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Ve would lilte to mcasurc the angular distribution of
7 mesons clastically scattered from protons at large angles up to
180% and in the momentum range from & to 20 GeV/c. Simultanéously
e can invegtigate certain inclestic nrocessces at high momentum
transfcrs.

Tor the experiment we intend to usc a digitized wire spark
chamber system with on~-line computer. This srould be placed in a

igh~intensity, high-~cnergy, sccondary pion beam produced by, the

slow extracted proton beam from the proton synchrotron.

The only process vhich has as yet been thoroughly surveyed

up to the maximum momentum transfer possible is proton-proton clastic

£
secattering.
1. PROCIGSES T0 B STUDIED

1.1 Tlastic scatto ring

The primary ObJOCthu of this cxperiment is a full inves-
tigation of’ W++-p and T +p elastic scattering =t large momentum
angfers up to the highest cncrgics possible with prescent-day
accclerators and techniques. The itcms of greatest cxperimental
intcrest arc:

*)  Visitor fron Universitdt iflinchen.
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a) the region near the teil of the forwerd diffraction pcak where
a persistent secondary maximum has been observed;
b) the intermediate-anglce ronge where a behaviour characteristic

of a statistical model might be expected;

&

- O . N L - - . .. N
c) the backward, or 180" rcgion wiere the obscrved poeks indicate

the dominance of baryon exchange.

For identicel particles the maximum detcctable scattering
anglec is 90° in the centre-of-mass, thus the largest momentum trans-
fer measurcd in vroton-proton scattering wes -t = 2h.4 (GeV/c)? at
an incident momcntum of 30.9 GeV/c1). For mp scattering this
momentum transfer isiexceeded already at an incident momcntum of
1 GeV/c.

Although the Torvierd diffraction pcak in wp clastic
scattering has been quite thoroughly investigated, only a few
points have been examined at larger angles. Full angular distri-
butions have only been made at lower encrgies: for cxample, at
3.5 GeV/c by this group at CERNZ). The region a) above has been
examined at 8 and 12 GeV/c at Brookhaven and even at such relatively
small momentum transfcrs the wp angular distribution is secn to
deviate from the pp, not only in slope but also in megnitude (by o
factor of tcn or more)3 . It is in this region also that the
secondary meximum obscrved at lower energics is secn to persist at
~t ¥ 1.3 (GeV/c)?. A similar effect has been seen in mp charge

exchange and in Kp scattering.

The #p cross-section in the intcrmediate rcegion between
the forward and backward peaks, b) above, is so small that scattering
in this range has until now esscntially cscaped detection at momenta
above k4 GeV/c. It appeers that the mp cross-sections liec well

below the pp cross-sections.

4
Huang ) has recently proposed an incoherent droplet model
for high-encrgy scattering of strongly intcracting particles in

this angular region. e predicts an celastic cross-scction of the

form:
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Ea = A exp[—aP sin ﬁ]y

vhere P is the centre-of-mass momentum and o is a constant. This

1,5
form is in agrecment with the proton-proton scattering data ’ ),
D -~ -1 n s .
which give A = 30 mb/sr and o =~ 152 icV/c.  All that is now known

A

about the plon-proton scatvering cross—-sections is that they appear

to be smaller than the proton-proton cross-scctions.

. o 0 . . +
Evidence. for a pcck at 1807 was first scen in 7 p scatter-

. , ., 6 .
ing at &k GeV/c >; and peaks have subseguently been observed at several

©

2,3,7

L+ - , .
momenta for both 7 p and 7 p scattering ;5 but the true character

of these peaks remains to be determined. I? in analogy with the

forwvard peak we write for -the backward peak the form

do _ (a0 . . .
at - <&t> ekpl:élt180° tI_J

180"

then it appears that several conclusions can be drawn from the data.

. : . ) + . . .
i) The cross-section at 180  for 7 p scattering is about five
timcs the 7 p cross-section.

. . .0
ii) The cross-scction at 180" has an cnergy dependence of the

~1.5

form 35
C e . + . 2n O
iii) The 7 p cross-scction at 180  is down by a factor of 300
, o) -
from the 0° velue at 3.5 GeV/c.

iv) The slope, a, is compareble to that of the forward diffrac-

, where s is the centre~of-mass energy squared.

tion peak.

