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PREFACE

Discussion of the scientific need for a high energy, high duty
factor electron accelerator has been underway since the mid 1970's.

In January of 1979, a conference on "Future Possibilities for Elec-
tron Accelerators" was held at the University of Virginia in Char-
lottesville to focus on creating the appropriate tools. After the
1979 NSAC long range plan was released, in January 1980, the Bates
User's Group hosted the first of a series of meetings at MIT which
eventually led to publication of the "Blue Book" in 1982. Specific
planning for CEBAF (then called NEAL) by physicists in the Southeast
began in May, 1980, with the first organizational meeting of SURA phy-
sicists at Williamsburg. Over 40 physicists from the Southeast met 6
times during 1980-82 to discuss and prepare the scientific justifica-
tion for the SURA 1980 and 1982 NEAL proposals. 1In April of 1982,

the conference on "New Horizons in Electromagnetic Physics" was held
at Charlottesville. After the SURA proposal was accepted by NSAC and
DOE, a new round of discussions began with a two week meeting of theo-
rists in Blacksburg in August 1983, and the Spectrometer Workshop held
in Williamsburg, Oct. 10-12, 1983, at which three national working groups
were organized. Each of these working groups met several times during
the Fall of 1983 and the Spring of 1984.

The CEBAF 1984 Summer Workshop was held at the CEBAF site in
Newport News from June 25 to June 29, 1984. The program consisted of
invited talks on both theoretical and experimental topics, and continua-
tion of the working group meetings.

This Proceedings is divided into four parts. The first part con-
tains the reports of the three working groups which had been active
before the workshop convened, questions for the theory working group,
and a status report on the CEBAF project. During the workshop, the
original groups on Tagged Photon Production and Internal Targets (D.
Jdenkins, Chairman) and Large Acceptance Detectors (R. Whitney, Chairman)
were organized into groups on Large Acceptance Detectors and Tagged
Photons (with R. Whitney as chairman) and Internal Targets (with R. Holt
as chairman), and a new working group on Positrons was organized by B.
Berman. The magnetic spectrometer and theory groups, headed by J.

Lightbody and F. Gross respectively, continued as currently organized.
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These groups met during the week, and reports of this discussion are
included in.Part III of these proceedings. Part II contains the in-
vited talks, presented in the order in which they were given during the
week, and Part IV contains short papers contributed to the workshop.
The first formal meeting of the CEBAF User's Group was held on
Wednesday, June 27, with newly elected chairman Hall Crannell pre-
siding. The next User's meeting is promised for sometime in May, 1985.
We wish to thank all the physicists who attended and contributed
their ideas so freely, and look forward to seeing you again in May.
Special thanks go to the staff at VARC (now CEBAF), particularly Penny
Champine, Frank Heidt, Sylvia Smith and Anne Stewart who took the major
responsibility for organizing the local arrangements, and to Gail Wilson

for assuming responsibility for producing these proceedings.

Franz Gross

R. Roy Whitney

CEBAF
12070 Jefferson Avenue
Newport News, VA 23606
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Summary: Magnetic Spectrometer Working Group

J. W. Lightbody, Jr.
National Bureau of Standards

Gaithersburg, MD 20899

INTRODUCTION

The magnetic spectrometer working group goals are (i) to define the
magnetic spectrometer requirements for CEBAF and (ii) to make recommendations
to the management on related R&D work. In an earlier meeting we have identi-
fied the major physics programs and the spectrometer requirements. These are
shown in Figs. 1, 2, and 3. We wish to find the common, minimum set of spec-
trometers that will serve most if not all of the planned experiments. Care
must be taken in this choice so as not to preclude experiments which will be
done of order six years from now when we hope CEBAF will be completed.
Clearly some of the top priority experiments such as the neutron form factor
and deuteron tensor polarization measurements may be completed. We must look
to what may be required beyond these experiments. In designing the spectro-
meters we do not want to repeat low energy designs at 4 GeV. That is simply
too expensive. We also don't want to repeat the existing high energy spectro-
meter designs. They are not good enough - with small solid angles and low
resolution. Modular spectrometer components may be the answer - using build-
ing block magnetic elements to cover some of the more exotic applications, and
relying heavily on software rather than true magnetic focusing devices to
achieve the high resolution.

In arriving at the spectrometer specifications, the maximum beam energy,
beam current, beam emittance, and available polarization state are fixed
parameters. The spectrometer solid angle, momentum acceptance, maximum

momentum, resolvingpower, and angular range (in both the azimuthal and polar



directions) are degrees of freedom that must be varied within the reasonable
constraints of building size and total experimental equipment budget of 37M$
(50M$ inflated over the project construction period).

