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In this short rcport we present some characteristics of our
experiment and some prcliminary rosults. We bclieve that the ex-
periment is now running very satisfactorily, with an extensive

on-line monitoring and analysis of the data.

We have made a preliminary analysis of a part of the data which
+ + -
we have collected on Kop, 77p, and pp backward and ncar-forward

scattering. Table 1 contains information on the encrgiecs and momentum~

- transfers wec have covercd, and in Table 2 is indicatcd the time we have
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uscd in setting up the beam and running the experiment., We have
chosen first to analyse the K+p and W+p backward data, and conclude

the following.

K+p has a backward pecak at 7 GeV/c with a difforcntial cross-
section (da/ﬁu)uzo =~ 3 ub/(GeV/c)?. Togethor with data at lower
momenta (scc Fig. 1), the variation with s is roughly (dﬂ/ﬁu)uzo
o s—s, which is fastcr than that for Wip. We call attention to the
fact that the hyperon Regge trajectorics run lower than the nucleon
trajectorics., The intercept at u=0 of, for cxample, the Aa trajec-
20g

tory is roughly at & o~ ~0.5, which would give (dd/ﬁu)u_o e 3
8‘3. During thc next run we intend to make a measurcment at 5 GoV/b

in order to verify this rclationship.

The slope of the backward pcak in K+p - pK+ (sec Fig. 2) secms

- to be somewhat steeper than that for ﬂnp - pw-, but by no means as

steep as w+p -> pﬂ+ (sce Fig. 3). In this cxperiment we cover for the
first time in onc geomctry the region across the dip at u ~ -0,2 for

+ + A . .
mp > pr , and preliminary results arc scen in Fig, 3.
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EXPERTMENTAL ARRANGEMENT

Our experimental apparatus is illustrated in Fig. 4. It con-
sists of thrce wire spark-chamber telescopes surrounding a liquid-
hydrogen target. In addition, there is a fourth tclescope after
an analysing magnet. The chambers are equipped with core read-out,
and a total of about 14,000 corcs are rcad out. The
information from the wire spark chambers arc read into an IBM 1800
computer, together with information from scalers and hodoscopes
(scc Appendix B) in the incident beam. The spark chambers are
triggered with a system of scintillation and Yorenkov counters as

indicated in the figurc.

DATA HANDLING

Appendix A contains a description of the on-line data-handling

,'facilities with illustrations of some of the outputs. We call atten-

tion to Samples 8 and 9 among the illustrations which contain histo-

grams ofibeam profiles and resolutions of the spark chambers.

A simplified flow diagram for the off-line ahalysis of the data
is shown in Fig. 5. The cvents are filtcred according to some simple
critoria,‘and a two-constraint kinematic fit is made to those events
which pass the filtor; ”ho elasticyscattoring‘ovonts are sclcoted
on the ba51s of tho goodncss of the flt together with the momentum

measurencent of the formurd ucattﬂrod partlcle.

The amount of computing tlmo used in analysis depends on the

quality of the data. An upper limit for the. CDC 6600 ccntral pro-

.cessor time required per cvent is given in the table below:

Filter programme . 36 msce

Kinematic fit and momentum determination 260 msec
This ncans an ahalysiS'rato‘of at least 30 per sec for backward scat-
tering, when tho’major part of thc total computer time used is in the

filtering.,
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Table 2,

Experiment S 5% Large Angle Scattering. Running time obtained.

Runningvtime

Date Cond. Work done on the floor
hrs
all. pbtained o
March -67 | 1/1 300 250 Setup and first operation of
a counter beam from an external
production target. See NP 67-7
July -67 1/1 130 110 Further beam studies. First
operation of a wire chamber
telescope on-line.
Sept -67 1/5 28 22 Test of wire chamber telescope
Nov -67 1/5 31 28 | Test of wire chfmber telescopes
Dec -67 1/1 320 248 datataking
Jan -68 1/1 330 300 datataking
Feb -68 1/1 330 250 datataking
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-5 = APPENDIX A

TOSCA - TEST PROGRAIM FOR ON-LINE SPARK CHAMBER DATA ANALYSIS

This program is a set of core-loads that are resident on the disk

and that can be loaded one at a time into core memory for execution,
TOSCA provides for:

1)- reading scalers, parameter and pattern units, scintillation
- counter hodoscopes, and wire chambers;
buffering these data;
and writing them on magnetic tape for off-line analysis and on

the disk scratch area for on-line analysis;

2) several test and analysis functions on the data written on the
disk;

'3) executing these functions in an off-line mode from data on mag-

netic tape;

L) simulating elastic scattering events with a random-number gene-

rator and writing them on magnetic tape;

5) several utility functions for tape handling and changing para-

meters used by the test and analysis routines.
The operator directs the activities of TOSCA in two ways:
1) by control cards read by‘the card-reader;
2) by setting sense, program and data-entry switches.

