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.S-Wave Pion-Pion Scattering Length from Reaction

1Tf+p->1r°+1r°+nat378Me_V

T. Maung, G. E. Masek, E. Miller, H. Ruderman, and W. Vernon
‘Department of Physeics, University of California, San Diego
' La Jolla, California 92037 o

and

K. M. Crowe and N. T. Da@riki f
‘Léwrence Radiation Laboratory, University of California

Berkeley, California 94720

ABSTRACT

The differential energy distributions of neutrons from the reaction
T +p + 1% 4+ 1° + n were measured at four different neutron lab angles. Fit-
ting the distributions with the Chew-Mandelstam solution for m-T phase shift, .

we obtain a value agy = (.28 £ ,21) u! for the S-wave m-T scattering length.
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Differentiai energy distributions of neutrons ‘from the reaction
| T p 1 7 S (D)
have been meaSured in order tolstudy’the-I = 0,-S—wave T-T interaction near the
‘pion production threshold. ‘Results at higher energies have been reported by | B
several authors,vmost recently,at the Argonne Conference;). The experiment'was
performed at the Berkeley 184 1nch,Synchrocyclotron u31ng an incident m kinetic

7energy of 378 MeV and laboratory neutron angles of 30, 35 40 and 45 degrees.

' Figure 1 snows the experimental arrangement. Scintillation anti-
counters, Aljand A2;‘complete1y surround the 1iquid'hydregen target 3" diam; X
'10" long). Threeﬂ304gap lead ‘plate spark chambers covering three sides of the
target were usee‘to‘detect the’ y-rays from the ﬂo decay. The thickness of each
plate was 0.15 radiation lengths of-iead' On-the'fourth side, neutrons were
detected with an array of fourteen plastic sc1nt111ators (10" diam. x 6" thick)
at a distance of 20 feet from the target. This neutron'tbunter array could be
‘p031t10ned ateany'deSLred azimuth "angle, 6 (cf. Fig. 1). Scintillation anti~
counters, A3 and A4, were placed in front of the shower ehambers_and the neu;

tron counters, respectively, to veto charged particles coming from the target.

A gate trigger, {B1 n B2 x B3 x (Al + A2 + A3>};aindieating a‘beam
pion-entering;the target and no'charged particles coming out or entering the,
shower chambers -opened a 100 nsec long gate. A subsequent neutral particle
signal during this gate time from any one of the neutron counters constituted
an event, At each event the spark chambers were pulsed and the resultlng shower
1nformation was recorded on film together with time-of-flight, pulse height,

and address information from the neutron counters,

The timing and resolution of each neutron counter were .calibrated by
measurement with the prompt y-ray and neutron from the charge exchange reaction

T +p~ 7° + n. (2)
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The absolute efficiehceis.of the neutron counters were'measured in a separete
experiment by scatterlng mono-energetic neutrons off protons in a hydrogen
target and detectlng the scattered neutrons together with their coincident re-
coil protons?) | |

The film was scanned for those events in which.tWO'or more y-ray

showersvoccurred in the spark'chambers. By fittlng the y-ray directions and

using the in01dent pion energy and the neutron angle and energy, a kinematic

check was made'tO»see if the detected neutron was a charge exchange‘neutron

from reaction (2)t Such e§ents'§ere~tejectéd The remalnlng events gave a
tlme—of—flight dlstrlbution of 1ne1ast1c neutrons from reaction (1) with a re-
sidual contribution in the charge exchange region. . This latter contribution
could be accounted for as arising from two sources. lFirst, some charge—exchange
events were 1ncluded due tobuncertalntles in measurlng the dlrectlons of the
1owest energy:ffrays. Second, due to‘the relatively long sensitive.time.of the -
chambers;‘accidental Y—rays were sometimes seen in theechambers when a charge-

exchange neutron was detected in the neutron counters.  Since these two types of

.events could not be excluded by our selection criteria, a Gaussian distribution

whose width was determined from the.measured timingfresolution was fitted to the
charge—eﬁchange_peak and used to subtract out the beckgtound;"The subtraction
amounted to a haiimum of ten percent in the first four—channel bin of the in-
elastic neutron_time—of-flightvspectrum (see Fig. 2)- The tlme—of -flight dlS-.
trlbutlons were’converted to dlfferentlal cross sectlons (Flg. 3) by~u51ng the
calculated eff1c1ehcles for the detection of Y—rays in the shower chambers and
the measured eff1c1ency of the neutron detectors. Monte Carlo calculations have
shown that theﬁY—rav detection efficiency in the shbwer chambers'does not intto—
duce b1ases 1n the measured neutron energ& dlstrlbutlons, although it may 1ntro—'ﬁ
ducc an error of about 25 percent in the overall normalization due to uncer-

talnty in the calculated cfficiencies. These cross sections arc in,qualitative
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agreement withupreviously'published data at this energy?)but diaagree signifi-

cantly in the actual neutron energy distributions.

