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WAYS TO SCATTER THE u
. Various ways to do the uwscattering experiment at the PS

have been discussed in the last wecks. The discussions are sum-
marized in the present paper and the conclusions we have reached

are presented.

We will separate the problem of the beam from that of the

experiment.

A, Ways to conduct the experiment

These are illustrated schematically in Fig. 1.

I. Elastic scattering in hydrogcn in a momentum analyscd beam

The following quantities are measured :

1. dincident momentum with spark chambers on either side of
. a bending magnet, see below (Cla);

2. scattering angle with spark chambers;

3. rééoil angle With spark chambers.

The latter spark chambecrs are arranged on elther 31ae of

the hydrogen target. As an elastic event 1s descrlbed by

two elements, we dispose of the one redundant element and

the coplanarity to discriminate against inelastic events.

The incident flux required is about 5°1O4/Burst’) for 0,7
events/h in a band of momentum trensfer of 1 GeV/c * 10%.

2
This corresponds to our-original proposal ),
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IT. Elastic scattering in hydrogen in a wide momentum band beam

. Again the incident particle as well as the scatteféd
particle and the recoil proton are detected in spark ghambérs.
This time the secondary particles are momentum-analysed, We
measure :

1.  the scattefiné angle
2. the recoil angle
- 3. . the momentum of the scattered partlcle

L. bthe'momentum of the recoml proton,

. The -magnetic fleld is prov1ded by a double magnet:
proposed by Morpurgo, and shown schematically in Fig. 2. It
surrounus the hydrogen target and a set of spark chambers on
either 31de of it. More spark chambers are prov1ded at some
distance outside the field, It has been found 2) that the
momenta and angles can easily be 'measured with a precision .
of a few %, -The acceptable range of momentum transfers and

_ 1ncldent momenta remains to be 1nvest1gated

The intensity requlrcd is higher (about 5 10% /burst)
because of the restrlcted solld angle accepted by the magnet,
This flux can be obtalned, since there is no prlmary analysis

in this case (see below C1ﬁ)

This scheme has been proposed by Prof. Bernardini.
It seems superiof_ﬁé the similar Brookhaven scheme, where only
the two ahgles and the proton cnergy (by range) are measured.

' Here nore elements are measured and with greater precision,

Iﬁ;’ Scatterlng in othor substances
In this case only two quantltles would be measured :

T 1, ' the incident momentum

2, the :scattering angle.

4753/NB/sb



The comparison with electron scattering can still be
done if sufficiently detailcd information about the clastic
and inelastic scattéring'éf electroﬁs in the same substancebis
availablec., Since this is not the oése at the préseht moment,
this method is not of interest for the immediatc futuré although
this may be the way”to go to higher momohtum transfers ulti-
mately, in view of thc higher density of hucieons in‘substances
other than hydrogen. Mcasuring also the momentum of the scat-
tered particle would cost much intensity and require in. prin-
ciple the same kind of electron comparison data, although over

. © & narrower rangc.,

A1l schemes have in common an absorber with a counter
behind it in the scattercd p-bcam, This arrahgement1)helps to
discriminate against ﬁémeéons (~ factor 100, limited by m-decay
in flight). ’

B. Comparison of the cxperiments

Experiment I has the advantage that one quantity, the in=-
cident momentum, is restricted to a narrow range., This facilitates

the triggering, the analysis and the comparison with electron data.

- Experiment II has thc advantage of providing :an extra
clemont, and of climinating the necd to do the magnetic analysis

‘ in the intcnse "incident bean,

We oonclude;'%hqt'eXperimqgﬁ I is preferablc,

C, Ways to produce thce beam

Various systems have been considered. They all have some

requirements in common, namely

a) A high intensity m-beam, Since no slow cjection sCheme

is available in the near future, this must be obtained

)

. . q e s 4
from an internal target suitably placed inside a PS magnet
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Some focusing device must be put as near to the target as p0331b1e

in order to intercept a large solid angle.

b. An unobstructed'deCay path of at least 30Om, prefefablye50m.

~The various system are sketched in Fig. 3.

