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ABSTRACT

An unconstrained Chew Low extrapolation has been performed
using 50,000 events from the reaction 1r_p—->7r+1r_Xo at 15 GeV/e,
with -t<0.3 (GeV/ c)z. An energy independent phase shift analysis
was performed. Results on the 7w cross section, p-wave and s-wave
phase shifts in the mass range (525-975) MeV are presented. We

find a unique solution for the s-wave phase shift below 750 MeV.
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We have studied 7-7 elastic scattering for dipion masses between 525 and
975 MeV using data from a wire spark chamber experiment performed at SLAC
on the process 7 p —>1 7 X% at 15 GeV. Information on real mr scattering has
been obtained from these data by extrapolating the observed 1r+1r— differential
cross section as a function of the momentum transfer squared, t, given to the

neutral baryonic system, to the pion pole t:mi , as originally suggested by

Goebel1 and Chew and Low. 2 Two aspects of the present analysis should be em
phasized. (i) For the first time a substantial amount of data, with good t reso-
lution, exists for —t<m72T; this is the t region for which the extrapolation function
varies most rapidly. (ii) The effects of absorption were taken into account by
removing the conventional OPE constraint that the cross section for 7 p —>T 7 n
vanishes at t =0. 3 In this paper, we report the results for the 7 elastic cross
section, the differential cross section, and the p~wave and the I=0 s-wave 7
phase shifts.

The subject of 77 scattering has been intensively studied during the past few
years.4 For dipion masses below KK threshold, the scattering is elastic and

dominated by the p-wave resonance, the p meson. The I=0 s-wave phase shift,

0

60,

has proven to be the most difficult component to determine. Early analyses5
determined 68 largely from the s-p interference term (the cos@ term) in the
T angular distribution, which leads to two solutions for the s-wave: 68 and
68' =m/2 - (68 - 6%), where 61 is the p~wave phase shift. Inasmuch as the two
solutions were found to coincide in the neighborhood of the p, one was left with
the well~known up-down ambiguity for 68, both above and below the p meson. 6
In principle, this ambiguity can be resolved by evaluating the isotropic term in

the m-7 angular distribution at the pion pole. In practice, this imposes a require-

ment of large statistics and accurate small t data because of the smallness of the
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isotropic contribution to the cross section in the p region. The present analysis
extrapolates the complete angular distribution to the pion pole. We find a unique
solution for 6% below the p meson; however, the ambiguity persists above the p.
Similar results have been reported recently by Baton et al. 7

The Chew-Low extrapolation formulae used in this analysis are given below:
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where klab is the incident pion momentum in the laboratory, u is the pion mass,
Mmr is the mass of the outgoing 7-7 system, fz = (), 081 is the 7N coupling con-
stant, dzan/d’ch7r7r is the cross section for the reaction 7 p —>7'77n in the
intervals dt and dM,__, ¢ is the cross section for 1 —>71 7, and 6§ is the

angle between the incident 7~ and the outgoing 7 in the 71 rest frame.

(b) for 7r-p—->1r+7r_X0 (where x° represents all final states at the nucleon vertex),

3
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where C is a nuégerical constant which cannot be determined as easily as in
reaction (a). —cTt-(—;-TMX—‘L- has the same definition as in (1) except that the cross
section is integratedwgver all the missing mass available.

The data from reaction (a) are used to determine the absolute normaliza-
tion at the pion pole. The larger sample comprising reaction (b) is used to
determine the shape of the angular distribution at the pion pole, and when taken

together with the normalization constraint from reaction (a) the decomposition

into partial waves is obtained.



