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EVIDENCE FOR AN I = 3/2 BARYON RESONANCE AT 2020 MeV/c®

W. Chindwsky, P. Condon*, R. R. Kinsey, 5. Klein, M. Mandelkern,
| P. Schmidt and J. Schultz'

Physlcs Department and Lawrence Radiation Laboratory,
University of Californisa, Berkeley, California

and
~F, Martin, M. L. Perl, and T. H., Tan

Stanford Linear Accelerator Center, Stanford, California

The existence of every presently known zéro«strangeness baryon
resonancé has been established through its coupling to the pion nucleon
system. -However, tﬁe possibility that there are baryon resonances which
are only weakly coupled to this channel is ndt excluded. A study of
proton-proton interactions at 6 GeV/c has resulted in the evidehce
presented ﬁere for such a resonance wilth isotopic spin 3/2, masse
2020 * 30 MeV/c® and width 225 * 50 MeV/c?. The dominant decay modes
observed are N*(1236)ﬂﬂ, N*(1236)p and the strange-particle final
~ state Y*(1385)K.

The enhancements observed in this experiment which lead to the
conclusion of & new resonance are in the mass region 2040 to 2Q80 MeV/ce.
Because of the pro&imity of thig reéqnance to.threshold for the dominant
decay modes, it 1s probable that the observed peaks are significantly

shifted from the central resonance mass. Lack of reliable information

on the spin-parity, and hence on angular momentum configurations of

* Work performed under the auspices of the U, S. Atomic Energy Commisgion.

+ Present address: University of California, Irvine,

Subject category 63.6
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ﬁﬁe decays, prevéntsﬂus:ffom performiné a définitive determination of
the central @aéé vélué..:A preliminary fit described in Section B
yie;dsvthe'valuév2020vMeV/§2 éuoted above. o 3 .. » 2.f .
,Detéilé Qf fhe experimental arrangement used to obtain approxi-
”mately 550;060 picfures.of.interactions of incidenf.protons of
© 6.04 * 0.03 GgV/c in the LRL 72-inch liquid hydrogen bubble chémber
are discussedvmore fully élsewhefe.l A1l phbtographs were scanned for'
Stréhge-particle”produétion events, but only a sémple, gome 112,000

pictures, were.scanned for nonstrange events; that is, events without

' visible charged or neutral decays. The f.latter were measured on the

_ LRLjflying spot digitizer. The three-view geometric reconstruction
program FOd*was used to reconstruct the events and fitting with the
kinematicalééonstraints was done by the progrém CLbUDY. Events with
visible.éharged or neutral strange particle decays were measured

© on moreréonﬁentional'"Vanguardﬁ_and "Franckenstein" digitizing machines.
These eyénts were processed through the geometric reconstruction and
kinematicvfitting program PACKAGEa Thevgnalysis of the two typeé of
evénts will be discussed separately. |

A. Nonstréhge Particle Events.
ApprOxiﬁately 33,000.nonstrange four~prong évents were measured

B by the FSD. The identified final states and their cross sections are

S . .
(1) ppoppw = 3.2 0.3mb | T .
' i + - : - :

(2) pp-opaanx 1w 3.1 £ 0.5 mb
. + - : X
(3 ppmppa « 2.4 £ 0.4 mb

Reaction (1) is dominated by peripheral production of pseudo-two-body
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final states NN* and N*N%. Thie observation is conslstent with
results of earlier workemu, as is the lack of p-meson production in
the four body state. Reactlons (2) and (3), however, yield particles
whose final state interactions are qualitatively different. In par-
ticular, analysis of events identifigd as examples of process (2) has_
revealed evidence‘foi p-mesdn productién with the n+n“ mass spectrum
showing & peak in excellent agreement with the known p properties. In

+ ot -
addition a strong correlation is observed among the particles pnt n xn .

