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BoJMO:lKHLIH TpHrrep BTOporo ypoBH.11 .llJl.11 3KcriepHMeHTa DISTO 

' .. B 3KcnepHMeHTe DISTO .llJl.11 no.naBJJeHID! <poHa H .llJJ.11 3<pq>CKTHBHoro oroopa · 
co6LITHH c KOpOTKO:lKHBYIUHMH A-, ,::E- H (j)-'18CTHUaMH 6y.neT HcnonLJOBaH .nsyxypoB
HeBLIH TpHrrep. TpHrrep nepBoro ypOBH.11 6y.neT npHMeHeH .llJl.11 oroopa co6LJTHH no 
MHO:lKeCTBeHHOCTH. TpHrrep BT0poro ypOBH.11 6y.neT Cn)')KHTL .llJl.11 pacnoJHaBaHH.11 
TpeKOB, .llJl.11 nOHCKa -BTOpH'IHOH BepWHHLI, a TaK:lKe ' .llJl.11 H.neHTHlpHKaUHH Ja
pernCTpHpOBaHHLIX 'laCTHU. 

' .. · Pa6oTa BLmonHeHa B J1a6opaiopHH BLl'IHCnHTCJILHOH TexHHKH " aBTOMaTHJauHH 
H J1a6opaTOpHH .ll.llepHLIX,npo6neM OIUIH. 

npenpHHT OObe/lHHCHHOfO HHCTHT)'ra llJlCpHLIX HCCJJC/IO&al!HH. Jly6Ha, 1995 
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·On a Possible Sec~nd-Levef Trigger for the Experiment DISTO 
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' ' ' 

A two-level trigger: is to be' appHed for suppression of the background 
and f~r· effective selection of events involving shcirt-lived A-, ::E- and <p-particles 
in the experiment DISTO. The first:level "trigger is intended for selection of events 
t:iy their multiplicity .. The second-level trigger· is applied for track recognition, 
'in searching for a secondary vertex, and for identifying the detected particles. 

,, ',; a 

The investiga~ion has bee~ performed at the· ·Laboratory of Computing. 
Te~hniques and Automation ·and at the Laboratory . of Nuclear Problems, JINR. 
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; an exp~riment is being prepared by the DISTO.(Dubna '- Iricliana :-
) [l J collaboration for studying spin ef!"ects in the reaction 

,_-:~:-"':"~with the polari~ed proton beam of S~t~rnii(Saclay; France): The aim is-to c~ry out a 
- .. C detailed.study of,the reactions pp~ pl{+ A0 , pp~ pl{+~o and pp:__:. pp¢0.'- • '· 

' - · The layout of the DISTO experiment is presented in Figure I.The. DISTO spec
trometer has a cylindri'cal geometry and consists of two arms situated ·symmetrically. 
· about: the beam direction. In each arm there are.5 detectors: i scintillation fibre cham-
-be~~, 2.m~ltiwir~ proportional chamb.ers (MWP9) and, an·outerdetector, ~hich consistsS 
of 2 planes, v!!rtical and horizontal, of scintillation hodoscope counters. At present, 

~.: .. the P.Ossibility of placing Chei-enkov couiJ.te~s behind the scintillation hodoscope is in: 
vestigated. The "detect~rs cover a scattering angle of 45° in the,horizontal plane and 

-a dip angleof±20°.:_The detectors and the liquid-hydrogen t.irge(are situated in the 
magn~tic field, .which is perpendicular to the incident beam, · ·: - . . •· 

. A twoalevel trigger· [2] is_ to be applied for suppression of the background and for . 
effective selection of useful events ill the presence of_a dominant background, mainly 

· due tb pp .:..:._.- pp1r+1r'- events: The first~level trigger is intended forselec!ion of events 
;, by their multiplicity: only four-prong events are seiected. Events accepted by the 
. first-level trigger are then examined with the help ofthe second-level trigger. - ' · 

In· this paper: a possible secorid-levertrigger, to be.realized on the basi~- of four 
RISC-pr~cessors and- consequently applied for track recognition,'- in :searching for a 

. • . sec~ndary v~rtex, and for identifying the dcitected particles, is. pres~nted .. _· 
/ 
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2. Track rec~gnitJon with the help of ~ cellular autoinaton 

For track ~ecognition. the coordi~ate information ai·riving .from the scintillation 
. fibre chambers and from the m.ultiwire proportional chambers1 is taken into accounL 

Only coordinates corresponding to the v'ertical plane· are • used.. This· is due to the 
influence of. the magnetic· field on the charged particle .trajectories in this projection 
being negligible and to the possibility of approximating tracks by straight lines and 

· thus speeding up·their reconstruction .. The actu_al trackrecognition· is done applying 
the cellular auto~aton [3]. . . . · . 

