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~THE A, MASS SPECTRUM IN x p INTERACTIONS AT 3.7 GeV/c

K. W. J. Barnham, G. S. Abrams, W. R. Butler,’ D. G. Coyne,®
"~ G. Goldhaber, B. H. Hall, J. MacNaughton, and G. H. Trilling

Department of Physics and lLawrence Radiation lLaboratory
University of California, Berkeley, California 9720

March‘15, 1971
ABSTRACT
. A'stuéy of the A; massrsﬁéctrum in ﬁ+p interactioné at 3.7
GeV/e is»presénted. For & cut of t' = 0.1-2.0 GeV> and on elimi-
,nating.the Af+ we find that the three.piqn mass spectrum in the A;
region is fitted by the dipole formula with a éonfidence level of
53% aﬁd a siﬁgle,Breit—Wigner formula with a confidence level of
11%. Our result thus favors AZ

: ‘ ’ +
.. Wigner fit cannot be ruled out.. ‘We also report the A2 decay

splitting although a single Breit-

branching fractions measured over all t' values. they are 0.780.05,
0.15%0.0k, 0.06+0.03, and < 0.02 for pm, 7, Kﬁ, and n'n respectively,

~in good agreement with other experiments.

The A, meson has been the subject of considerable experimental and theo-

2
retical investigation'since the observation of the splitting of the Aé by
the:CERN Missing Mass Spéctrometer and CERN Boson Spectrometer experiments.l
Muchviess was known about the positive A2 meson. The Bonn-Durham-Ni jmegen-
Pafis(E.P.)-Tofino Collaboration reported2 observing structure in the A; in
5.GéV/c n*é interactions, but their statisticsvwere rather_limited.. More

3

' +
recently Alston-Garnjost et al.” have reported on a high-statistics = p

‘bubble chamber experiment at 7 GeV/c, where they see no evidence for split-

. e . L »
ting. Furthermore a neutron missing mass spectrometer experiment has recently



- UCRL-20292
stuaied_the.AZ.in:n-p interactions at 3.16 GeV/c‘incident momen tum and‘observed
splitting.' |

.iﬁ this Letter wé .report some evidence favoring the splitting of the A;
produced inn p 1nteract10ns at 3.7 GeV/c w1th a sample of A2 events inter-
mediate in number between that of the 5 GeV/c and T GeV/c experlments. The -
data comes“frbm.a 180,000 picture exposure of the Lawrence Radlatlon Laboratory
T2-inch hydrbgen Bubble‘chamber at the Bevatron. The experihental details

5,6

have already been presented.” The exposure yielded the following numbers
of events in the channels of interest to the A2 study

+ + + -

| TP pPRoMA 16,445 eveﬁts (1) -
n+b - Pﬂ+ﬂ+ﬂ-ﬂo 16;617 events (2)
‘n+p - pn+n+n_MM o .7,463 events (3)>
n+p'—§ pkfi°_ 92 events o (4)

Reaction (3)vc0nsists'6f those events with two or more missing neutral parti-
cles for whieh the proton can be identified by ioniéation. In channel (A4)
we reQuire‘fhe' Ki —9.n+ﬁ- decay to be observed in the chamber. We have

_ observed the A; decaysvto n+n+ﬁ_, nn+ and K R° in channels (1), (2) and (L)
reSpecgiﬁely-and sedrched'for the n'n+ decay mode in channel (3). However
the statistics ere liﬁited fdr the nﬂ+, K+Ko and n'n+ decay modes with the
result that we have information on decay branching ratios but can make no
statement about structure in these cases. '»

Reaction (1) is dominated by the prodﬁction of the Af+p° quaéi-two—body.
channel which has been discussea earlier.6 To eliﬁinate all contamination
due to this and other Af+ production channels, events with at least one pn+
effective mass_less.than 1380 MeV were removed. The effect of making this
selectioh can be seen in Fig. 1. The H+H+ﬂ— mass spectrum before making any

. : + .
‘cuts is shown in Fig. la. The A2 stands on a very large background. The

-



by

-3- o o UCRL-20292

shaded histogram in Fig. la is the ' spectrum for the 12,117 events which
have at.leASt one»prr+ ﬁass less than 1380 MeV, i.é., the events which afe
rémovea in.ordEr to»sfudy the A;.  It:can be seen that there is no evidence
forAéh A; SLgnél ih the se events.- There is however a éhoulder at l3OO MeV.

