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Amplitude analysis of the NN— z~ @+ reaction
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A simple partial wave amplitude analysis pp— 7~ 7" has been performed for data in the ramgg=
360—-1000 MeW¢, where remarkably few partial waves are required to fit the data. Furthermore, the number
of requiredJ values does not change in this energy range. However, the resulting set of partial wave ampli-
tudes is not unique. We discuss possible measurements with polarized beam and target which will severely
restrict and help resolve the present analysis ambiguities. New data from the ragution®#° alone are
insufficient for that purposd S0556-282(96)03411-X

PACS numbds): 13.75.Cs, 13.75.Gx, 13.88e, 25.43+t

I. INTRODUCTION plitude of givenL andJ is a sum of up to four resonancex
o L the samel) of different masses and widths. The maximum
Although the reactiondNN— 7~ 7" and NN—K K™ J value isJ = 5, so there are roughly one hundred param-

only account for less than one percent of Ml total anni- eters in their fit. The resonance parameters are then fitted

hilation cross section, they are two of the more basic annihiSimultaneously to all available data in the energy region of

lation and subsequent hadronization reactions. Therefore, %939_2530 MeV. .Because 9f Fhe above ansatz, the “?S“'F'”g
careful study of these reactions can reveal details of the u oartial wave amplitudes exhibit counterclockwise motion in

derlying mechanisms and may clarify the nature of the de_he Argand plots. However, they find only clear peaks for the

grees of freedom necessary to describe these short range h%%—: 4 and 5 amplitudes. In Refl11] it is stated that the

ronic processes. The new low energy datafigr 7~ 7+ servables are approximately symmetric about €cs 0.

L As we see it, this statement does not reflect the data. For
— + . 1
(andpp—K~K") from the CERN Low Energy Antiproton example, thedo/dQ) is forward peaked at low energygy,

Ring (LEAR) [1] complement and extend the earlier data _ 360 MeVk) and backward peaked at energies above

[2—4] and show a rather rich energy and spin dependenc%lab — 800 MeVkt and no symmetry about cog = O is

The data belowp,,, = 1.3 GeVE show considerable angular apparent.

structure at each energy for both the differential cross section

and the analyzing power. In addition, there is considerable

change in the angular dependence of the observables with Il ANALYSIS

increasing energy at these lower energies. This is in contrast | this paper we report on a different but very simple

with the region above,,, = 1.3 GeVE where there is con-  gmplitude analysis of the same data but we restrict our analy-

siderably less energy dependence in the angular structure gfs to the momentum range,, = 360-988 MeV¢, the

these two observables. Several analyses of the data of thi§yest measured momenta. Tinig, range corresponds to an

reaction have been performgs-9] with the pre-LEAR data.  jnyariant mass region of 1910—2078 MeV. As we will show,

In this paper we will concentrate on the reacti@ip  in this energy range the number of required partial waves

I ) ) ) does not change. Since the existing annihilation models do
The recently published LEAR data were included in thepot gjve a consistent dynamical behavior for the amplitudes,

newest Durham analys[40] which, like the older analyses, e reduce the theoretical input of this analysis to a mini-

writes the two amplitudesnonspinflip and spinflipas one  mym. Our main working hypothesis will be that very few

analytic function ofw=e'? where 6 is the scattering angle. partial waves contribute to this particular annihilation reac-

ThIS function iS then parametrized b)fIB.I'[e number Of Bar- tion_ Th|s hypothesis iS based on the experience gained by

relet zeros in the complew plane. The Barrelet zeradose  reproducing the observables of this reaction with a simple

to the physical region show up as local minima in the angulag|ack sphere model at higher energigs,>1 GeVk) [12].

dependence of the spin-dependent cross sections. The invagji terms of the two independent helicity amplitudes, and

ant mass region of their analysis covers 1910-2273 MeVi  _ for this annihilation reaction, the two measured observ-
and they require 8—10 complex zeros to fit the data at a givegp|es are the differential cross section

energy. The energy dependence of the resulting parametriza-
tion shows a rich resonance structure in several partial
waves.

