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ABSTRACT

Some consequences of an isotensor component of the electromagnetic
current are examined in simple pion photoproduction. An experiment to
detect the isotensor contribution, in pion photoproduction from deuterium
already suggested by several authors, is reformulated to improve the sensi- ‘
tivity of the test. To estimate how accurately the experiment should be per-
formed, upper bounds on the strength of the isotensor contribution are obtained
from our experimental and theoretical knowledge of pion photoproduction from
the nucleon, This limit turns out to be much smaller than previously stated

in the literature.
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INTRODUCTION

The electromagnetic current, Ju (x), is usually assumed to be the sum of
two terms, an isoscalar, ,L S (x), and the third component of an isovector,
J;f(x). From this it follows that to lowest order in the electromagnetic coupling
constant only transitions with AI = 0 and 1 are possible in scattering processes
initiated by electromagnetic interactions. Without questioning the validity of

the Gell-Mann-Nishjima relation,

Q=fd3x<A|J0(x)|A>=13+Y/2 (I. 1)

one may ask whether the electromagnetic current has a more complicated
isospin structure. This question has been raised, during the past few years,

1,2,3,4,5

by a number of authors who were motivated to find an explanation

for the first results on the branching ratio
) + ~0
R=T(n—=31 )/Tm—1 7 7) (1. 2)

They have stated that there is little experimental information on the isospin
properties of the electromagnetic current and have suggested several experimen-
tal tests for detecting an isotensor component of JM(X)' Implicit in their discus-
sions is that there might exist a very large isotensor contribution to the
electromagnetic current, which would not have been detected by present
experiments. The main reason for this state of affairs is the lack of systems
of isospin greater than 3/2 with which to observe Al =2 transitions unambiguously.
Grishin, et al. 1 and Kabir and Dombey2 recommended a measurement of the
ratio of the cross sections for photoproduction of the charged and neutral A (1236)

from a deuterium target to test for the presence of an isotensor current.
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P+(P+m)

o
y+D P+A<P+(N+7ro) (1. 3a)
’ (6]
VN-!—(P-I—’IT )
Y+ D=N+ A0 s (L. 3b)

For pure A-production, the isospin of the final state is restricted to 1 or 2.
In the absence of an isotensor interaction, only an I =1 state is produced and
the ratio of these cross sections is unity. As pointed out by Kabir and Dombeyg,
and emphasized by ShawS, the non-resonant production of an I = 1/2 final state
at a mass of the A(1236) constitutes a serious background. This I =1/2 state
is produced through isoscalar as well as isovector photons and Qhanges the
ratio of L 3a and I. 3b from unity even in the absence of an isotensor interaction
(see Egs. 1.7 and 1.8). _

G. Shaw3 suggested that the background could be reduced by a factor of 10
or 20 by detecting only those events in which the final state contained a neutral
pion. It is known that almost all of the ° photoproduction cross section at thé
resonance proceeds through the A(1236). Consequently, requiring a 7° in the
final state will enrich the ratio of N*'s in the sample.

Unfortunately, the requirement of Shaw adds a serious complication to an
already difficult experiment. There is an obvious technical simplification if
the experimenter is required only to detect and measure the momentum and
angle of a single nucleon, using the two body kinematics to restrict the mass
of the undetected pion-nucleon system.

In this paper we wish to point out:

1. This "simpler' type experiment is even a more sensitive test for the

isotensor interaction, if one measures the difference in the cross

sections for reactions I.3a and I.3b as a function of the mass of the

undetected particles in the region of the A(1236) resonance (section 1).
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2. Present experimental data on pion photoproduction from the nucleon

permit one to set an upper bound on the strength of the isotensor cur-

rent which is only a few percent of the isovector (Section 2).
The bounds found in Section 2 imply that Shaw's experiment3 is not sufficiently
sensitive., Furthermore, the experiment suggested in Section 1 will yield a
null result unless the difference between the cross sections for I. 3a and 1. 3b
is measured with sufficient accuracy to define energy dependent changes in
this difference which are smaller than 5 to 10 percent of the individual cross
sections.

