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1 Introduction. Simulat ion results

The task of the 3-cl lcvci t l iggcl is to supprr:ss cletection of pairs with a high value of the
relative momentum Ql. l t  l ras to ploviclc furthel supplession after selection of pairs with
the l-st and 2-d level tr iggr:t '  cr i t ,eri i t .

The input clata for '  
' fr iggcr'  . i  alc t, lrr- '  rrumbels of hit elernents in the vert ical hodoscopes

V1,V2 and the nunrbc ' r 'o f  t l re  ion izat , ior r  c iebector  1  e lement  rvh ich detected the double
ionization.

Accord ing to  s imulat ion a l inr i ta t ion to  t \e  Qt  va iue lesnl ts  in  corre lat ion between the
numbers of VI ancl I '2 clc.nrerrt,s: {bl auv I i  hit  scinti i lator there exists a table of possible
combinations of l ," i  ancl \ '2 elements (here and fr.rrther when speaking about the hit in
1, we mean the donblc iorr izat, ion <:r 'eut). In ot,her u'ords. each hit V1 scinti l lator may be
accompanied b1' anv ou(' of sonte groul) oI I . ' '2 scinti l lators. The width and posit ion (within

the hodoscope) of lhis st,r ' ip of l '2 courrtcLs clcpencl on Q r cut and on the number of the

hi t  /  e lement .  The p ic t r r le  of  an everr t  is  shon'n i r r  F ig .1.  I f  the rv id th of  a  sc int i l la tor  in

Vl  and I . "2  is  70 r rm arr i i  t l re  c 'or rc l i t ion Qr <:10 Nler ' /c  has to  be fu l { i l led.  then these
groups are from l-2 fo I I  c'otttrtct 's.

Fig.1. The pictule of at t  cvt, ' t t [  atral . r 'sccl  bt ' ' f l iggr:r  3 scheme.



In Fig.2 there aLe slron'n t l rc alcas of pcrnr i t ted combinat ions of I /1 and I /2 hi t  counters

a t  the  cond i t ion  Qt  ! :30  \ l c \ r /c  fo r '< l i f f r : r 'e r t t  l r i t  /  sc in t i l l a to rs .

Fig.2. Permitted combinations of l /1 and v2 counters for the 1-st,

the 5-th and the E-th hit elements in 1 (at 8-fold sampling of /) '

The crosses. ci lcles and f i l led ci lcles denote the extreme nunrbers

of v2 counters corresPoll( l ing to hits irr /r.  ^fs and /6, respectively.

The simulations have bc.crr clone fol dilTcrc,rrl beatn conditions. The rejection power

and particle multiplicities in thc clelectofs pl'esented belorv at'e for 263 p Ti target and

1.5.1011 1/sp i i l  beam intens i t l ' .  Both lea l  and acc identa l .  rv i t l i in  20 ns resolut ion t ime,

events from interactions itr t,lre talget rt'et'e taiiett into account. Background from the

channel walls or ladiation slr ielcl u'as rrot incluclecl irr simulations.

The rejection coef{icient of Trigger' 3 has been calculated as 1.48 for the cut Qt < 30

MeV/c, 19 I/1 and I '2 horloscope scirrt i l lators o[ 70 mrn rvidth and i6 eiements of 6.5

mm width in the ioniza,t ion clc.tector'  / .  The 1;robabil i ty for single part icles to produce

the double ionizatiop 5'as ttr l i<:p 5(ftr cxccpt protons for rvhich i t  was 10%. If not to use

the information on t l ie ir i t  clenteut nuutbel in .[ .  then comparison of only Vl and I/2 hit

scinti l lator numbers provicit :s a lon'rccluction. around 1.15. So this simplif ied Trigger 3
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wouid have no sells('.

There rvas ol ; tairrccl  t l r r :  r l t 'pcur lcrrcr:  of ' the reject ion coef l ic ient on ionizat ion detector
s t ruc tu re .  Whi le  inc lcas ing  t l r t -  par ' l i t i o r r  o l ' l  f rom N:1  to  N:9  sc in t i l l a to r  s t r ips  (o f  the
same.[ total  rv ic i th).  t i re l t ' jcct iorr  cor: I f ic ient iucLcases f i 'om 1.15 to 1.39. For N:12 i t
grows to 1.46, but nrorc f ine sarnpl ing of /  (up to 16) ahnost does not add to a background
suppression factor.