The most recent analysis of this reaction by Hasan and
Bugg[11] starts from the ansatz that each partial wave amand the analyzing powek,,, defined by

da'/dQ=(|f++|2+|f+,|2)/2, (1)
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AgdoldQ=Im(f, f* ). (2)

We use here the convention thais the spin direction nor-
mal to the scattering plane. The unit-vectoris along

pXxq, wherep is the antiproton center-of-mags.m) mo-
mentum ancﬁ is the c.m. momentum ofr—. There are ad-

ditional spin observables. We define the longitudinal spin

direction | along 5 and the transverse spin directi@nis
defined to be along X |. The analyzing poweré, and

A both vanish because of parity conservation. Some spin-

correlation observabled;;, for this reaction are, however,
nonzero. Of these observablés, = 1, butA,, A, Ag,
andAj are nontrivial, with the identitiedy = A andAg =
—A; . The observables and A can be expressed in the
helicity amplitudes respectively, by,

AsdoldQ=(|f, . [>=|f,_[?)/2, ©)

and

Ado/dQ=Ref,  f*_). 4

Unfortunately, no data on spin correlations is as yet avail-

able. As we shall discuss later, it is necessary to measure
least a third observable of the reactipp— =~ 7" (and
p p—K K™) to restrict further the amplitude analysis.

HE NN—# 7" REACTION
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FIG. 1. da/dQ andA,, at pja, = 360 MeVEk. The solid curves
give the fit ford . = 3 and the dashed curves are the fitdgg, =
4.

the total reaction cross section with these amplitudes and
compare with the magnitude of the angular integrated experi-
mental cross section

(©)

1
=2 f do/dQ dcosh.
at g T . g

In part because of the incompleteness of the set of mea-

From the above four equations one can show that the fou§ured observables, we do not find a unique solution, i.e., a

observables are related by

A2 +AZHAL=1. (5
The two helicity amplitudes are expanded J¥L spin-
triplet partial wave amplitudes:

1 1
f++252 ‘-H'E(\/jfj—l_ \/J+1fj+1)PJ(0039)
J

(6)
and
1 1/ 1 1
foo==> \/I+=| =+ ——F
+ p; 2(\/3 N T
X P}(cosd)sing, (7)

where P} denotes the first derivative of the Legendre poly-
nomial P;.

In our analysis of the existing data pp— 7 7", we
parametrize the partial wave amplitudes at each energy as

)

whereR, ; and §, ; are our free parameters. At each energy
we choose the maximum to be included in oury? search
and we let the computer search for the mininpalsum for a

fit to bothdo/dQ) andA,,. In our fits we choosé,, = O for

the 3P, partial wave whereaR, is a free parameter. For all
other LJ values both phase and amplitude in E@) are
allowed to vary, to obtain the best fit. When the complex
amplitudes for the partial wave®P,, 3S,, 3D,, etc. are

J__ id)
fi=R_ ',

unique set of partial wave amplitudes in ot search. The
different solutions depend on the input-start values of the
amplitude parameterR ; and 8, ; and on the way the?
search is performed. However, the minimal value of
found in the various possible fits are the same. If we had
available data on the reactiggp— #°#° or on other spin
observables it would be possible to restrict the choice among
the various amplitude sets with equally gop#l

The data for all measured energies starting frog =
360 MeVk up to 1 GeV¢ can be fitted with partial wave
amplitudes with total angular momentuin< 3. Once we
have determined the amplitude values in Ef).at one en-
ergy, we use these as start values in gérsearch at the
neighboring energies. We have also fitted the data with a
maximal J = 4 using the same procedure. It appears that
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FIG. 2. da/dQ andA,, at pja, = 988 MeVEk. The solid curves

give the fit for J,,,,=3 and the dashed curves are the fit for

determined by the minima}? search, we calculate as a test J,,=4.
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TABLE |. Examples ofy? per degree of freedom at each en-  TABLE lll. Energy dependence of parametd®s; and &, ; for
ergy. Jmax = 3.