The following control cards are recognized by TOSCA:

- . s ey Pt v B S P e 0 D ) G e B B, o Bk e et B Bt S P,

1) SST%RT-Puts the machine into on-line run mode;
2) ﬂ SIMULATION - The simulator is called to gencrate elastic scat-

tering cvents using a random~number generator;

3) g PLAYBACK - All test and analysis functions arc executed in an

off-linc mode from magnetic tape;



Con‘trol cards thau selec

B g 20 8 v G ot e S e o S B S S S e e o P g

5)

6)

)

e

%)
10)

1)

15y

68/460/3
SIS/si

8’ COREMAP - A counter is kept for cach chamber plane and sense
amplifier and for each chamber plane and address group. At the
cnd of accumulation, the contents of these counters are printed.

Several dump options are under thc control of data sw1tches.

# BEAM PROFILE - Two histograms are produced ropreoentlng the

horizontal and vertical intensity distribution of the beam..

# RESOLUTION - Four histograms arc printed from which conclusions

can bc drawn as to:

the resclution of the spark chambers, -
their geometrical alignmoent,

and the disturbancc of track finding by accidentalé; :

# VERTEX - The first steps of an analysis program arc cxecuted.
The details of the printed output arc under the control of data

switches.
# HODOSCOPES -~ A hodoscope test program.
g MAGNET - A magnot tracking program.

g LOOK - Numerical and graphical output concerning spark patterns.

g REWIND - Tho :data tapc is rcewound.
# SKIP FILE -~ A filc on the data tapc is skipped..

S PARAMETERS ~ Paramcters uscd by the test and analysis core loads

arc rcad from data cards.

g LABEL - A hoader rccord is written on magnotlo ‘cape gives a file

description of the data which follow.

4 ENDFILE - An cnd-of-file is written on magnetic tapc (ocxcept
when in playback modc), no data arc admittod from the rcad-out
box (un‘til the next ,%’ START card is read).
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The sequence in which the control cards arc rcad is not arbitrary,
and an interlock system is provided to avoid operator errors, It
is necessary to read the parameters before any test or analysis
function can be cxecuted. Evony file on magnetic tape should start

with a header record and end with an cend-of-file mark.

There is a 16th control card - g CONTINUE; its action is the same as
that of g START (it puts the machinc into on-linc run mode), but it
by-passes the interlock-system, and is used only in cases of hang-
ups, when thc file label has been writteon and the parameters are

read.

Several sample print-outs which arc enclosced illustrate the action of

the differcnt control cards and data switches.

Sample 1 is the listing of a deck of cards, on which paramcter data

arc punched.

If this deck is rcad following the control card S PARANMETERS, the
print-out shown in samplc 2 will be produccd, and paramcter informa-
tion will be storcd in a common region that is available to all core-
loads.

Samplc 3 shows a print-ou% of the dump routine.

NTA is the triggor number (A for absoiuto, tho,cofrcspondihg‘coﬁht

is rosot only when a filc label is written on magnetic tape). Tho
noxt word is the count of all data words transnltcud for that trigger.
The first 16 words rcad, reprosenting parameter unit, scaler, and pat-
téfn; unit daté, arc printcd in hexadocimal;vthe following words
shoulﬁlﬁé hodoscope or spark.chamber data; they arc unpacked>into
planc dddrcsses and wirc numbers (or clement numbers) and then prin-
ted.