Figs. 1(a) and (b) show the mass spectra of the four body system and

the two.pion system reépectively. The observed enhancement in the
éffective mass distribution of the four particle system is particularly
strong in ﬁhe restricted sample of events for which the requirement is
made that the nm mass be outside the range 1220 * 100 MeV/cE, as shown
in the first histogrem of Fig. L(a). Comparison of the experimental
pﬂ+ﬂ+ﬂ- effective mass distribution with the superimposed phase.space
distribution shows a peak near 2080 MeV/cg with a wildth of about 200 _
MeV/ce. We point out that the phase space distribution is shown for
purposes of illustration snd this particular shape or normalization of
smooth backgfound is not'neceSSary for the argument. Indeed, various

background distributions, including effects of numerous known resonances

‘among the final state particles, are &ll simiiar in shape. The height

6f the peak, that is, the number of events above background assigned
to the N (2020) resonance is essentiaslly unaltered when such differently
generated backgrounds are considered. The particular curve shown 1is

the result of a Monte Carlo generation of & phase space background



with:the nﬁf éffective mags cut and the assumption that the final state
consists of 64 percént npn+n+n- and 36 percent nN*++(l236)ﬂ+u", as |
 suggested by}the pn+ mess spectrum. Observetion of the N*(EOEO) ih
this state, with IZ = 3/2, ést&blisﬁes thg isotopic spin of the |
resonance, I = 3/2,

A similaf peak atvthis mess 1s observed in the pn+n7no effective
mﬁss distribution of reaction (3).ﬁ However, we present the characteristiés
of the final state npnfﬁ+n' in greatef detall since it has ﬁroved possible
ﬁo'eliminate backgrouhd.évents with confidence and also because thé pro-
ductioﬁ crogs sections of interest are largest here. The second histo-
éram of Fig.il(a) and the unshaded ' histogram of Fig 1(b) show the
effect of reqﬁiring that at least one pﬁ+ combinatlon have an effective
éaés in the range 1220 * 60 MéV/ce, in.addition'to the cut on the na~
| effective mass. va both n' mesons of reaction (2) meet this requirement
* then both ﬂ+ﬂ;‘éffective mass'combinations are included in Fig. 1(b).

Iﬁ fact in oniy 259 of 1492 events were both pﬂ+ effective magses

within the limits.  Including both combinations in the histograms

does not affect the p peak but only increases the smoothly varying
background. We note that in the second histogram of the N*++(pn+)ﬂ+n’
efféctive mass in Fig; 1(a) the number of background events has been
réduced bﬁt that the number of events in the N*(eoeo) peak has not

chenged significantly, indicating that the N*(l236) is & very important
intermediaté*decay product and may be present in all decays of the N*(QOEO)
iﬁto the nucleoﬁothree pion system. V

The third histégram in Fig. 1(a) and the shaded histogram of
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Fig. 1(b) show the effect of the additional requirement |cos en'i > 0.9,
where Gn is the angle between the neutron and the incident proton
direction in thevtotal center of mass system. Agaln no significant
ichange is noted in the N*(2020) peak of the N*++(pﬂ+)ﬂ+ﬂ- effective
mass distribution 1ﬁdicating the peripheral character of the N*(EO20)
production,. ' .

To estimate the branching ratio of N*(2020) decay into N*(1236)p,
a selection of events was made where, in addition to the limits described
above on the pn+ end nn effective masses and the center of mass angle
of the neutron, we require the n+ﬁ" effective mass to be in the range
' 7h0 % lOO MeV/cE. Except for five events, this selection uniquely
assigns the 7 's to either the ¥ or the p. The N*++(pn+)p(ﬂ+ﬁ')
effective mass distribution of these events 1s shown in Fig. 2(&). The
N*(EOEO) is clearly present and from the magnitude of the peaks we
estimate the branching ratio N 'T(2020) - N ' (1236)p/N ' T(2020) -
all pﬂ+ﬂ+ﬂ_ final states = 0.6 * 0.1. This result is somewhat
obscured by the presence of N*(l920) indicated in the pn+n+n" mass
spectra. Separating this peak from the N*(eoeo) 1 difficult with the
present data. For this reason also we have not attempted to determine
the resonance parameters by fitting the experimental distributiomns in
pﬂ+ﬁ+ﬂ- mass with some theoretical modelu A much cleéner N*(EOEO) peak
15 observed in the strange particle decay mcde. The mass and width
determined from the A0K+n4 distribution discussed below are more
reliable estimates than can be determined from the nonstrange data.

+ + - - _
The pn n n mass distribution is quite consistent with that expected
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to result froﬁ.produCtioﬁ of N*(2020) with those characteristics

together with a contribution from N*(l920) and a phase spece background}'
We also nofe»some enhancement in the 2400 MeV/c2 region which could be

| associated with the I = 3/2 N*(2h20) but since the effective masé
distribution of the possible background final states all peak in this
iegion nd conclusion can be made concerning the production of this
resonance .