Piab (MeVic) Y2  XUmax=3 X*(Omax = 4 Pap (MeV/c) Ry, 81 Ry 93 Ry 93 Ruz g

360 1.96 1.77 1.74 360 0.28 35 0.34 -20 0.10 -125 0.06 135
404 1.38 1.12 1.12 404 0.16 70 048 5 0.22 -55 0.08 125
467 1.98 1.31 1.18 467 028 95 064 O 0.28 -50 0.20 85
497 3.04 1.50 1.45 497 046 85 048 -10 0.32 -110 0.36 100
523 2.63 1.45 1.43 523 0.34 100 0.38 -25 0.26 -160 0.40 110
585 1.96 1.51 1.57 585 0.34 135 0.74 0 0.28 -115 0.34 120
679 2.17 1.50 1.53 679 0.44 100 092 -20 0.32 -155 0.42 115
783 2.50 1.49 1.47 783 0.58 130 1.02 -25 0.52 -165 0.48 125
886 3.21 1.23 1.13 886 0.56 140 1.14 -15 0.72 -175 0.60 135
988 4.39 1.85 1.55 988 058 225 1.06 60 0.66 -105 0.60 215
for p momenta,p,,, above 988 Me\W, the total x? does In Figs. 3 and 4 we show the energy behavior of our

become somewhat better when we include ihe 4 partial  partial wave amplitude parameteiR,; and 6, for all LJ
wave amplitudes, but below 988 Me¥/the improvement is  with J,,,« = 3. The energy dependence indicates a growing
marginal. As examples, we show two fits in Figs. 1 and 2 forimportance of] = 2 and 3 with increasing energy for all
Piab = 360 and 988 MeW. By including theJ = 4 ampli-  solutions. With respect to thé = 0 and 1 amplitudes, we
tude, we introduce four more parameters, but yRegper de-  note that the®D; remains important through the entire en-
gree of freedom hardly improves. It is surprising that so fewergy range while the’P, and 3S,; amplitudes diminish in
partial waves withl,,x = 3 are sufficient in order to get a importance with increasing energy for one set of solutions.
satisfactoryy? fit to the data. An interesting observation is that for a givértheL=J+1

At the same time we note that both= 2 andJ = 3  contribution is at least as important as the J-1 contribu-
partial wave amplitudes are essential even at the lowest me#ion. As discussed above, thile= 2 and to a lesser extent
sured energies because of the shape of the asymmgity J = 3 amplitudes already play significant roles at the lowest
The data forA,, vs cos# show two minima even at the momentum 360 Me\W. The energy dependence of the
lowest energyp,, = 360 MeVk, and a local maximum phases is rather smooth. The sudden increase of all phases
close to co® = 0. Previously{13], it has been noted that at between the two highest momenta, 886 and 988 M€Y
least theJ=2 contribution is needed to reproduce the shapene of our solutions, Tables Il and Ill, is not significant. The
of Agp. reasons being that based on gdrthe analysis at 988 MeV/

In Table | we show thee? per degree of freedom for one ¢ might need] = 4 partial waves, and second that thie,
set of partial wave amplitude parameters with,, = 3 as  amplitude, which is used as our phase reference, has a rather
well as the case wher&,,, = 2 or 4. Listed are the ten small contribution for this particular set of solutions. Be-
momenta betweep,,, = 360 and 988 MeW, where there cause of the ambiguities present in this analysis, we empha-
are available LEAR data. In Tables Il and Ill we give an size that the set of parameters discussed here, and shown in
example of a set of values for the partial wave amplitudesTables Il and 1ll, is one of many possible solutions that give
R and their phases ; found by oury? fit to the data. The a good fit to the data.
normalization ofR, ; is such that, if the momentumin Egs.