The dump routinc is always entcred when data switch 14 is up; it is

entercd only in casc of errors if sensc switch 13 is up.
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Since tho 16_hoxadecimal words arc somcwhat difficult.to intcrpret,
the scaler and pattern unit data arc also available in another form,
showvn in samplc 4. To get this print-out, control card g CORENAP

must have been read and data switch 12 must be up.
G e P

The mnemonics uscd have the following mecaning:

S scintillation counter beam

SUR S, ungatcd, random

SU S, ungatecd

BK X becam

BKR K beam, random

T time (in 100 pscc since beginning of burst)

N burst number

B beam

ENA event, no antis

ERA cvent, random antis

RO1

“to R10 right trigger (fence) counters

Lo1

to L12 left trigger (fence) counters

c1,02,C3 Cerenkov countors

AB '~ anticoincidencce counter around thc bcam

AS anticoincidence counters around the spark chambers
AT anticoincidencc counters around the target. '

Sample 5 shows thc print-out which occurs at thc cnd of a COREMAP run.
NT is the number of triggers accumulated, the other mnemonics are the
same., Thc numbers which arc printcd refer only to thosc scalers that
arc rcsct after reading; the accumulating counters arc kept ip the

1800, The pattern units have counters for cach bit.

For the accumulation of the core-map a countcr is kept for cach chamber

plane and addrcss group, and for cach chamber planc and sense amplifier.

At the end of a core-map run, first thc contents of the counters re-
ferring to address groups, then the contents of the counters referring

to sensc amplifiers arc printed. Failurcs of individual cores will.
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not be found, but scnse amplificr or address driver defeocts will

become apparent.

Most of the tcst and analysis programs attempt track finding: a
grodp of threc or four sparks in three or four differcent parallel
telescope planes that lic on a straight line within the resolution
of the chambers is considercd to be a track. A spark might corrcs-

pond to onc core and onc data word,or to several adjacent cores and

" scveral data words.

Sample 6 shows the print-out that occurs during track-finding if data

switch 1 is up.

The number of sparks found in each of the 32 chamber plances is printed
on the left, the wire number of the spark centre times 2 is prihted on
the right.

The print-out shown in samplc 7 is produccd if data switch 2 is up.
For cach track found is printed:

L thc number of the telescope

K (=1 for planes measuring an x-coordinate -- with vertical wires;

= 2 for plancs measuring y-coordinate -- with horizontal wires)

J a code number [=5 for 4 spark tracks,

=N(N=1, L) for tracks without a spark in nlanc NJ.

Then follow the x= or y~coordinates of the sparks contributing to the

“tracks,which are 0 if therc is no spark in a plane (0 can also be a

legitimete spark coordinatc -~ which it is ~- and can be found out by
looking at J).

The output from a beam profile run is shown in sample_8. The first
histogram gives thc horizontal intensity distribution, thc second
histogram thc vertical intcnsity distribution. The scale of the -

abscissa is in millimetres.

PZ = 2800 means that the profile is taken at z = 2800 mm in the
laboratory coordinatc system. The origin of the abscissa corrcsponds

respectively to x = 0 and y = 0 in the laboratory coordinate system.
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The RESOLUTION core-load produccs, at the cnd of accumulation, four
histograms shown in samplc 9. The scale of the abscissa is cnc-tenth

of a millimetrc. The histograms ropresent the distribution of the

sparks in the two inncr chambers of a teloscope (2 and 3, x and y)
around the line through the centre of the sparks in the outer cham-

bers (1 and 4).

The spark chamber resolution can bce inferrcd from the width of the
distribution; a high background indicatcs that there arce many acci-
dentals; and if thce centre of the distribution does not occur at the
origin, it means that thcrc is somc inconsistcncy in the spark-chamber

coordinates read from the parameter cards.

Sample 10 shows some print-out from the VERTEX corc-load. After suc-

. cessful track-finding in both projections of the three first telescopes,

the program looks for a two-prong vertex formed by tracks in telescopes

1 and 2. If the distance between twe tracks is less than RPV1 (resolu-

tion paramecter vertex 1, rcad by the PARAMETER input subroutinc from a

data oard), it is assumcd that a two~prong vcrtex has bcen found,

If data switch 3 is up, the verbex coordinates arc printcd, preceded
by R1, the squarc of the distance between the two tracks (in milli-

metres).

For cach two-prong vertex found, the pregram procececds to look for
three-prong verticces. The distance between the two-prong vertex and
the third track muét bo smoller than RPV2, If date siritch L4 is up,
the vertex coordinates arc printcd, prccoded,by R2, the squarc of

the distance between the two-prong vertex and the track in telecscope 3.

For cach three-prong vertex found, the program determincs if the

vertex is in the target, and if the coplanarity is smaller than RPC.

