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~ ABSTRACT

The physics proposed is to study the quasi-two-—bedy reactions

fP - A++Ao (1)
pp A ' (2)
pp + ATAT | , (3)
pp + A'p (4)
PP N*+N*f : (5)
PP N*+p . . (6)

4

The first two charge exchange reactions stﬁdy p + Ay exchange, which at
the upper end of the ISR energy domain should dominate over pion exchange.
Reactions (3) and (4) have dominant Coulomb contributions. Reactions (5)
and (6) stu'ly low mass double diffraction dissociation and single diffrac-—
tion dissociation,’respectively, and 'are necessarily experimentally inter-—
‘twined with (3) and (4). We propose to use the R603 apparatus in a
compatible mode, i.e. without distﬁrbing the physics scheduled for it,

by adding to the detector capability.



INTRODUCTION

This proposal is to study quasi-two-body reactions at the ISR. For
clarity, the physics is divided into two parts. Section 2.1 deals with

charge exchange processes
++ '
pp > AA° (1)

++
pp>4A n , (2)

where we detect the decay modes of the A(1238) MeV, NS pﬂ+ and A° > pﬂ_.

In Section 2.2, we consider the reactiomns

PP > a*a? (3)

+
pp >Ap , (4)

along with the low mass spectrum of the double and single diffractive dis-—

sociation channels

*+_ _k+
pp > N N (5)

*+
pp >N p, (6)

respectively.

We will later emphasize the importance of Coulomb processes (one-

photon exchange) that also contribute to reactions (3) and (4).

Throughout the discussion we will stress the unique character and
advantages of measuring these two-body channels [reactions (1)—(4)] in
the VHE (Very High Energy) limit, an energy domain now accessible at the

ISR.

Section 2 gives a brief description of the physics goals, and attempts
to summarize the details of these reactions which are more extensively

discussed in the Appendix, as well as to outline the experimental config-

urations required.

Section 3 is a summary. Rate estimates at 1500 GeV are presented,
as well as a brief discussion of the expected energy dependence of the
reactions. The compatibility of the experiment with the present R603 ap-—

paratus is stressed, and running time for the experiment is requested.
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PHYSICS GOALS AND EXPERIMENTAL ARRANGEMENT

2.1 Charge exchange processes

For orientation purposes, let us consider the three distinct energy
regions, in which the charge-exchange reactions (1) and (2) are expected

to have quite different cross—-sectional behaviors.

LHE -- Low High Energies —- by this, we mean the energy region from
5-30 GeV. Here, experimental data indicate that pion exchange dominates
in reactions (1) and (2). The cross—-section drops as v 1/p?, with p being

the lab. momentum.

HE -- High Energies -- perhaps from 100 to 300 GeV. In the HE region,
pion exchange is expected to compete now with p + A, exchange, with both

being of comparable importance.

VHE -- Very High Energy —— the ISR energy region. At VHE, the piomn
contribution has greatly diminished in importance, whereas the p + Az
contribution (having a much slower energy dependence) should dominate the

reaction. The ISR energy range allows us to investigate this for the
first time.

1 . .
Kane, Drummond and Block ) have estimated cross~sections for reac-—
tions (1) and (2) in the VHE regionm, based on simplifying assumptions
which are discussed in Appendix 1, where the theoretical situation is

dealt with in some detail. The principal conclusions and results are

repeated below.

2.1.1 pp > A n

We have as measurables (do/dt)(t,s) and the angular decay distribu-
tion function W(0,¢), also as a function of s,t. We expect this reaction
to be dominated by p + A, exchange at ISR upper energies, i.e. to be the
first example where a lower-lying trajectory takes over a higher onme. At
1500 GeV, we estimate a total cross—section (for p + Az 2311) of v 0.2 ub,
in contrast to the pion contribution, estimated by a 1/p? contribution,
of 0.025 pb. Thus we expect to see an order of magnitude increase in the
total rate pp > A++n. The t-structure, given by the solid curve in .
Fig. Ala, suggests a gentle peak in the neighbourhood of -t = 0.10 GeVZ.
The angular distribution will allow us to measure the density matrix ele-

ments P11, P33, P31, and P3-1, and thus to measure the effects of absorption

2

-
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on the pole terms. If the experimental situation is as simple as the pro-
posed model, a detailed amplitude separation is possible. However, the
main qualitative feature of the experiment is the Regge expectation that
the observed cross-section will be much larger (Vv 10 times at 1500 GeV)
than the extrapolated results from low energy, indicating that as we péss

from HLE to VHE, the lower-lying trajectories will eventually dominate.

