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ABSTRACT

Neutron angular distributions from the charge-exchange (v°n) and
irelastic modes (v°n°n, -n+11"n) of the = p interaction have been investigated at

343 and 371 MeV incident-pion kinetic energy. The data were obtained with an -

 electronic counter system. Elastic and inelastic neutrons were separated in the

all-neutral final states by time of ﬂ1ght. At both energies the charge exchange
differential cross section at the forward neutron angles differs from that de-
termined by Caris et al. from measurements of the n° decay gamma distri-

i

butions, but generally agrees with the phase-shift analysis calculations of

. Roper. The distribution of inelastic neutrons from both modes shows a strong .

preference for low center-of-mass neutron energies, The distribution of these

neutrons does not correspond to that expe‘cted' from the I=0, w-7 interaction

{(ABC effect) suggested to account for-the ahomaly in p-"d collis'ions observed by ‘

Abashian et al. Finally, all available charge exchange dszerennal cross

' sect1on data from this and other expenments were combmed by a least-squares

fit tq_a. Legendre expansmn‘of the form |

T
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do_ (cos 9*17°) = a,P, {cos 8 =%
* 474
aa” =

-~

with the foliowing results’ (in mb/sr): |
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313 . 4.2120.03 . 1.8820.06 . 4.64%0,06 0.4540.06

374 0.890.02 | 1.57#0,04  1.4320.04 . 0.3820.03
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and have proposed various phé.se shift solutions which fit all these da,ta..'4
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I. INTRODUCTION £ | '

; f“ y , -
The angular distribution of final state neutrons gccurring in v p
collisions in the 300-400 MeV energy range provides insight into two different

aspects of the pion—ﬁucleon interaction. First, the distribution of elastic

‘neutrons (from the reaction m p = w’n) measures directly the differential

cross section for this charge-exchange reaction. - Secondly, the angular distri--

bution of the inelastic neutrons (from 7 p - w°7°n and = p — ,w'w+n) provides

information about the isotopic state I= 0 of the two pxpns occurrmg in these
4
inelastic reactions. : . g_‘;_

At 310 MeV considerable effort has been madiéf to determine an unambig‘upus

-

. . . . Lo 1 2
phase-shift solution for pion nucleon scattering., Foote et al™ and Rogers et al, °
have made a very accurate determination of ‘ﬂ'+p Jdifferential cross sections '
and recoil-proton polarization at this energy. Rugge and Vik3 have provided

similarly accurate cross section and polarization data for = p elastic scattering

The inclusion of corresponding data in this phase-shift analysis' from
the charge-{exchang'e reaction has proven difficult. The only available charge-
exchange differential cross seciion data were those measured by Cafis et al.
at 317 MeV, However when the Caris data were compared with charge- excha.nge

d1str1butxons predicted by phase ~shift solutlons determined with the elastic-

' scattermg differential-cross-section and pola.nzatmn data, 4 it was apparent

that there was considerable deviation at the backward pion angles,

The charge-exchange distribution had not been measured directly. Be-

B causé of the extremely short lifetime of the w° meson (2,'.2)(40'16 sec), only the

gamma rays into which it decﬁy& could be detectedg From this observed

N
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'~ gamma-ray spectrum, the w° angular distribution had t¢ be deduced. When

.."the original data analysis was made, the total cross segéetions for the other 'ﬁnva‘l‘;"" o
| states that cor'xtnbute to the observed vy rays (17 m™n and Tow p) were in- |
’sufﬁmently known to provide an accurate correction fa.ctor at backward pion
angles, It was at these same backward angles that fhe phase-shift predictions v'
~ of Vik and Rugge departed most from the charge-exehange data of Caris, In |
addition, c'ha;rge-exc.hange data taken by Kurz6 at 374 MeV appeared to differ

sufficiently from corresponding observations made by‘ Cane to be in mgmﬁcant

\-w

.?

3.

'~ disagreement., Therefore it was dec1ded to conduct the present expenment to-

measure the charge—-exchange differential cross sectxbon by observmg the only
directly accessibie final-state particle— the neutron.

