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In this note we update our charged hyperon ES7. We had
written E97 and it was approved in 1970 before the successful
operation of either the CERN or our BNL hyperon beam. In the
intervening years both of these beams have demonstrated the rich-
ness of the hyperon beam technique as a way of measuring the
basic properties of the hyperons. We need only recall the CERN
measurements of the hyperon total cross sections! and our measure-
ments of the & p differential cross section? and program of hyper-
on weak decays3 using the beam we constructed® at BNL. We have
gained much experience using hyperon beams since E97 was written
and we now wish to embody this experience into our Fermilab pro-
gram.
About a year ago we pointed out the desirability of moving
E97 from the M2 beam of the Meson Laboratory into a ﬂew area
" which we proposed building downstream of prqton.center. This new fjo :
hyperon area would allow us to take'advantagé of the excellent

optical properties of the primary proton beam and allow use of

higher intensities and higher energy when it becomes available.:
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The éonfiguration of this new area was discussed in detail during
a workshop held at Fermilab in December 1975 and reported in the
March 1976 issue of NALREP. The changes we will now make in E97
incorporate changes necessitated by this move, additional knowledge
gaihed by our BNL experience, especially in 5etter hyperon flux
estimates, and finally the advances made in instrumentation during
the last half dozen years.

| The physics we wish to do was fundamental and important in

1870. It has lost none of its luster and we have lost none of our

enthusiasm to pursue it.

Physics Goals

The physics goals are the same as in the original proposal.
They center around the measurement of the hyperon proton differen-
tial cross sections in the nuclear region. These would include,
£ p, £ p, 2+p, and possible  p. We would make these measurements
as a function of incident momentum from about 100-350 GeV/c consis=~
tent with the available hyperon intensities. Thé first step would
be a measurement of hyperon fluxes so that a reasonable program
could be planned. In particular the estimates of the Q@ flux is
very uncertain and we have only tentatively included it in our
list of cross sections that we plan to measure. The flux measure-
ments themselves have significant physics interest since the
forward production spectra of £ , E  and 2 gives insight into the
exchange mechanics leading to high strangeness states. Another
interesting question we would investigate is whether charged

hyperons are produced with significant polarization similar to



-3~

the substantial polarization of}Ao‘s seen in Fermilab EB. We
would also search for new particles with lifetimes oi:‘.--lo"11
seconds. It is worth noting that no @  particles have been
detected at Fermilab and only a few =~ have been seen in bubble
chamber pictures so we feel that this lifetime range is very
poorly explorgd at Fermilab energies. Our physics goals are the
same as in the original proposal and we refer the reader to it
for a more detailed discussion. The extensions are due to the
increased accelerator energy (E97 was proposed when Fermilab's

accelerator was a 200 GeV machine) and the higher intensity

available in the Proton Labqiatory.

Hyperon Fluxes

Figure 1 shows the available data on the production cross
sections for the charged hyperons. The data shows the invariant
cross section plotted as a function of ¢, the hyperon momenta
diQided by the incident.beam momenta. In this range it is very
close‘to the Feynman x variable. The data shown are measurements
from the CERN and BNL hyperon experiments. We assume that these
cross sections scale to Fermilab energies. In the following
discussion we assume that the Q  is below the ¥ flux by the same
ratio that éhe % flux is below the I~ flux. With channel designs

discussed in the next section we should be able to attain 104-10°

£, 10%2-103 ¥ and =7, and a few o per pulse assuming a total
of ~106 particles per pulse exiting the hyperon beam channel.
These are extraordinary hyperon fluxes; the fractional content of

L~ is comparable to that of K  in Meson Area beam lines; the Q
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fluxes would allow one to equal the world sample of @  in one or

two minutes!

The Hyperon Beam Channel

The design of the hyperon channel has evolved from the rather
~crude design in our original proposal - remember no hyperon beam
‘had yet operated - to our latest and most sophisticated version
described in TM-610 by A. Roberts and S. Snowdon, which is attached.
Intermediate versions are described in our hyperon decay proposal
E353 and the attached internal note by C. Ankenbrandt. A simpli-
fied drawing of the Roberts and Snowdon design is shown in Fig.

2. Figure 3 is the design of the hyperon beam for the CERN SPS.
Both designs use superconducting quadrupole magnets to increase

the acceptance and to render the beam parallel so that a differen-
tial Cerenkov counter can be effectively used. The supercbnducting
éuadrupolé design was pioneered by the CERN group and used success-
fully in their experiment done about six years ago. The quadru-
.poles we propose to use are very similar to those being planned

for ﬁse in the Fermilab Energy Doubler/Saver. The maximum channel
momentum is 360 GeV/c. The hyperon fluxes quoted in the previous
section are typical and the reader is referred to TM-610 for details.

If 1000 GeV protons were available from the Energy Doubler/
Saver théy-could'be utilized with the present design.” Although
the maximum channel momentum is fixed at 360 GeV/c, increasing the
incident proton energy from 400 to 1000 GeV would correspond to
changing the @ in Fig. 1 from 0.90 to 0.36 and hence much larger

flux of the heavier hyperons £ and Q. Of course if one wanted
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a hyperon beam at higher momenta, additional magnets would have
to be added to the channel. This would be desirable for.studies
of the s-dependencies of strong interaction processes but for
studies of the decay properties of hyperons it is not necessarily
the higher hyperon energy that is desirable but the increased

flux.

Cerenkov Counter

An integral part of the system is a Cerenkov detector which
we have designed to identify hyperons as they exit the gﬁannel.
This counter is described in the enclosed technical note FNAL,
YJS-1 by J. Sandweiss. The counter and the design of the hyperon
channel must be considered together in order to match their accept~-
ances. This counter uses a Channel Electron Multiplier Array (CEMA)
to achieve simultaneous identification of the three charged hyper-
ons. The CEMA technology is advancing rapidly and provides a way
of obtaining high spatial resolution with the quantum efficiency
of the best photomultipliers. This "Phase I" design has as a back-
up poéition tﬂe ability to substitute a conventional photomultiplier
for the CEMA. The very desirable feature of simultaneous identifi=-
cation of the three hyperon types would not be possible in fhis

alternative.

Analysis Magnets

We feel that analysis magnets somewhat larger than those re-
quested in the original E97 proposal would be highly desirable.

Two of the newly designed ECHO series of magnets 12 x 24 x 72"
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would appear to be adequate for a substantial initial program.
The full program of weak interaction physics proposed in E353
would benefit if the first analysis magnet had larger aperture
and higher field integral. For both E97 and E353 we would be
willing to undertake the initial program with two of the ECHO

series magnets.

Instrumentation

The instrumentaion in our original proposal was state of the
art in 1970 but antiquated by modern standards. We would use
instead of the high resolution spark chambers (0 ~654) propor-
tional chambers which we have developed and successfully used
for E69 which have similar spatial resolution. We would use the
E6% high resolution chambers which have'a 3 cm aperturé but in
addition would have to build at least one cluster of such cham-
bers with approximately double that aperture. Although chambers
‘of that size and resolution have not been built before, we believe
we have that gechnology well in hand.

The proportional chamber readout system used in E69 would
also be used for the hyperon experiment except that we would re-
design that section of it which uses a LeCroy hybrid circuit
containing a one shot delay. This now repreéents a substantial
electronic dead time (~600 nsec) which we believe can be greatly
reduced. ‘We are well satisfied with the system organization of
our E69 readout system and in particular the ease with which it
allows the proportional wire chaﬁber addresses to be interfaced

to our analog processors. These analog processor allow us to
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trigger on tracks which appear to change directon (kinks which
,couldlindicate a scatter or decay). Such a system has demonstrated
its utility and reliability in E69 and we would plan to use a up-

" dated version of it in our hyperon program.

During the last few years our group has developed and tested
small high resolution (50-100u) drift chambers. We believe these
chambers can be scaled up to sizes of about 1 n? and have spatial
resolutions of about 1004. A special precision wire placement
machine is now being completed for the construction of thegé cham-
bgrs. A prototype drift chamber readout system matching this
chamber resolution has been constructed aﬁd is ready for testing.
We thus would like to replace the spark chambers used for the
momentum analysis of the hyperon decay products by drift chambers.

We estimate that the flux measurements and new partiéle
search will requife about 600 hours of accelerator time and the
measurements of the differential cross sections will require

another 600 hours.
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FIGURE 3
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TM~610
CATEGORY NO. 2257

DESIGN OF A CHARGED HYPERON BEAM TRANSPORT SYSTEM
AND CERENKOV DETECTOR FOR THE ENERGY RANGE

150 - 400 GeV

by
A. Roberts and S. C. Snowdon

Fermi National Accelerator Laboratory,
Batavia, Illinois 60510

ABSTRACT

The design of a charged hyperon beam to cover the momentum
range 150 4-400 GeV/c at Fermilab is investigated. The following
conclusions are reached:

1) An achromatic beam design is superior to a conventional
dispersive beam; it allows the production of a parallel beam,
the use of Cerenkov detectors of much simpler and more powerful
design, and particle identification and tagging to higher momenta.
In addition, with a conventional detector, a wider momentum range
can be accepted.

2) Beams to cover the range 150 - 400 GeV can be designed;
the change required to cover this range may be merely retuning,
but this is wasteful of decay length. The recommended arrangement
is to change the cone angle of the focusing Cerenkov detector
from 7 to 11.5 mrad to cover the range, with a corresponding
change in length, 15 m.and 7 m., Separation of sigma from xi

should be feasible to energies of 320 GeV or more.
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I. DESIGN OF FERMILAB CHARGED HYPERON BE2AM

A. Requirements

The design study to be described is a continuation of earlier
studies for a charged hyperon beam, whose results have been em-
bodied in several reports, as well as proposals for experiments!~S.
It deals only with the production of a beam of charged, tagged
hyperons; the experimental equipment for the study of decays
and interactions will be treated elsewhere.

Until early in 1975, the general assumption was that a charged
hyperon beam would be built in the meson area, replacing the neu-
tral hyperon beam in M2. The beam design therefore used the same
large sweeping—anaiyzing—beam-dumping magnet. The beam design
was, in fact, of minimum sophistication; aimed at a maximum momen-
tum of 150 GeV/c, it included only a bending magnet and a quadru-
pole pair, to give point-to-parallel focusing, but with the momentum
dispersion imposed by the bending magnet.

The requirement of a parallel beam is due to the need to iden-
tify beam particles. The negative beam contains at least'eight
different kinds of particles, the positive six, not counting in
either case the anti-hyperons present; adding them brings the count
to 9 in both cases. Particle identification in such a beam is best
done by a focusing Cerenkov detector, which demands a parallel
beam. The Yale-NAL-BNL hyperon beam at BNL did not include a
Cerenkov detector, (and we sometimes wished it had); the correspond-
ing CERN PS beam did ha&e one. At Fermilab energies, where the
additional length required for a Cerenkov detector is far less
costly in hyperon decay than at BNL, such a dgtector is clearly

worthwhile.
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the pion (and other light particle) flux in the‘charged bean,
and the diffuse muon background produced in the same taréet as .
the hyperons. The total beam flux is limited not so much by
the proton beam current or the beam optics, but by the need-to
individually count beam particles. The muon flux downstream,
in drift chambers and other large area detectors, must be tolera-
ble at the full intensity level of the beam; this requirement
imposes a need for a special muon-deflecting magnet at the front
end of the beam. |

6) Since the beam will contain a momentum bite of several
percent, it must also include means for measuring the momentum
of individual hyperons to at léaSt 0.5%, in ordef to give

sufficiently precise information for kinematic reconstructions.

B. Decay Lengths

The overriding consideration in beam design is the short
lifetime of all known hyperons. The decay lengths are conveniently

stated in units of length per GeV/c, since they are proportional

-

r

to momentum. For I , the decay length is 3.71 cm/GeV/c; for E

+.53
-035'

the I  decay length is thus 5.67 meters, and at 400 GeV/c it is

3.75; for @, 2.3 and for ¥, 2.00 cm/GeV/c. At 150 GeV/c
14.8 metefs. At 400 GeV/c one can think in terms of 40 to 50.
meter beams of sigmas. The omega decay length imposes a more
stringent constraint, since the yields are much lower and the
lifetime more uncertain. The most stringent constraint arises
at the lowest momentum at which it is desired to work. It is

fortunate that the properties of Cerenkov detectors are such that



D. Multiple Tagging

The tagging requirement introduces another possibility at
the other end of the scale. The relative abundance of hyperons
observed in the negative beam is expected to be about in the
ratio 10°, 103, 1, for 27, = and Q~ respectively; in addition
there is a large accompanying flux 6£ pions and other junk. We -
must be able to tag each of these three hyperon components
coxrrectly. Multiple tagging is not needed for sigma or cascade
detection; it would be most useful in allowing rare omega
“events to be accumulated while studying the more abundant particles.~

Multiple tagging is useful in a negative sense, in that it
can be used for anti-coincidence signals to give purer tagging

signals. In this sense it is an important feature of Cerenkov

counter design.

