
El · 6908 

G.T .Adylov, F .K.Aiiev, W .Gajewski, I.X.Ion, 
B.A.Kulakov, B.Niczyporuk, T.S.Nigmanov, 
E.N.Tsyganov, K.Wala , E.Dally , D.Drickey , 

A.Liberman , P.Shepard, J.Tompkins 

REAL-TIME ON-LINE PROGRAMS 
FOR THE TT -e SCATTERING EXPERIMENT 
USING AN HP 2ll6B COMPUTER. II 



-~ . - ' 
,i. 

El · 6908 

G.T.Adylov, F.K.Aliev, W.Gajewski, I.X.Ion, 
B.A.Kulakov, B.Niczyporuk, .T.S.Nigmanov, 
E.N.Tsyganov, K.Wala , _E.Dally*, D.Drickey•, 

A.Lib.erma~ •; P .Shepard: J .Tompkins • . . 

REAL-TIME . ON-LINE ;PROGRAMS 
FOR THE ' 1T -e SCATTEIUNG EXPERIMENT 

! . 

USING AN liP 2116B COMPUTER. II 
i 

•univer;ity of California, Los Angeles, USA 



'• 

:;.-,; 

1,; 

)· 

El 6908 AAbinOB r.T.,--AnHeB <P.K., raeBCKu_B. H ~P· 
~ # • .,. ' { 

~1 A 0 ~ C ... 0 • ,• • • 

c MnTeM~TH'IeCKOO o6ecneqeJl:Jie 71-·e aKcnepmi.ieHTa B peanhHOM 
·.!/Macma6e apeMeHil Ha _ 6aae ·ll~I'IHCnHTenb'm:>H: · MaWHHhi HP 2116 8. 
· · :>:.'' , . · ·. · _ •. ~; · - 1Jac~. 2 · · · . 

i:J.~~q-~oimcaHHe; ripo~pijM~bi. reoMeTpa'leCKoro H KH~eMaTH'IeCKO~o 
~OCCTSH~Bn~HHH. ynpyriix AB~ny'leBblX• c'o'tibiTHii;, B pealn,HoM M8CWTa6e . 

;~'. BpeMeHH' sKj:n.epHMeHTa nti . ir.:.. e pacceHHlno,' Bb!IIonHeHHOI'O. Ha 3BM HP 2116 R. 
, . . . ·"'. . ~ / ., ... , r:· -

·, · .. \ 

.. :_;: 

:·:;. 
- ........ 

:•....-:.·· 

,_ 

•' ~- . 

i : .• ''"'· 
: • ~,·.~ ;J 

. ~-~ "-~~- . •. 
~ '. " 
f• .~:: 

. • -,' .v-

.. . ~~- .. 

,.-

' 

'Co~6~etiife ''061.emtHeHHoro lfHCT!-tT~Ta s.nepHbiX HCCJie,nosamdt 
~ . ' :..") . 

·· ,,ay6Ha, · 1973 · 
i • ::: .. ··-~<. 

Adyl~v~ qtT., ;.:_?l:l~ F ~K.; Gaje~sk~- w~ et ·aJ. El _ :6908 
~: ..... __ . ~·:-·' . . , ·., ~~"'"' .... :'-~ "_:·-_ ' 

,;·Real-Time on.:.Line P:.:1~ ,:trams:. for the 
::;.::e~<;sc~tterfng -Ex.periment ·using an HP 2116B 

·-·computer. II ... · ··· · 
• '· 1- • • .. 

-. • .··1." 

. . . . . \~ ·•. 
_ The t'rackfinding programs. ar~ scribed which 

recover;·~"pair."'· ~!Ven~s by geoinetri :...._.('kinematic crite­
ria at .. the re~l..;..tiine Of the: IT:...~ experiment USing ari 
1IP: 2li6B .computer: •. ; · · 

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

.~:· 

Communications of the Joint Institute for Nuclear Research~ 
Dubna, 1973 

-~:.·• 

I • 

I 

' 

.-

This paper presents a detailed description of the program 
TRFIT. The software of the pi-e elastic scattering experiment 
for -the HP 2116B computer uses this program. The basic 
software is described in ref. I 1 I the experimental setup is 
presented in ref. hi . 

