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Abstract

We propose to investigate the spin doublet splittings in p
shell hypernuclei in order to furthur determine the effective AN
interaction. Although previous investigations have shown that
the A spin orbit strength is small, a full parameter set for the
AN effective interaction is not well defined. As an initial
series of experiments in the electroproduction of strangeness,
we propose to study the spectroscopy of several p shell
hypernuclei, attempting to observe the spin doublet splittings.
Direct observation of the energy differences between these
levels should help to uniquely define the effective A-N
interaction.



I. Introduction

This proposal emphasizes that the physics of strange nuclear systems
may address fundamental issues that should shed light on our current
understanding of hadronic many body systems, and that these issues can be
explored at CEBAF. In fact the features of CEBAF, including beam quality,
as well as the properties of the electromagnetic interaction can provide
unique information not attainable at other facilities.

However, because of the weak spin dependence of the lambda,
splitting of levels within major shell orbits will be small.1 A recent
(n,k) reaction populating hypernuclei in heavier A targets shows strong
reaction strength to a series of particle-hole states deeply embedded
within the nucleus.2 In effect the reaction removes a valance neutron and
replaces it with a lambda in any of the lower shell orbitals within the
nucleus. This series of levels may be analyzed to determine if a repulsive
Pauli pressure affects the level positions, particularly in heavy
systems.3 Although the present fit to the data shows no evidence of
unusual behavior it has been pointed out that the difference between this
fit and a shift to be expected from partial quark deconfinement, would be
about 1.5 MeV for the ls shell in Pb.4 The expected magnitude of the
shift points out that one must precisely measure the level structure of
many heavy hypernuclei to extract such information.

In addition, the effective interaction potential for p shell
hypernuclei predicts various level splittings, and in particular those
within a given spin multiplit.5 This interaction predicts doublet
splittings of order 100 to 200 keV. However, the parameter set is not
without difficulties.6 High resolution data is needed to identify
transitions to specific levels. Present spectra using hadronic beams are
limited to resolutions of about 2MeV FWHM. The quality of the beam at
CEBAF offers the unigue possibility of obtaining spectra with an order of
magnitude better resolution.

II. Background

Lambda hypernuclear structure is best understood in the weak
coupling model. In this model the lambda hyperon replaces one of: the
nucleons creating a set of lambda particle - nucleon hole states.



Although not correct in detail, because the residual interaction mixes the
levels,7 the model still explains the gross features of the spectra.

Thus, the lowest excitations of the nuclear core are added to a lambda in
the 1=0 shell to obtain the lowest hypernuclear excitations. In general
for angular momentum of the core, j, not equal to zero, two hypernuclear
levels with j+1/2 are created. The splitting of these levels obviously
measures the spin dependence of the lambda-nucleus interaction.

The lambda-nucleon two body interaction may be parameterized as:5

V() = V() + va(r)é’ - 24 vAi.’NA . §A + vN(r)f.NA . §N + V(D)8 5

where zNA is the relative orbital angular momentum, and S12 the tensor
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and T = ?N - ?A' This two body interaction may be turned into an

effective lambda — nucleus potential by diagonalizing a set of shell model
states. The spin doublet splittings are then given by:
8§ = 2/34 + 4/3SA - B/5T;
at the beginning of the p shell and;
§ = -1/35 + 4/33A - BT; _
at the end of the shell. Here A is the effective spin-spin parameter, S5,

is the effective lambda spin orbit parameter, and T the effective tensor

~

parameter. In addition to these parameters, an average central parameter V,
and an induced spin orbit parameter S, are needed to complete the

parameter set. A review of the effective parameters is given in Reference
5. It is worthwhile to note that 4, and T are not measured for the p
shell, but rely on theorétical estimates or extrapolations. The tensor
term is seen to have little effect except for the heavest p shell nuclei.
Some typical predicted splittings are shown in Fig. 1.

Earlier work has shown that the spin orbit term, SA, is small,1 with
the limit on the magnitude of this term determined by the inability to
resolve the splitting of the 3 MeV gamma ray from the first excited
doublet of 9Be to the ground state.8 More recent work has attempted to
find the predicted 170 keV gamma transition in 10B using an intrinsic Ge

A
12

detector with resolution of 6 keV. No such hypernuclear transitions



were observed between 80 to 511 kev at a factor of 4 below the predicted
excitation strength. Thus, either the doublet has splitting below 80 keV,
or the structure calculations are in error. In order to reduce the
splitting below 80 keV the spin-spin term would need to be reduced by at
least a factor of 2. However, such a value would then be inconsistent
with the value needed to predict the mass difference between the ground

states of the hypernuclei, Ipi and Zpe.

It is possible that a consistent set of effective parameters cannot
be found for the p shell. Since the lambda and sigma couple strongly in
the nucleus, it has been proposed that the lambda potential is strongly
isospin dependent.9 It is, in fact, known that the charge symmetry
breaking term in the lambda interaction is much more important than for
the nucleon.10 Thus, lambda-sigma mixing could revise the level structure
of these nuclei. One notes that except for ground states and a total of
one or two other levels, the bound level structure of the p shell
hypernuclei is nonexistant.