Schematically; a cellular aut~matori ~ay be visualized as· a regular \,patia.l ri.~t; 
each_ cell of which !_S capable of assuming a number of discrete states. Time is varied jn 
discrete steps, and·evolution·of the system obeys certain a priori fixed rules determining 
the new state of each individual cell at each succes;ive step· in accordance ,~ith the states 
of its nearest neighbours (4, 5].\ . . 
, .. A typical cellular automaton is constructed in accordance with the following . 

· algorithm: _.... · · · , .\ 

1. cells and their ~ossible discrete states are defined; usually, each cell ina.y ~s~me 
one of two· states; 0 or 1; however, there maf be· cellular automata. with more .. 
states;·•.· ' · · · · · · · 

·, ·-2. int~;connecticins between cells ar~ defined; _usually, e~ch cell can only coirim~ni-
cate with neighbour cells; . . 

3. rules determining e".olution of the c~llul~r automaton 'are fixed; they dep~nd on / 
... · .the actual problem considered and usually.have a simple functional form; . ; , :c , _, ' . . . - . ' , . ~ . ,~ ,. . 

4 .. the cell~lar automa.tonis. a timed system; in ~hich aU cells· ~hange·~ates .simui- . 
· ta:11eimsly. < · < · · •· , · · .·· ·. . . ::· ·. ' · · 1 

·· 

. In ~ur caie, a. celLjs identified with: the straight-line segment connecting two 
hits in neighbouring detectors .. To take into account. the inefficiency of'the ·coordinate 
chambers one must consider, also, the segments connecting hits skipping one charriber, 
At each step a cell can assume one of two' possible states: 1, i~- the segment can be 
considered~a part of the track, ~nd O otherwise. Clearly, only such segme1its.can ·he 

, considered neighbours, which'have a.common point serving as the end of.<1ne ·segment . 
. and the beginning of the secorid. .. . · · . · "'· • · · < .. , · ' ' · 

. 1Taking into account the geometry·of the spectrometer DISTO, it is convenient to:.. 
utilize a cylindrical coordinate system arid to coiiduct\rack recognitio1; in the·vertical ... 
ROZ plane, where charged particle trajectories can be approximated by straight lines .. ' 

: Here, the QR axis coincides with the radius and the OZ a~is is perpendicular to th·e 
beam. · · · · · · · · ·· · · · · · - · · 

·~--c , • 1n · establi~hing the CJ"itez:ion for assigning segments to a tra.ck it is convenient:to 
use the angle_,p be~ween ,two adjacent segments. Owing to the coordinate_ detecto~s· 

1The. C<?ordinate_detectors ·are located ~t. 20c;, 40cm, 'g(J C7?: .and 120cmJrom th~ cente:. of ~h~. ·\~ 
target, resp-,ctively. -
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. having a discrete' structure and to multiple scattering in the. m<1terial of,the experimen-
tal.' apparatus, the angles hetweeri. track segments {n ·the 'real expei·imentare not'zero, 

·hut an 1:'pper lim!t can be imposed'.· .. _ .. , ·.. . , ;_ .. :- , ..... ;.- . -.·.. . . _. 
In Figure.2 the distribution of the angles c.p for tracks simulated with the aid of 

the LAGYL code2 is pr~sented. Frorri the Figure it follows thaf foi inost of the tracks·. 
· the ·angles· cp satisfy· the iµequality I.Pl :S 2.0°;this \:alt1e can be·used as a: criterion· 

for the s~lection of useful segments. It must be; i1otetl,. here;· tha~ a notable part ~£
particles ~re scattered in the co9idin~te chaml;ers throt1gh large a1igles; which.hinders' 
their. recognition.• Figtire 3 shows the distrib1.1tion of tracks O\'Cr the nraximmn angle~ 
for each individual track. • . · • · · · · ·· · 

~ . • . ,-· , - -c· . • , . \ • .- ~ 

·-· . . . · Upon completjon of the work of.the cellular auto111aton additional testing ofthe 
.. . -- quality o(recoristructed tracks (for_ insta'nce, for the presc11ce of at least two hits be-,. 

longing only to each in<lividu~l track) is carried out.. .. This pc'i·mits rcJccting "phantom" 
t;·acks; \vhici1 were accidentally c~nstructed fr~m hits. beloi1ging to different.: tracks, 

, Figures 4 and 5 present the respective initial an<l_ resultant config11rations of the 
cellular automaton 'for a' typical sinuilated event'. Oi1c· l'illl note tlic 'abs(•11ci.• ~f hits in . 
the first chainb~r and. the presc1\c<~ of one noise.hit iii the third chainbcr. 

