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ABSTRACT
. . . + -+ + !

An amplitude analysis of the reactionw p > p(r w 7 )
at 7 GeV/c is in progress. Although our method of anal-
ysis and assumptions are quite different from those of the
Illinois group, our preliminary results are nevertheless
consistent with theirs. We fit coherent amplitudes, not
the density matrix, and make different assumptions about
decay amplitudes of JP states into various isobars. This
approach, furthermore, allows us to probe a much larger
set of partial waves than that quoted by the Illinois group,
at the expense of imposing explicit rank conditions onthe
density matrix.

I. INTRODUCTION AND FORMALISM

We are pursl]g.in_g_‘_a 3w partial wave analysis of the LBL Group A
7-GeV /c Tr+p -7 7w w p data. 1 These data have not heretofore been

' subjected to such analyses. There are two additional new features

of the present analysis which should be noted:

1) our formalism and pzrograms have been developed indepen-
dently of the Illinois effort, # and _

2) our fitting parameters are associated with amplitudes in-
stead of density matrix elements.

Our formalism~ and programs have been used in an extensive
analysis4 of the reactions 7#IN = 7#wlN in the s-channel resonance
region. In spirit, our approach is quite similar to that of the
Illinois group. 2 We think of a 37 system with spin JP and projec-
tion M as decaying into an isobar (¢ p, f) of spin £ and a pion with
relative orbital angular momentum L. The probability for a given
event may be written as
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tNow at Oxford University, Oxford, England.
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The functions GJ k4 are essent1a11y the real (n=#) and imag-
_inary (n=-1) parts of GIMLLgiven in Ref. 3. The angles aBy define
an Euler rotation from the production coordinate system (s- or t-
channel) to a system with z-axis in the plane of the three pions; 6
is the helicity decay angle of the isobar. The functions TLI are o
the form ’

L 616£sin61
TogMapmeg) = 00 — g @
where is either approximated by Breit-Wigner behavior or is

spe01f1ede by the actual wm phase shifts, The discrete quantum num-
ber n, which for M =0 is given by

J+L+ 4

= (-1) (3)

. may be associated with natural and unnatural parity excha éxg J’M L
Our fitting parameters are the complex "amplitudes'
not density matrix elements. For a given n, we see that for N
partial waves there are 4N real parameters to be determined; the
corresponding number for a density matrix analysis is N“. For a
given number of fitting parameters, we are thus able to investigate
the importance of many more waves than in a density matrix ap-
proach. A difficulty associated with an amplitude analysis is the
uniqueness of solutions; that is, there are generally several solu-
tions with comparable likelihoods. In view of these remarks, the
primary emphasis of the present analysis is to determine which
waves are the important ones and to investigate how serious is the
ambiguity in solutions.

II. ASSUMPTIONS AND FITTING PROCEDURES

In addition to the isobar assumption implicit in Eq. (1), we have
also assumed
1) No n=-1 waves. Preliminary studies of our data indicate
that this approximation is good to about 10%. A notable ex-
cIertion is the A for which n=-1 contributes about 1/8 to the
J

-2% cross section for M3 = 1300 MeV,



2) A‘ll_\/ILZ:O. Strictly speaking the a,ssumption6 here is that of
spin—coherence,
JML{ _ JMLyY
A+- = a A++ , (4)

Where a is some complex number.
3) A cut, 1160 <M _, <1280 MeV. The principal effect of

this cut is to reduce statistics in the 1600-MeV 37 mass re-
gion. No systematic study of the effect of such a cut on our
fits has yet been made, :
The fitting parameters AJMLZ, indexed by M3 and t, are de-
termined by likelihood fits to the data. The data were binned into
low and high [t]| intervals,

It] <0.1 CreV2 ; 0.1 < [t] £0.6 GeVZ.

The M3, binning consisted of nine 100-MeV intervals fromv950 to
1750 MeV. For low [t| there were typically 2000 to 700 events per
mass bin; for high [t], 2000 to 1500 events per mass bin.

Table I. The waves considered in the present analysis. All waves

' are =41, M =0 unless otherwise indicated. Double under-
lined waves were generally 'strong''; single underlined waves
were considerably ""weaker!' but definitely present.
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The waves included in the present fit are indicated in Table I,
The reference wave was takento be 0 Sejm that is, in each
mass bin we set

. 00s €10

ImA_H = 0. (5)

Consequently, all phases shown here are measured relative to this
wave. The starting parameters for these waves were found through
the following procedure. First, we randomly generated in each bin
500 sets of the parameters corresponding to the waves of Table I.
We next considered only those 20 sets which had the highest likeli-
hood. Each set was optimized by our fitting program. The net re-
sults of this procedure were some 4-17 potential solutions per bin.
Depending on the mass bin, 7 these fits involved 43 or 53 parameters.,