(5) and(6) is expressed in Ge¥/ the cross section defined 3.0 [
in Eq. (1) is in wb/srad. The corresponding?® values are ; Puas = 360 - 988 MeV/c ]
those of Table | ford ., = 3. a5 MPUTUES R FOR, = 01,23 =
TABLE II. Energy dependence of parametersRpf and §, ; for 2.0 a
Jinax = 3. - f
®s
Pian (MeV/c) Rio d10 Roz So1 Ry O21 :
360 1.60 0 0.50 120 0.80 0 -0 C
404 144 0 078 140 062 20 o5
467 1.68 0 0.88 115 0.64 30
497 1.60 0 0.74 115 0.70 15 0.0 L P -+ e i — “;oo
523 1.96 0 0.90 105 0.78 35 PLag (MeV/c)
585 1.62 0 1.08 125 0.68 75
679 142 0 122 105 088 70 FIG. 3. The amplitude®,; of our fit (Jnax = 3) VS Prap. The
783 1.22 0 110 105 1.08 95  curves are only meant to guide the eye. The upper solid curve is
886 0.60 0 0.80 95 1.32 100 J = 0, dashed curves ate = 1, dotted curves ard = 2, lower
988 0.14 0 0.48 175 1.50 185 solid curves are]l = 3. For eachJd the curve with stars is the

L=J+1, the curve without stars is=J—1.
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TABLE V. Energy dependence of alternative parameter set

i BRSNS 4 Romn
00l Piap (MeV/C) Ry; 01, Rz J3 Roz 93 Ruz  das
= 360 042 90 0.14 -105 0.14 100 0.14 -210
100 |- 404 0.52 105 0.28 -40 0.06 O 0.24 -180
467 076 95 042 -25 020 25 0.28 -195
0 497 0.74 100 0.44 -10 036 O 0.28 -160
523 054 8 052 5 042 -10 0.26 -115
-100 = 585 0.64 115 068 45 032 30 0.30 -90
. N T ] 679 0.70 120 092 65 040 25 0.36 -60
400 600 800 1000 783 0.50 180 0.88 145 046 80 0.56 20
Piag (MeV/e) 886 054 225 092 215 050 120 094 75
988 0.38 225 0.92 240 0.46 130 1.06 95

FIG. 4. The phasej, ; of the amplitudes of our fitJ . = 3) vs
Piab- The curves are labeled as in Fig. 3.

o o . considerable contribution from = 2 at the lowest momen-
To indicate the level of the ambiguities in our analysis, Prp = 360 MeVk. TheJ = 3 contribution to the total

we give in Tables IV ad V a different set of amplitude ;o< section is small at 360 Me/but becomes substantial
parameters. This parameter set is a whole new family of; 5qg pMeve.

amplitudes and these amplitudes have their own energy be- Finally, in Fig. 6 we show examples of Argand plots for
havior. It is remarkable that at all energies the correspondingne amplitudes®P,,%F,,3D3,3G;. The amplitudes in this

values for they? are practically identical to thg? tabulated figure are taken from Tables Il and Ill. One should bear in

in Table |. This example bears out the ambiguity of theihy that the largest value equals 3 in the fit producing
present anaIyS|§, and illustrates our point that all |0,2%?.| these amplitudes. In addition, we are considering a very lim-
minima of our different searches lead to equally good fits 'Foited energy range. Therefore, we cannot draw any firm con-
the data.Only new data at the same energies of other spir sjon about evidence for resonances in any of these sets of
observables such as, for examplee Ar Ay, can constrain g pjitydes. However, from this amplitude analysis it should
these ambiguities for the =~ 7" imphtgdeos.Other be clear that at each energy, the= 2 andJ = 3 amplitudes
analyses have used data of the reacpgn-m"m", which 5oy very significant roles, even at the lowest energies. The
unfortunately will only put constraints on the evarl = 0)  physics ‘of this annihilation process is largely unknown. It
amphtu_des. ) ) . should be noted that annihilation models tend to give a rather
In Fig. 5 we show the total cross section for this reactiongmai13 = 2 andJ = 3 contributions at these low energies.
as a function opyg, when we use the amplitudes found in the i) 5 petter theoretical understanding of this very short
x~ search. For both the parameter sets of Tables Il and lllange reaction is reached, theoretical input in an analysis of
and the alternative set of Tables IV and V, the total crosgpese very good data from LEAR is questionable. Figure 6 in
section forpp— 7~ 7" as a function opy,, agrees with the  paticular, invites the question how accurate the parameters
total cross section of Hasaet al. [1] within a few percent. in oy analysis are. Since we do a separate analysis at each
The momentum or energy dependence of each individuginergy and use no mechanism to smooth the result from one