E. Mass Resolution

Aside from multiple tagging, the greatest difficulty arises
in the need to distinguish particles whose masses are nearly the
saﬁe and whose velocity differences are thereforé small. The
most difficult case is of course the separation of sigﬁa from
xi. The mass difference is only 10%, and the velocity differences
at high energy eventually vanish; there is always a maximum
momentum at whiéh separation is feasible for any particular experi-

mental setup. The angular separation A6 at a cone angle 6 is

given by

—
)
-—

640 = (m % - m.21/28% = .156/E%, E in GeV/c, § and A6 in rad.
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II. DESIGN OF THE BEAM TRANSPORT
A, Procedure

The procedure used to investigate the beam design has been
as follows:

1) Use of the beam-optimizing program TRANSPORT to deter-
mine the magnet characteristics to achieve desired beam éerform—
ance. TRANSPORT will optimize on any well défined beam parameter,
subject to a large variety of constraints. One can specify the
proton target dimensions, the acceptable hyperon solid angle,
momentum range, and the focusing requirements; magnet aberratiohs,
slits, misalignments, etc. can be introduced; and both first and
second order calculations can be made.

2) A necessary supplement to TRANSPORT is TURTLE, a ray-
tracing routine which verifies and amplifies the predictions
of TRANSPORT by actually tracing rays through the system. TﬁRTLE
assumes lumped beam elements whose properties can be described in
the usual multipole expansions. To the extent that the beam
conforms to these assumptioﬁs, its output is correct to all oxders.
The histogramming facilities of TURTLE allow the phase space if
the beam anywhere in the system is to be accurately pictufed.

'3) In addition to the calculation of the beam phase-space
parameters, it is also important to determine the flux of back-
ground muons that inevitably accompanies any proton target bom-
bardmeﬁt. In the case of the relatively short hyperon beam this
presents special difficulties, since without corrective action

the detectors could readily be swamped by high energy muons
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energy muons, whose trajectory differs little from that of the
main channel.
HALO also allows the insertion of muon absorbers and deflec-

tors of various sorts, so that muon backgrounds can be minimized.

B. Beam Layout

Figure II-1 shows a schematic of the proposed hyperon beam.
The beam includes a momentum~selecting dipole, BMl, a quadrupole
doublet QlV and Q2H, a reverse bend BM2, and a focusing Cerenkov
detector.

The reverse bend is due to a suggestion by C. M. Ankenbrandt?,
and signifipantiy modifies the dispersive beam originally proposei
for Exp. 97. Without the reverse bend the beam may be character-
ized as a simple dispersive point-to-parallel focusing system, in
which particles in a narrow momentum range are essentially parallel,
but the beam is dispersed in direction according to their momen-
tum. The introduction of the reverse bend has the effect of allow-
ing the beam to be achromatized over a significant momentum range -
several percent - so that the emergent beam is ail effectively
parallel within this range. The major advantage of this modifica-
tion is the great simplification and increase of detectidn effic-
iency of the Cerenkov detector that follows. A much simpler,
more or less conventional focusing detector can now be used, and
the phase space of the beam will match its admittance. To achieve
this in the dispersive beam required a rather elaborate image-
dissecting system®. The achromatic design was apparently consid- .
ered at one time by the CERN groﬁp, but abandoned for reasons not

entirely clear to us.



-13~

target must not quench the superconductivity: this appears
feasible. The total thermal load due to the beam likewise seems
tolerable. The effects of radiation damage on the supercondﬁct—

ing coil appear not to be important.

C. Magnet Design: BM1l

The length and field strength of BMl are, in a sense, free
parameters for the system; they are not critical. Since the
overall shielding and, more important, the muon deflection, de-
pend on them, an overall length of 7.0 m and a 30. kgauss fieid,
were decided on when the maximum hyperon momentum contemplated
was 240 GeV/c. A few computations were made with a 5 m length;

" the overall savings inrlepgth was only 1.5 m, since longer focus-
ing magnets were required. The longer value seemed desirable both
for muon deflection and for shielding. The ﬁagnetic field was
originally fixed at a conservative 30 kG.

As important as the narrow central field region is the
secondary "weak" field region, in which the field is lower but
where most of the flux is. This is the part of the magnet,
filled with absorber, in which the major portion of the muon halo
is deflected away from the downstream detection apparatus. Fig-
ure II-2 shows a cross—section of BM1l as presently conceived, and
Fig. IX-3 a detail of the coil cryostat.

fhe "weak" field region determines the momentum that muons
must have to reach the return yoke before they leave the magnet.
Muons that reach it will be deflected‘back toward the downstream

detectors; this momentum limit should be as low as possible.
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inch or so, the use of BMl as a sweeping magnet for a neutral
beam appears straightforward. All that is required is to change
the central beam section to one with a straight path and corres-

ponding collimation.

D. Quadrupole Pair

The quadrupole pair will have to be superconducting, or else
the gradients will have to be drastically reduced, and the quads
‘correspondingly longer. There seems to be no reason why théy
cannot be superconducting; magnets nét too different from the
ones proposed have been built at Argonne. At the exit of the
bending magnet BM1 we are outside the beam dump, and radiation
heating or‘damage is no longer a serious problem. A design that
permits a useful apertﬁrelabout 3 cm in diameter has been worked

out, and is shown in Fig. II-5.

E. BM2

Not too much attention has been given to BM2. It is assumed
that the design of a uniform field dipole, with at most a 3-cm
gap, and a 40-kG field, With a superconducting coil in a low
radiétion intensity environment, should not offer any gﬁeat
difficulties. It is desirable, though not essential, for it to

be a C-magnet rather than an H-type, if possible; this will tend

to decrease the muon flux refocused along the beam.
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III. DETAILS OF BEAM TRANSPORT DESIGN

A, TRANSPORT Calculations

A fixed length and field, were postulated for the first
bending magnet, BMl. The order of the three remaining compon-
ents ~ the quadrupole pair and the reverse bend - was varied, and
it was determined that by far the best results came with the
vertical focusing quad first, and the horizontal focusing quad
last. The criterion for the design was to minimize simultaneously
the angular divergence of the outgoing beam and the momentum dis-
persion. The quantities specified were the dipole fields and the.
guadrupole gradients and apertures. The quantities varied for
optimization were the lengths of the two guadrupoles and.the

reverse bend. 0.2 m drift spaces separated all magnets.

B. TURTLE Calculations

Using the data for lengths thus supplied by TRANSPORT, runs
were made with TURTLE to plot the phase space occupied by the
beam at various points along it; at first with a "zero phase-
space" beam,lin which the x, x', y, and y' ranges of the beam
were infinitesimal, and the momentum spread alone allowed . to be
large; thus the focusing could be examined as a function of
momentum. To determine the effects of target size, proton beam
phase space, aperture and slit constraints, one then can simply
insert these quantities one at a time and observe the effect.
Figures III-1 to 6 show a set of such runs for the 400 GeV/c beam.

Second-order focusing was used in all rums.
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investigated by forcing decay of all pions at 0.5 meters from

the target. As explained above, it was necessary to aéd'directly
produced muons, since they constitute the largest part of the
background above 50 to 100 GeV. The design of BM1l is such that
all low energy muons are deflected far away from the spectrometer
detectors. Only the highest energy muons, which closely parallel
the hyperon beam and traverse the hyperon beam transport magnets,
contribute to the final background. There is a small flux of
very low energy muons (15 GeV and less) that reach the return
yoke of BMl and are deflected back toward the detectors; few in
number, they have been ignored). Filling the gap of BM1 with an
absorber like Cu or Zn has the beneficial effect of degrading and
scattering the muons, thus decreasing the background.

The HALO calculations show that the greatest flux of inter-
fering particles at the downstream detectors is found when the
hyperon beam is tuned to energies considerably lower than the
incident beam energy, i.e., at low values of alpha. 1In view of
these findings, it is not nécessary to consider adding special
muon deflecting magnets or shields at this time. The major
background is that which traverses the iron of the beam tfans-
port magnets. It is of relatively high momentum; in fact, near
the hyperon momentum.

Figure III-7 indicates the result of a 150 GeV/c HALO run
(o = 0.5) with all beam magnets in place, with 300 GeV/c protons
incident. The plot indicates the geometrical location of halo

particles striking a detector plane 52.8 m downstream from the
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target. The coordinates are in mm, the origin at the location of
the transmitted hyperon beam. Each halo particle represents

11

1000 muons; the beam is 3.3 x 10 interacting protons.

We see that the peak intensity, between * 100 mm points,

4 muons in a strip 2 cm wide

reaches 25 halo particles or 2.5 x 10
by 60 cm high at the location of the primary beam. If this is

the area covered by a single drift-chamber collecting wire, it
indicates that the peak background muon flux averages one particle
every 40 usec during the beam spill. A 10 cm lateral displacement
will reduce this peak value by a factor of 5. The muon halo
spectrum rangeé.from about 60 to 230 GeV/c, peaking around 110.

As noted above, the new data of Adair et al.,® indicate that the

above numbers are too high by at least a factor of 2.
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TABLE IV-1

A. Magnet lengths in meters, deflection angles in degrees,
for the Achromatic beam, with zero phase space.' 400a
and 400b refer respectively to runs with the dipoles
at 30 and 40 kgauss respectively

Beam Element ' Momentum, GeV/c
240 320 400a 400b
(30 kG) (40 kG)
BM1 7.00 7.00 7.00 7.00
Q1V 1.959 2.540 3.092 3.092
BM2 1.699 1.584 1.486  1.486
Q2H 1.319 1.673 1.996 1.995
Bend, BM1 © 1.503 1.127 .902 1.203
‘Bend, BM2 -.365 -.255 -.192 ~-.256
Total Bend 1.138  .872 .710 - .947
Total Beam Length 12.58 13.40 14.17 14.17 -

B. Parameters for Achromatic Focusing

Momentum, GeV/c a b c
240 0.002 .0012 .0037
320 . .002 .0014 .0028
400a .002 .0006 .0023
400b .002 .0016 .0032

The parameters for achromatic focusing a, b, and ¢ refer

to the empirical equation representing x' focusing:

x' = a + by + cy2 (Iv-1)

where y represents percent momentum deviation from the central
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TABLE IV-2

Dispersion at End of Beam

Momentum Rate of Change of x4 with
GeV/c Momentum
240 ~0.35 cm/% dp/p
320 ~0.30 cm/%
400 ~0.24 cn/%

These numbers are relevant to the measurement of individual
particle momenta in the beam, as we will see later on.

To determine the effect of target size, the point of origin
of the beam was displaced from the origin of coordinates in one
dimension and the effect on the beam dimension observed. As
might be anticipated, x affects mainly the conjugate coordinate
x', and similarly y mainly y'. The coupling between x and y ié
very small. In like faShion, x' determines final x and y' the
final y. The effect of target height and width can be summarized

as follows:
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Fig. IV-1. Target illumination by the incident proton beam.

TABLE IV-4

Proton-Central Beam Phase Space

Horizontal proton beam admittance:
Phase space area 0.257 mm. mrad

Vertical proton beam admittance:

Phase space area 0.10w mu. mrad

It can be shown that the minimum conﬁribution.to secondary beam
angular width will be obtained when the contributions due indi-
vidually to minimum beam height and to increase of height in the
target (because of primary beam angular divergence) are equal.
Thus optimum shape of the primary beam phase space will dépend
upon the target length as shown in Fig. IV-1. Table IV-5 shows
the contribution to angular spread in y' due to target length 1,
and thickness t, and in x' due to target width, assuming the
contribution suitably minimized. Y, and GY are the coordinates
of the proton beam vertical phase space, Xxj and ex of the hori-

zontal.
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Proton Beam Steering

Since the secondary beam is so narrow, it will clearly be
necessary to provide steering magnets to allow the proton beam
to be accurately directed at the target. Control of both position

and direction will be required.

B. Contributions due to Momentum Width

The momentum width permitted in the beam contributes to the
loss of angular fesolution in two ways. One is the failure to
achieve perfect achromatization described above; the other is a
change of radius of the Cerenkov ring, since the cone anéle is a
direct function.of particle velocity. This decreases the separa-
tion of particles of different masses.

Table IV-6 summarizes these effects at 240 GeV. At higher

energies these quantities are somewhat reduced.

TABLE IV-6
Effects of Target and Beam Size and Momentum

Spread at 240 GeV

Target Size: 250 mm x 1 mm x .32 mm. Values shown
are full widths at about 90% area.

Ax' min .05 m
Ax' for * 2% dp .065
Ax' for * 3% 6p ~ .08
Ay' min .06
Ay' for * 2% ép ' .07

1+

Ay' for 3% &p .~ .08
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the phase of the quadrupole field (rotation) with respect to the
sextupcle field; it is much smaller when the two are in phase.
The major effect was the introduction of a slight variation in the

mean y' with momentum; but this is much smaller than the spread

in y' from other causes.