We propose to measure pp > A++n by adding detectors to the present
R603 set-up, i.e. by putting a calorimeter (hadrometer) on the opposite
arm, as sketched in Fig. 1. The calorimeter is‘the one referred to in
the documents CERN/ISRC/69-19 Add. 18 and CERN/ISRC/72-3 Add. 3. In order
to suppress 1% events, we would add Y-ray detectors to this arm, operating
in anticoincidence. The trigger would be two charged particles in the
spectrometer, a veto over all large angles, a veto in the Y-ray counters,
i.e. no neutrals on the other side, and a large energy deposition in the
calorimeter. The neutron energy and a rough angle determination are made
in the calorimeter, and the A pﬂ+ is detected in the magnetic spec-
trometer. The acceptance of the device is basically limited by the mag-
netic spectrometer. Detailed Monte Carlo acceptance calculations, using
the assumed theoretical angular decay distributions of the A++, are being
carried out. Preliminary estimates of the acceptance range between 10
and 30%. Using the conservative figure of 10%, we estimate the counting
rate by dividing the estimated cross—section by 2 to allow for the fact

++ . . . :
that A" is only detected in one arm. We assume a luminosity of 4 X 103%°

per cm? sec, and get

1) x & x 4 x 103%/sec ® 150 counts/hour ,

2

R(A ™) = 0.10 x (2 x 10 °

" at a lcb. equivalent energy of 1500 GeV. The cross—-section is higher at

the lower energies.

++

2.1.2 pp > AA°

Ve again measure do/dt as a function of s and t. The experimental
situation is richer for this reaction, since we have the joint angular
distribution W(B1,b1; 62,42) of both A's to measure, giving us more infor-
mation than the single decay distribution of reaction (1). The theoreti-

cal situation in the model proposed in Appendix 1 is even simpler for
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PP > A**A® than for PP > A++n, since in this case we have but two ampli-
tudes, and the double decay allows a complete amplitude analysis as a
function of t and s. We again expect the reaction to test Reggeism, i.e.
at VHE, it should be dominated by p + A exchange. The theoretical cross-
section do/dt is shown at 1500 GeV as the solid curve in Fig. Alb. We see
a drop in t, with a minimum at " 0.05, followed by a gradual maximum and
eventual slow drop. The integrated cross—-section is v 0.1 ub, whereas the

extrapolated (1/p2) cross—section from low energies gives v 0.020 ub.

To detect this reaction with the basic R603 configuration, we have
two modes. In mode 1 we detect A - pﬂ+ in the magnetic spectrometer,
and the decay A" - pﬂ— in the other arm, with the proton energy and rough
angle being measured in the calorimeter, and the pion and proton angles
in the MWPC. We estimate that the mass resolution cf the A’ will be
n 35 MeV, sufficient for identification. In mode 2 we detect the N pﬂ+
in the calorimeter —— MWPC system, and the A° - pﬂ- in the magnetic spec—
trometer. In addition to doubling the rate, this gives us an experimental
versatility in being able to check, from symmetry, on acceptance, mass
resolution, etc. Again, using the figure of 4 X 103%/cm® sec for the
luminosity, the 107 acceptance, a cross—-section of 0.1 ub at 1500 GeV,

and a factor of Y3 to allow for detection of the ﬂ"p decay of the A%, we
get
1 —-31 30 ~
RA++A° = 0,1 X §-X (1 x10 ) x 4 x10 /sec ® 50 counts/hour .