A detailed description of the geometry and properties of the wire spark

chamber spectrometer has been given previously. Briefly, the spectrometer
consists of scintillation hodoscopes and wire spark chambers before and after

an analysing magnet. The trigger required two charged particles to pass through
the spectrometer. The data sample contains 17,121 events of reaction (a) and
48,516 events of reaction (b) with the X° mass less than 1. 39 GeVlO where only
events with |t| <0.3 (CTeV/c)2 and with 525'<'M7r+7r' < 975 MeV are included.
Approximately one half of these data have been used in our previous studies of
the 7 7 n system. 3,8,11

Possible sources of background in these two reactions have been investi-
gated and only two sizable sources identified: (i) K+K_ pairs reconstructed as
7r+7r_ for that portion of the data where the Cerenkov counter did not allow 7-K
separation (~ 6% effect) ;12 and (ii) N7 missing mass background being included
within the neutron missing mass cut defining reaction (a), (~5% effect). Neither
of these effects contributes significantly at the pion pole and the use of a high
order unconstrained extrapolation function allows for their small contribution in
the physical region.

The acceptance of the spectrometer was evaluated by generating fake
events from those 7r+7r— events which were detected but averaging over the target
production volume and the azimuthal angle about the incident 7 beam using
standard Monte Carlo techniques. A weight inversely proportional to the detec-
tion probability was assigned to each event. Only data for which |cos 6/<0. 7 and
with weights <50 13 have been used in this analysis; 6 is the polar angle of the
outgoing 7 in the Gottfried Jackson frame. 14 A correction must be made to this

procedure since there are certain kinematic configurations which are never de-

tected by the spectrometer, and the location of these regions varies with t.
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From our studies of the angular distribution8 and from previous analyses, it has
been shown that no partial waves higher than £ =1 contribute significantly to the
7r+7r_ final states for Mmr <950 MeV. This implies that there is no term higher
than cos 2 ¢ in the 77 angular distribution, where ¢ is the azimuthal angle. As

a conseque-nce, for fixed t, 6, and missing mass, the average value of

D(¢) =1 -2n(cosdcos 3¢) must be zero [n(x) being the usual step function M(x)=0 for
x<0, 7(x) =1 for x>0]. In a ¢, cos § plot the regions for which acceptance
losses occur are less than a half period of cos 3¢. 15 D(¢) has been chosen to
equal -1 in those regions for which acceptance zeroes occur. Consequently, the
average of D(¢) for all the real weighted events will measure precisely the miss-
ing fraction discussed above. The correction at the rho mass is of the order of
20% at t=-0.08 (GeV/c)z, 10% at t = -0. 02 and less than 5% at t =-0.01. This
method has nevertheless the disadvantage of increasing the statistical errors by
Va.

In order to perform the extrapolations to the pion pole, the data were binned
into a matrix consisting of nine 50 MeV wide mass intervals from 525 to 975 MeV
and 13 t bins with -t<0. 3 (GreV/c)2 , including five t bins within the region —t<mi.
The 7 p —->7r+7r—n events comprising reaction (a) were integrated over the angular
region, lcos #l <0.7, and this integrated cross section was then extrapolated to
the pion pole for each mass interval using Eq. (1) to give the absolute normaliza-
tion. The angular distribution at the pion pole was determined by dividing the
events of reaction (b) into three or four bins in cos # between -0.7 and 0.7
according to the statistics available, and then extrapolating using Eq. (3) shown

below. Equation (3) explicitly includes the normalization constant obtained from



+ - .
the separate integrated m 7 n extrapolation.
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Two methods of extrapolation were used to reach t=u2: (1) a polynomial
in t fit to the physical region data, which is then evaluated for t =u2; and
(2) conformal mapping7’ 16 with a change of variable x = %%g ,.where a, b,d
were determined such as to have our measured region from x = -1 to x =1, and
the cut for 9u2<t< o, symmetrically disposed around the physical region; i.e.,
the t interval (9[.1.2,00) will be transformed to the x interval (o, -2), (2,o). The
second technique proved to be more powerful. The results presented below were
obtained from extrapolations using a cubic polynomial in the variable x with no
constraints imposed on the cross sections at t =0. The results for the 77 differ-
ential cross section are shown in Fig. 1. The black points are the results of the
subsequent phase shift analysis.