D. Effect of Misalignments

We have investigated the effect of displaceménts and rota-
tidns on individual magnets, and on the beam as a whole (exclud-
ing BMl which is regarded as fixed.) Displacements and rotations
cause angular displacements and tilts, respectively; the effect
when the entire transport (two quads and BM2) is simuitaneously
displaced being a third to a quarter as great as the effect of
the single most sensitive component, which depends on the coord-
~inate examined. It is therefore highly.desirable that the two
guads and the bending magnet, which have an overall length of
about 7 meters, be mounted upon a single fixed base, and individ-
ually aligned with respect to it; then motions of the base will
have much less effect on the particle beam. Displacements of 0.5
mm have noticeable effects on the beam direction; the y displace-
ment is much more sensitive than x, as is to be expected from the
target sensitivity. It will be necessary to provide means for
monitoring and adjusting the beam transport location.

Table IV-8 shows the effect of some misalignments. Small
changes in mean direction x' and y' are of little consequence;
such small displacements provide a method for steering the beam

accurately. Large changes introduce chromatic effects which should

be avoided.
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TABLE IV-9
Momentum Resolution at 240 GeV/c

from Xqr Xy

All runs made with 25 cm. target:

1.4 mm slit at 3.5 m, 2.8 mm slit at 7. m,
7. mm slit after BM2.

FWHM in X, at a single momentum: 0.014 cm.

(Ax,/8p/P) : 0.023 cm/1% ép/p
4 = :
constant
Momentum resolution: 0.014/.023 = 0.6%
FWHM

F. Beam Solid Angle, Acceptance, and Particle Yields

To calculate the flux of secondary particles in a given beam
it is necessary to know the production function, and the solid
angle. No direct data on charged hyperon production at Fermi-
lab energies is available; the highest energies for which pro-
duction data are available is 31 GeV, from our BNL run. In .
addition there are now some data on neutral hyperon production
at Fermilab. For the purposes of this report the direct produc-
tion cross-sections can be taken as those predicted by the Wang
formula'®, with sufficient accuracy. This is most useful not
only for‘the ovérall yield functions, but for the angular dis-
tributions as well. At the energies under consideration the
yield falls off so rapidly with angle that it is easy to design
beams with angular acceptances large compared to the width of

the angular distributions.



FERMILAB-Proposal-0497
A NEW HYPERON BEAM CONCEPT

Chﬁck Ankenbrandt

In previous hyperon beam designs, a large angular dispersion exists at
the exit of the magnet system. VWhile this correlation between momentum
and horizontal angle somewhat simplifies hyperon momentum measurements,
it severely complicates any attempt to trigger on and/or to tag specific
‘hyperons via a Cerenkov detector.

This note outliness a new beam design which solves this problem with
surprisingly few attendant disadvantages and some accompanying advantages.
Concepts are emphasized because there has been no real attempt to optimize
the design which will be described; I am circulating it in preliminary
form in order to enlist the superior intuition of those of yow who havé
done hyperon experiments before. '

The basic new idea is to remove thz net angular dispersioan by incorporat-
ing a reverse bend downstream of the main channel sweeping magnet. (It will
turn out that a quite short reverse bend will suffice.) The adverse effects
on background muon fluxes at the experiment which might seem at first sight
to result from this modification can be desi avoided by designing the second
bending wagnet with a horizontally narrow pole tip‘and marrow coils,so that
most muons will in faet enter the return yoke of this magnet where they
will continue to be swept away from the hyperon beam as in Figure 1.

The second dipole magnet then will add to the background swzeping power of
the first; igeally it would be superconducting to minimize coil cross-section.

A logical place to incorporate this second bend is between the two
quadrupole magnets wnich are still included in the design; this provides
separation between the guads, thereby allowing their lengths to be reducéd.
Relative to the origiﬁal Fermilab beam design (Stefanski FN-239), the overall
beam length can then be reduced if we start from seratech with a new shorter
dipole as the first beam element; or the length will only slightly increase
if we stick with the presently existing magnet. The CEBN design could be

modified to this configuration by merely reversing their second dipole.

Figure 2 illustrates a first attempt at an actual beam design with'
realistic parameters fit by TRANSPORT. (See me for the complete TRANSPORT
output.) It is worth emphasizing that Figure 2 is to scale in z, that is,

a guite short reverse bend will make the emerging beam achromatic. The



reason is that the horizontally focusing quadrupole already cancels host of
the momentum dispersion of the beam, particularly when separation is provided
between the quads and when the second quad focuses horizontally. The following
result is most pertinent to the Cerenkov detector design: for an initial

beam phase space of (+)0.5 mm)X(x 0.5 mr) in both views and dp/p=: 5%, the
output beam has angular spreads of + 0.035 mrad and + 0.14 mrad in the
horizontal and vertical directions respectively. The vertical angular

spread is larger because the effective focal length is shorter in the vertical.
anliﬁear chromatic effects in the quadrupoles, not included in the TRANSPORT
caleculation, would tend to increase these angular divergences; they can
presumably be kept to tolerable levels by limiting the momentum spread of

the beam. '

DPLICATIONS FOR CERENKOV COUNTER

Tne simplifications which result for the Cerenkov counter are enormous.

Simple cirecular apertures in the focal plane of a DISC-type counter will
seléct'definite velocities. (In practice some ézimuthal segmenting of aper-
tures may be desirable as in standard DISC designs; but the essential

point is that all images will be concentricfcircles.) Ina broad-band
beam,velocity selection will not suffice for particle identification in the
most stringent cases (if dp/p=+5%, then mE:/pmin‘g m::/bmax); however a
crude measurement of momentum (as might be provided by say a horizontal posi-
tion measurement at the guadrupole exit: position and momentum are fairly. .
well correlated there) would suffice for particle identification. One can
easily conceive then a two-dimensional matrix of Cerenkov ring radius

versﬁs horizontal PWC position to select specific hyperons for the trigger.
I need hardly emphasize that DISC-type counters are well-designed, existing,
debugged,pfoven devices. The savings in design effort and probably in cost
are large. Detection efficiéncies will a2lso be most likely considerably
larger, not only because the whole Cerenkov ring is usable but because high-
grade commercially available photomultipliers can be used.

IMPLICATIONS FOR HYPERON MOMENTUM DETERMINATION

The beam momentum can no longer be determined directly from.horizonial

angle; however, no essential complication should ensue. That is, a horizon-
tal position measurement at two places, say betwsen BL and QV and bewween
QV énd Br (i.e. on either side of the vertically focusing quad), will still

determine the momentum although the algorithm will be more complicated.



Fer example, for the specific beam design already deseribed, the horizontal

positions X, and X4 upstream and downstream of the vertically focusing quad

are given by
—_ v
X, =%+ .5 X 075 &
= l roL
and Xq = 1e28 x o+ 7O x ' -.145 R
where xo,xo', and & are the position,slops, and momentum offset of the
original ray at the target in units of ecm, mrad, and % respectively. Elimi-
-nating xo' from these equations gives
9% %y - 5 x = ATE xR + .0128 S |
Using this linear combination to measure momentum and assuming standard

deviations of 60 miecrons on x, and x and a horizontal target size of 1 mm,.

we find an uncertainty af%}ﬁ:O.é%, gith approximately equal contributions
from chamber resolution and target size. This is only a little worse than
the accuracy that can be achieved by measuring the horizontal angle in the
Stefanski design._
OTHER CONSEQUENCES

There are other real advantages to a hizghly parallel beam. Beam halo

can easily be eliminated by requiring that the beam be parallel; say by
chambers on either sids of the Cerenkov counter. Straight-thrus can similarly
be rejected by locking at the beam angle downstreaﬁ of thé interaction or
decay region. Beam veto counters can be made smaller. Further, if it becomes
necessary to deaden the beam region of downstream detectors, ihese dead spots
can also be made smaller., Finally +the acceptance will be slightly la;ger

for a given solid angle subtended by downstream detectors and/or apertures.
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The total production can be found by integrating the angular
function out to infinity, giving the value 1/4.247 = .236. Thus
the area is that contained in a uniform distribution out to a
transverse momentum of .236 GeV/c. The corresponding production
angle is just this quantity divided by the beam momentum. Thus,
at 236 GeV/c the total angular distribution is that contained in
a 1 mrad angle, or in v microsteradians. In the vertical direc-
tion the acceptance may extend well beyond this angle, so that the
entire production is contained; in the horizontal direction, the
large proton beam divergence (: 1. mrad) and the small equivalent
horizontal acceptance, about * .25 mrad, cut down the vield.
Consequently it seems expedient to change the horizontal proton
focusing to get less divergence. |

The optimum horizontal focusing was defined as that-giving
the smallest target size.' It was found at a waist of * .25 mm
and a divergence of * 1.0 mrad, giving a horizontal target width
of + .50 mm. If we depart from the optimum and make the waist
+ 0.4 mm, the divergence * .625 mrad, we get a target width of
x .56.mm, but now the secdndary beam angles with the primary
proton direction are much reduced, with correspondingly increased
yiélds. There is no sacrifice in resolution either, since the
x' width is smaller than the y' in any case.

We thus end up with the following table of calculated T
yields, IV-1ll. 1In this table, we have used the Wang formula; we
have converted the yields to be per usterad-GeV . 0.37 x 1012

interacting protons, where 0.37 is an assumed target efficiency:;

this yield we call N. In addition we introduce an angular yield
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fungtion fo, which depends only on the secondary beam momentum;
it is the effective solid angle available to the seconéaries

(= .236/E), multiplied by 0.5 to account for the loss of accépt;
ance in the horizontal direction. The final calculated yield

is then Yf,the product of these factors.

TABLE IV-11

Overall Yield Calculation forINegative Pions

Final Yield: No. of 7 /GeV/c.37 x 1012
Secondary £, interacting protons.
Particle Corrected . _
Momentum Angular Ep = 400 GeV Ep = 500 GeV
GeV/c Yield N Ye N Yf
160 .735 7.0 E07 5.1 EQO7 11.0 E07 8.0 E07
240 .49 2.7 E07 1.3 EO07 7.6 E07 3.7 E07
320 .37 3.7 E06 1.4 E06 2.4 EO7 8.7 E06
400 .30 ' - — 4.4 EO6 1.2 EO06

To convert from pions éo hyperons we use the following
ratios, which for simplicity we assgmeAindependent of alpha*;
this does not introduce errors as large as a factor of 2. 1In
addition we need decay factors, which depend upon the beam'length

and the particle momenta.

E3
This is somewhat inaccurate for L's, where yvield is lower below
o = 0.%, higher above 0.8. For £ it is quite good (the E yield
being almost identical with K~). For £ there are no data, and

the number given is a guess.
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TABLE IV-12

Ratio of Hyperon to Pion Yield

(assumed independent of a)

1.
2.

3.

T/ .
g /T .
Q /1 .

= 1.0

i

0.02

2. x 10

We now combine all these factors in Table IV-13 to get final

yield figures.

TABLE IV-13

Hyperon Yields, taking into Account Production and Decay.

No. of Particles/pyster - GeV/c/.37 x 10

12

Interacting Protons.

ﬁzg?on ﬁgﬁ: gzz;l gig?d Decay Factor | Hyperon Yield
GeV Length Sigma Xi Omega Sigma Xi  Omega
400 160 {21.5 m|5.1E7|.0266 .0278 .0029 {1.26E6 2.8E4 29.6
400 240 (21.5 |1.3E7|.0893 .0917 .0203 [1l.2E6 2.4E4 53.0
400 240 |29.5 |1.3E7{.0363 .0377 .0048 (4.7E5 1.0E4 12.5
400 320 |29.5 |1.4E6{.0834 .0856 .0182 |1.2ES 2400 5.1
400 {29.5 {1.2E6|.137 .137 .0408 |[1.6E5 3300 9.8

500
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TABLE IV-14

Ratio of Hyperons to Pions at Beam Exit

Beam Sigmas per Xis per Omegas per
Momentum 6 6 6

GeV/c 10" pions 10" pions 10" pions
160 4,2E4 860 1.2

240 (21.5 m) 8.1E4 1700 3.5

320 8.5E4 : 1700 3.7

400 1.2E5 | 2400 6.7

Note: At 400 GeV/c a momentum acceptance of * 3% would cover a
range of 24 GeV/c; the beam would then have to hold to
4 x 1010 jncident protons to keep the total particle flux
down to 106/sec.

