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Evidence for a w~p Interaction
Produced in the 1r+p Reaction
at 3.65 BeV/c*

Gerson Goldh@.ber; John 1., Brown, Sulamith Goldhaber,
John A, Kadyk, Benjamin C. Shen, and George H. Trilling

- Lawrence Radiation Laboratory and Department of Physics
University of California, Berkeley, California

January 23, 1964

In this note we Wish to discuss our results on the study of the w+p
reaction at 3,65 BéV/c leading to four charged particles in the final state, ‘l
- In particular we wish to point out an anomaly we have observed in the ma.ss\
distribution of the wp system.. This work was carried out in the 20-inch BNL/

- hydrogen bubble chamber1 exposed in the Yale~Brookhaven beam2 at the AGS.

The analysis3 of the four-prong events permitted us to identify the three ‘

. 4
reactions
4 +o- o
TpPTTT P v . 1784 events, 0 = 3,85 % 0,30 mb, - (1)
L . Y 1998 events, 0 = 4.3 * 0.35mb, (2
1r+p -> 'n'+'n'+'rr+'n'-n, 359 events, 0 = 0.76 £ 0,07 mb, . - (3)

In what follows we discuss Reaction (1) only. The analysis of the
reaction products _indicates that only a small fraction of the cross section
yields four 'ﬁxonresonant" payrticles.-: Té.blé I gives the summary of the cross
section for all the channels identified. in Reaction (1). | |

- The production of .p° mesons can'proceedlvia. two channel;, i. €4,
- together Qith an N*++ (1238) giving double. resonance formation or with a

; . et :
proton and pion outside the N resonance band, i.e.,

s



. transfers to the nucleon and pxon system (full w1dth at half maxxmum about

| ~in the d1str1but1on of M (p ™ ) in the mass’ reglon 1 0 to 1 4 BeV over thatg

I ‘v-.;'UCR_L—M'iss.._E'f?" :
w4 p St AN S T “a)

ot +p _n, 00 + w++p. h .; (1b)

_The productlon mechanism. of the p rqeson appears to be dlst1nct1y dlfferent

o in the two -channels. In channel (1a) p mesons are produced w1th small'four-.} »’}:

_ e -2 T S
momenturr transfer Ai tothe N , Wthh we 1nterpret to mean that the

rea.ctlon proceeds pr1nc1pa11y via a per1phera1 colllslon. , 'I‘he Ai d1str1but1on

_has a full w1dth at half max1mum of about 15 m 2. In chan.nel (1b), on the s

. other hand, the forrnatmn of p mesons proceeds via much larger momentum

50 m_ )- It is in thls latter channel that we - observe a. strong enhancement

-

1

pred1cted by phase space cons1derat1ons. For purposes of dlscussmn we‘

refer to. thls enhancement as the formatlon of a. state A accordmg to ; W
L sty E R T T

o whxch breaks up accordmg to ' | - 'I R - TR
, A —’-n-++Pv.7 '. (5)

|
1

One of the. dominant -proceSSes in Reaction (1).'15 the formation"'of the-
Nt resonance. ® We found it expedlent to classify our events into types L
"_'accordmg to whether or not a p mass. value falls 1n51de the N + band, |
. defined by 1,12 < M(pw ) 1.32 BeV,. We ca11 that group of events forwhmh i .
" one w p mass. falls inside the. N ¥ band "type 11 (1024 events). - ’.I‘hose'vev:ents )
for whlch both - 1r+ mesons form a- 1r+p mass whlch lies inside the N band o
o we call "type 2 (118 events) Fmally, v"type 3” (642 events) refers to event.s
| _v'-'for whlch both 1r+p mass combmatlons he out51de the’ N band 6 ,Thl.s.» . |
: breakdown mto types is 111ustrated in F1g. ; 1. In F1g._ .1a we present a" 'scattle'r

+
nlot of the w 2P mass agamst the -rr.:;n mass. As was pomted out in an earher

8
communlcatlon7 the k1nemat1cal limits for the re sultmg scatter plot are
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- given by an isosceles triangle. - Since each event has two 7 mesons it is

represented by two points in this triardgle plot. For clarity we have left

. out from Fig. 1a 'thos_e,points of type 1 events which correspond to the

' S s+t :
‘reflection of the N band, These points are shown separately in Fig., ie,

