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Photoproduction with Linearly Polarized Photons as a Test for Cuts
in the Angular Momentum Plane
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We propose here two simple experimental tests for Regge cuts Th. ey consist of looking at s(da/dt) for the
reactions y+E ~ ~'+E and y+E ~ N*+~ as a function of s and q~ for Gxed t, where y~ is the angle
the polarization vector makes with the scattering plane. The behavior of s(do/dt) st e,=0 determines
whether cuts are present or not.

INTRODUCTION

ECENTLY there has been renewed interest in the
effects of Regge cuts on scattering processes. '

Most of these papers have been concerned with trying

to predict polarization phenomena. ' In this paper we

propose two simple experiments which will reveal the

existence of cuts. The experiments consist of looking at
the differential cross section for single-pion and 2V~-pion

photoproduction for diferent photon polarization

angles at fixed t and various energies. The use of

polarized photons enables one to select to order 1/s
eigenstates of parity in the t channel, so that trajectories
of opposite parity are suppressed. By eliminating the

leading trajectories by this parity Alter, we can look for

whatever else is present in the asymptotic energy region.

The theorem proving this, as well as some of its possible

ramifications, is left to the Appendix.

The first experiment consists of doing photoproduc-

tion of or"s oQ protons (or neutrons). In neutral-pion

photoproduction we can have contributions from the

co, p, &p, and 3mesons. From SU(3) arguments we expect

the p contribution to be small, if not zero, and the p

contribution to be much smaller than that of the u.
Regardless of this, the contributions of p, cv, and p form

an effective Regge vector-meson exchange as far as the

parametrization is concerned. The contribution of the 8
is expected to be small because the trajectory has a low

intercept and thus is relatively unimportant at high

energies. If we consider neutral-pion photoproduction

off deuterons Lor the isospin combination T+=T(7ro)

+T(1V7ro)7, ' then only co and q can contribute, and we

do not have to worry at all about an opposite-parity

trajectory. However, in that case we have to worry

about the validity of the impulse approximation.

The helicity decomposition of photoproduction in

terms of the "parity conserving" helicity amplitudes in
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the t channel, f+ and fs+, is given by4

f,—*, , +to=(1/sin8, )l f ip+f » ip7

1
pu. =—

g2iq p

—e"")
1

Here q ~ is the angle that the polarization vector makes
with the plane of scattering. We extend the work of
Gottfried and Jackson' of determining final-state
density matrices in terms of crossed-channel helicity
amplitudes to the case of an initially polarized beam.
This straightforward extension leads to the following
expression for do/dt in terms of t-channel helicity
amplitudes'.

dtr/dt = z.($—iVtv')

&&Llf-:—:I'+If)--:I'+ lf=:—:I'+lf-::I'
—2 cos2pv Re(fuff; ;" f;;f ,*;*)7=,—

where, in f,q, a and b refer to the Jt/ and 2V helicities,
respectively; XV=1, A. =0. But

f;i= —,
' siri8, (f;;++f;; ), -

f i i=z sin(8ft"+ —f ~ ),
fl f= ', (1+cos8,)(f,—;++f; , ), =
f ;=a(1—cos8)(f=f ;+ f, i ). =—

Therefore, in terms of f+ and f we obtain

do/dt= L2/ir(s —DIN')'7LI fit+I'sin'8t sin'p
+ I f;, I' sin'8t cos'a + I f;;+I'(1—sin'8, sin'oo„)

+ I ff—;
I
'(1—cos'y~ sin'8t)+2 cos8t Ref;,*+f~; 7.

4 M. Gell-Mann, M. Goldberger, F. E. Low, E. Marx, and F.
Zachariasen, Phys. Rev. 133, 8145 (1964).

5K. Gottfried and J. D. Jackson, Nuovo Cimento 33, 309
(1964).

