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August 10, 1967

ABSTRACT
Expressions are given for the production and decay angular corre-
lations in the reaction yp = mA [with JP(A) = 3/2+] with polarized photons.
The use of this reaction to determine properties of s-channel baryonic

resonances isdiscussed. The results are illustrated by examples showing

which information can be obtained, in particular in the 1450-MeV and 1680-

MeV resonance regions, ..With polarized (or unpolarized) photon beams.
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I. INTRODUCTION
This note presents some comments on the use of polarized photon
beams to study a particular reaction, 1 namely YN— mA (1236 MeV). We
shall restrict our considerations to the ''low'' energy region, where s-channel
baryon resonances are prominent, and will therefore mainly utilize this re-
action to obtain information about these (intermediate state) resonances. For
this purpose, the reaction under consideration has certain advantages, com-
pared with YN = N, say, because of the additional information afforded by
observing the Adecay distributions, and also because of the rather large
cross sections involved (o= 70 pb at Ec.m. = 1400 MeV),
The properties of the baryon resonances are of two types:
(1) JP, independent of electromagnetism;
(ii) Characteristics of the electromagnetic excitation process.
We shall assume that both circularly polarized (i. e., definite
helicity) and linearly polarized y's will be available (as would certainly be the
case for a y beam produced by backscatt‘ering laser light off an electron
beamz). The merits of either polarization will be considered in relation to
information of types (i) and (ii). In Sec. II we present general forrﬁalism,
followed by a more detailed example illustrating ""baryon spectrbscopy” in

Sec. III. In Sec. IV we comment on models of the reaction, in particular on

-one-pion exchange. Finally, in Sec. V we illustrate how baryon resonance

properties are exhibited in the. (production) angle dependence of the measured

density matrix elements.

II. GENERAL FORMALISM "~

We first define our coordinate.systems (see Fig. 1). The momentum
of the photon in the c.m. specifies the positi\}e z direction. The production
reaction is defined to occur in the xz plane of the c.m. system; if the y‘ is
linearly polarized, its polarization vector € can be inclined at (azimuthal)
angle @ to the xz plane. The d‘e’cay distributions of the A are conveniently
examined in the rest frame of the A, with the z axis of this frame parallel to
the direction of fhe A three-momentum in the c.m. The -3; axis of this rest
frame is the vsamebé.s the ;y;axis of the ¢.m. frame. v |

The A rest frame so defined differs from the Gottfried- Jackson3

rest frame only by a rotation about the y axis. Our motivation for the present
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choice is that the Ahelicity in the c. m. frame is the same as the rest frame
(ours) J— of the A. The angular distributions in our rest frame are- there- .
fore convenlently specified by the production density matrix in a helicity
ba.51s4 in the c.m. frame. This feature is appropriate, since we wish to
study properties of s-channel (intermediate) reéonances |

~In the c¢. m. frame we denote the productlon amphtude by T.A(M,
where N is the photon helicity and A the helicity of the A; and we suppress
nucleon helicity indices and the production polar angle G. Similarl'y the A
decay amplitude in its rest frame is denoted by Ay (9, ¢)(A— -3/2, 0, +3/2),
where (0¢) are the decay pion angles in the A rest frame, and where weagain
suppress the final nucleonhelicity label. Let Q. be the ‘prod'uctio'n'soli’d angle, .

The distribution of the decay pion (m,) is then given by -

2
do (\; 69) . ) ' :
I dcosf 46~ ggn z A Ap(B.9) ] (1)
where s is the c.m. energy squared, and kY and q; are the c. m. momenta
of the incident photon and outgoing pion Ty respectively. Here we imply

summation over all nucleon spins. - The X factor in Eq. 1 can be written as

2 ' '
\ , : .
D =™ . @)
where o
A
pfu)\, = T(j){) TA'( ), summed ovér incident
i _ nucleon spins R , (3)
_ DAA' = AA AA"‘ ' summedp‘\‘/er decay
nucleon spins
(p()\) is just an unnormalized density matrix).
CIf we normalize . } - fdwlAA | 2 .21, then the production differential

(helicity of .
decay nucleon)

“cross section for a A with definite he11c1ty A is Just

da( \; A) _ Y (\) ]
‘ = —T T (4)
aa oinZs N

in the c.m. system. We have written dw =d cos6 dé.