Wé cannét say‘wﬁether the absence of an A;vsignal in thevéf+ region resuits
frbm-the dyngmics of-fhe A;v—>vpon+ ’decay béing éuch that there'is little
6Véilap ﬁith the'Af+ vand on the pﬂ+po Dalitz plot, or‘if some interference

. o - ‘ =+ ' + + -
effect is occurring with the A amplitude. TIn Fig. 1b we show the n .7 =x

. : ' ++ ’ : +
mass spectrum: when these A  events have been removed. A clear A2 signal 1is

seen. - Its maéé however is shifted downwards sdmewhat frdm its value in the
uncut'spectfum in Fig. la primarily because of the shoulder at 1300 MeV in

. ot , _ v .
the A  events. A fit of a single Breit-Wigner resonance, with a second-

order polynomiélvin mass as background, made to the data in Fig. 1b (in 20-

MeV bins in order to ignore possible structure), gives a resonance mass of

,l3o7ih MeV; " A similar fit to the uncut spectrum in Fig. la gives a mass of

13246 MeV.

The ﬁumﬁer of A;”events above the fitted background in Fig; lb.is 388t6h.
The erfor‘islfhé combihation'in'quadrature bf the Statisticél error on:the
total number of events in the Fitted region (1100-1500 MeV) and the number

of events undér_the background in this:same region. It.should be noted that
on rémoVing thé Ar+ events we have a clear A;'signal before épplying any t

cuts. We have'been able to calculate A;

branching ratios without making t
selections. This is adVantageous since, as has been pointed out,7 if the Aé

consists of more than one resonance there could be a t dependence of the -

'bran¢hing ratios. The branching fractions which wé obtain for.the. pn, 7,

8-13 are given in Table I. The results are in good.

KK, and 1'n decay modes
agreement with the 5 GeV/c (Ref. 2) and 7 GeV/c (Ref. 7) < p values, and with

the world aVerages.l
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ﬁe have searched for evidence of structure by an examlnatlon of the 3n
spectrum for varlous t' cuts. It -t ;nl‘ where It i | is the mlnlmum
value of |t1 kinematically alloved for each euent. At a 3% mass of 1300 MeV
'tminl ~ 0,07k GeVgr) ‘Figure 2 shows the 35 spectrum in 2Q-MeV‘bins forpone
such set of cuts. As has been observed in other exp_e_rimentsz’3 the t' < 0.1
_Gevgvregion (Fié. Ea) is dominated hy‘the broad low mass Al>enhancement with
"very'little A.2 signal-prhe A2 signalﬂis‘clear in the t"intervai O.i—d.6
(Fig.;Eb),and again forr t' > 1.0 (Fig. Qa,e), There is no compelling evidence
for A, proauétionfin the ' interval 0.6-1.0 (Fig. 2¢).
| Ideally,one would like to study a very‘narrow t' range both for comparison.
with.the missingimass_experiments and for interfering'resonance.model considera-
tions.ls In such a model the two resonances can have different production
mechanisms so that interference may only be observed_over a limited region
of t where coherence between the two amplitudes holds. As a compromise; in
view of our limlted statlstlcs, we show in Fig. 3 the 3n mass distribution
in lO-MeV bins for the t' 1nterval 0.1-2.0 GeV2 ThlS t! interval glves a
good A to ~background ratio and shows an 1nd1catlon of spllttlng.