Note on Further Reduction of Muon Background

Since the increase of muon background.at low momenta comes
from decreasing the field in BM1 and thus failing to deflect the
muons adequatgly, it should be possible to circunvent thisn
'difficulty, if necessary, by keeping the field in'BMl at a high
value and changing the central plug to give a more curved trajec-
tory. The rest of the beam will have to be retuned, but with
more deflection the beam performance should improve. To avoid
moving the beam transport, magnets to deflect the incident proton
beam could be used to compensate for the change in position of the

target.
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V. DESIGN OF THE CERENKOV DETECTOR
The design of the Cerenkov detector takes as its starting
point the physics requirements of the experiment. We take it'as
required to separate and identify hyperons to energies as high
as possible - up to 400 GeV/c if possible. To do this implies

a focusing type of detector with ring images. Threshold counters

in this momentum range are far too long.

A. Angular Resolution

The angular resolution that determines whether two different

ring images are separable is the product of contributions from the
beam, and from the Cerenkov detector itself. We have already
considered the former; +the latter contains several important

conmponents.

Counter Contributions

l) Variation of diameter of ring image with particlevmomen—
tum. This effect limits the momentum acceptance to a maximum of
about * 3% or less, if sigma;xi separation is to be retained.
However, this imposes no great hardship, since in practice we will
almost certainly not require so large a momentum bite. However,
the slits avaiiable for momentum restriction in the beam are not
infinitely sharp, and there is always a tail in the momentum pass-
band; this is not expected to be troublesome. The sigma-xi
separation is always equi&alent‘to a change in momentum of 10%,
at any energy or cone angle.

2) Chromatic dispersion in the gas is always the most serious

aberration; it enters through the variation of n in the basic



-50-

equation cos 6 = 1/n8. It is this quantity that dictates the
choice of cone angle. By using the least dispersive gasés -
helium or neon - and limiting the wavelength region used, the
chromatic aberration is kept under control. _

3) Multiple scattering in the gas, windows, etc. This is
negligible in ali practical cases, for the momentum ranges under
consideration.

4) Optical imperfections and aberrations. These must be kept
sufficiently small not to make significant contributions to image
width; there are no difficulties in meeting the requirements.

Table V-1 shows the width of a ring image due to chromatic
dispersion in He (for which it is minimal) for the wavelength
range 280 - 440 nm, for three different cone angles. For compari-
son we show the angular separations A6 of £~ and &~ rings as
well. The angular spread of the 240 GeV/c beam was given in
Table IV-1l; it is .06 -~ .08 mrad, depending on the momentum bite
and target size,'and decreases only slightly at higher energies.

We have included foricomparison the corresponding data fori
the DISC counter now available at Fermi;ab; here, of course, the
chromatic aberration has been essentially removed, leaving as the
major liﬁitation the restricted angular acceptance.

Figure V-1 shows the separation of sigma from xi graphically,
for 7 and 11.5 mfad cone angles.

For theée small cone angles, the gas pressure in the counter
is always low. At 150 GeV/c, 11.5 mrad, it reaches a maximum of

about 3 atmospheres (absolute).
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B. Chromatic Dispersion and How to Live with It

There are two ways to handle the chromatic dispersion problem.
You can suffer its slings and arrows; or, you can take arms
against it, and by opposing, end it. (The third alternative,
to vacillate, Hamlet-like, we reject.).

Cerenkov detectors in which the chromatic dispersion.is_
corrected are known by the generic name of DISC. They are usuélly
characterized by extremely high resolution and correspondingly
small angular acéeptance; the last entry in Table V-1 shows a
typical instrument of this type. These features of the DISC are
not inherent characteristics; they are consequences of a decis-
ion to use large cone angles, which keeps the counter shorter
and smaller in diameter, and thus less expensive. The la;ter
point is of great importance, since the achromatization of the
DISC, extending as it must into the UV, is very expensive.

The alternative to the DISC is to use a conventional Cerenkov
focusing counter, with a considerably smaller cone angle, which
improves the mass resolutioﬁ. One must then accept the greater
length, additional hyperon decay, and decreased light output this
choice entails. If the beam optics are not able to supplf a hy-
peron beam within the phase 'space acceptance of the DISC counter,
one must either accept the corresponding loss of beam or switch
to the. conventional detector.

In considering whether to use a DISC or a conventional
counter, we have been influvenced by the fact that there exists

in the Laboratory a half-completed DISC which might perhaps be



-54-

made available to this beam; it is the one whose characteristics
are described in Table V-1. Figure V-2 shows a;sketch 5f¢it.
Considerations of both cost and procurement time probably rule
out of consideration any other DISC design, and thus we confine

ourselves to this one example.

C. Performance Requirements and how to Achieve Them

An ideal Cerenkov detector would detect, identify, and tag
all particles traversing it, and also measure their direction
and momentum. Let us see how closely such an ideal may be
approached.

First, we note that the DISC does not attempt this task.
It has a single circular slit, albeit of very high resolution,
and detects only those particles whose Cerenkov light passes
through the slit. There are no anticoincidence gircuits; it
rejects unwanted particles by brute force. To achieve a reason-
able degree of signal purity, at least sixfold, preferably eight-
fold coincidences are required for the accepted particles; thus
the mihimum number of photons in the ring image must be in the
range 30 to 40. The resolution is excellent, and the specifica-
tions on allowable angular divergence of the beam correspondingly
stringent. From Table V-1 we note that at 240 GeV/c the 24.5
mrad DISC we are conéidering will have an angular acceptance of
.037 mrad, with correspondingly less at higher momenta. -In
contrast, the angular divergence of the beam is determined in
practice by target size; and for the 25 cm. long target we would

like to use, the beam spread is as large as .06 to .08 mrad.
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Corresponding losses in detection efficiency will be inescap-
able.

The alternative, the conventional ring-focusing counter, does
not rely on high resolution alone to distinguish particles. It
accepts the chromatic aberration in the gas radiator, and_circum—
vents it by taking advantage of the fact that the chromatic aber-
ration is a decreasing fraction of thé angular separation of any
two particles of different masses, as the cone éngle is decreased.

Let us assume that the Cerenkov detector can be so construct-
ed that its cone angle and length are variable, to ailow the resé—‘
lution and length to be adjusted to fit the momentum in use. To
obtain sufficient light, we take a radiator length of 14 meters
for a cone angle of 7 mrad. We then reduce to 6 m for an 11.5
mrad cone angle; in the latter case tﬁe total light is slightly
more. We add arbitrarily, 1 meter to each length‘to obtain over-
all lengths of 15 and 7 meters.

The greater length incidental to smaller cone angles in-
creases the deéay likelihood; but up to 400 GeV/c, the overall
counter length increases more slowly than the relativistic_
dilation of the decay length, so we can afford it. The angular
separation of the particles increases as the cone angle is de-
creased, allowing greater beam divergence, target size, and
easing alignment and constructional tolerances. Furthermore, more
sophisticated means of separating particles of different masses
than a single fixed slit can be used, since the optics are now
simpler. The method generally used to deal with.more than one

ring image is usually some form of image dissection.
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Image Dissection

Image dissection is the most general method available for
the extraction of information from complex optical images. The
prototype is the television raster scan, in which the image is
dissected into a series of adjacent lines, scanned in turn to
make a complete frame. For this purpose storage tubes like the
vidicon are preferable, since they integrate and store an image
which is then read out by a scanning electron beam. This tech-
nique is available for Cerenkov images, although not in quite so
simple a form; the signal~to-noise ratio of the wvidicon is'in—
adequate for signals from single photons. The deficiency can
be remedied-by preceding the vidicon with one or two stages of
image-intensifier. This technique for storing and dissecting ring
images using image intensifiers and storage phosphors was first
suggested by one of us in 1960!*, when the available image inten-
sifiers were not realiy satisfactory. Present-day "second genera-
tion" intensifiers are, and one technique proposed for this
experiment involves the use of such an image-dissecting system,
using one or more channei electron multiplier array (CEMA) tube,
with a segmented anode for image dissection!®. In the achromatic
beam the segmented anode is greatly simplified, since it becomeé
merely a raster in polar coordinates.

The advantage of the image dissection technique can best be
understood if one imagines a Cerenkov detector whose output is
a large screen on which flash the successive ring images of

different particles. For each particle one can determine the
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location of the center of the ring and the radius. Th?s is all
the information available; it gives the particle direction and
velocity. If the particle momentum is known this determineé‘
the mass. It is the mechanization of this process that offers
difficulties.

Returning to the conventional focusing Cerenkov detector, we
ask: how can these results be obtained using only photomulti-
plier detectors, until suitable image~intensifiér tubes become
available? The answer clearly lies in the provision of an array
of slits and photomultiplier tubes, preferably not too complicafed
nor too expensive.

If we now compare the requirements for the dispersive beam_and
the achromatic beam, the advantage of the latter becomes appérent.
A method for image-dissection to identify all the hyperons in a |
dispersive beam was described by one of us in 1972%. It used a
system of multiple slits, but replaced slit segments by mirror
segments to add another element of freedom in the placement of
the photomultiplier tubes. .Figure V-3 shows the ring images for
three different particles in a dispersive beam, at three different
momenta. The considerable overlap would be much reduced b&
narrowing the momentum range; but on the other hand, increasing
the momentum to 400 GeV/c would again make the separation more
difficult as the velocity differences decrease. Furthermore, a
completely new slit segmentation layout would be required for each
momentum, since the relative radii change with momentum. Figure

V-4 shows how the image dissection is accomplished. A similar
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Fig V-3. Ring images in the dispersive
hyperon beam,
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Fig. V-4. Image dissection with

segmented mirrors,
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design for CEMA tube with segmented anode structure has been
proposed by J. Sandweiss!®.

In contrast to Fig. V-3, now consider the achromatic beam
ring images, which are merely a set of concentric circles, all
the centers now being coincident. In principle, the slits can
now be simple circular mirror segments. The design simplifica-
tion is very great, and the performance improvement should be
dramatic. Exactly similar arguments apply to the segménted-
anode CEMA tube, which is the analogue of the mirror system just
discussed. In ﬁhis case, the rearrangement of segments required
by a momentum change might be logical rather than hardware, if
the anode éegmentation is sufficiently fine-grained. In both
cases, the image dissectibn is reduced by achromatization to the
trivial case of a raster in polar coordiﬁates. Figure IV-5
shows the components of a CEMA detector. |

There is one point of conflict between tﬁe CEMA type image
intensifier detector and the slit or mirror-imaging dissecting .
'systém using phototubes; this is the size of imége required.
CEMA tubes are presently limited, by cost considerations, to a
maximum diameter of 40 mm. One can use several tubes, but
clearly imége diameters should not be much over 80 or 90 mm. On
the other hand, the optics and mechanics for slit and mirror seg-
ment systems are easier for larger sizes. We consider below some
possible solutions and compromises of this problem.

The image-dissection system can of course be simplified and

varied. The simplest form is a slit for the accepted particle,
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Fig., V-5a. CEMA image intensifier tube with segmented anode. Proximity
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Fig. V-5b. Segmented anode, with concentric 600 segments. Only a
few segments have been drawn in.
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and mirrors for the rejected ones, in anticoincidence;. this form
has been used by Ozaki et al.!® Versions that accept and indi-
vidually tag all the hyperons can readily be envisaged. Expéri—
ence with a model of a sigmented mirror detector indicates that
the only problem is the mechanical mounting of the mi:ror seg-
ments and that it is soluble, most readily when the segments are

not too small.

TABLE V-2
S1it Parameters for Photomultiplier Detector System,
with a 5.0 m Focal Length Mirror. A8 is

the & -~ £ Angular Separation

A. 7.0 mrad cone angle (for sigmas): image radius 35 mm.

Cone angle,
P AB Sigma-Xi| Slit Width, [mrad for B Max. image
GeV/c | mrad. |sep, mm mm =1 radius, mm
240 . 387 1.935 0.75 8.6 43.0
320 .217 1.085 :62 7.82 39.1
400 .140 0.70 0.55 7.61 38.05
B. 1l1.5 mrad cone angle: image radius 57.5 mm.
150 .603 3.0 1.00 14.0 70.0
180 420 2.10 .85 13.3 66.5
210 . 307 1.54 .80 12.8 64.0
240 .235 1.18 .75 12.5 62.5
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D. Mirror Optics

The mirror optics required for the Cerenkov detectors depends
not only on the length and cone angle of the Cerenkov radiator,
but also on the image size required by the detector. Three
different detector arrangements can readily be envisaged: one
in which only conventional photomultipliers are used, one using
a single 40 mm CEMA image intensifier tube, and one using several
such tubes in order to obtain larger images and better resolution.

The optical quality of the mirroré is not as high as that . |
needed for astronomy or photographic purposes, where the diffrac-
tion limit is in the region of 0.002 mrad. A mirror whose resolu-
tion is ten times worse than that would still be perfectly accept-
able. Aberrations up to .02 mrad can likewise be tolerated. The
size of mirror needed is given by the longest radiator, 14 m, and
the largest cone angle which is 8.6 mrad. This gives a mirror
aperture requirement of 120 mm radius; a 10" diameter mirror is
indicated. The 11.5 mrad detector, with a much shorter (6m)
radiator does not need the full diameter. .

