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ABSTRACT

It is proposed to build a strong focusing
spectrometer. The spectrometer will be of flexible
design and can operate either with 15, steradians
acceptance and +0.03% momentum precision up to
200 GeV/c or can be changed to give considerably
larger acceptances at lower momenta. The first
proposed experiment is to measure elastic scatter~
ing and quasi two-body elastic scattering of
K*, XK=, p, B on hydrogen and deuterium (neutron)
targets, up to 200 GeVY/c and at |Jt]| values of
0 to 1.5(GeV/c)?2,
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IHTRODUCT I ON

Focusing spectrometers have been built and operated at SLAC,
CERN and elsewhere for the analysis of particle momenta up to
~25 GeV/c. We are proposing the construction of a focusing
spectrometer for NAL that would measure the momenta of particles
scattered from a target up to 200 GeV/c with very high precision. The
instrument incorporates a number of features, of which some are
adaptations from previous designs and snme are novel.

1) It will be a strong focusing device capable of accepting
15u steradians at 200 GeV/c and analyzing momenta to a precison of
+0.03% in Ap/p.

2) By moving the target closer to the spectrometer, or
alternatively by repositioning the front quadrupole doublet, the
acceptance will he considerahly increased at lower energies.

3) The spectrometer will contain a region of high beam
parallelism suitable for the introduction of high precision
Aifferential Cerenkov counters for mass determinations,

L) The input beam angle and production angle will he
magnetically alterable over a wide angular range, while the
spectrometer remains physically fixed In position.

5) If, as seems feasihle, suitable momentum dispersion can
he introduced into the primary input heam the spectrometer will operate
in an "energy loss'" mode. In this mode the final focus maps the energy
loss in the target and full physics resolution is obhtainahle even with

a very large spread (~1%) in the input bheam momentum.




6) Detectors will be located in a well shielded environment
90 meters downstream from the target with counter planes of about
8 cm X 1k cm. Such a spectrometer should utilize not only the beam
intensities available at switch on, but the considerahly highar
intensities that can be expected later in the accelerator's history.

The spectrometer components and length will be equivalent to
about one-third those used for the main high precision 2.5 mr beam line
and its construction should not be overly demanding. We expect the
spectrometer and Instrumentation to be used for many vears in a set of
developing programs.

The past record of spectrometer facilities has heen good.
Over the passage of years they have usually not only measured the
original set of processes for which they were designed, but have probed
hoth deeper and in more detail into the physics than was originally
expected,

The areas of physics that can be investigated with such an
instrument can be summarized as:

1) Flastic scattering pnrocesses in both the u and t
channels,

2) Two-hody quasi-elastic scattering processes such as
an P - o Nwewhere the resonance is produced via the exchange of a
"nomeron'',

3) Two-body and quasi two-body channels, involving the
+ + +
exchange of quantum numbers, such as 7 + P K + 3 .

L) Deeply inelastic processes such as at+ P o 7t anything

+ +
and K + P - K + anything.




5) Quark and exotic particle hunts. (We would hope to make
some such hunts incidental to the line-up of the spectrometer,)

This proposal splits into two parts. First, we descrihe a
proposed physics experiment which will serve as an excellent
operational test of the facility. This first experiment is chosen
a) for intrinsic physics interest, b) to he not too demanding so that
even if the spectrometer is not performing with full capahilities
initially the experiment can still be successfully carried to com=-
pletion and ¢) to be hard to do by any other method.

Various groups in this collaboration will submit other

separate proposals for different experiments to he done subsequently,

PROPOSED EXPERIMENT

We propose to measure dog/dt for the following set of

reactions:

We plan to do these experiments over an energy range from 50 GeV to
200 GeV and at t-values bhetween 0 and —1.5(Gerc)2 as extensively as is
possible within our time allocation. By use of the differential and
threshold Cerenkov counters, p's, K's, and m's can be simultaneously

identified, permitting us in principle to collect data on three




reactions at the same time. We further plan to repeat some of these
measurements with deuterium as a target to study the elastic scattering
cross section on the neutron, Simultaneously with measuring the
differential cross section for elastic scattering, we expect also to he
able to study the cross sections for "diffractive' production up to
missing masses of about 2 GeV. Previous experiments seem to indicate
that several isobars have a total cross section nearly independent of
energy and thus they should be accessihle to measurements in this
energy range,

After completion of the first experimental runs part of this
collaboration will submit a proposal to extend these measurements.

Flastic Scattering

Flastic scattering processes are among the most studied, as
well as among the least understood of all two-body reactions. We
propose here to make a systematic study of Ke-nucleon, p=-nucleon, as
well as P-nucleon scattering for energies between 50 and 200 GeV and
for values of the four momentum transfer t from 0 out to about
-1,5(feV/c)% In the energy regions studied so far the cross sections
for the various reactions have a rather different behaviour. The
differential cross section for elastic pp scattering shows shrinkage
hut no structure for |t]| less than l(GeV/c)e. This is in contrast to
the hehaviour of pp elastic scattering which has an expanding
diffraction peak in addition to structure in the angular distribution
around -.B(GeV/c)a. The same disparity also exists in K-nucleon
scattering; the differential cross section for K'p has a smoothly

shrinking t distribution, while K“p has no shrinkage and a dip in the t




distribution for t ~ =.8(GeV/c).

These features are generally explained within the framework of
Reggeized particle exchange in the t-channel(l). 1In the t-channel all
these reactions have the same quantum numbers and for energies up to
20 GeV the data can he fitted with the P, P', w, p, and Ap
trajectories. In the case of nucleon-nucleon scattering, the

scattering amplitude can be schematically decomposed as follows:

Alpp) =P +P' -Ww-p + A,
A(Pp) =P +P' + w+ P+ Ay
A(pn) =P +P' -Ww+ P - A,
AMPn) =P +P' +w- P- A,

From the fact that at high energies and small t-values the
difference o(pp)-0(pn) as well as the difference o(pp)-d(pn) are bhoth
small it is generally concluded that the contribution from P and Ap
exchanges can be neglected, Therefore the observed differences between
the pp cross section and the Pp cross sections must be caused by w.
exchange, or written symbolically: dg/dt(pp)-do/dt(Bp) ~ imw. This
would then imply that at the cross-over point, i.e., at the t-value
where the two cross sections are equal, Imw=0. This can obviously be
achieved by assuming that the residue of the w trajectory has a
dynamical zero and vanishes for this t=-value. This assumption,
however, leads to contradictions. In particular, we would then expect
to see a dip in 7° photoproduction for t = ~.2(GeV/c)2. Such a dip is

not seen. Py Including absorption or cuts into the theories these




d1fficulties can be removed. The explanation in terms of pure
t-channel exchanges is thus complex, and further experimentation over a
wide range of variables is required before these processes are
understood.

If the alternative viewpoint of "duality" is used, s-channel
quantum numbers remain relevant at high energies(2). In the s-channel
picture pp and Pp as well as K¥p and K'p have diffarent quantum numbers
and it is therefore not surprising that the s as well as the t
dependences are different. In such a model we expect in general a

‘cross section of the form:

do =y _ pe eiaaes
-&f(pp)—P +2PJO+

The contribution from the Pomeron is denoted by P and it is
assumed that it only makes a contribution to the s-channel
non-helicity=-flip amplitude. J, is the contribution from the s=-channel
resonances. J, Is expected to have maxima and minima as an ordinary
0-th order Bessel function as a function of t and in addition be
dependent upon s.

Mow in elastic processes with exotic quantum numbers in the
s-channel, like pp or K+p, there will he a contribution only from the
Pomeron term, e.g., do/dt(pp) = P2, Hence all the structure in the
pp(K™p) cross section at high energies must come from the interference

term hetween the Pomeron and the resonances, The interference term can




he extracted from the ratio:

We have evaluated this ratio at 8 and 16 GeV using the Pp cross
section from the recent data of Birnbaum et al.(3) and the pp cross
sections from the experiment by Foley et al.(4) The result shown in
Fig. 1 has some resemhlance to a Bessel function q)(RVT) with an
interaction radius R of about 0.8 f ., The cross-over point seems to
move as a function of energy, but since we are using data from two
different experiments this might simply be due to normalization errors.
Since the cross-over point is strongly dependent upon the relative
normalization it can only he determined in a meaningful way if both
cross sections are determined with the same apparatus. Also a
determination of the contrihution from the £ and A, trajectories can
only he made by comparing (pp) with (pn) or (pp) with (Bn) as measured
with the same apparatus. It is a prediction common to all models that
at high energies the differential cross sections for elastic scattering
will all be dominated by the exchange of a single trajectory (the
Pomeron) and thus the different reactions will have the same hehaviour,
Hence at the highest energies it is mandatory to measure the cross
sections for (pp), (pn), (Bp), and (Bn) scattering using the same
apparatus If we want to extract the differences between these processes
in a reliable way and study how they approach this asymptotic limit.

The same remarks we have made about nucleon=-nucleon scattering

also apply to K=nucleon scattering. Again it is very important that




these cross sections are measured with the same apparatus in order to
be ahle to extract the small differences hetween them in a guantitative
way.

A check of systematic errors involved in extracting neutron
cross sections from interactions in deuterium is conveniently provided

hy the charge symmetric relations

Sufficient pion data will be collected simultaneously with the proton
and kaon-data to make these checks as well as to compare normalizations
with other experiments studying wp scattering,

Resonance Excitation

A high resolution single arm spectrometer is uniquely suited
for the study of nucleon isobhar production. The large mass acceptance
of such an instrument permits measurement of Isohar production up to
about 2 GeV at the same time data is collected on the elastic channels.
The high quality resolution is required to separate the isobars. At
present there is only a limited amount of data availahle on isobhar
production at high energies. We propose here to measure the cross
section for isobar production up to a missing mass of about 2 GeV using
different incident particles. Previous experiments(5-13) show that at
lower energies isobars at masses of 1238 MeV, 1410 MeV, 1518 MeV,

1688 MeV and at the highest energy 2119 MeV are excited. The
t-dependences of these reactions are quite different. For the N*(1238)

and the N*x{(1410) the slope is about 16(GeV/c)2 whereas the two other




isobars seem to have a slope of only S(GeV/c)g. The M*(1410) and
Nx(1688) excitations seem to have constant cross sections over the
whole energy range consistent with a quasi-diffractive hehaviour,
whereas the M%(1238) excitation Arons off sharply. The N*x{(1518)
excitations decrease rapidly with energy up to ahout 10 GeV and at
higher energies shows an energy independent behaviour. In view of this
remarkably different bhehaviour it is worthwhile to make a systematic
study of these reactions at high energies. Such a study also permits a
good check on factorization in the case of Pomeron exchange. According

to this hypothesis the ratios

Pp = pN¥ _ qp —»alN¥* _ Kp — KN*¥
PP — PP P AP Kp - Kp

should all be equal, Here N* stands for any isobar that can bhe
d4iffractively produced,

Time Estimate

To carry out this program about 800 experimental hours are
needed, In addition we request ahout 200 hours for checking out the
apparatus previous to the run, Tabhle 2 gives a breakdown of the
expected time allocations to the various parts of the experiment., This
time estimate has been based upon 3X1012 protons per pulse incident on
the production target. As an example, Tables 3 and 4 show the expected
rates for Pp - Pp and K™p — K™p as functions of incident energies and

t-values,



THE SPECTROMETER DESIGN AND 0PTiCS

The Spectrometer wil} occupy a fixed location and will

disperse particles in the horizontal plane, Changes of scattering

angle will he introduced by magnetically steering the input beam. The

layout is shown schematica]]y in Fig., 2 and consist of a quad pair

focusing a point object to a parallel heam followed by bend magnets and
differential Cerenkov counters. The beam wil] then be reimaged to a
point focus by a final quadrunole doublet. The length of the system
will he about 130 meters. Twenty meters of 10 cm hore quadrupoles and
twenty~-four meters of standard NAL bend Mmagnets will bhe required to
construct the system, A rough measure of the complexity of the
Spectrometer can be obtained by comparing it to the 2.5 mr high
precision input heam. The input beam is 400 meters long, will have
three cross-over foci instead of the one focus of the spectrometer and
will require ahout twice the amount of components,

Considerable studies have been made by us as to the most
economical design for the spectrometer. We helieve the proposed design
to be the most economical method for doing the physics in which we are
interested.