Another conclusiou colrccf l rs t l r r- '  r runrber of hi ts in the detectors. Por the events
selected by t igger 1. a rnean part ic le rnult ip l ic i ty in the ionizat ion detector is 2.28,
mult ipl ic i ty of 2 corresporr( ls to 78% events. \ \ 'hen the Tr igger 2 signal is produced, i t
may happen that mole t l r t r t r  ot te .1 elctncnt rnanifests on double ionizat ion detected. The
number of doubie (or less plobable tr ip lc) posi t ive ciecisions of I  depends in a large extent
on i ts performance iu rcspcct lo sepalat ion of s ingle and double ionizat ion events. I f
there are 3 part ic les in l  arrcl  ln 'o o{ ' thcnr ale close in spa,ce and produce a "t lue" double
ion iza t ion  s igna l .  ther r  thc  t l r i l r l  pa l t i c ' ie  rnav  p loc luce  an  adc l i t iona l  doub le  ion iza t ion
s igna l  due to  Lanc lau  I luc t , r ra l i r i r rs .

Another reasol l  o{ 'nrrr l t ip lr :  posi t i i 'c  c l<:cis ious clepencls on the ionizat ion cletector logic.
For example. i f  t l rc /  logic i rrc lrrr lcs onh'  a t l r resholci  fol  c louble ionizat ion in two adjacent

s t r ips  and ass igns  thc ' t l cc is io r r  to  < . , r r r , 'o [ ' t l r cnr  (c .g .  to  the  lo rver  one) ,  then the  doub le

ionizat ion pror lucecl in a sirrglr , 's lLip f i  rcsults in trvo posit ive clecisions f i 'om the outputs

f, i  and #( i-1) This t . r '1rc of " f 'a lsc' '  <lorrble r l<:cis ious can be rernoved by addit ional test for
ion iza t ion  in  s ing le  s t l ips .  \evcr ' I l r r : k ' ss .3  s ing le  ion iza t ion  par t i c les  in  3  ad jacent  s t r ips
always produce tn'o posi l  ive r lccis iorrs i is rvel i  as sorne of those events u,here a double

ion iza t ion  h i t  in  a  s ing le  s t l ip  i s : rc 'cornpz in icc l  bv  a  s ing le  ion iza t ion  h i t  in  an  ad jacent

str ip.
The multiplicitv of positivc clccisiorrs of / influences the rejection power. 'Ihe rejection

coeff ic ient 1.48 given alror, 'e l ras l rccrr olr t ,aine<l in concl i t ions rvhen the probabi l i ty of  more
than 1 posit ive clecision i rr  1 n'as calculat,ccl  to be 11%. I f  there were only 2 part ic les

in the ionizat iou dr. ' tectol  t l rcrr  lh is plobabi l i ty rvor i ld be3% and the leject ion coeff ic ient

inc reases  to  1 .63 .  So n ' , ' s l roLr lc l  1 r ' r 'Lo  avo ic l  a l  leas t  " fa lse"  doub le  dec is ions  in  T l igger  2

scheme for better rejcct iot t  ot t  t l rc 
' f l iggcr '  

. )  step.

The mul t ip l i c i t l ' g rca tc r ' l l ra r r  I  i r r  t l re 'n 'c ' r ' t i ca l  hoc loscopes occurs  in  8% events  inV l

and in  5%\n  l , /2 .  T l r r :  pa l l c rns  o f ' l ' 1  a r r r l  1 , "2  cu terer l  the  re jec t ion  ca lcu la t ions  w i th  the i r
real  mult ip l ic i t ies.