For photomultiplier detectors, with several photomultipliers -
say 4 - desired per particle in order to obtain high-order coin-
cidences for background reduction, a large image format is de-
sirable; this makes the slits easier to make, and allows them to
be closer together. Thus, a 5 meter focal length would give a
maximum image diameter, with the 8.6 mrad cone mentioned above,
of 86 mm. The image would be larger with the 11.5 mrad system,
where a maximum cone angle of 1l4. mrad yields an image diameter

of 140 mm.
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Table V-2 shows the separations and slit widths needed for
this system, for the photomultiplier detector array ané a 5.0
m focal length mirror. For the arrangement using four 40 mm
CEMA tubes, each one occupying a guadrant of the image (whether
together or separated by dissecting the primary mirror, as

suggested by Sandweiss!®),

the range of image radii thatlcan be
accommodated is from about 13 to 43 mm. From Table V-2, this
would be entirely satisfactory with a 5 m focal length mirror

~ for the 7 mrad cone angle, but not for the 11.5 mrad. For that
angle, to keep the maximum radius within range, the focal_length
should not exceed 3.0 m. That mirror, however, needs a diameter
of only 158 mm.

The case of the single 40 mm CEMA tube is a rather special
one; it requires the best resolution in the detector because ofl
its small area, and thus the shortest focal length mirrors. |
Sandweiss has estimated a focal length of about 1.25 m for this
detector, which would give a maximum 35 mm diameter image at
14 mrad. It is interesting.to contemplate the possibility of
using a Schwarzschild optical systém, as suggested by Sandweiss,
with a 3 m focal length first mirror, and a second mirror-to give
a final focal length near 1.25 mm. To usethe system with the
4-tube CEMA array, the second mirror could be replaced by a plane

reflector, giving a 3 m focal length. The mirrors would have to

be so figured as to be usable either singly or together.



-65—

To summarize, the general design of the focusing Cerehkov
detector that emerges from our considerations requires varia-
tion of the I cone angle from 7 to 1l.5 mrad, to'cover the
momentum range 150 - 400 GeV/c. The length will change corres-
pondingly from 7 to 15 meters. Distinguishing sigmas from Xis
should be possible for all momenta up to somewhere between 320
and 400 GeV/c. Simultaneous tagging of omega (and/or p) with
either sigma or xi appears feasible.

Such a detector appears preferable to the DISC on the grounds
6f flexibility, ability to utilize the proton beam efficiently
(with minimum muon background) at all energies, multiple tagging
and anticoincidence possibilities, and cost.

Figure V-6 shows how the beam and Cerenkov detector system

envisaged would appear.
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VI. SUMMARY

1. An achromatic hyperon beam has been des@gned for the pro-
ton central area, to cover the momentum range 150~ 400 GeV/c, Qith
incident protons up to 500 GeV/c. It requires four superconduct-
ing magnets of special design: two dipoles and two quadrupoles.
Cerenkov detectors capable of accepting all particles in.thel
transmitted momentum interval (up to several percent) are described.

The performance of the transport aﬁd Cerenkov detector allow
separation and identification of all hyperons at all energies in
this range (with the possible exception of sigma-xi separation
near the top end of the range.) The required proton beam will not

12 protons per pulse, and may well be less. The incident

exceed 10
proton beam must have as a high a quality (small acceptancé) as
possible; it ié the limiting factor in the obtainable angular and
momentum resolution.

2. Calculations on muon background indicate it.to be adequate-
ly low, except possibly at the lowest secondary beam momenta. If
it does become a problem, sfeps to ameliorate it are feasible.

3. Considerations on the types of Cerenkov detector possible
for use with an achromatic beam lead us to recommend a coﬁventional
focusing detector, so designed as to allow:

a) A change of cone angle and length between the 7 mrad,

15 meters; and 11.5 mrad, 7. meters.

b) An interchangeable optical system permitting the use

of either a conventional system with photomultiplier

sensors, or a CEMA detector with a segmented anode

system.
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We have not yet concerned ourselves with some important
problems that still require attention. These include steering~
and focusing for the incident proton beam, and the details of
the collimator in BM1.

We conclude that the achromatic beam concept is a valid and
important advance; that it makes possible simple, efficient
and powerful Cerenkov detectors,.and thé extension of the useful
enexrgy range to above 300 GeV/c; and that the beam may be
designed to render the muon backround innocuoué. Table VI-1
summarizes the properties of dispersive and achromatic beams and

the corresponding Cerenkov detectors.
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TABLE VI-1

Comparison of Dispersive and Achromatic Beam

Properties and

Their Implications for Detectors

Characteristic . Dispersive Achronmatic
Momentum Range &8p/p Up to + 6 - 10% Up to * 3%
Horizontal Angular 0.22 mx/1% 8p/p .02 mr. for * 3%
Dispersion (150 GeV/c) Sp/p

Vertical Angular + .06 mr (& 6.6% + .03 mr. for #*
Dispersion (150 GeV/c) §6&p/p) 3% ép/p

Method of Momentum Measurement of hori- Horizontal location
Determination zontal direction at at two points along

Accuracy of Momentum
Determination

Sigma-Xi separation:

Type of detector
needed for detec-
tion efficiency
above 10%

Beam length at 240
GeV/c, not includ-
ing Cerenkov detec-
tor.

Maximum momentum at
which sigma-xi
separation is
feasible

exit. A beam.

Limited (in both cases) by target size.
For small targets (< .2 mm) achromatic
beam may be limited by location accuracy
(70 1) at about * 0.3%.

Fraction of beam acéepted by a Cerenkov
detector with .06 mr vertical aperture,
at 240 GeV/c:

Momentunm acceptance Momentum acc. + 3%
0.3% . *

Vertical acceptance Vertical acc. 100%
50% »

Special image-dissecting Conventional.
type; image-dissecting (100% efficient)
scheme changes with parti-

cle momentum.

10.7 m 12.6 m.

200-240 GeV/c? : 320-400 GeV/c
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“Cerenkov Counters for E-47, P(E)-353, 4 Proposal

J. Sendweiss, Yale University

I. Qeneral

"he purpose of this document is two feld:

less

i

a)

b)

fo preseat a brief descripiion of a.Channel Electron
fultiplier Array (CEMA) type of Cerenkov counter, pointing
out its Unique capabilities for these experiments., A

more complete and detailed paper on the'CEMA counter is in
oreparation in collaboration with Stan Ecklund, Dick Majka
and Satish Dhawan.

to present the design of a "Fhase I" counter which could
be uééd.with CEVMA tubes as in (a} but which could also be
vsed with ordinary photcmultipliers as a viable alternative

‘argue that in addition to
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to the DISC.
the advantage of being compatible with the CEMA tubce, the

Phase [ counter will have certain other advantages relative

to a DISC counter of the E-69 design.

We note that the Phase I design is more than preliminary but

than Tfinal for the following recascons:

i)

' remains to be done on the

a small amount of "fine tuning'
desigh presented,

the design should be studied te see if conic sections of
revolution (conicoids) would bz suificiently close

approximaticns to the asphoric svrfuces. Such conicoids

woulid be less expeasive to pelish and test.

Py /



iii) clearly it would be decirable for the calculations to
be iddependently checked and/or other comments and
suggestions of E-97, P(E)-353 physicists to be

incorporated.



I1. The CEMA Counter

In the focal plane of the opticallsystem which, as we.shall
see in section IV, can be made so that aberrations are negligible,
the Cerenkov light from a given particle will fill an annular ring
of average radius R and width AR where:

R-17, (1)

AR

£ Ag, (2}

In (1) and (2) £ is the optical.focal'leﬁgth, E; is the average
Cerenkov angle and'Aec is the spread of Cerenkov angles due to
the variation.of index of refraction of the radiator'gas with
oﬁtical wavelengin,

Although we shall return to the choice of system focal length
later in this section, for the following analysis it is convenient
to measure radii and radial widths directly in tcrms.of angles
" (i.e. equivalent to choosing units of length so'thaf f=1).

_. It is convénient to describe the pocsition of a point on an
arbitrary ring of light in terms of polar coordinates referred to

a system centerpoint as illustrated below.
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Neglecting terms of order (a/'Ro)2 or higher, i.e. to an

accuracy of ~1% we can write:

R =R, +acos(y - a) : (3)

We suppose that the CEMA counter would be used with a beam
design which is made—parallel ' (to .1 mr) in the vertical
direction but could be as divergent as 1.5 mr in the horizontal
direction.l A typical set of curves for P, £,= 0 at 180 GevV/c
are shown in figure 1. As illustraﬁed in the figﬁre the mqst
difficult separation is between T and =.

At any giVen beam momentum we mdst operate the counter pressure
(i.e. Cerenkov angle) so that the particles we wish to distinguish
are separated by a sufficient number of Agc's, or colloquially,

a sufficient number of dispersion widths. 1In this type of counter:
all of‘the observed Aec will be due to dispersion and furthermore
the CEMA tubes with the proposed optics will cover a very large
band of.auéles éimultaneously and thus will permit very poWerfull
anticoincidence conditions'on background particles,.délta rays,
etc. For these reasons it seems reasonable to choose as a-

nominal design choice particle separation by 2.2 disperéion widths.

Table I shows the Cerenkov angles and separations for 180 GeV/c
and Tables II, and III show them for two modes of operation at
100 GeV/c. We aﬁticipate that the Table III mode will be favored

in that it gives substanﬁially more light than the Table II mode.
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Table T

Cerenkov Angles and Dispersion Widths at 180 GeV/c.

Particle | g,(mr) g, (mr) B (1) - 3&(1+1)]/A9c
T 15.48
P 1k.597
T 14. 000 .16 : 2.175
= 13.652
0 12. 408
Table IT

Cerenkov Angles and Dispersion Widths at 100 GeV/c, Mode I

—

Particle | B (mr) | Ag (mr) | [5.(1) - B (1+1) /a0,

18.36¢9
15.853 |
14, 000 22 ' 5.19
12.837 |
n 7.730

Moo [

3}
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Table JII

Cerenkov Angles and Dispersion ¥Widths at 100 GéV/b, Mode II

Particle Eé(mr) Agc(mr) [Ec(i) - Ec(i+l)] /AOC
T 21.76
p- 19.687
5 18.227 | .206 - 4.26
= 17.350
0 14,000

Table IV shows the operatihg angles and separations for a possible

operation at 250 GeV/c beam momentumn.

Table IV

Cerenkov Angles and Dispersion Widths at 250 GeV/c.

Particle | B (mr) | Aa, 6.(1) - Eé(i+l)] / 8o,
T 10.180
P 9.479
5 9. 000 . 106 2.66
= 8.718
a 7.694 -




We have calculated the dispersion widths Agc via:

no, = 2 + L128) (1)

c va

vhere v:is the Abbe number as given by Litt and I--ieunier2
(v = 54.5 for He gas). Of course all of “z analysis uses the
basic Cerenkov eqﬁation
1
cos' ec = _BE (5)
where g in (4) and (5) is the particle velocity divided by the
velocity of lightfand n is the index of the refraction of the gas.

The basic operating scheme of the CEMA counter is illustrated

in the sketch below.

N ' o
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The proportional chambers orovide fast on line determination

of the particle direction which is input to a microprocessor. The

microprocessor then decides (via a table look up) which set of
anode segments will intercept (multiplied) photoelectrens from,
say the annulus of %, Cerenkov light. The design is such that

five non overlapping sets of anode segments correcpond to light



from the five particle types v, P, %, = . The amplified
discriminated outputs from segments of a given set are piééed in

a logical OR and compared with a desired.discriminator level

(sets the required coincidence multiplicity). The resulting
signals thus say "yes" or "no" to the five questlons r?, P?,

£?, =?, (? and may be combined with other fast logic signais

to determine'the ultimate fate of the event. On all accepted
events, the addresses of all struck segments would be sent to the
main computer and fecorded. Appendix I gives a "first cut™
layout with some performance and cost estimates which has been
prepared by Satish Dhawan. Ve note that the quantum efficiency

of a CEMA tubz is comparable to that of normal photomultipliers,
indeed for Cerenkov light the CEMA might have a better overgll
guantum efficiency because the pnotoélectron collection efficiency
does not décrease at the high frequency end of the optical speétrum.
The individaal segment discriminators will be set at the single
photo-electren level and the ﬁetection efficiency of the counter
can be calculated in the usual way from the expected number of
photo-electrons and the required coincidence structure.

The angular range over which the counter will accept and
utilize Cerenkov light is an important input factor to the design.
The maximum angle is set by choosing the Jowest momentum at which
the full range from v to  is to be gimultaneously detected.
Becausc of the relatively short lifetime of the 0 a choice of

100 GeV/c for this momentum seems conservative. From Tsble IIIX
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we see that at P = 100 GeV/c, 5. = 21.76 mr,adding 1.5 ar for
beam spread gives 23.26 mr which we "round_off” to %nax'= 23.5 nr.
As we shall see, the smallest angle is really set by the' '
hole in the mirror for the beam to go through. Ve have somewhat
arbitrarily chosen a 1.7 cm diameter hole. As will be shown later,
this means that the beam can be ~1.5 cm wide horizontally | |
and depending on its-exact shabe substantially larger verfically.