J-value contribution to the total cross section is shown ingnergy to the next, the error bars may be substantial. Our
Fig. 5 for the solution corresponding to Tables Il and Ill. The

alternative parameter set gives, as expected, a different dis- a00
tribution of individual J-value contributions but leads to the F b - 360 - 988 Mev/e ]
same total cross section. For both parameter sets there is a I TOTAL CROSS SECTION CONTRIBUTIONS FROM J - 0.1,2.3

TABLE IV. Energy dependence of alternative parameter set of
R yandéy ;.

Piab (MeVic) Rio d10 Ro So1 Ry 01
360 138 0 092 150 044 -30 200
404 1.12 0 0.94 140 0.46 -10
467 1.16 0 1.06 115 0.34 -35 i
497 082 0 096 115 052 -40 ot o
523 0.82 0 1.24 115 0.64 -50 P (MeV/c)
585 0.84 0 1.26 150 0.60 -70
679 0.74 0 130 160 072  -65 FIG. 5. The total cross sectiofupper solid curvp for pp
783 0.66 0 122 220 134 -5  —a o' as a function ofp 4, for the solutions from Table Il and
886 1.42 0 0.82 235 1.18 35 Il Data points are from Ref[1]. Contributions fromJ = 0,1,2,3
988 1.24 0 0.66 230 1.04 40 are shown as, respectively, dashed, dot-dashed, dotted, and solid

curves. Again the curves are only meant to guide the eye.
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L5 premrprrrr e 15 e pared to thel ., = 3 analysis as indicated in Figs. 1 and 2.
; J-2 ] " I3 ] More accurate data are needed to settle the issue of the ne-
L0 = - Lo - 1 cessity of] = 4 amplitudes at these energies. From a pure
= f ] = I 1 x? point of view theJ = 4 amplitudes are not really needed
R B oLl 7  for energies below 900 Me¥/
E ] E I ] The observed forward peaking @ho/dQ) at 360 MeV¢t
o0 ] o0 < occurs because of a strong cancellation between the even and

odd J amplitudes for backward angle®+187). At our

highest energies a backward peak develops, in part because
of a constructive interference for backward scattering angles.
Mo . o 7 One notes that at the two highest energies in this analysis
. ] [ 1 (piap = 886 and 988 Me\W), the forward peak ima/d(} is
JETESN COUPL TUORY OV OV OO O ST U POV UV PV AV OO0 ( _
A5 -1 05 0 05 1 15 45 -1 -05 0 05 1 1 much smaller in magnitude than the backward peak.
Re(R-1)) Re(R-17) From the amplitude set of Table (&nd Table II), it can

be seen that théP, amplitude becomes less important with
FIG. 6. Argand diagrams for the partial wave amplitudé®3 increasing energy whereas for the alternative amplitude set

(solid with star$, 3F2 (solid), 3D3 (solid with stary, 3G3 (solid).  of Tables IV and V, the’P, amplitude stays important. In
These amplitudes are taken fromyA fit with J..., = 3, described  addition, observe that at the highest energies of this analysis
in Tables Il and Ill. The open circles indicate the lowest energy inthe amplitudes;. ; ; are often larger than the corresponding
all the plots. Rj_17. We looked for indications that the initilN tensor-

coupled partial waves would be tensor eigenstates as pro-
simple analysis of the data does not warrant a serious errgyosed by Dover and Richafd4]. This can be checked by

analysis at this point. looking at the phase correlation 6]_, andf), ;, Eq. (7).
From the Tables Il through V we only find a phase difference
IIl. DISCUSSION OF RESULTS |83_1— 8)..41] of 0° or 180° at very few energies. Therefore,

in general, the initiaNN states are not pure tensor eigen-
States and thé;_; andf3, , are not correlated in phase. We
should mention that adding the twb = 4 amplitudes, of

