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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted_. to Physical Review Letters

'UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No, W-7405-eng-48

ON THE T =0, S-WAVE, ww PHASE SHIFT

Laurance D, Jacobs and Walter Selove

January 27, 1966

' UGRL-16616



~ in this mass region,

S o UCRL-16616

On the T = 0, S-Wave, mn Phase Shift
T

Laurance D; Jacobs ahd Wélter Selove
Lawrence Radiation Labdraf;ory-
University of California
Berkeley, California

January 27, 1966

The persistent forward asymmetry in the TT-TT+ "scattering-angle"
distribution for peripheral (low moméntum-tr‘ansfer) events in the p mass
region for the reaction

Tp>T N (1)

considered tbgether with the more symmetrical behavior for the . wo system

.in the reaction

7 p > rnlp (2
has led to the suggestion that the T = 0, S-wave phase shift 6(§) is near 90 deg

?

Chew has recently raised the question whether 68 might be a de-

- creasing function of energy above threshold. 3 In this note we report evidence

that at values of M well below the p mass, 68 is positive, (68 can be
determined only modulo w. For convenience we have taken ‘68 to be zero at

O'will be small, We assume

threshold. Near threshold the magnitude of 60

"that up to 500 or 600 MeV the magnitude remains less than 90 deg; we note

that no peaks are seen in the wr spectrurh below 700 MeV.)

We do not attempt to determine the detailed behavior of 600 thvroughodt

the entire mass region from threshold to the p mass. 3 While the data_sugge'st_

that 6(? is positive throughout this region (this would be in contradiction to the

possibility explored by Chew4), we cannot rule out the possibility that 65’ first goes
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slightly negative, above th'reshol‘d, and thgn.re\Arerses,_ | o

‘Theponclusioh that 68 is pb;itive at massés well below the p mass
is based on the ﬁn~scatterin_g intefpretation‘ of pe‘ri;‘)heral events in reactvionsb
(1) and (2) at a nu‘mber of beam momenta between 2,0 ari'd 3.2 BeV/c,

| We have studied data on these reactions. frém four indépe‘nc‘ieﬁnfl
experirnentsi:’"7 and find the following results:

'(a) There is a pefsiétent concentration of events Iat small momentum.
tr.ansfer, AZ < 40 to 15 pz, for masses from the p mass down to ‘%OO to >500 MeV;
" the relevant data are given in Table 1. (Azbis the squailre of the 4;momentﬁm
transfer to the nﬁcleoh, and p is the mass of the charged pion; the Ve.lc;city
of light is taken as 1.) | |

(b) For these low—A2 events we find a persistent forward preference
for the n--n+ scattering angle e,mr at all values of Mmr below the p mass
where therve are appreciable data--that i?,’ down to vabout 400 MeV. (GTm is
tile angle between the initial and final Tf_- in the final dipion rest system,)

(c) The ,Tr_TrO scatte.rix.lg-angle distxlibution, for low AZ', has the

8:9:2 por Mm below about 600 MeV,

well -known behavior near the 'p mass.,
thé Gmr distribution again becomes _substa.ntiglly symmetrical, (Some of the
data, shown below, indicate an apparent backward asymmetry at low vaiues
qf MTrTr down to threshold. From careful study, we believe this effect is due
to an experimental bias. Some elasbtiC'-scattering events, misidentified as

_ ﬁ_nop events, are included inthe data,. Events'mi‘sid‘entified iﬁ this particular
way have a- Treiman-Yang angular .distribution clustéring abouf zero, The
.Lorentz transformation fo the nw rest system rotates the direcfion of the
incident =~ away from the 6utgoing m . For low AZ the effect sh@ws itself

at very low nw masses; for higher AZ the effect extends up to high'er' 7T masses,

There are spuriéué low-mass events seen in Fig.. 1b and 1d; by careful study
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and remeasurement, 'most/ or all such events have been removéd'from the
LlR.L data shown in f‘ig’,v 1a and 1c.} |

These results, particularl_y,r.esults (Ab) and (c) 4both of Which are
‘obtained from Fig,A 1, suggest that the T :‘Z, S-wave, mm phase Shivft 662
is small and that 6(? and the P-;Wa.\}"e, T phése shift 61 have the same sign
throughout the mass region from 400 to 700 MeV, In this region the smooth
shape of the mass spectrum and of the forward-backward asymrﬁetry .f_urther '
indicates that neither phase shift passes through zero, and that both are
positive throughout this region.