III. Kinematic and Cross Section Constraints

The kinematics of the elementary amplitude in (y,K) and (e;e’K) are
important not only to define the required experimental apparatus but to
determine the relative sticking probability of the recoiling lambda to the
nucleus. This probability is, of course, included in the dependence of
the hypernuclear cross section as a function of the momentum transfer, t.
In the (v,K) reaction the minimum momentum transfer is obtained when the
angle between the photon and kaon is zero. In a heavy hypernucleus the
nuclear recoil energy may be neglected, but the minimum momentum transfer
is about 177 MeV/c which is attained at high incident momentum. More
typical transfers range from 250 to 450 MevV/cC.

In the {e;e’K) reaction the minimum momentum transfer is attained
when the kaon and virtural photon angle is zero. The transition form
factor falls off rapidly for t > 400 MeV/c, but may peak at intermediate
values of t. At the peak of the elementary cross section, 1.3 GeV/c, a
typical momentum transfer for CEBAF energies is about 300 MevV/c and
relatively flat as a function of kaon angle out to about 15°., Kaon
distortion effects have been estimated to reduce the theoretical cross
sections by 10% in light systems to 60% in heavier systems.ll



Electromagnetic production of hypernuclear levels will strongly
populate unnatural parity states starting froma j = 0% nuclear target.
This contrasts to hadronic production mechanisms where the spin £lip
amplitude is small. In addition, since the momentum transfer is large,
one would also expect to selectively excite states of high angular
momentum transfer.

The above considerations show that for the (e;e’K) reaction one
should use an energy difference between the incomming and outgoing
electrons of approximately 1.5 GeV, providing a virtural photon of
approximately this energy. In addition, for maximum rate the kaon
spectrometer should be placed near the angle of the outgoing virtural
photon. If the momentum of the outgoing particles are kept as low as
possible then one expects to obtain the best energy resolution for a fixed
Ap/p spectrometer system.

If placed at forward angles, the electron spectrometer will limit
the luminosity on the target by the singles rate in this detector, which
cannot exceed about 108/sec. This rate is determined by the necessity to
correlate an electron event with a detected kaon. It has been suggested
that the electron spectrometer could be placed at zero degrees to take
advantage of the enhanced virtural photon flux at these energies.12 At
this angle one would use only 10_3 or so of the available beam intensity.
If the spectrometer were placed at some finite, but small, angle the
decrease in photon flux could in principle be compensated by increased
beam intensity. As will be discussed later, and in more detail in
Appendix A, one can maximize the rate of hypernuclear formation by placing
the electron spectrometer near but excluding a scattering angle of zero |
degrees, or maximize the éignal to noise (accidental) ratio by placing the
electron spectrometer at zero degrees.

Because of the high rates envisioned for the electron spectrometer,
several methods have been proposed to allow high rates with reduced
accidental coincidences. One method is to disperse the beam perpendicular
to the bend direction in the spectrometer. This would allow a spatial as
well as a time coincidence, and a luminosity increase of o factor of 10
might be possible. This method has the disadvantage of placing more
severe constraints on the magnetic spectrometers in order to accept the

larger source size. An alternative technique is to use segmented targets



and require the electron and kaon to similtaneously come from the same
target. This increases the luminosity by increasing target thickness, but
keeps the resolution essentially constant. In this case the spectrometer
should have greater longitudinal acceptance.

IV. Spectrometer Design

The spectrometer design proposed here (Fig. 2) is based on the
premise that resolution in the resulting hypernuclear system is to be
optimized. The kaon and electron spectrometers must be moveable to forward
angles ( » 5°). This allows thin samples and reduced energy loss which is
important to the resolution. At forward angles, the count rate is limited
by rates in the electron spectrometer. One expects a low hadronic
background in the kaon spectrometer. This facilitates detectors employing
particle identification, as well as possible hadronic tagging methods for
background and quasi-free suppression of the resulting spectrum.

It is assumed that the beam initially will not be dispersed. This
simplifies the spectrometer design, and puts less constraint on the
beamline. However, the capability of a dispersed beam is very desirable
and this option should be implemented in the future.

since both the electron and kaon spectrometers are simultaneously
required to operate to within 5° of the incident beam; a magnetic dipole
is placed at zero degrees to bend the kaons and electrons into their
separate spectrometers. The scattered electrons, because of their low
momentum, are bent well away from the beam. Unfortunately, the primary
beam is also bent by this dipole to an angle of 4°. Thus, the primary
beam must be handled properly to ensure it is captured by the beam dump.