The t igger '3 scl icnrc is t i< ' t ivatccl  l rv the Tl igger 2 signal.  The logic of Tr igger 2

invo lv ing  the  sc in t i l i a t ing  l i l r rc  a r r t l  io r r i za t ion  c le r tec to ls  i s  no t  f i xec i  a t  the  moment .  One

of possibi l i t ies un<lcr r :orrsic l<:r 'at iorr  is t l rat  thcr 2-c[  Ievel t r igger is rvorked out as OR of

dec is ions  o f  the  sc in t i l l a t ing  l ib lc  anc l  ion iza t ion  c le tec tors .  In  th is  case i f  there  is  the

s igna l  o f  the  Sc iF i  c lc tcc lo r ' l r r r l  l l r t ' r ' c  i s  r ro  t , i ra t  o f  the  ion iza t ion  one,  then the  t igger

3 scheme coulcl  conl i rse bcctr trsr of ' thc lacl i  o[  input 1data. To avoid this the Tr igger 3

stage has to be sir ipp<:cl  i I  t l rc lr :  is no signzr l  of  the ionizat ion detector.  Amount of this

type events is lorv.  so t l r is rv i l i  r rot  l t 'srr i t ,  in a lalge iucrease of data to be processed in the

Tr igger  4  scheme.  I1  i s  assunrcc l  bc lou ' t l ra t  the  s igna l  o f  /  i s  a l rvavs  present  a t  the  input

of the Tligger .l schcnre.

The opt irnlr l l  \ \ 'av of ' l r i i r r lu 'ale inr l ; lcrrrcntat ion of Tl igger 3 rvoulcl  be clevelopment of a

dedicated electronic sclrr : rnr ' .  Nc'r 'e l thck'ss. i t  seems feasible to leal ize i t  rv i th commercial ly

avai lable modulcs, 
' l 'no vcl 's ions oi 'such irnpleurr:ntat ion are consicleled in this note.



2 lfniversal logic module version

This version is based on l,cCilo) '  2.166 Univelsal Logic i \{odule (ULN{). ULNI is a CAMAC
module using cor-nplctcll, l)l'ogrillnnrable logic arral' technology. There are 59 front panel
ECL signals which can bc inclcpendcntly selected to be either inputs or outputs. The
desired logical opela,t ions ale progl 'a,nrmed in a Xil inx 4005 gate array chip. There is a
lot of hard and soft uracros ( i ikc acldcls, counters. registers etc.) available in the l ibrary
for Xil inx pl 'ogl 'amming n'hich hclps to cleate a cornplicated schematics.

A powerful haldu,ale of thc 2i}66 rnodtrle and tire supporting software make possible
to realize the Trigger' 3 schenre in cliffelent ways. I-lele we desclibe one of possibilities.

At f irst let us considcr a sinrpl i f ieci case. n'hen only one element of the ionization
detector is involved in t l iggcl ing. Then there is onlv one table of correspondence: each
V1 element has to be nratclred rvith a group of relevant V2 elements. A tr igger scheme
for this case is shou'u in l ] is.;1.

Vl counters

V2 counters

Fig.3. Trigger scheme for oniy one ionization detector eiement included.

If there are na,nv ionization clct,ectol elements. sa,y 1\I,  t iren the number of combinations
increases but not as uruc'h as ,\ '  t imes. From Fig.2 i t  is seen that the shape of "good
combination" a,l 'ea, is similal fol cl iJTclcnt 1;. this alea only shifts along the i/1 axis with
changing of 1;. ' fhis couli l  esscntial lv cleclease a totai nurnber of V2 counter groups.
From Fig.2 one can see t lrat. fol example. lhe same group of f f5-ft I \  counters in V2
corresponds simultaneouslt ' to I ' '11a ancl /1 or l . / le ancl /5 or V15 and /a. This peculiari ty,
in principle. mav be r.rsecl lol r lcvcloprnent of a cledicated resource-saving scheme.

Nevertheless. \\ 'e plr:{ 'cl  to usc less lesoulce-saving but clear ancl uniformiy structured
scheme as far as t ire clr ip r<'sources alc strfFcient for i ts realization. It  consists of blocks
l ike sholvn in Fig.3 r 'epcatccl . \ '  t i rnes. u'here A' is t,he numbel of /  elements. The scheme
is shown in Fig.4 for t lre cast: N:1). Tlre tables of correspondence between V'I and V2
element numbers ale inclrr<lc<l for al l  /  channels. thr.rs the inputs of ORi receiving tr/2

signals are sltecif ied for cvel ' \ '  l" l i  i inrl  / i .  elernent. The & sciremes make coinci ' lences of
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V2 counters

Fig.4. Trigger scheme on the base of Universal Logic Module.