It is clear from all our fits that at all momenta below 1
GeVlic, very few partial waves suffice to fit the data. Partia
wave amplitudes withl = 0,1,2, and 3 are adequate in all .
cases. Adding the = 4 partial wave amplitude does not course, changes the .phasels and amp_lltudes gf the [awer
improve they? per degree of freedom in our analysis, except"’mp“tl‘Ides found by mposmgmax = 3in our x search.
for momenta close to 1 Ge¥/ This statement can be made, The reasonis that the= 4 ?mp"t“des can mimic part of the
while no theoretical bias as to the energy- and analytical—thaVIor of the lower partial wave amplitudes.

behavior of the amplitudes has been imposed on our fits. A;t Piab :d 7?3 MeVb_wed E[?‘Stehd Set‘;]erﬁ' asfpgcts of Ifurd
These results are not inconsistent with the simple modefNaysIS and aiso examined the hypotnesis of Bowcock an

analysis at the higher energif2]. This earlier work[12] ~ Hodgson[9] that only a few partial waves on the periphery

used a diffractive scattering model from a simple black oro.'c the interaction region are active, and that the central par-

grey sphere which could explain most of the features of th lal wave am@”‘“des are very small. For this_ purpose we
higher energy datap(,,, above 1.5 GeW, and above 1.0 ave made &~ search excluding thd = 0 amplitudes and
GeV/c for ﬁ)—>K*K+a). In that model description of the including theJ = 4 amplitudes. In essence we use the partial
data, the spin-dependent forces were assumed to act in tN@Vle amphtudez] b: 1h'2’3’4 in Oltlr f't('j Th'z part of the
surface region only. The idea was that since the central rednalysis, nspire y.t e Bowcoc an Hodgson’s conjec-
gion was “black,” no detailed information would escape ture, is summarized in Fig. 7 where fits for the three cases
from the central interaction region. Only the more transpard — 0:1.2,3,J = 0,1,2,3,4, and = 1,2,3,4 atp,p = 783
ent surface region would provide the spin forces giving the/€V/c are shown on the same graph. '2' three cases of
asymmetries of this annihilation reaction. No apparent resol”valué combinations have comparable tgtaper degree of
nances were needed in that simple model description. ~ freedom, which are, respectlve_ly, 1.49, 1.47, and 1.50. Of
In our analysis the data foh,, with an apparent local C€oUrse, the standard caseXlyf, = 3 has the smallest num-
maximum close to cas = 0, and the presence of two ber of parameter_s because the- 0 amplitude involves only
minima even at the three lowest energies, requires the pre§V0 parameters instead of the usual four for the: 0 am-
ence of thel = 2 andJ = 3 amplitudes. The minimay? pI|tl_Jdes. This phenomenon dogs not extend to other combi-
value withJ ., = 2 is much larger than that for any of the nations ofJ values(e.g., excluding bot = 0 andJ = 1

Jmax = 3 searches. Therefore, we conclude that bothithe partial waveg and we find no clear evidence for the hypoth-

2 andJ = 3 amplitudes are necessary. As mentioned before€sis that only the most peripheral partial waves are active. In

addingJ = 4 does not improve thg? per degree of free- fact, with only three partial wave amplitudes nonzero like
dom. = 1,2,3 ord = 2,3,4, the totaly? per degree of freedom is
For A,, the experimental errors are very large at back-/ar worse than what is shown in Table | {8, = 3. This

ward angles for the lowest energies and this prevents us froMeculiar phenomenon holds also at other energies.

distinguishing between the solutions that include dhe 4
amplitudes from those that only include tle< 3 ampli-
tudes. Note that at the lowest energies, Ihe 4 amplitudes The fact that very few partial waves are needed in the
tend to reduce the backward local maximumAgf, com-  analysis indicates that this annihilation reaction is a very