More specifically, we consider the lower part of this m;ass region--
400 to 500 MeV, To e.s‘timate the magnitude of Sé), we believe the most
useful information comes from the magnitude of the observed experimental
cross section for peripheral events. We consider, particularly, o (M),
defin‘ed as‘v(dcr/dM)mrvfor AZ < 10 pz. If we compare o (M) for TT—TI'+’ITO in the’
400- to 500-MeV and 700- tb 800-MeV intervals;, and if we assume that ini-
tial—stéte and final -state absorption affects S-wave and P-wave states about
equally, and also that abso;pti’on effects aré ai;o‘ut equé.l in magnitude whether
resonanf or non‘re sonant 'm'r‘ interaction is involved, we can then estimate that
6(? is in the range 35 to 55.deg, in the 400- to 500-MeV interval.

This estimate for 6(? is based purely on the magnitude of o (M),
"~ One might try also to cieter\mine phase-shift values from the.detailed T
.scattering -angle distributions, On a crude mddel, We do find that the above
. value of SC()) is consistent. with -ther.experiméntal forward—backx\fard asymmetry
in the 400- to 500-MeV in;cerval. 10 : |

But any n;ume.rical estimate for & O, from these dai:a, involves major

uncertainties not connected with statistical fluctuations, The figure we have

given is obtained from an analysis based on the one -pion-exchange (OPE)



-4 - UCRL-16616
-model, following the work of Chew and Lov}., 1 There is a fundamental un-

. : . 5 S
certainty, at present, as to whether even a low-A" (but nonresonant) concen-

tration of events can be safely interpreted in terms of OPE, 12

Besides this
fundamental question, thgre are other substantial uncertainties associated
with vform‘—f.ac‘tor and_absorptioﬁ effects, 13 and wibth_ possible isobar e‘ffec;ts
(e.ven though Dalitz plots of these data do not indicate any dorﬁinating isobar
effects),

In spite. of these uncertainties, however, the OPE model, modified
for absorption effects, has enjoyed impreésive success in the _analysis.of the
major features of reations 1 and 2.in the p regio‘n.é’i.3 Therefore we believe
the experimental results reported here give a strong indication that 6.(? is ’-

positive in the mass region stated. It may not bé possible for some time to

obtain a much firmer determination of 6(? at these mass values, either from

this peripheral production process or by means of the theoretically simpler

Ke4 decay process, 3,14
We are aware of certain experimental biases which affect the data,

These biases will not, however, change the conclusions given above, | The

data will be discussed in more detail elsewl;lere.v

We thank J, Alitti, J. P, Baton, M. Neveu-Ren¢, and V, Hagopian
for supplying us with the data of Refs, 6 and 7, and giving us permission to‘
include the data in this analysis. Discussions with M. Neveu-René& have been
particularly helpful, We have also Benefitt‘ed from discussions with D, H., Miller,
J. Kirz, and G. F. Chew. Oﬁe o‘f us (W, S.) thé.nks Professor L, W. Alvarez

and the Lawrence Radiation Labdratofy for their hospitality,

3
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Table I. Numbers of e}vents'in the region M'rrrr: 300 to 600 MeV and
AZ < 75 pz. The n-wo numbérs given include some misidentified events

(see text).

Number of évents

2 2 ’ 2 2
Mass A" < 10y~ A° = 10 to 75 u
region . : :
(MeV) 'B E B F
-0
T
300 to 400 39 13 67 19
400 to 500 ' 30 24 90 31
500 to 600 | 74 63 153 72
-+
™
300 to 400 11 24 . 33 31
400 to 500 48 81 6T 52

500 to 600 87 176 - 80 - 87
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FIGURE LEGEND
Fig. '1" Forward—'.backWard asy-rnrri_efries,. for l'ow. N2 events withmass MTrTr
’ beiox.«v 1000 MeV, F and B indicafe, respectively, positive and negative
Valvues of cos Gmr’ Whe.re' er is the ww scattering éﬂglé, '(See text f.or .
definitions.) In r.e.giOns of sriall numbers of eve__nté, the data have been
lumped in bins of up to 100 MeV. ‘ 4
(a), (c), (f), and (h) are from LRL data (Ref. 5); (b, (d), (g), and
(i) are from Pennsylvania and Sa.ciay—Orsay—‘Bari—Bologna Collaboration
data,(Refs.v 6 and 7). (e) and (j) give the total data, for AZ < 10@2 and

for all experiments together,
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such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.