As can he.seen’from Figures 2 and 3’there is a rather consistent dis-
agreement - between the data’ and phase space.v This was also seen in our prev1ous
45 degree dataé) ‘and in the data of Barish et a13); The present experlment : ¥
was set up to obtaln data with overlapplng reglons of c.m. neutron angles.i We
therefore 1 use our four sets of data to der1ve an experlﬁental c.m. angular dis-
tribution for the neutton. By’fltting all the data 51mu1taneously we obtain
1+ (1.7 +.2) cose -+ (3.0 £ .3) cos 6 as the best_c.m. distribution (cf..

Figure 2).

The neutron time;of-flight distributions.at each angel.were'fitted te
the phasefspaceveorrected for the neutron c.m. angular diétribution and multi-d
plied by an enhancement factor due to the =T interaetien; Folloﬁing Bonth and
Abashian®’ we used the enhancement factor in the4fdrm6> ., o |

v

FE@H s @y S

w1th .q, . the m=m relatlve momentum, u, the pion mass, and §, the m-m phase shift

obtalned from the S—wave ‘dominant solution of the =T equation of Chew and

Mandelstam7)
[ 5 1/, ' 2 1/, | /2
—4 ) cot § = A + 2 —a ] in L'*' (q + u )
q2 + VUIZ . aso ™ q2 + uz u R
| . ;K4) e.

To compare with the data the chi-square values as a function of the S-wave

scattering length, agys are shown in Figure 4f Due to the.presence of sin?§ ' QJ
in Eq. (3) we get two sets of scattering lengths, one nositive and one negative.

The best values and their errors are presented in Tab}e I together with their

weighted averages. As can be seen from Table I the values of the scattering

length obtained from the four sets of data are independent of the lab neutron
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angle; the four values being consistent with each other‘within'experimental’

errors.

Our final result for the I = 0, S-wave scattering length is
asd = (.28 # .21)’p-1. This value is in agreement with the current algebfa

8)

prediction of Weinberg,’ the bootstrap calculations of Johnson and Collinsg),

and the most recent forward dispersion relation prediction of Morgan and Shaw%o)
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Table I. Measured aggs MW scattering 1§hgths} Note, we

obtain a positive and a negative value with equal error.

aso; the T-T scattering length,
- in units of pion‘Compton wavelength
Lab neutron angle '
L positive . .. ‘negative
30° ' 0.16 + 0.40 | - 1.35 + 0.40
35° ' 0.32 + 0.29 ] -1.53%0.29
40° 0.05+0.57 - | -1.27 + 0.55
45° 1.0 * 0.95 - 2.22 * 0.99
Weighted average 0.28 + 0.21 ' f %-1.47 +0.21




FIGURE 1:

FIGURE 2:

FIGURE 3:

FIGURE 4:

_by the neutron c.m. angular dlstrlbutlon (a

FIGURE CAPTIONS
Experimentalvarrangement showing the .three shower chambers and

the fourteen neutron counters and the locations of various beam

®

counters and anticounters.

Measured time-of-flight dlstrlbution for 1ab neutron angle of k)
35 degrees showing the subtracted charge—exchange events (CX)

Also shown are the (1) phase space, (2) phase space multiplied-

S0 O), and (3) the

best fit with a scattering length of 0.32 u 1,
Measured differential distributions ofAneutrons as functionS'of
neutron k1net1c energy for various lab neutron angles, show1ng

the phase space and the fit w1th a mT-7m scatter1ng length of

0.28 u” 1.

Chi—square values presented as functions of scatterlng length for -

the four sets of data showing two best values of scattering length

for each set,
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A. Makes any warranty or representation, expressed ‘or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”

" includes any employee or contractor of the Commission, or employee of

such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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