The dimportance of a precise measurement of the backward
caks as a test for Regge behaviour has been discussed by Chewr and
Bo
8
Stack ).

to one trajectory, the A, Regge theory predicts a shrinkage (change

As backward ﬁ-p scattering is predominantly attributable

in slope) of 50% when the momentum is raisced from 4 to 20 GeV/ec.
Heinz and Ross have pointed out the advantages of detcrmin-
ing the spins of pion-nuclcon rcsonances by scattering in the back-

. .9 L .
ward direction ‘. They have also suggested that new resonances
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could be discovered by this technique over a mass range tivice as
large as has alrecady been cxplored. The attempt to find higher
resonances as bumps in the total cross-section distribution becomes
more difficult at highcr encrgles as morc inclastic channels open
up to compete with a resonance. Unlike the total cross-section,
the 180° elastic cross-section drops off vith encrgy and the compe-
tition should not be as scvere. I the resonant emplitude inter-
feres coherently with an assumed baryon cexchange "background"
amplitude, then there v3ill be a large modulation in the energy
distribution of the beackward diffcrential cross-scction as the
centre-of-mass energy passcs through the resonance. Wiith the
success of this technique one can learn if the baryon mass spectrum

continues on upward or if it terminates.

An exporiment1o) has just beon complcted at the Argonne
Laboratory in which the differential cross-scction for w—+.p elastic
scattering at 180° was measured in small steps from 1.6 to 5.3 GeV/c.
This correcsponds to centrc-of-mess energies of 1975 to 3300 ieV.

The cross-scction shows considerable structure vhich is attributed
to various nucleon resonances. In addition to the known resonances,

a new one is scen with a mass of 3%245* 10 1eV.

These new results provide strong motivetion for continuing
the search with this technique up to the higher energies possible
at the CERN PS. The mass range can bc cxtended up to 6000 MeV.
In addition, because of CERN's unique ability to provide counter
becams from an external target, the same search can also be made in
ﬂ++-p scattering. In this cesc only the I = 7> resonances can

appear, and the cleanest results cen be obtained.

1.2 Inelastic processes

The equipment of this experiment is specifically designed

to study elastic scatterings (Fig. 1), and as such it measures the

angles and momenta of two outgoing charged particles. Iowever,

one can simultaneously measurc any process for vhich the kincmatical



relationships are sufficiently siuilar to those for elastic scatter-

f o ;5

ing. At large momentum transfers these relationships are particularly

£

avourable.

1e247 Nuclcon res sonances

4.

to elas

4

ilost similar tic scattering is the production of a

e
nucleon resgonance wnhich then decays into a neutral pion and a proton:

/hen a large momentum is imparted to the resonant particle, the decay
proton is emitted in a small cone about its direction. The pion
cone angle is considerably larger. 4 comparison of N¥(1236) pro-
duction and decay with elastic scattering at an incident momentum of
6.0 GeV/o is given in Fig. 2. The limits of the angular and
momentum ranges of the decay protons are given by the dashed lines.
These ranges lie within the accevtance of the.apparatus when 1t is
set for elastic scattering above 3000 At higher incident momenta
the ranges become even smaller znd nearer to elastic. On the other
hand, a resonance of larger mass will have larger ranges of proton
angles and momenta.  Figure 3 shows the N¥(2190) at 16.0 GeV/c.

If the angular distribution of the decay of the resonance is knowm,
then there will be no threshold imposed by the aperture of the
apparatus. In any case, the s and % devendence of nucleon resonance

production can be measured wwith no increase in running time.