One of our goals is to identify those areas in which R&D will be required.
One example of such work is superconducting technology. Because of the large
solid angles being discussed and because of the high energies, it is clear that
quadrupole pole tip fields in excess of 3 Tesla will be required. In addition,
higher multipole components must also be available to achieve the good magneto-
optical characteristics necessary for high resolving power. Quadrupoles with
of order 30 cm bore are required, yet to date no such large bore devices have
been built. A serious R&D program in this area should begin as soon as
possible. In order to better focus this effort, we might consider using
this quadrupole or quadrupole pair together with a superconducting dipole as
a prototype light weight spectrometer, maximally software corrected to push
the resolving power limits. Such a device could for example be used as an
out-of-plane spectrometer (discussed later). Questions that must be addressed
include where such work can be done - MSU, Fermi lab, or should it be started
at the CEBAF site itself? Who should do the work and how much money should
be committed to the R&D? The scale of applications of superconducting
technology at CEBAF must be examined carefully before answering these questions.
Power consumption may dictate that superconducting coils be used in the beam
transport and spectrometer dipoles. The amount of money spent on this
R&D 1is related to the extent of application and is also the time scale.

In our February 1984 meeting we discussed in some detail the various
experiments listed in Figs. 1 and 2. A master list of spectrometer require-
ments was generated and is shown in Fig. 3. We attached priorities to these
experiments: (1) being highest, (2) indicating that this work might be done
using the new SLAC injector (NPAS), and (3) indicating that such work might be
2



done at the Bates facility. Experiments were classified in terms of the number
of reaction products - single arm, double arm, and triple arm set-ups. No
experiment with hore than three reaction products was considered as it appears
that such experiments are best done using the large solid angle devices
considered by another working group.

During the February 1984 meeting, it was also suggested that the experi-
ment 1ist discussed above be reduced in scope to a more realistic core group
of experiments. This core group is shown in Fig. 4 and the names listed
include people interested in working in these areas. Serious effort is to be
given to these experiments in terms of design in order that the spectrometer
requirements can be firmed up. Theoretical background work needs to be done
and detailed experiment design begun in the form of documented proposals for

each of the above experiments.

FIRST APPROXIMATION SPECTROMETERS

Figure 5 shows what we consider to be the first approximation to the
spectrometers required for a single pivot set-up. One spectrometer will
operate up to the maximum machine energy of 4 GeV with energy resolution on
the order of 1 MeV, a scale set by the binding energy and threshold differ-
ences in the 2- and 3- body systems. The already large solid angle 20-50 msr
should be expandable to of order 100 msr at reduced resolvingpower (103). The
momentum acceptance is large, 20-30%, in order to maximize data rates in the
continuum region. The 0.5 mrad angular resolution is required in order to
reduce the effects of kinematic broadening on the resolution to a level
commensurate with the figure 2 x 10'4. An angular range of 5-160° is
required to satisfy the needs of all the experiments considered although
clearly the small angle region is. going to require some additional magnetic

elements to permit passage of the primary beam past the spectrometer yoke.



Possibly use can be made of a superconducting Danby type quad with open sides
for passing the direct beam. Finally the usual long target is a necessity
for the study of few nuclear systems. The 10 cm figure was somewhat arbitrary;
30 cm would be more realistic for a cryogemic or high pressure gas target.

The second spectrometer with maximum momentum of 2 GeV/c has resolution
commensurate with the above spectrometer and will be used in double-arm coin-

5 at reduced

cidence studies. The higher resolution capability of 5-10"
solid angle is to allow high resolution studies of hypernuclei via the

(e,e2k) or (y,x) reactions. Larger solid angle (50 msr) should be obtainable
at the expense of momentum acceptance and resolution.

The third spectrometer is to be used in low resolution, triple-arm coin-
cidence studies such as (e,e'NN) or (e,e‘nN). The maximum momentum of 1 GeV/c
permits detection of protons with more than 400 MeV kinetic energy. This
spans the minimum in the p-p total cross section where we can hope that dis-
tortion effects may be minimized. Resolution requirements are very modest
(5x10'3) for this device because of the continuum nature of the planned
studies. A large solid angle is required because of the fact that it will be
used in triple coincidence measurements where the rates are proportional to
the product of three relatively small solid angles. A 100 msr solid angle at
20% momentum acceptance would be desirable for this device.

We felt later that the specifications on these three spectrometers were
rather stringent if not impossible to meet. It was suggested, therefore, that
we examine in detail what could be done with the three spectrometers shown in
Fig. 6. The only understatement in this Tist is the target Tength - 5 and 10
cm targets may not be long enough as mentioned earlier. The SLAC cryogenic
targets for example approach 30 cm in length. Since few nucleon studies will
be a Targe part of the program at CEBAF, provisions must be given for larger

targets.
4



DISCUSSIONS

In the following section, highlights and discussions of the experiment
presentation (Fig. 1) are given.