The solid angle acceptance will bhe increased at low energies

by moving the front quads closer to the target, or alternatively by

moving the target (and input beam focus) closer to the spectrometer.

Fither method of increasing the solid angle should he relatively

simple Fig. 3 shows the physical lavout of the spectrometer in the

Meson Labhoratory.
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Table 1 gives the rough parameters of the system, Tables 5
and 6 give ";ransport" runs for a specimen high energy configuration
capable of measuring up to 200 GeV/c with 15u steradians acceptance,
and for a 60 GeV configuration with a 4LOU steradian acceptance.

Tahle 7 gives the required alignment tolerances of the various
components, The only stringent requirements for the spectrometer are
on the lateral misplacements of the quads, and on the field precisions
required for the quads. The physical alignment precisions are not
excessive. The proposed 10 cm hore guads are expected to have fields
good to .1% on the pole tips. This is adequate for our design.

Use of Spectrometer In an Energy Loss Mode

If the spectrometer is fed with an input beam with a
horizontal momentum dispersion matched to that of the spectrometer, the
spectrometer will operate as an energy loss spectrometer. In this mode
of operation, particles that do not suffer any energy loss in the
target will be momentum recombined at the final spectrometer focus.
Those suffering an energy loss will he focused to an appropriately
displaced image. As an example of operation In this mode consider a

process such as:

e psxt e It

With an input beam having an energy of 100 GeV and a momentum hite as
high as 12 the spectrometer could still determine the missing mass of

*

the " to bhetter than 50 Mev,.

In principle it is relatively simple to alter the

-11-




magnification of the 2.5 mr beam to achieve the required dispersion.
Further investigation will be required to estahlish how easy this will
be in practice, given the relatively "frozen" specifications for this

heam,

Decode Planes and Accuracy of Determination of Experimental Parameters

Table 8 shows the transfer matrices from the target to
the various decode planes for the 200 GeV/c configuration. One of the
elegant properties of a focusing spectrometer is the high
"magnification" that can generally he found for any specific parameter
at some point of a well designed system. For instance at vertical
plane 1, the vertical input height is magnified by a factor 13. By
linear combinations of the planes we will be able to measure the
horizontal and vertical production angles, the momentum (or energy
loss) of the particle, and the vertical production point.

Input Beam Steering and Scattering Angle Variation

Figs. 4A and 4B show two methods that can be used to vary
the scattering angle. The system in Fig. UA will consist of 3 meters
of hend magnets placed hefore and after the target. The first bend
magnet will bend the input beam down and the second hend magnet, after
the target, will steer the scattered particles back onto the
spectrometer axis. Such a system will introduce up to 3 GeV/c
transverse momentum at high energies. The system in Fig. 4B shows a
3 meter pre-hend magnet placed 27 meters upstream of the target and a
9 meter bend magnet placed just before the target. The main deflection
is produced by the magnet just before the target. It will be possible

by re=rigging the bend magnets for either system to introduce either

-12-



vertical (orthogonal to the bend plane) or horizontal deflections.

Primary Beam Dump and Background Problems

It is proposed to dump the input heam into a beam dump
just ahead of the first quadrupole pair.

The main counting systems should be almost totally
unaffected by background from the beam dump as they will start
90 meters downstream from the dump point, will have dimensions of the
order 8 cm X 13 cm, and will be protected by 2 meters of hend magnet.
The only point at which troubhle could occur will he at the differentlal
Cerenkov counter located after 3 meters of bend magnet behind the first
quadrupole pairs. |f this counter counted in excess of 10 particles
per second we would be in trouble. However, this counter is located
thirty meters distant from the dump point, and because of its special
properties of very high directivity and high specificity of mass
selection we do not envisage any severe hackground problems, 1t is
worth noting that the location for the differential Cerenkov counter,
with the spectrometer operated in a pair 'energy loss" mode, would be
after all the hend magnets, Therefore, even with the very high input
heam intensities possible in such a mode, the Cerenkov counter would be
in a very well protected location.

Spectrometer Alignment

Spectrometer alignment would proceed through four phases:

1. Accurate magnetic measurements of individual

components,

2. Transit survey and alignment of the components in

place,
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3. Use of the precision input heam spot to delineate

the heam axis and foci of the system.

4, Exploration of the aperture of the spectrometer by
sweepling the input beam acrnss the spectrometer.

A1l these types of measurement have been made routinely
in the past on SLAC and other spectrometers to the required precisions.

Costs of the Magnetic System

Table 9 lists components and estimated costs.

INSTRUMENTATION AND MONITORING FOR THE BEAM AND THE SPECTROMETER

The detector systems for the heam and spectrometer will
contain the following elements:

1) DISC Cerenkov counters in the beam to identify the mass
of the input beam particles, and differential as well as threshold
Cerenkov counters placed In the spectrometer to identify the outgoing
particles.

2) Trigger scintillators to provide, along with the Cerenkov
counters, an Interrogation pulse.

3) Charpak proportional counters placed in the spectrometer
to ascertain the momentum and scattering-angles of the detected
particles.

L) A crude scintillator hodoscope close to the target to
provide coplanarity and some angular information.

5) A monitor system to determine the intensity and the phase

space of the Input beam,
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6) A data collection system capahle of both "housekeeping"

the equipment and providing an immediate "physics" answer.
7) A liaquid hydrogen target.

8) Shower and interaction counters to identify electrons and

muons,

We discuss these items in detail helow.

Mass Discrimination

The best instruments for providing mass separation at high
momenta are the differential Cerenkov counters and the UV threshold
Cerenkov counter. The most taxing requlrement is to he able to
separate pions from K mesons at the highest momenta. The DISC Cerenkov
counter described in Appendix 1 is limited in solid angle but is ideal
placed in the beam line for identification of heam particles, in
particular those that represent a small fraction of the particles in
the heam, The differential Cerenkov counter described in Appendix 2
permits larger angular spreads in the beam and will be used with the
spectrometer,

Our second tool to provide particle separation is the UV
threshold Cerenkov counter developed at Serpukhov. One of these
counters will he placed between the last quadrupole and the focal
plane, the second after the focal plane. Fach counter will be abhout
25 meters long. At high energies where there are few photoelectrons
available we will add the signals. At lower energies they can he used
as two separate counters. At 100 GeV/c an ahsolute pressure of 70 mm
of Hgz for hydrogen gas is regquired to put K mesons at threshold, in

which case 50 meters constitute 0.?5X1D-3 radiation lengths and a

w]5=-




negligible amount of multiple scattering, The Prokoshkin group (IHEP

preprint 69-63) have obtained

N =160 e2L
e

where Me is the number of photoelectrons in a 56 UVP photomultiplier,
8 is the Cerenkov angle in radians, and L is the active length in

centimeters., With the counter set to K threshold

22
n, = 036 (k) (22LeV/e

Y

for pions, giving about 18 photoelectrons from 50 meters of counter at
100 GeV/c., At 200 fheV/c, this becomes 4.5 photoelectrons, leading to a
probability for no signal of ahout 10 2,

One DISC Cerenkov counter will be located in the primary beam,
one differential counter will be located in the parallel beam region
after three meters of bend magnet and one at the end of the hend
section,

Trigger Scintillators

The main interrogation trigger for the system will probably

consist of gB_CJTC Si, where Si will be a scintillator either bhefore

-
v

the last quadrupole pair, or at the momentum plane. (3 will he the

heam Cerenkov counter, q‘ will be the first differential counter, and

CQ will be the second differential counter. The system will thus
require few scintillators to provide the trigeger pulse, We will

probhably only use Eé for less frequent particles like P and K's in
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order to take advantage of the full beam intensity.

Charpak Proportional Counters

On receipt of an interrogation signal we will interrogate
eight Charpak planes located along the last sixty meters of the
spectrometer. Because of the focusing properties of the spectrometer
these planes will not he larger than 8 e¢cm X 1k cm, and thus with a 1 mm
wire spacing, will only contain a total of about 1,000 wires. In order
to rdecode the particle trajectories and momenta, (c.f. Table 8) only
the horizontal planes Hl1l, H2, and the vertical planes V1 and V3 are
required, H3 and V2 will be redundant horizontal and vertical planes
and H'2 and V'2 will be two redundant planes rotated at +45° and -45°
to the vertical,

The poorer time resolution of the Charpak chambers relative to
scintillators should not be a problem as backgrounds are expected to be
low in the focal plane region. The 1 mm chamber wire spacing should
provide ~0,5 mm resolution.

Recoil Particle Detector

For elastic scattering, detection of the recoil proton near
the target will provide us with a coplanarity check and possibly
angular information. In principle, this information is redundant but
in practice it may be of considerable help in the early stages of the
experiment, A rather small number of strip counters parallel to the
target axis are all that are required to define the coplanarity.

If possible we will also include two hodoscope planes
separated by one meter to measure the production angles, Such a

hodoscope would become Increasingly useful at high t-values, where the
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relationship between the laboratory angle of the recoll proton and the

'1/2. The angular system would

t-value Is given hy sin 6 = (1*lt|/hm2)
be designed to measure the angle of the recoil proton to about 10 mr
(F.W.H.M,), This measurement of the proton will determine dt/t to
about 5X10°% for t larger than O.SCGeV/c)g.

Beam Flux Determination

The incident beam flux monitors must handle from 106 to about
1010 particles per second. For total flux determinations of
instantaneous rates below 107 per second a simple scintillator
telescope in the incident heam is sufficient. As an additional
independent monitoring system, we plan to use a high pressure gas
Cerenkov counter. For instantaneous rates above 107 per second the
high pressure gas counter will be modified so that the total anode
current of the phototube can be measured. A suitably designed system
would vield an anode current of about 0,05 mA for a beam intensity of
1010 per second, With a correction for dark current this device can he
used over the entire range required, including absolute calibration
against a counter at 107 particles per second, The calibration
constant is sensitive to proton velocity and is expected to vary by
ahbout 4% in a known way for protons over 5 GeVY/c. As a second Incident
beam monitor, above the range where individual beam particles can he
counted, we will Install a thin scattering target (about 0,1 g/ cme) in
the heam, In counter telescopes set off to the side of the beam we
would expect a counting rate of about 100 per second for an incident

beam of 106/second, a counting rate of 106/second for an incident beam

of 1Glo protons/second.
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The DISC Cerenkov counter will be satisfactory for monitoring
particles that make up only a small fraction of the incident beam, such
as K mesons.