A complete density matrix analysis of one- and two-pion
photoproduction processes in terms of t-channel Regge trajectory
exchange will be published elsewhere. Here we are concerned
primarily with the s dependence of the differential cross section.
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f;—;,io = f; ,*tof-, f—,'-'„is
1+cos8t 1—cos8t

We formally introduce linearly polarized y rays by
means of the following density matrix:



LINEARLY POLARIZED PHOTONS

Now, f+ and f have partial-wave expansions in terms
of the parity conserving partial-wave amplitudes F~+
which are eigenstates of parity &(—1)s:

f)„...+(s,t) =P (2J+1)Ex„+Fx,x, ,x.x, +

+Ex„&z,)„,x.x, +, &= fh.—&sf, tt= f).—4f
Using the asymptotic properties of the E functions,

a+~pm —a P a—~peg —e—1 g 0——0~Itt & ~IJt

where
a=max(

f
X f, ftt f),

we recognize that f+ are eigenstates of parity to order
1/s, for single trajectory exchange.

I.et us now look at how the various trajectories con-
tribute to the parity-conserving t-channel helicity
amplitudes.

VECTOR MESONS

The co, p, and q mesons contribute in a similar fashion
to F~; &0+ and F~ ~ &0+ only because of parity. There-
fore, the various t-channel helicity amplitudes have the
following s dependence:

f + a(t)s '+b(t)s ~ '+c(t)s ~ '

f;;+-d(t)s ='+e(t)s ~ '+f(t)s ~—

f;; -d(t)s ='+e(t)s" '+f(t)s ~ ',
where SU(3) implies that c and f are almost zero, and
that b and e are small. The trajectories are almost
degenerate and can be lumped into one "effective
vector-meson Regge exchange" irrespective of SU(3)
arguments.

B MESON

Parity and G-parity arguments limit the 8-meson
contribution to F;;,~0~ only. Therefore, we find

fax ~g(t)s~e

Thus we find that if there are no cuts in the complex j
plane and no as yet undiscovered trajectories with the
right quantum numbers, then the differential cross
section has the following s dependence:

da/dt~a(t)s'& y '& sin'pv

+cosset [b(t)s'&~e-'&+c(t)s'&~y-'& j
+.d (t)ss (~v—sl

where we have lumped the contribution from the
various vector mesons into an effective vector-meson
trajectory function uy(t). We next assume that all
trajectories lie on straight lines which are approxi-
mately parallel to the known p trajectory with a mass
displacement given by

(x~ A'p =8$p m~2 2

Thus we have the following parametrization of the

trajectory functions:

cry=0 5+. t,
(re =—0.3+t .

We thus And that~

sda/dt=s" ja(t) sin'q, +cos'y,
X[(1/s")be(t)+ (1/s') c(t)j+ (1/ss) d(t) ) .

Therefore, if we keep I and s 6xed, we see that we get a
dip at &p~=0 and the value of sdo/dt at the dip should
approach zero as 1/s". We note also that if our
approximate parametrization is correct at q ~=0, then

s"do/dt+e(t) fy"
f
'+0(1/s"),

where e(t) contains known kinematic factors. Therefore,
we can isolate the explicit t dependence of the 8-meson
coupling constant.

Suppose, however, that there is a cut in the complex
angular momentum plane due to exchange, say, of "cv"
and the Pomeranchon. This cut can contribute to
f„q . The contribution will have the following s
dependence:

f„,x s t'& D(t, 1/lns) .
If we assume that all the trajectories lie on straight
lines, we 6nd'

where rr„(t) and err (t) are the te and Pomeranchon
trajectory functions, and o.„and nj are their slopes,
which are assumed to be constants for the values of t
to be considered. Thus if we have contributions from
the leading cut and from the "~"pole, the asymptotic
behavior of do/dt has the following s behavior. (The 8
contribution is unimportant compared to that of the
cut. )

da/dt=a(t)s t~ '& sinsy~+D'(t, 1/ins)s'&~~ '& cosset

+E(t,1/lns)s I+ «s cossyv+F(t, ]/ins)s~ +~.-s.

At t=0 we have o,,=0.5. Therefore, near 3=0 the s
dependence of sdo/dt is given by

sdo/dt=a(t) sin'y, +D'(t, ln1/s) cosstc,

+terms of order 1/s.

' P. Stichel t Z. Physik 180, 170 (1964)j proved for single-pion
photoproduction, by looking at the explicit s dependence of various
terms, that the asymptotic dependence of the amplitudes is as
follows:

f(s,t, )csin y if parity of exchanged particles is (—1)~,
f(s,t, p)~cos y if parity of exchanged particle is —(—1) .