We have chosen an incident beam of 1.8 GeV/c, with a virtural photon
energy of 1.5 GeV/c. The production cross section tends to peak near this
value for reasonable momentum transfers. In addition the energy of all the
particles is kept at low values which is important for resolution, and
reduces the size of the spectrometers. As shown in Appendix A, if the
incident electron beam is kept below 1.8 Gev, the accidental kaon flux in
the spectrometer is also kept to a minimum. It is important to keep the
length of the kaon spectrometer as short as possible because of kaon
decays. Fig. 3 shows the kaon survival ratio per meter as a function of

kaon momentum. The central kaon momentum for the design of the kaon



spectrometer was chosen as 1.2 GeV/c with a momentum acceptance of
Op/p=+60 MeV/c. Assuming this acceptance then Fig. 4 shows that the
electron spectrometer must also have an acceptance of +60 MeV/c which
results in a Ap/p = +20% at 300 MeV/c.

v. Kaon Spectrometer

The layout of a prototypical kaon spectrometer is shown in Fig. 2.
The spectrometer is corrected to 4th order. The spectrometer parameters
are given in Table I. Of particular revelance is the acceptance of 14.0
msr and the length of 8 m. A "Raytrace" output for this spectrometer is
attached in Appendix D. The beam profile is shown in Fig. 5. The
spectrometer bends vertically.

The spectrometer resolution is shown in Fig. 6. The solid curve is
the resolution (FWHM) with the x-8x correlation removed. Other
correlations are minor, but can also be applied, further improving the
resolution. However, since the actual resolution is then dominated by the
spatial resolution of the drift chambers, these corrections will be of
little significance. &n angular resolution of about 0.5 mr is obtained.

VI. Electron Spectrometer

The layout of the electron spectrometer is shown in Fig. 2. The
spectrometer is a splitpole magnet designed by H. Enge13 and presently at
the University of Illinois, Fig. 7. In order to achieve the required
momentum acceptance (8p/p = + 20%), Enge has proposed a modification of
the magnet poles.14 A "Raytrace" calculation using the revised magnet
parameters is attached in Appendix C. Spectrometer parameters are shown .
in Table II. This spectrometer must bend horizontally due to the large
correlation of © with momentum introduced by the zero degree dipole.

The focal plane for this spectrometer is located near the back face
of the magnetic pole piece. Resolution without correction for angle
position correlation is about 3x10"4 so that only a focal plane detector
is needed. Of course, components in the detector package are necessary
for timing and particle identification as well as position.



VII. Particle Tracking and Identification in the Kaon Spectrometer

The particle tracking system in the kaon spectrometer consists of
three (x,y) drift chambers of four planes each (to reduce left right
ambiguities), placed before the focal plane. These chambers would have a
wire spacing of lcm and should result in a position resolution of about
0.3mm on an (x,y) plane at the position of the focus, as determined by a
Monte Carlo calculation. We assume a drift time resolution of about 3ns.

Because it is expected that the ratio of pions and electrons to
kaons in the spectrometer will be large, a kaon identification scheme will
be required. This system consists of two layers of scintillators (sl,s2),
and two layers of Cherenkov detectors (cn,cp) and time of flight. The
scintillation and Cherenkov detectors are segmented along the focal plane.
A coincidence between sl and s2 indicates a charged particle event and
starts the drift time for the chambers as well as opening an ADC gate for
the Cherenkov light.

The Cherenkov detectors are designed to separate positive pions, Cpr
and protons, cp. The radiators are selected to detect particles above the
velocity thresholds corresponding to the momentum of the particles in
question. Of course, all particles with velocities higher than these
threshold will also radiate, but for protons, for example, the lucite
radiator is designed so that only the light from protons strikes the
window surface at an angle less than the critical angle, and thus can
escape the radiator. The characteristics of each Cherenkov detector is
surmarized in Table III.

Essentially, the kaon events are triggered by the signal sl.s2 gated

by'En.Eb. However, under the expected experimental conditions it is
quite possible to have more than one track through the electron arm.
Therefore, it is necessary to segment the counters and to institute a
method to trigger the system on good events. The trigger will be
discussed in section XII.

VIII. Particle Fluxes in the Spectrometers

A knowledge of the background flux of various particles in the
spectrometers is necessary to develop the detector system, trigger, and
eventual counting rate. We have estimated these rates by the use of

revelant experimental data wherever it exists, or, if necessary, by Monte



carle calculations from known cross sections. The computer program,
"EPC", written by J. O’Connell and J. Lightbody is used to determine the
pion and proton flux in the kaon spectrometer.15 A comparision of the
results of this code as modified for multipion production to experimental
data is shown in Fig. 8. We are interested in the inelastic electron, and

n~ flux in the electron spectrometer; and the nt, e

, and proton flux in
the kaon spectrometer.

We may estimate the lepton flux in both the kaon and electron
spectrometers for both bremsstrahlung and pair production. The lepton
flux occurs through:

1) Bremsstrahlung in which the incident electron scatters into the
spectrometer, and;

2) Pair production from a virtural photon moving in the direction
of the e'e” pair.