A
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(A)

The ‘pa rtial-wave ‘expansion for TA}.L is well know'n4 (we now need
-to exhibit the initial-state nucleon helicity ):

(N ‘ - T
T_f\& ©€) = Z I+1) (AT [Ny d
T

For a definite spin parity JP transition (e.g., via an intermediate definite

J
Nepyn @ (5)

- parity resonance), an important property is

(A/l TJI‘)\@ = P(A-)J_#2<-AI‘TJ|)\H> = oz<-A|'TJ|)\p,>, say. - (6)

- Therefore, to determine the parity of a resonance, one can simply

(M) (M)

make a comparison of PA A and .p and extract the phase a. We

; 1o
shall illustrate this in the next seci\i’dn{\
~ We next proceed to obtain more explicit expressions for the quanti-
ties of Eq. 3. o ; -
Defining A, (6,4) = C(L 1/2 S; A-v, v) Yi""(@,«p) to be the decay

amplitude for' A(P wave wN)— m+N, where v is the spin component of the N

in z direction (note' that ;24 fl AA(.va 2 dw = 1), we'ob‘cain5 -
N o 2L+ /254 )S— v C('LLK'OO)'C(SKS- A AAY)
AN T /0 V o 4r Y ’ PR T
K even (7)
; K _
X W(SSLL, K 1/2) YA,_A(6,¢).
Here we will have Li= 4, S'= 3/2. This has the general property DA AT 0,
and hence we cannot obtain px\)_A’from decay angular distributions:-alone.
Leaving out inconvenient normalizations, we then obtain for oﬁr
case . . -1 . .3
C 3 -—Wi e—ZIq)_sinZG 0"
1 0 - U% é-21¢sin29
DAA' < 1 2 1 -id .
-1 '—3" + cos 0 + W e sin2f
-3 + —r—%;e;q)sih'ZG sinZG

N
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(M)

tomed to, because of the fixed photon helicity. We define the density matrix

The density matrix 0"’ has fewer symmetry properties than one is accus-

elements by

P33 P34 P3.14 P3_3

+1 P3 Py Pi.1 P_3 4
p[(\A') - sk ! % % (9)
P34 Py_q Pogutr Pz g
Pz.3 P34 P3.q4 P33
It is easily shown that
1 A-A' (+1
RCEVI S+ (10)
A A A, =N

From this we directly obtain the decay angularv distributions:

da(:ti;B,CP) o
1 .2 1 1 2
> (p33+ p_3_3) sin 0 +2 (p11+ p_1_1)(3 + cos " 0)

1 3 +id .-
~L Rel(p,,- o5 ) ] sin20
N3 31 -3-1

1 :tZicb]

* .2
_—Re[(p3_1+ p_3+1) e 31n‘9

e B

i} 1 1 2
—2(p33+p33)51n9+ (p11+p11)(3+c059)v

|A

2 Re

\f_ (p31 P_a_ 1) s1n26 cosd) + = Im(p31+ p._3_1) 51pZQ sindg  (11)

N3

s Y e A 20 5
- Re(p3_v14? p_3‘1)51n GVCOS.ZdJ:l: pond Im(p3_1— p_31) sin"0 sindd .
3 _ N3
We notice that do(x1; 6, ¢) differ only by terms in sin nd, involving P34 P34
which we earlier indicated to be relevant to obtaining parity information.
Turthermore, since these terms are imaginary parts of p, only interferences

between different phase amplitudes (e. g., different resonances) contribute.