It appears that one of the high priority activities at CEBAF will be
(e,e'p) experiments. There is exciting new data from Bates (Finn, Bertozzi,
et al.) which gives some indications that this reaction may help in separating
one- and two-body effects in the nucleon momentum distribution or spectral
function. Figure 7 shows a few details of this class of experiment as pres-
ented by Finn and Bertozzi. The design goals have been merged into the
1ists previously given. What we should focus on are details of the spectro-
meter configurations. Dispersion matching is naturally discussed in this
connection because the primary beam spread from the stretcher ring can have a
substantial energy spread (<0.2%). Double dispersion matching (two-spectro-
meters) can also be achieved which minimizes the missing mass energy resolu-
tion. It is clear from all designs being considered that the initial magnetic
element of the spectrometers will have to be either a quadrupole singlet or
doublet, with one or both quads having substantial higher multipole content
to compensate for later magnetic aberrations in the system. This configuration
seems essential for large solid angle devices in order to keep the dipole gaps
to a minimum. Parallel-to-point transverse optics (YOut = (Y|¢)¢in) may be
desirable from the standpoint of measuring the angle at which particles leave
the target (scattering angle) by:é position measurement at the focal plane. A
secondary focus in one arm to define the object point on target, such as with
the EPICS spectrometer at LAMPF and as discussed in the Argonne G.E.M. pro-
posal, may be important with the distributed and dispersed beams from the
ring. It should also be pointed out that dispersion matching is a special
case of dispersed beam operation and is not the only technique available for

achieving high missing mass resolution. Other details for the interested are



shown in Figs. 8 and 9.

In the discussion of coincidence spectrometers and experiment design one
very critical element is missing mass resolution. Figure 10 taken from
Zeidman's presentation shows the relation between missing mass and different
kinematic inputs - particle energies and scattering or production angles.
Missing mass resolution can be obtained by combining the various contributions
following AM. The 1imits on angular resolution are clearly spelled out. If
one desires 100 keV missing mass resolution the scattering and production
angles must be defind to better than 0.5 m radian. Also the measured cross
sections are strong functions of recoil momentum (Pr) and therefore consider-
ation must be given to the resolution in recoil momentum and its connection
with the scattering and production angles.

The entire subject of coincidence measurements relates to measuring new
electromagnetic structure functions. Figure 11 shows the general expression
where the f's are the new structure functions relating to the nuclear four-
currents, and the p's are the kinematic factors relating to the electron cur-
rent. The variable ¢ represents the angle which the reaction product plane
(containing the momentum transfer and the reaction product momentum) makes
with the scatteringplane (which contains the initial and final electron
momentum). The f]_] and fhe] amplitudes can only be measured by out-of-plane
measurements (¢=0,7). In addition fhe] can only be measured using polarized
electron beams. The three interference amplitudes contain a great deal of
sensitivity to nucleon-nucleon interaction effects and are important quanti-
ties to measure. Figure 12 indicates some of the interest in out-of-plane
measurements and Figure 13 indicates some of the methods for achieving such
measurements and kinematical consideration. Both issues were discussed in the
1983 workshop. Basically there are three methods being considered - moving
one or both of the spectrometers out-of-plane (possibly light weight
6



superconducting dipoles), changing the arrival direction of the primary beam
on target, or employing a large solid angle electron spectrometer at small
scattering angle and using software cuts to define the out-of-plane angle.
One critical question must be answered before a sensible decision can be made
| regarding these options - how far out-of-plane must we go with our measure-
ments. The third option above is limited to relatively low momentum trans-
fers, while the second option is limited by constraints on the beam transport
system. In this latter connection, when employingpolarized beam one must
consider the effect which the additional angular deflection of the primary
beam has on the polarization state and compensate for it in the superconduct-
ing spin precessor system (up to 270 kg-m). This has been checked for 4 GeV
beam deflections up to an additional 45° and remains practical. What is
beginning to appear impractical with the beam swinger technique is the large
vertical excursions (up to 4 m.) that the beam must make while in the beam
transport system, the complexity of the pretarget dipole system and the large
post target dipoles for returning the transmited beam to the remote dump
area. It is however becoming clear that some of the most interesting physics
at CEBAF could be related to spin physics and we must be prepared with out-of-
plane measurements as required and with polarized beams.

The subject of large target spectrometers was discussed by York and
Minehart (See Fig. 14). It apepars from preliminary work that one can only
open up the target acceptance at the expense of reduced solid angle. It is
clear that this subject needs further study because such large targets are an
absolutely essential aspect of the core program for CEBAF. With large targets
it may be necessary to employ immediate focus detectors such as with EPICS at
LAMPF. During this workshop, Blomgqvist will give a few examples of how one

might proceed towards the goal of using ~30 cm long targets.



