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In studying the single-pion production amplitudes in the vector-meson mass range (p and
X*) we observed zeros and structures in Repro and pq' q density matrix elements. The zero
of Repro~ is observed to be approximately independent of beam momentum, charge state, or
strangeness of the vector meson and is invariant under s-t crossing at &'=m, —

m& . This
gives a strong support to absorptive models. Our analysis shows inconsistencies in the re-
cent amplitude analysis.

In order to give a quantitative description of the experimentally observed characteristics of the sin-
gle-pion production amplitudes, one has to consider both t-channel exchanges and s-channel absorption
effects. With a sufficiently complicated parametrization one is able to fit many reactions by emphasiz-
ing the absorptive' or Regge aspects' of the reactions. Instead we have looked for the existence of dra-
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matic variations of the vector-meson density matrix elements which are expected on general theoreti-
cal grounds at R wide variety of incident momenta and x"eactions. %'e show that zexos of the amplitudes
provide nontrivial consistency checks on analyses like that of Estabrooks and Martin' (EM).

The starting point of our analysis is the set of equations~

3ft!!= I&«+ l&l+&I'+ I&lo+ I&l-&I',

6a"=(&»+l&f+& &I-I+I&i &)&» l&II+&* +(&II+ITI-&-&I-I+II'I-&)&»+f&l-&*

«",, =I&II+I&I+&I'+ I&I —&+I&l+&I'+ IIII+ f&l-&I'+I&I —I+ ITI-&I',

~~,",=Re(&». l~l.&&i-i.l~l. &* &».I~l-&&I-I I~l-&*),
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where &BX„ITIA~&denotes the helicity amplitude
of R di-p1on system %'1th orbital angulRr momen-
tum I, helicity ~, and with nucleon helicities ~„
Rnd A.~. The 'g', ' are the unnormalized densi. ty
matrix elements to describe the pg system with
orbital angular momenta (projections) E, E' (m,
m') in the c channel. All other density matrices
are presented in Ref. 4. The natural —and unnat-
ux31-parity contributions to the g-channel ex-
changes al e d0' /cft = RII 6 RI I .

The IDost general %'ay absorption effects IHRnl-
fest themselves is the dip structure of the net
helicity-flip g = 9, I amplitudes. " The unnorm3l-
ized density matrices ReA,'~~ and Re~»' are pro-
portional to net helicity-flip-1 amplitudes and
thus will have zex'os at the same value of 6'. The
invariant momentum transfer squared is denoted
by t= —L'.

In Fig. I we plotted Re('A~»I) for w'm (2-4,
17 2 GeV/c)' ' and for ~"8 (I 5 2-4 GeV/c) '-' "
Inspection of Fig. I reveals that Re('AIIOI) vanishes
and that the locations of Ne zeros at cP =0.6
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FIG. 1. The invariant momentum-transfer (-~2)
dependence of the p-decay density matrix element
—Be(~pjo) multip1ied by either the number of events or
the differential cross section. Squares, 1.55 Gev/c
w 7f 1 crosses 2 4 Gev/c lf 1I; filled c11'cles, 2 4
GeVk ~+~; triangles, 17.2 GeV/c w+& . The open cir-
cles represent the neutral p-decay density matrix ele-
ment p~ ~ multiplied by the p-production differential
cross section. The units of the y axis are cleft-hand
side), for crosses, events/(0. 1 GeVI); for squares, pb/
GeV; (right-hand side), closed circles, events/(0. 1
GeV ); open circles and triangles, 1Ib/Gev'. The four
curves are drawn on the data points to guide the eye,
they do not represent a fit. Note that the zeros of these
curves are invariant under the scale of the y axis.
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of incident beam momenta, from the p meson
threshold" up to 17.2 Ge V/C. Recent publication
of a high-statistics X p experiment" makes it
possible to look for this effect in the + vr' and
tf'Il final state in the K*(890) region. Again we
find that the location of the Re('tl'„') zeros are in
good agreement with that of the zg system. A
very interesting point is that Re('A,",) = 0 at about
the same value of ~'. From the equation

Re('p'„') = ('p,",—'p'„'+ 'p,",)(W2/4) sin2y

+ Re('p,",) cos2y,

it is clear that this can happen if y (rotation angle
between the s and -t-channel helicity frames}
= II/2. To R leading order 111 1/s tllls 1'equil'es
that ~'= m ' —I ' which is approximately the
location of the zeros.

The zero of Re&,'o cannot come from the si.mul-
taneous zeros of either (10+ ITI s) or (11+IT I +)
—(1 —1+ IT I +), because in the former case 'Bool

would vanish and in the latter case do /dt would

vanish, in disagreement with the experimental
data. Thus these zeros cannot be explained by a
simple Regge-pole model with wrong-signature
zeros in the unnatural-parity amplitudes. On the
other hand, our results give strong support to ab-
sorptive models" and also support the low-ener-
gy results of Williamson et ai."as shown in
Plg I

The same reasoning can be applied to Re('BIO}
and Re('8,",}with slight modifications. Thus we
can say that Re('RIIOO) and Re('8",) must be zero
at least at ~'=0.6 GeV', in agreement with the
experimental data both at 2-4 and at 17.2 GeV/c.