All  OR functions rrrtrv bt '  r 'cal izcrl n' i t i r  the chip programmabie interconnections. The

coinc idences are macle rv i t l r  corr l igr r rab le log ic  b locks (CLB).  For  19 channeis  in  each of

Vl  and l '2  and 9 channcls  in  i  thc ' r 'e  rv i l l  be used at 'ound 1700 gates.90 CLBs and

50 input/outpub blocl is orrt,  ol.  r '€'sl)ec:t ir . 'elr ' ,5000. 196 and 112 available in the Xil inx

4005 chip. Tirus everr 16 channci sanrpl irrg of the ionization detector seems feasible to be

implemented.
The delay of the scherne is <lcf inccl bv plopagation deiays of cl i f ferent subsystems of

the ch ip arch i tecture.  I t  is  ve lv  s l ro l t  nnc l  is  est i rnated to  be less 50 ns.

3 Memory lookup verslon

The select ion of  pe lmi t tc ,d  conrb i r ra t , ior r  o f  h i ts  in  l , '1 .1 . "2 and 1 i rodoscopes is  rea i ized in

this case wit ir the LcCllo), 2:J7.] \ lernor-r '  LookuP Unit (IULU) n-rodules. The module has

i6 ECL inputs and l6  l iCL out l>u ls  t l rus p lov id ing as many as 216 combinat ions of  input

signals progranmr:d t,o proclttc'r:  t l tc cot 'responding outpub codes.
The numbel of inyruls in t lrr:2.]7.J nroclule is insuff icient to recieve the signals from

the elements of al l  t lrrec. cletcctols r l i lcct lr, .  To overcome this. the patterns of V1 and V2

l rodoscopes mav be corrvc l t< :< l  to  a l . , i r ra lv  fo lm bcfo le coming to  NILU.  Then \ /1andV2



occupv each l ) \ '5  b i t ,s : r r r r l  l l r< ' r ' r 'are 6 l ; i ts  avai lab lc  fo l  the /  s ignals .  The number of  the

MLU modules clepenrls on t, lrc nrrnrlrcr of 1 eiemcnts to be impiernented: as one modules
has 6 inputs availablc. thclc ale ur:eclccl 2 modules for l2-fold sarnpling of 1 or 3 modules
for 16-fold one. Belorv u'e cousiclc'r the 12-fold sarnplilrg case.

For conversion to a birrarv cocle t lre pl iori ty encoders have to be used to handle the
mult ihit  events. The pl iol i t ,r '  encoclcl is an encoder rvhich serial ly produces at i ts output
the codes correspou(l ing t,o evel ' \1 lrou-zel 'o input bit.  These devices may be realized on the
base of 2366 Universal Logic Nloclrr lc. Tire number of input/output connections available
with 2366, equal to 59. is su{f icicrrt fol l" l  and l, '2 detectols: there are 19*19:38 input
signals and 5+5:10 bits oi the orrtptrt l ; inary codes. Taking into account that the pins of
ULM connectors mav be progralr l lnccl as outputs ol inputs in groups of 4. a total number
of pins occupied bv 1,11 and 1"2 is 52.

The total scher.ne ol)cf?rtcs as fol lorvs (FiS.5). The patterns of V'1 and V2 are latched
in the input registers o[ thc l inivelsal Logic Nloclule by the Tligger 2 signal. UML is
programmed as tn'o pl iori t .r 'errc'oclc'r 's u' i t l r  an adrl i t ional control net. The output codes of
UML are fan-outec l  to  l rc .  senl  to  l \vo \ lenro l r ,Lookup Uni ts .  The pat tern of  /  is  d iv ided
into t rvo par ts .  ouc.  is  go i r rg  lo  t l rc  f i is t  \ lLU.  Lhe another  par t  to  the second one.  The

f i rs t  codes of  1 , /1 .1 '2  l r r ior i tv  r : r rcor lc ls  ar rc l  the 1 pat te l 'n  come to 2373 N' ILUs which are
programmecl  to  se lect  thc, 'p< ' r ' r r r i t tc r I  conrb inat , ior rs  of  i . /1 .1r '2  and l  s ignals .  I f  the resul t  o f

the check is posit ir ,e thcrr ouc ol NIL[i  (ol sometimes both) gives t ire Tl igger 3 signal and
further processing o[ thc c'r 'cnt rvit lr irr this scheme is blocked. In opposite case the next
code (i f  exists) of 1"1 pl iori tv r.ncotler appeafs to be compaled in I\ lLUs rvith unchanged
codes of l t2 ancl . f .  I f  again t lrcrc n'as uo Tligger ;) signal. t l te process is repeated with

the second ( i f  ex is ts)  co<lc .  o{ ' l ' '2  pr ioL i t5 'encocler  and everv of  V l  codes ( la tch ing of  the

input pattelns in registels nral ics i t  possible to repeat lr '1 encoding from the beginning).