The bremsstrahlung f£lux at forward angles may be determined using
the peaking approximation in which a bremsstrahlung photon is emitted
along the incident electron direction and the energy degraded electron
then Mott scatters from the target. That part of the peaking
approximation which corresponds to emission of the photon after scattering
is thus ignored. Application of the equations given in Ref. 16 results in
a cross section:

do/dQ—dp = 4.2ub/Sr-MeV;
for a 1.8 GeV incident electron with a 300 MeV scattered electron at 5°.
This cross section is consistent with experimental results given in the
above publication.

The bremsstrahlung flux at zero degrees may be determined from:

= (X/X)) + (GE/E) - N
where (x/xo) is the target thickness in radiation lengths, dEe is the
energy acceptance of the spectrometer, and E is the enerqv of the photon.
For a 10mg C target, this results in a rate of 1.2x10 /sec—pAmp Here we
have used X/X, = 2.3 x 10,7% dE_ = 120 MeV, and E_= 1500 Hev.

We may also use the v1rtural photon flux to create an e'e” pair with
a flat energy spectrum up to the maximum value of 1.8 Gev . This
estimate is given in Appendix B. For the present geometry the cross
section to electroproduce a positron into the kaon spectrometer at 5° on a
C target is:



da/dQYedpe = 6ub/Sr-MeV/C
This is comparable to the above approximation for the Bremsstrahlung
calculation.
The computer code "EPC" predicts the pion and proton production
cross section at 5° on a C target as:
dc/dQ“dp“+ = ,03 ub/Sr-MeV/C
da/ddeEp =~ 0028 ub/Sr-MevV/c

As argued in Appendix A one may maximize the event rate or the
signal to noise ratio. We choose to maximize the signal to noise ratio
and thus to place the electron spectrometer at zero degrees. For an
electron spectrometer acceptance of 120 MevV/c and a bremsstrahlung flux of
2x108 the incident beam-flux would then be about 1013 electron/sec. This
produces a kaon rate (see Appendix A), after scaling for the present
luminosity, of about 0.4/sec over the entire momentum acceptance of the
kaon spectrometer.

The virtural photon flux may be estimated by .015 x N_ x dEY/EY.16
This gives about 1010 photons/sec. The positron rate in the kaon
spectrometer may be obtained from the cross section estmate obtained
previously. Thus,

N

. (6x10~3%) (1013) (6x10%312) (. 01) (.01} (120)

3.6 x 104/sec
The proton and pion flux estimates are similarly:
N 180/sec

N 18
p /sec

IX. Accidentals

1

Accidental coincidences will determine the total trigger rate. The
singles rate in the electron spectrometer will be about 2x108/sec so with
a time coincidence of 2ns one expects

Nyoe = (2x108)(2 x 107°)(0.4) = 0.16/sec
The events will be more or less equally spread over the 120 Mevx120 MeV
energy matrix formed by the electron and kaon spectrometers, so the number
of accidentals per 230 keV in binding energy will be:
Nyoe =/bin = (0.16)(.23) (7x107°) = 2.8 x107%, sec
This is probably sufficient for an on-line trigger. Section XII
discuss the trigger in more detail.
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X. Count Rate for "C(e;e'K) B

ral

We propose to investigate the spin doublet splittings in p shell
hypernuclei in order to further determine the AN interaction. As a
representative count rate for such an experiment we present here an
12

B. We

A
assume a beam momentum of 1.8 GeV/c with an inelastic electron at 0° and

estimate of the rate for the production of the ground state of

energy 300 Mev. The kaon spectrometer is placed at its minimum angle of 5
degrees so that the reaction kaon momentum is 1205 MeV/c. The cross

12 B is assumed to be 50x10™22
13

section to the ground state of cm?/sr. We

choose a 10mg/cm? 12C target with a beam intensity of 107~ electrons/sec.
Using the kaon spectrometer parameters from Table I, and assuming an
electron spectrometer of 2 msr acceptance with 8p/p = 20%, the following
rate is determined (see section VIII):
R = (6x1023/12)(.01) (50x10733)(.014) (1.2x10' ) (.4) (.8)

_ 1.3 x 1073 /sec (4.8/hr)
Here a 40% kaon survival rate and 80% detection efficiency is used. The
signal to noise rate is then quite large {~ 400).

il

XI. Resolution

The kaon spectrometer resolution has been shown to be of the order

of 120 keV FWHM. For a 0.0l mg/cm?target we expect the following
resclution.

primary beam (&p/p = 1074 at 1.8 Gev/c) 180 kev
inelastic electron {Ap/p = 3x107% at 0.3 Gev/c) 90 kev
kaon spectrometer  (8p/p = 1074 at 1.2 Gev/c) 120 kev
kaon energy loss (1.7 MeV/gm/cmz)BOmg/cm2 17 kev

TOTAL 235 kev

However, the dominant resolution contribution comes from the primary beam
and only a dispersed beam can reduce this value significantly. The
resolution as a function of target mass number is shown in Fig. 9. The
sharp rise at small mass is due to angular resolution. It is seen that

over most of the mass range the resolution is dominated by the resolution

of the primary beam.



