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In this letter we report the cross sections, angular distributions, and -

twoebody mass spectra for the reaction
- - 4 '
* tp~w +w +n (1)

at beam energies of 360, 430, 460, 480, 555, €05, 673, a#d 780 MeV, At the:
lowest beam eneﬁ;’ies the ' % m200 gpectra are strongly peaked near the
upper kinematic lim». At ighor beam energics the 2«2 7-N resonance
N*(lZBS) is the dominani feature of the reaction, Mo clear evidence is found
for 1r+1r" resonances over the range 280 MeV < 1"-(1%? & 680 WeV,

The Lawrerce Radzat.zon Laboratory 72-inch hydrogen naoble ci\a mber
was used in conjunction with % beams obtained through the channel designed
for 1= to 2=BaV/c K~ ,mesons‘; 1 The 40, 000 picturcs analyzed yielded 300 to
600 events of reaction (1) at each of the & momenta,

Tkis type of event can be casily identified on the scanning table in this
etergy region, because ‘it is, essentially, the only onc with two charged

: . . . . ¥
cutgoing tracks in which the positive track is a # , As the bv*am momentum

Fy

increcases, visual separation becomes somewhat less efficient, This iz due to

lightly ionizing fast protons from reactions
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r +p- n o+ P | {2)
' énd

u°+p-1:'+wo+p., (3)
and also due to increasing contamination from
1r°+p-vn°+1r++1r0+n/ {4)

.events,

To‘ obtain a clean sample of avents of reaction (1), the film was scanned
twice, yielding an. efficlency ranging from 98 % at 360 MeV to 95 % at 780 MeV;
then ;aach candidate was x-nea.sured on the Franckénstein and processed on the
tréck-reconetruction and fitting program PACKAGE, In about 15 % of the cases -
the progran:x was unable to make a defirite and unique fit to any one of the
‘reactions (1), (2). or (3), However, by looking at these events on the scanning
table, it:was possible to reduce the numbér of ambiguities to 1' to 3%

To obtain cross sections for reaction (1), a spécial scan and second
Bcaﬂ \;/ere__performed on part of the film, “ This time, all interactions were
recorded, After corrections for small-angle elastic scattering and for scanning
efficiency, tl;é’fbtal number of events found was normalized to counter racasure-
ments of the # p totai;cj:res\g ‘section.,, 2 This method also allows us to determine
the fraction of the toﬁal cross section that yiel}ié“all»neutral sccondaries, ‘The . v
results are eummari‘z;ed in Tablello |

" The three =body data may be best analyzed by using Dalitz plots, because
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this iz 1c.hol does not obscure the -:inc**.c.tzc reﬂc;txo*‘x of resonances in other

G

airings of final-state particles. Figure 1 shows the 360-2MeV data; Vig, 2
chows the corresoaai*nn rlot for 430 MeV. To facilitate quaatitative observa-

T‘

tiong in & gs. 3 and 4 we present projections of the Dalitz plots at each of the
- 4

beam energies, These shiow the effective masses cof the rr -w and ==

systems, - The curves correspond to phase~space prediction (vniform

nopuletion on the Lalitz nlot).

Congider first the datainterms of the dipion pairing, The most striking
eifect in Fig, 3 is the very ot g".sr.flcg,--t deviation {rom phase space that appears

stroangly at the lewdst beam energy, The production process f{avors dipions of
a mass M'mr = 400 McV, This behavior has been noted previcusly in this and

. 3,4,5 . ' '
other experimments,” ™" A similar effect has been ohoerved near this beaw

ener fvy in the roac;iond' w p— ':ro; On but not in the reacticné 7 P> 'E‘I-Tz‘o'p nor in
the reaction =« p-@‘n’+w n; this leade to the conclusion that the [=0 ‘**ate of the
.v digicn system plé,ys an important role in the anomaly, This view is further
supperted by the observation that the divion channels, in which the effect is
observed, are much more copiously produced than are the latier two channels, .
The simnplest interpretation of this anonaly would be in termos of o strong dipion
interaction or a resonance in this maucs region, as suggested by other experi-
m;ents.,a'c) However, as cne proceeds to the higher ‘xeam—energies'. the enhances
ment, rather than rewmnain at the sarac dipion mass, cozﬁiinueg to appear near ﬁ:e
kinematic limit as it diminishes in strength, We have no exp lanation for f:i'.:ie
behavior,

In view of the evidence for anc ther strong 1=0 inleracticn at 2 roass in
the vicinity of the dipion threshold {280 ch), a we-w crosg=-section calcula-
- tion for Mﬂw < 340 MeV was made by using the one-pion-exchange model and

ys : . . 2
utilizing the data in the physical region up to 2 meinentuin tr:msfer p =6,

Results from different beam: energies ranged irom 20 to 130 mb and corresponded
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to an I=0 scattering length of 0,6 to 1,5 F, Such a lack of agreement is to be

cupected on the basis cf evidence for rmore comple: phenomena such as isobar

-

producticn discvssed below, However, our lowest beam energy is slighily
- #
bLelow I8 (1230) threshold, Here the scatterin og length appca.rs sme.llest and we

find no evidence supporting a strong dipion 1.-.cra-.£10f1 neazr Mrn‘ = 280 MeV,
; :

