output 'mean timer . decisions for two 

4-layer. sup~rlay.~rs SLl and SL2,is. illustrate(j in figure 2 for a 
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corridor of width 2R~ The output signals ,MF-M6 were calculated for 

tracks with- a fixed slope- of 10 degrees; As seEm from the figure, 

we·- have at· least. two -true decisions- for ea~h super layer. ·Such 

a· picture is observed up < to 12° for- distance between tlie det'ector 

layers equal· to Rv3. ,Beyond this ·angle the range of tracks where 

only one true decision is found increases. 

Thus, the main purpose· of- M1-M6 - mean timers is . a 

symmetrization of the time picture relative· to time T- • The _.; tot 
pulses from M1-M3 and M4.:.M6 mean timer outputs·are·joined'by using 

the OR circuits;· Each track ·is presented by· two pulses symmetrical 

deci~io~s are randomly distributed in· the time about T · ~ - wrong 
tot ~· . ·- . . , . ., , 

interval between-the· pair of true pulses. _In a result, we-form a 
condition· for 'subsequent 'separation of tracks:· this · is · the 

symmetric~l time picb.ire of pulses riear T 
· ·. _ tot 

: · >' 'l.'he- 6-fold ·coincidence circllit can be used. for generation·· of 

a· 'trigger :p'ulse : for C:a:ses, when the · s1ope of the track ·arid the 

associated l1t are· sinal!. Thes~ ·evknts· will' corr~spon~ to''hlgh· 

mo~entum milons .if· the dr.ift tubes are oriented to project back to 

theiriteraction poirit; •as in'the·sbc•~uon system. !'•' ' _, 

Th'e. second. stage of analysis . is shown . in flgure' 3 •. The· second 

.stage mean ti111er has a shor~er delay depth defined by the angular 

range of registered muons. In particular,· muons with momentum.· 

equal to 5 Gev;c will have a slope of 9° in SDC.muon system s~ the 

delay_ of,the.second•short mean-timer-has- t6.be of:.order 350;ns. 

3 .) .' ;.'. 
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Fig;3. A scheme· of a ··short"- position mean:time·r. 
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;rhe· .. -~Ymmet~iza~.i~n _feature _of t_ht:; m~a.x: .. ,t~l}l_~r"' ~an ,;pe·. of 
further: advantage. in. rejecting. ghost' pulses •. Since .true. ~ime 

. . .. . ' • " : : -~ • ·' • . - ~ • . .. • •• · .• •, •:. • • " ,· •. ' "~· _F • ::. 

c_oinci<;l.ence~ are ... ':lar.ked by s~et~~cCI~. pattE!rns1 .~f;,t;ime;,. p~ls~s. 

· a.bout · Ttot, the .. outputs_ of Ml-M3 and M4-M6 can be ()R~ci anci: then 

fed i,nto. the inputs . of. the. second. !'osition '"f!ensitive· ,_me(l~, t~~e:rt. 

True. tinie c:;oincidences·. are. then accepted: by a-. coinciden7e ,;g~t;e 

. centered on · the middle of the short, mean. timer. , 4-fold posi~1on 
• . • ' • • • - • • • • - •• • . . • ~ 1 ._ • 

coincidences :can be_. constructed to r~duce .. the, rate of .ran~om, and · 

combinatorial -ghost pulses~·· , ,. • -.• · ... , " , · -:. 

·.Coincidence ·po·sit~ons can be calculated by._.fo:t"mula:, 
_,. ',' 

_T ~.~, 
p = _!~~--- . .' ~·-. 

;.'r'·, 

(2f ·-'"'·": 

. ~ ' ~ 

•• : •' w ::. ' ~ ., ·.~·; • 

where T and . T . are the times of ·pUlses on the inputs.: ~f . 
I 2 ' · 

short mean· timer -(see· fig. 3; SLl; SL2 ; inputs)': and position ·is 

cal~ulated. near. the middle of short' mean ·timer~-· Another verslon· of · 

a''second' s'tcige 'of analysis i~ shown ih figure 4 ;·-

.:-- ~ 
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Fig.4. A version of a "short" positio'n m~c!~- timer. 
' - . -.; . ' . . . . : ~ ~ . .;.. . ..... · '.' 

~ . ' - .- _, : 

.i.;, 

· " A pas'itiori ·'co'ordin:ate ·~an ·be' U:s.ed for ;~stimation of' _track 

~lope' ind~ for.exariiple;· i~;!ioc muon pystim1~ .for estimaticiri-bf- the 
••. . ~- . • ~ ., 'f . _· .• • 1 • - •• -, ·• , ; ~ .: • . • ; • '. • •• . . • . --. • - .: ; • . ~ • :.. " • •• • . : . . .. . ' ' . 

muon momentum·~-_A'·Pt selectiv~ty -~~1-~ peterm~ne"the number. of mean 

timer stages and the corresp'cinding 'time ;~resolution>"·<· - .. 