Another area of major theoretical interest which can be addressed at CEBAF is
the process of two-nucleon interactions within nuclear matter and characteri-
zation of the pp and np correlation functions. In order to probe this process
experiments which look at ejected nucleon pairs have been examined. Figure 15
" describes the kinematics of two-nucleon emission and the spectrometer require-
ments. The important points regarding the process itself are shown in Fig.
16. One can take advantage of kinematic focussing by employing large momentum
transfers. The reaction products which share this transferred momentum travel
largely within a core of base radium 2kF and height q. At a momentum transfer
of 4kF to each nucleon, most are containd within 750 msr which means that a
nucleon spectrometers with 100 msr will accept a substantial fraction of the
particles. In addition by looking at ejected nucleon with momenta near 4kF we
are at a minimum in the total nuclear-nucleon cross section thereby minimizing
final state interactions. Simple multiple scattering can be estimated to be
small as well. Finally, it should be noted in the fundamental (e,e'2N) process
that the pair correlation function is a function of the relative two-nucleon
momentum and is probed to a relative momentum of 0.5 Inax:
The study of hypernuclear states populated by the reaction (y,< ) and
(e,e2K+) is of major importance, and has demanding requirements on energy
resolution. Electromagnetic probes can produce kaons over the nuclear volume,
not just near the nuclear surface as with strongly interacting probes. There-
fore, it is possible to preferentially populate deep-hole states, as noted at
the bottom of Figure 17. Figure 17 also indicates details of the spectro-
meter requirements and counting rates. The major criterion for these
experiments is that the nuclear recoil momentum be kept small so that the A's
or t's can form well defined nuclear states. This implies operating the kaon

spectrometer near 0° for the (Y,K+) reactions. Also, because of the short



lifetime of the kaon, the spectrometer dimensions must be kept small and the
kaon energy relatively high. A kaon spectrometer with 2% momentum acceptance
would serve the production of A-hypernuclejvery well, while a 10% acceptance
would permit the simultaneous study of A and I hypernuclei. Given the above
.specifications Bernstein estimates count rates of order 30 counts/hour, and
acceptable rate in this type of work. The resolution requirements of 10'4
would advance the field, however 10'5 would permit of order 10 keV resolution.
Considering what future advances may bring we do not want to preclude such
resolution if possible. Figure 18 shows survival factors for different kaon
momenta and relevant kinematic factors such as the relation of angular
resolution to energy resolution. Figure 19 shows the various experimental
set-ups required to do such hypernuclei experiments. In February 0'Connell
pointed out a possible problem in these studies due to positron contamination.
Operating near 0° one risks intercepting the pair production and multiple
scattering cones with the spectrometer acceptance. As shown in Fig. 20 one
must back the spectrometers off to near 3° before the positron production
cross section is small enough to permit use of a Cerenkov detector veto. This

+ + . . el
9 factor between e and k  production cross section within

is because of the 10
the e* production cone. In any case there appear to be reasonable count rate
even at the larger angles in order to make this type of experiment very
interesting.

Finally, something should be said about beam preparation. Given the
extracted beam emittance shown in Fig. 21 we must examine how to best prepare
the beam on target. For conventional spectrometers one considers the mono-
energetic beam spot as limiting the resolution. The smaller this spot for a

given resolving power the size of the spectrometer (bend radius) varies

directly with the monoenergetic spot size (in the bend plane). We transport



the beam in a conventional fashion from the ring - a telescope to make the beam
round, followed by a series of unit cell transport systems, a second telescope
to squeeze the beam vertically, and finally a quad doublet to make as small a
spot as possible on target. We choose this point to be a waist and find we

" can achieve a 0.25 mm vertical spot size. Given, for example, the high resolu-
tion spectrometer in the SURA proposal with 18.27 cm/% dispersion and a magni-
fication of 1.19, one can achieve a resolution (1st order) of 1.6 x 10'5.
Using this same simple focusing system and having put the horizontal waist at
the same location as the vertical waist we achieve a 1.7 mm horizontal spot
size. However, we see that the spread in horizontal angles has become 0.7 mm.
This angular spread is close to being unacceptably large given the relation
between scattering angle resolution and energy resolutions (See Fig. 22).

We may in fact want to rotate the emittance phase ellipses 90°, interchanging
x and y with an emittance matching section. In this way the larger angle
spread will come in the very weak ¢-dependence of the scattering angle. For
polarized beams, however, we may not have this freedom because of solenoids

in the system mixing x and y phase spaces. We may have to settle for

(0.37 mm-mrad) x (0.3w mm-mrad) transverse emittance, and a somewhat reduced
resolution.