Notice that even the "unpolarized'' angular distributions contain enough in-

formation to furnish all the measurable real parts of density matrix elements. .

Workiﬁg with circularly polarized photons, one can select the two terms
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containing Imp out of do by taking the difference do(A=+1). - db‘cr()\::-_- 1). This
may reduce the background and make the analysis simpler.
For linearly polarized photons, with the polarization maklng an

angle @ with the production plane,
€ = cos®e. +sinde€ ,- o (12)
x - y :

we find that the density ’matrix is

p]'f(q)) = % (p(+1) + p(-'i)) + cos2® p(a.-) + sinéq)_p(b), (13) .
e otk -2 ) 1),
Thus, ® = 0 deg, 90 deg invdlveé erily p(+), p(—),u ‘and p'(a),' while p(b)

describes the difference between the distributions for @ = 45 deg and @ =
135.deg. Note that - ' '
o(3) A-A' (a)

PA,-ar T VT e | |
and o | - (15)
Furthermore, in the decay angular distribution (11), fi(a) contributes only
g ol J)elp’yy + Py Re("l;i - ey anﬁ Re(pg’y + P53 y)

and p contributes only to Im(p%’l +pL Y 1)and Im(p3 1" plgi) This is intu-

“itively'clear, sincefor d) 0 deg, 90 deg, ‘parity conservation excludes terms in (14)
that change sign under ¢~ 2w - ¢, whereas the difference of the distribu-
" tions for ® = 45 deg and & = 1_35‘ deg must be odd under b = 27 - .



-7~ UCRL-17867

III. EXTRACTION OF RESONANCE PARAMETERS

_ In this section we illustrate the types of measurements needed to
obtain resonance properties; we use a simple example where only one def-
inite parity resonance is present. For this case (taking A =+1 1mp11c1t1y)

p is real; some of the useful p's are exhibited below.

o |
1 J hj J
GFrr) Relpyy Py Re( ”z> <2”2> 3/2 32 d3/2 2™ Y324372 4324472 ”
' s : {16a)
I 1 ol al, )
* Re <2 2> (7 2> va-32 Sy Y232 Q2442
(__1_)2 Re(p, ,+p..,)= a Re(212y (2112 (al ad o val al )
2741 TCWP3 4T R344’7 (3 2><2 2/ \932.3/2 C32+4427 324372 3/2-1/2(. -
16b
7 N J )

toa Re("”2> <z 2> 1/2 3/2 Yya+12T Qu2432 d1/2-1/2-

2 2 2
7 (3t eosy) = 1G] < 32-32) T 32437 ) '
(16¢)
2 2 2
304y J J
+ (5111 <(d1/2-3/2) +'(d1/2+3/2))
o Z V 2,11* & .';iJ '.
BAPRETY p33 ) < ><2 2/ 3/2-3/2 -1/2-3/2

(16d)
J : J 3

3,4
+a (3l z> Lyp_32 432 372 T ete:

The argument of the d's is ©, the production polar angle.

To obtain the parity via phase @, we need (16a) and (16b) at two
different values of .©, so as to separate out terms from initial total helicity
3/2 and 1/2. If llnearly polarized y s are used, there would be a p(31) term,
which could be untangled from p31 “only if measurements are made at further
values of ©. We thus see that for determining parity it is advantageous to
use circularly polarized photons. -

On the other hand, from (16c) (and the analogoﬁs expressiorié for
pii)’ “which is :obtained even from the unpolarized reaction, one can obtain

I(Z 2)[ and l<2 |—>| (as well as |<2||2>| nd l<1||2>l
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from pii')' Again, these two amplitudes, ‘representing transitions to the
same final state (strongly 1nteract1ng) should be relatively real for a given
resonance. To obtain their relative sign, howev'er, one has to make a linear

polarization measurement, such as

3:
pl3) ~ I< 12 (3115 ] cosd 5, (17)

where the cosine is either =+1
(i.e. ¢34 is the relative phase of the two matrix elements,

= 0»olfr 180 deg for a given resonance).