1.  Quadrupole channels)

The focusing element at the entrance of the channel
. 1s a pair of quadrupole lenses, Similar lenses, with a spacing
of ebout 3m, are distributedAall over the decay path. They per-
mit the transport of a wide momentum band of w-mesons and the ‘
y~-mesons generated by n~decay. The decay path is followed by
Hun'abeerﬁer.' This is made of light materlal (llbhlum, the first
":part 90351b1y of' carbon) to minimize multiple scatterlng. Focus-
" sing is prov1ded also in thls part, by either 1nsert;ng the ab-
sorber into quadrupcles, or by passing a ourrenf fhfough the
lithium metal,

From here on, . the continuation of the system depends

. on the type of experiment chosgen.

a. If ‘a momentum analysis is desired (Exp.I.) there will be a
spark chamber,. a bending magnet, another spark: chamber, two
gas Cerenkov counters and the scattering target. The functions
of these various elements are the following. . The magnet elimi- .
nates phy31cally the greater paxt of H-mesons of undesired
momentum, Together'w1th the spark chambers it permlts an
accurate momentum measurement on individual particles. The
Cerenkov counters, of which one is 1n 001n01dence, the other
at a lower pressure in ant1001n01aence, deflne for the p-mesons
a 'momentum band, which can be varled by changlng the 8as pres-
sure in the counters. In a test run, a momentum band of * 5%

~ at half height with 100% trarsmission for the central momentum

has to be obtained. Together with a higher momentum cut-off,

.which the magnet can provide, 'the Cerenkov counters also can
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B.

provide a discrimination against m-mesons. The Cerenkov counters
can be included into the trigger requirement for the spark chambers

used for the momentum analysis of the incident beam. The beam in-

tensity obtained in this case is ostimated®) to be 9410* /40"

protons for a 50m decay path. The estimate is uncertain ( and
probably pessimistic) since the loss of beam caused by a magnetic
analysis behind the absorber, and therefore with a poor geometry
beam, has been guessed very roughly to be a factor of 10 in the

pass band, More accurate calculations will be made,

Quadrupole lenses will be inserted between the Cerenkov

counters to minimize loss of beam,

The operation af the spark chamber before the bending
magnet at full beam may present difficulties. This problem re-
mains to be studied. It is to some extent common to all schemes

we describe,

If a momentum analysed beam is not required (Exp.II), the absorber
will be immediately followed By the two Cerenkov counters, again
placed between quadrupole lenses. They are foilowéd by the spark

chambéf, which forms the entrance to the ébattering set-up.

The Cerenlkov counters have two functions. Used as a

narrow band momentum filter as in the previous case, they permit

an investigation of the momentum spectrum of the particles emer-

ging from the absorber. Included in the triggering requirement

of . the spark chamber, they give the angular distribution of the

beam in a narvow momentum band. The knowledge of these two dis-

tributions is .essential in order tosbe able to pass from a number
of scattered pérticles to a cross-section., In the actual experi-
ment, the pass band of the Cerenkov counters is chosen to be wide.
However undesired particles can still be eliminated, e.g. particles
below a certain momentum, which would contribute many large angle,
low momentum transfer scatterings. The Cerenkov counters, used as

a wide band device, do not contribute to a discrimination against
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pions, and more absorber will have to be used to produce a purity

equivalent to that of Exp. 1a.

_In this case we expect to have about 10°u/10'' protons.

This éétimate is less uncertain than that under 1d.

An optical system without absorber. ©Such a system, based on the
principle. of the SC u-channel, and with more bending magnets and
Cerenkov counters to reach the desired purity, is being considered,

but cannot be counted on for the immediate future,

)

is possible, but has not yet been studied in sufficient detail by

. . . . 6) .
A system using van der lMeer beam guides instead of quadrupoles

us. It is interesting mainly in view of the possibility to make
it very long.
A system proposed by Prof. Bernardini as an intermediate solution

and worked out by MorpurgoT). It focuses the wm-mesons from the

target on to a point at the end of the decay path, using a pair

of qﬁédrupole lenses. The pu-mesons are allowed to spread out due
to theirvfinite decay angle. At the end, a large iens, made of
iron; interoepfs the p-mesons. The lines of force are concentric
ciroleS'found a wire passing along the axis of the system., They
run in iron everywhere. The excitation is chosen such, that the
iron is saturated everywhere. This device can focus all incident
p-mesons down to a small exit area. They come out under large
angles, because of the initial large spread in space, and mainly
becausée of multiple scattering in iron (see below). The purifica-
tion is partly by the iron itselfl, partly by other absorbers, which
can be interleaved with the iron. The intensity in this case has

not been worked out in any detail, but is expected to be perhaps

similar to that obtained from 18.
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In order to use most of the beam, the possibility of a
primary analysis would have to be sacrificed, In this case the shape
of the incident spectrum and the angular distribution as a function
of momentum, which are essential for a measurement of a crogs-section,
can oniy'be inferred from'scattering data (e.g. at low momentum trans-
fer);.treating the cross-section as known. This presents the disadvan-
tage, that an impoftaﬁt check is lost, and that the spectrum is only
known after many thousand scattering events have been measured, i.e.
many weeks after a long run, Also there is no way of limiting the

momentum spectrum or of modifying it during the run,

This is clearly a less satisfactory way to run the experiment.