III. RESULTS FOR LOW MASS (< 1500 MeV)

In Fig. 1 we show the 2+p'rr wave for the high [t]| interval. Mass,
phase, and Argand plots are presented for those solutions which
differ by less than 10 points from the highest likelihood solution in
each mass bin. The mass and phase plots indicate a rather clean
Breit-Wigner-like behavior with mass ~1300 MeV and width ~150
MeV N e that in the Argand plot (the radiushere corresponds to
events )the most rapid motion is between the 1250 and 1350 MeV
bins (D and E). The fits for the high |t| data in 50-MeV bins are
shown in Fig. 2. The highest likelihood 100-MeV solutions are also
indicated with open circles. A similar behavior for the Aj is also
observed at low [t]|, but only contributes ~60 events out of ~ 2000 in
the 1250-MeV region,

We show our results for the Aj(pm) in 50- and 100- MeV bins at
low and high [t]| in Fig. 3. This peak is rather broad, 200-300 MeV,
and its position shifts by some 100 MeV between low and high [t].

In both cases there is little phase motion, though the high [t] data
indicate some small but definite behavior above ~1200 MeV, A
better feeling for the significance of this motion is obtained from
Fig.4, where we show the high [t| Aj(pm) Argand plot. Thus points
A through F (925 to 4175 MeV) lie along one radius vector, whereas
the higher mass points (G to K) fall off that vector.

For |t]| <0.4 GeV? and 1.0<M3_<1.41 GeV, the linear combina-
tions of Ay (pw) t-channel density matrix elements corresponding to
states of definite n are :

Poo
NZ Re P g =-0-183%0.054

= 0.965+0.086

NZ Imp,= 0.005+0.041

Pyq= Py_q= 0.035%0.011

P1 1+ P1_1 =0 (IHPUt)



These numbers correspond to the 1+p m, M=1 wave being presentto~
3.50 in our low |t| fits., They are quite similar to those of Ref. 8,
keeping in mind the somewhat different |t| and mass intervals,

IV. RESULTS FOR HIGH MASS (> 1500 MeV)

As noted earlier, we have not yet systematically studied the ef-
fects of our A" cut. In addition, as seen in Fig. 5, there is a def-
inite tendency for our reference wave, 0 €y, m to decrease in the
high mass region (1550-41750 MeV). For these reasons we are not
‘prepared as yet to make definite conclusions about phases in this
region. With these qualifications in mind, we consider next the
principal high-mass waves in our analysis.

A composite of these waves is shown in Fig. 6 for the high |t]
region. Notice that the mass region 1550 to 1750 MeV, commonly
associated with the A3, is q_ecompoied in our analysis int$ six differ-
ent partial waves: 27Sfm, 2 Ppm, 2 Pfr(M=1), 2 Dew, 3 Dpm, and
3'Fen. The 3 waves are 9 to 100 effects in our data; the impor-
tance ff 3" has also been observed by a European collaboration,

The 2 Pfris also seen by the CERN-Soviet group, 8 though at a
somewhat higher mass and with more intensity.

Our more important waves at low [t] are shown in Fig. 7. Note
that the two decay modes for the Aj(pm and e are roughly 90° out
of phase. A similar feature is present in the high [t]| results. While
the 3" waves are less striking, it should be noted that "Chew-Low'"
boundary effects are more severe for the low [t| data.

V. CONCLUSIONS AND PROSPECTUS

The results of the present study may be summarized as fol-
lows:

1) The principal waves at low mass (< 1500 MéeV) are 0 e,
4ton, 1ten, and 27pm. -

2) The Z+p11' wave is quite consistent with Breit-Wigner reso-
nance behavior. There is no evidence in the 1tpm,en phases for
such an interpretation.

3) Although there are multiple solutions at low mass, they
are quantitatively consistent within errors. In addition they are
considerably fewer in number than those at high mass.

4) In the A3 region (1600-1800 MéV), there are at least five
important waves present: 27fw, 2 pw, 27€m, 3+p-rr, 3tew. Here
there are more solutions and they are farther apart than at low
mass.

- The consistency of our results with those of the Illinois
group2 indicate the viability of an amplitude approach. However, to
fully develop this approach, we are pursuing the following projects:

1) Modification of the analysis to measure the eigenvectors
of the density matrix. The assumption of spin coherence, while
justified by other analyses, clearly deserves independent verifica-
tion.

2) Development of statistical tests for comparing competing
‘solutions in a given set of partial waves and for selection of the



minimal set of partial waves required by the data. The present
criterion, a difference of 10 points in likelihood, is ad hoc.

In the high mass region certain questions independent of our
model and peculiar to our data require investigation:

1) How sensitive are the fits to different AtT cuts?

2) What other choices can be made for reference waves?
The sharp behavior of the 0-em wave in this region (for high |t|) in-
dicates that its use as a reference wave may be unwarranted.

To study the production mechanisms of 37 states, we shall
include unnatural parity exchange states in the fits and study more
closely the t-dependence of the amplitudes.
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Fig. 1. The A, mass, phase and Argand plots for the high | t|
interval. Highest likelihood solutions are marked with an open
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