The program TRFIT is written iri assembler language and · 
is disk-reside;}} 1'RFIT is• scheduled by the control program 
ASR (see ref. 1 

). 
The program includes the main program TRFIT and subrou­

tines: BOX 1 _ 3 , TRFIN, PAIR, FITER, DPMLY and RESID. 
The subroutines BOX 1_ 3 decode information by appropriate 
blocks of spark and proportional chambers. The arrays of 
spark coordinates ( "XY ")and of the number of sparks in the 
chambers ( "NSXY ''are used by the sur""&"Jtine TRFIN for track 
finding in one view ( xoz or YO! ) in each block. The parame­
ters. of tracks found have b'I:t\.'.!n calculated by the least-square 
method using FITER. We use DPMLY for fitting track parameters 
in double precision words because the maximum available 
number of modules, H.-, is 32768. RESID calculates the residuals 
for each track in tl'-:;r::·~1§en chamber. The main program initiates 
the work of the dt!ot:'(i:\.gg and track-finding subroutines in all 
blocks of the chambers. ·PAIR is called for two- and three-track 
events in the second block and looks for an intersPction (pair 
vertex) of two tracks in the target, calculates the momenta 
of secondary particles and analyzes the coplanarity of the event. 

a) Subroutine for decoding information from the spark and 
proportional chambers. · 

The coordinate of the ; -th spark in the ; -th chamber in 
- the 'orthogonal coordinate system of the given· -block of the 
·chambers iii xoz view is expressed by the formula: 

X;,; ~X';,;·, Di.• 4 C ;.• 

and ~orresp.ondingly in Yoz view: 
Y .. 
'·' 

Y' .. ·D. _ 
'·I /,Y c /,y 
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·where x' (or Y ') is the spark coordinate in the coordinate 
system of the chamber along ox (or OY )axis; . Dx( Dy J is the 
normalized signal velocity in the. magnetostrictive ribbon. This 
value is determined by the program FUDUK h/. ex (or Cy) is 
the correction constant (compensate for chamber misalignment) 
of the chamber; ; is the index of the chamber number; ; is 
the index of the spark number in the i -th chamber; x (or Y ) 

is a new spark coordinate in the orthogonal coordinate system 
of the given block. 

The spark coordinates were used as integer numbers and 
corresponded to counts of the 20 megacycle oscillator of the 
readout electronics ("clock" counts). · 

The spark coordinates of the rotated . chambers in the 
coordinate system of the given block are obtained by transform-
ing: , , 

X 1 = X 1 •DJ,X • cosa+ Y 11 •D/,Y•slna+ C/,X, 

Y = Y~ • D ·cos a -X' • D • sin a+ C 
11 " ;,x ; ;,x 1. v·•· 

where a is the rotation angle of the ; -th chamber. 
For the proportional chambers the numbers of the wires 

fired are also calculated in' the coordinate system of the first 
block, namely: 

X=H•K+CX; Y=N•K+Cy• 

where /II is the number of a wire fired; 
of transformation of the coordinate into 
(this value is equal to 11.196 mm); c ( 

- . X constant. 

K is the coefficient 
the "clock" comits 

c v J is the diddle 

When two adjacent wires fired in the proportional chamber 
we used an average coordinate value of both wires; in the case 
of three wires we used the coordinate of the average wire. The 
cases ,with four or more wires were not considered. 

b) Trac~ finding alg~rithm 

The track finding algorithm in ( xoz or voz ) views in one 
block of the chambers is as follows. Two chambers, called 
"magic' chambers" were chosen. A straight line was drawn 
through two 'sparks of the two chambers. This straight line was 
considered as a new one if it had parameters (e.g., slope) 
different from previously found tracks {slope - 1 mrad, inter­
cept - 5 mm). Sparks in the otherplanes ar~ found on condition 
that: 

I x 1 - x'l .< c • 

4 

l 

where · x ,·is the coordinate of the 1_ -th spark in the chamber; 
· x' is the coordinate of. the straight line projection onto the 
plane of the chamber; c · is "the. five standard 'deviations of 
coordinate accuracy ( ± 3 mm). 
In each track we required four sparks as-the minimum number _ 
to define a track. The coordinates of a new track were compared 
with· the coordinates of all previous tracks. If the new track 
was different from the. previous ones 'by at least one spark 
in the first K sparks { K is a constant .for each block), the 
track was considered to be a new one. It could happen that the 
coordinate of one and the same spark or·even the coordinates 
of K -1 sparks are used for two different tracks .. Such a proce-

. dure is necessary for finding pair events with a small opening 
angle ( "' 2 mrad). Then t_he parameters of· each new track 
were calculated by the least-square method: For. the slope 
parameter a we have: 

n 
n !. 