The inelastic neutrons, which we had to identify and se.parate from the
elastic neutron differential cross~section data, occur in essociation with‘ two-

pion final states which contain the isotopic eigenstate I=0. An enhancement of

Yool

two pion production in this I=0 state has been proposed as an explanation for the S

. anomalous bump in the He3 momentum spectrum arising from high energy
preton-deuterium collisions as observed by ‘Abashian et al. "8 (the so-called

- ABC effect).

If such an enhancement occurs it would alter the d18tr1but1on of melastm o

" neutrons. However two groups at Berkeleyé’rg have looked at two-pmn final

states (7 v n and 7%%%n) in pion-nucleon collisions and have not observed any

~ clear evidence for such a two-pion mteractmn. Therefore in the present expen,— PR

X _fment an analysm of the inelastic neutron d.xstnbutmn was 1ncluded to prov1de

“further 1nformat10n on this questxon. R
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Sections Il and iII discuss briefly the experimentgl method and data
analysis involved in this experiment. This is discussed ;‘more completely in
reference Iib. Section IV presents the results of both the elastic and inelastic
n;utron measurements., In this last section we also discuss the angular
-dist;ribution which we derive for the charge-exchange reaction by combining

the elastic neutron data from this experiment with the other available data

for this reaction.

b
3

i '
The collision of a negative pion at 313 or 374;MeV laboratory kinetic

II. EXPERIMENTAL METHOD

_energy and a proton at rest provides sufficient enefgy to open some of the
inelastic channels of the ©wN system with the production of an additional final-

state pion, . Although the higher of these energies is a.bbve the threshold for

. the production of two pions, these contributions are assumed to_bé negligibly"

small, Thus we must detect and separate the products of the following reactions, R

T +p-T +p elastic scat't'ering {1) ]
e fip -7’ +n | charge exchange (2) ‘ |
a4 p+yt+n ) radiative absorption '(3:)3 ,
R A A W +n) : ‘ o (4 |
T4+ p—~T +7 +n ;'-pion production (5)
‘m +p—=+7 +71% +p | . " (6)
T +p—=T +Yy+p - nuclear bremsstrahlung (7)

A detectof accepting only neutral particles will signé.l the presence of
a neutron (since gamma rays can be distinguished from neutrons, as we show)

and will eliminate reactions (1), (6), and (7). T’he.c'i'o:ssv:svection folr radiative

S e

e e
12

o s YT
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~ absorption (3) is small compared to other neutron Bources, so these neutrons e

" can be treated as a mathematical correction to the datP, By detecting any

"charged plons in commdence with a neutron, reaction (5) can be identified and

counted separately, The inelastic neutrons of reaction (4) emerge from the ;
| target with a Spectrum'of energies, At a fixed lab-system angle, the highest :

~ of these energies is less than the unique energy of the elastically scattered ;

‘ "charge-excha,nge neutrons (2). 'This gives a separation between their velocities,

Thus the neutrons from reactions (2) and (4) can be s?p;a.rated'by their time-of-,%

flight over a measured path length,

The negative pion beam was produced when tge internal 732-MeV proton ' "

| target '_Z-in. thick in the beam direction. The pions were deflected outwardly

by the magnetic field of the cyclotron. Their trajectory was calculated by the
' 11 |

" beam of the Berkeley 184-inch synchrocyclotron struck an internal beryllium - t

conlputer program CYCLOTRON ORBITS, which uses measured values of -

the cyclotron magnetic field to integrate the equations of motion of the p?:xrticle.-*

A beam transport system consisting of two doublet quadrupole magnets and a '

R

~ momentum-~analyzing bending magnet focused the pion beam on the liquid

. hydrogen target. The current settings of these magnets were determined by' ‘

12

: | : the beam optics computer program, OPTIK™ ~ and by enspended-wire measur_e 4

" ments. - The angle of deflection in the bending magnet was chosen to produce

'-a recombination at the final image of the momentum disPefsiQn introduced by

’ the cyclotron field. The average energy and energy spread of the be_amj\'avere'f

o experimentally-check'ed by integral range measurements in Cu, The' ti- con-

- tammatlon of the beam due to n~ decays before the bendmg magnet was deter-'”‘;] o

nmmed from these range curves. K- product1on beyond thw magnet was calcu--

'lated and combmed w1th the range curve mforma.tmn to gwe the total B

AT T



‘a neutron from reaction (5). Thus these 'charged mode" neutron events could

" be recorded separately from the '"neutral mode' events [ reactions (2) or (4)];