This corresponds to a 8in = 8.5 mr if light is to be collected

in
over all but the "last” meter (closest to the mirror) of gas
radiator length. This choice is very generous for operation at
180 GeV/c and with a restricted beem spread would allow X - =
separation at 250 GeV/c as indicated in Table IV. We vote that
if the length of radiator is increased {(without change of the
optical system) light from still smallef angles will be collec?ed
and focused vithout significant aberration. Finally, if deemed
cost effective one can replace the missing mirror segment (beam
hole) with a suitably ground and polished.aluminized Berylium
mirror which would be thin enéugh to let the beam pass through.

So far we have discussed only the range of polar angles.
(with respect to the beam direction) which will be detected. We
consider now the required azimuthal range. This is initimately
connected to the design of the CEMA anode segments. We prcpose
to nake the ancde segments as circular annular strips grouped
into six aximuthal sectors. Three of these sectors would be

focussed on one CEMA and three on a second CEMA., This is
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illustrated schematically below.

éhnu/va 7’

S7rip ewr P

0, ! ¥ /%\

hid o * ]
lett  Tohe 2Lght Tebe

The particular parameters illustrated will be close to but
not precisely the final deéign. Figure 2 shows the case of
- = separation at 180 GeV/c and #1 mr besm spread. For
econony of drawing, only half of one tube is shown but the
pattern is symmetrical about ¢ = 0°. Thus A of Figure 2 éorresponds
to half of say seétor 1 in the sketch and B to sector 2. A
sector C (—ASO < ¢ < -25°) would correspond to sector 6 in the
sketch. For the case shown in figure 2, the segments shown in heavy

outlire would belong to the = set. As a concrete illustration we

list, for the case of figure 2, the relevant sectors belonging

to the = and ¢ sets (recall definition of C above).



' {AB, A?, !\6, B?, B6) BS, C7, CG, CS}

+ "corresponding” segments in 2nd tube

I

{pv, 43, B3, B2, B, C3, c2, c1}

+ "corresponding'" segments in 2nd tube

As can be seen from figure 2, the 5 and = sets are clearly
differentiated. We recall also that since all struck segments
are recorded, the resulting = sample, for example, can be
"eleaned up" by considering the T segments as a veto counter.
Also since the counter will probably be operated with a
requirmeﬁt that at least one of}the designated segments 13
-each tube fires, the effect of a small overlap of s light into
a = segnent (e.g. segment B3 in Figure 2) is very much reduced
(it enters squared into the relevant detection efficiency).
Figure 2 and the preceding discussion indicate that the design
shown will work very satisfactorily at 180 GeV/c and il.mr beam
divergence., Operation at 180 GeV/c and #1.5 mr beam divergence
may'requirc sone restriction on the accepted range of y. Ve
note that the image focal plane is outside the pressure vessel
(in fact at the photocathode surface) so that an azimuthal
calimator can be placed beﬁween the pressure window and the
CEMA to simply effect any required y restriction.

Of course it may well be that since the invention of the

achromatic bean dcsign,3 the hyperon beam will not be operated
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at divergences greater than *1 mr in the horizontal plane. As
will be discussed later it may be desirable to operate the beam
in a partially achromatized mode with the CEMA counter so as 1o
increasé the hyperon transmission, improve the accurécy of
momentum measurement and (as a consequence of better hyperon
acceptance)!lower_the muon background relative to the situation
for a fully achromatized beam. From this point of view the
+1 mr.seems generous. Indeed in the final systen optimizatioh
one may decrease it further in order to gain more § range.
Finally, as noted earlier the allowed %.1l mr of vertical'
divergence in'the.hyperon beam effectively ftranslates curves
of the sort shown in figures 1 and 2 by our amount a, defined
jin euaticn (3) and associated sketch. Tt.is easily seen that

Tan « =-iél (6)

where a is the angular half-width of the'vertidal beam divergence.

TFor a'=,1 mr, o = 5.710. For the case illustrated in figure 2

we night want to exclude ségmént B3 from the Ejset (for the sign

- of a which shifts the curves toward Aggétive values of y) although
C3 would be made cleaner. However, we would probably leave B3 in.

By tounting squares"and making the conservative assumption that

ihe annuli of Cereh&ov light (rather photoelectrons) are of uniform
intensity this adds a probability of 7 x 1073 of mistaking a ©

- for a = for cach tube. I we require a double coinéidence

(between tubes) this becomes ~ 5-x,10“5 probability of counting
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¥ es a = If we use the ¥ segments as an anti thisg probability
will be reduced by another factor of ~ 100 (as we shall see the
counter in better than 997 efficient at the single photoelectroh
level), |

It thus appears that vertical beam spreads of *# .1 mr dc
not lead to significant degradation of the céunter‘s performance.
An azimuthal (y) range of 180° thus appears to be a conservaﬁive
estimate. Bafore leaving this tobic we‘noté that the optical
system transmits a toﬁal of 2700 of rangé and there is room on

he CEMA anode of U4 cm diameter to accomodate this ¥ range for

d-

gc < 15 nmr.

We now estimate the yield of photoslectrons for the CEMA

counter, Ve take

L = length of gas radiztcr = 6 nm

The parameter A choracterizes the photodetector, taking into
account the Cerenkov light spectrum aznd the transmission of:

by

|

ve

3

standard optics. The numer N of photoelectrons is g

N = AL Oc? (7)

High quality photomultipliers with fused silica entrance
] -1 . .
windowsl’g have A values = 150 cm l. The CEMA will have a very

similar (Bi-alkali) photocathode and a fused silica window.
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Furthermore the photoelectrons are proximity focussed on the multiplier
array and the collection efficiency should be high (~ 80%) and
independent of wavelength. As an exercise, A.Scﬁiz5 has c;lcu—’
lated the A value expected if the photocathode quantum efficiency
was the same as for the best RCA tube (RCA spectral response
curve #133). Because of the excellent photoelectron colléétiOn

- efficiency, the fesuiting A vdlue was 200. Of course the CEMA
tubes are newer devices ahd the pfocess of ménufactﬁré will no
doubt be less than’éptimum for a while. The A value of 100 cén'
be regarded as a specification of an acceptable tube and as
argued above is a reasonable expectation. We then have (at

e, = 14 nr)

c : |
%g% x (14 x 10_3)2

N = 600 x 100 x

vhence N = 5.88

The single photoelectron efficiency El-is

E, = ;_3-5.88 = 99.7%

The doubles efficiency (2 tubes firing) E,

© _5.88 ,
E, = (1 -e "27)" =89.7%

Ve discuss now, very briefly, the expected CEMA tube.

6 - lO7 we

characteristics. In order to achieve gains of ~10
require either the curved channel plate of Phillips or the
Chevron (Tandem) design such as produced by Gallileo Electro-

Optics. Both of these firms indicate that a 4 cm diameter is a
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reasonable expectation. In fact, Phillips offers a CEMA tube
of 4 ¢m diameter with 100 anode scgments, although as far as
is Kknown, the f;rst model which is being built for.Meunier at
CERH has not yet been delivéred. Typical channel diemeters are
15-25 pm. - It appears that tubes of diameter signifiéantly
greoter than 4 ecm are possible to build but that, at this point,.
the cost would be very substantially grezater than for a 4 cm diameter
tube, It thus appears prudent to assume a 4 cm diameter CEMA., If
we wish to accomodate the patterns shown in the sketch on p. 1oa
placing 8.5 mr to 23.5 mf on twd tubes, ve reguire an optical
system focal length f = 118.34 ecm. As has no doubt been tediously
evident to my,patient colleagues; an opticael system with such a
short focal length and the requisite angular coverage has been
a major preoccupation of thz author since January 1975. A
successfullsystem has been désigned and ié discussed in the next
section, Téble V summarizes the characteristics of the CEMA
tube counter. | |
We conclude this section with a brief enumeration of the
advantagés which the CEMA type of nultiplexed Cerenkov counter
offers}for the E-97, P(E)-353 resear@h program,
1.° The beam phase space acceptance is an order of magnitude
gréater for the CE¥A counter than for the DISC. Ve
iliustraté this point by comparison at 180 GeV/ec.
The latest version »f the achromatic beam design3 provides
an acceptance of |

AP
A{) -.-P*-

il

h x 2,5 x .2 x 3 uSter-%

= 6 pSter 9
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Table V

Characteristics of Proposed CEMA Tube

Cerenkov

Counter for FNAL Hyperon Beam

Number of CEMA tubes

Diameter of CEMA‘

Microchannel diameter

Cerenkov angular range detected®
Number of azimuthal sectors/tube
'Radial width of anode segments
Number of annular divisions/tube
Number of anode segments/tube
Total number of anode segments/counter
Optical system focal length
Length of "Optics Head"?

Nominal length of gas radiator

Nominzl Cerenxov angle for s, at 180
GeV/c for g~ = separation

Photoelectron yield (at 14 nmr, 6 m)
Single photoelectron efficiency (14 mr,
Two tube. coincidence efficiency (14 mr,

Microprocessor decision time
(total processing time)C

(a) Includes beam angular divergence
(b) cf. Section III

(c) cf. Appendix I.

Gm)
6m)

2
L em

15 - 25 pum |

' 8.5 mr - 23.5 mr
3, [¥25°, #(25°-45) |
118.34 pm (0.1 mr)
150 '
450
900

- 118.34 cm
~150 cm

6'm
14 mr
5.88
99.7%

89.7%
1.2 =+ 3.9 us
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However, as pointed out by A, Roberts,3 the correlation'
between momentum and direction together with the narrow slit
needed for the DISC leads to an effective reduction of

AQ = p by apprOXmetely a factor of 2 thus

AQ 4P = 3 puSter-%.

P iprsc

Ve use the Stefansky design rcportl tc estimate the
acceptance which can be achieved with the CiMa counter. Thé
StefanSKy Beam fits well into the CEMA counter as described .
here with one small modification. The exit beam is 2 cm wide
whe}eaé the beam hole in the mirror is 1.7 cn in diameter.
Ve must thus coliimate at the exit of the doublet. We take
a full beam widgth of 1 c¢m and from figure 5 cf reference (1)
we find the transmitted beam is reducced to 73% of its previous
value. If we further limit the accepted angular range to
+ 1mr we see from fugure Ub of reference (1) that the trans-
mitted beam is reduccd by another factor of .65. From

figures 3, 5 and 6a of reference (1) we estimate

a0 8L | = 1.2 x2 x 1?5 x 100 = 32 pSter-%.

Stefansky

,_'.
O
;A

Applying our two reduction factors we conserva

estimate that a practical CENMA beam will have

an &5 = 15 pster-%.
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One other factor remains in thé comparison -~ the allowed
'1ength of the hyoeron production target_in the beam'direction.
In the achromatic design the target must be kept to not more
than 6 cm. The Stefansky report does not specif;cally
discuss the allowed target length but since it is a nmuch
less tightly focussed beam it seems very likely that a
substantially lohger target could be used. At Brooxhaveﬁ
a 10" Be target proved optimuﬁ. Since the nucleaf absorbtion
length in Be is 36 cm it seems higﬁly probable that at least
a factor of two in hyperons per incident proton can be
obtained from a longer target. We thus see that in a
practical as well as theoretical sense the.CEMA countép can
be used with a factor of ten greater yield of h&perons per
incident proton. TFinally we noté that if the'StefansK; desoign
were reexamined from the point of view of‘limiting the beém
size to 1 em and the angular spread to *1 mr with a more
efficient slit system than suggested above, it is likely
that sone df the .73 x .65 losg factor could be recovered.

This substantially increased acceptance and the associated

simpler beam design have a numdber of important advantages for
the E-97, P(E)-353 etc., programn.

a) Our dependence on the pcrfeétion of the hypercn beam
design and construction 1s much lesg critical. For
example we could afford to use a target substantially
smaller than the proton beam size if it should turn out

that our proton spot is too large.
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3.

b) The muon &nd genaral roon bacrground which are
basically precduced by incident protons would be an
order of magnitude smzller,

c) We could use the incressed ascceptanca to push our
yield measurements for % {and X?) closer to the
Kinematic limit.

d)' If we wanted to carry cuit a two arm "Ting

LH

type

of experiment we would probebly want larger hyperon
production angles (recall Bn e ﬂ_;L_) and would
almost certainly be limited by inCngnt flux and

ausoc1uted backgrounds.