This discussion has been related to an example with only one res~
onant state; in this case, determinations of p at two d.ifferent production
~angles were necessary. If two interfering resonances occur, p must be
determined at eight production angles in (16a) and (16b) for parity determina-
tion, in order to untangle /indiv_idual transitions. If one assumes a model.of-
the resonance phases (with the sign undetermined), it turns out that (16c¢)

- could be resolved by only six production angle measurements to obtain the
relative magnitudes of different helicity transitions. The situation is clearly
complicated, but within the realm of current possibility. '

It should be mentioned that recent analysis™ of yN— 7N indicates
that in the ¢. m. energy region-1450 to 1800 MeV, transitions from initial
total helicity 1/2 are quite small compared with initial total helicity 3/2
transitions.. This halves the number of different production angle measure-
ments needed to perform the analY‘sis as described above, simply by halving
the number of significant ti‘an-sitions.

Summarizing, we find that the following types of measurements are
relevant: ‘

(a) Unpolarlzed product1on determines relative magnitudes of transitions
to a glven final state. o

(b) Linear polarized productlon determines relative signs of such pairs of
transitions.

(c) Parlty of a resonance can be determlned by an unpolarized production'
experlment but possibly can be measured more clearly from the difference

of the two circularly polarized reactions.
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All these quantities require measurements of several production -angles
(which is no problem in bubble chamber experiments).

This situation is further corriplicated by probably large contributions

from one-pion exchange. No further considerations can proceed without an

understanding of these effects, which we briefly discuss in the next section
(though no resolution of the problem is presented here), ‘and which will be-

come more apparent from the examples in Sec. V.

IV. MODELS OF THE REACTION yN - A

The charge mode of YN—- mA that suffers least from large exper-

imental backgrounds due to competing processes is the mode yp —~ 1T+Tr-p,

which is complicated bjr interference of the one-pion-exchange (OPE) process
with s-channel resonance amplitudes. In the brief lite.rature on this reaction,
there does not seem to be any unanimity on what constitutes a reasonable
model for it. One group7 achieves a fit to the data with no resonances, but
with a drastically modified gauge-invariant version8 of OPE. On the other
hand, the Cambridge Bubble Chamber Groupg,includes only s-channel res-
onances to achieve a reasonable fit. . (In their analysis, the assumption of a
50% inelasticity for the D3/Z (1525) risonance and the eicperim'ental D3/2
(1525) cross section in yp—~ (7 'p) + (7 n) leads to a D3_/:2 cross section of
60 pb in yp- 7 A; this already accounts for most of the observed do.)
‘ A desirable program at this point would be to fit (more statistically
significant) additional data with a combination of baryon resonances and
ope. 10 | - |

It is our opinion that the Stichel-Scholz calculation places too great
a signifiéé.nce on the nﬁodifications associated with gauge-invariant one-pion
exchange. In particular, an important contributor in their scheme is the
A-exchange graph, which one might e.xpect to be strongly supp.ressed because
the A is so far off its mass shell in the physical region. We expect that
OPE will account for at most half of the observed amplitudes, and the reac-
tion will indeed be useful for obtaining information on baryon resonance
parameters (see Section V).

The use of a linearly polarized beam makes possible a closer scru-

tiny of any model of OPE for the following reason. The basic one-pion-
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exchange diagram is proportional to € "qQy » which can be made to vanish by
choosing € perpendicular to the reaction plane (& = 90 deg); in gauge-
invdriant models such as that of Ref. 8, other large corrections to the pion-
exchan'g'e graph also vanish for & = 90 deg. (This is not true, however, for
the contact graph in'the Stichel-Scholz model.) A comparison of @ = 0'deg
and @ = 90-deg would thus provide an improved estimate of the relative im-
poi‘ta_nce of OPE + gauge-invariance-required terms and baryon resonance

amplitudes.