An alternate detection scheme of the A%, i.e. A% » an®, is to use
the y-ray detectors to measure the m° energy and direction, and the calor-
imeter to measure the neutron energy and rough angle. If this gives suf-
ficient resolution, we will increase the counting rate by ® 50 counts per
hour by detecting A - nrl,

The trigger for the charged particle modes will be two charged par-
ticles, both into the spectrometer and the calorimeter =~ MWPC set-up,
with a minimum energy deposition in the calorimeter. Of course, vetoes

will be required at all other angles.
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For the decay A° » nm?, we require no charged particles entering the
calorimeter —— MWPC set-up, large energy deposition in the calorimeter, a

signal in the Y-ray detectors, and vetoes elsewhere.

2.2 Non-charge exchange reactions

2.2.1 pp > A+p and pp > N*+R

As shown in Fig. A2a, for -t S 0.4, the reaction pp > A+p is domina-
ted by Coulomb processes (one—photon exchange), which have a t-behavior
which is essentially a spike at t = 3tmin’ with a width v toin® The in-
tegrated Coulomb cross-section, at 1500 GeV, from toin < -t £ 0.0009, is
N 5 ub. Of course, all one will be able to detect is the integrated spike
of this cross-section. The possibility of resolving this very, very nar-
row t-distribution is beyond any present experimental resolution capabil-
ity. By plotting the t-distribution and observing the forward spike, we
should effectively be able to separate the A's from any contribution of
low mass N*'s produced in single diffraction dissociation., Because the
N pm® two-thirds of the time, whereas the T = Y5 diffractive N*'s decay
into pm’ only one-third of the time, the ratio of An"/N*+ via the decay
mode pm’ is four times better than this ratio if we detected nﬂf. Clearly,
however, in order to do this experiment, we must also measure the mass
spectrum of low-mass diffractively produced N*+, at the same time we at-
tempt to measure the AY. The theoretical situation changes for t X 0.4.
There, the nuclear forces dominate, and the ratio of o(pp A+p) =
= Y5 o(pp »> A++n). This will furnish us with a calibrator to test our

ability to extract AY from the possibly large background of low mass dif-

. *+
fractive N .

We propose to detect N pn® by having the proton traverse the
calorimeter, and detect the proton angle in the MWPC. The m°% would be
detected iu the y-ray counters. For this detection mode, the required
trigger would be 0 or 1 charged particle traversing the magnetic spectrom-—
eter, one charged particle on the other arm, a signal in the Yy-ray coun-
ters, and a large energy deposition in the calorimeter. We also add to
this trigger requirement a veto from a m° detector located behind the,
magnet spectrometer, We can also detect in the reverse mode, i.e. have
the proton from the AY in the spectrometer, detect the m°% behind the
magnet spectrometer, and have the produced proton go into the calorimeter,
Again there may well be experimental advantages in calibrating our system

by these very asymmetric methods of measuring symmetric reactionms.
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. . 2 . .

The paper of Nicot and Salin ) estimates that the total cross—section
+ . . . ~

of A'p is v 10 ub from the Coulomb contribution, at 1500 GeV. The large

ratio of Coulomb to strong cross—section is qualitatively understood be-

cause of two effects:
i) the total nuclear cross—section drops with increasing energy;

ii) the Coulomb cross-section is singular in t, going as v 1/t, and the

total cross-section grows logarithmically with energy.

This gives us, crudely, an estimated rate of

R = 0,1 X %-X 10-29 x 4 x 103%/sec ® 10,000 counts/hour .

A*p
The major problem is the low efficiency for forward At decays, where, due
to their small cpening angle, we lose a large fraction of the protons
because they go through the septum. At larger t, this problem is no lon-—
ger serious. The low t data, since it has a known cross—section, might
well serve as a Coulomb calibrator of the accelerator, and can be compared
to the Van der Meer method at the same energy. At larger t we will be in-
vestigating the mass spectrum of single diffractively dissociated N

> pﬂ°, as well as A+ produced by p + Az excharge.