=5 UCRL-11435 Rev.

contamination. The! electron contamination was estimated from gas Cerenkov

!
i

“counter measurements on similar beams. The proper,‘,ies of the pion beam are

. listed‘in Table I. : ' ‘ - "

P

N Figure 1 shows the arrangement of the experimental area beybhd the
bending magnet M. Located along the pion beam are four scintillation counters
(Si, SZ‘ S3, and 85), which form the beam-monitoring system, Surrounding the

hydrogen {:arget is a cylindrical counter (545 used to detect chargéd pions. The"
j | B

- four neutron counters (Ni-4 surrounded by anti-coincfdence counters A1_4)

K
¥

~are located at representative positions for detecting gi:eutral particles originating

in the target. A [ :
Counters Si' SZ’ and S3 were located in the 'béa.m to monitor the incident-
pion flux arriving at the target position. The smallest counter S3 defined the

area of the beam’accepted by the monitor system. S2 ‘served as the source of
the zero-time signal for the time-of-flight analysis. Counter. SS’ located

beyond the hydrogen target and used in anticoincidence, ‘reject'ed'incident pions

that were not scattered by an angle greater than 10 deg in the hydrogen., Counte:ir ’

| Sy detected the presence of one or both of the charged pions in coincidence with .

Neutrons were detected in a block of plastic scintillator by observing 1
the light produced by recoiling charged products afising in interactions between '
the incident x;eutrons and the hydrogen and carbon nuclei of the‘ scintilla.tof.
Gamma rays‘were 81m11ar1y reg1stered by the counter, but these could be

clearly d1st1ngu1shed by the1r earher arnval tlme. The ac1nt111ator block was
f, .

B 4-1n. thxck in the dzrectmn of neutron penetratmn, and had an octagonal frontal / ‘ ;:
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_area formed by removmg thevcorners of a 4X10-in, rectangle. An Amperex |

58 AVP phototube w1th a photocathode 5-1/4 in. in dlameter was used in order f
| to obtam eff1C1ent hght collectlon from the large block: of scmt111ator. ,
Each detector was surrounded by an anticoincidence counter which was |
. shaped as an octagonal box completely surrounding the scintillator block and

extendmg back an adchtmnal 4 in, beyond the sen81t1ve area. The front face and

b

- s1des of this counter were forrned of 1/4 in. plast1c scintillator; and were v1ewed

by two RCA 6810A phototubes whose signals were added. The "efvﬁ.ciency of the .

4

counter to reject charged particles was estimated as.-:v“-f{, >99.5%. The four neutron

I %

_detectors recorded data 51mu1taneously, from positions on both sides of the

. 'beam, and at laboratory angles from 10 to 60 deg. The neutron flight path was

set at 3 4 or 5 meters, depending on the angle. A

. For the time-of-flight analysis the signal from:scintillator S, was used
as the "'start" signal for a time~-to-height converter. The "'stop" signal was |
‘v geherated 'whenla neutral particle registered in one of the neutroh detectors.
This neutron-timing information was obtained from the i)hototube signal by pulse'
‘ d1fferent1at1on with an overdamped LC-tuned c1rcu1t to produce a zero- crossmg

S1gna1 whose zZero- crossmg pomt was detected by a tunnel diode d1scr1mmator. :‘

‘This technique was used because the time sh1ft of the output pulse is very small )

_over a large dynamic range of photomu1t1pher-1nput hght levels. 1.3 iEvents were‘

R SRR

- routed according to whether they were "neutral" or "charged" mode and counted

o ina pulse hexght ana.lyzer (PHA)

~Figure 2 shows a PHA record after all runs for a partxcular experl-
vmental cond1t1on had been combmed The y1e1d is shown as a funct1on of PHA

" channel number which is proportmnal to the time of flight from the target to the'i

B _detector. ‘The f1rst part1c1es to arrive are the 'y . rays, whzch form the large L

' peak centered at channel 217.. These are clearly dlstmgumha.ble,fromv the - .