Thét the N*(QOEO) is a resonance and not, perhaps, a kinematlc
enhancement is supported by the aecay angular distributions of Figs. 3(a)
and (b). Fig. 3(a) ‘shows the angular distribution of the N%(1236) in
the N*(1236)p center of mass for those events in the resonence region
defined as 1960 < M(N*o) < 2060 MeV/cg. This distribution is con-

- sistent with symmetrical forward-backward peaking while the nonresonant -
events shown'in Fig. 3(b) have onlyva forward peak. The incident

proton used to define the reference direction for these angular distri-
butions is selected as that proton which‘yields the smaller absolute
value of momentum transfer to the N*p system, conglstent with the
observed pefipheral qharacter of the production process.

Simiiar selections to isolate other possible decay modes resulting
from'réactions (2) end (3) produce samples of events more confused by
background and in addition contain only‘IZ = 1/2 statég of the N*(QOEO).
Considerdtionvof isotopic spin conservation thén 1¢ads us to expect,
smaller éross sections, Indeed the isotopic spin assigmment is
suppofted by the fact that the IZ = 1/2 channels all have rather small
cross sections. The estimated cross sections for N*(2020) production

end subsequent decay into the finsl states investigated are
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‘ +* . % - :

pp - nN (2020), W ' (2020) - pr w m 65 + 16 ub

. ¥ . *. -

pp - PN 1(2020), N (2020) - na'x x < 6 b with 90%
: ' confidence level
K. . -

pp - N (2020), N (2020) - pr w0 20 £ 6 ub.

B. Strange Particle Events
The strange particle reactions which have been studied and their

production cross sectlions are:

(l&) oD —-)ApKOﬂ+ | 67 £ 10 pb
(5) pp - AK' x° 45 £ 7 ub
(6) p - AK'x" 50 & 7 b

An enhancement at about‘EOhb MeV/c2 has been observed in the AKx
mass spectra for each of these reactions. The AK+K+ mass distribution
for reaction (6) is shown as the unshaded histogram of Fig. 1{(c).
For comparison, we have included a background curve which is calculated
as a mixture of 82 percent non-resonant phase space and 18 percent
nY*K resonént background. We attribute this enhancement to the alternsate
decay N*(QOEO) > A%K 5", This final state egalin confirms the isotopic
spin 3/2.assignmeht. Thile pure lsotopic final state 1s the most useful
strange‘particle final state for studylng the properties of the resonance.
In addition, there is no‘background from the K*(890) and essentially
none from the N*(1236), which is not the case in the 6ther two channels.
From this point on, then, discussion will be restricted to the AnK =
channel.

To provide.a pure sémple, exploiting the peripheral production

of the resonance, a selection of events was made requiring Icos Gnl > 0.9,
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where as before 6 is. the angle between the neutron and the beam proton
in the center-of-mass system The AK n+ nmass spectrum for these events
1s plotted as the shaded area 1n.Fig. 1(e). This selection clearly
enhances the peak at 2040 MeV/co. |

The A:t+ mass spectrum of Fig.' 1(d) ‘shows .a peak of mass and width
in excellent agreement with the known Y (1385) and we estimate that
35 percent of the events in this channel are associated with Y Pro-
duction. The shad_ed‘ area_ of‘_ Fig. 1(a) corresponds to the same neutron
angle cut as above,

That the N (2020) decay in this channel is almost entirely into
vt s clearly demonstrated in Fig. 2(v). Here we have plotted the
AK n mass spectrum with a selection on the An mass, 1350 < M(nn ) <
1420 MéV/c , and with the same requirement on the neutron angle as
before.» The number of events In the resonant peak remains the same
after this selection.  This distribution ie‘evidently quite free of
background ehd from it we have determined the resonance parameters
M = 2020 * 30 MeV/cg and I, =225 & 50 MeV/cg, using & maximum likelit-
hood fi1t to this data. Since the angular momentum- of the decay
is not determined we have, for simplicity, fit the data with a simple
i = OvBreit-Wigner. ‘The use of higher / wave Breit-Wigner 1ine shapes
tendsvto shift the maee_to lower values, - As stated above, this fit
also gives excellent agreement with the obsefved enhancement in the
’ nonstrange data.v'Since'the kinematlc properties are guite different
for the strange and nonstrange final states, this tends.te exclude

‘the possibility that the observed enhancements result from some
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.accidental effect of kinematic origin and to supportithe conclusion
of a genﬁine resonance .