A phase shift analysis was performed for each of the‘ nine 7r+7r— mass
intervals separately (i.e., an energy independent analysis). Only s and p-waves
have been included, and the A scattering has been assumed to be purely elastic.
Further, the I=2 part which is small was taken from the study of Baton et al. 7
The results are shown in Fig. 2. Note that there are two solutions for the
elastic 77 cross section, - (Fig. 2a), and for the p-wave phase shift, 5; (Fig.
2b), for those mass values for which we find two solutions in the s-wave; the up
and down notation refers to the corresponding s-wave solution. This occurs
because (i) important contributions come from outside our normalization

-6 -



interval (|cos 6/ < 0. 7) and therefore depend on the phase shift; (ii) the normali-
zation coming from reaction (a) is used only as a constraint in the fit. The re-
sults of Baton et al. ,7 for - and 58 (obtained from their analogous purely
elastic phase shift analysis) are included in Fig. 2a and 2¢ for comparison.

The elastic 77 cross section does reach the unitary limit in the p region.
Furthermore, although no particular mass dependence is imposed in this energy
independent phase shift analysis, the p-wave result, 61, is well represented by
a Breit Wigner shape including centrifugal bar;riers. 17 The parameters found
are M=761+5 MeV and T =108+20 MeV.

We obtain a unigue solution for the I=0 s-wave phase shift for dipion masses
below the p meson. A similar result for 68 in this region was found in the analysis
of Baton et al. 7 Above the p, the well-known up-down ambiguity persists for the
three mass bins 800 through 900 MeV, again in good agreement with the results
of Baton et al., shown in Fig. 2c; however, for the 950 MeV bin we find just a
single solution.

It is of interest to examine the nature of the ambiguity in more detail. Fig-

0
0

p-wave vrefitted. It should be noted that although each of the bins 800 through

ure 3 displays the x 2 obtained for each mass interval when 6, is fixed and the
900 MeV has a minimum solution, the difference in xz is no longer sufficient to
exclude the possibility of the other solution. Rather, in this region, one has a
relatively broad valley in X2 space. The two branches for the 58 solutions would
not appear to be as distinct as the traditional up-down notation implies and the
possibility must be considered that the s-wave may cross 90° at a mass sub-
stantially higher than the mass range 700-750 MeV which is customarily assumed.
Indeed, the data on 7 p —»71°7°n implies that the s-wave phase shift remains

near 90° through the p region, 18 which, taken with Fig. 2c¢, would then imply
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that 58 cross 90° in the vicinity of 900-950 MeV, and be changing rapidly just
below KK threshold. Such a behavior is in accord with recent data on

1T+p -—->7r+7r_A++, 19 where rapid variations in the s-wave amplitude in this mass
region were reported.

To cénclude, we have performed an unconstrained Chew Low extrapolation
of our data on 7 p — 7 7 X° and determined the differential cross section for
77 scattering. An energy independent phase shift analysis finds that the elastic
T cross section does reach the unitary limit at the p and yields a unique solu-
tion for the 1=0 s-wave phase shift below the p. While the precise behavior of
68 above the p remains an open question, arguments are presented for the
phase shift crossing 90° at higher masses than conventionally accepted, viz.
~950 MeV. It is important to investigate this possibility further by extending
systematic 77 phase shift studies to higher masses. This requires that D-wave
effects and inelasticity be included, and therefore requires very high statistic

experiments.
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FIGURE CAPTIONS

Results for the 7 7 differential cross section for each 50 MeV wide T
mass interval. The black points are the results of the phase shift analysis.
Results of the energy independent elastic nm phase shift analysis: (a) the
elastic 71 cross section, (b) the p-wave phase shift, (c) the I =0 s-wave
phase shift. In (a) and (b) up and down refers to the corresponding s-wave
solution. For comparison, the results of Baton et al., are included in ()
and (c).

Variation of )(2 as a function of the I = 0 s-wave phase shift for each of the

nine mass intervals.
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