2.2.2 pp > A*AY and PP > NN

The situation for pp > A*AT is very unlike that of pp »-A+p. We have
no Coulomb singularity as t ~ O, and, from Fig. A2b we see that the Coulomb
cross-section is only a factor of 3 larger than the strong cross—section,
for -t ~ 0.05. Moreover, the Y-ray is now exchanged within nuclear force
ranges. Thus we expect that the Coulomb process is strongly affected by
absorption, and cannot simply be calculated from a one photon exchange
diagram, as was done for Fig. A2b. We expect an interesting structure
due to the Pomeron exchange, for example, which is then followed by a
photon exchange. Furthermore, it is clear that we might expect large
interference effects between the one-photon exchange diagrams and those
with p + A, exchange. In order to extract the A(1238), it is clear that
we must also measure pp > N*+N*+, which will proceed by double diffraction
dissociation, i.e. we must measure the mass spectrum of pm’ events, and
attempt to extract the A events. However, one will be measuring the rates
of double diffractive dissociation, as a function of t and M2, a problem

very interesting in its own right in studying Pomeron exchange.
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To do this without interfering with the R603 set-up, we propose to
detect pﬂo modes, with one proton in the magnetic spectrometer, and one
in the calorimeter. The magnet aperture is sufficiently large for us to
place 1’ detectors behind it, so that one A is detected in the magnetic
spectrometer cum 70 detector, and the other in the calorimeter cum 0 de-
tector arm. The trigger is: counts in both m% detectors, one charged
particle in each arm, vetoes at the large angles, and large energy depos=—
ition in the calorimeter. Again, rates should be reasonable. Estimating
a total A+A+ cross-section of v 0.3 ub, the number of these events is

- 0.1 x 3x 10" x -23- x %— % 4 x 103°/sec ® 50 counts/hour .

RA+A+

The total number of diffractive events is probably at least an order of

magnitude higher, with a different t—dependence.

SUMMARY

The physics proposed is to study the quasi-two-body reactions

pp » AT (1)
PP A" (2)
pp > ATAT (3)
pp > A'p (4)
op + N*+N*+ (5)
10 Np (6)

The first two reactions study p + A, exchange. Reactions (3) and (4) have
Jominant Coulomb contributions. Reactions (5) and (6) study low mass dou-
ble diffraction dissociation and single diffraction dissociation, respec-
tively, and are necessarily experimentally intertwined with (3) and (4).
We propose to use the R603 apparatus in a compatible mode, i.e. without
disturbing the physics scheduled for it, by adding to the detector capa-
bility. Specifically, we ask permission to add on the opposite arm a
hadron calorimeter, MWPC, and 1% detectors, as well as placing 0 detec—
tors behind the present magnet spectrometer. The expected counting rates

for the various reactions are:



" 150 counts/h
n 50 counts/h

Rs v 10,000 counts/h
v 50 counts/h

Rs and Rg unknown, but expected to be large.

The above rates were calculated for 1500 GeV. We expect in the VHE region
that the charge exchange reactions go roughly as 1/s, not 1/s%, and the
counting rates R; and Ry would be proportionally higher at the lower end
of the ISR energy range. The Coculomb rate R is expected to go as ln s,
and thus varies slowly. However, the acceptance for t = 0 At decays im-
proves markedly as we go to jower energies. Thus the experiments are

easier at the lower end of the ISR energy spectrum.

We request 300 hours of running time and 200 hours cf set-up time
for this work, in its one-arm, asymmetric phase, over the ISR energy
range. We feel that we would like the experience of this run before pro-
posing moving to the symmetrical configuration of the R602 set-up. In
the symmetric phase, calorimeters would be added to magnets on both arms,

giving us identical experimental detection systems on both arms.
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APPENDIX 1

THE THEORETICAL SITUATION

General hypotheses

For VHE, we make the following simplifying assumptions for reactions

(1) and (2):
i) T exchange is negligible relative to p + Azj;
ii) the p + A, have "Stodolsky-Sakurai Couplings", i.e. they always flip
s-channel helicity one unit at the N-A vertex, and the size of the
coupling for the helicity transitions % =+ -% is 1/V/3 the size for

the transitions % > Y.
iii) a reasonable absorption model is utilized.