XII. Trigger

Because of the high rates in the electron spectrometer the trigger
must be carefully constructed. We propose to segment the electron
spectrometer into 60 bins, each covering a momentum bite of 2MeV/c. In
addition, the kaon spectrometer would be segmented in 12 bins of 10MeV/c
each. Then for a given hypernuclear mass the momentum of the electron and
kaon are correlated. For target mass >> kaon momentum, a 2MeV/c electron
momentum and a 20MeV hypernuclear mass bite require an approximate 18MeV/c
kaon momentum bite. Therefore requiring the electron segment to be in
coincidece with three kaon segments centered about the kaon segment
corresponding to the central value of the hypernuclear mass and electron
momentum, all coincident events are captured. This would reduce the
accidental trigger rate to:

3
N = (0.16)[ ] x 60 = 0.04/sec
ACC 60x12

The rate in each electron segment would be 3x10§. The probability
of two events in 4 nanosec, which is twice the resolving time of the
electronics, would then be . .01, and the probability of 2 hits or more
for any trigger about 0.6. 1In the off line analysis this multiplicity can
be reduced since this rate would be spread over a number of mass bins.

The coincidence trigger may be formed by programmed logic array IC's
which would accept, as inputs, the 60 channels of electron segments and
the 12 channels of kaon segments. These devices are capable of handling
singles rates up to 25MHz and would be preprogrammed for a specific
momentum tune of the spectrometers. The coincidence output will form the
trigger.

XIII. Electron Focal Plane Detector

The focal plane detector for the electron spectrometer covers 120
MeV/c in a spatial distance of B0cm giving a dispersion of 150 kev/mm.
With a position resolution of 0.6mm this would give an energy resolution
of 90kev for the electron arm. If the focal plane drift chambers have a

wire spacing of 2.5mm then each wire would have a rate of 8x105. Wire



length would be about 10cm. We have previocusly operated drift chambers
with a 2.5mm drift distance at rates of 106/Wire over a 2cm wire length at
Brookhaven National Laboratory. These chambers have an RMS spatial
resolution of 0.15mm and a total drift time of about 40nsec. Their time
resolution between planes is about 20nsec. Behind the drift chamber would
be a set of 60 scintillator segments each covering 2Mev/c. These segments
are used for timing information, and consist of two scintillators in
coincidence. The rate in each scintillator and the coincidence rate per
scintillator segment is 3x106. The trigger rate is then equal to the

accident rate between the kaon and electron arms or about 0.04/sec.

XIV. Timing

It has been proposed that time of flight can be used for particle
discrimination between kaons and pions. Over the 8m or so length of the
kaon spectrometer the pions and kaons will be separated by about 2nsec.
Off line, this information can be used to further exclude pion
accidentals, but it would be difficult to implement time of flight in the
trigger without imposing additional time structure on the beam. We
presently exclude this possibility because the instantaneous rate is
already high and the event rate low. Thus, there is little, if any,
flexibility left to manipulate the time structure in the beam. Particle
identification at the needed level can be accomplished by Cherenkov
detectors. The mr/k ratio is about 450 (180/0.4).

XV. Proposed Measurement And Time Request

We propose to initiate a series of high resolution measurements of
electroproduced hypernuclear structure. As previously emphasized,
electroproduction will excite both natural and unatural parity states.
Thus, with sufficient resolution, a direct measurement of the spin
dependent level structure of p shell hypernuclei can be obtained.

We propose to undertake this program in a series of steps, leading
to a high resolution instrument capable of resclving level splittings of
the order of a 100kev or so. We believe from the spectrometer studies
described above, that such an instrument coupled with a dispersed beam is
technically possible, and we are committed its development.

As the first phase of this work we propose to investigate the



characteristics of the electron tagging spectrometer. This would
encompass the modification of the Enge splitpole magnet now at the
University of Illinois to improve its momentum acceptance. In addition,
we propose to secure a dipole for placement at zero degrees in order to
separate kaons and electrons, and to build a detector package for the
electron spectrometer. We would then investigate the response of this
device in an electron beam in Hall C. Rates, backgrounds, resolutions,
and target cooling will be investigated. We anticipate beams of no more
than 1013
The second phase will consist of coupling the electron spectrometer
with an existing instrument (probably the SOS) to investigate kaon
production and electron-kaon coincidence rates. It is anticipated that
the resolution of the hadron arm would be about 107> which would result in
missing mass resolutions of 1 to 2 Mev. These resolutions would be
sufficient to measure rates, and test instrumentation, but not sufficient

electron/sec on target.

to measure level splittings.

The third phase would be the implementation of a high resolution
hadron spectrometer coupled with the electron spectrometer in a way to
obtain resolutions on the order of 100kev. This would require a dispersed
electron beam on target and perhaps a dispersion matched system. Work on
such an instrument is in progress and would continue during the first two
phases.