A proper t iming ancl the se(lrrcncc o{'coclc's ca,n be ensured with a reievant control signal
network in 2366 t lNIL ancl arr trppropli trt ,e choice of the clock frecluency.

t q r9 l 2

2366 ULM

Two priority encoders

-
5I  6 ,y  s I5 ,

t l l
6

2373 MLt '  |  |  2373 MLU

V2v1

Fig.5. Trigger scheme based on Memory Lookup Unit.



The inpnt-outpul  c lc lav o[ '  t  l r r :  schcrne < lcpencis  on the number of  h i t  e lements in  V1
and l , '2 .  The I ILNI  < l t ' lav  is  t 's t i rnatcr l  as, l0  us,  that  o f  N{LU is  45 ns.  Thus,  for  one
par t ic le  in  each hoclosc 'opc t l rc  t lc la l 'betu 'een Tl igger  2 and Tr igger '3  is  less 100 ns.
For two part icles in eaclr lrot loscopr: t lre nraxirnurn delay is around 250 ns (when a good
combinat ion happenecl  to  bc t l rc  last  onc) .

4 Comparison of versions

Both versions preserrt , r 'c l  scern fcasi l r le fol  implemcntat ion but have their  own specif ic
points.

The advantages of ' t l re I l r r ivr :r 'sal  [ ,ogic Nloclule version are: 1) i ts cornpactness: only

one 2366 modu le  i s  r rc t . r l t ' r l :  2 )  t l r c le  ? r fc '  r lo  l i rn i ta t ions  on  mul t ip l i c i t y  in  any  o f  V I ,V2, l

de tec tors  as  a i l  conrb in i i t ions  t r r '< - ' r ' l r cc l i r , ' c l  s in ru l tanc 'ous l .v :3 )  the  input /ou tpu t  de lay  is
very  shor t  and inc lcper tc l r : t t t  o t t  t t t t t l t i p l i c i t r ' .

Bu t  the  p fog l 'an)nr i r rg  o l  t l r r . \ i l i nx  c l r i l i  i s  r ro t ,  a  t l i v ia l  job .  Hence i t  cou ld  be  no t  very

s imp le  to  change t l re  sc l< 'c l io r r  c l i t c ' r ' i a  i f  o r re  l r i i s  to  reprogram the  ch ip  fo r  th is  reason.

Probably one can avoir l  r ' ( ' l ) r 'ogr?urrrrr i r rg i { ' the ploglarnlnrre is arrangecl so that the map of

the chip interconnr, 'ct , iorrs f i ; r 'a l l  O/ l  sclrcnres is loaclcd in the form of a separately prepared

file.
The N lernory  l -oo l i r rp  l i r r i l  r ' c l s io r r  < l r :n ranc ls  rno le  modu les :  t rvo  2373 N ' lLU (or  th ree

for  16- fo ld  l  sanrp l ing)  a r r r l  o r r r :23( ; ( t  l rL \1 . ' I ' he  p logram wr i t ten  to  a  ch ip  o f  2366 UIVIL  is

a  f i xed  code u ' i th  a  I r r r rc t io r r  o1 ' l l r c  p l io r i t v  cucoc lc r .  There  is  no  need to  vary  the  program

in  t l re  X i l inx  ch ip  i l ' thc  s< 'k 'c ' t io r r  c ' r ' i t c r i i i  i i l e  changec l .  Th is  change can be  done in2373

MLU wh ich  p l 'ogranuu i r rg  I ; i i scs  t t , r  l , ro l t le t t rs .
The choice o[ t l rc r '< 'r 's iorr  c 'an l rc r lorre ort  further str tc lv,  especial ly on programming

aspects.