The print-out of thc coplanarity and thc final vertex coordinates is

under the control of data switches 5 and 6, respectively.
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Samplc 11 finally shows again a print-out from the VERTEX corc-load

but with most data switches up at the same time to obtain a print-

out from many stages of thc analysis.

Magnetic tapc output:

The input of data from the coxperiment and the output on magnetic tape
is an interrupt job that has always higher priority than any test or

analysis program,

At least 10 cvents can be input into a buffer, which is (c.g. at cnd

of burst) output on magnetic tape.

One record contains 1700 words, cach of which is (after the addition
of twobhalf—word parity bits) broken up into threc six-bit bytes, that
arc written (aftcer the addition of another parity bit) on seven-track
half-inch tape and 800 bits/inch in odd parity.

These records arc rcad by the 6600 (6400) in FORTRAN (binary) as 510

central memory words,

An Ascent routine thon rcmoves the half-word parity bits and unpacks

cach reccord into 1700 CM words.

Filc description rccords arc written in 1800 EBCDIC, and there is
another Ascent routinc for the conversion into 6600 (6400) printer

codc.

The same rcecords arc writton on the first six scctors of the scratch
arca of the disk, but only if thesc scctors have been read before by

the test and analysis programs.

Most of the arithmetic donc on the 1800 is programmed in FORTRAN, and
there arc only short asscmbler-language subroutines for the unpacking
of words or for doublc prccision intcger arithmetic. (The compiler
admits cxtended preecision, floating point operations, but rcstricts

integers to 15 bits + sign.)

In addition to input-output, most of the program sequence control is

written in assembler languagc.
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“Some core-=loads do just onc job, othcr core-loads haudle scveral

control cards, and there arc activitics that rcquire two core~
loads, c.g. the corc-load that accumulates histograms for a RESOLU-
TION run has not cnough space left to output thesc histograms, and

another core-load is callcd.
Some additions havc rccently bcen incorporated into the vertox program,

Onc gives thc deflection angle of the scattercd particle and its
energy, computcd under the assumptions that it is a 7, a K, and a

bP.

Another gives the deflcction of the proton in the magnet behind
tclescope 3.
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- 13- APPENDIX B

HODOSCOPES

In this experiment we arc using threc hodoscopes with altogether

58 elecments of different sizes (hodoscope I contains 12 clcments

in the x-planc with 3 mm width, 3 mm thickness and 40 mm length;
hodoscopc II contains 11 elcments in the x~planc and 5 clements

in the y-planc with 14 mm width, 2 mm thickness, 70 mm and 154 mm
length, respcctively; hodoscopc III contains 12 clements in the
x~planc and 20 clcments in the y-planc with 3 mm width, 3 mm thick=
ness, 60 mm and 36 mm length, rcspectively). Hodoscope I at the
momentum slit contains only clements to measurc horizontal deflec-
tions, whilc hodoscopc III at the target and hodoscope II after the
incoming beam spectrometer contain horizontal and vertical clcments,
which allow us to determinc the momentum and also the dircction of
the incoming particlecs to an accuracy of *1 mrad. We rcconstruct
tracks from the hodoscopec information and comparc them with those

found from thc incident bcam chambers.

The momentum determination of the incident particles by hodoscopes

is of tho order of Ap/p = *0.3% - *0.4%. An on-linc program gives

us the possibility of checking, during the cxperiment, +the opera-
ting conditions of cach individual hodoscopc clcment, and also gives
us cfficicncy information for each plane and for the whole hodoscope=
telescope. It also- prints out beam profiles at various points

along the bean line,
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| Entry from control program |

[ Initialise scalers and flags |

-] Read next event from tape |

)
No|Good event? |
Yes

[End of file or end of tape?[Yes-——é———-
No

l

Write scalers and flags
for the run on summary
tape

" |Increment scaléfﬂ

Find grack projectioms ik

Return to control
program

all telescopes

Yo Is there at least one track

in each projectionm?
Yes

Begin loop through’all combimations
of track projections

Is there a two-prong vertex between
incident and backward particles?
Yes

No

; Nolis there a three-prong vertex?
Yes

No[Is vertex in target? |
Yes '

L——————v—-No[Is the event coplanarﬁ’l
-Y?s

Save parameters of event for

further analysis

No[Bnd of loop. Is event good so far?]

Yes

No |Is rough kinematic check satisfied?]
Yes

!

[Kinemagic fit with error analysis |

[Momentum analysis of forward scattered_particle]

[Write summary tape |

Fig. 5
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