Beam Position Monitors

It is important that beam steering changes can be quickly and
convenlently detected, By swltching off the input beam deflecting
magnets so that the spectrometer sits at 0° the relative momentum
calibrations and beam alignment can be rapidly determined. However it
will be important to determine that conditions have remained constant
during an experimental data run.

We will Install beam position monitors in crucial places along
the beam line, In particular, just before the hydrogen target. ZInS
screens will not be satisfactory in all cases because of the low beam
intensity. Several types of monitors are being considered and probably
more than one type will be used since different ones will work best at
different intensities. The monitors will bhe remotely retractahle., We
also plan to insert hodoscopes In the beam to determine the phase space
of the beam at the target.

Data Collection System and Preprocessor

One of the advantages of a ''spectrometer" setup is that it
performs a continuing group of experiments over an extended period, It
is therefore worth the effort to provide a system of data processing
that not only housekeeps bhut provides almost fully analyzed data
on-line, leaving only the final detailed small corrections to be made
off=-1ine, The input information to the computer will be contained In

the trlgger nulse, information from the threshold counters, pulse
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height analyzers, the coordinates from the eight Charpak planes encoded
as six eight bit numbers, and hodoscope Information accounting for an
additional three eight bit numbers. A typlical Input event will
therefore consist of 100 to 200 bits.

The operations to be performed on this information will
require ahout twenty multiplications and additions per event to extract
momenta, production angles, and perform coplanarity and redundancy
checks, Randomly sampled '"raw'" events will be accumulated on tape for
both analyzed and ambiguous events so that reliable efficiencies can be
suhsequently determined.

Fvery attempt will be made to have a system that will
"immediately" detect physics features of interest and that will permit
instant cross checks to determine whether they are valid, or whether
they result from instrumental artifacts.

Hyvdrogen Target

The target can be of modest design and can be cooled by a
local refrigerator unit as is now common practice in this application.
The target will have provision for several cells, including hvdrogen,
deuterium and empty cells,

Miscellaneous lInstrumentation

We will build an NMR system to read the magnetic fields in all
the bend magnets remotely and continuously with high accuracy.
A light pulser system will be built for preliminary line-up of

counters,
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DIVISION OF RESPONSIBILITIES AMD TIME SCHEDULE

Counting, monitor equlpment and interfacing to be provided by
the user groups,.

Magnets, power supplies, mechanical Installation, liquid
hydrogen target, and computer to be provided by NAL, Table 9 lists the
magnetic components and estimated costs.,

Table 10 shows a breakdown of the equlipment to be provided by
the users groups.

Time Schedule

Provided we get a "green light" to proceed we would expect to
have the magnetic system specified by February 1971, components
delivered by December 1971, and in place by March 1972, We would
expect to have the counting equipment and detectors available for test
and installation at this time, and to be ready to test and check out

the system by June 1972,
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" TABLE 1

Design Parameters of Focusing Spectrometer for the

Meson Laboratory

Momentum resolution at 200 GeV/c
Solid angle acceptancenat:
200 GeV/e
60 GeV/c

Maximum sngular divergence through
differential Cerenkov at 200 GeV/c

Meomentum acceptance

~ Momentum dispersion

Angular resolution
Maximum intensity beam

Maximum momentum

Method of production angule variation

Incident spot size

sp/p = ¥ 0.032%

~ 15p steradiens
~ Loy steradians

2o =% 0,2 nrad
g (F.W.)

3ems per %

4p/p

t .1 mred

~ 100 - lOll/pulse ‘
200 GeV/c |
Magnetic bending of beam

lmm (F.W.)




TABLE 2

Estimates of Time in Hours Required for the Experiment

‘H Total time

Energy (GeV) 50 75 100 125 150 175
. 2y | s 2y 1o 2 oy 2 ) 2y s i
Reaction t(GeVT) | Time | t(GeV™) | Time §+(GeV) Time i t(Gev ) i Time i t(GeV) | Time H’t;( GeV~) : Time || for reaction)
DD - PP 0-1.0 | 10 § o0-1.0 10 | 0-1.0 { 10 0-1.0 | 10 0-1.0 | 10 0-1.0 | 10 60
PP — pu¥ 0-1.0 | 10 § 0-1.0 | 10 0-1.0 | 10 0-1.0 | 10 0-1.0 | 10 0-1.0 | 10 60
Pn - pn 0-1.0 | 10 | 0-1.0 ! 10 0-1.0 | 10 0-1.0 | 10 0-1.0 | 10 0-1.0 | 10 €0
D - PP 0-1.0 | 15 { o-1. 15 0-1.0 | 20 0-1.0 | 30 0- .5 | 20 100
Tn - pn 0-1.0 | 15 } o0-1. 15 : 30
K'p 5K'p 0-1.5 | 20 | 0-1.5 | 30 0-1.5 | 4o 0-1.2 . ko 0-1.0 | 30 160
Kt - K 0-1.5 | 10 I 0-1.5 | 10 0-1.5 | 15 o5
K'n »K'n 0-1.0 | 10 § 0-1.0 { 10 0-1.0 | 15 35
Kp—-Kop 0-1.5 20 0-1.5 30 0-1.5 Lo 0-1.2 4o 0-1.0 30 160
Kp —-K N* 0-1.5 10 0-1.5 10 0-1.5 15 25
Kn—Kn 0-1.0 | 10 || 0-1.0 | 10 0-1.0 | 15 35
z |




TABLE 3

Expected Rates for pp — pp

t o ﬂE ~(1) Countgg) NE -(1)| Countgz) E (1) Countge) E —(l) Countgg) E ~(l). Countgg}
GeV  |zeV P hr. eV P hr. GeV P hr. GeV P hr, 41EFN P hr.

0 Nsol7 x10%5.0 x10%|75 |2 x 104 2.2 x 10%|hoo |5 x 104 7.2 x 20°|hes | 8 x 109 1.4 x 10%)h50 | 5 x 109 1.1 x 10*

NI " 1.5 X 109 " 6.4 x 107" | " 2.2 x 107" i b4 x 107 ; 3.3 X 10°

.2 " " 4.6 x 10°|} " 2.0 x 10°f| " " 6.5 X 101+ " " 1.3 X 1ou " ! 9.8 X 102

.3 " " 1.4 x 107f) " " 6.0 X 10& " " 1.9 X 104 " " 3.9 x 1054 " " 2.9 X 10°

T | v ue x 10M| v 1.8 x 10M| " 5.9 x 103" " 1.2 x 109)| " " 8.9 X 10

.5 " " 1.3 X 10h " " 5.6 X 103|[ " 1.8 x 109 " " 3.6 X 102 " " 2.7 X 10

b |l " 3.8 x 103 " " 1.6 x 109]| " " 5.4 X 10°]| ™ " 1.1 X 107 " " 8.1

T " " 1.0 X 103| " . L7 x 19| ® " 1.6 x 109| ! 3.2x10 " " 2.4

B8 " " 3.4 x 107 " " 1.5 X 10°]] " L8xw|l" " 9.6 ! ! T

o " | v |roxadft | v |r3xaoft | " fikxwo" | " 29 " | " 22
1.0 ||" n 3.0 x 104| " " l1.3x 104 " " TR " 9 | " .07

(1) Number of p's per pulse in 1% Ap/p.

(2) Assumed .5m long liquid hydrogen target and do/dt = 80(mb/GeV ) - e

2t




TABLE L

Expected Rates for K p »K p

| |
t 5 Es (1) Countge) Eo (1) Countgg) E, (1) Countgg Eo (1) Countgg) E, (1) Countgg)
GeV™ |{GeV K hr, GeV K hr. GeV K hr, GeV K hr. GeV X hr.
0[50 {rx10d5.9 x 109 757 x 109 1.6 x 10%100 |2 x 107 6.1 x 10Y| 125 |4 x 100 1.5 x 10%l150 | & x 104 1.8 x 10*
1 L 3.0x 104 " 8.0 X 107 " " 3.0x104 " " 7.5 x 10| " " 9.1 X 10°
2 " n 1.5 x100 " " 4.0 x 107 " " 1.5 x 10 " " 3.8 x 10| " " L5 X 103
3 " n 7.5 %100 " " 2.0x 10 " " 7.5 X 0| " 1.9 X 04| " " 2.2 ¥ 103
m n 0 3.7 x10° " n 9.7 x 10" " " 5.7 x10] " " 9.3 x 109 " " 1.1 X 10°
.5 " " 1.8 x10°| " " 4.8 X 101‘ " " 1.8 X 10}4 ! ) 4.6 x 103 " " 5.5 X 10°
.6 " " 9.2 X o " 2. x 107 " " 9.2 x 10 " " 2.3 x 109 " " 2.8 X 10°
i " " b1 x 20M " 1.2 x 100 " L6 x 0] " ! 1.1 x 103 " " 1.4 X 10°
.8 " v 2.3 x 104 n16.0x 109 " " lesx o " |5 x109 " " |6.8X10
9 " " 1.1 %107 " 2.9 X 107 " " 11 x10q ¢ ! 2.8 x 107 " " 3.k X 10
1.0 " " 5.6 X 105 " " 1.5 x 109 " " 5.6 x 109 " " 1.h x 109 " " 1.7 X 10
1.1 " " 2.8 x 103 " " 7.3 x 109 " " 2.8 x 109 " " 6.9 x10| " " 8.3
1.2 " " 1.k x 103 " 3.6 X 109 " ! 1.4 x 109 " " 3.k x10f] " " b1
1.3 | v |6.8xf " | " |1.8x10% " "8 x10ff " | " |izxiof "] o 2.1
1.h " " 3.4 x 105 v " 8.hx10 ) " " 3.4 x10) ! 8.5 " " 1.0
1.5 " " 1.7 x 105 " bhxiof " " 1.7 x1w0f " " k.3 ! " .5

(1) Number of X 's per pulse in 1% Ap/p.