" . with their projections I(Figs. 1f and 1g). The most prominent feature of

910 jefined here by

the M(-rr+1r-) distribution is' p® production
0.65 < M('rr m ) £ 0,85 BeV (Figs. 1c and 1d), whichproceeds with comparable
cross sections through channels (1a) and (1b). When we examine the projection
of points due to type 1 events in Which we form the ‘{TITT- mass by combining the - ‘ v
wt of the N*LH isobar with the = meson, we find no appreciable p° pzjoc'luc‘fiion
abofre background. | 8
In an attempt to investigate a possible w-p interaction we considered
channels (1a.).and (1b) as a three=-''particle’® final state, viz. éo'w+p.. Inter-
~actions among particles in a three~particle final state are best investigated |
by plottmg the variables in a Dalitz plot.. In Figs. 2a andv?_b we have plotted
M (p-n- ) versus M (p ™ ) Because of the width of the p’meson we have two |
boundaries for the Dalitz plot. We note the strong N*++ band as well as a_ |
vdlstmct enhancement in the region M (p T ), between 4,0 and 2.0 (BeV)
In Flg. 2a all 1r+1r mass doublets falling inside the p° band ar; shown,
This means that two points are shown for each event in which both mass
doublets fall inside the p® band.. The two points correspond to differenf Mz(pv+) .
- but equal Mz(p°n+) values‘ '("double-é‘events"). In Fig. 2b and in all subsequent
discussion we have left out the ‘n'::’n'- typé-i condbinatibns to avoid excessive -
background in our vp° sample, Also for the 110 type-3 douia.le-'p"eve‘rits we
éhow o,niy one point, chose_ni arbitzarily, in Fig. 2b g.nd. in their projections’

in lf‘ig‘s.' 2¢ and 2d, ' The"projecti.on.on the Mz(pﬁ+) axis is givenk'in Fig. 2¢.
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f',The N” band is clearly seen as well as a long ta11 towards h1gher ™ p ma.ss':

values. The latter events belo*xg excluswely to type 3 In Fxg.‘Zd, we ,’i i )

o show the prOJectlon of the type-—3 events on the M (p ™ ) axis (1. €. excludmg

the N -band).- It is in. thxs pro_]ectlon as well as in the Dahtz plot 1tse1f that .

we note the A enhancement effect over phase space pred1ct1ons. The 110

v ) double -p events (out of 428 type- -3 events) are mdlcated by the dotted h1stogram

in Fig. Zd. It is noteworthy that the double ~p events contribute cons1derab1y

v . to the VA+ enhancement.- “This ralses the questlon Whether the A enhancement

,_.n.i

. might be related to- Bose symmetr:.zatlon or p0551b1y be a dynam1ca1 effect e

favorlng "double p™ formatxom However, on closer exammatmn of the
E problem, double -p formation does not appear to be unduly enhanced ThlS -can--i[ i

be appreclated by makmg a two-d1mensmna1 array in wh1ch the mass of the

+1r pair is plotted agamst that of the -rrz-zr ‘pair, Such an array for type 3

. events clearly shows the two pobands., The crosszng of these P-meson bands _
' Corresponds t° a Partlcular S)’mmetry in the aa 1r+ system,- ise. , double-—p,
eve.nts.( We f1nd that the number of double -p events agrees w1th a Slmple .
- superp031t10n of the two p bands. | v ' ' :
s We have ment1oned above that in the p O p fmal state,v channel (1b), .' .;
’v,the p mesons are not preferentlally produced w1th small momentum transfer‘ A
A1 to the Pﬂ' SYStem. We note, on the other hand, that the A state is produced":" o

with small momentu_m transfer to the proton. Thls can be seen in the Chew-f:’_'l' .

_y Low plot for these events (type 3 only). The pro_]ectlon of the four-momentum
transfer, ’AZ, is g1ven on the coord1nate for the M (p m ) region 1(BeV)

2 (BeV) and separately for the remammg mass regions.- The peakmg of the
‘small values of Az-for the region of the A enhancement-.rs self-evld_ent. v The
“distribution falls to half its intensity at about 25 mz “On the ’abscissa 'we/ '
show mass projectfons for Az 50 mfr and those for hlgher four-momenturn s
| transfers. The enhancement in the A reg1on for low momentum transfer is -

/7 .