T B T e
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_ elastm neutrons that arr1ved next and formed the peak at channel 50, Finally the

' 'slower melasuc neutrons are d1str1buted over the next 3'@ or 80 channels. Figure

: fJ

' 2 was chosen to 111ustrate the worst sxtuauon we encountered in separating the

elast1c from the melastzc neutrons. At thlS partxcular laboratory angle, pion

energy, and fhght - path distance, the stat1st1ca1 fluctuations due to the low

 yield leave the least distinguishable “valley" between the two types of neutrons.,
~Still, at this most adverse condition, we were able to unambiguouely fit the

. elastic-neutron peak with a Gaussian curve whose area represents the total-

elastic-'neutron yield at this angle.’ Analys1s of the gamrna peak showed the

'txmmg resolutmn of the entire system to be about 1. 5 nsec.

oy

L - DATA ANALYSIS

Before the chfferentml Cross sectxons could be calculated from the

neutron yields it was necessary to normahze these yxelds by the followmg cor-

rections.

1. Neutron-Detection Efficiency

The neutron-detection efficiency of plastic scintillator is a function of

i _ . , ‘
neutron energy, the threshold for the detection of scintillation light, and the de~

- tector ge'ometry. A computer program called . TOTEFF14 was used to cornpute _

the neutron-detectxon efficiency as a funct1on of neutron energy for each of the
two detectlon thresholds at which data were taken. .'

The ef£1c1ency varies between 0.07 and 0.17 with an uncertainty of *10%, =

. ThlS is. regarded as.an upper hm1t and it determmes the overall uncerta1nty of

the data. The e££1c1ency values obtamed from th1s program are compatlble w1th .
15~ - ' '

B correspondmg measurements made by W1egand et al. ST SRR
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2. Gamma Conversion

Neutral pion mesons occur as fmal state part1c1es in both reactions (2) .
and (4). If the y rays into which these .mesélﬁs.- decay produce e+, e" pairs
-in the target walls, or if the neutral pion decays in the w0 y'-e-e+ mode, ‘and
one of the cherged pa.rticlesv passes tthugh sci'ntillation counter‘ SS' .the event
would be lost. This turns out to be a negligible effect. However if one of the
‘charged pa.rt1cles is detected by S,, the accompanyxng neutron would be mis-
construed as having arisen from reaction (5) The proba.blhty of such a gamma"
conversion and its subs equent detectmn was calculated as a function of the

laboratory angle Of the associated neutron. 10- "Neutral' mode data were in-

creased and ‘'charged' mode data were decreased by this correction.

3. Neutron Rescattering and Absorption

_ After the initial scattering process in which they are produced, the neutrons.

can interact with nuclei in the material immediately surrounding the .target. This
‘can be either by elastic rescattex:ing, in which case no neutrons would be lost,
but the' differential distribﬁtion of the neutrons might be altered; or the neutrorls -
could interact inelastically with the target nuclei and be absorbed, decreasmg

_ the apparent flux at the neutron detectors. The qualitative behavior of re-
scattering is to shift the elastic~-neutron d_ist:ibution toward the smaller angles
-where the cros‘s section 15 lowest. Hovtever, even the most adverse assumptions .
.indice:ted that such a shift would be less than the uncertainty of the neutron-de-.

9

tection-efficiency calculation. In absorption reactions such as C1 (n,a) Be’ and
27 27 L : : : .
17 {n,p) Mg~ , no neutrons exist in the final state. A calculation was made

of the decrease in t_h_e.neutron flux due to these inelastic processes, 10 This

attenuation varies as a function of neutron laboratory angle due to the changes

"'T;:‘:‘"‘f e ta A

. A}

Re——
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in neutron energy, as well as the varying amount of ma‘é‘erial encountered

T
[T

when the neutron leaves the target in various directiong
, } R

4,  Radiative Absorption ' , o ‘

Neﬁtrqns that originate in the radiative absorption reaction (3) cannot be -
resolved by time of ﬂigl;‘t, and must be subtracted from the events recorded in
" the neutralg_mode data, This correction was obtained £romva detailed-balance
’ éalculation involvinglthe '"complementary'' reaction, pion photoproduction. The

' negative pion- photoproducﬁon cross section was obtiined from the nega.tive-to-

g‘!

