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SEARCH FOR A 21° RESONANCE NEAR 730 MeV IN ntd INTERACTIONS*
- Gerald A, Sm1thf and Robert J. Manmng
Lawrence Radiation Laboratory
University of California

Berkeley, California

February 14, 1968

ABSTRACT
In an analysis of 229 000 pictures of n* at incident momenta of
1.1 to 2.3 GeV/c in the deuterium-filled 72-inch bubble chamber, we
have identified 83:86' exampleé of the reaction ntd — pp {'vneﬁtrals. An .
ai)plic’ation of the impul.’se approximafion gives 4965 eVenfs .of the type
nin - p+ neutrals, Ata small rriomentﬁnr transfer (< 0.2 and 0.08
: GeV/c.-Z) to the neutrals system, we find no direct evidence for an en-
.hancemént near the reporfed'position of the €°, 730 MeV. A detailod
subtraction of 3n° and N*(‘123ﬂ8) background based on cross sections
from other'éxpériment-s _re»srzlti.s_in a 2’1r°‘. mass apectrum; which is
found to be in _agroement with the direct experimental results of Corbett
et al. (in shape only) and with the prediC'tion of Malamud and Schlein
(in shaoe and magnitdde.). The latter is basod on an.analysis of the p
decay<asymrrretry. Conéequently, we interpret our rosults to be con=-
sisreht with the existence of the €?, the barameters 'fo'_r which result

“from the analysis by Malamud and Schlein.

Numerous authors have reported their 1nterpretat10n of the p° decay
1
: asymmetry. These reports generally hava in cOmmon the mclusmn of an

1sosp1n -0 S-wave wen background amplitude, and for the most part con-v
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clude that the phase shlft, 8° o’ passes through or near 90 deg at = 730 MeV,
’. Due to the off -mass - shell nature of the LEt scatter1ng, correctlons of an ap-
proximate nature havve been apphed resu1t1ng in some var1at1on among the
various analyses in both the p051t10n and width of this ''resonant" amp11tude.
Subsequently,v several exper1menters have attempted to find the 2x° decay

°, in'a direct manner by

mode of th1s partlcle, commonly referred to as the e
me_asurmg the neut-rals spectrum in the reaction « p > n + neutrals.(1 The
vittue of such experiments lies in that the large isospin-1 w-w amplitude, as-
sociated »»with' the p meson, ’is not present in the 2170_ system. . Exeept .for the
ekperiment by Feldman et al., no evidence has. been i‘eportedz'for the existence
of the p‘roeess"‘n;p -‘>‘ ne®, € - 270, _Thi's:'-paper pr}esent_s our vmeasurement of
the neiitrals, spe_ctrum and i'elates'.i't' to pre{rious experiments.

In an analys1s of 229 000 plctures of 1r+ at 1nc1dent momenta of 1.1 to 2.3
.GeV/c An the deutenum f1lled 72 1nch bubble chamber, we have identified
”8386 examples of the reactlon w d - pp+neutrals {2 prongs) and 11 173
'pp1r o '(y) (4 pr‘ongs). In order to reduce backgro_und, only two-prong events
: W1th hoth’ trac:ks‘ ha,Ving ionization clearly twice m1mmum or vgfeate‘r were re-
eorded,f'vs‘/he,_reas‘ for the‘fout —provng ,events- onl.yv.one trachvwas lj'eqnired to sat-
isfy tﬂhi_s.- criterion. Applying the. impn_lse _apprvoximation.-to t_h_e: wfd collision,
we ha\te -zse-lected events in which the la-boratoi'y—system-'momentum of the pro-
ton spectator (the slower of the two protons) is less than 300 MeV/c. In Fig.
1(a) we have plotted the spectator momentum d1str1but1on for the- two -prong
sample, compar1ng 1t with the Four1er transform of the deuteron wave functlon v
that is apphcable if the impulse approx1mat1on is va11d' The compar1son is
.generally good below approx1mately 300 MeV/c. Consequently, we hereafter