V. SOME RESULTS FROM A SIMPLE MODEL CALCULATION

‘In this final section, we illustrate by explicit examples how various
s-channel partial-wave amiplitudes and their different possible (multipole or
helicity) excitation'modes will manifest themselves in the production and de-

cay angular distributions of thé A isobar if OPE is present simultaneously.

These examples might help to decide which type of polarization of the photons
would be preferred in an experiment. They also show the expected size and
rapidity of variatidn of the density matrix elements as a function of produc-
tion angle ©. From this one can estimate over how lar'gé intervals in cos©
‘the decay distributions may be averaged withoﬁt losing essential information,
and how many events will be needed.
We assume that in a practical experiment the polarization of the

initial and final nucleons would not be observed. This leaves the production
differential cross section do/dQ (production) « Tr p to be measured, ‘together

with'five independent cornbina.’cions11 of the helicity density matrix elements
pAA!" which, acvcofd'ihg' to (11), completely describe the d.ecay angular dis-
tribution of the A: L '

P33 T P.3.3  Relpgy -9 3.4} - Relpg 4 tp_34)s
Im(P31 + P'_‘3_1), Im(P3_1 - 9_31)- '

Note that, as always in this paper, p is an unnormalized density matrix. 12

The above quantities are functions of cos® and can simply be obtained, for
example, from the experimental decay angular distributions in relatively

-small intervals of cos® by calculation of the moments.
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" Our model consists in és suming that the transi,tion_amplitude is a
sum of a relatively small number of s-channel resonant and nonresonant
partial-wave amplitudes, plus OPE. Thé partiél wave' amplitudes are
characterized by JP, by the magnitude )\ = | A= pl of the initial-state total

helicity, and by the orbital angular momentum 21. in the final A state.

Here )\i— 1/2, 3/2, and Zf— $3/2, T £1/2[for P = (- )JIi/Z]. The pfo—
duction amplitude may then:be written in the fo rm14,
T(x) (S,@)v: (8m) " s > '\}.]'+1/2 <£ ]TJ('SH)\“)
Ap k_ qn - f
o Y 52 _
3
: A-
X z b 3, T; ph-m,m) Y m(@ O)d(3/2)(0) (18)
f
‘m=-3/2
(N)
. + BA}.L (s"e),’

with the normalization defined by (4). The connection with the S matrix is

given by TJ('s) = SJ(s)/Zi. The parity relations are easily ’seen' to be
J J+1/2-4 J :
(ZfIT Aoy = (-) £ (8T Iy, (19)

We also write <2 lT |)\> instead of <£ |T l)»p} for A-p>0. The OPE helicity

amplitudes B( ) are readily calculated, with the result
Ap

1/2 . '
w [(m +EI\? m +E ) AB_ sin©® .
()\) = -« U
BAP-' (VS, @)-eg [ 4m2 e ] 1—_-6—1:5-5;6- HAp.(@)’ | ({20)
T , .

where

>

N|@

H:b3/2 1/2( )=~(1 3 6) sin® {Cf::}
' (21)

T o 2} oy o]

A+1/2 H ©).

Hp, 4200 = () “AA/2
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Heré k_and q. are ‘the momenta, EN and EAthe energies, and [3TT [3 , and

[BN the velocities of the indicated particles, all in the c. m. system;

BNﬁAYNYA/(YN+1 1) and -y = ({-B )_1/2. Further, A, \, and n are
the helicities of A, photon and incident N. Finally, e~:h'\]41r/13 7 (for w ),

’ 5
and the ANm vertex has been written as (g /m )u (p ) u(p) P, 1

For the OPE amplitudes the rad1at1on gauge in the c.m. system has
been taken. 10 Any cofrections to this might be thought of as being already
represented in the phenomenological sum over partial waves in (18).