(2) Assumed .5m long liquid hydrogen target and do/dt

t
= 17(mb/Gev2): el®,



TABLE 5

NAL200 GEV/C SPECTROMETER WITH STANDARD ELEMENTS 29 NQV 790

% BEA M

*ORIFT*

% QUAD*

*DRIFTx

*QUADx

*DRIFT*

1.0000C0 200.00 GEV
0.0 M 0.0
0.0
C.0
0.0
0.0
0.0
3.0 T7.0CC0 M
7.0 M 0.0
0.0
0.0
0.0
0.0
0.0
5000 1052000 M "‘1 00
LABEL = Q1
B.5 M 0.0
0.0
0.0
0.0
0.0
0.0
3.0 C.5000 M
S.0 M D.0
0.0
0.0
0.0
0.0
.0
5.00 1.52000 M ~10.
LABEL = Q1
10.5 M 0.0
O.o
0.0
0.0
0.0
0.0
3.0 0.5000 M
1-1.0 M *

OCOTOOO

. * 5 & »

OCO0O0C0

C.050
1.150
C.05¢
4.010
0.0

2.C00

C. 807
1.150
2.807
4.010
0.0

2.000

M
MR
CM
MR
CM
PC

CM
MR
CM
MR
M
PC

4323 KG

1.012
1.579
3.309
2.548
0.0

2.000

1. 091
1.579
3.436
2.548
c.0

2.000

CcM
MR
CM
MR
CM
PC

CHM
MR
CM
MR
CM
PC

4323 KG

1.374
2.162
3.695
0. 844
C.0

2.000

1.482
2.162
3.737
0.844
6.0

2.000

M
MR
CM
MR
CM
PC

CM
MR
CHM
MR
CHM
PC

CODOO
e s & o @

OOOQOOO

[oNeNeNeNel
« s e e 0

OCOOOW

5.000 CM™

99

SCO0CO0OO
¢ s s o »

COO0OOW

QOOOO
¢ s s o @

OO0 0

5.000 C¥

00

COCOr
QOO0

. & » s @

COOCO-
* s v v »

o000

0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0

0.0 1.000
0.0 0.0
0.0 0.0

{ -20.785 M

0.0
0.0 1.000
0.0 0.0
0.0 0.0
0.0
0.0 1.000
0.0 0.0
0.0 0.0

( "200785 M
0.0
0.0 0.998
0.0 0.0
0.0 0.0
0.0
0.0 0.998
0.0 0.0
0.0 0.0

(o o]

0

.

o N e
.
o0

0.0




*QUAL* 5.00 1.52000 M -10.4323 XKG 5.000 CM ( -20.785 M )

LABEL = Q1
12.6 M 0.0 1.868 CM
0.0 2.953 MR 1.000
0.0 3.730 CM 0.0 0.0
000 C0945 MR 000 000 "90998
0.0 0.0 CM 0.0 0.0 C.0 0.0
0.0 2.000 PC 0.0 0.0 0.0 c.0 0.0
*DRIFT* 3.0 0.5000 M
13.1 M 0.0 2.016 CM
0.0 2.953 MR 1.000
8.0 3.682 CM 0.0 0.0
0.0 0. 945 MR 0.0 0.0 -0.998
0.0 0.0 CM 0.0 0.0 0.0 0.0
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0
*QUAD* 5.00 1.52000 M -1C.4323 KG 5.000 C¥ { -20.785 M
LABEL = Q1
14.6 M 0.0 2.544 CM
0.0 4,030 MR 1.000
0.0 3.408 CM 0.0 0.0
0.0 2640 MR 0.0 0.0 -1.000
0.0 0.0 M 0.0 0.0 0.0 0.0
0.0 2.000 PC 0.0 0.0 0.C 0.0 0.0
*DRIFT* 3.0 1.5000 #
16.1 M 0.0 3.148 CM
C.0 4.030 MR 1.000
0.0 3.013 CHM 0.0 0.0
0.0 2»640 HR 0.0 OQO -10000
0.0 0.0 CM 0.0 0.0 0.0 000
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0
=QUA D* 5.00 1.52000 M 1. 5459 KG 5.000 C¥ ( 29.337T M )
LABEL = Q2
17.6 M 0.0 3.673 CM
0.0 2.852 MR 1.000
0.0 2687 CM 0.0 0.0
0.0 1.665 MR 0.0 0.0 -0.999
0.0 0.0 CM 0.0 0.0 0.0 0.0
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0
*DRIFT* 3.0 0.5000 M
18,1 M 0.0 3.816 CM
0.0 2.852 MR 1.000
0.0 2.604 CM 0.0 0.0
000 1-665 MR 000 0.0 -0 .999
0.0 0.0 CM 0.0 0.0 0.0 .0
0.0 2.000 PC 0.0 0.0 0.0 0.0 0.0
*QUADC* 5.00 1.52000 M T.5459 KG 5.000 C ( 29.337 M )
LABEL = Q2
19.6 M 0.0 4,147 CM

2



¥*DRIFT* 3.0 o

*QUAD* 5.00 l.
LABEL = Q2
2l. 6 M

*DRIFT* 3.0 1
22.6 M

*= BEN D% 4.000 3
LABEL = Bl
25.7 M

*DRIFT* 3.0 20
45,7 M

*TRANSFORM%: 1
2.16789
-0.268552
0.0
0.0

OO0 00
* s s o 0
Qoo OO

«5000 M
0.0
0.0
0.0
0.0
0.0
0.0

82000 M

«3000

05000

0000

3.7661 6
-C.00001

0.0

0.0

l.477
2,417

0. 807
0.0
2+ 000

4,220
1.477
2.377
C. 807
C.0

2.000

MR
CM
MR
CM
PC

M
MR
CM
MR
CM
pPC

7.5459 KG

4,333
C.013
2.317
0.087
0.0

2.000

4¢333
0.013
2317
C.087
Ooo

2.000

M
MR
CM
MR
CM
PC

CHM
MR
CM
MR
M
PC

16.000 KG

4.333
C.147
2.317
0.087
0.032
2. 000

44344
0.147
2.329
0.087
¢.032
2.000

0.0
c.0

CH
MR
CcM
MR
CM
PC

CM
MR
CM
MR
CHM
PC

~4,86166
-1.73119

QOO Or
s e o o

OCOO0O00

OO0
® » » @+ *

OCOOo O

5.000 C¥

24

SCOO0OO00O
OO OO

e & & o 0

COQCOO
« o o s ¢

OCOOO O

0.0000

0.002
0.0
0.0
'1 0000
0.005

0.070
0.0
0.0
'00997
0.072

oo
. .
[N o]

0.57763
-0.00000

(

0.0

0.0 ~0.995

0.0 0.0 0.0

0.0 0.0 0.0

0.0

0.0 ~0.995

OQQ 0.0 0.0

0.0 0.0 0.0
{ 29.337 M }

0.0

0.0 0.015

0.0 0.0 0.0

0.0 0.0 .0

0.0

0.0 0.019

0.0 0.0 0.0

0.0 0.0 0.0
0.419 0 )

0.0

0.0 0.030

0.001 0.0 0.0

0.996 0.0 0.0

0.0

0.0 0.104

0.001 0.0 0.0

0.996 0.0 0.0
0.0 0.15743
0.0 0.07315
0‘0 0.0
0.0 0.0

0.0

0.0

-0.002

"’0 0002



-0.02004 -0.02755 C.0 0.0 1.00000 ~0.00003
0.0 0.0 c.0 0.0 0.0 1.06000
*BEND* 4,000 6.1C000 M 16. 000 KG 0.000C 0.838 D )
LABEL = B2
51.8 M 0.0 4.360 CM
0.0 0.439 MR 0.109
0.0 2.335 CM 0.0 0.0
0.0 0.087 MR 0.0 0.0 0.127
0.0 C.095 CM -0.999 -0.056 0.0 0.0
0.0 2.000 PC 0.113 1.000 0.0 0.0 -0.061
*DRIFT* 3.0 C.5000 M
52.3 M 0.0 4,362 CM
0.0 0.439 MR 0.114
0.0 2336 CM 0.0 0.0
0.0 C.087 MR 0.0 0.0 0.128
0.0 0.095 CM -0.998 -0.056 0.0 0.0
0.0 2.000 PC 0.118 1.000 0.0 0.0 -0.0¢61
*BEND* 4,000 6.10000 M 16.000 KG 0.0000 | 0.838 D 1}
LABEL = B2
5B.4 M 0.0 4,417 CM
0.0 C.731 ¥R 0.193
0.0 2+343 CM 0.0 0.0
0.0 0.087 MR 0.0 0.0 0.151
0.0 C.159 CM -0.995 -0.094 0.0 0.0
0.0 2.000 PC 0.19? 10000 0.0 000 -0.099
*DRIFT* 3.0 0.5000 ™
58.9 M 0.0 4e424 CM
0.0 0.731 MR 0.201
0.0 24344 CM 0.0 0.0
0.0 0.087 MR 0.0 C.0 0.152
0.0 0.159 CHM -0.994 -0.094 0.0 0.0
0.0 2.000 PC 0,205 1.000 0.0 0.0 -0.099
* BEN D* 4,000 $.10000 M 16,000 KG 0.0000 { 0.838 D))
LABEL = B2
65.0 M 0.0 4.562 CM
0.0 1.023 MR 0.312
0.0 2.352 CM 0.0 0.0
0.0 0.CBT MR 0.0 6.0 0 174
0.0 Ce224 CM -0.985 -0.141 0.0 0.0
0.0 2.000 PC 0.316 1.000 Q.0 C.0 ~0.146
*DRIFT* 3.0 0.5000 M
65.5 M 0.0 4.578 CM
0.0 1.023 MR 0.322
0.0 2.353 CM 0.0 0.0
0.0 0.087 MR 0.0 0.0 04176
0.0 0.224 CM -0.983 -0.141 0.0 0.0
0.0 2.000 PC 0.327 1,000 0.0 0.0 -0.146




* BEND* 4.000 3.05000 M
LABEL = B2
68.5 M 0.0
0.0
0.0
0.0
0.0
0.0
*DRIFT* 3.0 1.3000 M
69.5 M 0.0
0.0
0.0
g.0
0.0
0.0
*QUADx 5.00 1.52000 ™
VARY CODE = 0200C0
LABEL = Q3
71.1 M 0.0
0.0
0.0
0.0
0.0
0.0
*DRIFT* 3.0 05000 M
Tl.6 M 0.0
0.0
0.0
0.0
0.0
0.0
*QUAD* 5.00 1.52000 M
VARY CODE = 020000
LABEL = Q3
73.1 M C.0
0.0
0.0
0.0
0.0
0.0
*DRIFT* 3.0 0.5000 M
T3.6 M 0.0
0.0
0.0
0.0
0.0
0.0

16.000 KG

4,697 CM
1.169 MR
2.358 CM
0.087 MR
C.257 CM
2.000 PC

4,743 CM
1.169 PR
2.360 CM
0.087 MR
0.257 CHM
2.000 PC

5.6038 KG

4. 725 CM
l.282 MR
2.408 CM
0.629 MR
Ca257 CHM
2.000 PC

4.691 CM
1.282 MR
2.439 CM
0.629 MR
0.257 CM
2.000 PC

5.6038 KG

4.499 CM
2.146 MR
2.582 CM
1.266 MR
Ce257 CM
2.000 PC

4.408 CM
2.146 MR
2.645 CM
1.266 MR
0.257 CM
2.000 PC

0.0000 | 0.419 D )

0.385

0.0 0.0

0.0 0.0 0.187
‘00975 ~-0.169 0.0

0.389 1.000 0.0

0.406

0.0 0.0

0.0 0.0 0.190
~0s969 -0.,169 0.0

0.410 1.000 0,0
5.000 CVM ( 39,415 M
'005“?