posxtwe pion-photoproduction ratxo from deutenurn ag measured by Neugebauer

et al, 16 and the positive- p1on-photoproduct1on cross sections of Walker et al. 17

and Tollestrup et a.l 18

g s T e
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IV. RESULTS

A. Elastic Neutrons ’ ' , : -

| The charge-exchange differential cross sections were computed from

~the corrected elastic neutron yields and are shown in Figure 3. For comparison

with other work these results a.re’plotted as a function of 6 , = Cem. system
1:' .
"
pion angle = 180° - Gn (* denotes c.m. system vaneble.) These results are
M" )
presented numerically in column (a) of Table Il Thm data covers the range

;'.

¥

21 <0n <123 deg. Also shown in Table Il are threefi{pther classes of data which . ¢

i

we have incorporated in an analysis of the angular di§tribution of reaction (2):

column (b) neutron dafferentxal cross section at an incident p1on kinetic energy

T = 374'MeV in the range 84 < Gn <133 deg,6 {c) previously pubhshed angular
d;rstributio_n_s at T _ =317 and 371 MeV;5 .and (d) the differential cross.
section at 9* ov =Té deg calcule.ted from forward;direction, fixed-momentum-
transfer dispe:sion relations for pion nucleon scette'ring. i?:..vA .l'east-sqnares .
analysis was performed to fit these data to the c. m. Sy—stern differ,ential cross . 3

N

section in tl%e form: -

.Sg_(cos ZaP (cos 6 j)., o e (8)
ds2 . S0 S SR

The y?data were incorporated into the leasf-squares enalysis.according A

to the procedure used by Ca.rls et al. 5 If dO'/dQ is represented as in Eq. (8), -

the expected experlmental Y- angular dlstnbutlon in the c.m, system, taking

'mto the account the vy detectlon efficiency of the experunenta.l system, is glven

by

‘ :

el S PR St
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>

~ system, Y. and m denote the motion of the

for the n°w
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o g b ar it i
(cos 6 )—'z_‘,' 2Py (cos 6 ) J —_— O
ar , g (y=me)s

2=O -

P

whei'e_ x. is the cosine of the angle between the photon and the 7° in the c.m.

% rest system with respect to the

c.m. system, and €(k) 'is the y-detector eﬁ.’iciech as a function of the photon

L C Kk
lab-system energy, k, which in turn is a function of rx and cos GY.

The present analysis started with the uncorre@ted data of Caris et al.
(see Table_ IV, Ref. 5). The correction of the obs erw‘fd distributions to take

into account photons originating from the reactions = p—+1’n’n and v n°p

was reperformed. The availability of more precise information on these re-

. . R e e 20
actions made a more accurate estimation of the correction feasible, =~ For

. each reaction we assume that the 7°!'s had an invariant phase-space energy

d1str1but10n and an isotropic angular distribution in the c. m, system. We cal-

culated the correspondlng lab-system dlstrlbutlon of photons in energy a.nd

angle, d O'/dde, with a normalization _determmed by the total cross sections

' *
%2 and T w°p reactions.: To obtain the values of do ¥/dQ" used

" in this analysis; we_ subtracted the quantity,

qpinel do(ke) ’ ‘ - _
o Y (By) =fdk-—&m—— e(k) , : o (10)

from the uncorrected data points of Caris et al. We used their original values

for the remaining corrections that they discuss, The values used in the least-

squares analysis are given in Table II column (c).

" The neutron data provided information on the portion of the angular
distribution in which the uncertainties in the y data are greatest, The rela-

tive magnitude of the calculated corrections to the y-angular distribution is greater



and (c). At T _ = 315 MeV for case (c) the y-data goint at cos GY = - 0.955
©0.004.

 as determined by the least-squares analysis of thé recorrected vy data and by
" ment of at least D-waves in other analyses of pion-nucleon interactions at . = -‘,\ :
of the neutron polarization in T p —

| from SPDF-solutions II and IV of Vik and Rugge. 22_ We note that the SPDF- -

. : . . 23 ' e tleips
_pion-nucleon scattering of Donnachie et al. The angular distribution at

.42 UCRL-11435 Rev.

for 8: > 90 deg. In addition, the statistical weight of tﬁ«e Y daté. is lowest in
. ) : é‘ . .
this region. B