The multlplex feature of the CEMA counter means that all

hypercns in the beam are simultenesously tagged.  Thus
s, =, ( data could be accuaulated simultanszously. Kot

only woﬁld this czve a factor of twe or threc in ruaning time
but also would be very useful in helniag'tc reduce s systenstic
errors. For example, bzem monitorine errors would, at

least to first order, cancel out in the détermination o the
relative cross sections. The record=d outputs alsé constitute
very powerful "anti' data. |

A related feature of th\ multiplexing vis a vis backgrounds
and systematic errors is the fact that the CIMA counter
outputs on "pre-sczled besn’ events can be analyzed ofT-line
to give the equi v:‘cnt of' a continuous, simultaneoué set of
"pressure curves' during the run and shuuld allow very

good background subtraction under the peaks. This will

probably enly bg importont near the limits of our ope croting



range but should be very useful when needed.

" part of the experiment

In the "search for new particles
the ability to cover 8.5 mr to 23.5 mr at one pressure
setting will enormously speed up the data taking. It
should allow a careful search over beam beam momentun

as wvell #s-mass - a procedure which would be prohibitively
slow with the DISC. |

In a two arm experiment the ability of the CEMA counter to
simultaneously tag all beam particles from T to  will
reduce rumming time by a factor of 9 to 25 (depending on the
extensi;eness of the combinations of particle pair masses

desired) in addition to the increased beam acceptance

mentioned in 1. Thus for two arm experiments CEMA
counters offer effective data rate improvements of a
factor > 1000,

~ .
The broad angular coverage, the relatively short "Optics
Head" (150 em), and the CEMA tubes with multisegmented

anodes provide a system of great flexibility. Radiator

~length can be added or subtracted to raise the upper

momentum limit or lower the lower momentun limit. Various

microprocessor programs can be loaded that offer different
trade -offs between detected mass range, cleanliness of
separation, and beam phase space acceptance. Since we

might actually discover some ncw phenomena, this unusual
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ability to respond rapidly and'easily in a previously
unanticipeted fashicn might be of considerable importancc.
The nmulticlex CE¥A tube counter would, finally, give -our
group experience with a new technology (the QEMA tubes)
and would continue and decpen our cxpertise with the

fast growing microprocessor itechnology.



I17. Optical Systen

In this section we describe briefly but (hopafully) with'
precision, the optical system whiéh could be used with the
CEMA tubes or with a slit system and normal photomultiplier
tubes as a more or less standard differential Cerenkov qountef.
In section IV we shall evaluate the performance as a fnofmal"
diferential counter.

The basic layout is shown (plan view) in figure 3. The
optics are symmetrical apout the beam centerline. Figure 4 shows.
the "Optical Head" of the counter in greater detail. . As shown,
o

he Cerenxov light in the ¢ range %67.5 s reflected by a two

o
| ]

3
Pl

irro

s

svea
NE

b

sm onto a foecal plane, Similarly, a symmetric Q&ir
of mirror on the other side. of the béaﬁ.line focusses Cerenxov
light in the ¢ range 180° = 67.50. |

The two mirrors on a given side have the same optical axis
wvhich is inclined to the beay direction by 16.0 nmr.

This optical system is essentially equivalent to the
Swarzschild version of a Cassegrain telescope.6’7 In brief, in
a two mirror system it is possible to figure the mirros T0 as
to simultancously eliminate sphericali aberration and conma.
Chromatic effects are of course absent in reflecting systems.
The remaining aberrations of astigmatism and curvature of field
are minimized by choosing the direction of the optic axis to be
par~llel to the average Cerenkov light direction and for the
small "field of view" (in a telescopic sense) of the counter are

quite acceptable.
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‘Q'

The counter will operate at pressures of a few atmosphercs e

0]

scure’ i

“

3.65 atmqq;neres

)

t 180 GeV/c and QC(E) = 1,000 mr the pr
of He (absolute). At lower moments one coan switch to Heon

Jhich hns

bl

R
)

» alrost identical chromatic dispersion but has about

2.8 times as much multiple Coulomb scattering as He for the same

2]

Cerenxov angle. Hoviever, the multiple scattering is reletively
smzll, e.g. 4 atmospheres of He,‘700.cm long, give an rms
transverse momentum of 1 MeV/c., Thus the maxinum gmuge pressure
cah conservatively be tzken as 5 simospheres and a relatively thin

window uscd (~6 mm gives a safety facter of 4 and allows for minor

C-L

surface serztches ). TFor such a thin window, the geomet 21

aberrations are alsmol negligible and can bz compensated in

ihe Tinal design by a slighi refiguring of tne mirrer surfaces.
The preceding conclusicn was reached indegsnudently by the auther

and verified by a profescional optical con~“1t¢ﬂt9 who reviewcd

}.‘q

the cotical systen design., For tia recaon, in the analysis unich

:

follows, the window was not included in order to save time., UWhen

M

ceseary refiguring will be calcuiated.

('J

the design is finalized, the ne
The Swarzchild design procedure yields a differcntial equation
for each mirrcr surfacce., The colutions of the eguations in exact}
forn invelve inconvenient variables and transcendental functions.
It is traditicnul and veciful to express the mirror surfages by nmowver
serics eoxpansions of their meridicnsl scctions {the mirrors are
surfaces of revolution)., If R recresents the parpendicular
distunce of o surface point from the afis and z the distance ol

the point from a plane which is tangent to the surfuzce at the



veritex we write:

L= o4

Both nirrors are concave
so that a > 0 in

coefficients

Shaoe

2

R™ + b

wnd tax

Table
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S
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+ ¢ R

ing

for the two nmirrors.

VI

Coefficinnts Por Mirror Surfac

the positive z

8

+ d R

diroce

equation (&) we list in Table VI the

QC‘

e |

Hirror .

Srell Mirror 2535071
(2) Units of z, R are o
Figure 5 shows the
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‘1 U1
cpote

correcpond to the focel plane posilions of rays emitted
z1 different points (the two extremcs and the céntcr) alo&g e
the radiator length, £s cén bz seen, at the small Cerenkov
angle extreve the wmaxinun aberrciion is £.0024 nr and at the
argest Corenxov angle and the exireme ¢ value it is .01 nr.

Theze values arc emall enough to be completely negligible. The

ffraction limit is typically =.002 nr so that the surface

'_u

d

guality necd not be cuite as gcod a5 for diffraction limited

5

optics, Our consultant” estimstes that quarter viove polishing

)

would he conscrveativ

the optical system pargncters which zre z2zleso illustrated in

)
o

Tigurs

Teble VIT

et ot o ¢ st ot

Opticnl Svalen Dararnotars

N

I3 X

lepluecement of opticel axis froxm beam sxis 33.0 ¢m
(2t dovnstresw enc)

Angle of oplic axis wilih respect to becn axis 16.0 nr
Porexial focel lengih of lorge mirror 265,85 cm

Paraxial foeal length of smell wirror G8.617 cm

J-
s

ez of forzzl plane from vertex of small 5CG. 17 cm

Dic c
Lrror

-

o
< A

1te

1

b

Overall cystem foczl longth 118.3% cn

Virror chupe parametors --- see Table VI



The foregoing aberrvation pattaerns were onlculated ot the

peraxial imnge plane, 4 study wue carried out, using the ‘ray

(2
.8
,

troce progren to see if a elight displacement of the cystem

focal plzne would give improved perfermance and converszaly to

the precicsion to which the focul pizne must be located.

)
e

ictern

jo

NG

13

Pig 10, 11, 12 chow the results as ray projections on

[

AYCs

2
0
\C

-

the %, z or y, z plane. is can be zeen, the parexial feocal
planc (z = 0) is as good an overall choice as can be made. Taking
+.01 nr as a very conszrvative limii{ on the change of zepoarent

Fal

5, We find that the focal plane wmust be accurately located to

within 2.6 mm vhich should be achievable.
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180 Go%/c we could have
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32
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LP t“v final design we nay wonb
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o
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e
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O
P
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O
=y

+his ¢ range for "anticoincidence § re nge. ' In any czse, even

oh the Cerenktov angiz is only 14,000 my instead of 25 mr a

Recause of time limitations we forzge a complete momentum
3 1 -1 ey e ~ - .y pnym e S l'—- O -y [P - 0oy <
degcndent znalysis and consider thoe typleal case of 180 Gev/e.
(s A% N A TR R { 3 % A= o en 4 3 R I ot 3 ) - P .
The situetion is illustrnted in figure 12, YWe have chogen:
Acvlit = ,23 mr
]
Bt = .0 mr
These give tho same abzoiute angular ceparetions as for tho

DIeC., Since our geomelric sberrations are much smallcre than ko
crhromatism our inages chould have a correspondingly sharper cdaces
then the DISC.  S1lit edge scattering should he the same as for
the DISC., Finally, we have "anti” capability as well as two
fold coincidence capability so these choless should e a valid
conparison.

The DISC beam angular acceptance in Af = ,07 x facuer

for momentusm angle correlntion in the dbean. "his faetor hos not
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counter urooozed hare but
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clemrly will hove wuch omaller effcet zince the =11t is ~

L

)
~
T
v

ge wide an thn beam sprosd.  YWe weuld ecstlmate that ot reazsonzble
sber cetlings {1 photoeleciren) the full beam spread
veuld oo ccunted at essontislly the Tull efficiency. Ve thus

cenclude that the counter proposed would have ~ 2 x acceptance

e concluds this section with a brief estimate of the cost
of the ostics end mechenical parte. nhree {irme nove made cos
gstimates on the cptice with eorices renging from 227,000

(verkin ¥lmer) to 39,000 (8 Technical

e h st b

ru‘r\c—-— v~fsf} “ce o
219,000,  frv Vinters and Sndy Disco have ccotinnted 220,000

-. . - 3 ot ooy W e i o ix - gt P, 4
for wzehanlesl parius wnd gas systorm. Ve susmarize cur cost esvliral

Cptics S 819,000

A\ X4
Mechonico
-

i :
and gas cysten

o
o]

IR
"
o
&
N
<
.
o
C
<

Phototuzes 3,000
Continzoncy 3,000

Total $h2, 000

“his geems likely to be conrervitive cestimate for construction

.

2UA counter cptics,
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crentianl countel uwtilizing
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V. Propooccl

, bul zppropriecte proposal

1. Troceecd now with the sehrematic bomm and the COMA

opticn used s a differential ccunter.

2. PBuild ac wuch flexivility as possible into the designs

e.g. caulpment on raily, CEMA "optics head’ readily

convertible to either nermel & CHMA photomultiplicr

tube. Espeeially, study how to vetune the boam for

- et 3 4 o Yoy Lu g a3 e < P 3 ¥ L 0seam €0 28 o .
partial achronstizstion and incitaced accesiance.
o [ SR - R I A - P Teme e g . .
3. rogoad as vigorously on possipls with development cf
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Fermilab

February 2, 1981

Dr. Leon Lederman
Director's Office

Dear Leon,

It has now been about one half year since the spring
test Tun of our hyperon beam and detector. Within the last
ten days we have completed data taking on the new particle
search portion-of our experiment. This was, in fact, a total
reconfiguration of our detector complex and included the
addition of five Cerenkov counters. We have now returned to
the configuration of last spring and are about to start the
measurement of hyperon fluxes.

From our work of last spring we know that the hyperon
fluxes are substantial, indeed in some kinematical regions
they are the majority beam particle at our detector. Imn the
E-497 agreement we promised to define the scope of our hyperon
total and differential cross section measurements when we
measured the fluxes in our beam. We feel that the preliminary
data from our spring run shows that these measurements are
practical and in the attached addenda we give a succinct
description of our program. We propose to make these measure-
ments during the running period beginning in fall 1981. The
changes to our present apparatus necessary to carry out this
program are modest and could certainly be ready by that time.

We call your attention to the fact that our hyperons are
identified through their decays and since this can be done
almost as easily at 600 GeV/c as 300 GeV/c, precision measure-
ments of hyperon total and differential cross sections at
Tevatron energies could be done as a straight-forward extension
of our present program. The role of the strange quark in these
basic hadronic reactions (o_ and do/dt) at Tevatron ene;gie§
can be more easily sorted out in the baryon octet (p, £ , L , =)
than in the meson octet (m*, K*¥) where particle identification
becomes very difficult. It would be inappropriate at this time
to propose this as a Tevatron experiment but it is an interesting
and obvious extension of our present program.



We envisage the study of hyperon decays as the next major
program of our group after completion of the cross section
measurements. The Proton Center hyperon beam is the best beam
in the world for carrying out this program. The rich spectrum
of hyperon decays provide a fertile laboratory for testing
theory as we recognized in our P353. It is a field where
important comparisons with theory have yet to be made, where
there exist serious contradiction between theory and experiment
and between experiment and experiment. In the decay I+ név,
the data on the ratio of the vector to axial vector form factors
from CERN and from our BNL experiment are inconsistent. The
recent analysis of an ANL experiment using polarized I~ shows
a serious violation of the Cabbibo theory. High statistics
experiments are rare, and experiments of even modest statistical
accuracy are exceptional. Most hyperon leptonic decays have
only a handful of recorded events.