. . In Tab!~ i the total numbers of generated and reconst\·11c;ted e\·ents· arc pr~sent~d 
versus the' number of tracks in the individual events. , li1 all, l000 events have been 
~iinulated .. A simple c~mpariso_n of the figures revea:ls the high ~·lliciency of the cellular'. 
autoinat~m. The difference betw~en the num_bers )s. du_e to the large-angle s~attering 

· of.secondary particles that occurs in the coordinate chatiibers_and \Vhich mav result in_ 
. - the,iimltiplicity of a,:.reco~_structed ·eient o6ing wrong .. , ' . •· . . . ; ... <. . . 

·. .A detailed analysis of the cellular automaton fttlll;lioning andcxami1iationof the 
generated 'events," making use of graphic~! con1puter -images, of the events, has shO\Vn 
that tracks containing larg~ scattering a;1gles cp are lo~t; Saine of such ti'.acks can ;till 
.be reconstructed, if break happeps in the first three d1a1i1bcrs and the track has. hits 
in an tlie'chambers. In this case the tratk is' reco1istr~1dcd i1~il1g the inform~tion from 
the three chambe;s. An' event c~nt~ini~g a t:rack th~t cani1ot. · be fully r~constructed i; 
usuallyassjgried fictitious trac_k's and may be lost: · . ., ·. , . , ''. , . ( .: .·· 
: . . . : An'analysis of these situations is prese1ited in the Figure• 6, where the UJ)IJer curve. 
shows. the frnciion '.(in % ) oLlost"tracks' ver~;i;,, the UJJper · limit ci1oscn for the a,{g!e, . 
'Pmax• Comparison of this Figure with Figure3 reveals that_·a certai,; f~action~ffracE. 
with la.rge breaks can actually be recognized: The IO\ver. curve sho,vs the contribution 
(in_%) of added, "phantom". tracks: .. Such tricks an· mostly co11tri1ctcd' from points 

: belongi~g to lost tracks. . . . . . _ .• . · .. · . . . . · 1 • • ·., • 

' . Figure 7 shows the efficiency of event reccinstructi_cllt,\'l'i·susthc• i1ppcr limit f~r_ the 
\ . angle ~.,;.a;,. The_ max/mum efficiency of even\ iconstruction is achieved. at l'Pmarl ==' 
.. 2.5°. It equals.79 % and rep,resents the.limit valuc:detern1inl'd hy thefract.ion of tracks·: 
: .. with large breaks:~approximately-18 %·of the cvenis contain such brokeii tracks, givew· 

this bou_ndary angle. - - . . .. • .. . '· . . . . . . ' . . 
·~«--

. 3. Identifyiri~ th; secondar/ vertex .. 
• -,,._ •• ;- - • •, < ., • 

.The production}inemati~s.of.'aii unstable .1~.irlidc:·giyt;~~-is,•
0 

tfa cert~in peel!~ 

. ,7For simulating the physical processes:, and'~>eralion of i.Ju,: ,,;p~;i11i,•1;t,11' ap(;a.rall;~ -~ co.mpul<'r 
, program term~d LACY~ based on the GEANT p,~cbg" [<i)!11i,sh,·,·1!·.i,:~yk,j,e<I. _; . . . . 
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liarity in the event ge~metry .. It consists in the ~1on~ei1;a of ti1e unstable 1;aiticlede~ay 
products beirig mainly not directed along the primary be~ni. 'i'iiis re~ults in the ino
ment_a of the\econdary particles produ~edin the decay of the unstable particle having 

. directions differing essentially fr?in those of th·e particles einit ted from th~ primary ver; . 
tex. Thus, the idea arose to utilize_ the coordinate of the intersection poii1t of a straight\ 

· _ line ( coinciding with the partide track) with the_ directio11 of the primary beam. as a · 
. parameter permitting revelation of the existence of a secondary n~rtex·iu the /vent be
ing considered [7]. To a certain extent this quantity is similar to the inipact'paramcter , 
D, but here, unlikeSref. [8], the dispersion of the track ab<Jut the l'OZ~R_lane (or the. 
XOZ-plane) is to be used as the measure. ' .· · . . . .·· . •• ( .- . •· .. · -· . . 