Although we do not address ourselves to then -decay, nevertheless it is

interesting to note that recent results find the ratio R =1.4 £0.2, 6 Expres-
sing R as >
2
R =1.63 ’L__%_/E_E (L. 4)
1+V3/2r

where r is the ratio of the isospin I =3 amplitude to the I = 1 amplitude in the
final state, one obtains from the recent data the ratio r = 3.8 per cent %

3.8 per cent, if r is assumed to be real. Therefore, if there exists an isotensor
current which excites the I = 3 final state in the 7) decay, it should be only a

small contribution to the total electromagnetic current.

Section 1

Isospin Analysis of Y+ D—2N + .

Consider the Four Reactions

Y+D—N+ (N+7) (1. 1a)
Y+ DN+ (P+ 1) (1. 1b)
Y+DoP+(P+T) ! (1. 1c)
Y+ D—P+ (N+ 1) (1. 1d)
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The general transition matrix element may be written in the form
out:
T=ee < N, NZ,WIJ“(O)|D> (1.2)

where EM is the polarization vector of the photon,
In lowest order of the electromagnetic interaction, the current operator,
J (0), depends only on the strong interactions. Now in order to introduce in

(1.2) transitions with AI =0,1, and 2 we assume the following decomposition of

J (0) into isospin tensors JT(O)
K K
_ .0 1
3,(0) =3,(0) + 3,(0) + Ji(O) | (1.3)

Usually terms with T > 1 are assumed to be zero.

We are interested in describing experiments in which only a single nucleon
of reaction(l. 1)is detected and deducing information about strengths of amplitudes
for pure isospin states of the undetected pion-nucleon system. For convenience
we will often refer to this undetected system as the X particle. The first step
is to expand the amplitudes for the reactions (1.1) in states of definite isospin,
IX =1/2, 3/2, and I;( of the X particle. We denote these amplitudes by

; IX, Ig(lJi ‘D >, where N, stands for the detected proton (P) or neutron (N).

<N d

d

gt _ 311 2
< N;N7 !JM(O)‘D>— <N 33 |30+ J“(O)|D>

+\/-§j<N, ;;l (1.4a)
<N;Pr° |7,(0)|D> é g—%—J(O)
1 G L1100 ot
—‘/3_ Sop i (0)+JM(O)\D > | (1. 4b)
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- 1.1 2
<P;Pr |J (0)}D> = J(0)+J(0)|D
7,0 ,(0)+3(0)| D>

1 .3
J5<P’§"§‘

2 1 1(.0 1
—£<P; ) J“(O)+J“(O) D> (1.4c)
a0 2 03 1)1 2
<PsN7 \J“(O)\D> _\/g<p, 5 -7 |3, + 3,0)|D>
1 1 11.0 1
+\/;_"<, P; '2—, - é- J“(0)+ JH(O) D> (1.4d)

We notice that transitions to IX = 3/2 proceed only by the T =1,2; whereas
transitions to IX =1/2 proceed only by the T = 0,1 components of the currents.
The Wigner-Eckart theorem relates the amplitudes for IZX =+1/ 2}, so that we

can introduce the notation

‘@A;/z =e€H <N; g—%—'J;(O)ID > = —eeu <P; g—, --;—lJ;(O)}D > (1.5a)
\/6_A§/2 —ec, <N; g—% Ji(O) D> =ce, <P; -g’- -%—lJZ(O)lD> (1.5b)
\/?T}Pl/2 =ee <N, %%’JS(O) D> =-ec <P; % —%|J0(0)|D> (1. 5¢)
\/%Ai/Z =ee“<N, %% J:(O) D> =ee“<P; %, —%IJl(O)‘D> (1. 5d)

In Eqs. (1.4)and (1.5) the final states are assumed to be antisymmetric in
the two nucleons. However, this symmetry does not affect our arguments. In

terms of the reduced amplitudes defined in (1.5); the transition amplitudes



for reactions (1.1) may be written

- N7 - 0 1,1 1,1 .2
T, =ec, <NiNn ’J“(O) D>=y/Z (A )5 * 5A /5 ~5Ag/s * A3/0)