I 

n n 
x 1 z1 .;. !. x·

1
!. z1 I I 

a 
n 2 • 2 

n !. Z1 - (!. Z 1 } 
I I -

b 
n !. z: -( !. Z 

1 
} z 

The quality of the track parameters found was es-timated by the 
x 2criterion: . 

x2 = !. ( 
Z - b 2 X -a• 1 } < TJ I 

a· 

where TJ is a limit on the limiting value of. x 2 and a is the 
coordinate error of the chambers. The value x 2 normalized 
to the number. of sparks, was introduced into the histogram of the 

-x 2 distribution. Figure 1 presents this distribution for tracks 
in the firs~ block. . · - · -

In order to continue track finding, a new straight line was 
drawn through other spark combinations in the chambers. If all 
sparks of one 'of the. chambers were considered the program 
uses the next two :••magic" chambers. For each block we used 

. th'ree pairs of,the- "magic'.' chambers. For a more efficient 
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performance. of the program and fast rejection of background 
events, special conditions·- ·characteristic for. each block ·:... 
were required for track finding. The track finding conditions 
for the first block are as follows: 

- it is necessary that the proportional chambers ("x"or "y" ) 
should fire only for one track; 

- the track found should project through the liquid hydrogen 
target; · . ' · 

- only one-track events were considered. 
The track.finding conditions for the second block are: 

- each track in the target must be matched to the track of 
the first block; 

- K- l. sparks ( K = 4 for the second block) of one track 
can be used by anotherJrack; c. 

- track finding was stopped after three matching tracks 
were found. 
The track fiiiding conditions for the third block of the chambers 
are: 

- only those straight lines that are matched to tracks of the 
second block are drawn through the sparks ofthe chambers: the 
coordinate difference of the track projections fro·m the second 
and third blocks· into the center of the magnet in xoz and YOZ 
views must be less than lO.mm,andin the Yoz view, more than 
3 mrad in slope; 

- only one spark can be used by two different tracks; 
. - only the first three matched tracks were used. 

·c) Selection of."pair". events 

The momentum p. is calculated for each track ofthe second 
block that matched a track in"the thttl one. The magnetic field 
is assumed to be homogeneous. • 

. ' 

H 

P = x; - x; + a . 

where H is the constant for the analyzing magnet SP-12 at a 
field of 17 kilogauss; · x'3 and x'2 are the slope parameters 
of the track in the third and second blocks respectively; a is 
the rotation angle of the third block (65 mrad) .. 

Tracks found in block two were tested two at a time to look 
for a pair vertex. Each combination ·was· tested as a pair and 
then for kinematic cuts. The events were tested as a pair as 
follows. The opening angle of secondary particles is determined 

'6 

.' 

in each view. The . z -vertex of the. pair is determined in the 
view. ( XOZ or YOZ ) that has the largest operiing anglE:!. The 
difference between the projections A 1 from the· second biock 
A 2 from the first block is defined as the z -coordinate. The · 
given event satisfies a pair test if the difference between 
A 1 and A 2 satisfies the inequality: 

I A - A2 I < f lX · X 
and IArY- A2YI < f 

f is the number that depends on the angular accuracy of the 
chamber blocks. . 

The distributions of the corresponding coordinates Ax , 

A Y· and· z ·are presented in Figs. ·2,3 and 4. Figure 5 gives the 
total·inomentum distribution of events from the selected pairs. 

Finally, the combination was tested for coplanarity; The event 
withstood a coplanarity test if cos 

2 e between the primary 
particle and the perpendicular to two secondary tracks satisfied 
the cut: · 

l 
2(J- ~~ 2 

(X' Y.''-Y·' X')+( X' .Y.'-Y.' X') (X' Y' -X' Y.') 2 . 

I 1212 2323+31 73 I. 
<1J. 

• 1(Y' -Y' )-2+(X' _;X' )2 .(X' Y.' -Y' X' )2 cos - x'2 + y' + 
3 3 V' 7 2 2 7 + · 7 2 7 2 

-70 where 1J • is a small value equal to 25 x 10 rad.; and 
Y~ and x'1 are the slope parameters of the ; tracks in 
YOZ and xoz views, respectively. . 
Figure '6 gives the histogram of the cos 

2 e distribution. 
The transverse momentum was calculated by the formula: 

p = x' • p - x' • p - x' • p 
X 0 0 7 l 2 2' 

where· ·x0 is the slope of the track in the first block; x; 'and 
x; are the slopes of the · tracks in the second block; Po is 
the .beam momentum (50 G~V); and P1 and P2 are the 
momenta of secondary particles. 

Thus, the following independent conditions were used to 
select pair events: 

- the total momentum of secondary particles must corres-
pond tci that of the incident beam; · 

- the position of x, Y and · z vertices must be in the 
target; . 

- the event must be coplanar; 
- the sum of transverse momenta of primary and secondary 

particles must be close to zero. 
The number of the events satisfying all these conditions 

was also determined. · 

7 
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