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ata w laboratory kinetic energy of 378 MeV, to look for this effect.

- Cyclotron were momentum-analyied and focussed on a 3-in, diameéter by = o
- 10-in, -long liquid -hydrogen tar.get, which was completely surrounded l.)yy
.scintillation eounters. The pion beam was designed to have less v'thian :i:iSdeg

of angular dwergenCe : J'"Fouz"teen liquid'-seintillé.tion:ne'utr'on'counters
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'Exper1menta1 Study of w-mw Interactxon in the
Reaction 7= + p - 7% + % + n at:
Incident mw- Energy of 378 Me V?*

Tin Maung, Kenneth M, Crowe, ‘and Ned T. Dairiki
Lawrence Radiation Laboratory

University of California
Berkeley, California -
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In a study of the reactions

p+d—=Hed 21 o C (1a)
and 3 A
p+d=H +2n - " (1b)

Abashian, Booth; and Crowe (ABC)1 observed a peak in the rﬁomentum
distribution of He3, which was subsequently interpreted as a strong S-wave )
I=0, w-w scattering-length effect, We have covmpleted an experiment in which |

we measured the differential neutron time-of-flight distribution from the

reaction ' ' o - S A

T +p-+n+® +q° . ' ' " (2) " .“‘-f‘f‘,‘f e
L\) Lot PRI

We measured the neutron spectrum at 45 deg (lab) in coincidence Wlth
the y rays produced in reaction (2). The experimental setup is as shown_‘-

in 'Fig, 1. Negative pions, produced at an internal target of the 184 -In,

e

“.

and six lead sc1nt111ator sandwmh counters were used to detect the neutrons _ ‘

“t
N



" Therefore, only one of the two ¥ rays‘from the charge-exchange ﬂ~_18

. measuring the prompt y ray and the charge-exchange neutron time-ofﬁflights._-“

- Assuming a Gdussian resolution function and using the measured'neutronhreeoiution R

"_and ﬁ ~-decay 7 rays, respectively., When the direction of ?he neutron 19

' fixed, the charge-exchange #° has a unique energy and direction in space.

in agreement with the published data of Barish et al.gv
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detected on any one side of this direction. We utilized this fact and placed

¢

the y-ray detectors oh one side of this space direction. Two or more 7 °

rays were then required in coincidence with an interacted pion signal before

the gate for the neutron time-of-flight meesurement was opened. 'The charge- -

exchange neutron contamination wae.thus reduced by a factor of about 100.

o TR iy T

g

' Resolution of the neutron timeéof-flight system was:measured.by'Tg

turning off the y requirement;_and was found to be 4.5 neec (full width at

half maximum). Calibration of the time-ofeflight'system was checked by

. E
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The calibration agrees within t 0.25 nsec with the calcuiated'values,‘ ﬁhe L

measured total cross section for reaction (2) is 1.40 ¢ 0. 21 mb at 500 NbV/c,

Superimposed on the raw time-of-flight data is: LT
(a)l . The charge-exchange'heutron peek,'which although

reduced in magnitude by the gamma requirement, appears

around B = 0.458. S - o AR o

5 el

(b) The inelastic neutron distribution starting et p = 0.b1. f T

BRSO AR MR BSR4
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v
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width, we have subtracted the charge—exchange peak frum the raw data tO"‘ {j, 'ﬁffi

W
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separate out the inelastic.d;stribution. The subtraction 19 presented j'; o N
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.. (called Sigma) between the two pions at a dipion mass of 400 MeV with a full
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ir. Fig. 2. DBecause of the relatively long flight path for the neutrons, there isﬁg‘??l;
very little overlap between the times of flight of the charge-exchange and the ' |
inelastic neutréns;

A strong I = O two-pion interaction around a dipion mass of LOO MeV was

. . 5 . . 2-6 S
observed in several plon-production experiments. To explain the experimental -

results, Brown and Singer proposed a two-pion resonance with an effective mass

of 400 MeV and a width of 100 Mev.7’8 The data of the K:h decay experiment of

Birge et al.9 do not show any evidence of the Sigma. The appearance of the Sigma- :51 Nk
type enhancement in the inelastlc pilon-nucleon interactions has been explained

most recently'by Dalitz and Moorhouse as being caused by a strong P., n-N

11
absorption.lo The presence of this enhancement can mask the n-x scattering-
length effect present in the data. We fherefore chose to limit the available
n-x effective mass to a maximum of 316 MeV to minimize its contribution.

| The inelastic neutron time-of-flight data are presented in Fig. 3. Also
shown in the figure are the following calculated distributions:

| (1) Relativistically invarient phase space, (p.s.). ' .1%

P4

(2) Phase space multiplied by a Brown;and-Singer-type resonance

width of'lOO.MeV, (r.5.) x a.