Calibration studles of the mass errors obtalned from the kinematic fit-
ting program have been'made in'connection with the w-p interference effect5'
and the determination of the width of the w.l6 For the eventsrin Fig. 3,
TR/E =.7AMeV where Pﬁ'is the full width at half height of thevresolutiOn
‘function. In;order to ascertain the statistical significance of the dip
centered at 1310 MeV invFig, 3 we have followed the now "standard" .procedurel
© of fitting the data to either a single Breit-Wigner resonance or‘a dipole‘
shapelT'plus>a linear background in each case. The theoretical curves were
‘folded with the experlmental resolutlon function and blnned us1ng the program

18

EXTRACT, to make the fit through a X2 mlnlmlzatlon procedure. The parameters

obtained from the: fits are given.in Table II. It can be seen that the dipole
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fit-is faVorea‘gvéf'thevsingle Breit~Wigner'reSonance, but with a confidencé
leééll9.bf.ll%lthé Breit-Wigner cannot Ee completely ruled ouﬁ. We also note
that'thérinterfering réSdnance model discussed in the following'Letter15 gives
goba,fits tovthé masé»sﬁéctfuﬁ. | | | ‘
_The numbér 6f evénts in.fhe dipole signal of Fig. 3 fof the mass raﬁgé

iEOO-iﬁOO MeV-is 297, and the background-to-signal ratio in this same regioh
is l.6/lg The'yalﬁes for the 5 GeV/c.experiment are>ld8 and 1.3 respectively
(¢ > d.l Gevg)‘énd:fér the 7 GeV/e experiment 833 and 1.u"(t > 0.2 GeVE).

| The fitted dipole mass 1311.6¢2.6 MeV is rather highei than the CERN
'vaiﬁé'129815'Mev-buﬁ is more consistent with the'vaiue'observed-in'the 2 p
expéfimehtg'ét.s GeV/c'1306iu»Mev and the Ag dipole mass’ 1305.311.5 MeV.
Thé errors wé quote'are.those obtained from the fittiﬁg program and do not
»takeTinto-aCCOﬁnt'systematic-errofs. We believe hoWéver‘that systematicv
mass‘errdfsain.this channel are small. Thié is discussed_in detail by Coyne
et a1.10
In édnclusion we can staté that we see some evidence for‘splittingvin
:vthe‘A; mass. spectrum for the t' range O.l—2.Q GeV2 when the'Af+ signal is -
removéd.. The dipole fit is favored over a single'Breif-Wigner with éonfidenéé

"levels of 53% and 11% respectively. The‘single Breit-Wigner hypothesis cannot

however be ruled out by our data.

Acknowledgments;——We‘gratefully acknowledge the help of the T2-inch

bubble'chamber‘crew under R. Wétt and the Bevatron crew under w.'Hartsough;
We acknowledge the valuable support given by our scannihg and- programming -

staff, especially E. R. Burns and H. White and the FSD staff.
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Table I. A2 decay branching ratios.
Number of Number | - |

- events - " corrected for Cross section Branching

observed ,unseen_decaysa wb fraction
3886k . T76t128 16627  0.78£0.05

. 348 14934 3217 0.15%0.0k
1748 55+25 1346 0.06£0.03 .
22 66 - <'hb-» < 0.02°

212+29

+
A2.tota1

a. See Réfs._8-l3.

b. This figure represents an upper limit at the two standard deviation

level:

Table II. Fits t0 the three pion mass Spectrum in 10 MeV bins
' ~for. t' = 0.1-2.0 GeV2.

Dipole

Breit-Wigner

x/a.f.
1220-1380 MeV

C.L. )
1220-1380 MeV

Mass MeV T MeV
1311.6£2.6  33.5%4.0
111.4#18.0

1304.0: 4.5

9.0/10

15.7/10

53%
11%




I SRR © UCRL-20292
' REFERENCES

Work supported by the U. S. Atomic Energy Commission.

| fPresent address - Department of Phy51cs, David Lipscomb College, Nashv1lle,

- Tennessee. 37203.-

*Present address' Department of Phys1cs, Prlnceton Unlver51ty, Prlnceton,

New Jersey 085h0.

1.

G. Chikovani et al., Phys. Letters 25B, 4k (1967); H. Benz et al., Phys.
Letters 28B, 233 (1968). For recent reviews of the experimental situation

see A. Barbaro Galtleri in Experlmental Meson Spectroscopy, ed. C. Baltay

and A. H. Rosenfeld (Columbla University Press, New York, 1970) and A.