We therefore conclude that for the moment the quadrupole channel scheme

1_gives the beam which is most suitable. Tt can be used for experiment

I, IT and later III, and can be adapted to other uses of the beam,

E, Time Scale

The prerequisites for any u-beam are listed under B, In our
opinion they can only be obtained in the Zast Area without disturbing
many -other experiments. So the zeré of the time scalé is the moment
when straight section 64 is made accessible by exchanging two magnets..
For the lenses we could use 1m or 50 cm lenses before, and 50 cm or
SC lenses behind the absorber. Inough such lenses will be available

by April, according to M. ASner.

The delivery situation of the special analysing magnet is
sti1l under investigation; the lithium can be delivered at short
notice, 411 detection equipment should be ready by January. The .

Cerenkov counters have alrcady been tested.

Should a situation arise, where a target in the machine and
machine time is available, while there is th yet a sufficient number
of lenses, then this time can be spent very uscfully in studying elas-
tic and inelastic scattering of ﬂ-mesdns‘in the momentum and angular
range we arc interested in. The published data arc insufficient to

estimate the competition from these events.
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D. Comparison of the beams

Beam L4 has the advantagé'of requiring little beam tranépoft.

In order to compare the beam obtained from scheme 1 and
scheme L, we have to look at table 1, where, for a typical incident
m-momentum of 6 GeV/c, the energy distribution and the multiple scat-
tering angles are worked out for various substances. The notation is

explained in the table.
The following assumptions may be controversial.

The Fe-C case corresponds to a rather extreme "dilution" of

. the iron, since in this case only 1/8 of the volume is iron.

The attenuation length has been assumed to be twice the col-
lision length. This is based on measurements by the Hyams group8>,
who find a pion attenuation length of 130 gcm-z(z 2.15 collision lengths)
for C at 10 GeV. Should the attenuation length at our cnergy be a little
smaller that 2.0 collision lengths, then the figures in the table change

somewhat, but the conclusion would not be altered.

We have arbitrarily assumed, that all p-mesons below 1 GeVA
are rejectod.' If one puts this cut-off lower, say, then the baﬁd of’
acéépted p-mesons (B! - E2) becomes larger for the heavy materialé; but
at the same time the scatterihg angles become still larger. If one

raises the limit, the accepted band would shrink very seriously.

Inspection of table 1 shows : 1) the momentum band abcepted
from a heavy absorber is narrowér; 2) the rms. multiple scattering
angle from the iron lens wéﬁid be about 3 times bigger than from Li.
This means, that, if one uscs thé Ccrenkov analysis of the incident
beam as described under 18, only about 10% of the beam will be trans-
mitted, since 2m lens spacing is just about adequate to accommodate
angles emerging from the Li. It is not fcasible to reduce the lens

spacing any more because of the dimensions of the Cerenkov Counters.
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F. Finances

Standard equipment already ordered will not be counted.
The Li absorber will cost between 15 and 30 kFr,

The special magnet costs about 250 kFr. It can be made by
modifying existing standard 2m magnets. In this case about 100 kFr
would be reqguired., We are convinced that it will prove useful for

other experiments.
The iron lens would cost about 30 kFr.

. The installation of a beam in the East Area is an object
which is difficult for us to estimate. It is not normally included

in the cost estimate of an experiment.

Should it prove possible to install the beam of type 4
(with iron lens) in the South Hall, then the beam 1 (with quadrupoles)
can equally well be installed there. §So beam 1 and 4 cost about the
same; experiment II has the extra cost of the analysing magnet which

seems money well spent.

G. Conclusions

We would like to go ahead with the erection of the quad-
rupole channel in the East Area as soon as possible. Even before
the arrival of all lenses essential work could be done there, as
. soon as a magnet 64 is exchanged against a magnet with the yoke in-
side and a target is provided in magnet 63. Detailed power estimates

etc., will be given in a separate note,

We would strongly prefer to do the experiment with the
special analysing magnet. As long as this is not available, we will

work with analysis on the primary beam only.

We expect to start the experiment proper in April or May 1963.

17.9.62 A, Citron
L., Goldzahl

B.G. Michaelis
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Fig.1 Principles of experiment I ond I.

SIS/R/4895



13INOVI ONIZATYNY IVID3JS 2 61y

os2l

2s

Q007

0T

oSt

o9

oOb}

SIS/R/4894



>
L1
L J

o

<
-
v

A i,

1L

PS fringing field

~—

A A €3 | .
) O H O—H i BT
-3 Vool \

~

A

& Cerenkov Counter

77] Absorber
——— Spark Chamber

=

Fig.3 Various ju-meson beams ( schermatically)

SIS/R/4896