• , • . - . , .. I " , , ·. . • ., 
The distributions of the Z~coordinates of intersection points of particle trajec: 

tories in the YOZ-plane3 are 'presented in Figure Sa for trncks cbrresponding to the. 
·proton PI and the!(+ (background events), while the re~pecfr.:e distributions 'for ·prn~ 
ton P2 and the 'Ir- _frorri the AO decay ( sigri~l events) are presented in Figure 8 b. They 
are seen. to' differ significantly:- ·_. . . < r --.. . . • · · . 

. By' analogy .with ref. [8] w; shall now pass•to the ~nomertt variab!es 
·, ' + ' 

• . (' N . ; - ' .. ', . _:; : . l ' N '. '·, .. ~ ' .. . . ' 

f:02· = ·_ "(D - D )2 -and 1:11 = -'-'"(<I> - <I>)(D ~ D). · --··· , :, . , ·N·L., , z . z < -' . ., _ , N L., _z . z _, 
·:~ ;~=l. '. · : / ,1=1 ,' ', .- .. -

whe~e 15, arid <P are the mean values of D; and if> (set equal to zero), and N is_the' 
number of. tracks of the sort considered. , As the-variable D,· we took the distance 

· fro~ the intersection point of'the tr~ck ~ith the axis of the beari1 to the migin of 
the coordinate system. In Figure; 9 a and. 9 b the joint distdbutions of the· rando'rti· 

· , ,variable~ fo2 and 6 1 are· presented· for practically all. the background' ~vent~· and, for· 
those signal events ( shaded in the Figures) that happened to be in the

1 

same region as 
the background events, . . . · · .. • ' . · ·. _ · • · . ·' · ' 

. For the chosen critical value of'fo2 =· 0.5 the lllllllber of background events lnte~
preted" as signal e;e~ts (error of the second kind).amourited to37, while the amou~t 
of signal events that happened to be among the backgroimd events ( error of the first 
kind). equaled 57:. Th~ corresponding quantities· for. the variable ·6~ in the range of 

\ _ lfoj :S. 0:1 were 5 _and 126, '~ow, if. a neuraL!_letwork · is ~tiliz~dfo: ~l~ssi~c~tion ·~f r 
events m the space ofthe variables foi and fo, then the 1dent1ficat10n oh1gnal and· 
background events·,~@ pra~tically betotally unambiguous. , . . . . 

4. Identifying secondary pa~ticles 
·1· 

In all ·the proce~~es oL'interest there·will be-~hargJd )<--1~1e~ons d~tected in the . 
final state. Th~refore, when th~ selection of events by multi11licities is cor~pleted (a( 
thestage ofthe I-lev~l trigger) and the\echnique of ~ellular automata. isapplied for. 

. . . revealing the curved·tracks in thJ horizontal plane, il'· will:be nec~ssary to identify the> 
detected p~rtides [9] .. ·. · .. · . . . . .. ' , ·.·. --, . .. · •' . ' .·< ... : 1 • • • 

To this end we shaU first try to reconstruct the mo~entum of a charged particle'by 
the angle of its deviation in the inhomogeneous magnetic field. Th~, d~awi~g presepted 
in Figure 10 illustrates_ how _the tangent of the devia_tion angle 'P. of a 'charged p;irticle 

. ' . . . .. ' .. • \ ... ·. "._•·· .• ' : ... < .' . : .. 
3The influence oithe magnetic field on a charged particle is very small in_ the._YOZ-plane, so.the 

, trajectories of particles in this projection_ are almost line;,_r; this n1akes it niore simpfo to search for . 
them and to determine parameters in the !eal-iime of~h;·expcri111e11t: · . , . • ' .. 
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in the m~gnetic'field is determined f~orn.' the coordinates. of "hits" in the fibr~ cha~be;s. 
(chambers 1 and 2)and iri the MWPC chambers (chambers 3 and 4): 

k2 -ki. 
tan <p ~ 1 + k1 k2 ' 

. k1 = X2 - X1_ 

Zz - Z1' 

The distribution of random ~alues 

/ 1'' 

k; = X4 -_Xii 

.~4 ..:_ Z3 • 

Cm•= tan <p x P, .. _ 

where Pis the momentum of the partide being considered, iipi·esented in,Figure 11. 
From this picture the conclusion can b~ made that for reconstruction of a great majority. 
of the detected particles Jp, I{± and. 71'± ) bne can actually consider the field to . be 
homogeneous, i.e. the particle momenta may _be dt:t~rmined from t~e. following relation: _ · 

_-. .. c . 
pc·=~, . 

tan <p ·. . 
I '; 

where Cm i~ the inost piob~ble value ~f vari~ble'Cm: The distrib~tipn of ~anclom values 
llP -~ p ,::... Pc characterizing' the reconst;uction acsuracy' ~f ,momenta for secondary 
partides with momenta between_ 0 and 3 Ge V/ c is given iri Figure 12; the distribution 

. of random value~ t.: ~xhibits aspread amounting to i:::: 5%, _ _. . . 