Astier, Proceedings of the XVth International.Conference on High-Energy
Physics, Kiev, USSR (1970), to be published.

K. Bockmann et al., Nuclear Physics B16, 221 (1970).

_M. Alston—GarnJost et al., Phys- Letters 33B, 607 (1970)

M. Basile et al., Lettere al Nuovo Cimento L, 838 (1970)

G. GOldhaber et al., Phys. Rev. Letters 23, l35l'(l969);

G. S. Abrams et al., Phys. Rev. Letters 25, 617 (1976)

M. Alston-GarnJost et al., Phys. Letters 3kB, 156 (1971)

For np decay: As has been found -in other experlments ’3_the Dalifz plot
in the AZ region is consistent with the n+n+n- decay of the_A; being |
entirely p°n+. We therefore multiply the observed number of events by

two to allow for the unseen A; - o+zt°'—->_ n+n°n° decs.ys.

For nn.decay: To.estlmate the nn+ branching ratio we have made the same -
Af+'antlselection in reaction (2) as was used for reaction (1). We haﬁe
selected the n events from the remaining events in reaction (2) by a 5hOF”
560 MeV cut'on‘n+n n~ effective mass. We estimate-that this cut includes .
as_mény-non-ﬁ events es it cuts true 7 erentslfrom the tails of ﬁhe distrie

NI - + ' o e ’ ' :
bution. A fit to the nn mass spectrum with a phase space curve plus Breit-



10.

ll.

12.

i3.

1k,

15..

16.

C1T. .
18.

19.

-8- ‘ : ' UCRIL-20292 -

Wigner'éives anvadequaté fit and résﬁlts in the nuhber of events shbﬁﬁ iﬁ
Tabie;I. We ﬁaﬁe corrected for the unseen 7 deca&s uéing the branchingf
ratios. in Ref. 1Lk. TFor further details see Ref. 13.

For Ki'décay: WevbbServe 17+8 eveﬁts in the K+Ko:decay mode of the:A;_‘
where the érfqr includés uncertainty in éstimatiﬁg.the.backgrbund level.
This whén_ccrreétedvfdr ﬁnseen K° decays givés the total_humber of eﬁents

shown in Table I. For further details see Ref. 1l.

W. R. Butler (Ph.D. Thesis), UCRL-19845 (1970), unpublished.

For n'n decay: We observe a strong 1 signal in the missing mass distri-

: _ o,
bution for reaction (3) and a clear n' signal in the x n 1 mass distribu-

ltion for those events in this channel which fit the one constraintvhypoth-

esis n P = pr x n n. We do not however see any compelling evidence for

o + + o . _
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as waé.empldyed'in Refs. 1 and L, The.fits were made 6v€r the entire region
1100—1560 MeV; The»Xe ﬁas then calculated for the region 1220—1380 MeV ‘
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&

‘number,of.degreeérof freedom. The question pf,cohfidenqe levels is

further discuSSed'in Ref. 15.

| FIGURE CAPTIONS
Fig. 1. (a):Uﬁcﬁf'n+n+ﬁ-‘mass épeétrum for the events in reaction:(l). The
»shadéd.h£5£oéram'shows thevn%n+n- ﬁass speétrum for thdse_evenﬁs for which
at‘leaStiéné n+p éombinéﬁién has mass < 1380‘MeV. (b)»Tﬁe n+n+n; mass
spéctrum_fdr those eVents with both’n+p combinations having mass >,l380
MeV (Af+ oup)._ The curve is explained in the text. | |
Fig. é, (a-e) The nfn+n; mass spectrum for fhe évents with A out and fhe
cuts.oﬁ‘vtf = |t - tmin indicated. |
: Fig. 3. The n+n+n- mass spectrum in 10 MeV bins witﬁ NG out and t' = 0.1-2.0
GeV°. The parameters of the dipole £1t (full curve) and Breit-Wigner fit
(broken cﬁrve) are given.in Table II. The curves comnect the béSt fit
‘ points,fthe-fits haviﬁg‘beeﬁ madevby foldingvthe'theorétical distribu—

tions with the experimental resolution function and binning.
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