0 1,1 2,1 2

— ', . O el —
T —eeM<N,P7r 'JH(O)D>— (A 3/2 3/2)

b
(1. 6)

_ D - 0 1,1 1,1 2
T, ~e€“<P,P7r IJ“(O) D>=/2 (Al/s -3 Al/2 + 5483/ +A3/2)

~ 0 1.1 2.1 5
d J,OND> = = (A5 ~5 A1 )5 ~3A3/5 2 Ag5)

T, =ee < P;N7r0
m

We have not bothered the reader with the details of the nucleon and photon
spin. The amplitudes Ti should have a set of helicity indices, A, associated with
them, and we could denote them Ti)‘. The cross section,e.g., for y+ D—N + N + T

would then be given by

o = Z lT;z
A

Since the details of spin are not pertinent to our discussion we will continue

to neglect them.

Consider an experiment in which only a nucleon is detected and no attempt
is made to identify the other particles. If we detect a neutron, we are measuring

the sum of the cross sections for (1.a) and (1.b).

1.1

0
383/ - M

12 zh, 2 |2 1,1 P2
o —ITaI +’Tb| ~ 6 Ag | +3|A1/2 3A1/2, (1.7

N

and if we detect a proton we are measuring the sum of (1.c) and (1.d)

2 2

' 1,1 |2
“p = ‘Tc /2~ '§A1/2| (1.8)




We are interested in the difference between these two cross sections

1 2%

0
A3/2 N

4p? AV

Ao=0_-o_=TRe |8A 1722172

P~ N 3/2 (1.9)

since in Ao only the interference terms between isotensof and isovector or
isoscalar and isovector excitations appear.

The difference Ao has the important property that the X particle in the
isospin 3/2 state will be seen only by the interference of the isovector and
isotensor amplitudes. Therefore, a measurement of Ao as a function of the
mass W of the X particle in the region of W = 1236 MeV should provide a
particularly sensitive test of the isotensor contribution to the electromagnetic
current. There will, of course, be a contribution to Ao from the IX =1/2
state, but we expect it to vary slowly with W so that a bump in Ao around
W =1236 MeV should be a clear indication for the presence of the isotensor

excitation. Since around the A(1236) the isovector Ai/z is at most of the order

1

3/2° the difference (1.9) is sensitive to an isotensor interaction Ag /2

1/10 of A

even if it is as small as 1/10 of the isoscalar term A01/2'
One should realize that the experiment does not distinguish whether there

are one or two pions in the final state. Since the two pion threshold is 20 to 30

MeV below the mass of the A(1236), there will be a small additional contribution

to the background., Also if the isotensor term is smaller than the isoscalar, which may

be expected from our discussion in the next section, then it is necessary to consider

the higher order electromagnetic effects. These radiative corrections can also

produce I =2 final states and may limit the sensitivity of the experiment if they

can not be calculated reliably.

Finally we would like to mention that according to Shaw3 one should measure

2
the ratio ‘Tblz/'Td’ of reaction (1. 1b)and (1. 1d). To first order in the isoscalar

-7 -



and isotensor terms this ratio becomes

Re (Ag/z‘/z_" Aol/z) (Aé/z‘/z—' Ai/z)*
p

r=‘T 2/‘T ‘2=1+4
b d 1

3/2 -A

2'A L l

1/2
... (1.10)

Here one sees that not only the isotensor amplitude will produce a deviation

from r =1 but also the isoscalar. Consequently one is limited in sensitivity to
9 0

Agrg = 0(Ay /)

Section 2
Limits on the Isotensor Current Following from Photoproduction.

A. General considerations

As mentioned in the introduction, the analysis of single pion photoproduction
provides an upper limit for the strength of the isotensor interaction. We will first
discuss the results following from ° production. Then we give a discussion of
the limits that can be set by analyzing the difference between r and T production
from deuterium.