Another way around the problem of large angular spread in the primary
beam would be to rotate or shear the horizontal phase ellipse which inroduces
an x/6 correlation at the target. One could imagine using an intermediate
focusing system in the spectrometer, identifying where on the target the
particle came from and thereby eliminating this angle uncertainty from the
scattering angle resolution. In this same connection, one can use an interme-
diate focusing system with a drift chamber system to define where on the

target the particle Teft from in the vertical plane. With this schemg the

10



ultimate momentum resolution obtainable from the system is limited not by the
mononenergetic beam spot size, but rather by the drift chamber spatial resolu-
tion which can be made of order 0.1 mm. Clearly there are many options to be
looked at in the spectrometer design and we must begin to Took seriously at

" details such as beam preparation because of the ultimate payoff in resolution

versus cost.

CONCLUSION

Work must begin as soon as possible on serious designs of experiments and
on optimizing spectrometer designs. What has taken place so far in many
experiment justifications is soft count rate estimation. More details are
required including theoretical work as final state interaction effects, MEC
effects, the need for out-of-plane measurements, to name a few. Experimen-
tally we need a few hard magnet designs to see what is even possible and where
the R&D should be concentrated. Hopefully, the efforts of this working group
will be greatly expanded in achieving the final experiment and spectrometer

design for CEBAF. Figure 23 reiterates goals of the working group.
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POSSIBLE PHYSICS EXPERIMENTS

MEDIUM AND HIGH RESOLUTION
WORKING GROUP

- I. Single Arm Experiments

1.

2.

3.

4.

(e,e') Nuclear elastic and inelastic
A > 4 Heavy nuclei
E. < 1GeV?
e—_
(e,e') Nuclear elastic
A <

E > IGeV
neutrofi, deuteron charge form factor

Deep inelastic, heavier nuclei

Far forward angles

IT. DOUBLE ARM EXPERIMENTS

5.

10.
1.
12.
13.

14.

12

(e,e'X) Elastic coincidence
measure polarization of recoil X

(e,e'X) Giant resonances

(e,e'p) Low resolution
+ neutrons also

(e,e'p) High resolution
+ neutrons also

Out of plane (e,e'p)
Look into feasibility of an out-of-plane arm

(e,e'm), (e,e'x) form factors
(e,e' neutral)
Long target (e.g. long 1iquid deuterium target)

(e,e'd), (e,e'He3) etc.

A Hypernuclei

Fig. 1

Bertozzi
Lindgren
Finn

Chang
Blomqvist

Blomgvist
Finn

Lightbody

Chang

Finn
Zeidman
Finn
Lightbody
Funsten
Arnold
Minehart
Minehart
Bosted
Arnold
Pile
Kowalski
Bernstein

Zeidman
Funsten



15. Fission Lindgren

Maruyama
III. TRIPLE ARM EXPERIMENTS

16. (e,e'2N) Lightbody

17. (e,e'2neutrals) neutrals= y,n0,«0 Sober

18. (v,v)

pair spectrometer - large solid angle spectrometers ---

19. (e,e'nN) Finn

Funsten

Fig. 2
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Exp. 1 2 3 4 5 6 7 8 9 | 10 13 14 16 19
(e,e') |(e,e') |(e,e') (e,em) |(e,e'd)| hyper (e,e'2N}) (e,e'rN)
{e,e'«) nuclei
Priority| 3(Bates)[2(SLAC)[2(SLAC) | 1 1 {3(Bates|) 1 1% [1(?) | 1 1 1 1 1
Nepec 7 7 ] ] 2 1 2 2 2 2 2 3 3
prfl;))( 1 GeV 4 4 1 4 1 4 | 1.5-2 3 4 2 4 2
a1 |20-50 50 20 1 le20-50 | 30 ho-30 | >25 20 20 |10(3°x10°)| 30-100 | 10-20
(n) _ _ _ _ _ _ _ _ _ _ _ _
App 1070 {22107% {27107 1072010745 107 pr1o7d |2r1070 19 1073 107° s 1073 |5°1073
sp(1) 5% 1% | 20% 3% | 5% | 109 PRo-30% | 2% 20% 3% 29 20% 20%
AO(]) .5mr .5mr .5mr Jdmr {10mr Tmr .bmr .5mr 2mr .5mr Imr 2mr
>
sol") 120-160° |15-160°]20-160° | 5-30°|5-90° |15-60° 0-160° [10-140° S |o-75° {10-60° | 0-30° 5-30°  [20-90°
w
pl2) 1.5 2.5 1.2 | e | 2 1.5 2 1.5,1.5| 1,1
I
AQ(Z) 50-100 0-30 | 50 = | 35 15(5°x10°)| 100,100 | 20-30
[V
(2) _ _ - _ - -
App 1% 5:107% [s7107° | 8 | 3% 1073 | 1070 5x1073 |5°1073
[VE]
=
sp(2) 10% p0-30% | 20% 40% 30% | 10% 200 | 20%
AO(Z) 10mr .5mr 1m5 2m5 .5mr 1m5 2mr
(1) 10-160° [10-140° -30°+30° |40 -80°| 0-30° 30-120° [20-160°
out of Flight
plane path
requir- <20m
ed