"'-S 



"As we' posed above·;' any'.track generates paired pulses. 01i the 
> "< ~ ; ,< • • ~ • : •'- "' ' C • ,•_ " :· ." ,• • O T" 

0 

' • " < ~ .• • • 0 • .• • 2 
oR:·outputs. For events w~th n tracks ~a.ch M

1 
·mean •.timer gives· n 

declsfons imd we obtain 'approximately 3rl decisions from 'each OR 

di.rcult ·_: Thi.s set includes n c palrs' which' represent the . true 

decisi'ons,''all. others •are' c01hbinat6rial in origin:· Since: only one 

decision' ha's· n~fold amplTtude~··combinatorial ·ghost pulses· can be. 

re{e~ted by the us'e. 'of majority .. coincidence.: circuits. However I 

this ''c:r;iterion is 'true o~ly •for 

.a multi-track even~ overlapping 

the situation is more· complex.· A 

the·multf-track events. If we have· 
,..J • 

in .time with a single-track event, 

blind application of the majority 

·coincidence circuits ·can lead to a loss of the·single-track event. 
. - '" . -

In such : cases I the .output information from the majority 

coincidence circuits must be recorded for use in subsequent 

analy.sis .• : The .first majority circuit can be used fof generation of 

the' trigger ' signal . only, and . the ,subs.equent rejection. of 

combinatorial. signals . must to be done. using_ coinciden.ce , with 

second coordinate super layers. and. other superl~yers, . which 

registered other muons: 

The second significant feature of the. mean timers is the 

compression of the time signals around the T and T /2 time. 
. · · - tot sh.m -

on' the one hand, . this _is a posit:i~e feature: it decreases the 

·effect :'of different_ systematical errors by dividing any 

systematical error by a· factor ~f 4. (two mean timers). 

On the. other hand, ,time compression of the signals increases 

the requirements·for time resolution .of the coincidence .circuits 

~nd . _the ;.mean. timers th~mselves. (As estimatia"~s ~h<;>w I a ran.dom 

coincidence rate equal to several percent can be obtained using 

four'- fold c:oincidences ('two muon events) when the time re~olutio.n 
of all) meim>timers equal to 4-5 ns;.:.·. 

In ·conclusion, we would like to emphasize that the 

application of mean timers to muon triggering has many advantages 

and d-ifficu'it'le~ -~nd. inore' detailed sim~lati~~s are . r~q~lred' to 

this end. 

We. discussed in this . paper a method of using·· mean timer 
. . 

. circuits· fo,r _.generating. a, .muon tri9ger withollt. any: othet'. systems 

of. detectors .•.. Including. other. systems such . as , planes .. of 

scintillati~~. count~~s· .. in the trigger. can .. signiflc~~tly · dec~~ase 
~he req~irements 't:o the. descrlb~d sche~·e. . .. : . ' ... ,.. ·. ,. ;; 

+ ' - - • • ';. • • ,~_ ~- •c 

6 

'. 

References 

· 1 .• ·,L_,Bar~bashl .I.=~Bro!Uberg, .. Yu_ ,F,isy:"'k .. _e.t .a.l :-: 1 ,, G~nerat:io.n_ ~~;_a;· 

Precisely. Timed .. Mu<m .. Trigger·. U:sing ,signals from, .. t~e' GE~'.orift, 
•; Tubes, GEM TN-92-HiL .. • .. ;, ·. ··' ·, ,· :~; _; _: ·.o ' l " • ~ 

2. A·.T.M.Wang, · · Triplet• Coincidence in ·Drift Tubes for.:a. Level'l· 

.Muon Trigger, SDC-92~378. 

3'. 'IJ. Barabash~ v. Frolov, et al. , Alternate • Trigger. Scheme for·•the 

GEM;_ GEM TN-93-28?. 

4."·J~Chapmen, SOC Trigger··,R&D Report·,. SDC-92-'333; ·J;Chapmari and 

R·:.tfiii'n, so~ Muo~ .. TX::igg~r :,p~;iiminary ·C.onc~~t~al Design, ' 

J:Chapman, SOC ·Muon Triggers,·SDC,Collaboration.Meeting,• 

o~~~mber 19in . :. 1 .• , •• •· .. , '·'· ; •• . , ••• , •• ,;~.: 
~ \ ;: . ~-·<_i I.'<·~--·.·'·! 

_:;: ' • '~ •' I<~,_;-

. •':··, : ,. ,. ~ : ~~ t" ~ : . 

·' :~!I; • 

! •, ~ (· 

• ( • 1 . ~ : \ ~ : f ~ , i ~ ' ~ , • ,· ;, •.· ,J. ' "'-. • I J •, 

~- .-' ~ ·• . ~ . ' ~ 1 ' •• .} '' •· ~- ~ .' 1 • '.: f -', . , ~, r 

','( 

! • . ; • ' ~ ~ ...... ·-.··.-;.; .. , 
''ll ... , ·,.;•, ·; l ~ . ' ' l .; :'• ·> ~. ,-,;· ~(: 

,, 
-"' '1 

-~ ·, :r'.t •;- . - ~;.:: '~-

~ ,'; ~- ~' '· 

.. . ~ ' '. ~"; ' . I ~-

,- ' .ll ~ ·• · • • 11. ':,•._, :·r ... , ., ···' ... ::. ,, ~ _; 

.• .'.\. j.:;·· 

. ,_.s,, '! · ....... ; .. ~ . 1': i '·.; ; l .. ~ ' 0: 

·.: J{' 
•. ·,, ... 

;_ ~~- •:!. 

. f . ~ \ '·' ... ;! 

~ f'. 

'" ·• ~:. ~ ' f .. ~ • ' 

.. , ._, ~.-. •; •:• >•~ ,·,_ ~ .:: : ·./ :: r 
~ ~ ·r<·,.. . 'i ~- ,j:-, ; •. ·-' • 

' . 1 :· '·' 

·' · '; '' Recei~ed by Publlshi~& nepann:.ent 
on May26,1993. 

,'1-

7 

.., 

~ t ~- : -·· \ ! • ~) 

·':! 

1\ 

... , ! I ~ 

>,· 

,'_' 