The beam time request is then:

Phase I
Installation of electron spectrometer
detector package (no beam) 2 weeks
Initial measurement of rates 2 weeks
Measurement of resolution, background 2 weeks
Phase II

Instaliation of 505 detector package{no beam) 2 weeks
Measurement of kaon rates and a hypernuclear
spectrum 3 weeks
The request asks for a split of at least one week during the two
runs in Phase I and 6 to 12 months between Phase I and Phase II. It is
not possible to presently project a time request for Phase III. Run times
would probably be about one week per target.



XvI. CEBAF Support

The proposal requests that CEBAF provide support in the acquisition
and modification of the Enge splitpole magnet as previously discussed.
This magnet will require an appropriate power supply. In addition, we
request that CEBAF help in the acquisition of a yet to be defined dipole
magnet with power supply to act as the kaon and electron separator. As
the geometry of this magnet is coupled to the hadron spectrometer it
probably would not be the magnet to be used later in the high resolution
spectrometer system.

We ask that Hall C be implemented with the ability to disperse the
electron beam vertically on target and to dump the deflected zero degree
electron beam. A dispersion of about Bm/% is adequate. We reguest
engineering help in the final design of the high resolution kaon
spectrometer.

Finally, we request that CEBAF provide lab space for the staging and

testing of the detector packages, and a computer based data acquisition
system.
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Table I.

Kaon Spectrometer Parameters

Quad length

Quad diameter
Quad field
Dipole radius
Dipole angle
Dipole field
Dipole airgap
Dispersion

D/M

Range

Solid angle

Peak width at waist
Transverse images

Focal surface

80 cm
40.64 cm

6 kG (plus higher-order)

226 cm

80 degrees
18.06 kG

16 cm

8.3 cm/percent
8.6 cm/percent
+ 5 percent

14 msr

0.76 — 2.1 cm
about 2.5 cm

curved, 48 degrees




Table II. Electron Spectrometer Parameters

Momentum 240 - 360 MeV/c
Design central momentum 276 MeV/c
Total length ~ 5 mm
Solid angle acceptance 1.6 msr
Horizontal 25 mr
Vertical 20 mr
Momentum bite + 2%

Focal plane dimension

Length 104 cm
Tilt 50°
Horizontal 80 cm

Momentum resolution 3.8 % 10'3




Table III. Characteristics of Cherenkov Detectors

Detector Particle Radiator Index Rejection k Efficiency
Rate Loss
c, ne Aerogel 1.07 1073 0.02

Lucite 1.54 2x10 0.02




Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

FIGURE CAPTIONS
Representative predicted level splittings for p shell
hypernuclei

The spectrometer layout for {e,e’k). The kaon spectrometer
levels vertically.

Kaon survival per meter as a function of kaon momentum.
Kinematics for (e,e’k) on a C target.

Beam profile for the kaon spectrometer.

Resolution of the kaon spectrometer across the focal plane.
A layout of the Enge splitpole spectrometer.

Comparison of the EPC code to representative data.

System resolution as a function of target mass.
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APPENDIX A
Kaon Singles Rates in (e,e’k)

Ed Hungerford
University of Houston

I. Introduction

Because the (e,e’k} cross section to specific nuclear states is small,
the number of accidental electron-hadron coincidences is important in the
design of any experiment. For example, in a configuration optimizing
experimental resolution, one must accept high scattered electron rates,
while pions, and to a lesser extent protons, will dominate the hadron flux
in the kaon spectrometer. Thus, an accurate estimate of the background
singles rates in each of the particle spectrometers is crutial to determine
the signal to noise event rate. This report describes an estimate of the

expected hadron rates in a kaon spectrometer with spectrometer parameters

given in Table IA,

II. Kinematics

It is assumed that the experiment would be undertaken with an incident
electron beam momentum of 1.8 Gev/c with a2 scattered electron momentum of
300 mev/c. This would produce a virtural photon flux mainly at 0 degrees
with an energy of 1.5 Gev. At this energy the (v,k)} elementary cross
section is at a maximum; Fig. 1A. However, in order to maximize the
hypernuclear event rate, both the electron and kaon spectrometers must be
placed at forward angles near zero degrees. As shown in Fio. 2A, the
virtural photon angle is confirned to forward angles for all electron
angles. The selection of the exact forward angle for the electron

spectrometer can be considered a separate issue to the background kaon



flux, and may be determined by maximizing the hypernuclear signal, or the
signal to noise ratio. However, it is important to realize that selection
of the incident and scattered electron energies (the photon energy should
be kept near the peak in the elementary cross section) does influence the
kaon background rate. If a higher incident and thus scattered electron
energy are chosen, both electron and hadron scattering angles may be
increased without severe penalty in rate; however, this does open kaon
channels other than those producing hypernuclei. In addition, higher
energy also adversely effects the resolution for a given spectrometer dp/p.
However, of more concern to this report is the fact that an increase in the
kaon singles rate increases the accidental kaon coincidences and event
triggers. The required gamma energies to photo-produce kaons in the
momentum range of the kaon spectrometer for representative reactions are
given in Table IIA. It is clearly important to keep the incident photon
energy as low as possible to avoid background production of kaons. This
means that the incident electron beam should be low, and a very large

energy loss used for the scattered electron.