0.0 0.0

0.0 0.0 0.991
~0.961 0.759 0.0

O0.441 0.509 0.0
-00538

C.0 0.0

0.0 0.0 0.991
'0.957 0.?59 000

0.451 0.509 0.0
5.000 CV ( 39,415 M
—00851

G.0 0.0

G.0 0.0 0,998
“0-946 0c975 OQO

C.484 0.048 0.0

0.0 0.0

0.0 0.0 0.998
«~0.942 0.975 0.0

0.495 0.048 0.0

*

[oR®)
.
<0

L]

oo
L
(>R

.

o O
.
OO0

-

«0

”00174

‘0-174

“00174

~0.174

'001?4

'0. 1?4



*QUA Dx 5.00 1,52000 M
VARY CODE = 020000
LABEL = Q3
75.1 M 0.0
0.0
0.0
0.0
0.0
0.0
*DRIFT% 3.C 1.5000 M
T16.6 M 0.0
0.0
G.0
0.0
0.0
0.0
*QUA D* 5.00 1.52000 M
VARY CODE = 020000
LABEL = Q4
78,1 M 0.0
0.0
0.0
0.0
0.0
0.0
*DRIFT* 3.0 0.5000 M
T8.6 M 0.0
0.0
0.0
0.0
0.0
0.0
* QUAD¥ 5.00 1.52000 M
VARY CODE = 030000
80.1 M 0.0
0.0
0.0
0.0
0.0
0.0
*DRIFT* 3.0 0.5000 M
80.6 M 0.0
0.0
0.0
0.0
0.0
0.0
*QUAD* 5 .00 1.52000 M

5.6038 KG

4.053
3.107
2.890
1.969
0.257
2.000

3.631
3.107
3.185
1.969
C.257
2.000

CM
MR
M
MR
M
PC

CM
MR
CM
MR
CH
PC

-7.0788 KG

3.302
2.194
3.404
0.903
C.257
2.000

3,225
2.194
3.449
0. 903
0.257
2. 000

M
MR
M
MR
CM
PC

CM
MR
CM
MR
CM
PC

-7.0788 KG

3.079
1.692
3,501
0.231
0.257
2.000

3.060
1.692
3.490
0. 231
0.257
2.000

CM
MR
CM
MR
CM
PC

CM
MR
M
MR
CM
PC

-7.0788 KG

6

5.000 C¥

0.0

0.0
-0.927

0.531

C.0

0.0
-(0.%906

0.575

5.000 CM

~0es714
0.0
0.0

-0.877
0.626

‘00697
0.0
0.0

-0.865
0.645

5.000 CW¥

-00231
0.0
0.0

“00823
0.703

-0.205
0.0
0.0

~0.808
0.721

5.000 C¥

(

{

- .

eNeoNeRel

QUOO

(

0.0
0.0
0.7
C.5

0.0
0.0
0.7
0.5

{

39.415 M
Q.999

00 0.0

46 0.0
0.999

00 0.0

46 0.0
-30.749 M
0.998

63 0.0

98 0.0
0.998

63 0.0

98 0.0
~30.,749 M
-0 969

43 0.0

30 0.0
‘0.969

43 0.0

30 0.0
‘300?49 M

)

»

oo
*
oNe]

}

"0-1?4

”0.174

“0.174

‘06174

‘0.174

“00174



VARY CODE = (€30000
82.2 M 0.0 3.093 CM
0.0 l1.814 MR
0.0 3.371 CM
8.0 1.336 MR
0.0 0.257 CM
0.0 2.000 PC
*DRIFT* 3.C 25.7000 M
107.2 M 0.0 64491 CM
.0 1.814 MR
0.0 C.152 €M
0.0 1.336 MR
0.0 0.257 €M
0.0 2.000 PC
*TRANSFORM* ]
-1.47314 0. 00000 0.0
-0.72763 -0.67880 C.0
0.0 0.0 ~3.04863
0.0 0.0 4, 71684
-0011561 "0-22030 0-0
C.0 0.0 0.0
*E{T* 10.0 -1. 2. 0.C / 0.000
0., CO0
*xFIT% 10.0 -3. 4. 0.¢ / 0.000
""Go COO
*OR]FT* 3.0 25.0000 M
132.2 M 0.0 10.762 CM
0.0 1.814 MR
c.0 3.317 CM
0.0 1.336 MR
0.0 0257 CM
0.0 2.000 PC
L ENGTH* 132.1596 M

0.428
0.0
0.0
0.776

0.903
0.0
0.0
~0.174
1.000

0.0

0.0
-0.,00000
~-0.32801

0.0

0.0

o« o &
VOOOWw
0O

OCOOOC

W o

0.0

0.0 -0 .999

0.267T 0.0 0.0
0.902 0.0 0.0
0.0

0.0 '0.176

0.267T 0.0 0.0
0.902 0.0 0.0
0.0 3.24546
0.0 0.81828
0.0 0.0
0.0 0.0
1.00000 -0.02242
0.0 1.00000

0.0

0.0 0.999

0.267T 0.0 0.0

0.902 0.0 0.0

“0.17"1

-00174

"00].?‘0



TARLE 6
NAL6O GFV/C SPECTROMETER WITH STANDARD ELEMENTS 29 NOV 70

= BEAM% 1.000000 60.00 GEV
0.0 M 0.0 0. 050 CM
0.0 1.550 MR 0.0
0.0 0.050 CM 0.0 0.0
0.0 5.830 MR 0.0 0.0 0.0
0.0 .0 CM 0.0 0.0 0.0
0.0 2.000 PC 0.0 0.0 0.0
*DRIFT* 3.0 5.1000 M
5.1 M 0.0 C.792 CM
G.0 1.550 MR 0.998
C.0 2,974 CM 0.0 0.0
0.0 5.830 MR G.0 0.0 1.000
0.0 C.0 cM 0.0 0.0 0.0
0.0 2.000 PC 0.0 0.0 0.0
®*QUAD* 500 1.52000 M -3.4806 KG 5.000 CM ( -6.697 M
LABEL = Q1
6.6 M 0.0 l.124 CM
0.0 2.934 MR 1.000
0.0 3.508 CHM 0.0 0.0
0.0 1.079 MR 0.0 0.0 0.997
C.0 C.0 CM 0.0 G.0 0.0
0.0 2.000 PC 0.0 0.0 0.0
“DRIFT* 3.0 1.0000 M
T.6 M 0.0 l.415 CM
0.0 20904 MR 1.000
0.0 3.616 CM 0.0 0.0
G.0 1.079 MR 0.0 0.0 0.997
0.0 0.0 CM 0.0 c.0 0.0
0.0 2.000 PC 0.0 0.0 0.0
*QUAD* 5.00 1.52000 M ~-9.4806 KG 5.000 CF ( —6.697 M
LABEL = Q1
9.1 M 0.0 2.030 CM
0.0 5.340 MR 1.000
0.0 3.385 CM 0.0 0.0
0.0 4,060 MR 0.0 0.0 ~1.000
0.0 0.0 CM 0.0 0.0 0.0
0.0 2.000 PC G.0 0.0 0.0
*ORIFT* 3.0 1.2000 M
' 10.1 M 0.0 2.564 (M
0.0 5.34C MR 1.000
0.0 2.979 CM 0.0 0.0
0.0 4,060 MR 0.0 ¢.0 ~1.000
0.0 .0 CM G.0 0.0 0.0
0.0 2.000 PC G.0 0.0 0.0

»

o0
L]
oo

*

o0
.
OO

o0

OO

e N e
. .
o0



*QUADx

*DRIFTx%

*QUAD*

¥*ODRIFT*

* BEN D%

*DRIFT*

A*TRANSFORMx 1

5.00 1.52000 M
LABREL = Q2
11.7 M 0.0
0.9
0.0
0.0
0.0
0.0
3.0 1.03000 M
12.7 M 0.0
0.0
0.0
¢.0
0.0
0.0
S .00 1.52000 M
LABEL = Q2
14.2 M 0.0
0.0
0.0
0.0
0.0
0.0
3.0 1.0C000 M
15.2 M 0.0
0.0
3.0
0.0
0.0
0.0
4,000 3.05000 M
LABEL = Bl
18.2 M 6.0
0.0
0.0
0.0
0.0
0.0
3.0 20.3000 M
38.2 M 0.0
0.0
0.0
0.0
0.0
0.0
1.67123 2.4031¢C

5.3559 KG

3.202
2.970
2.535
l.841
0.0

2.000

3.499
2.9?0
24352
1.841
0.0

2.00C

CH
MR
cM
MR
CM
PC

CH
MR
(o
MR
CM
PC

5.3559 KG

3.727
0.021
2.214
C.132
C.0

2.000

3,727
0. 021
2.214
0.132
0.0

2.000

M
MR
CM
MR
cM
PC

CH
MR
CM
MR
M
PC

4.800 KG

3.727
C.l48
2.215
0.132
0.027
2.000

3.739
0.148
2.241
0.132
0.027
2.000

0.0

CM
MR
CM
MR
cHM
PC

CM
MR
CM
MR
CM
PC

5.000 CM

00

GO O
. o o & o

SOO0OSO

OO0 O
¢ s * s »

OO0

5.000 C¥

04

OOCOOO0

OCOOCO

SOO00O
COO000

* * L4 * L]

0.000C

c.001
C.0
2.0
"10000
0.006

0.080
0.0
0.0
~0.997
0.084

(

( 12.549 M )

0.0

0.0 -0.998

0.0 0.0 0.0

C.0 0.0 G0

0.0

0.0 -00998

0.0 0.0 0.0

0.0 0.0 0.0
{ 12.549 M 1}

0.0

0.0 0.016

0.0 0.0 0.0

0.0 0.0 0.0

C.0

0.0 0.C21

0.0 0.0 0.0

0.0 0.0 0.0
0.419 D )

0.0

0.0 0.040

0.003 0.0 0.0

0.950 0.0 3.0

0.0

C.0 0.157

0.003 0.0 0.0

0.990 0.0 0.0
0.0 0.15743

"0.002



* B ENDx*

*DRIFT*

* BEND*

“DRIFT*

= BEN D*

*PDRIFT*

~0.41612 0.0000C
C.0 0.0
0.0 0.0
-0.01878 =~(.21758
0.0 0.0
4,000 6.10000 M
LABEL = B2
44,3 M 0.0
0.0
0.0
0.0
d.0
Q.0
3.0 0.5000 M
44 .8 M 0.0
0.0
0.0
0.0
0.0
0.0
4,000 6.10000 M
LABEL = B2
50.9 M 0.0
0.0
0.0
0.0
D.0
0.0
3.0 0.5000 M
51.4 M G.0
0.0
0.0
G.0
().0
0.0
4.000 6.10000 M
LABEL = B2
57.5 M 0.0
0.0
0.0
0.0
0.0
0.0
3.0 0.5000 M
58.0 M 0.0
C.0
0.0
0.0

C.0

-7002211
-2. 63405

0.0
G. 0

4.800 KG

3.758
0.439
2.255
0.132
0.082
2.000

3.760
0.439
2.256
0.132
0.082
2.000

CM
MR
M
MR
cM
PC

cHM
MR
CM
MR
M
pPC

4. 800 KG

3.824
0.731
2,273
0.132
0.137
2.000

3.833
0.731
2.275
0.132
0.137
2.000

(98,
MR
CM
MR
CcHM
PC

M
MR
CHM
MR
CHM
pPC

4,800 KG

3.991
1.024
2.295
0.132
0.193
2.000

4,010
1.024
2296
0.132

CH
MR
CM
MR
M
PC

M
MR
M
MR

« 37964
00Cco

COOoO0CO
.
OO OWD

0.0000

0.127
0.0
0.0
-0.998
0.131

0.1323
0.0
OIO
'00998
0.137

0.000C

0.224
0.0
0.0
-0.993
0.228

0.233
0.0
O.D
-0.992
0.237

0.0000

0.358
G.O
Jd.0
'0.980
0.362

[N
s .