1e2.2 As sociated oroductlon

Only slightly more difficult topologically is the process
T D - ke n®
L ™+ p

because tiic 2 has a relatively short decay length. The relevant

kincmatical relations are given in Fig. L for 6.0 GeV/c.
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o EXPERTMIENTAL BQUISLIENT

The various components for this experiment have been
chosen to match each other and to for: an integrated system with a
data-taking rat £ least an order of magnitude greater than systems
of comparsble resolution now in use at CERN. Nearly all of the

elements are newly constiucted. ‘The basic logio, hoviever, is

identical to our previous experiment at lower energlcs; specifically,
it is to measure the momenta and dircctions of all particles involved

in the reaction. To do this three swectrometers arc used: one
short resolving-time spectrometer for the incident particle, and
tio large-aperture spectromcters for the outgoing particles. The

“

detcctors are te be connected directly to a computer for immediate

:

analysis of the cvents.

The two large-aperture spectrometers use wire spark chambers
with a ferritc core read-out system; these were the starting point
in developing the apparatus for the experiment. To utilize the
high data-rate capability of these chambers some other experimental
te chnlques are also being developed. In particular, an intense
beam has been designed using the slow-extracted proton beam from the

P3.

2.1 The high intensity b

The existing high-~energy pion beams at the PS are limited
in intensity by the small angular acceptance that is obtained from
an internal target end, particularly for positive particles, by the
fact that the fringing field prevents catching the particles pro-
duced in the peak at a production angle of 0°. These problems are
overcome when the production target is placed in the extracted proton
beam externsl to the PS ring. However, one then loses the multiple
traversals which take place in an internal target.- This loss cen,
to a large extent, be overcome witn a suificlently thick target.
A thick target does not seriously harm the optical propertiecs of the

S L 0 .
following secondary beam, as it is viewed at 0 . The net gain over
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the existing "d"™ beams is calculatcd to be sbout a factor of ten for
negative pions and cbout a factor of onc hundred for positive pions.
Because of the shortcr beam length, the gain for kaons should be

1)

, ) . . cae 1 . o
cven greater. The exvected pion intonsities are given by Fig. b.

The ray dicgran in Fig. 6 shows the focusing characteristics

<4
U

1 o 1. . 12)
of the beam proposcd for this cxneriment . It can transport
particles up to 20 GeV/c and has a comparatively short length,
49 motres. The first scction, up to the momentum slit, is not
unusual, except that no vertical focus is produced at theslit. The
dipole magnet D1 is a scpbum bending magnet through wthich both the
secondary and primary boams pass. Only the secondary beam is
collected by the split-pole quadrupolce magnet @4, which together
with Q2 and 93 forms a symmetric briplct. D2 disperses the beam
at the momentum slit for momentunm selection.

7

The second half? of the beam is primerily a svectrometer
for momentur analysis of the incident particles. Vertically, the
beam is simply focuscd on the hydrogen target. In the horizontal
plane the system is symmetric ebout the horizontelly focusing quad-
rupole Q4, which focuses the plane of the momentum slit onto the
plane of thc hydrogen tafget. The dipolecs Ds and Ds overly recombine
the momentur such that the dispersion at the hydrogen target is equal
to the dispersion at the momentum slit, which is 5 mm/per cent
momcntun interval. Counter hodoscopes placed in these two posi-
tions form the spectrometer, sincce & particle of a given momentum
pessing through o given counter in the first hodoscope must strike
a unique counter in the finel hodoscope independent of the path
Tollowed. There is some redundancy in this system in that the
dispersion at the momentum slit .permits some momentum detcrmination
by that hodoscope alone.

The resolution of this technique is limited by the “chromatic'
sberration ags well as the finite sizc of the hodoscope eclements.

This abcrration increeses linecrly with distance from the median
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-vertically for a momentum acce

romentun Po. TFor ecxample, at * 1/ from Po, the limit of rcsolu-

s calculated to be * Y%, and at = 2% to be * Y, %.

K

tion

Becausc of the “chromatic" aberration, the image size-at
the hydrogen target is not small: 2.5 cm horizontally by 5 cm
vtance of * 2%.  This is intentional
and helps in distinguishing simultaneously incident particles. The
sizc can be reduced by a factor of two in cach dimension by halving

the momentum acccptence.

2.2 The triggering logic

The requircments for triggering the spark chambers are
kept as gencral as possible in order to introduce a minimum of biases
into the expocriment. This leads to a comparatively high trigger
rate and is only possible becausc of the relatively high frequency
at which a wirc chamber system can operate. A relaxed triggering
requirement is also necossary becausc sceveral different processes

arc studied simultancously.