This is only a special case of the more general theorem proved in
the Appendix, which shows that as long as one has a photon spin-
zero vertex, we are selecting almost eigenstates of parity by using
linearly polarized photons.

8 G. Bellenteni, G. Cocconi, A. N. Diddens, E. Lillenthun,
J. P. Scanlon, and A. Wetherell, Phys. Letters 19, 705 {1966).
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If we plot this for Axed t as a function of q ~ for increas-
ing values of s, we notice that the value of sdo/dh at
y~=0 should approach a "constant" value. The value
of this constant will give an indication as to the strength
of the Regge cut. (Note that a trajectory of opposite J
parity to the cv but at the same height will also lead to
this behavior, but no particles with the appropriate
quantum numbers are known. )

Experiment 2 involves doing a similar experiment
for the reaction y+p —+ Ã*++m'. This reaction is also

relatively simple in the Regge-pole picture because the
exchanged trajectory in the t channel is limited to
having the quantum numbers C= —1 and I= j.. Thus
only the p or 8 mesons can be exchanged, with the 8
expected to have little importance. In this reaction, as
in the last, using polarized photons again enables one

to select to order 1/s eigenstates of parity in the t

channel, so that the opposite parity trajectory will be
suppressed in the differential cross section. First we

write the "parity-conserving" helicity amplitudes in

the t channel:

fp, ip+ (1——/sin01)(fp, 10%f a x,p),

fXh ip fXS 10~ f 1 8 10
1+cos01 1—cos0&

fk ~„10— f1—1 —10~ f—h-~„—10 y

1—cos0g 1+cos01

fi h —10 f1 *„10-
sin01(1 —cos0i)

f—,-,—lpga

sin0, (1+cos01)

where the subscripts refer to the p, 1V*+, y, and m'

helicities, respectively. We extend Gottfried and
Jackson's density-matrix formalism to the case of
polarized y rays and 6nd for (do/dh)(y+p ~ E*+1rp)
in terms of t-channel helicity amplitudes (suppressing p
and 7r indices, X7= —1)'

«/dt= [2/~(s ~N')'][If::+I's n'0i »—n'0.+ If:: I'sin'01 cos'0 ]
+((f, ,*+('+

( f, ;+(')(1—s=in'01 sin'00 )+(1—sin'0i cos'&p )((f, l'+ [f,;—(')
—2 cos0,(Reft h+f; „;* Ref;;=+f;,—* )+ [ f~;.+('(1—sin0~ sin'07) sin'0, + ( f;, ('(1—sin'01 cos'p ) sin'0,

—2 cos0& Re(f1 h+fh h* ) sin'0&,

where

2st t (m'+m*'+ p')—+p'(I*' ~')
cosOg =

(h „)[h—(~* —~) ]—' '[t (~*+—~)'7' '

We Reggeize in the usual manner and 6nd that in the
asymptotic region the p-meson contribution has the
following s dependence:

f„,l ~s ' ' f,l ~s 0 1 fol' hiNO

0 for p, =0,
a=max(f)1(, fthm~~).

The J3 contributes in the following way to the same
amplitudes:

f„1 ~s~& f& 1 ~s fol hiNO

~0 fol p= 0.

The major contribution of the leading cut due to the
exchange of p+P will be

f 1 s~"" ~D(t, 1/lns),

and if we assume all trajectories lie on straight lines we

then hand

~.(t) =~.[h(~i '/(~~'+~. '))']
+~~[h(~.'/(~~'+~~'))'] —1

Let us now consider three distinct possibilities.

(a) Only the p contributes. We then find

do/dt=a(h)s" ~"' 't sin'p
+s" &&'& "[b(t)+c(t) cos'p„].

This leads to a dip at q ~=0, and the value of sdo/dh at
this point goes to zero at 1/s' if we set a, (t) =0.5+t.

(b) Both the p and 8 mesons contribute. In the
following we assume that the 8 trajectory is parallel to
the p trajectory with a mass displacement given by
0.,—n~= m~' —m, '. Then

(t) = —o.3o+t,
so that

sdr/dt = s"[a(t) sin'007+d(t)(cos p )/s +c(t)/si. p]

With our approx&mate parametrmatj. on of the trajectory
function, we see that the following plot might allow us
to distinguish the B meson from the secondary effects
of the p mesons:

[s ' a(h)»n'P7+d (h) cos q +0(1/so 0)].,

However, the general behavior of the dip is the same as
in the previous case.