III. Cross Sections

The (v,k) total and differential cross sections are shown in Fig. 3A.
These cross sections were fit with Legendre polynomials resulting in the
solid curve in the figures. A threshold point of zero cross section was
added to the total cross section data. Table IIIA gives the coefficients
and x2 per degree of freedom of the fits. The quality of the data is poor,

but the fits are reasonable within the statistical error.



IV. Quasifree Scattering

The kaon background at low incident electron energies (see Table IIA)
from nuclear targets will be dominated by a process in which the kaons are
produced by the (y,k) reaction on quasifree nucleons. In other words, the
background is due to a N(v,k)Y reaction on a bound nucleon, N, leading to a
hyperon, ¥, in the continuum. The rest of the nucleus is then considered a
spectator to this reaction. The cross section for the quasifree process
may be obtained by modification of the equation derived by de Forest and
waleckal for pion electroproduction from a quasifree mucleon. This

equation has the form:

d4u [ d30' ] pk
- e R
dekodQedk dedQeko nucleon Yk

Here R is the response function of the nuclear medium, (e, dQe) are the

scattered electron energy, and (wk,ﬁ) are the kaon (energy, momentum).

This approximation uses the lab cross section [ d30 ].
dedQeko nucleon

The cross section for nuclear electro-production of kaons, p(e,e’k)A

is then approximated by;

3 do ch(pT)
- ' M&® T
dedQeko nucleon k %\ Po

Where T is the flux of virtural photons evaluated at zero degrees, du/ko

n

the photo-production cross section, yp2kA at | and S the total cross
section for kaon photo-production. The above expression reasonably
approximates the angular and momentum dependence of kaon electroproduction
from a nucleon.

The virtural flux factor may be obtained from the paper of Hyde-



Wright, Bertozzi, and Finn.2 Because the virtural flux is sharply peaked
near zero degrees, one may approximate the quasifree calculation by putting
these photons on the mass shell and assuming all photons are incident at
zero degrees in the lab system. Thus the kaon and photons angles decouple,
i.e., the kaon angles in the above equation are the laboratory angles. The
kaon singles rate may then be obtained by integration of the above equation
over the unobserved quantities.

An estimate of the response function may be obtained by use of the

Fermi gas model3 to represent the nucleons in the nucleus. This model

states that the number of nucleons with momentum between 5 and 5+d6 is:

N = p(p)p2dpde

3
—3 PLP
e(p) = 3 Fo
4on H
0 P> pp
where Pp is the Fermi momentum. Using quasifree kinematics and assuming

the nuclear recoil is non-relativistic one obtains for R:

2
3Zepy 5 324 (=€) p, q
R = —3-— pJ.F = 1 - - H
4pq dp.q Pp 2pg

where; zZ, is the nuclear charge,
P is the Fermi momentum,
N is the effective mass of the A,

q is the momentum transfer,

FUF is the Fermi momentum perpendicular to a,

w is the energy transfer, and



€ is the hyperon-nucleon mass and binding energy difference,

My~ My = (By =By | -

The response function has units of inverse energy.

V. Integration

To determine the number of kaons at a given scattering angle and
momentum, the cross section must be integrated over the unobserved
scattered electron solid angle. This is integration must be carefully
handled because of the nearly singular virtural flux factor at zero
degrees. The result quoted in Reference 2 is used. As mentioned
previously the kaon and electron angles are assumed decoupled so one may
proceed directly with this integration.

The fitted differential and total cross sections are inserted and
integrated numerically over the unobserved electron energy. Integration
limits range from zero to the incident electron energy, but of course there
is no contribution to the integral below threshold for kaon preduction.
Again, it is clear that the incident electron energy should be kept as low
as possible to reduce the kaon singles event rate in the spectrometer.

Finally, because the rate does not rapidly change as the kaon angle is
varied, the total rate may be easily estimated by multiplication of the

above integral by the solid angle acceptance.

VI. Results
The kaon rate in the kaon spectrometer as a function of the kaon

momentum is shown in Fig. 4A. This curve is obtained by increasing the A



quasifree production by a factor of 2 to include production of guasifree
L’'s. Table IA lists the spectrometer specifications used to determine
these rates. On average a total kaon flux of 0.4 per second into the 100
MeV/c momentum bite of the kaon spectrometer is obtained. Thus for 2x108
electrons per second in the electron spectrometer, a 2 nano-second time
resolution, and 0.4 kaon per second in the hadron spectrometer; the
accidental rate is:

9

Ny = (0.4) x 2x108 x (2x10~

ne ) = 0.16/second

As can be seen from Fiqg. 4A this is approximately equally disributed over
120 meV of missing mass energy so the number of accidentals per 230 keVv
mass bin is:

Ny.o/bin ~ (0.16) (0.23)(7x10™>) = 2.4 x 107 °/sec

These numbers may be compared to those obtained in CEBAF report

R-96-013 and the (e,e’k) Letter of Intent. In R-86-013 the calculation
used a luminosity which was a factor of 150 less than the luminosity used
in the Letter of Intent but the kaon momentum acceptance of the
spectrometer was larger. After scaling the rates to the luminosities and
spectrometer acceptances assumed here, the comparison in Table IVA is made.
Therefore detection of the electrons at zero degrees while resulting in a

lower total signal rate, produces a better signal to noise ratio.