The incident particle tglesoopo is of the usual type with
threshold gas Cerenkov counters13) to identify the incident perticle.
It is independent of the hodoscopes. The segmented counters Sz and
Ss (Fig. 1) indicate when onc particle is cmitted into the forward
hemisphere and one is emitted into the backward hemisphere (centre-

of-mass) .

The dovmstreem Cerenkov counter is of critical importence
in studying large momentum transfcr recactions. It is a threshold
counter set to count the incident bcam particles, pions in this case,
and connccted in anticoincidence with the rest of the -triggering
logic. This is nccessary to suppress the small momentum transfer
events which arc orders of magnitude morec frecquent than the large-
angle reactions. A schemetic drawing of this counter is shown in
Fig.. 7. It was specifically designed to have a large apcrture to-
motch the wire chambers and the magnet preceding it. It is to

operate with freon gas at atmosphcric pressure. With frcon-1ik
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the threshold momonte for pions, lkoons and protons are 2.7, 9.5
nd 18 GeV/c, respectively, and with Treon-22 they arc 3.6 12.8
24 Go W/ respoctively.  An adjusteble "black® pipe through the

1

counter will permit tne incident beam to pass without overloading

]

vire spark chambers

The digitized plancs are wound of 0.1 mm diemctcr phosphor-
bronzc wire with a spacing of 1.25 min on zlass frenes. Both the
high-voltege plenc and the ground planc arc made this wey, and they
are separated by a gep of 3.8 mm. A novel feature in thesc chambers
is the crinkling of the wirces which keeps them taut vwith relatively
livtle tension. 4 chember consists of one X gep and onc Y gap and
is filled with argon gas plus an organic quencher. Including the
plastic walls, cach chacber has en average thickness of 30 milligrams

per square centinetre.

The chambors arc driven with double spark gap pulsers
which initiate and terminate the chamber discharge. Baca vdre of
the high-voltage planc is fed through o serics resistor. Fach wirc

of the ground planc posscs through e ferrite core which is flipped

hl 1 ]
I

votne current of The dischargc. These arc in turn rcad by the
o/ )

T

clectronic recad-out syston, and the contents arc stored in the memory
off & computer.

e two chamber sizes are: MAY chambers: 96 cm horizon-
tally by 48 cm verticelly (768 by 38k vires); and "B" cherbers:
1268 o by 64 cm (1024 by 512 wircs).

2.4 The two large-aporturc spectromcters

Two nagnetic spectromceters incorporating the wire c hambers
are uscd to measurc the angle and momentum of cach of the two charged
particles leaving the hydrogen torget (Fig.1).

1 - . . 14)

Two large-apcrturc C-magnets have been specially designed
end a photograph of them is shown in Fig. 8. They arc identical

4

in construction, and ecach has a pole-tip arca 1 metrec by 1 metre and
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a 50 cm high gep. The integrated bending power of cach is approxi-
notely 20 kilo

the magnets to fit in thic experimenteol arca without excevation and,

geuss—netres The yokes arc csymmetric to permit

at the samc time, to fit snugly cround the hydrogen target. .

Bach spoectrormeter contains four "AW chambers before the
ragnet and two "BY chawbers after it.  This provides for complete
recdundancy in thet only two “A" chambers and one "BY charber need

opercte to establish the dircetion and nomentun of o particle.

2.5 The hodoscopcs

With the cxpected incident fluxes of ebout 107 particles
in a 100 millisecond burst fror: the PS, spark chambers, which have
a resolvihg tine of approximetcely 1 microsecond, would be overloaded.
We thereforc intend to usc srall scintillation counter hodoscopes

to measure the direction and momente of the incident particles.