For reaction (6) we also examine the decay angular distribution in
the Y*K rest‘framé. The angle is defined between the Y* direction
and'that_initiaivprofon from which the Y*K gystem has the smaller
absolute value of momentum transfer. The distribution in Fig. 3(c)
is for events with 1960 < M(AK ") < 2060 MeV/c2 and Fig. 3(d) for
events not having M(AK+n+) within these limits. In both cases
cos 9n| > 0.9. The events with M(AK+n+) values corresponding to
fhe resonance region,_are as before, consistent with backward-forward
peaking which is characteristic of resonance production and decay.

The small number of events ih our angular distributions precludes
a determinaﬁion of the spin and parity of the N*(EOQO). However, we
can exclude a Jv=vl/2 aSSignmenﬁ which would predict an lsotropic
distribution, contrary to what is observed. We may speculate, however,

* -
that the N ,,(2020) has J© = 7/27. This would be the prediction

3/2 i
based on a Regge pole model if the N 3/2(2020) is the parity partner
* N 5

of the N 1924 ).

e I3 /p(2924) | | o

Other production reactions and possible decay modes of the N (2020)
are being in#estigated. No significant enhancement is seen in the
+ + + '
L X mass spectrum of the X K+n final state.l Some slight enhancement
is observed in.the AKnx mass of the ANKnm final states. Possible detection
' of'this resonance in other nonstrange channels 1s obscured by background

preblems and competition with other baryon resonances. The pn mass

spectrum of the pn n final state has been studied thoroughly. However,
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.the N*(l920)'dbmiﬁatésvtﬂe_high mass reglon and there is no obvious
, _N*(EOQQ) present; ijoﬁ our observétion‘of the Y*+K+ decay of ﬁhe'
'N*(EOEO), We;wbuid expect £hat N*(1236)# would be a sﬁrong decay
: méde;'indéed it may be_the dominant one. However, the Iz = 3/2
- decay of the'N*++(2020) into N*(1236)n cannot be invéstigated in
the N+ (2020) final state since this would require the detection
of two héutral.ﬁgrﬁiclés. |
An‘obserVation has been reporteds of é.much narrowef enhancement
at 2080 MéV/c? in fhe éombined N*(l236)pvsystem pr&ducéd in n p
“>qolii$i§ﬁ5.‘;Thié peak was observed in an I, = 1/2 state and was
‘resolved from éndtﬁér narrow”peak at 2190 MeV/ce. Whether that hO.MeV/qe

' wide peaknis reiated to the broad peak réported here is an open quéstion,v

We acknowledge, with gfatitude, the cooperation of Professor Luis
| Alvgrez'in mékinévthe.bubble chamber aﬁailable and Professor Emilio
Segrt's much appreéiated advice and support. Ded;cated performance of
“ 'the‘opefating crevs ofhthe bevatron and bubble chamber and of the
scanners and data analysis personnel were essential to the performance

of the experiment and we thank them all.
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. l - FIGURE CAPTIONS

~ Fig. l;' (a) and (b) are the pﬂ+ﬂ+ﬂ~ and 1 a ﬁass spectra respectively
for the-npn+n+nfifinal}state.' The " unshaded .mﬁss spectrum of (a) is
f@r thoéeveVents with M(nn") outside the N*(1236) band (2521 events).
The fifét shaded»histpgram of (a) and the unshaded  histogram of (b)
vcofrespond to the additional requifement that M(pn+) be in the N*(1236)
band. (1492 events, 1751 combinations in (b).) The sécond shaded
histogram of (a) and the shaded histogram of (b) correspénd to the
added requirement fhat the absolute value of the coslne of the pro=~
duction anglevbf the neutron be greater than 0.9. (582 events, TO4
combinations in (b).)_.(c) and (d) are the AK'x" and Ax' mass spectra
respectively for the hAK+n+ final state. TUnshaded histograms‘are for
the total sample (680 events). The shaded histograms are for events
with the absdlute vglue of the cosine of the producﬁiqn angle of the

neutron greater than 0.9 (225 events).

'Fig. é. (a) Mass spectrum of N*f+(1236)p0 from the final state

a0 (or" Y0P (1) (193 events) and (b) the Y (1385) k' mass spectrum
from the n¥ T(Ax*)K' final state (100 events) with the requirement

in both caseS'that.!cos Gnl > 0.9.

"Fig. 3. (a) and (b) Angular distribution of the N""*(1236) in the
N*++(l236)pO center of mass in the resonant region and outside the
resonant région respectively. (c) and (4) angular distribution of

the Y*+(l385) in the Y*+<l385)K+ center of mass in the resonant region

and butside,the resonant region respectively.
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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

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.