We performed the least-squares analysis with v(g) the recorrected vy o
data alone, (b) the neufron data and the dispersion-relation points, and (c)

all data simultaneously. The results are given in Table III. At T _ = 315 (the '
: ™

average T for the various daﬁa) and 371 MeV the probability of fit was not

. . T . v
significantly increased for N > 2 for case {a) and for /N >3 for cases (b)

. o . i .
was deleted since the inclusion of this point decreased the probability of fit to

T T L TR TR

The differential cross section for w p =~ w’n at T =315 and 371 MeV

the "analysis of the combined data are plotted in Figure'4. The non=zero.value |

of a, obtained in the combined data analysis is consistent with the require-

T .= 340 MeV.‘4 HoWever, the .behavior of the angula.f distribution in the
r:gioh of “-.9*0 = 180 deg is not consistent with any of the SPD-sb_llutions. of
Vik and RuggeT.r' The same comment applies to the results of measu‘re‘mex.jnv:s |
| n at T _ =310 Mev. 21

i :
cross section obtained here corresponds most closely to predictions obtained

The differential -

.solﬁtion II of Vik and Rugge is‘p_revferred by the recent theoretical analysis" of ‘

T _ = 345 and 371 MeV presented here deviates from that determined from the ¥

1 T e s

P
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vy data alone in a manner which is in agreement with the predictions of an
' %

energy~-dependent phase~shift analysis of pion-nucleon 'scfuggering by Roper,'.zzi 24
v ; ord .

The predictions by Roper at T = 310 and 370 MeV are also plotted in Figure 4.
' s !
' He used the data of Caris et al.' in his analysis as well as;all other available .

data on pion-—nucleén scattéringv (including the neutron polarization data referred

¢ - to above). . At both energies, do*/dﬂ's for 9:0 < 90 deg is lower than the pre-
. . i 4 ¢ . ’

dictions by Roper. At § , = 180 deg, isotopic spin considerations place a

: oo
lower limit on do/dQ for w~p-+n’n in terms of the differential cross sections
for -n'ip - w:tp at Gw = 480 deg. j
’ ' / /27 . Ntyz2iz 7 -
©ode® 1 do”’ / { do / : "

ar *z @ ke | . (1)
. . ) LS

If we use the available data on elastic scattering, 243,25

this limit is

10.77#0,20 mb/sr at T _ = 310 MeV and 0.13 + 0.06 mb/sr at T _ = 370 MeV.'
oo T ‘

"The values corresponding to the N = 3, combined-data of Table III are

0.50% 0,11 mb/sr and 0.07+ mb/sr respectively.” Thus the present charge-

exchange anguiar distributions 6 o - 180 deg are barely compatible with
this limit. | "

By integration of the 4@ curve over cos 9*
cross section O for the i'eaction (2) was obtaineTcri."‘ | These results are

, & value for the total

presented in Table IV and are calculated from the '""combined' data Table III

with N = 3.

L g

R e iR Y

e
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B. Inelastic Neutrons

e

The inelastic-neutron distributions can be comp;_x;.:fged to phase-space

distributions and distributions enhanced by an I=0 tWo-,pion interaction, in
*
:

either of two ways. The first is at a constant neutron angle. This would cor-

respond to a vertical cut through the kinematically allowed inelastic area shown ‘

in Figure 5. In effect, this is what is shown in the inelastic distribution in Figure - |

2 except that the abscissa has been plotted as time-of-flight instead of neutron ?
i¢

energy. The second possibility is at 2 constant neutr}(ian energy. This cor-

responds to a horizontal cut through the inelastic neuf:};rons areas in Figure 5, In

§

this case an energy band can be selected sufficiently wide to avoid the statistical

fluctuations seen in Fi‘gure 2, In addition, since the neutron energy is constant,
any inaccuracy in the neutron-detection efficiency is eliminated from the shape
. of the distribution. A calculation of the second type gives d ¢ /dt dQ for

constant T for both Tr+1r'n and 'n'°'n‘°n final stat‘es; this is presented

N

numerically in Table V' and graphically in Figuresv 6 and 7. Also shown in

the figures are the phase-space distribution and the distribution calculated by
using an I=0 two-pion interaction enhancement factor with a0=-2|.:L-1 and
{ ’ .