*
Table IA. Requirements for Hypernuclear Spectrometer

de 10msr

8p/p 5%

dp/p 107

escat ' 2 8°

de 1 mr

P 1000 MeV/c
Prax 1500 MeV/c
length < 10m
luminosity 1035

*Probably needs to be coupled with a 0° horizontal bend to reach the

forward angles.



Table IIA. Representative Thresholds for K photo-production from a

nucleon with the kaon emitted at 1.2 Gev and 10° scatttering angle.

Reaction Gamma Threshold (Gev/c)
Yp + KA 1.55
v, » Ke 1.67
Y ° K*(892)A 1.87
Yo -+  KA(1405) 2.00
p -+ K*(892)L 2.02
o -+ RA(1520) 2.20
v =+ $(1020)p 2.30

e}




Table IIIA. Fitted Coefficients for Total

and Differential Cross Sections

il

Total Cross Section

1
Op = Eale(GeV/c)

Differential Cross Section

d 1
3% = I alek (degree)

-4.713
2.473
4.911

-2.2520

-0.410
0.111

-0.009

0.28502
0.00389

- =0.00005




Table IVA. Comparison of Kaon Single Rates

CEBAF R-86-013 Scaled Letter of Intent

N, 2 x 1012 1 x 1014

P 10 myg 30 mg

ko 35msr 10msr
(8p/P), 111% 10%

€ .25 .32

# scattered electrons 10’ 10’

$# kaons/sec-MeV 7.5 x 1074 8.0 x 10 2x
scaled # kaons/sec-MeV 5.9 x ].0-4 -

scaled # hypernuclear events 4.4 x 10“4 1.4 x 10_3
scaled accidentals/sec—Mev 1.2 x 10_5 1.6 x 10_3
scaled signal/noise(230KeV bins) 160 I4

*9 .6 k+/5ec into k spectrometer



Requirements for Argonne Spectrometer

ae

&p/p
dp/p

.

scat
de
Pri
Prax
length‘

luminosity

10msr

- 20%

100 MeV/c
1500 MeV/c
< 10m

1038
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APPENDIX B
Estimate of the Pair Production Flux

We write the electroproduction cross section in terms of the virtural
photon flux and the total cross section for photoproduction of pairs:

dc/dQedw = l'aT
Here dQe is the solid angle for the scattered electron and w the photon
enerqgy, (Eo - Ee), where Eo is the incident and Ee the scattered electron
energy. The virtural photon flux, I, is the number of photons per electron
solid angle per photon energy per incident electron and may be obtained from
Reference 12. The total cross section for photoproduction is constant for
the photon energies considered here, but depends, of course, on the 2 of the
target. For 12C the cross section is about 340 mb/atom.

A photon at energies greater than a few tens of MeV's will produce
pairs essentially in the direction of the photon. In addition, a
given lepton of the pair has equal probability of production per energy bin.
Thus, we will approximate the electroproduction of a lepton by the
production of a virtural photon which produce a pair in the same direction
as the photon. The production of a positron, for example, at a particular
photon angle would be approximated as:

rdw ToT dQe
deP w dRvy

Kinematics give the relation between the electron and photon angles.

w
51nee = Py smeY = [ v

] sino
P o Y

and for ee , 8 =0




Therefore, one obtains:

dsze B Eo - Pecosee ] Eo .

ds’.:\r Pec:osee { Eo—w) cosee

andforee>0but=0

2 _ 2 - 2 2 2
o Eo + (Eo w) _ o (Eo W) Eo + (Eo-w)

2 2 — 2 21922
4n2w Eo (1 cosee) 2nt w Eo w29 ¥

which results in the cross-section estimate

do g, o dw

— = _— -—(E‘.o-w) [15:02 + (Eo—w)zl
2 2 F 3

dQYdPe_'_ 2n Eo eY Pe+ W

Integration yields

do oo, E 4 2 E P
T ° _ + [1+3/21n[i] ]+ &

2 2 2
de dp_, 2ni0 , | B' By, Eg Po, E,

With the experimental geometry proposed here the finél result is:

de
— — = 6.1 ub/Sr-MeV/c
dQYdP ot



APPENDIX C

Electron Snectrometer



N T ENTRGY

RS

- -

L R Y]

VAW R
AN L

(%]
o

"y
T
o

SN
ey
LU
by
LRT T
(R

Rl

nf
i