Because of assumptions (i) and (ii), the theoretical situation is
rather simple, giving rise to many zeroes in the density matrix elements

and very few amplitudes.

pp > A++n

For the above assumptions, there are three s—channel helicity state
. . ++ . .
amplitudes needed to describe pp - A n. By analogy with NN scattering,

we call them

a) Ms, which corresponds to non—flip at the pn vertex, flip at the NA

vertex, and thus, a net flip of one unit;

b) M, which corresponds to flip at both vertices, but with a net flip

of zero units;

¢) My, which corresponds to flip at both vertices, but with a net flip

of two units.

Letting n be the net helicity flip, the amplitudes My and Ms, which
have n > 0, have to vanish by angular momentum conservation as t > 0, as

(-t)nlz, and they have no special structure.

On the contrary, we expect M, to have structure, a situation remin-

iscent of the conventional pion exchange case, responsible for the sharp
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. + . .
peaks in np > pn, Yp > T n, etc. In the absence of absorption, however,
even though M, has n = 0, it vanishes at t -~ 0, because parity puts it

equal to My. The situation is sketched below:

pole term

absorption correction

™~ — full amplitude

-t (GeV?)

The solid curve labelled "pole" term is the pure pole contribution, before
absorption. The curve labelled "absorption correction'" is slowly varying

in t, corresponding to a "cut", but is approximately out of phase with the
"pole" contribution. The full amplitude is the dotted curve, which has a

complex zero in the t-range 0.05 < -t < 0.1 GeV?, 1In the VHE region the

t-structure is contained in M.

Defining N = % (IM2|? + M, |2+ 2|Ms|?), we can write

do _ 389 2
Tt = 756qzs N(W/CeVT)

1/8,

) ] ; ++ +
with density matrix elements for the decay A' - m p, of p33 = 3@, P11

p31 = 0, and

Ms|2 + Re MoM,™*
Re pa-1 _}U |2+ ke ]
3

M, - My
N L

P33 ~ Y3 Re p3-1



A3,

_11_
The decay angular distribution W(0,9) is given by:

w(0,9) = f% [pgg sin? 6 + pllf% + cos? 6] - 5% Re p3-1 sin? 6 cos 2¢ -

2 .
- 7§ Re p31 sin 26 cos ¢} ’

where all the p's are functions of s and t.

We note that by measuring the combination P33 - Y3 Re p3-1, we exam-
ine the sturcture without the presence of Ms. We further note that in a

model without absorption,
3 /3 _
Re p3=-1 = -8" and P33 — V3 Re p3-1 = o .

Figure Ala plots do/dt versus t at 1500 GeV. Also shown are the in-
dividual contributions of 2|Ms|? and (IM2]% + [My|?). More detailed theor-
etical calculations are currently being made, using a computer program
and estimating pion contributions, as well as being more accurate in the
absorption estimates. The present theoretical results are probably no
more accurate than a factor of 2.

The integrated cross—section of Fig. Ala is v 0.2 ub. This is to be
compared with the extrapolated LHE cross—-section (a'/p? extrapolation),
which gives v 0.025 ub.

Measurements of the density matrix elements P33, P31, and Re p31 will
allow us to confirm assumptions (i) and (ii). The absorption model is

tested by p3sz - VY3 Re p3-1, and Re pa-1.

-+
pp > A A°

This reaction.is simpler than the previous one. Since we demand
helicity flip at each vertex, there are only two amplitudes, corresponding
to net helicity flip n = 0 or 2, which, by analogy to NN scattering, we

call M, and My, respectively. The cross—-section is given by

do _ 389

2
dt = To6qzs N WB/CV

where N = 32(|Mp |2 + |My|?).
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We have a richer experimental situation, in that we can measure the
joint decay density matrix of both A decays. In Section 46, we tabulate

the decay distribution, which consists of 20 indepent measurable terms:

20
W(O1,013 02,02) = 33 ) Wy (B3 Ea,02) -
i=1

The density matrix consists of 256 elements, of which 72 are independent.
Of these 72, 32 have no contribution to the decay dis ribution, and the

remaining 40 group into pairs of 2, giving 20 measurables.
3 3 . . T,
We employ the notation for the joint density matrix of p&ﬁ,, where

the A decays are labelled by M, M/ and the A? decays are labelled by N, N'.
In our notation, the density matrix elements for the A alone, i.e. inte-
grated over all decay configurations of the A%, are given by P! =

= z p . Our model predicts the following, where we define o =

2M2MH*/(|M2|2 + ‘Mq‘ ) and B = IMZ!Z/(Ilez + lM I?

Re p3° + Re p3; =0 (A1)

Re pis + Re ply_y =0 (A2)

Re ps, + Re p3; =0 (A3)
31 31

Re p;; *Rep_,_; 7 0 (AL)
33 33

Re p2} + Re plj_, = 9/32 (A5)

Re pii + Re pii_l = 1/32 (A6)
3 -3-3 3v3

Re ps_a_1 + Re py_, =g Re'® (A7)
3-1 3-1 3/?

Re p,; + Re p_5_; = g FRea (A8)
3-1 3-1 /3

Re p,, *+Rep .y =75 Re O (A9)

/3

3-1- 3-1 3

Re p,, * Rep_ ., = %; Re ¢ (A10)

Re po. + Re p23_, = 3/32 (A11)

Re p,, + Re o7, | = 3/32 (A12)

Re pZi - Re pii_a =0 (A13)
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Re ply - Reply, =0 (A14)
Re poi, + Re ply; =0 (A15)
Re py;  + Re p73 =0 (A16)
Re p,>, *+ Re ply, =0 (A17)
Re p 7' + Re p;, =0 (A18)
Re po_, + Re p,_; = 3/16 B (A19)
Re p 73 + Re p23; = 3/16 (1 - B). (A20)

If we integrate over one of the two delta decay distributions, we get

P11 = p'! = 1/8 (A21)
P33 = p*? = 3/8 (A22)
Re p31 = Re p*' =0 (A23)
Re p3—1 = Re p°7! = 1§§ Re O . (A24)

From the above, we note that we have a overabundance of correlations to

determine the two parameters Re o and B.

In Fig. Alb, we plot do/dt versus t for 1500 GeV, and also indicate

the contributions separately of |M2I2, which contain all the structure.

. . . . ++

The t-dependence is noticeably different from the reaction pp ~ A n,

whereas the total cross-section is quite similar. We obtain an integrated
cross-section of v 0.1 Wb, a contribution about 5 times greater than the

value estimated for pion exchange, obtained by extrapolation of 1/p2.

pp_~* Atg

Charge independence relates the strong interaction processes pp > A+p
and pp > A by o(pp ~ A+p) = (M4)o(pp > A++n). However, as first pointed
out by Nicol and Salinz), there exists a competing electromagnetic process,
which they calculated from the one-photon exchange graph

p A"
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This process is rather singular in t, behaving as do/dt « |t - to|/t2,
where to is the minimum squared four-momentum transfer; to =

= [(MA2 - mpz)/2p1abjz’ where M, = A mass, m, = nucleon mass, and p; o is
the laboratory energy of the incoming proton, in the frame where the tar-
get proton is at rest. For 1500 GeV, tg = 0.3 X 10_7 GeV?., Thus, ore
would effectively see a spike around t = 0 due to this cross-section,
which, for t >> to, goes as do/dt « 1/t. Thus it is a singular cross-
section, but somewhat less singular than the ordinary Coulomb cross—section
for elastic scattering which goes as 1/t2. To illustrate the expected mag-
nitude of the photon exchange and strong contribution, we plot the results
of Ref. 2, along with the charge independence (strong interaction) predic-
tion, in Fig. A2a. The Coulomb process obviously dominates for |t|

< 0.4 GeV?, being an order of magnitude layer for |t| ~ 0.1 Gev?., It has
been suggested by Gobbi and Rosena) that this calculable, one-photon ex—
change diagram, which dominates the low t region (because of the 1/t
singularity) be used to make an absolute measure of the lumincsity of
ISABELLE. Indeed, the scheme seems practical for use at the ISR, where

we use the sharp t-spike to separate the A(1236) from the background of
diffractively produced N - prn®. Scaling Gobbi and Rosen's numbers for
1500 GeV, we find that if only momentum transfers less than 30 MeV/c are

measured, the integrated cross-section is 5 ub.