In their analysis EM assumed that" (10+ITI+)
= r(10+ ITI-) which implies by EII. (1) and the ab-
sorption zero of (10+ITI-) that 8,'o(8'=0.6) =0,
in contrast to the experimental data used by EM.
The lower the momentum the worse the EM ap-
proximation becomes. In view of these zeros
the Cho-Sakurai" relation (gp' —sg" )gp'
= 2[Re('A,",)]' is not satisfied at low energies.

Next we studied the density matrix element
Inspecting the data used by EM for their

analysis, we find that both do'/dt are large.
However~ the comparison of pg„~ at 2.7, 4.1,
7.0, 8.0, 11.2, 15.0, and 17.2 GeV/c showed the
striking fact' 81' '79 that pill= 0 for b ~0.13
GeV for all momenta and a change of sign (or at
least a maximum-minimum structure) at all the
above momenta in 'p", ,. At low momenta the
zero of 'p~ ~ extends out to 4 =0.4 GeV, beyond
which it becomes slightly positive. With increas-

ing beam momentum the 4' range of the zero
shrinks to 0.13 GeV' at 17.2 GeV/C. The 'p,",
starts from zero, reaches a positive maximum,
and dips towards zero at ~2= 0.1 GeV at all rno-
menta. Below 7 66V/e 'p", , becomes definitely
negative for 6 & 0.1 GeV2.

This strange behavior of 'p,", can be readily
explained by

pl 1
——2 ( p&&

—poo) sin )( —2v 2 Re( plo) sln2)(.

+ —,"p,",(1+cos'X) (8)

or by sufficiently complicated parametrization of
the m-A2 residue structure as is evident from the
analysis of EM. In carrying out their analysis
EM argued that the t-channel helicity amplitudes
are drastically changed by absorption, and hence
they proceeded with their analysis in the s-chan-
nel helicity frame. The presently existing (ad-
mittedly meager) experimental results ' 2O and
theoretical calculations indicate that at least in
the ease of x exchange, absorption does not seem
to affect strongly the density matrix element
'p,"„but p,", is affected violently by crossing
from t channel to s channel. While 'p~~'~=0, it
has a dramatic variation in the s channel.

Since the difference between natural and un-
natural contributions to p' production in A. =+ 1
states is proportional to p,"„ in the t channel
one finds that the natural and unnatural trajec-
tories (N and U) are degenerate for a range of
&', while EM found that the intercept of N and U

are separated by =0.5. Since 'p,", is zero for
almost a decade of incident beam momenta and
a finite range of low momentum transfer, it is
more natural to explain this in terms of equality
of the t-channel N and U contributions coming
from the absorptive corrections to the dominant
pion pole. The feasibility of the latter interpre-
tation has been shown recently by Kimel and
Reya. " EM claim further support for the exis-
tence of A, exchange by citing good agreement
with the pion photoproduction data. To test this
claim directly, 111 Flg. 2 we colYlpR1'ed pq I/ pqq
obtained ill tile 17.2-GeV/c expel'lllleI1't wltll 'tile

asymmetry parameter measured in polarized
photoproduction experiments. There is an ob-
vious disagreement for &'&0.1 GeV', as has been
seen earlier in low-energy experiments. '~ From
this and other comparisons" it is clear that it is
precisely the natural-parity contribution which
strongly disagrees with the predictions of the
vector dominance model.

Finally we consider the behavior of 8", , in the



Vor.UMz 30, NUMssR 10 PHYSICAL REVIEW LETTERS

vations relevant to this Letter.
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FIG. 2. The invariant momentum-transfer (-E ) de-
pendence of the ratio of the difference and the sum of
the natural- and unnatural-parity exchange contribution
to the helicity-1 neutral p-production cross section;
(a+ —a )/(o++&r ) =p&tt &/pII in the s channel (triangles).
Squares, the asymmetry ratio for charged pion photo-
production using polarized photons.

intermediate (0.13~ & ~ 0.6 GeV') momentum-
transfer region at high energies. We have plot-
ted 'R,", in Fig, 1 for ~'&0.&3 GeV using the
17.2-GeV/e data. In contrast to the 2-4-GeV/c
data there is a clear enhancement in the 0.3 &6'
&0.6 GeV' region, in agreement mith the results
of Carroll et al. ' It clearly indicates that the
approximate equality of the N and U contributions
to 'R,", found at lorn energies for any 4' and at
high energies for small ~' is destroyed. This
suggests that in 'p,", the N and U absorptive pion
contributions are still approximately equal and
cancel each other. The nonzero contribution
mould then arise from A2 exchange, since it does
not contribute at the 2 —4 GeV/c region, in con-
trast to v exchange. " ' If A, couples dominant-
ly to net helicity-flip-1 amplitude, its contribu-
tion to Aj 1 ls pl'opol'tlollal to 8 (E ) s 0.
Thus at sufficiently high center-of-mass energy
s the A2 exchange mill dominate in the intermed-
iate —momentum-transfer region.
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