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HP 2116B conputer
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" This paper presents a detailed description of theprOgram'g

" 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. /1/ the experimental setup is
presented in ref. : A

The program TRFIT is wrltten in assembler language and ’
is disk-residept. “TRFIT is' scheduled by the control program
ASR (see ref. /)

The program includes the main program TRFIT and subrou- .

tines: BOX ;_3, TRFIN,; PAIR, FITER, DPMLY and RESID.
The subroutines BOX ;- 3decode mformatlon by appropriate
blocks - of spark and proportional chambers. The arrays of

‘spark -coordinates ( “xv ")and . of the number of sparks in the

chambers (“NsxY Jare used by the sutredtine TRFIN for track
finding in one view ( X0z or YOZ ) in each block. The parame-
ters of tracks found have hson 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, -4, is 32768. RESID calculates the residuals .
for each track in tb4s ‘«‘s',en chamber. The main program initiates
the work of the deowidng and track- fmdmg ‘subroutines in all
blocks of the chambers. PAIR is called for two- and three-track
events in the second bluck and looks for an intersection (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 mformatlon from the spark and
proportlonal chambers.

The coordinate of the i -th spark in the ‘, -th (‘hamber in

" the orthogonal coordinate system of the glven block of the
‘chambers in  X0Z view is expressed by the formula: '

Xip = X5p oDt €y .
and correspondingly in' Yoz view:

Y = Y,. -.D _.1 C '
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‘where x’ (or Y ’) is the spark coordlnate in the coordmate
system of the chamber along 0x (or ‘OY )axis; Dy(Dy) isthe
normalized signal velocity in the. magnetostrlctlve ribbon. This
value is determined by the program FUDUK /i/. Cx(or-C,)is
the correction constant (compensate for chamber m1sahgnment)
of the chamber; ; is the index of the chamber number; i is’
the index of the spark number in the i -th chamber; x (or Y)
is a new spark coordinate in the orthogonal coordmate system
of the given block.

The spark coordinates were .used as 1nteger numbers and
corresponded to counts of the 20 megacycle osclllator of the
readout electronics (’’clock’’ counts). :

The spark coordinates of the rotated . cllambers in the

coordinate system of the g1ven block are obtalned by transform-_ )

ing: , ‘
X'.=X,-Dllx-cosakY sina+C

I,Y LX

Y” = Y’_" . Di,X ecosa —-X; ..Di,X s sina + C' v
where e is the rotation angle of the i -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 = N-K+C,; Y=N-K+C'

where N is the number of a wire f1red K is the coefficient
of transformation of the coordinate mto the ’’clock’’ counts
~_ (this .value is equal to 1l. 196 mm), <, (- c ) is the dlddle
constant.

" When two ad]acent wires f1red in the proportxonal chamber

we ‘used an average coordinate value of both wires; in the case

of three wires we used the: coordinate of the average wire. Tlie
cases w1th four or more wires were not considered.

b) Track finding algorithm

' The track finding algorlthm 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-
fl?ptt - 5 mm). Sparks in the other planes are found on cond1t10n
a B
Ix,=x| <€,
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where x, is the coordlnate of the I ~th spark in the chamber

- x*is the coordinate -of . the straight line projection onto the.‘
‘plane “of the chamber; ¢.- is .the. five  standard dev1at10ns of o

coordinate accuracy (.3 mm). 2 .
In each track we required four: sparks as- the m1n1mum number .

to define a track. The coordinates of anew track were compared-
with “the coordinates of all prev1ous 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 the parameters of-each new track
were calculated by the least- -square:-method:: For the slope
parameter a we have: o . «
' nlix,z,—zxzz,
a = ’
-F,Ezi,_(E.zl) .
v R s

where n is the number of sparks in the track x, is the spark
coordinate in the ; -th chamber; z, is the position of the i -th
chamber along the beam. The slope parameter was expressed
in units: J’clock’’. counts/8 meters.( ~_ 0.03 mrad) e
The 1ntercept b is.as follows: K -

" Ex,-32I-% x, 2,32

b =
'nzz ~(Xz, )2

.The quallty of the track parameters found was estlmated by the‘

x leriterion:
X —a-Z — b .
. H i 2
=2 - : b <7y,

o

where 7 is a limit on the limiting value of . x Zand o is the
coordinate error of the chambers. The value x? normalized
to the number of sparks, was introduced into the. h1stogram of the

x?2 dlstrlbutlon Figure:1 presents this . dlstrlbutlon for tracks

- 1n the first block.