In principle, these hodoscopes are small area, fast resolving-
tine, Wiro'che;bors. Thet is, in the rcad-out and data-processing
systems they are handled in the same viay. The output signals from
the photomultiplier tubcs arc sent, after a suitable delay, to a
naster fast gate of 5 nanosecconds width. This gate is opcned by
the trigger vhich fires the wwire charbors. The pulscs which pass
the gate ecre used to £lip ferrite corcs. These cores wre read in

turn along with thosc of thc wire chambers.

in addition to the chromotic cberration mentioned previously,
the resolution of'tho incident bean épootronot@r is limited by the
width and thickness of the hodoscope clcments. As the cost is
proportional to the number of clenments, and not their size, it is
necessary to nininize this number for a givoh.resolution and bear:
intensity. The focusing spectrometer described in section 2.1
seens optimum in that it requires only two hodoscope plancs for

norcntunm measurencnts.



In addition to thesce two snmell-clemont hodoscones, three
more arc necessary to detemaine the dircetion of the incident particle.
Onc =D tacsc, ciso vith smnll clenents, measures vertical wosition

tvo,

Just belore the hydrojen tarset. The remaining with larger
clements, arc placcd just aiter thio fincl bhending me net and complete
the determination of dircetion in the horizontal aend vertical plancs.
2.6 The read-out system

5) .

An clectronic read-out systum1 hes becn constructed which
transfors the dats to thic on~linc computcr. This systoin interrogatos
the foerrite cores in groups of 32, and passce on the informetion to
the computer in the form of traclk co-ordinates. It also contains
some test featurcs for oxamining the corcs and the recad-out system

itscelf. The coamponents ore shown in the photograph of Tig. 9.

The tince required by bthis unit to read out onc cvent is

i

the

determined by the number of groups of 32 to be interrogated plus

nurber of traclk co-ordinates to be transferred. The cyele time is
1 microsccond for cach group of 32, ond the vime roquircd to transfer
onc co-ordinate to an IBLi 1800 cemputer is 4 microscconds. for a

tyoicel event, 1.0 to 1.5 milliscconds will be required. It now

appears that it is this read-out tince which limits the rote at which

the c hambers can be triggered.

Qb

:

The edventoges of imriedictc analysis of one's dota arc
epnorent o any cxpovinentolist. A Dloclk diagrom of the date reduc-—
tion systa: is showm in Fig. 16. All cetectors arc connccted, viae

the read-out systom, to o sncll computer, IBii 1800, which in turn is

connceted via o dote link to the CDC 6600.

The prinary ourposc of the local computer, 1800, is to

collect 2ll the date during onc PS burst. Only & corc menmory is

P
£
O
!

fast cnough to do this. 0f thc 16K nmenory, 5K to 10K will be used

for this purposc. The rest of the neoory will hold short programmces

66/359/5
/v/ e
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to monitor the operation of the spork chambors end to porform othor
control functions. Sonmc simple filtering will be performed in the
1800 by chocks on the consistency of the date, but othervisc no
analysis will be done on the 1800 during the run. The filtered
data will be rccorded on megnotic tape between PS bursts and sent
to the 6600 for analysis. As it will be operating under o time-
sharing systoem, the 6600 noy not be able to accept all the data at
once, so it is intended to 'pley back® to the 6600 at a later tine -

the date recorded by the 1800.

A morc complete description of the date flow end analysis
is given by the dato flow diagran of Fig. 10 and the programme flow
chart of Fig. 11.  The 6600 programme is essontially the programme

EST which we are now using to analysc the spark-chamber photographs

of our previocus cxperiment.

RESCLUTION OF THE SYSTE

0f the two types of background, unwanted (or inelastic)
cvents and accidentals (or chence cvents), the latter only contributces
to cxtrancous triggering of the chambers. The former rust be re-

jocted by kincmetical analysis.

In general, the closest unwanted ovent to the desired event
is the desired cevent plus the production of & ncutral pion. This
sets the spatial and nomentum resolution required. (Onc cannot
hope in an expcrinent like this to separate out events with "soft"

gomna~ray production.)

3.1 Requircrents

The combined crrors in the system must not be greater than
the pion mass. This is facilitated by mceasuring all parancters of
the charged particles; thesc arc the momentum of the incident
particle and the nomente of tivo outgoing particles plus the angle
of cach vwith respect to the incident particle. For clastic scatter-

ing this is a twofold over-determination.
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The rejection of inelastic evenits clecrly becomes more

difficult e higher e ener Tn the high-energy limit (B = cP),

e

the resolution reculzement on the nomentw: measurements alone is

civen by conservation of energy witii the production of a neutral

S

plon at rest in the leboravory system:
+ AP P <
AP, + Al at Akp o

where P, P, and Py are tihe momenta of tne incident pion, the scatvered

p
pion, and the recoll ,roton, respectively.