Fig 3




Assignments for April Meeting

(e,e'x) polarization transfer - F. Gross, G. Chang, Bill Dodge, R. Minehart
.(e,e'p) low resolution - M. Finn, C. Perdrisat, S. Thornton

hypernuclei - A. Bernstein, P. Pile,

(e,e'2N) - R. Minehart, J. Lightbody

n,K Form Factors - H. Funsten, X. Maruyama, F. Gross

(e,e'sN) - P. Stoler, J. Winbold, M. Finn

Fig. 4

15



Summary of Spectrometers Presently Suggested

#1 #2 #3
Pmax 4 GeV 2 GeV 1 GeV
ap/p 2107 (107% @ 9 msr) 4 x 107° 5°10"3
5 x 107> (@ 15 MSR)
AR 20-50 msr 20 - 30 msr 30 - 100 msr
(30 - 100 with %3 - 1073
&p 20-30% 20-30% 20%
(10% @ 50 msr and ]%Gp_p)
20 5 mr 5 mr 1 mr
50 5° - 160° 10° - 160° 20° - 160°
L 10 cm ? ?
Fig. 5
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What Could Be Done With Following Spectrometers?

#1
4 GeV

1074

20 msr

(40 msr @ %R

20%
5 mr

10 cm

10

#2

2 GeV

5 x 10°
20 msr
(40 msr @ %R = 1%

15%
5 mr

5 cm

Fig. 6

#3

1 GeV

5°10°

40 msr

30%

1 mr

10 ¢cm

17



Design Goals for (e,e') and (e,e'p) Spectrometers

Electron Arm

MAXIMUM MOMENTUM
SOLID ANGLE
MOMENTUM ACCEPTANCE
MOMENTUM RESOLUTION
ANGULAR RESOLUTION
TIMING RESOLUTION
ANGULAR RANGE

Proton Arm

MAXIMUM MOMENTUM
SOLID ANGLE
MOMENTUM ACCEPTANCE
MOMENTUM RESOLUTION
ANGULAR RESOLUTION
TIMING RESOLUTION
ANGULAR RANGE

Criteria: high resolution pair:

low resolution pair:

High Resolution

Finn
#1,7,8

Low Resolution

1 GeV

20 mstr
20%

1/2 x 107%
2/3 mr

1/4ns/B
20-160 °

1 GeV

20 mstr
20%

1 x 1074
1 mr

1/4ns/g
<15°-160°

n5 MeV @ 4 GeV

Probable Spectrometer Configurations

"Dispersion matching

“Initial quads for large solid angles

“Parallel to point transverse focusing

4 GeV
20-30 mstr
20-30%
172 x 1073
2 mr

1/4ns/8
20-160°

4-5 GeV
20-30 mstr
20-30%

1 x 109
2 mr

1/4ns/g
<15°-160°

100 keV in mass-16 system @ i~1.4 GeV

*Secondary focus in one arm to define object point on target

W. Bertozzi and J.M. Finn

2 February 1984

18
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Comments on Specific Reactions

I. (e,e'p) Coincidence Reactions

High resolution requires that optics of spectrometers and beam
transport system be considered as an integral design.

Alignment geometry of spectrometer components and beam line relative
to pivot point should be reproducible ~1/2 mr. Software solid angle
and momentum acceptances must be known and reproducible, implying
stability of ofringe fields and aberrations.

3 to 5% absolute accuracy. Less than 2% error in relative
measurements are needed for comparative studies such as R and RT
separations. Wire chambers must be uniform in response

for high resolution work.

Spectrometers must be well baffled and shielded and must be easy
to move.

Provisions for out-of-plane measurements and proton polarimetry
are desirable.

II. (e,e') Inclusive Measurements

It is assumed that the electron arm of the (e,e'p) coincidence spectro-
meters would be used for these measurements.

A.

High resolution spectroscopy

Only 2% momentum acceptance is required at 1 GeV. Design
gives 50 keV resolution on a heavy nucleus at the full
momentum acceptance and maximum solid angle. One should
attempt to further optimize resolution over a restricted
momentum bite and solid angle (5 mstr) with a goal of

10 keV if possible.

Low resolution deep inelastic measurements

Requires full acceptances but only 5 to 10 MeV resolution.

Data acquisition facilities will encounter rates on the order of 105

events/sec.

Fig. 8
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High discrimination of particle 1.D. essential.