In order to. contlnue track f1nding, a new stralght hne was ‘

. drawn through other spark comblnatlons in the chambers. If all.
.- ‘'sparks- of ‘one ‘of the chambers were considered the program

uses the next two- ”maglc” chambers. For each block we used

. three pairs: of- the ”maglc”, chambers For a more. eff1c1ent'
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kperformance, of V»:the ‘program«/and' “fast rejection of background

“events, ‘special-conditions ‘- :characteristic for: each block - 7
‘were. requ1red for track finding. The track f1nd1ng cond1t10ns,

~for the first block are as follows:

. ="it is necessary that the proportlonal chambers( X”or “v” )

should fire only for one track; .
- the track found should pro;ect through the hqu1d hydrogen
target; -
- ‘only one-~ track events were cons1dered
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-1 sparks ( K=4 for the second block) of one track

~can:be used by another.track;.-

- track finding was stopped after three matchmg tracks

were found.
The track finding cond1t10ns 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 of the chambers: the
coordinate difference of the track projections from the second
and ‘third blocks-into the center of the magnet in X0Z and- Yoz
views must be less than 10 mm, and in the Y0z view, - more than
3 mrad in slope;- :

- ‘only " one--spark c¢an be: used by two dlfferent tracks

.= only the first three matched tracks were used.

' c) Selection of ”palr”- events

The momentum pl-iS’ calculated for each track ofthe second .
block that matched a track in'the thinl one. The magnetic ﬁeld ‘

is assumed to be homogeneous

H
P= , , +’
XJ—-X2+a'

where H ‘is the constant for the analyz1ng magnet SP 12 ata
field of 17 kilogauss; X% and X°, are the slope parameters
of the track in the third and second blocks respectlvely, a is
the rotation angle of the third block (65 mrad)..

.Tracks found in block two were tested two ata t1me to look
for a pair vertex. Each combination was: tested as a pa1r :and
then for kinematic cuts. The events were tested-as a pair as
follows. The openmg angle of secondary particles is determined

6
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""m each view, The _Z-vertex. of the. palr is dntermmed in the '

view. ( X0z or voz ) that has 'the.largest opening angle. The
difference between the projections ~A; from the second block )
A, from-the first block is defined as the Z -coordinate. The:

given event ‘satisfies a pair test if the difference between

A;and 4, sat1sfies the inequality:

lA A < ¢ and ‘A,Y-A |<E

X 2X|

"ve is the number that depends on the angular accuracy of the

chamber blocks. ~
‘The distributions of the corresponding coordlnates Ay,
Ay.and - Z' are presented in Figs. 2,3 and 4. Figure 5 gives the
total momentum distribution of events from the selected pairs."
‘Finally, the ,comb1nation was tested for coplanarity. The event

- .withstood a coplanarity test . if cos 29 ‘between the primary .

particle and the perpendicular to two secondary tracks satisfied

the cut
2 .

o o _

2, 1 (X Yy Y] X3 (X Y=Yy X3 )+(X3 ¥/ =X ¥]) e
cos = Iz '2 ’ ’ ‘w? N . ’ ’ ’ !
. XYy + 1 V(Y =Y} )~?+()‘<;—’x, )24(X] ¥, =Y X5)2

3 3

where 7~ is a small value equal to 25 x10 10 rad.; and
v, and x’, are the slope parameters of the i . tracks in
Y0z and x0Z views, respectively. ,
Flgure 6 gives the histogram of the cos g distribut1on

The transverse momentum was calculated by the formula

P = »"o"’o’""l "’1"’ 2"’2 .
where Xo is the slope of the track in the first block; x; ' and

x5 are the slopes of the - tracks in the second block; B is -
the ‘beam - momentum (50 GeV), and- P, and Pz are the

‘momenta of secondary particles.

Thus, the followmg 1ndependent cond1t10ns were used to
select pair events:

- the total momentum of secondary part1cles must corres- »
pond to that of the incident beam;
- the position of X, Y and 4 vert1ces must be in the
target; sl :
- 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 satlsfymg all these cond1t10ns :

‘was also determlned



e S o  ‘uonnqIuSIp X 181

, , , T L6 ® AVHO0LSIN
.,,_g _.nNNFHzHJuuan3m>om<uum;gz

* 28 17 P 1 ;
. 19 - QeRe'rs
+ 6 - QuBets
* TGS 2ueo'yy
* s - vede'ey
* 4P QRwvY'et
‘ . Lo B2’ pe
+ I8 - evev’ot
. ¢+ 96  poee'9e
T X I .PeoR"2e
e L6 - Qe0R°8T
*40¢eee  CRY Q0RO PT
] ooooooooo¢¢oooo¢oo+ooo 1LAS Quev°es
- ooa¢oooooooooooooooooo;ooooo+oooooooo+¢¢ ?192 - Deee‘s

i

SEPP LINIT M3AMOT MOY3E ¥3EWNN.
Zseat nUumhzm.uo d3EWNN vLi0l

il e e e L —y nmf! B «Uuﬂ.waiitnii B P T ——

‘ Refererices~
G.T:Adylov et al. JINR Preprint, EI-6907, Dubna, 1973..
G.T.Adylov et "al. JINR Preprint, E13-6658. Dubna, 1972.
Received by Publishing Department
- on January 22, 1973.

.