~R=0. This value of a,. is the scattering length tentatively proposed by

0

Abashian et al.’8 for the I=0 twow~pion interaction, and _R#O is the radius of

interaction.  These curves are normalized to the integral of the distribution for
. .

T T n over cos 8.

The distribution of inelastic neutrons from the e n final state departs,

"noticeably from both the phase-space distribution and the ABC enhancement -

 distribution. We observe that there is a strong peaking at low c. m. energy for -
20

o

the neutron. This same effect was observed by Kirz et al., 9 Barish et al. ,

and Blokhintseva et al. 26 These low-neutron energies correspond to a dipion

effective raass in the range (near m_ = 400 MeV) where several authors report . -
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I=0 two-pion resonances. This low-energy peaking seems to be present

at T _ =371 MeV in the %0 distribution, which is._.u__:z agreément with
B‘gri:h et él. but is nof clearly evident at 313 MeV, H&wever, at this energy
the large statistical errors of the data do not justify any firm conclusions.

The enhancement of the distribution from an I=0 tv;'o-pion interaction,
which has been proposed to explain the ‘anomaly observed by Abashian et al. 8
is not observed. However the domination of the chstr{outmn by a strong en-
hancement at the opposite end of the neutron- -c.m, -er;ergy range may i *nask this
effect. Finally we note that an explanation has been proposed by Anisovich and
Dakhno for both of these enhancements in terms of a suxgula.nty in the scat-

tering amplitude. 30
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Table I. Summary of © beam characteris'gics.
. i
i

Energy AT » - Intensity - = Muon Electron
(MeV) . - (MeV) (v/min) . contarmination contamination

(%) (%)

313 14 25x10® . 58 0.3

371 43 12x40° 40 0.3

o g erpa e g e



=1

o : - i

T x,
Table II. 7 p~n’n angular distribution data for various values
(in MeV) of T _(a,b,c, and d refer to the designations
o _ _
in Section IV of the text).
b : o c - o d
% ' % ok o %
cos 6 do/dQ* cos 0 dc/dQ* cos 6 dg Y/a@ cos 6 do /dQ
(mb/sr) n (mb/sr) S ¥ (mb/sr) w0 (mb/sr)
343 MeV 317 MeV . 315 MeV
-0.536  1.770.20 £.000  2.80%0.20  1.000 4.3040,57
-0.335 1,400,414 0.889 2.4430,15 : |
-0.222 0,73%0,07 0.779 2,18%0.14
-0.050 0,44%0.04 0.598 1.64+0,11
0.125 0.27+0.03 0.225 0.805:_0.06
0.297 0.23%0,02 -0.199 0.29%0.05
- 0.461 0.27%0,03 -0.589 -~ 0.21+0,04 . N
0.612  0.32%0.04 -0.869 0.39+0.04 _ : i
. 0.745  0.37£0.04 -0.952 0.310.05 | =
0.853 0.41+0,05 ' :
0.933 0.46+0.10
371 MeV 374 MeV | 374 MeV | 374 MeV
- -0.678 1.69+0.17 1.000 2,59x0,17 1.000 . 3,65%0.65
-0.545 4,59+0,16  -0.545  1.31+0.13 . 0.970 2,250,145 ) L
o : -0.400 - 0.97+0.10 : 0.882 2.,1240,13 , RS
-0.233  0.60£0.06 -0.233 0.62+0,06 ' 0.766 1.8440,11 : g
_ - -0.062 0.4110.04 0.577 1.23+0,08 P
0.143  0.22%0.02 e 0.194 . 0.60+0.05 [l-‘
0.500 0.14%0.01 -0,230 0.23+0,.04 -
0.740 0.11+0.01 -0.610 0.14+0,05 -
/0.932  0.10%0.01 -0.877° 0.05%0.05 @
' ' -0.955 0.26+0,05 w3
(13
<
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0.89:!:0._02