clearly seen.
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A possible interpfetation of our obsérvé,ti-oﬁ is that we are dealing
with a resonance in the 1;+p° syst;,em.-ii In this caﬁser ‘t.'he relevant‘ éaraméte:;s |
known at present are EA.”' = 1"2, BeV, "I‘A* = 0.35 BeV, the G parity _is-"oc.lc.l, _
and the is'ofo'pic spin T = 4 or 2, Alternatively there may be some s‘tru_ct_ure'
to the .A+ enhancemeﬁt and our observations ‘c‘ouhld arise from two unresolved ,  ‘
peaks, Furthermore the enhap;:ement effects cox‘xsider.éd' i:y Nauenber‘g. Var.xd"_
. Pais, 12 which would not correspond t;o.a unique isotopic spin aﬁd angular |
momentum .state, could play a role in accounting for the lower ha]:;f of the
observed A' enhancement, i.e., in the region near 1.BéV,

‘We wish to..t_hank the fnany memberé of the staff of the Brookhaven |

National Laboratory for their great helpfulness in making this exper'imént-' .'

- e iy
T

. possible, In parti‘cular., we would like to expreés our appreciation to :
Dr. Hildred Blewett, Dr, Hﬁgh Brown, Dr. Ralph Shutt, and the AGS
operating crew, . We alsvd\vishv-té tha,rimkiDr. Nicola Cabbibo, -Dr. Geoffrey -
Chew, and Dr, Charle‘s" Zemach, for a n’vum'l‘)e'r of helpful discussions, as -

~ well as Mis.s L_ing-—Lie- Chéﬁ,’ Mr, Allan Hirata, D;:. Thomas O' Halloran, -
and Mr. Victor Seeger, who have parti"cipated in various aspects ofth1s o
work. Finally, this work would not have been p‘ossible without the _acti§é

~ help and iriterest of the Lawrence Radiation Laboratory scanning, meésuri‘ng, |

and computing personnel.
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Table L Partlal Cross sectlons £or channels 1ead1ng to p s £°, and
et |

N (1238) formatlon in. the reactmn 1r p - 'n'+1r ﬁ+p ‘

at 3 65 BeV/c (a )

. Channel '<‘_‘-_‘,Eina}1'stat._e B : Branchmg ratlo ‘_vCross sectlon ;’

S et s

| (% ‘. (mb)

" ’;1175:0 12 .‘ ' ‘

' L +

e * o S '
de . omow N e R 30.1 »-v'1 16+ 0,412

* 34 0432004 L

4 - f N*+
b .

te  alrTap ("nonresonant") 13,0 . 0, 53a=o 1

a.

1ncorporated.

e

. * N .
such as ‘the A effect, . \ 0 (1238) formatlon, etc., are not exp11c1t1y

Total ' 1000 v385:1:0 30 e

Thls table refers only to the most promment features.- Finer features ;'..-" PERPREE

The cross Sections.w‘ere calcula.ted by calibration of t}ie total mimber'\"'"jff’ —

of ™ p mteractmns agamst the cross sectlon measurements by Longoi‘

‘ _and Moyer, Phys. Rev. 1.&.5, 701 (1962)
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FOOTNOTES ' R
*Work done under the auspices of the U, S, Atomic Energy Commission.

4, R. I Louttit, in Proceedings of the International Conference on

Instrumentation for High-—Energy Physics, Berkeley, California,

September 1960 (Interscience Publishers Inc., New York, 1961), p. 117.. - =

2. C. Baltay, J. Sandweiss, J. Sanford, H. Brown, M. Webster’, aﬁd

S. Yamamoto, in Proceedings of the High~Energy Instrumentation

Conference, CERN, 1962 (CERN, Geneya, 1962), p. 37. -

- 34 In this work we utilized a modification of the geometrical reconstruction -- - i -

(PANG) and kinematical fitting (KICK) programs of the Alvarez Group: I

ti
1

J. P. Berge, F. T. Solmitz, and H. D, Taft, Rev. Sci. Instr, 32,
538 (1961); ‘A_. H. Rosenfeld and J. M. Sayder, Rev, Sci. Instr, 33,
181 (1962). |
: 4‘. identiﬁcation was made by xz criteria for the various hypdtheses and
by visual inspection of the ionization for each event, This left 6.5 % of
-the events afs ambiguous. These events are not included ﬁe_re.
5. This observation was also ma&e by C. Alff, D; Berley, b. Colley, i
N. Gelfand, U.~>Néuenberg, D. Miller, J, Schultz, J. St;einberger,
CT. H. Tz_‘m_.‘,‘H.._‘ Brugger, P. Kramer, and..R. Plano, Phys. Rev, Le;tter:-.sv i
-9 322 (4962), and by M. Abolins, R. L.‘Lander, W, A. W, Méhlhép,
N. Xuong, and P, M. Yager, Phys, Rev. Letters 11, 381 (1963), who
have investigated the same reaction at lower incident -n-+ .momenta_.
'I 6. ‘Fqbr type 1 the two 1r+, mesons are labeled ‘n’i and Tr;;'the -rr; is asséciated
-with the N*++. For types 2 and 3 the subscripts are assigned randomly;
In general when we .Qish td distingﬁish be't‘ween the two Tr_+ mesons without

reference fo possible resonance formation we use subscripts "a't and b, ¥



R Phys. Letters 6 62 (1963)