{

0
0
-0
0

0
0
-0
¥

{

0
C
-0
1

0
0
-0
1

{

0
0
-0
1

0.0 0.07315
0.0 0.0

0.0 0.0
1.00000 -0.00003

0.0 1.00000
0.838 D )

.0

.0 0.191

.066 0.0 0.0
.999 0.0 0.0
.0

0 0.194

.066 0. 0.0
.999 0.0 0.0
0.838 D )

.0

0 0.228

.110 0.0 0.0
.00C 0.0 0.0
.0

.0 0.231

L110 0.0 0.0
.000 0.0 0.0
0.838 D )

.0

0 0.264

.165 0.0 0.0
L000 0.0 0.0
.0

.0 0.266

"00070

~0.,070

“0.114

’00114

'0016?



0.0 0.193 CM -0.978 -0.165 0.0 0.0

Ged 2.000 PC 0.373 1.000 0.0 0.C -0.169
* BEND* 4.000 3.05000 M 44800 KG 0.0000 0.419 D}
 LABEL = B2
61l.1 M 0.0 4,145 CM
0.0 1.170 MR D.438
0.0 2.307 CM 0.0 0.0
0.0 0.132 MR 0.0 0.0 0.283
0.0 €.222 CM -0.968 -0.197 0.0 0.0
0.0 2.000 PC 0.441 1.000 0.0 0.0 ~0.,202
#*PDRIFT® 3.0 1.2000 M
62.1 M 0.0 4,198 CM
0.0 1.170 MR 0.460
0.0 2.311 CM 0.0 0.0
0.0 0.132 MR 0.0 0.0 0.288
0.0 0.222 CM -0.961 -0.197 0.0 0.0
0.0 2.000 pPC 0.464 1.000 0.0 0.0 -0.202
*QUAD* 5.00 1.52000 M 1.6812 KG 5.000 CM { 39.415 M )
VARY CODE = 020000
LABEL = Q3
63.6 M C.0 4.201 CM
0.0 10152 MR '09433
0.0 2.362 CM 0.0 0.0
0.0 0.646 MR 0.0 0.0 0.982
0.0 C.222 CM ~0.950 0.692 0.0 0.0
0.0 2.000 PC 0.496 0.567 0.0 0.0 -0.202
*DRIFT* 3.0 C.5000 M
64,1 M 0.0 4.176 CM
0.0 1.152 MR -0.422
0.0 2.394 CM 0.0 0.0
Q.0 Q.646 MR 0.0 C.0 0.982
0.0 0.222 CM -0.946 0.692 0.0 0.0
0.0 2.000 PC 0.507 ©0.567 0.0 C.0 -0.202
= QUAD* 5.00 1.52000 M 1.6812 KG 5.000 CVM | 3G9.415 M )
VARY CODE = 020000
LABEL = Q3
65.6 M 0.0 4,025 CM
0.0 1.846 MR -0.810
0.0 2537 CM 0.0 0.0
G.0 1.268 MR 0.0 0.0 D.996 s
Oog 00222 CM ‘O'q33 0;967 0.0 000
0.0 2,000 PC 0.540 0.056 0.0 C.0 -0.202
*DRIFT*% 3.0 0.5000 M
bhel M 0.0 3.950 CM
0.0 1.846 MR -0.802
0.0 2.600 CM 0.0 0.0
0.0 1l.268 MR 0.0 2.0 0.996
0.0 0.222 CH "“'00928 0.967 0.0 0.0



O'O
* QUA D¥ 5.00 1.52C000 M
VARY CODE = 020000
LABEL = Q3
6T .6 M 0.0
0.0
0.0
0.0
0.0
0.0
“DRIFT* 3.0 1.5000 M
69.1 M 0.0
' 0.0
0.0
0.0
G.o
000
*QUAD*® 5.00 1.52000 M
VARY CODE = 030000
LABEL = Q4
T0.7T M 0.0
0.0
0.0
000
0.0
.0
¥ DRIFT# 3.0 0.5000 M
7T1.2 M 0.0
0.0
0.0
G.0
0.0
0.0
=QUAD* 5.00 1.52000 M
VARY CODE = 030000
LABEL = Q4
T2eT M 0.0
000
0.0
0.0
Q.0
0.0
¥*PDRIFT® 2.0 0.5000 M
73.2 M 0.0
D.0
0.0
0.0
0.0

1.

"2-

2.000 PC

6812 KG

3.654
2.682 MR
2+844 CM
1.959 MR
0.222 CM
2.000 PC

CM

3,299 CM
2.682 MR
3.138 CM
1.959 MR
0.222 CHM
2.000 PC

1236 KG

3.029 CM
1.890 MR
3.356 CM
0.910 MR
0.222 CM
2.000 PC

2.969 CM
1.890 MR
3.401 CM
C.910 MR
g.222 CHM
2.000 PC

1236 K&

2.869 CM
1.526 MR
3.455 (M
0.221 MR
0.222 CM
2.000 PC

2.863 CM
1.526 MR
3.445 CM
C.221 MR
0.222 CM

0.552

5.000 CWM

-0.896
0.0
0.0

“00910
0.589

~0.870
0.0
0.0

-0.886
0.632

5.000 CM

-0 +648
0.0
0.0

-0.853
0.683

”‘0.629
0.0
G.0

"00840
G.700

5.000 CM

~-0.088
0.C
0.0

“‘00795
0754

0.0
0.0
‘00779

0.056 0.0

{ 39.415 M

0.999
0.0
0.0

. L ] [ ] -
0 QO

OOC O

0.999
0.0
0.0

OO OO0
« v s .

-0 OO
O 0

{ -30.749 M

0.0

6.0 0.995
0.950 0.0
C.1l14 0.0
D.C

0.0 0.996
0.950 0.0
O.1l14 0.0

{ -30.749 M

Cc.0

0.0 ~0.924
D.674 0.0
0.588 0.0
0.0

0.0 -0.924
0.674 ODG

0.0

o0
L 4
o0

OO
o »
[ ]

"00202

"'0 .202

"{}0202

-0.202

~0.202

-0.202



N.0 2.000 PC
xQUAD* 5.00 1.52000 M -2.1236 KG
VARY CODE = 030000
LABEL = Q4
T4eT M 0.0 2.928 CM
0.0 1. 769 MR
C.0 3,330 CHM
0.0 1.304 MR
C.0 0.222 CM
0.0 2.000 PC
DRI FT* 3.0 25.0000 M
99,7 M 0.0 6,492 CM
0.0 1.769 MR
0.0 0.232 CH
0.0 1.304 MR
3.0 0.222 CM
0.0 2.000 PC
*TRANSFORM%: ]
-2.30875 -(C.00000 0.0
-0.82321 -0.42313 C.0C
C.0 0.0 -4.,63859
0.0 0.0 6496382
-0.08020 -~0.14057 0.0
0.0 D.0 0.0
*FIT* l0.0 "1: 20 O.C / 00000
-3, COC
LABEL = F2
*F{T* 10.0 "3. 40 Oo{} / 0.00G
’{300‘30
LABEL = F2
“DRIFT* 3.0 25.0000 M
124.7 M 0.0 10717 CM
0.0 1.769 MR
O30 3.206 CM
0.0 1.304 MR
0.0 0.222 CM
0.0 2.000 PC
*LENGTH* 124.6G97 M

0.771

5.000 CM

0.541
0.0
0.0
0.819

0.925
0.0
0.0
"‘002@1
1.00C

0.0

C.0
-0.00000
~0.21558

G.0

0.0

0.973
0.0
0.0
-0.045
0.987

0.588 0.0

( -30.749 M )

0.0

0.0 -0.998

0.186 0.0 0.0

0.925 0.0 0.0

0.0

C.0 -0.267

0.186 0.0 C.0
0.925 0.0 0.0
0.0 3.24545
0.0 0.81827
0.0 0.0
0.0 0.0
1.00000 ~-0.02242
0.0 1.00000

0.0

0.0 0.998

0.186 0.0 G.0

0.925 0.0 0.0

"0 0202

_00202

"0 c202




TABLE 7
Required Quad Alignment Tolerances

Displacement Errors

Type of cor gﬁ;?gz of misalignment P?rmi§sible relative
Misalignment PLyOLgPtagepent pE central misayiERrsREniRE o

Horizontal displacement Q .86mm Lhmm
along x-axis Qg 60 10

£ .98 16

Q’A 1.47 .2k
Vertical displacement Ql .96mm .16mm
along y-axis Qg 2.31 .38

Q3 b1 .68

Q‘Lp 1.73 .29
Rotation about horizontal Ql 30 .mr 5.my
(x) axis through cgnter Q, 2k, 4.1

Q3 75. 12.5

Q, 113. 18.8
ﬁotation about vertical Ql 2.9mr L4omr
(y) sxis through center

Qs 5.6 .93

Q3 16.1 2.7

Qy 8.3 1.4




TABLE 7 ( continued)
QUAD ALIGNMENT TOLERANCES

Focussing Errors

Amount of Misalignment for:
Type of Misalignment .05% Ap/p .lSmrAOy Smr Agx
J Bdl error, Q .31% = .18 KG-m .70 KG~m 1.74% XKG-m
Q.2 -3% .10 KG-m 1.0 KG-n 1.0 KG~m
Q3 .61% = .12 KG-m
QL; 1.0 % .32 KG-m
Quad field error, all gquads high .31% 1.5% 5.0%
Q, high 1.2% 1.1% 11.5%
Q, high 360 .33% 3.6
Q3 high Log
q, high [2.2%
Quad rotation about Ql 2.3mr 15mr 23mr
x-axis
Qy 2.3 15 23
Q 3.8
Q) 3.8
Quad displacement Q 2.8cm
along z-axis QE 2.5cm
Q3 6 .9cm
e I.Tem
.



TABLE 8

Horizontal Decode Planes

X
e
¢
S

N e ON

b o @ X

Transfer matrices to decode planes and the decode algorithms
for 200 GeV spectrometer
Units are cms, %, milliradians
Decode planes #11 at middle of last quad pair.
Xe O /A §o Zo . :S;’Olq

0.621C3 |2.47298) C.C 0.0 0.0 0.96019

-1.,07076 =2.61156 c.0 0.0 0.0 -0.1652d

0.0 C.0 ~B8.12152 0.51767 0.0 ) 0.0
" -0.08239 -0.20991 Ce 0 0.0 1.00000 -0.0?05?

0.0 C.0 0.0 0.0 0.0 1.00000

Decode plane #H2 at momentum focus.