Assuming that the electromagnetic current has the structure given in (1. 3),

one obtains for an arbitrary helicity amplitude

0 -
A" g s H + H

Ve

2

:Hot%H1/2+(=F%H3/2+H2) (2. 1a)



=H +7H'" -2(x5H '~ +H) (2. 1b)

(In (2. 1b) the upper or lower sign applies for the reaction with the proton or

neutron, respectively. )

In (2.1) we have used the conventional notation of CGrLN7 for the isoscalar,
HO , and the two isovectors,H* excitations and introduced by H2 the new isofensor
term leading to a final state with isospin 3/2. In the second lines of Eq. (2.1)
we have expanded the isovector parts H* into their contributions leading to final
states with isospin 1/2 and 3/2. These have been denoted by Hl/2 R H3/2 . Note
that in this second form the Eqgq. (2.1)are of the form (1.6). This is true because
in (1. 6) the detected nucleon plays for the isospin decomposition only the role of
a spectator. Therefore, if we subtract the cross sections for photoproduction at

the neutron from those for photoproduction at the proton we obtain a relation

analogous to (1.9)

' _ - -
Ao O-P7r' * GNWO O-N1T+ Pr°

3/2
=Re (8H / HZ* - ard Hl/z*). (1.9%

However, from the experimental point of view the difference (1.9) is easier
to obtain, and therefore it is preferred for the detection of a possible isotensor

interaction. )

In the following we shall be only concerned with the limits on the isotensor
excitation of the A(1236) resonance. We shall compare it with the corresponding

isovector contribution, to characterize the strength of the interaction in question.



(o}
B. 7w -Production

From a phenomenological point of view, 0 -photoproduction is the best
place to isolate the large magnetic dipole excitation of the A(1236) resonance,
which is conventionally denoted by M:iiz . (7,8) This is because the non-resonant
contributions at low energy are relatively small in ° -production. Most suitable
for our considerations are data on the total 7° cross section, Tiot? OT results
from measurements with plane-polarized Y's at ® = 90° and azimuthal angle

o
¢ =90 , dol/ d(). Keeping in the multipole expansion of both cross sections

only £ =0 and 1 final states one obtains

o 02 02
; T
I;‘t’(;t !E0+ + M71r_ + 6‘E1+‘2 + 2’M1+‘2 (2.2a)
0
k daf 0 7° 2 7ro 7° 2
am—-‘ (E,@=¢=90)=E +2M1 +M1_ + e s (Z.Zb)

Notice that in (2. 2a) interference terms between different multipoles drop out
3
completely and that in (2. 2b) the particularly uncertain ElJ/r 2 does not appear.

Neglecting the background terms at the resonance one obtains from (2. 2)

do

k 0
a—a—é(E =E,0=¢=90")x4

02

T

3/2 2
M1+

+) (2.3)

~9(ImM

Present theory8 predicts (2.2)absolutely only within 20 per cent using dispersion

relations and pion nucleon phase shifts. The failure of the theoretical prediction

is caused mainly by the uncertainty of MS/ . The reason for our incomplete
knowledge of Mli . has been investigated in Ref. (9). It was found that the main

3/2
1+

contributions to the dispersion integrals. These terms can be lumped together

uncertainty in M treated by dispersion theory are unknown high-energy
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/

in a constant, which fixes Im M 2 (ER) and which has to be taken from experi-

/2

ment to obtain an accuracy of M better than 10 per cent. But, of course,
one might also assume that part of the discrepancy in (2.2) is caused by the
neglect of the isotensor interaction.

An isotensor excitation of the A(1236) resonance would contribute in first

order to (2. 3) the amount

k k _ 32 3/2 2
Zq Aai:ot zq Acrl = -3 Im M1+ . Im M1+ (2.4)
From (2. 3) and (2.4) follows the ratio
Im M2 E A E A E
1+ (Fg) _1 Ag Eg) 4 Aoy (ER)
3 = i KT 1 tot’ R
Im MI{Z (ER) 6 r (ER) 6 Utot(ER) (2.5)

Ascribing now part of the discrepancy of 20 per cent in o, or Tiot to the isotensor

interaction we obtain at the resonance the inequality
(2.6)

ImM L @] <o oslnnM3/2(E

R) R) )

We would like to stress that (2.6) derived from ™ -production is based on
the assumption that current theory can predict (2. 3) within 20 per cent and that
only these 20 per cent can be made responsible for an appreciable isotensor
interaction. A violation of (2. 6) would clearly upset our present understanding
of the theory of Mi’i 2 .