For scattering into +the bhacloiard hemisphere this relation
is sufficient but not necessary. Hiere, the momentum of the elastic-
ally scattered pions, about 0.5 GeV/c, is not only quite insensitive
to angle and incident enersy, but it is greater than that of any
inelastically scattered pion. It can be shovm that all events which
produce a neutral pilon can be rejected if the momentum resolutions

satisfy the relation

, 1 2
AP APp < Va m o

SHIN = Tial z
AP APD < 4550 (iieV/c)

In this reglon, accurete meesurements of incident momenta
and scattering angles are not helpful in eliminating inelastic back-
ground. The momentun requiremcnt, hovever, is much less stringent
than the previous relation ebove; Tor example, a 2% accuracy in
measuring the pion necessitotes oniy a L50 ileV/c accuracy in measur-
ing the proton. This relation is signiiicant, for it is the recoil
protons from backward scettering that hove the highest momentum we
have 1o measure.

The necessary angular resolution can best be scen at inter-
nediate angles where the effect of producing a pion at rest can be

described by the following construction in which, to conserve



66/389/5

p/cm

longitudinel momentun, the energy of the created pilon is obtained

by decreasing the transversc momenta of the charged secondaries.
A
5 Y
_—"/W i

Po

For cach particle the an;lc changes by A® % @ cos ©)/P and the
momentum by AP = & sin @, where & mﬁ/(sin ®p+ sin @ﬁ). Thus, at
some angles the momentum mecasuremcnt best rejects inelastic events,
and at other angles the angular nmeasurement best rejects them.
Typical numbers are given by the casec of 90° scattering in the centre~
of-mass at 20 GeV/c; these are A0 = 21 mr and AP = 70 IeV/c for

L

ach particle; note vhat only tiwo of these four mecasurcments are

necessary to establish an elastic cvent.

3.2 Incident beam resclubicn

For a given bending angle the momentum resolution in the
incident beam 1s set by multiple scattering, chromatic aberration,
or the size of the hodoscope eleoments depending on the momentum

and the momentum spread of the bean.

Coulomb scattering is determined by the 1 g/em® of counters
and hodescopes in the beam. The 2 g/em® of air is removed with
helium bags. Thig error is essontially independent of momentum
and is 25 LieV/c.  is previously stated, the chromatic eberration
wvith a momentum spread of * 2% is * Y4 % or 50 MeV/c at 20 GeV/c.

The width of the hodoscove elements, 3 mm, ccntributes a AP/P of

+ Y5% or 70 MeV, e at 20 Gev/ve
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The anguler rocsolution in neaguring the incident beam is

determined by the peirs of hodoscopes following the last dipole

nognet and preceding the hydrogen target. The clements in the
former arc considerebly larger than thosc in the letter, and togethoer

they produce en angular definition of * 1.5 mr in both planes.

These spectroncters cre adjustable in length as well as in
O

position, ond thereby their resolution is adapted to suit the particle

<

being measurcd. The momentuwr and enguler regolution are, in general,
sct by the wire cpacing and the length of the spectroncter. For
cxample, to analysc o 16 GeV/c varticle the length would be set ot

11 nmetres for 100 1eV/c resolution. The 30 mg/ci® thickness of the

wire chambers is so small thot 1€ limite the monmentum resolution

only for thec baclurord scattered pions. This limit is 10 1i6V/c.
Here, the spectromcter would be node as short os possible for mexinunm
solid angle. Angular rcsolution in all cascs would be better than

1 nr.