We will in the next few months revise and update our P353
to include recent theoretical ideas and the measured performance
of our hyperon beam. In this we will be joined by the Leningrad
group headed by Professor Vorobyov. They have already begun work
on prototype wire chambers and electron identification which
will be needed for this program. We have also invited them to join
us in the hyperon total and differential cross section measurements.
In this way we hope to learn how to merge their apparatus with
ours in as graceful a manner as possible.

The cross section measurements described in the attached
addenda will complete E497. We continue however to be excited
by the wide spectrum of physics which our short lived particle
beam opens up. Last year I gave you a "laundry list" of such
experiments for a Tevatron review. For many of these the Tevatron
was an essential ingredient, for others it was not necessary.
As we proceed with our "bread and butter'" program described in
the addenda we will explore the feasibility of these other experi-
ments. We believe the program will be a rich one.

Sincerely yours,

Nt

Joseph Lach
Spokesman E-497



Addendum 1

HYPERON TOTAL CROSS SECTION MEASUREMENTS

We feel that our new charged hyperon beam in Proton
Center and our spectrometer have matured sufficiently to
measure hyperon total cross sections. As part of our
program of hyperon physics we plan to measure 2_,Z+ and &
total cross sections on hydrogen and deuterium. This will
extend the £  and % measurements to the highest available
energy and be the first ¥ total cross section meésurement.
We ask for accelerator time and an appropriate cryogenic
target.

The understanding of the baryon octet total cross
sections at high energies is of fundamental importance. The
recent measurements at CERN of the I and & cross sections?
up to 137 GeV/c only serve to emphasize this. As the first
precise measurement of these cross sections at high energies
they have shown most of the existing phenomenological models
to be inadequate. Precise measurements of total cross
sections at the highest available energies and with the
greatest variety of nucleon projectiles will provide a firm
experimental foundation for theories describing the octet

structure of high energy interactions.

% S§. F. Biagi et al, CERN-EP/80-172, Sept. 1980



Experimental Configuration

The total cross section measurement is performed using
straightforward modifications of the present flux measurement
apparatus shown in figure 1. Figure 1 insert shows the modifi-
cations in more detail. The essential features are:

1. A target assembly consisting of three identical flasks, each
2m long, which could be cycled into the beam between acceler-
ator pulses. The flasks would contain liquid hydrogen,
liquid deuterium, and vacuum, so that both the hyperon-proton
and hyperon-neutron cross sections could be measured. This
is the only new piece of equipment we are requesting.

2. A pair of high resolution proportional chambers before and
after the target. ©Each chamber is an X, Y; U module with
65 um resolution and separated by 1m to give an angular
resolution of about 0.1 mrad. The measurement of the hyperon
direction downstream of the target allows a correcfion to be
made for small angle elastic (and inelastic) interactions.

3. Hy?erons which survive into the decay region would be identi-
fied in the existing hyperon decay spectrometer. Figure 2
shows the ZawZ mass resolution as measured in our spring
1980 test run. Note the expected $- 3" mass shift.

Rates

Table 1 shows the r and &~ trigger rates which we have
measured in our spring 1980 run. These rates are limited entirely
by backgrounds in our drift chamber spectrometer (probably
muons) . Additional shielding planned for our winter 1980
run. should help this substantially, but we will use these

. + ..
for our estimates. The %~ rates are sufficient to saturate our



data collectiqn_system (v500 events/pulse) at all momenta.
The same is true for & at the lowest momentum in Table I.

From our spring 1980 run we know that 40% of the ¥ trigger
events will be reconstructed with a vertex in our decay fiducial
volume and have the hyperon trajectory extrapolate upstream
to the hyperon production target. Upstream hyperon decays in
the region of the PWC's or in the last part of the hyperon channel
are the major components of the other triggers.

The £ trigger requires the reconstruction of three charged
tracks (£ "»7 A>m p) and since our full complement of drift chambers
was not in place for the spring 1980 run, we do not have a good
estimate of the reconstruction efficiency. All chambers will be
ready for the winter 1980 run, and for the present we estimate
that the reconstruction efficiency will be 205%.

The number of events (for LH2 and target empty subtraction)
needed to measure the total cross section to a given precision
Ao/o is

L

where If is the fraction of the beam that interacts in the target.
For* a 2m LH, target, I, = 0.29 for I and 0.25 for 2 . Thus, for

a Ao/o = 1% measurement we require 0.48x10%Z events and 0.65%X10°

* For these estimates we use the recently measured ¥ p total cross
section of 34.14 mb at 136.9 GeV/c and = p cross section of 29.35 mb
at 133.8 GeV/c measured by Biagi et al, CERN EP/80-172. We assume

. . _ )
the I p cross section is the same as I p.



events. With 5 pulses per minute and with sufficient flux to
seturate our data collection system,a measurement at one energy
could be done for £ in 0.33 days and for Z  in 0.81 days. These
times need be extended by a factor of ~1.5 to include the deuterium
running.

The £~ fluxes at the higher momenta are not sufficient with
the present shielding to saturate our data collection system.

We expect the shielding to be installed for our winter run to improve
this substantially. If this does not turn out to be the case we
would measure the Z cross section in the energy region flux is
adequate.

We plan to measure the 57 and 5~ total cross sections on
protons and neutrons at five energies from 125 to 350 GeV/c and
with & at three energies in that same range. This will extend
by a factor of 2.5 the energy of the previous I and & total
cross sections. It will be the first measurement of the I  total
cross sections. This will require ‘about 400 hours of beam time,

A maéhine energy of 400 GeV is requested with as long a beam spill

as practical.



Table I

Trigger rates measured in Spring 1980 run. These numbers
are for forward production and are scaled to a rate of

v10°% per pulse in the drift chambers. They are limited
entirely by muon backgrounds. For this run the accelerator

operated at 350 GeV with 1.5sec beam spill.

Total Secondary

Momen tum I = Beam Rate Incident Protons
+200 2.7K 590K 0.38x10'°
-200 12 .75 220 3.2
-250 7.8 .23 51 3.7
-300 8.1 .12 21 5.5

-320 .9 ' 2 6.3
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Addendum 2

Elastic Scattering of the Hyperons

A major component of the original E-497 proposal was to
study the energy and hypercharge dependence of the forward slope
in elastic hyperon proton scattering. The questions that proposal
sought to provide answers to remain. There has been little change
in the experimental situation since the results of the BNL experi-
ment at 28 GeV performed by members of our group in the early
seventies. (Ref.1)

The discovery that hyperons are produced with substantial
polarizations adds significantly to the physics which can be
extracted from a study of elastic hyperon scattering. As an
example, the production polarization of X=0.5 (P=200 GeV/c for
400 GeV/c protons on target) sigma+ at a production angle of 5mr
is measured to be 22%. (Ref. 2) Recall that the decay mode
sigma+ --> P + PIO has an analyzing power of 100%. This will
allow us to measure the differential cross section, left-right
asymmetry (equivalent to a polarized target experiment), final
state polarization of the scattered hyperon, and total cross section
(via the optical theorem). Thus we can make four of the nine
possible measurements in sigma+ + P --> sigma+ + P from the same
data sample. The other hyperons (sigma-, cascade-, omega-) are
not as favorable in this regard, lacking either analyzing power,
polarization or both. Hdwever, some spin dependent measurements
should be possible with reduced precision for cascade- + P -->

cascade- + P,



Experimental Configuration

The experimental configuration for the hyperon elastic
scattering experiment is a variant of the configuration for
the total cross section measurement. The differences are
listed below.

1. 50cm LH, target (the existing E-69 target) in place of
the three flask target for the total cross section
measurement.

2. A recoil detector (described below) surrounding the
LH2 target to detect the recoil proton and reject
inelastic events.

3. A hardware scatter detector (HSD) used in the trigger
to detect scattered hyperons (described below).

The balance of the experiment remains unchanged from the total
Cross section configufation. The trigger, identification, and
reconstruction of hyperons is the same as for the E«497 flux
measurements, save for the scattering requirements of the recoil

detectof and HSD in the trigger.

New Apparatus Required

In order to trigger on elastically scattered hyperon§ we must
be able to separate, at the trigger level, scattered from unscattered
beam particles and elastic from inealstic scattering events.

The method we propose to use to reject unscattefed beam trécks
is shown schematically in Figure 1. The basic idea is to use a fast
memory lookup to reject events for which the hits in high resolution
multi wire proportional chambers (PWC‘S) are conéistent with a
straight line trajectory through the target. The current PWC read-

out has latched wire data available 20nsec after a strobe is applied.



Using these signals as inputs the HSD first calculates the wire
number of a cluster of two or three adjacent wire hits in each

of the two PWC's upstream of the target. The resulting 12 bit
number uniquely determines the point in phase space of the incident
hyperon to within the resolution of the PWC's. This number is used
as an address in a 4K x 128 bit fast memory. Stored in each memory
location is a bit mask which determines the acceptance for each
possible input phase space point. This mask is compared to the
wire hit pattern in the last PWC downstream of the target to deter-
mine whether the beam particle scattered. Three identical systems
(one each for x, y, and u) will detect all scatters with high
efficiency and some redundency to allow for occasional extra hits
in the PWC's. Such a system has been designed at Yale and a proto-
type is currently under construction. The current design has a
maximum cycle time of 300nsec.

To distinguish elastic from inelastic scattering events we
propose to build a recoil detector to completely surround the
target. A conceptual schematic is shown in Figure 2. A detailed
design 1s currently underway. The detector consists of a double
layered phi hodoscope constructed of 0.5 inch x 60cm scintillators
and 0.5 inch phototubes. Surrounding the phi hodoscope detects
the recoil proton and allows us to reject events with more than one
charged recoil particles at the trigger level and to use coplanarity
as an elastic scattering constraint offline. The lead glass array
serves to reject events with neutral recoil particles which decay
electromagnetically. The rejection of inelastic events becomes

rapidly more difficult with increasing |t| since the elastic cross

1t

- section goes as exp{bt) with B 9 (GeV/c)**-2 and the inelastic



production increases with increasing |t|. For elastic scattering
events with |t] > 0.44 (GeV/c)#*2 the recoil proton is above
Cerenkov threshold in lead glass. The number of Cerenkov photo-
electrons produced varies from about 100 at |t] = 0.5 to about

400 at |t| = 1.0. Thus a measurement of the pulse height in the
lead glass block through which the recoil proton passes gives both
a fast trigger for high |[t| events and, offline, a second |t|
measurement which adds a extra constraint to the elastic scattering
hypothesis.

The recoil detector will substantially reduce the background
from inelastic events produced by target fragmentation. Beam
fragmentation inelastic events will be rejected by the hyperon decay
spectrometer downstream. A quantitative analysis of the rejections
attainable with the above techniques is currently in progress.

Rates

Using the hyperon fluxes measured in our spring 1980 run
(Table 1) and assuming 50% reconstruction efficiency for one track
decays (sigma --> N + Pi) and 20% for three track decays (cascade -->
Lambda + Pi --> P + Pi + Pi) we get the following rates of good
reconducted elastic scattering events per day of running (5 pulses/min.,

20 hours/day):

Sigma+ 6.0E4/day
Sigma- 2.6E5/day
Cascade- 6.6E3/day
Omega- 10/day (?)

In the above table we have assumed thkat a tmin cut of 0.075 (GeV/c)#*%*2
is applied by the HSD. This corresponds to half the elastic scattering

cross section.



The lower limit of our |t]| acceptance is determined by the
angular resolution of the PWC's. For the geometry shown in
Figure 1 the angular resolution is 200 micro radians. Requiring
a scattering angle of at least three standard deviations gives a
tmin = (3.6E-7) #*P(GeV/c)*%*2 where P is the incident hyperon momentum
in GeV/c. The |[tmin| for which the HSD will generate good triggers
can be made larger than the above minimum, but not smaller. The
effective |tmax| acceptance is determined by the lack of cross
section rather than geométrical acceptance. Assuming we take no
more than 1.0E6 events at a given kinematical point the effective
| tmax| is about 1.8 (GeV/c)**2 assuming that B = 9.0 (GeV/c)**-2,
Summary
We propose to measure the energy and hypercharge dependence
of the forward slope in elastic hyperon proton scattering in the
energy range 100 - 350 GeV. We will also study the left-right
asymmetry and final state polarization for sigma+ + P --> sigma+
+ P and cascade- + P --> cascade- + P for at least one incident
momentum. |
Requests
In order to carry out the measurements described above we will
require the following:
1. The E-69 50cm LH2 target refurbished and installed in
the P-Center pit.
2. A recoil detector, as described above, including
electronics (descriminators and latches for all
PMT's, ADC's for Pb glass)
3. Three HSD systems, as described above.

4. 400 hours of beam in P-Center at intensities 2-10E10.
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