C. Elastic scattering from the few body system at high momentum
transfers.

The Tow resolution (e,e'p) pair can be used to reduce background
and resolution requirements via the constraind D(e,e'D) reaction,
for example.

Measurements of the polarization of the outgoing nucleus system can
also be made such as in D(e,e'D) measurements.

III. (e,e'n) Experiments

In general the resolution possible with neutron detectors is much worse
than for protons detected with magnetic spectrometers. Therefore the electron
spectrometer designs for the (e,e'p) experiments will be suitable for future
(e,e'n) measurements. The neutron detector would vary according to application.

Possible neutron detection schemes include:

- large scintillator hodoscopes with ~1° resolution per cell (suitable
for interfegence amplitude measurements of the D(e,e'n)p reaction
or for the “H(e,e'2n) experiments).

- A 'piggy-back' detector riding on the back of the low resolution
proton spectrometer for simultaneous D(e,e'n) and D(e,e'p) measure-
ments to determine the G._ form factor. This would require a large
viewing port to the rear of the proton spectrometer for simultaneous
measurements to reduce systematic problems.

- A 'stand-alone' neutron detector based on detecting protons from the
H(n,p) and other (n,p) reactions. This may make (e,e'n) polarization
measurements possible.

IV. (e,e'pm) Measurements

For such reaction studies the low resolution (e,e'p) spectrometer pair
could be used with a similar low resolution large pion spectrometer. Interest
in this reaction could extend to 3 to 4 GeV.

A major problem is the large physical sizes of the spectrometers which
make many interesting kinematical regions inaccessible to a three-spectrometer

system. Alternate schemes of detecting at least one of the particles should
be considered.

Fig. 9
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(e,e'p) High Resolution Zeidman

A-1

"Missing Mass Resolution Kinematics

Mo oM L3 E
SE, sE, T
sM_ P1Pg E, sm_ Pofp E

. . . 1 .
3. - (sin 0, + EE sin 0]2); 0. = (sin 6, + fg sin 012)

1 T 2 T

Ex EB

MM~ 1.25 AE,, AE,, 200 keV 80,, 110 keV so.
mr mr

AP, ~ 10 MeV/c Aoy, 10 MeV/c  ao,

mr mr
"Dynamical Range Ee < 2 GeV, Pp < 1.3 GeV
GP] + 5% 6P2 + 10%
2 2 20 msr 2 2 40 msr
) Fig. 10

= 2 GeV, E] = 1.5 GeV, T2 = 300 MeV, PZ = 0.8 GeV, 0, = 30°, o

o = 68
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Out-of-Plane Coincidence Measurements

3 n Po1
d%o ~ o |f +{— If +{ — |f cos ¢
0 [oo <poo) 11 <p00> ol

o b
1-1 heT .
Yoo )fm cos 22| | Ther S0 ‘i{

00 00
2
p 2
where L1 952 + tan2 0
oo qu” 2q 2
P 2 | \
ol _/aq \)1/2 &uf+ tan2 ]
® 00 2 q 2
qu
Prl-1 _ 2
o}
0 2qu
Phelicity _ 1 q2 tan ©
o0 {2 P z

Fig. 11

LT interference

TT interference

LT interference



Experiments

* Details of reaction mechanism (transition amplitudes)

* In region of A have interesting test of theory for (e,e'p) reaction (MEC).
* (e,e'n) may display effect of Gen

" Polarized beams important

" At very high energy calculations are needed to see if new structure functions
clean up reaction details

" Large acceptance spectrometers in the scattering plane integrate over a
substantial ¢-range therefore the behavior of the out-of-plane structure
functions should be understood or at least measured.

Fig. 12
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EXPERIMENTAL REALIZATION AND KINEMATICS

Move spectrometers out-of-plane. Practicality??
Beam swinger (10°)

Small aQ spectrometer for electrons (10° clearance), resolution 'v10'4

(better than 1 MeV at 4 GeV incident energy).

Auxilliary magnets required - two pre-target, one moveable vertically,
two post target, one moveable vertically; relatively small gaps with
1.5 T-m pole regions.

No trench required for 10° motion, however, larger deflections reduired
for lower energy primary beam and hence, larger trench and auxilliary
magnets.

Possible to combine auxilliary magnet function with photon tagging
magnet, as discussed for Saskatchewan accelerator.

Large solid angle spectrometer operation @oe = 10°

AQ = 50 msr., A¢ = 4 AG, AP = £ 12.8°

No beam swinger necessary. Use software cuts.

i. Septum devices

ii. Specialized ports for 10° operation

i11.0pen-sided quadrupoles in QQDD designs

Electron spectrometer requirements

Pmax > 2 GeV/c
AP/P ~ 1074

ee > 10°

Fig. 13



LARGE TARGET SPECTROMETERS

Ref: York & Minehart, Workshop on High Resolution

Large Acceptance Spectrometers, Argonne National Laboratory
(1981), ANL/PHY-81-21, PV-G:

3, 3

Experiments: Low cross section measurements on 2H, H, “He, etc.