1
2
8




*

*e

oo++ooo¢¢ooo¢4

‘ o oo+¢1+o+oo+oqooqocoo+o++o+
_ ooo400ooooo¢¢+oo¢+++o¢¢+¢ooo+oooo¢oooca+
+aoo’oqooocoooqoooooqooooqooo+o‘oooa+
oooqcoooqoooqcooqqoooqo0¢oo+o0

q*ooe+qo

»

‘UOTINGLIISIP XO}ISA 4 JUSAD IT8J °E SId

.. ST A WY¥O0LEIM
7@ LINIT #3ddn 3ACEY HaEHAN

20AE " LRS-
0PAR°Z89
BRAS°LEP
LIS A TR
0005 L0
2P0E 298
@8a6°LES
epas’2ts
PPAE " LBy
en9s'29y
0088° LE?
epes‘2iy
BRAE* L8E
gepsezes

el | | @ LINI1 ¥3MOT MOT38 ¥ZEHAN.

L _ : 948 SITUINZ 20 uZ SHNN 1vi04

-

N o

..:o::n_bm% X9)I9A x U949 IrBd 'Z "S1d

A ooo‘
0000900009000904,
00090;0400qoooqqoooooo+9q0oooof
oooooo04ooo0+0000+0000000000+0o¢0+ao0000
*0rte20¢eer0reetQrree ettt rese
*40ceee sore
. *e

éﬁs —nN

e
Z
€1
89 -
PET-
843,

efl

15

3 8Vl ® WV¥90LBIH
sqw »quq mmma: IAN0HY mumz:z

2006* (89
2006°299
005 LEH

800s°219
.aean.uonw
0006°296
000s .unm,
Goes°21s ;
eees¥ier
00Us° 2oV
6oBs LLY.
smsnAN“s
.seam.ucn
geos 2ot
¢ ._.HzH._ muzg MO38 mmmz:z
9L8 ounupzu 40 uunz:z J<po» -

10




13

.mwﬁoﬁpmqvwnwﬁaomuo:oﬁ:ﬂbm%EE:wEoE ﬁﬁo..b. .m.mrm

el # WYHIO0LEIN
g hwzHJ ¥3ddN 3A0EYV mmm::z,

e P020° R8s
, _ 3 Gt _ N - RoRv‘eers
QeeseQerrsQeroe0seer0rssenrasrerssNeres  DGZ . 0000°0006
s40¢sre0¢eeeQee220none()rstaecssrste Nnm Qv ‘’oley 8
. SeseQesssfesee i1s. pooR'eo2y ¢
‘ : : , Qesen 62 " 2006°008L
t99s g2 Q2200°00P¢
; . s . . PRoo*oeet
sy} 0000° 0092
e+ Q1 . QepoR‘eeee
e 6 . ope0"008!}
+ g - ogee’oery
e - . sese.oss#
@ . Qgee‘ges .

6 = AIWIT muzQJ M073€ mumz:z o
849  S3ITUANA 40 ¥IEWNN 4<»0h T

‘UOHNQIIISIP X9)I9A Z JUIAD ITed ..w I ¢
L : . pIT ® WYHOOLSIM
w,., ‘ . , .uv »HIHJxmnm3u>om< mumr:z

L I 4 oo’ no. _
Deeee 13 QoL sS : “
eeedQeosre Q2 goeR Sy ;
ee0eeee(reeeeereeset(reee 19 - oeRo°Se ‘
OsseeQeres0reseessrlorteerteerreerte 16 PuRp*se
ooooooo0090000900009009009000oooooqooo e PpoL°St
teeQeeecereselerereseeerssOrere Y4 200¢°s
. 0eeee0eseelereeeeetorree o6 gooR°*S="
*0teee0eereQeree L8 PR S1-
.  *440¢e0e 8t 2000°s2=
..y Q000 S¢c-
i o : 2 pood°sy=-
T , ‘ [ o000 GG .
F . - e 0000°S9~

o . P9 AIWIT ¥3AMOT_MOT3E mum::z | !
y 948  S3IYVING 40 wIBWNN TvLi0L

12




*fyrreuerdo) "9 31d

. §1T ® WYNOOLSIH
185 LIWIT w3dddN IADEY. uuer:z

. Iy -] pees*zL

" eeQeeee ] 00649

Deeee 9 goes°2e

*eeDeeee & RRRS°4S

e 2 .2206°28 ¢

eceeDeeee 03 2008 ¢y

BT T | eoes’2y

eeQreee 8 2008°4¢<

X OeeeeleeeeQeeee @} gees’et

*0eereDoere el 20Bs* L2

¢ee0eeeeQereeereeecre /T goes'ee-

ee0eeeeDereeeceeDeere 92 . osem.n“_
e0reee0eeselrree(ereseorerreve Pe - ‘gees”’ mﬂ
oooo90oaooo00090000400000000000000000900 Ly gees* L

947 1IWIT w3aM07-MOT38 mumz:z
945 $3IdLIN 40 H3IEWAN V0L

14