EXPLECTED EVENTS R,IE

The minimur detectable cross-gscction we cstinmete using a

1 metre liquid hydrogen target, a beam of 10" particles per burst

-2 . . .
(fig. 5), a solid ongle of 7x 10 = stercdiens, and roquire onc count

per hour. This yiclds:

dw =

(ﬁg‘ > I 10"33 on?/sr.
lab

. - . . ‘ . )
To cstimate the rates for clastic pion scattering at 1807 we use
the conclusions in Section 1.1 and obtain the velucs given in the
table belov. The b ckground rotes given are for the inclastic cvents

which trigger the chambers.  The most pessimistic assumption is
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made: thet the cross—-gcetion for inclastic events remains constant
in the centre~of-nass with increasing energy and is cqual to the

result we obtoined et 3.5 GeV/c.

(4973w oz, clostic | inclastic .
Po -30 & Tt e Limiting
(7o) (10 en®/sr) | events, events/ footor
T (estimated) hour pulse
™6 25 153 50 Trigger rato
10 11 51 10 Bean protons
16 5 0.5 0.2 i W
T 6 5 59 13 Bean inton-
sity
10 2 24 I
16 1 3 ‘
S, FU—— | - i ——

These rates are for a 12 cn hydrogen torget, which is morc suitable
at 180°.  Besides insufficient bean intensity several foctors can
set the limit to the rate: an upper linit to the incident been

of 2x 10’ particles vper pulse, in order not to overload the hodo-
scopes, limits the event rates for high~cnergy 7t points vherc
there is a large proton contenination, and a maximun of 100 spark-

chamber triggers per pulse limits the low-cnergy points.

Our cstimate of false trigrers due to accidental (chance)

coincidences in the triggering logic is based on our cxpericnce at

3.5 GeV/c. With a properly shiclded syster end collinatcd beanm
these should be due to Gro or nore particles interacting in the
target within the resolving time of the eloctronics. Extrapolating
our previous rcsults to the higher intensities of this experiment,
predicts an accidentel rate in coch casc lower than the inclastic
ratcs of the table above. The real answer to this question,

however,; can only come from cxperienccs
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IME SCHEDULE AND REOT

Lt
e sesire T ose e )

5.1 Schedule

At the time of writing this proposal the status of
components for the experiment is as Iollows. Several of the vire
spark cnambers have been built and tested. The large C magnets

hove been delivered to CERN, and measurement of them siould
completed in ilay, 1966. Construction of the electronic read-out
system has been completed. The incident beam 5erenkov counters
are under construction and should be comnleted by llarcih, 1966.
The large dovmstrean Cerenlkov counter is being designed in detail
end could be completed in June, 1966.  'The hodoscopes also are
being designed and could be ready in June, 1966. The IBi 1800
computer is scheduled for delivery in June, 1966 and, allowing a
.

testing, should be eavailable for use in August, 1966.

time for
liany of the programmes for the 1800 hove been written and ‘tested

on the CDC 6600 using an 1800 simulotor which we have written.

=

As previously noted, most of the 6600 progremmes required are now

On the basis of this schedule we would be able to start
testing the assembled system in o bean in September, 1966. We
would be ready to start data-taking two months later.

5.2 The proposed experiment

EE

' B

On-line equipment such as this must first be extensively

ested before the deta-taliing phase of the experiment can begin.

-

In particuler, the acnalysis programmes must be in reliable opera-
i > o

Fa

tion if the advantoge of an on-line experiment is to be realized.

Ve intend dividing the exveriment itself into three
phases corregponding to the thres angular regions described in
Section 1.1.

1. e would first look in the small-angle region, 1.1 a),
to investigate the energy dependence of the seccondery maximum in

the elastic scattering. The cross-sections should be large here,
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and not too much time will be required. The high fraction of elastic

events will help in finding any remaining flaws in the system.

2. In the second phase we would study the peaks at 1800,
1.1 ¢). We would measure their size and shape at several energies
up to the maximuin energy possible and expect to establish the
existence or lack of shrinkage. We would then begin a systematic
measurement of the 180° cross-section in small energy steps to

search for "resonances"” and continue it as long as it proves fruitful.

3 The final and most difficults region will be the inter-
mediate angles, 1.1 b), where evidence indicetes thatv the cross-—
sections are ¢ onsiderably smaller than in the previous two regions.
At the completion of this programme the complete angular distribu-

tion should be knovn.