In the examples that follow, the six ”obs-ei'vab-le" combinations of
the he11c1ty density matrlx elements PAAL 2TE shown for d1fferent assumed
sets of amplitudes (4, | 77 BOYR ‘In absence of. reliable knowledge on these
amplitudes, the phases were taken to be equal{imodulo 180 deglto the elastic
7N scétte'ring_ phase\sié at the same total c. m..energy, and relative 'r_nagrfi-
‘tudes wefe estimated by using the inelasticities from the 7N phase-shift
analysis 1,6 together with the known informati_on17 on the branching. ratios
O'JAI:/cri{llzl into the m A channel. This is of course only a rough first guess at
what amplitudes might actually be present.

In Figs..2 through 5, W(cos€) is the production angular distribution

for unpolarized (or circularly polarized) photons, normalized to

1
f W(cos@) d cosO = 1.

Accordingly, the PApr BTE equal to the normalized helicity density matrix
“elements multiplied by W(cos€). Also W( )(cos@) = Tr p( ), so that for

- linearly polarized photons the production angular distribution is given by

wa w(a)

for @ =:0 deg and @ = 90 deg, respectively.
The f1rst example (Fig. 2) shows results for a superpos1t10n of

= 3/27, 5/2 and //2 amplitudes at E = 1680 MeV with 50% OPE
18

JP
added ‘
"'as well as the results for 3/27, 5/2 , 5/27, and 7/2 amphtudes super-

Also shown is the effect of a change of parlty in the 5/2 amplitude,

posed and with further addition of small 1/2” and 172" amplitudes. It ap-
pears that changing the parity of the 5/2"amplitude has a strong effect al-
ready on the ''unpolarized" informat:ion. However, adding 1/2 or 1/2+
waves shows very little effect there; it has some effect on the IrnpAAl

(which are measurable by using circularly polarized photons), but the
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Fig. 2. The observables(production angulardistributions and helicity density
matrix elements) for E_ = 1680 MeV, assuming the following set of
amplitudes. (Note 23): '

¢

(3/27, 3/2;0.23, 126deg)+ (52", 3/2;0.27, 130deg) -

+ (727, 3/2; 0.07, 201 deg) + 50% OPE

, with 5/2+ replaced by 5/2°

L —— same as

 ——  same as , added (5/27, 3/2; 0.18, 303 deg)

~—3—  same as —s—, added ('1"/2-:', 1/2; 0:16, 2941 deg)
S same as —=—, added (1/2+, 1/2; 0.20, 83 deg)

For the normalization of the angular d‘istributionsr'and the see:

. [o) 1
the text.” = - R AN
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o

Fig. 3. The observables for Ecm = 1680 MeV, with varylng helicity A\
and multlpole of the 5/2 résonance (Note 23): ,

- (3 —} - 3 . ) ; e + Ty 3 . s e
, (3/27, 3/2; 0.23, 126 deg) (5/2+ 3/2; 0.27, 130 deg)

+ (72", 3/2; 0.07, 201deg) +  50% OPE

"

—%—  same as , with \j = ¥2 replaced by \;= 1/2 for the 52"

same as , with \; = 3/2 replaced by E2 for the 52"

—5—  same as , with X, = ¥2 replaced by M3 for the 52"
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Fig. 4. The observables for E.,, = 1680 MeV with varying contributions

of OPE.

(1/2+, 1/2; 0.20, 83 deg) + (1/27, 1/2; 0.16, 291 deg) -

+(3/27, 3/2;.0.23, 126 deg) + (5/24_2 3/2;0.27,430.deg)

+(5/27, 3/2; 0.18, 303 deg) + (12%, 3/2; 0.07, 201deg) + ¥ OPE
same with 20%.OPE
same with 40% OPE
same with 70% OPE

pure OPE
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\/

Fig. 5. The observables for E_ = 1450 MeV, assﬁming various sets of E
~ amplitudes (Note 23): : : .