-

' . s e ® - '
Let us now turn to the w-n pairings, ILffects of M (1238) are rost

clzcorly seen from the projecticns of Fig, 4, Producticn of the ne; gatively

charged isobar can be observed at every beam energy above N threshold,

1

There is no evzden‘.e for 13rcda~.tao’1 of the positive isobar, the enhancements at
S e L
other w n Iasses bemﬂ a rcﬂbctvom of N ~, For promc ion purely through
9

v

P S o e gl W . . en s
an initial I=17/2 state a ratio N /N iz expected, although a suitable

adminture of I=3/2 amplitude can lower or increase this ratio, depending on:

o2
EA

its velative phase, Since N is broad, it is difficult to estimate the fraction’

-

of pion production proceeding through isobar formation, At some enerpies it
appears to be the dominant mechanism,
An analysiz of p;.o*x p;oduc»zon. puz'cly through isobar aorméticn has

voa M o

recenﬂy been made by 01&390:1 and Vedh ‘iz more cory les.e wcatr nt of

‘ devxatlons in .
the mobar model appears to reproduce/ w-N mass spectra, It also a.ccouna::
for dipioh mass distributicns in raost charge gtateslz but fails to account for
the '~ epectra obscrved in this experimont,

| By seclecting those ovents for which thd # n effective mase is
1238 & 5012'.’ZGV',’ we obtain a sample in which the efiects of the iso‘n'v‘ ﬂ*bpu.zr

most ctrongly, For i.hese We assume a two-body productichi: w p - N + As
can be geen from Fig, 5, these "isobars" prefer the backward direction below
500 eV, whercas around 600 to 700, MeV the majority is produced in the
forward hémisphere.‘ Since this cl'a'a‘.nge occurs in the enerﬁy regicn of the

sccond nucleon isobar, N":(ISI?.). it may perhaps be due to an interfercnce
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between the rapidly varying resonant armplitude and nonresonant states of
- opposite parity, |
We wioh to thank onfessor Luis V/, Alvarcz for his encouragement
aﬁd advu:e, Theoretical consultations with Professor Gyo Takeda and
Professor A, Charies Zemach have been most useful. The eathusiastic help
. of our data ana.lyets, especially Jerry H, Friedman, Joe I, Panna, C. Tomn Owens,

: and Jack Wemberg. is t_,ratefully acknowledged
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Table I, Cross sections, a

B,

o).

d),

. .Tb ' (ass(zgned)c , a’«r-'.r+n Tneutrals
{ e V) - {mb) (rab) {rnb)
365 28.0 | 1.93:0,16  15,520,5
435 ©29.0 3,7 20.3 12,90,5
466 - - 300 4,0 0.3 12,5:0,5
480 30,5 | 5,0 %0,3 11,3045

560 . 4o 5.8 20,5 14,420,7
610 B 46,0 6.1 0 G, & 12,940, 6 |
673 39. 6 601 20,6 12.320.7

a)e . Erﬁéra :shown éfce staticaeiczﬁ. only‘_.

Beam encrgics are b MeV above those for the rest of the experiment

LI

 beacause of the choice of a more restricted bubble chamber volume,

See reference 2,

194

. o '.. - + N o - : » - [N , 1
Tha reaction w +4p—=w +rw +ntw cccurs with an additional = 0,5 mb at

these energies, whereas its contribution below 560 MeV is less than ©
0.1 inb; Note that threshold for the process =# +p-»n+n.is near
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Figure Legends

Tige 1. . Dalitz plot for reaction (1) at 3602V beam energy. - The position

¢ an S s a3 s " A '
and width of = N. (12383) are indicated in both charge states,

Fig., 2. Dalitz plot for reaction {1) at 430-MeV beam energy. The position

and width of N*._(1238) are indicated in both charpe states,

- . + - - » * V
Fig, 3, it w - effcctive-mass distribution at each beam energy, The dashed
curves reprecsent phase gpace,
. + - s S - y
Fig, 4, w n and 7w n effcctive-mass distribution at each beam energy,

The dashed curves represent phase space, The arrows point to the position

of the N*- mass of 1238 MeV,

Fig, 5, The ratio (F-B)/(F+ B)for events with 1188 « M _ < 1288,

T 0
F stands for the numbers of events for which the w 2 system is produced

forward in the reaction center of masa, B for those produced backward,
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T—+p— T—+mWttn 360 MeV

), 7 events
v o7

(7T+n mass )2
(Bev)?
[ ] 1.3

11 ! 13 ' L5

(7 ~nmass)?[(BeV)®]

MUB-I571-A

Fig. 1,
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T +p— T+ ~+N 480 MeV
329 events
1.7
-
N*+ _
_<__> 3/2
~ .44
(7 *n mass)
[(Bev)?]
Il

1.7
(7 ~n mass)?
[ ( Bev)?]
w + )
*_
N"3,2
MUB-1570-A

Fig, 2.
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