It is more difficult to predict angular distributions
for the production of nucleon recsonances, as little is knowm about
them ot large momentum transfers. However, it is not unreasonable
to expect that wo would obtain some knowlcdge of thesc distribu-

tions at no additional cost in running time.

5«3 Time requiremcnts for the
‘ | r th
proposed cxperiment

1. For testing we require 100 shifts (two months) of PS
time on a parasitic basis. This would be with the asscmbled
system in its final position and with 1- 2x 101° protons per pulsc

on the external production target.

2. For the first two angular rcgions listed cbove we
require 100 shifts with about 5x 10" protons per pulsc on the pro-
duction target. \dditionel time necessary to complete a "resonance"

search would be requested at o later date.

3. The time required for reglon 5 can be better cstimated

when date is available from the first two.
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5.5 Tuturc mcasurcments

It is clear thot this systen is well suited to other

loarge momentum tronsfor cexporiments in addition to the one proposcd

here. In the future, we envisage proposing experimonts to moasure:

5

i) the scattering of K mescens ond antiprotons for vhich beam
scparators will be adviscble;

ii) spin dependences in largo-cngle scattering iith the installa-

tion oif a polarized torget.
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™Moor plan of the cxperiment.

Kinemetics for the process m+ p = 7+ N¥(1236) ot
6 GeV/c.

Kinematics Ffor the proccss T+ p = 7+ N¥(2190) at
16 CcV/c.

Kinemetics for the process m+p > K+ I at 6 GeV/c.
Expected beem intensities from an external target.
Focusing properties of the high-encrgy secondary beam.
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Dovnstrcon éeronkov countcr.

Photograph of C-magnets.
Photograph of rcad-out system.
Data flow diegran.

Progremme flow chart.
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DATA FLOW DIAGRAM

ELEMENT FUNCTION
SCINTILLATION
and CERENKOV HODOSCOPE CgiggER°
COUNTERS i 5

i i

TRIGGER LOGIC

Interrogate all cores and

FAD QUT SYST
READ OUT SYSTEM transfer to 1800

JL B Buffer all data from one PS burst

Test if enough chumbers have a
reascnable number of sparks

RECORD
TBM I80C p—- RAW Record all data on magnetic tape

m .
Control BATA Send as much data to 660C as
t

of it can accept

Experimen . .
! Monitor operation of spark

chambers - efficiency tests

LOCAL gommaéd 6600 and receive results
rom it
———* nrap . :
: “I?FLAY Perform partial analysis to ex-
tent time permits and during

PS down time (tentative)

‘Data Link from experimental area
to data processing center

Perform full analysis of data
during the run and after the
run - produce summary data tapes

CDC 6600 WRITE ' - Calculate cross sections from
' SUMMARY : summary tapes
TAPE
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IBM
1800

PROGRAM FLOW CHART

READ CHAMP-HS

ENOUGH SPARKS ?

| INTERRUPT
L—
TEST OPERATION
NOT TOO MANY SPARKS ? ~ (EFFICIENCY)
YES NQ | OF CHAMBERS
L v
; - PRINT OUT DIAGNOSTICS
ENOUGH CHAMBERS HAVE SPARKS ? _——
YES N : :

L RECORD CN TAPE

PARTIAL ANALYSIS
 {IP TIME)

CDC
6600

SIS/R/12705

.
CONSTRUCT TRACK ELEMENTS FROM

SPARKS TN PARALLEL PLANES

TWO PRONG VERTEX 7
YES NO

THREE PRONG VERTEX ?
YRS NG

l

A 4

COPLANAR 7

no ol
- Y..Cn.) ,?u

I er——e N

ELASTIC SCaTTERT 29 RESONANCE DECAY? LONG LIVED SECONDARY?
YES Y5 - NO -(Af"i'\‘ﬁCIA’DED PP{JDUW”‘T,ON)

[ , " WRIT® SUMMARY TAPE

A

COMMUNICATE RESULTS TG IBM 1800 (i-e. to EXPERIMENTALISTS)

N.B. ON-LINE OPERATION ONLY IS SHOWN (Ly = go to next event)
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