(3/27, 3/2; 0.49, 103deg) + (527, 3/2; 0.16, 213deg) + 50% OPE

—%— same as , added (127, ¥/2; 0.19, 113deg)

—+— same as —%—, added (427, 1/2; 0.11, 332 deg)

—&— same as —p—, with )\i = 3/2 replaced by E1 for the 3/27.,
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(a) (b)

() and in some of the other PAA and PApr mea-

strongest effect is in W
surable with linearly polarized photons only. _

A major aim of an experiment on yp—~ mA would be to study the
electromagnet1c propertles of resonances that is, the characteristics of
the electromagnetlc exc1tat10n process of the resonant partlal waves. There
fore in the next example (Fig. 3} we compare different excitation modes of
the 5/.2 resonance at E om’ 1680 MeV assuming the additional presence of
3/2" and 7/2 partial waves and of OPE. One sees that under these circum-
stances, dis crimination between helicities )\i: 1/2 and )\i:- 3/2 would be
possible even with unpolarized photons; for example, W(cosG) in the back-
ward direction is sensitive to this. Alternatively, the excitation may be
characterized by multipole amplitudesic,) E2 or M3, but for distinguishing
these linear polarization would clearly be advantageous.

Since. OPE contributes considerably7 in the charge mode yp— 'rr-_A+ ,
which is most easily accessible experimentally, in Fig,‘ 4 the consequences
of varying the amount of OPE are shown, again at 1680: MeV with 1/2:‘:, 3/27,
5/2:':, and 7/2+ partial waves added. Note fhat OPE alone leads to a purely
real de‘nsity matrix. There is nevertheless an effect on Im p from OPE
through interference but it is much less pronounced than in Rep. For pure
OPE, also: p( ) = ( 1) due to the (€.q) couphng

Finally, we study the possible situation at E = 1450 MeV where
the dominant contributions are expected to come from 3/2 and 5/2 partial
waves plus - OPE. Of particular 1nteres’c2'O 21 is the effect of addlng contri-
butions of 1/2-'~ and 1/2 amplitudes. It appears. (Fig. 5) that it certainly |
would be very hard to detect small 1/2 waves from the "'unpolarized' data
alone. 22 There is some sensitivity to these partial waves in Im p( i),
measurable with circular polarization; but the additional information appear-

(a) (b)

be needed. On the other hand,’ the;unpolarized data are sensitive to )\i: 3/2

ing in the data from linear polarization, p and p' ', would probably also
vs - E1 excitation of the dominant 3/2° partial wave.

In conclusion, it appears that measurements of mA photoproduction
could indeed be a useful and sensitive tool to further investigate photoproducm
tion in the baryon resonance region. Polarizing the photon beam would con-

siderably amplify the amount of information that can be obtained, and in fact

is crucial for most of the interesting aspects of such experiments.
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(m, +m .)2 In2
T = (g-*z/‘m) q3 A N "w
A decay 6 2 m 2 7
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tive interference.):
The multipole amplitudes are linear, _combinafions of the helicity ampli-
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1/2
. - __M - P : .1 . _ LT _1
IM; M) = Z 223+ 1) (M7 Clig 35 h-w | IMi T 5)
jTr

where the total angular momentum and parity of the photon are
j and w = (-)j+p, respectively, with p = 0 (electric Zj pole) or

p = 1 (magnetic 2j pole). '
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Note that a J = 1/2 partial wave does not contribute to P33 and
P_3_3 at all, and to P3q» P3_q* P_3qr P_3_4 only through inter-
ference with amplitudes having J > 1/2.

The notation used for the amplitudes (,@f ITJ‘)\i> is (JP,- helicity A,
(or multipole); relative magnitude, phase angle). Generally, the
lowest possible value of ‘ﬂf, is alway§ taken (Note 13). For the OPE

cdntribution, see footnote 18.
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