1nterpret such events as examples of free w+n scattermg W1th1n the deuteron

‘”w1th 'neghg_lble fmal-sta-te 1nteract10ns. In F1g. 1(b) . we show the mass dls— |
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tribution of the neutrals + proton (nonspectator) system, Which in the impulse
approximation is the .Tr+n_c.'m. energy spectrum. The height of this distribu-
tion is proportional to the product of the track length in the chamber and the
cross section, and' the distribution itself exhibits the usual smearing due to
the Fermi motion of the deuteron target. The selection on the spectator mo-
mentum, as well as requiring that 1.3 < <"pl (1'r ) < 2.3 (}eV/c,4 resulted in a
sample of 4956 events. |

' In order to establ\ish( the amount 'of neutral m’o decay in our sample, we
have independently fitted the four—prong events to a mixture of single-particle.
(n° and 0;)0) production plus three—pion phase—spac-e background, and then ap-
plied the known branching ratio for wo:;, n®y compared with 2T w0% An ex-

v tremel_'.y useful by?product of this anaipsis is a meiasure of the neutral-to-
charged branching ratio of the n®, which giues a precise check on scanning
and measuring biases, part‘icularly important in view of the different scanning
cr1ter1a used for the two and four prong events. This is accomphshed by
also f1tt1ng the neutral spectrum to n%, ° productlon plus 2x° phase space.
The results of these flts, in terms of the branching ratio of all neutrals to thek

0 and 1r+1r Y for n decay, are {(a) |t(neutrals)]|

sum of all neutrals plus_ 'rr+1r ™
< 0.6 (GeV/c)?, 70.3+2.6%, and (b) |t(neutrals)| < 0.2 (GeV/c)?, 79.1£4.0 %,
These compare favorably with the latest value quoted by Rosen;feld et. al |
;73 3 %. Although the 3n° background may be as much as 40% of the total -
27° ari_d 3q? cross_ section, = o - - the overall agreement of
the bran'ching ratios indicate that»the 'amount of resonance ;S.ﬁot very sensi-
tive to the backg'round assumptio-ns‘hé We have mafle rn'omentum-transfer'se-;
lectlons in the reglon of 730 MeV by restrlctlng the neutrals c.m. angle, the

value of which for fixed momentum transfer depends on the c.m. energy.

This is done 1n_o_rder to facrhtate our fitting procedure, since phase space is '
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independent of selections in the c. m. angle.

In Fig. 2 we show the neutral-mass-squared spectrum for momentum
'trar.lsfei's to the neutrais system near 730 MeV of less fhan 0.20 and 0.08
.(GeIV/c)Z. The solid curves represent the best fit to n°, «°, and 2«° phase

0

space. vThe shaded events have been subtracted for " — woy by the method

' Lol ' .
discussed previously, where in the subtraction we have folded together the

0 12 MeV, and our experimental resolution, = 26 MeV,

known width of the w
C_oﬁsidering only the unshadéd events, we observe no statistically significant
. énliaﬁcemenf in fhe ‘regioﬁ”of 73(_“)’.MeV for |t} <0.20 (GeV/c)z.' However, for
'Al;c'l' <“0A.‘08 (C're’\(/’/c‘)2 wé‘iobserve, after subtraction, an enhahcernent near 0.6
(GéV)Z. . -S:ince the 3r° tﬁbéckg’rquﬁd‘ (dotted curve) is rising through thié re-

als
>

gion;' and N ('123‘8)_‘prc$ductic$n .undoubtedly distorts thé spe_ct'nim éomelwha't,
thié enhéncement -éannot immed_iafély be inf-erred as originatirigv in the» 2n°% sys-
tem. 'Trhis as‘pe'ct of vt‘he analysis is?consi-dered in detaiil in the followi_vng com-
p.a‘ris'von,.o'f oﬁ.r data With thoévé.of. prex}ious expe»r:iments.‘ |

| Our éx}erage beam momentum, =~ 1.8 GeV/c_,. does not alw,ays coinc.id'e
with that b:l‘?'the dt.hélli expé%rimehts, a_nd _é.ppropriate allowances éhould there-
. :‘fo‘ire:i)érnﬁé.de iﬁjqorﬁp.a,riﬁg our'fesults with éthe.rs_ Durand aﬁd Chiu, .in an
analygis at 3 GeV/c and |t}<0.2 (vGevV-/c)Z, state th;,t,the_ eozpo _Iljrroduction
ratio should be about 0.05, including only the €® — »zn"-mode;f Using Jacob's