1.1320.04

wl2=
Table III,. Results of the least- -squares fits of the d1fferent1a1
| cross section for mp — w'n to the form
* %yl
-c—l%—_(COSG Y= ) aPI(cose )
dQ = w0
T N a a a a. Probabilit
L. 0 Yy
n 1 2 3 7 of fit
(MeV) : (mb/sr)
315 2 1.3120.04  1.8620.08 1.57x0,11 - 0,57
2 0.9240.04 1.1720.08 0,960.07 : - 1073
3 4.43%0.06 1.73%0.14 1.50%0.43 0.4420.09 0.88
2 1.1620.03 1.62#0.05 1.31%0.05 . <107%
3 1.2120,03 1.88#0.06 1.64%0,06  0.4520.06 0.40
374 2 1.00£0.03 1.62%0.06 1.1220.08 - 0.15
2 0.60£0.02 0.89%0.05 0.440,03 - <10®
3 '0.80£0.03 1.37£0.08 0.96%0.07 0.3120.04 0.75°
2 0.7740.02 1.26%0.03 0.67x0.02 - < 107%
3 1.57+0.04 0.38%0.03 0.12

"a. Y data only.

"b. Neutron data and forward direction dispersion relation point.

' c. All data combined.
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Table IV. Total charge-exchange crosg section

mra——— ———— — —_—
Y
#

(MeV)

313 - | - - 15.120.4
371 | g | o C 0 11.10.2
@ |
i
{
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Table V. Inelastic neutron dzo'/dT dQ distribution
' at constant neutron energy.

dza/dT aQ(n°n°n)

0.766

Cos 6 d%6/dT da( n n)

" o (ub/MeV-sr) (vb/MeVa-sr)
(MeV) | | |
313, 0.985 57.3216.8 |

| 0.966 . 10.9%16.5
0.959 33.546.2 |
0.940 L 42,7%13,9
0.906 16.0+8.8 | 8.3%14,0
0.866 11.7#2,7 7.9 3.9
0.819 74227 3.6% 4.0
0.766 6.7£2.6 . 5.9% 4.3
374 0.985 60.1241.0 18.7+10.7
| 0.940 36.4% 5,5 ‘ 20.0% 7.0
0.866 15.2% 3.9 8.9+ 4.4

6.0+ 2.8 0.4% 4.2

vz
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Figure 3.

Figure 4.

Figure 5,
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FIGURE CAPTIONS |

Plan view of the experimental area showinjg‘ target and counter

#
Wi

arrangement,
Neutral-mode time-~of-flight spectra. The solid line histogram

is the neutral-particle yield., The dashed line is a Gaussian

curve fitted to the elastic-neutron peak, i (The detailed structure

{
~of the spectra is discussed in the text). .

Charge-exchange differential cross secti<>§z at T =343 and
_ 1 . b
371 MeV,

0 Measured in this experiment (313 MeV)
O Measured in this experiment (37& MeV)
& Measured by Kurz (374 MeV)
4 Forward-dispersion-relation calculation
Curves are least-squares fits to the data,
Comparison of differential cross section data.

combined neutron and gamma data

—t— gamma data only

' sglutions.
I.(aboi‘atory«system neutron kinematics for the processes
' ﬂ-é -~ wwn (region inside curve A) "and 7 p = 7%n (curve B)
at 313 MeV. Curves at 374 MeV are similaf. Shaded area is

energy band used in inelastic neutron analysis.

differential cross section predicted by Roper phase-shift
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‘ figure 6. Inelastic-neutron differe‘ntial distributioné_ﬁé} T _= 313 .MeV K
| | (neutron energy interval from 42 to 57« " . ' 1
0 a%0 Jdtde for w*-n'n_ | oy
@ dzo/dtdQ for w°n°n >
A phase-space distribution
B distribution for I=0 two-pion interaction . :‘
with a, = Zp'_i ar}d R=0. ;
Figure 7., Inelastic-neutron differential distributio% for Tﬂ_ = 371 MeV }
(neutron energy interval from 50 toﬁééM.eV). '
O dZO‘/dtdQ? for v nn o
8 dzo/dtdQ for n°n%n
. ; x
A phase-space distribution !
B - distribution for I=0 | two-pion in’ceractioﬁ' with : ;
ao=2yx"i and R =0, | E
5
:
£
i
;.
v
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T7=371 MeV

 MU-3413]

Fig, 7
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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

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 1in 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.
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