Need:
1. Large acceptance
2. Long target

3. Moderate resolution '»10'3

Difficulty: Opening up target acceptance reduces aq of spectrometer.
They essentially cancel each other.
Is this a conservation law?

Need special purpose spectrometer - perhaps mak1ng generous
use of intermediate detectors.

Fig. 14
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(e,e'2N) Coincidence Studies (Ref. Blue Book)

q

S,
P

Experiments (e,e'pp), (e,e'np) for the pp, np correlation function

Resolution not important

Electron arm:

Proton arm:

~10 MeV

P

max —
aP/P

A

A

]

ma

Q

P

e

X

AP/P

Fig.
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4"

N

| e

fe

~ 4 GeV (2 GeV)

2:1073
30-100 msr
20% (substantial fraction QF)

5°-30° (60°)

1 GeV (~ 1/2 qmax)

5.10'3 (commensurate with e arm)
100 msr

20% (substantial fraction QFP)
30°-120°



IMPORTANT POINTS

Kinematic focus

P_im 2k

q]2m4k

v

AR ~750msr

Multiple scattering, FSI

_ 1/8 k
@ Pp— 4 kF Aems ~ p ~ .03
Y
- PP
Minimum in o total @ Pp ~v 0.7-1.0 GeV/c

Pair correlation functions probed is function of Prel and is probed
to 1/2 Gmax

How is momentum shared between two nucleons?

Fig. 16



Hyper-nuclear studies Pile, Bernstein, Funsten, 0'Connell

(Y,K+), (e,e'K+) 5-30 cts/hr (TZC*JiB)
Spectrometers
o . _ - +
Near 0° to limit SXPA,Z Prax = 3 GeV(e ), 2.5 (k)
Resolution to 10'4 (es 2. =9 msr, g = 15 msr
APe = 2%, AP = 2-10% Kaon flight path short

IRALAL

:l.ZGev\‘\
(;;b/sr)
10-2
= 2~ 2y 12
1
(o] 5 10 15 20 6,, {degrees)

Differential cross sections versus C.M. angle GYK for two laboratory

12

photon energies (a) for the reaction C(Y,K+)]2AB(]S%)(]SL-])] and (b) for
2

+4

the reaction 4HE(Y,K A

H.

deep hole states

Fig. 17
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€2

Figure 5
Schematic disgram for a tagged ghoton experiment

Figure 6
Feynman diagram for the (e,e'k’) reaction

€

fiqure 7
Schematic diaqran for a (e,e’k*) experiment

Fig. 19



* Spectrometers must not intercept the pair production and multiple
scattering cones

— i A
" Operating at ©of 3°, most e™ can be rejected using gas C counters

* Count rates fall ~50%

2 GeV H

—_
3

GK
C
r1 ¢t \\%
~
~.
e

AP+ = 1 MeV

AQ+ = 15 msr - 5°T X ]OOB

M
- _e _ o
epair = E— = 0.29 mr - 0.02
e
_ 20 _ - o
ems" E; tre =1 mr = 0.06
d“o (y,e ) = 1.5 x 1022 cmz/MeV-sr
2 -31

o(vsct) = 1.0 x 10731 cn?/Mev-sr

Fig. 20



BEAM CHARACTERISTICS

EXTRACTION

Vertical Emittance
Horizontal b

o

.1 7 mm-mrad

o

.3 7 mm-mrad

—

Vertical spot size
Horizontal " *

.5 mm (FW)
.0 mm "

(<]

i

Phase ellipse X eo

Ygr 0

3mm, 0.1 mrad (HW)
0.75 mm, 0.133 mrad (HW)

TRANSPORT LINE (ILLUSTRATIVE)

(n)

LI 1 ] I =8

Beam
o - @ - @ - 3D -+ amm Section

32

Telescope Unit Cell Telescope Focus Target

BEAM PREPARATION

Why a small beam spot ? Energy resolution limit Ay-m/(dispersion)

Final focus - simple waists ? xo’eo 0.864 mm, 0.347 mrad

Yo:% 0.122 mm, 0.816 mrad
x/6 correlation at target ?  Eliminate 48  contribution to AE

iwon

Other methods of achieving small beam spots ? Target re-imaging
systems, wire chambers, etc.

Fig. 21



Kinematic Effects Related to Beam Preparation

ﬁg—:- = {5;[ sine) AOe s Ex. Aee = 0.7 mrad.
® 2GeV 2y 12 208y,
0, = 10°  E.=2.0GeV 2.0 GeV 