. X 2] , e
-1.46121 C. 00001 C.C 0.0 0.0 _3;2_?%?
~0.67540 =~(.5843¢€ .0 0.0 0.0 0.7854:

0.0 0.0 ~2.7617556 0.00020 0.0 0.0

0.0 0.0 3.95957 0.36132 0.0 0.0
-0.09239 ~0.20991 (.0 c.0 1.00000 -92.02052

0.0 0.0 C.0 0.0 N .0 1.00000

Decode plane #H3 at end of system (redundant).
———— I R -
*o eo Yo ¢'o %o s

~3.14970 -1.71¢3¢ C.0 0.0 0.0 5.03077

~0.67540 =~C.5d436 J.0 0.0 0.0 0.78543

0.0 Q.O 7-131.‘):‘ '0096330 00?:‘ C.f}

g.0 c.2 3.95%57  ~0.,36132 2.0 0.0

-0.09239 ~-g,208491 c.. 0.0 1.20CC0 -C.n2052

0.0 c.n C.0 0.0 0.0 1.02000



http:0.361.32

TABLE §'(continued)

Horizontal Decode algorithms

1st Order Approximations:

S

_ (H1) - 0.31 (H2) . )
eo = R Milliradians
X, = is assumed to be 0.05 cms or less

2nd Order ¢corrected valued for the momentim:

] = ¢ (1 - 0.06 eO)

corrected

Convention. (Hl) is coordinate of displacement of particle orbit in cms on

#1 plane.

Vertical Decode Planes

Units are cms, %, milliradians

Decode plane #V1. After last quad pair.

J‘[0 eO }"0 ¢C) B‘O é
X 0,22728 1.7109C C.0 0.0 0.0 1.10360
& -0.67540 =-0.68436 0.0 J 0.0 J 0.0 0.78543
y  C.C 0.0  1=12.56653] {0.90330] 0.0 0.0
o 0.0 T 0.0 3.95957 =-0.36132 0.0 0.0
8 -0.09239 -0.2C991 .0 0.0 1.00000 -0.02052
s 0.0 0.0 c.C 0.0 0.0 1.00000




Decode plane #2. At

X
Q

-1.46121
~0.67540

0.0

C.G
"0.09239

C.0

o R e ON

-]
o

c.0c001

-0, 684286

C.0
0.0
0.0

Decode plane #3. At

X
o]

o
e}

N o< ®ONX

~3.14970

~0,567540
C.0
Cc.0

"Os CQZBQ

0.0

-1l.71C3¢
-C.6843¢
Ce?
0.0
-C.2C¢9]
0.0

Vertical Decode algorithms

TABLE 8 ( continued)

momentum focus (redundant).

¥y $ z

o o o]
C.0 0.0 0.0
C'O 000 0.0
~2.76159 ~0.020000 0.0
3.95657 =0.36132 0.0
C.0 0.0 1.00009
c.0 0.0 0.0

end of system.

0%
o
N

o] o] (o]
C. 0.0 0.0
c.C ¥ 0.0 ¢ 0.0
Te12124]{-0.90330] 0.0
3,95%957 =0.35132  0.C
.0 0.0 . 1.000C0
€. 0 0.0 0.0

1st Order Approximations:

o () + (v3)
Vo © 5.53
. - ?}vx) + 17 (vs)J
o | 0.69

2nd Order corrected wvalue for @O:

¢ corrected = ¢ ‘l - .13 8]
0 o

kS

3.06718

Q.78543

c.0

0.0
-0.02052

1.00000

S

5.03077
0.78543
O-O
0.0
-0.02052

1.00000



TABLE 9

LIST OF MAGNETS AND THEIR COSTS*

Unit
Type “No. Lengths in Meters Cost
N.A.L. By Magnets 3 6.1 $ 36K
N.A.L. Bend Magnets 2 3.05 1hx
Quads  L4Q60 1k 1.52 112K
N.A.L. Bends for beam
Deflection System L 3.05 28K

Sub-Total. . . . . $190K

Power supplies for Quads™ Loy
Power supplies for Bends " Lhx
Sub-Total. . . . . $ 86K

SUD=TOLAL v v & 4 v 4 o o o o o o o o o e 4 e e e e e e e e e .. . 276K

+ Dies, fixtures, tooling for 4Q60 20K
+ 25% for installation, cabling 75K
GRAND TOTAL. &+ o + o v o v v v v et o e o e o e e e e e e e e e e o e $3TAK

% Based on estimates from the N.A.L. main ring group.



TABLE 10

University Responsibilities

UNIVERSITY

ITEM GROUP RESPONSIBLE
DISC. Cerenkov Counters C.E.R.N.
Differential Counters Stanford‘Group-
Trigger Counters and Fast Elec. and Cabling M.I.T., Brown Univ.
Threshold Cerenkov's AN.L.
Magnetic Measurements Stanford
Charpak Chambers Cornell, Univ. of Bari
Preprocessor and Encoder and Interfacing Cornell, Univ. of Bari
Software for Computer M.I.T.
Mechanical Slits, Beam Instrumentation.
Monitors and Beam Hodoscoping C.E.R.N., Stanford, and A.N.L.
Coplanarity. Hodoscope (side arm scintillators)] Stanford, N.E. Univ.
Coordination Stanford

This Table is based on the assumpbion that the various University Groups
will continue to be funded next year at the same level ag this year. In
addition, funds have been requested by the Stanford University Group from the
A.B.C. and by the Cornell Group from either the A.E.C. or N.5.F. for this
experiment.
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FIG. 2
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PLAN VIEW OF 200 GeV/c SPECTROMETER



FIG. 4A
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" APPENDIX 1

DIFFERENTIAL ACHROMATIC CERENKOV (DISC)
COUNTER FOR NAL 200 GeV BEAMS

1. The number of protons produced by Cerenkov radiation is

an _ . 2 1
a—K‘”'z'ITLQ.Slne K"'i".

With the best phototubes, the accepted light-band

(2200 < A < 5000 2, AR = 2.5 x 10" cmﬁl) has an average effic~-
iency ¥ = 0.07, taking into account the losses in the optical
system of a DISC (sece Duteil, et.al, CERN, 68-14), The total

number of photoelectrons per unit length is then

N — 2 2 -1
0= 2% o AK & 6 = B0 5§ electrons c¢m .,

b 1

1f eight phototubss collect the light along the circumierencs,
the averacge number of photoelectrons per tube N must be such
that the eightfold coincidence has a probabllity of occurring

of at least 2

444

~
w
O

“This gives ¥ = 3.0, N = 8, ¥ = 24, and for the length I of the
-Cerenkov countezr

L = =25~ cnm. (1)

2. From the relation giving the Cerenkov angle

cos 8 ~--~&
n
differsntiation gives
4R dn
tg & = =5+ T
g B a
When d=zaling with high-~znargy particles
E [ . 1
y = — >> 1, g = \_ilw...,];:l—.,}:.__
n AN 2 2
Y 2y




and small 6erenkov angles (8 << 1), the index of refraction of
the gas in the counter is close to unity (n - 1 << 1) and the

first relation can be si m311£1ed

g2 1 i 1
cos 6 = 1 ~- 5= = i 1 =1 - ]{(n - 1) = — s
(1-—-—-—-) (1 - (n-1)] 2y
2
2y -
which gives .
{(n - 1) = r W . (2)
l (yo) 1

For a gas, the relation between n and the pressure P, in atmos-

pheres, is

n - 1) = (n 1 X P
( p = Jpey *
and the pressure needed in the counter is
2 . 7
0 ! 1 !
P e ') 4 e, atm. (3)
2{n l)pul E (Y0)2

—

3. At fixed n, i.e., fixed gas pressure and tomrerature

da
<2 o= 5 do.
J
At fixed energy (or momentwn} E, two particles of mass my and m,
have
rui - rng
AB == —-”'“‘—2 1
2E°

and in principle the separation of the two massas reguires a
circular slit wnich, after chromatic corrections, accepts light,

satisfying the relation:

2
BAG’“m e
.
2E
ac 2, the effective separation, when the wante rticles
In pr ice, the tiva separation, when ths wanted particlss
(K—ne,ow) are a small vercsntage of the unwanted ones (v meson},
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must be at least three times as large, ‘and the maximum energy

resolved is given by the relation

2 2
m -m
p Ap = 1 2, (4)
652
TABLE B-l.
. | n’ - m
1 2

d-p ; 2.66 Gev?

p~K§A0.63 "

. i
. 1

p-v | 0.86 "

K-z | 0.228

m-p ! 0.083 "
!

4. A practical lower limit for the angular width of the slit is
46 = 10" = 0.1 mrad = 20 sec. of arc.
This represents also the maxinum beam divergencs accezted by
the counters at maximum resolution.
First let us see what is the limitation introduced by

-~

the aberration of the spherical mirrxor that focuses the Cerenkov

light on the slit:
h = width of light beam

AT

r = 2f - radius of curvature

§ = spherical aberration

|
L r/2 WTM“Q/P

-
WR—

= width of image at focal plane ‘ .
\ —2c0s2 -

| : | .
- _r ) _r (1 .} 2n _ 0" h
$'=lrcos s 2‘s'2°e“2-‘\cose3“ l}'f”“\l‘é— o

!




-,

The confusion angle produced by spherical aberration is then

, & _ h® ‘ '
Bspn " F - 2F - (5)
. : : 3 ok s
Since h ¥ ZfB,Aesph = g , and the condition
b
A0 _ 10
sph

gives as an upper limit for the Cerenkov angle

-1 33
6 <10 ° = 45 mrad,

a condition not difficult to mezet in our case.

5. "The chromatism of the Cerenkov radiation should be corrected
becausc otherwisz, at constant 8, the resolution of Eg. (4)

cannot be reached:

An An n - 1 1

e AS =l e = = (n - 1 n &yl

chrom n n -1 n v ( R
vherse V = (n - 1l)/&n is 2bbe's number of the gas evaluatsd for
a pair of wavelengths (xl = 2800, A, = 4400 R) representativs

of the band accevnted by the photomultipliers.
Using expression (2) one obtains
. -
o | 1]

AB . m o 1L A T, (6)
chrom oV (Ysz);

L 4

This eguation also shows that the chromatic angle is not

constant, but changes as y changes.




e s e

TABLE B--2

Substance xlzzgoén ”xziéigo 23500
sio, 17.5 0.474
NaCl 9.2 0.580
KC1 8.3 0.524
IS
H, . 16.0 1.44 x 107 x P
He 55 0.35 x 10”“x P
co, 19.3 4.62 x 107 x P
Ao 21.4 3.01 x 107 x P
SF 7.06 x 10 'x P

6. The chromatism of the éerenkov light can in »art be cor-
rected with an axicon (i.e., a circular prism). In th
original DISC, the axicon is composed of two alements glued to-
'gether, one of Sioz, the othe; of NaCl, that converge the blus
and the ultraviolet light on the slit without any ovsr-all
deflection., For the large and long-focus mirrors nesdad at

our energieé it is possidble to use a single 8102 elamsnt that,
notwitnstanding the slight over-all deviation of the lignht
toward the axis, does not creazte any interference with the

accepted beam.




A
*
Y

'yf

Fig. B-2.

For a prism at minimum deviation

Beam of
Particles

.. sinf{a + 38)/2 8 _ _
no= sin a/2 sma1l Tt a’ 8 = aln 1
‘ angles
de _ dn _ An _afln - 1)
-e————n_landéév—ﬁn_l-‘ 7
where V = (n - 1)/4n is the Abbe' number of the gla

Table 2).