.p° cros.s‘ section of 1,6 0.1 mb at 2.05 GeV/és'and an upper-limit estimate of

- = 50 pb for __eo - 2%? production from this exper.iment,‘ we placé an upper lim- -

1t of = 0.03-on this ratio, somewhat 1_éss than'that predicted. : waévef, this

"differenée céuld be exi)laine.d in ;cérms of a very modest energy dependencé
for €° production. Malamud a,r_lvd';"S‘chlein predict the ‘slhap'e_ and magnitude of
thé 27% mass spe.Acr‘:tvr.qr:n‘, '_ind:ig:a‘ted_ as thé dashed curv‘_e in F,igv.IIAZ(b),()"; Thiév‘is

based on an ahalysis of data from 2.1 to 3.2 GeV/c and [t]< 0,175 (GeV/c).

\/
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The agreement of our data and the curve in the region = 0.38 to 0.55 (GeV)Z,
particularly in absolute magnitude, strongly suggests that in this region both
37° and N© background are negligibly small, whereas the lack of agreement
above 0.55 (GeV)2 is likely explained in terms of this form of background.
This co‘nclusion. ap'pears to be basically sound, as is .‘shown in the following
discussion. ‘

. We have attempted to reduce our neutrals bspectrum to a 12.;(1’0 sample,
based on a subtraction of 3n® and N* phase space d1str1but1ons° In order to
do this in an absolute way, we assume the spectrum is composed of only n2n?
and n3r° events, an_d that the latter are 40% of the total.-' 10 Furthermore, we
assume that the n2'n-° sample is made up of 40% N*'s, based on the results of

- Corbett et al, 1 In F1g 3 we show (sol1d p01nts) the resultant distribution
after subtractlon of 37° and N background in these amounts, The solid
h1stogram is the unsubtracted sample; however, the n “and ° contributions
have been_ removed:12 The sample‘ has been further restricted by the selection
Cosc.m‘ ~(neutrals) >0.8 andﬂi.8.< Pl 51(."4") £2.3 GeV/e, in order that we
may compare d1rect1y w1th the data of Corbett et al, (open points). "Wherel'as
our 2n° spectrum agrees quite well w1th that of Corbett et al. in shape we
have had to adjust the Corbett et al. data upward by a factor of 2.96 in ab-
solute magnitude (pb/i 00 MeV) so that the total cross sections are in agr.ee_ :
ment, The source of this d1fference is currently unknown.131t-is important

to note that the pred1ct10n< by Malamud and Schlein (solid curve) agree qulte

well with our data, both ir; magm_tude and in shape.14Consequently, we
conclude-that our spectrum is consistent with that res’ulting from the analysis
by Malamud and Schlein, and w1th the Corbett et al, data (1n shape only)
Lastly, we note that Corbett et al, previously concluded that their data show

no evidence for any of the_relatively narrow (30 'to 100 MeV) S-wave
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resonances that have been proposed. However, the more recent wqu of
Malamud and Schlein with a resorianée at 730 MeV and width 150 MeV appears
quite co;npatible with the data. o

In closing, we briefly discuss two possible complications in ény
experiment zinalyZing the reaction n7d — pp + neutrals. These complications
~are due to (a) ﬁossiblev proton confamination in the 1r+ beam, and (b) the Pauli
e#cltision of éértéin angulai' momentum stateé of the final 'diproton system,
parfiéﬁlarly ‘ét iow momentum transfer to this system. Gezelter et al; >have
suggesv'.ced:that the interpretatiolﬁ of real p+d events in terms of _the above
reaction leadé tovavbr"o‘a.d enhancement in the neutrals spectrum ivhvthevav..region
=0.70 (GeV)Z, due to the pre'{sencev of N* production in thé_ pn collision, 15
Béééd on an identical ahalysis of 'two-i)r-ong events in '1'5740"‘0 picfulréév'ofx in-