~The bound (2. 6) is confirmed by a less model dependent analysis, which

the present data on the 7r+/ 7 ratio allow.
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-|- -—
C. m /T Ratio

According to (2. 1) the difference of the cross section for 7 and 7~

production is

+ -
T T +,2 -2
o ko A e
- g \dQ do / 4 i i
1 !
=8 % Re H: (Hg+ Hg)* 2.7)
i ]

In (2. 7) the sum extends over all helicity amplitudes.

Data relevant to Eq. (2.7) are shown in Fig. 1, where excitation curves
for 7r+ and production and the difference l%o'_ are plotted. These results
are obtained from the measprement of the 1r+/ 7 ratio and the 7r+cross section.1 0
~ Also shown are the theoretical predictions (with Hizs 0) following from dispersion
theory.8 One has to realize that o_is a very sensitive test for the isoscalar
amplitudes Hf, which contribute only a few per cent of the T and 7 cross section.
Changes of the order 50 per cent in 8 5: Hf Hi_* , which contribute 1 to 2 yb in o,
are therefore to be expected. On the ;ther hand the differences between theory
and experiment could be attributed to the Z‘ Hf Hi_*term, if one believes in the

i
existence of the isotensor interaction. Thus one obtains as crude upper bound

< 9 *| 9
Z]Re H H, |< b = 0.25 b 2. 8)
i

for the region of the A(1236) resonance. The result (2.8) is somewhat less
model dependent than (2. 6) since the upper bound (2. 8) is already of the order
of 0. Also it is improbable that the isoscalar amplitude H(z is wrong by more

than 100 per cent.

-12 -



We now convertthe result (2. 8) into a statement on the isotensor excitation
+

of the A(1236) resonance. To this end we expand do™ /dQ into multipoles keep-
ing again only £ = 0 and 1 terms

Tx
do

dqa

,n_:k

0 +

2

N 2+5

My 3

1- M

(E,0=90°) = |E

ZQIE’

. (2.9)
A £
+3Re E| (Ml_—M1+>+RM Myt

The correction to o_ in first order of the isotensor excitation of A(1236) just

at the resonance is then

]Im(M2 “2E2y, (2. 10)

3/2’
1+ 5 1+

le-_(E

R)l 20 IIm M

3/2 3
where we neglected also Eli , which is of the order - 1/10 of Mliz . Using

-2 (8
Im Mi/jz (ER) =3.75 10 29((: )and the inequality (2. 8) for Ag_we obtain

2 2.2
Im (M, E7 )
"5 1+ <3 2ub

3/2 20 (3752 . 107452

=1,1% (2.11)
Im M

The upper limit (2.11) is of the same order of magnitude as obtained in Section 2. B.
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SUMMARY

We conclude that present experimental information on pion photoproduction
places an upper bound on the strength of the isotensor interaction for exciting the
A(1236) resonance of a few per cent of the strength of the isovector. Therefore,
the interaction in question yields contribution in pion photoproduction, which is at
most of the order of the isoscalar term. The isoscalar term itself is not quan-
titatively well defined by present experiments,

1.2,3,4 for detecting

Most of the experiments suggested in the literature
the isotensor interaction will give a null result unless they are carried out to
high accuracy. Those experiments which involve photoproduction of the A(1236)
should be examined carefully, because the non-resonant contributions will generally
prevent one from achieving sufficient sensitivity to the isotensor term. The exper-
iment described in Section 1 avoids the problems of the non-resonant background

to a high degree, but would have to be a precision measurement because of the

assumed smallness of the isotensor interaction.
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1(@)

1(b)

FIGURE CAPTION

Center-of-Mass differential cross section for 7r+ and T photoproduction.
The experimental points are obtained from measurements of the 1r+/ T
ratio from deuterium and the r cross sections from hydrogen. 10

The theoretical curves were calculated from the photoproduction
dispersion theory, 8

The difference between the cross sections for 7 and 7 production
shown in Fig. 1(a).
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