G Goldhaber, in Proceedmgs of the Athens Topxcal Conference on

._-,8v—’j“'i : s UCRL-1'1'18'3"'7 .

G..Goldhaber, W. Chmowsky, S Goldhaber, W, Lee, a.nd T O‘ Halloran,

- Recently Dlscovered Partlcles (O’no Umvers:.ty, Athens, Ohio) p.-80. .

In the reactlon ooserved here resonance parameters for the p meson

B ".dlffer somewhat from the ones quoted in the hterature. We fmd the T

~ central value of the expenmental p peak to-lie at Epo- 77010 MeV w1th

-~

Ca full w1dth at half maximum of approx:.mately 130 MeV. : For a comp11atlon"

of p resonance parameters together w1th references, see M. Roos, Co

. Rev. Mod. Phys. 35 314 (1963).

o L6 ._

E

: ”

We have observed f° production (60:!_-20 events).' Th1s process is clearly

present and occurs almost exclus1ve1y with N formatmn. The £° was '

orwmally observed ina three-partlcle fmal state W. Selove, V. Ha.goplan,

CH. Brody, A, Baker, and E Leboy, Phys. Rev. Letters 9, 272 (1962),_. : L

: 1 1.

ina reglon s1m11ar to that observed here. G Belhm, E. F1orm1, A J Herz,
: P. Negn, and S. Ratt1, Nuovo Clmento 29, 896 (1963), F.‘ R Husan and
) W B. Fretter, _Bull. Am. Phys. SOC. 8, 325 (3.963) r

RRTR

"In experlments at plon energles ranging from 8 to 16 BeV 1n a heavy- s

' 11qu1d bubble chamber, peaks in the 3n mass d1str1but1on have been reported

M., Nauenberg and A., Pa1s, Phys. Rev. Letters 8, 82 (\1962). |

oo
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Figure Legends

Fig.. '.1.' Scatter plotsof the effective mass distributions for the two—particle_
ompos1tes in the reaction . Tl‘+p - w+1r p1r+. The triangle shown in
- the msert to the figure as well as on the followmg figures mdxcatec |
in the shaded region that part of the four-part_lcle phase-space triangle
which is displayed in the particular figures. . The mass projections.i '
also are shown. In the present reaction each event,contributes two
!
l points‘to the scatter piotp Those points cerresponding to the reflection
of the N*+gand of _Fig. ia are shown separately in Fig, 1le. The
' i:rojectio_ns have been similarly separated, The trianglesdelineat;e '
| the kinematical Timits. : Flgure 1h shows the projection of all po1ntsr
(each event taken twice on the M (-rr+1r Jaxis). It should be noted |
that the scale for mass projectionﬂis not the same in all flgures. »
Flg. 2 (z)A Dalitz plot for the three 'particles! p°1r+p. The twe curves
correspond to the two mass 11m1ts used to define the p meson.
In Fig. le a Dalitz plot of the same variables as in 2a is shown-'-‘-excluding, ‘
:‘ ”however, the poirits due to the reflection of the N*++ and ‘show‘ing one
- ..v1')o'1nt only per event for double-poevents. Figures 2c.and 2d show the
projection of 2b on the M'2 axes. as indicated, - | |
g . Fié./ 3. A Chew-Low pllot for .the events of fype 3, The four-—momenturh transfer
' v'..to the proten AZ' is plotted against the MZ of the pr 1r+ system, - F1gures |
. 3b and c show the pro_)ectlons on the Z.\.Z axis for the. events respectwely‘
‘. i inside and outslde the AV band. : The prOJect1ons on the. M (p T ) axis B
.:v .are _showh in Figs. 3d and e for;A; values.less than and grea‘certhan :

. 50 m 2 respectively.
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this report.
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mission, or employee of such contractor, to the extent that
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to, any information pursuant to his employment or contract
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