(3) Phase space multiplied by (a) the effect due to an S-wave 3 E
7 ~% scatteriné length of 2.0 pion Compton wavelengths, as given by the S;dominant ‘
solution of the w-n effective-range equation of Chew and Mandelstam,ll plus

(b) a Sigma resonance of 400 MeV and full width 100 MeV, (P.S.) x [a(xx) + B(a)].

(&) Phase space multiplied by the effect due to an S-wave x-x -
scattering lengtn of 2.0 pion Compton wavelengths;'as.in (3) above, P.S. x (xx);'i

In the calculated distribvutions we have folded in, (1) the efficiencies

.
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of the neutron counteré, (11) the enhnacement due to the Bose symmetrization
effect between the two pions}2 with n Bose radius of 1.0 pionvCompion wave =
length, and (iii) the neuﬁron center-of-mass angular distribution of the form
(1.0 + A cos 0 + B cos® 6%). For the best fit we obtain the values of the
coefficients A and B as 3.6 and 3.7, respectively.

Since we do not know the relative contributiéns of Sigma and the
x-n scattering length we interpret the data as being a combination of the

two, and vary their weights. The wcights for the minimum 3(2 were (¢ = 20

~and £ = 1. The remaining two paramclcrs for the fit were then R(the Bose

radius) and aso(the S-wave n-n scattering length). The 7(2 values obtained

for different values of R and a_. arc presented in Table I.

30

The value of the ASO that we can deduce from the present analysis Lo

is dependent on R. Assumning rthe © value of R to be 1.0 pion Compton
wavelength, we are able to obtain with 90% confidence a lower limit of 0.65
pion Compton wavelength for the magnitude of the I = 0, S-wave n-x scattering_
length. Since the momentum transfer is reasonably low == A? being between

*

2 and 7 in units gf mﬂ2 -~ we also used the Chew-Low formula.13 in the

. ! :
physical region to calculate the r-r cross section. At low momentum transfers
(A? < 3) the data does not agree with a pure one-pion?exchange model. Also,

the variation of mﬂﬂ over the range of our data makes this method of analysis

_not very reliable. However, using only the data with A? between > and 7,

we can conclude that the s-x cross section is 60 mb or larger.
Within the present statistics our results agree with the analysis
of Booth and Abashian,l whose method we followed in the. interpretation of

the data. The uncertainty in the Bose radius makes it difficult to obtain
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better quantitative r'esu.lts at preSent. More mfotrhatmn ah g:lifferent labora-v
e : in.p'rogress. x S - o . . ..’ o
\} , ‘ We are grateful to Professor G. - F, Chew for his interest andt
o | helpful suggestxons. Thanks are also due to Donald Myer, Allen Peters,;
i LM P1cc1otx, J. Sh1vely, and Lloyd Themes for thexr help durmg the data-
‘ . ‘takmg phase of the expenment and to the 184 -In. Cyclotron crew headed by
Me. _— ,
1
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*Work done under the auspices of the U. S. Atomic Energy Commission.
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R "V'an7;: o '..‘:  FIGURE LEGENDS : :
: ‘:i b F:ig.' 1. Experimental arrangement showlng the location of the 8ix ga.mma |
| counters and the 14 neutron counters. | Y‘
. 'IFig; 2. Figure showing the subtra.ction of the charge-excha.nge neutron pea.k
a;v_])mmmmwa~;“ w¢¢.'+
- Fig. 3 ’j‘-'Measured-'i'nelasticfrieutron tinie.#-'ef'-l'flig.ﬁtv spe;c:f:rinh,'preseeted‘”." S

together with the following calculated distributions-', I

S (2)) P8 xa -

(3) H P.S..Sc {20(':(1() I+vlo.]'for a

4 , ' i
®50 = 2‘ ‘pior; Compjb_on-.\

'wa\felengths._. : “ R
: (4) p. S. (mt) for aSO = ¢

The f values for the best £it of the four curves are. 10 6

35 6 5. 7 and 6 5 respectively, for seven degrees of freedom.,'-_%g'»'.

. LN . . T
A
¢
. «
: v
H
4
. h
¢ ¢
g e i






\af

-

S

30

Neutron. time of flight (nsec) = .-
45 50

2807

240 |

200

160

120

Counts/ 4 chadnnels

80

40

T T T T T T 1

: A- Chorge ~exchange : . .-t -
| - neutron peak .

“. B='Inelastic - neutron
oot distribution

. . Yox

"'55 60 65 70 - 75 -

140 .




CUCTVAGEERTY | AN

12 - UCRL-16444 Rev.

Myrr (MeV)

270 290 310 316 35 313 310
] T

i Ll I | i ¥

T

500 | ‘ .5 -

400

T

300

200

I

|

100

Counts /3.8 nsec

-100 1 | L | ] | ] ] | 1
30 40 50 60 . 70 80

Neutron time of flight (nsec)
. MUB-8255

Fig. 3



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
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.

-

Y

]