(c) The p, the J3, and the leading cut due to p+P all
contribute. Then the leading terms in the asymptotic
expansion are

do'/dh=a(t)s " ' sin p +cos'0p0(s'& ' '~F0(t 1/lns)
+(tb)s'& 0'~)+G( ) ts+ ~ '+
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If we are near 1=0, then e,=n„=0.5 and n~ ———0.3,
so that

sdo/dh=a(t) sin'p +cos'p (F'(t, 1/lns)

+b(t) Is")+G(t,1/1ns)/s+ .

Thus if there is a cut (or a trajectory with the same
quantum numbers of the 8 but at the height of the p
trajectory) there should be a dip in the plot. of sda/dk
versus p„ for fixed t and s, and the dip should stay
relatively constant as s increases.

SUMMARY OF RESULTS

In this paper we have made the following assump-
tions:

(1) The high-energy behavior of the photoproduction
amplitudes is governed solely by Regge poles, with the
possibility of Regge cuts also considered.

(2) The only trajectories contributing are those
associated with the particles found in the latest table
of meson resonances.

(3) The relative importance of trajectories is deter-
mined by the intercept of the trajectory functions at
/=0 and experimental evidence suggests the following
approximate form for the trajectory functions:

np=0. 5+t=n„=n„,
n~= —0.3+t.

Making these assumptions, we 6nd that if we plot
sdo/dt versus that angle which the photon polarization
vector makes with the production plane for the two
reactions y+X —+ 7r'+E and y+E ~ mo+S*, then
there should be a dip at p~= 0. The energy dependence
of the value of sdo/dk at this point should be 1/s' in
the absence of cuts or some unknown high-intercept
trajectory of parity —(—1)s. On the other hand, the
presence of cuts or another trajectory would imply that
the value of sdo/dt at &~=0 should remain relatively
constant with increasing energy.

so that the mixed amplitude

(2k I
7'I ~0&= &l 217'I —10)e'"—(~ ~ I

T I+10)e *&,

which for p=0 is

f~y, —lO fy—, la

But this is just the amplitude sin8, f;~ for the process
y+m'~g+E, and for co and q& exchange f~; =0.
Similarly, at +„=0

(-:—llew'I ~=00&=f~ &++-f~

Thus if f;; lo~s, then ft;+ s~~ '& f;—; ~s~
and the combination obtained by using polarized
photons behaves like s '. This explains the dip at
q ~=0. In general, if only one trajectory is exchanged,
then one of the asymptotic equations

holds. If P,=Pq or X =Xq, then the polarized photon
combinations are exact eigenstates of parity and the
kinematic singularity —free amplitudes sometimes will
obey superconvergent sum rules. For example, in
y+h}r —+ E+7r+ we know only the 7r, A2 can contribute
to T& &= T(7r+) T(7r ). There—fore,

fthm,
10+~S~A2 lfqq l

—~Sa—w
—I

We notice that f;; obeys a superconvergent sum rule.
This sum rule has been discussed by Halpern. ' It
corresponds to scattering of linear polarized photons off
polarized targets and knowing the outgoing nucleon
polarization. Similarly, we And that in the photo-
production of p mesons, only the p and 8 mesons
contribute to T =T(p+) —T(p ). Now the p,B can
contribute only to f+, f, respectively, and knowing
that n, &0.5, e~& —0.3 we And that we get four super-
convergent sum rules, which have excellent convergence
and possibly can be saturated by only a few states.

APPENDIX
Imfp, lo ds=0, Im fa;, ,l ds=0, —

We shall show how using polarized photons is
equivalent for certain reactions to choosing combina-
tions of helicity amplitudes which are asymptotically
(or actually) eigenstates of parity, and how these
amplitudes can also be used to get superconvergence
relations.

In the previous two reactions we noticed that there
was a change in energy dependence of do/dh as y~ -+ 0'
or 90'. This is explained as follows: We observe that a
photon polarized at an angle p~ with the scattering
plane is represented by

e(~.) =—(I —1)e*''—I+1&e '")

lmfp, r l ds= 0 Imfp, l g+ds=0.

9 M. B.Hajpern, Phys. Rev. 160, 1441 (1967).
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