The achromatism is obtained when

48 2 = 88, f,
consequently o = VY £
n - 132 chrom
o = vi 4

[3 echrom‘

.6

0]

(see

(7)




Since 46 depends on yf[Eq. (6)] once a is fixed, when vy

chrom
changes, & should be changed in orxder to satisfy Eg. (7). 1In
that case also & changes, and since the radius of the circular
slit r is fixed, the change of % implies a slight change of 0,

the Cerenkov angle.

In practice, a fixed position of the prism could be

satisfactory over a limited range of y, and this is the solution

described below.

7. Example for the 200 GeV bean

The most demanding doublet is Kw, and Table 3 shows

the valyes of 6490 needed.

TARLE B-3
Energy : B VY:
(Gev) for ¥ - =
[(Bg. (4)]
e
200 0.95 x 10
-6
180 1.15 x 10
-6
150 1.70 x 10
-6
100 3.8 x 10
The instrument can b2 optimized for 150 GeV X mesons (y = 300).
5 -l

Then 340 = 1.7 x 10 . With as= 10 ', 8 = 17 nmrad, and
’ 2

: 3
10

()
&)
pa
n
fot
w
i
<Q
L
™~
D
i

[BEg. (1)1, the length of the count

cem = 10 m. These paramatars determine all the others given

in Table 4.

cF
;‘.1.

When particles with y different from 300 are analyzed,

S H

the chromatism is not fully corrazctad. However, provida

b

&
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,Slitwidtll.t-..‘.ﬁltl......CDQG.QIOI‘..‘.
Diameter of accepted beam, ...ieeseeacenee

Chromatism of Cerenkov licht y=e ........

[Rg. (6)] for air > y=300..00u..

Distance of prism from focal plane.......
Height of light beam on mirror = ¢f -+ 2p.
Minimum height of prism ~ h 2/f..cevenees

Central radius of axicon 8(f - 2).

.
-
.
L]
»
»
»

Angle of SiC prism [Eg. (7)) iiieeieanins
Mean deviation produced by »rism.........
Distance of slit from axis = of
F1e 1/(ve) =

1
<>
P
»
-

»
»
Ll

€

Air praessure v =
[Eq. (3)]

y =300

y =200 1.0865...

y =100 1.348....

vy = 50 2.3% 0.0
y=100: Chromatism of &exenkov light.ee...

Width of beam at focal plane.....

<
il

[9)]

o
X

Chromatism O0f CerenkoV.ie.eeeeeseas

Width OFf Deam. i e i eeiassveannnens

~
Cerenkov angle. . .ieveeestncesnnansscacann

Focal length of mirror £ = L. cicieannns

Diameter of mirror = 20 + 20f. . .v e naanss

Ih

i

-2
= 1.7 % 10 = 17 mrad

s 8
ce.e. A8 = 107%=.0.1 mrad
vees £p8 = 1.0 mm

e f = lO3 cmm = 10 m
e 2p = 10 cm

e 2R = 44 cm

e B0 = 3.97 x 19“:
ceeehB o= 4012 x 107
cee L o= £/10 = 102 cm
. h = 27 ¢cm

cean hm = 2,7 cm

‘e 6 = 15.3 cm

cee. o = 0.152 = 8.75°
cee. 8 = 0.072 = 4.15°

ce e r = 98 mm

cae P = 0.478 atm

cee 0.496

re e C.52¢0

ceee o 0.643

ceee 1.140 \

B0y om = 5435 x 107

(A8 =A2) = 1.23 mm

Ae"

chrom =

(Ae"=p0)

2.5 x
5.4 mm
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y > 100, the resolution of the instrument remains almost un-
changed, aé can be seen from the example given in the table.

At y = 50, the éerenkov light is distributed, at the
"focal plane, over a ring ~ 6 mm wide and the slit should be
opened accordingly. This is the case for 50 GeV protons (or
antiprotons), but then the pK doublet is separated at the focus
by 74 mm. vy g 50 should be considered the lowest value of vy

-at which the instrument can be useful.

8. Comments on the proposed centerx

a) The alignment of the counter within 0.1 mrad is delicate.
Also, the particle bheams should bz of adeguate cuality.

These requirements, however, should be met for any

i

nigh-resolution DISC, independent of its len

vl
v
.

b) The great length implies a rather large mirror (2R » 50 cm)

of long radius of cugﬁg&ure {(2f == 20 m), and a structure of zle-~
i i !

‘quate rigidity.

¢} The gas pressure inside the counter, never greater than 2
fev PSI above atmospheric pressure, only demands a container that
can be evacuated. It allows thin (10 cm) windows for the beam.
It is also possible to use the phototubes without any window
in front, a gain in light collection. |

d) The width of the slit should be adjustable from the oﬁﬁside,
ovér a range from 1-6 mm. It is the only movable part of the
counter. The light collection after the slit can be helpsd by
mirrors and light guides. It is assumed that all of the light

14
:

evaentually reachaes the eight nhototbu
z ot




e) At fixed glor y, or E), dn/n = éAO é 10“5. This implies
that the index,of refraction of the gas inside the counter can
be measured and monitored with a precision dn/n% 10"8, if re-
producibility is wanted. A refractomster placed inside the
counter itself is necessary, to avoid pressure and temperature
differences. The refractomester used by Meunier et.al., consist-
ing of an interferometer with a laser beam and an electronic
system rea&ing the nunber of fringes, performed very well and
seens to provide the best solution. Unless it can be found on
1is part of the project constitutes by itself a
serious, anterprise.

f)} Astigmatism of the prism: only the central ray crosses
the prism at minimum deviation, 3. Rays coming from the extrene

ances

-
1

Y

¢}

of the light cone, i.e., at an angle Ad = 3/2 Lo ths

ray, are cdeflected bv 3 + A9
; : : \
; 2 P2
06 = as 38 85 3 3
N 3¢ 2 3#52
30/ 4 = 0 at minimun deviation (See Porn and Wolf, ». 178).
2 / 2 \ o \
3 8 _ 2 ty: :l tag ¥ ‘ -~ - fl 1
Ty T Q - TS T ' =T I ~ < /’ e - Y -
3¢2 i th@ ; b n;%4/2< 1 k n?

and, at the focal plane, the width of the image dus to prism

! \
1 2 fas 1
Ar = 249 = L 206 o i1 - o o
ast 8 \ n?
With the figures of Table 4 one obfains
b -3
Ar = 2.9 x 10 cm = 2,9 x 10 m.

11




a completely negligible qguantity compared
width of the slit.

- This is true, however, only for
along the optical axis.

Off-axis particles give rise to
an axicon can become serious. This point

more deeply.

with the 1 mm minimum

particles moving

‘astigmatism that for

should be analyzed

According to Meunier, a solution involving not an

axicon but a curvaed-face corrector {(a lens

be more advantageous and simpler to build.

?7!2

with & hole} could




APPENDIX -2

DIFFERENTTAL CERENKOV COUNTER FOR THE PROPOSED 200 BeV SPECTROMETER

We consider the properties of a focussing Cerenkov counter of the type
sketched in the figure. This design incorporates a positive veto for light

outside the allowed Cerenkov cone.

Fig. 1

The inner ring is therefore sufficiently well defined using one or two
phototubes. With the tubes in coincidence we will have a 95% efficient device
with only 7.2 photocelectrons. This in turn allows us to use a small Cerenkov
angle © which leads to high resolution and reduces the chromatic aberralions.

In fact using He as the gas no chromatic corrections will be necessary up to
200 GeV/c. Also the density of the He will be easy to determine within the
required accuracy.

We propose to build such a device 10m long with a fixed Cerenkov angle at
6.5 mrad and an efficiency of about 95% using the coincidence mode. Without the
coincidence requirement we will have efficiencles close to 100% which would

allow us to reduce the Cerenkov angle even further. The counter will be able




to separate n's from K's between 50 GeV/c and 300 GeV/c.

Counter Efficiency

The numbers of photoelectrons per cm 1s given by the well known formula:

1 2
w:2ﬁa.€' .—-..-a_..osing l
df (Al AE) (1)

Here }\.l, 7\.2 are the cutoff wavelengths for the tube, © the Cerenkov angle and

€ the conversion efficiency from produced liéht to photoelectrons. TFor the
phototubes we will be using selected 58DUVP:is with an average quantum efficlency
of 25% between 2200 g and 5000 . Assuming a loss of 10% for each reflection

and 20% in absorption and general losses we have:

dNe _ 170 92 photoelectrons
d/ cm

N=2170 12" 6®

-

The coincidence efficiency 7 = (1 - e-N)g is assumed to be 95% corresponding
to 2N = 7.2 photoelectrons. For a Cerenkov counter 10m long, this leads to

& = 6.5 mrad.

n~K Separation

The most critical particles to separate are K's from n's. For a given

index of refraction we have Q_@ = 06 * d9. The difference in B for n's and

B

*Yu. P. Gorin et al., IHEP Prepring 69-63. Their measured threshold curves
corresponds to a yield of = 160 - [ » 82, This value is used by H. Weisber%,
E. Beler, D. Kreinick-N.A.L. Proposal No. 52. Reducing the yield to 100 </
will make no apprecisble change in the design.

2




K's of the same momentum is given by:

(2)

Since the counter vetos the unwanted particle, we only have to require that

most of its light is reflected into the outer ring and only a small fraction

into the inner ring.

separation.

We will therefore assume that Eq. 2 gives a sufficlent

In Table I the separation between n's and K's is listed for several

incident momenta, together with the spread in angles caused by the chromatic

aberrations 48

T the multiple scattering A@S, and the spectrometer optics

c
DOy L.
Table I
6 -0 20 20 T 20 T 20 -
P n K CH 5 v H NS Pressure

(GeV/c) mrad mrad mrad mrad mrad pusr atm
50 7 .01 .19k 067 .220 .0ho 120.0 2.03
100 1.75 094 .03k 157 .028 60.0 .96
150 785 .07L6 022 128 .02k Lo.o 76
200 438 L0678 017 A1l .020 30.0 69
. 250 .280 .06k7 .013 .089 .018 19.2 66
- 300 .195 L0630 011 O7h 017 13.3 bl
350 .43 L0619 .010 .063 .015 9.8 .63
Loo 110 L0613 .008 .055 .013 7.5 62




It is clear that the counter separates n's and K's up to 200-300 GeV with-
out problems. To extend the counter beyond this point, 1t 18 probﬁ?}y advanbageous
to correct for the chromatic aberrations in a standard way. The largest contri-
bution to the spread in angles is then from the vertical angle of the incident
beam Aﬁv which is approximately a factor of four larger than the &EH. The
Cerenkov light for different SV then gets focussed as ind%gfted_}p Fig. 2 for

a. = 0.
AHO

Fig. 2

By only accepting light within the crosshatched area the uncertainty in
M8 due to the divergence will only be about .025. O0Of course the total light
yield is now down by a factor of 2 making the device only 70% efficient. How-
ever this efficiency is easily determined, and can be compensated for by either
making the device longer, or by not requiring a colncidence between the two
tubes atmosphere. Assuming we control and measure the density to .1% the

error in angle caused by this will be .0054 mrad.