1
Tattng advantage of _the signal heights froll1; the Che~enk_ov co,uriter and of the. 

reconstructed momenta of. the secondary particles, one can select the events of interest 
-by the presence of !{±-mesons among the secondaries." . . . . ' . 

In Figure 13. a two0 dimensional_ distribution of th~ variables "P vs /3.". is repre
sented .. Iri the example we use-tht/ quantity /3. =,Pf E, where Eis the particle energy. 
The .value. of /3.; ootained fr~m the expression presented ·above is supplemented ~ith an 
error equal to b.(3, generated°in accordance with the Gaussian distribution N(0,0.03); 
which corresponds to an ~ 5% error_4 for: thewholerangt: of_/3 values. From the Figure 
it can be seen that the secondary P, 7r+ andJ(+ are quite,wdl separated.. . . 

As a non-linear classifier permitting identification 6£ the particle under consider-
ationin the space of the indicated random variables· one can utilize a 'multi-layer neural· 

. net\Vork of the feedforward type fr?m the JETNET 2.0 package [10]. In Figure 14_the 
· distribution is presented of the outpufsignals from a neural network_trained;'also, for 
·identification of iw;ns: \ · · · ·. · · · 

. ·/ 

. - ' • the e~pty histogram corr~s;onds to tracks of p and 'll"'j 

• . the da;k histogram corresponds to tracks of/{+. ,, 

The prob~bility ~f identifying kai;ns amo~nt~d to 89%. The efficiency ~f k'a:on id~n~ 
tification may be increased approximately to -the level of 95 - 97%', 1£ the particle 
examii{ed is first tested as a proton and then, alternatively, as a pion or a kaon (the 

' order is irrelevant). ·· · · 

. 5. Conclusion -., 

-- \; ' .·_ . 

. :.. A model ofa second-level t~iggerfor the spectrometer DISTO has be'en developed, 
, w_hich is based. ·' , . . . " 

4 Estimation reveals that the experimental error should not exceed .this value. 
'.' . ' 
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Table 1: Dist~ibutfon "of the· number of sim;lated 'and reco{1structed _events d~pending, -· i 

' ' -:-'.. • • - • , -.· •• ~ " ., - • -- • ·-·..... - • - , .1 

•··on the number of tracks in the event (the total number of generated events was equal. ' 
to 1000) · · · - · . · · 
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Figure 7: Jiffici;;ncy of. ~verif re- _ 
coi1:;tiJctioll vernu:; bound~ry angle -' ,, . . --~- .. . ' 

'Pmax 

... ) 

''\_ : -

/ 

-· 

Figure 8: Dist~ibutions of the Z-coo~dinates of intersection points 9f partji:le trajecto_- '-
•ries with.the direction ofthe primary beam in''theYOZ-plan~ for' background -(a) ~nd_ -
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Figure 13: Twocdimensional distribution of variables P V; fl: fJ 
the particle energy 
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Figu~e 14: Distribu_tions of outp~t sig~als, from ~eural net~ork trained for identification• 
of kaons: a) for tracks of p and'.1r, b) for tra:cksofK+; c) su~mary . 
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• on :a nov~l ·app'roa~h for recognition of straight tracks aprilyin_. g the c~Jlular au-
- ••• - • ' • ' >. 

to_maton, 
-~ _, 

• on the new -variables permitting effectiveselectio1{ of ev~nts containing a sec
ondary vertex; -

. . ·-, . ' ' ·_ .:--· --:1 . ,--· . . . -- ··: '' . ' . 
• and on the identification of the secondary charged particles-applying a neural 

network. -

The coriside~ed model h~ shown high efli~iency aud ~peed.(for simulated events) 
i"u r~cognition of trajectories of detected particles, in tlieir'j~le;1tification and i11 selection ,. 
of events_contairiing a secondary vertex. At pr~sent this nTc;'deJ is_!)eing-realized on 
the basis of 4:msc processors, which.are· used in the spectrometer DISTO for data 
acquisition·andon°lineanalysis: - -·' . - - - . 
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