As. pp > oA
Charge independence relates the strong interaction processes pp > ATTA
+ +
and pp > A+A+ by o(pp A++A°) = (4)o(pp ~ A A ). In the one-photon ap-

proximation,

p

Nicot and Salinz) have calculated the differential cross~section, which
has been plotted in Fig. A2D, compared to the purely nuclear predictibn
of p + A, exchange. We see that for |t[ < 0.15 GeV?, the Coulomb process

is v 3 times larger. We comment that this is a rather unique type of
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Coulomb process, in that there is mno inherent 1/t or 1/t? dependence, i.e.
no singularity at small t because of photon exchange, due to the dipole

nature of the transition at each vertex. This implies that the photon is

_exchanged when the two protons are within nuclear force ranges, unlike

the situation in pp = pp Oor pp ~> A p (by means of photon exchange) where
the photon is exchanged at very large d1stancea compared to nuclear force
ranges. This type of y-ray process will allow us to study the nuclear
effects due to Pomeron exchange, etc., that take place between the two

protons (which are now within a strong interaction range of each other)

before the photon is exchanged, e.g.

P— A

Pomeron Y

+

P A .

In other words, we will be using the photon as a probe to study absorption

phenomena, Kane et al. are currently calculating the expected cross—sec-—

tion for y-ray exchange along with absorption.

Tabulation of the angular distribution in

op - A++A°, A+A+

The double-decay angular distribution is given by W(B1,¢1; 02,02) =
= W15 $2).

We write
W(Rs Q) = 32,"2 Z W, Q13 Q2)
i=1
33 -3=3 . .
W, =- 5% (Re Py ¥ Re Py, ] sin 203 cos ¢ sin? 6,
2 31 31 . .
W, = -.7§ (Re Pys * Re p_3_3] sin? 0; sin 20, cos ¢2

[Re pli + Re p;i_l] sin 20; cos ¢, (%-+ cos? 61)

Sl
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Wy = - 5% [Re pii + Re pii_l][%-+ cos? 81] gin 262 cos 2
Ws = [Re pzz + Re piz_a] sin? 6, sin”® 0
v = [Re ot « me ol )(5+ cos® )T+ vos” 02]
W, = —-ﬁ% [Re zil + Re p;izg) sin? 01 cos 2, sin? 6,
Weg = - é% [Re pZ;I + Re pi;is] sin? 6; sin® 9, cos 2¢»
I
We = _.Jl (Re p;il + Re 93111) sin® Oy cos 2¢; L—-* cos? 92)
V3
Wio = —‘5% (Re i:l + Re pizil][%-+ cos? 61] sin® 0y cos 2¢»

Wi =

-1=1" . !
Wip = [Re pyy + Re oy | sin® & [%-+ cos’ 0z

Wiz = %-[Re p:i - Re pii_a] cos (& + 92) sin 281 sin 202
Wiy =-% [Re pi; - Re pi;_l} cos (1 = 92) sin 207 sin 28,
Wis = %-(Re pZil + Re pizl] cos (2¢; + ¢2) sin® 9; sin 26,
Wis = % [Re 037! + Re 0231] cos (§1 + 202) sin 201 sin? 6
Wi7 = %~[Re p;il + Re pigl) cos (201 = ¢2) sin? H;sin 20,
Wig = %-[Re pigl + Re p;il] cos (202 = $1) sin 283 sin? 0,
Wie =-% (Re p::i + Re pi:g] cos (261 + 2¢3) sin? 5, sin? 0,
Woo = %-{Re i:l + Re pi;i) cos (201 = 20,) sin® 6y sin? 05 .



i)
2)

3)
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