v cident'pi‘otons taken in this _exﬁerifnéht, an upper-limit estimate of 2% proton
contarr;inat'ion would lead to an excess of approximately 2 |._;.b/0,0-3 V(Gve‘V)Z per
_bih invFig. Z(b). Although this is a nonnegligible effect.,. it:does not~a1teﬁ our
conéiu‘sidn's on the agreement of our data with those of Corbett et ai, and
with 'tl.1ev prediction by Malamud and Schlein, The Pauli exclusion effect ma-ir
be qualifatively uhderstood in the limit of zero momentum transfer. In this
case, tﬁe final-state proto.ns have the same orBital angular momentuin as the
deuteron (Iv = 0), | and COnséquently tﬁe ﬁon-spinéflip ar_n_plitudé (J = "1)> 1s for-
bidden. This reduces the cross section. increasin.glyvas one approachés the
zero-momentum-transfer limit. . Benson has considered fhis effect for m=-
exchange and shows that the fedu_étilon of crbss s‘écfi_bn 'a,v,eragéd over I t f
< 0.08 (GeV)2 is apprOx:im:atelyvi'O_%;wu é[‘his is well within our statistical
uncertainties, and therefore, asv'»in' (a) above, ha‘é littlé or no ’i'nﬂuence‘ on

our conclusions.

v
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that a c.m. productmn cosine of the 7%n° systern greater than 0 8 has
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We note that, in addition to the overall energy—depehdent renormalization

discussed in Ref, 7, an‘energy—dependent shape factor for beam en'e'r'gies
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FIGURE LEGENDS
Fig. 1 (a) Léboratory system momentum distribution of slower (spectator)
proton for 8386 examples of w+d - pp + neutrals at '1 1 to 2.3 GeV/c., The
curve represents ‘the Fourler transform of the deuteron wave fur.mtlon,
approx1mately normahzed to the region 100 to 200 MeV/c.,
(b) Effective ==1vna,s"s distribut’ion of the proton (nonspectator) + neutrals
system for .events shown in (a). For the final analysis, we select a sample

with p (spectator) <300 MeV/c and 1.3 < " (wt) $_=2,‘3 GeV/c (4956

_'Plab
events); _ ’

F1g 2, Mass~-squared distribution of the neutrals ‘syste'n.q for (a). | t (0.’5_3
GeVZ) "S 0,20 '(GeV/c)iz -end (b) < 0.08-(GeV/c)_‘2';‘ ’i‘he éha:ded events are
a subtr_actioh for o’ = #°y. The solid curve is the best fit to In'o, o, and - ' (—’
2n° phase space; the dotted curve is 3n° phase space, apprbximately nor - |
malized to M% > 0.8 (GeV)Z. The dashed curve represents the ﬁredicfion

by Malamuld and Schlein (Ref. 9). Further requirements on the samples
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are p (spectator) <300 MeV/c and 1.3 < ”'plab

plots contain 1947 and 623 events respectively.

"(nt) <2.3 GeV/c. The

Fig. 3. v(solid histogram) Neutrals mass spectrum with cos_ . (neutrals)

& ‘ = ' i <!
| 0.8 for 648 events with 1.8 Plab

traction; (solid points) 21° mass spectrum, after subtraction of 3n° and N*

"(xT) <2.3 GeV/c after n° and &° sBb-

background from the solid histogram (232 events); (open points) data from
" Corbett et al. (Ref. 1), with selection similar to solid points, including

'an increase of absolute normalization by a factor of 2,96, The s'oiid points
are to be interpreted as an indirect measurement of the 2n° spectrum |
from tﬁis experiment., Due to the approximations involved in the 3n°%, N*
subtraction, the solid points have a 15% systematic error in addition to the
‘indicated statistical errors. The cui‘ve represents the p_fedictior} by Mala-

mud and Schlein (Ref. 9).
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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 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
plioy s

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.