IV. CONCLUSION
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FIG. 7. Fits ofdo/dQ andA,,, at 783 MeV¢ for various sets of FIG. 8. Predictions foA; and Agsat 783 MeVE. Solid line is
J values as described in the text. Solid curves are Jei0—3, for regular solution(Tables I+ IIl). Dashed curve is for alternative
dashed curves are far=0-4, and dotted curves are fd=1-4. solution(Tables IV + V).
The three curves are almost indistinguishable excepAfgrat the
peak and in the extreme backward direction.

ute and the ambiguities of an analysis would be reduced.
However, ambiguities would remain at the energies we con-

central process. In contrast, to describe the elggie>pp .
P aHvie: pp nsédered.

scattering at the same energies requires the contributio . .
from partial waves o = 9 (and higher because of the long . (|1Data(;n ghe exact same momentum range for the reac-
range pion exchange potential. tion pg—wg T ,3Wh|3ch |§ described by the |30§calar ampli-

As opposed to Oakden and Penningfdd], we find no  tudes °Po,°P2,"F3,°F4,"Hy, etc., would certainly be ex-
compelling evidence for resonance behavior of our partiaffemely useful. However, from the point of view of
wave amplitudes when plotted in an Argand diagram in theéémplitude analysis, each helicity amplitude would then have
energy range considered, see Figs. 3 and 6. The approachtgfbe separated in an isospir® and 1 part, and only the
Oakden and Pennington has some similarities with ours id=even amplitudes are restricted by thp— 7°=° reaction
the sense that none of the methods assumes a specific energgasurements. A measurementAy;, for the reactionpp
dependence of the amplitudes and both make a sharp trunca- 7°#° would also be very useful and should be possible
tion of the partial wave series. A different approach is takerwith the present experimental setup.
by Hasan and Bugfl1] who by starting from a description  (iii) A different and more complete constraint on the
in terms of a tower of resonances assume a specific energyhalysis of this reaction would come from data on the other
dependence. A further, unbiased, more refined analysis @fpin observables fopp— =~ 7" with longitudinal and/or
these very good data, with the additional constraints of gransverse polarized beam and target, for example data on
third _measured observable_, is needed to settle the question R];s or A. To illustrate the sensitivity of these two observ-
possible resonance behavior of the amplitudes. ables, we have given in Fig. 8 the predictions fgt and
_ A possible theoretical constraint on the amplitude behava_for the two parameter sets of Tables Il and Il and Tables
ior could come from the analytic continuation of the \\,3nq v, As is obvious from the figures the two predictions
7N— 7N scattering amplitudes as is done byt and gigrer significantly in the forward hemisphere where we be-
Pietarinen[15]. So far, this type of analytic continuation |ieye experiments can be performed more accurately. Some
from 7N—7N elastic scattering amplitudes t®p  gpin transfer observables have been measuregpcelastic
—m @' amplitudes is very involved and has only beengng charge-exchange scattering at LEAR. No spin-
performed forpp subthreshold energig46]. See, however,  correlation observables have been measured. We propose
the analysis of Martin and Oadg8] who did make use of pere the use of polarized antiprotons to obtain data on the
the crossed channetN elastic scattering data. We believe observableg\, or A for pp— 7 a+. Such an experiment
that further experimental investigation of the reactipp  \ould settle the debate about the possible resonances in-
—a~ 7" is a more straightforward alternative. ferred from analysis of this reaction.

In summary, the present experimental data and several
recent analyses of these data for b 7~ 7+ and pp
—K~K™" reactions promise a better understanding of these
simple, but fundamental annihilation reactions. The analysis
described in this paper suggests the following future experi- We thank F. Bradamante for providing us with the LEAR
ments as necessary in order to clarify the understanding afata, and R. Timmermans for many useful discussions on the
the pp— 7~ o™ annihilation reaction. art of phase shift analyses. We also thank J.-M. Richard for

(i) Measurements of this annihilation reaction should bepointing out the relation between the observables, expressed
made at antiproton momenta closer to threshold. At very lown Eq. (5). This work was supported in part by NSF Grant
energies even fewer partial wave amplitudes would contribNos. PHYS-9310124 and PHYS-9504866.
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