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Abstract

The production of the Aivhas Been réi)ortea at
12.8 GeV/c. in the reaction'K+p - Kp(3m). It has also been
repovrted at 9.0 GeV/c _in'the reactibns K+p - Kp(3w) and ‘
K+p - Kp(4nm). At 12.0 GeV/c,” with five times tile data of
the 12.8 GeV/c experiméht“and thfée times thé dva‘ta of the
9.0 GeV/c experimenf we see no evidence fof Ai p'I:éduction

in any of these reactions.

The A1 enhancemenf:1 has been seen mainly in the reaction

0 %

+ *. - .
T p > A1 P A1 =P, pO - 'rr+1r » where its interpretation as a resonance

has been questioned because Deck or other diffraction processes may be

In K+p interactions, where A 1 simulating effects of this type are

probably not so prominent, the observation of the A 1 would greatly favor the

resonance interpretation independently of the concept of duality.

Recently, observations of the A, have been reported in the reactions

K'p - Kpr'n %) (Ret. 3) (1)
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~Ko%rtatr™  (Refs. 3,4) ' (2a)
(K )p11' 'n' m  (Ref. 4) ' ' (2b)
~Kprtrtn (@0) (Ret. 4) (3)

in bubble chamber experiments at 12.8 (Ref. 3) and 9.0 (Ref. 4) 'CA‘:eV/c (the
brackets indicete a perticle net detected). ' In our experirrrent at 12.0 GeV/c,
we have studied these reaetiens with a path length corresponding to about 35
events/microharn -- at least three times as great as in either of the other
experiments.

All our events were measuredv.o'n .a Spiral Reader, which, in addi-
tion to the coordinate measurements, gave track ionization dens1ty informa-
tion useful in selectlng a.mong possible k1nemat1c hypotheses. For each klne-
matic fit a bubble density chi-square (xé) was celculated, and fits to reactions
(1), (Zb) and (3), Which ha.ve one eonstraint, were considered only if their
XB was no more than three greater than the best XB for all hypotheses tried,

including missing-mass calculatlons. 6 The most proba.ble reaction was de-

fined to be that reaction with the lowest sum of kinematic X 2 and bubble density

2
X -

Reaction (1)

To make comparisons with other bubble chamber ercperiments more
meaningful we feel that it is necessary to state the criteria used in selecting
our sample of events for the study of reaction (1). We required that:

_(a) There be no four-constraint fit to the event with a confidence level
greater than 10—5. (b) Reaction (1) be the most probable reaction and have
a kinematic confidence level of at least 10_3. (c‘) In case of a final-state '_

ionization ambiguity between the identities of the K" and the proton, the proton

be taken to be that track with the lower momentum. 7 (d) The square of the
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four-fnomenturﬁ 1v:r'ansfe:rvred between the térget and final state proton, ltppl s
be 'less' than 1.0 GeVZ.

| The main. ambigufities' revsu..lting from this selection involved the
‘ide.’ﬁtitiesv of the 'rr6 and K6 .I Some events of. réaction (2b) Were‘ included in the
sample of evehts 'ovf reacﬁon (1), ;\x/here:as. some evenfs of reaﬁction (i),were ex-
cluded from our sample éﬁd calle_d ‘events 6f .‘re'ac.:.ti.ori (25). In addition, the
identities of the _1r+ and K' were interchanged in some of the events in our
sample of réaétidn (1). ‘By takiﬁg events of rea‘.ctio‘nv(Za), igndring the ex-
istence of the vvisible K0 deééy, and r_efi.tting them kinematically, wé weré
able to estii’ﬁaté that 8% of the events in our .sample. of réaction (1) came from

8

reaction (2b). By' 'passing.‘ Monte Carlo generated events® through our recon-

struction and kinematic fitting prografns, we found that for 10 to 20% of the

events of reaction (1) the ';vrong pe rmutétion‘ of the identities of thevfin.al sté,i:e
1r+ and Kkt was 'u.sed.. 9 We hax;é examinéd the effects of these ambiguities and
believe that théy do not Ci\ialitatively a;ffevct thé éhapés of any of the vdistributions
in our data. . 7 |

The evidencev preslented for the production of the A1 in reaction (1)

in the University of'-Robchester experiment at 12.8 GeV/c (Ref. 3) (hereafter re-

- ferred to as UR) was based upon three observations: (1) the observation of

a peak in the three-pion mass spectrum between 950 and 1150 MeV; (ii) the

enhancement of this peak when events were selected from the periphery of the

' _ *
three-pion Dalitz plot with the requirement that at least one (27) mass com-

v - = = _— = e me— e e me = = e — - — - = ,_i. - - . o .
-~ ‘bination be consistent with the decay of a p° meson; (iii) the presence of a

piwx signal and absence of a poTl'O signal in the vicinity of the A1 and no P
signal of any kind in the sum of two control regions, above and below the: A1.

We consider each of these three topics in turn.
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The three-pion mass spectrum for the events passing our selection
criteria is shown in Fig. 1a. We observe a broad plateau extending from 1.0
to 1.3 GéV, but no narrow peak at 1.0 GeV corresponding to that seen by UR. 10
Our results may bAe lquantitatively compared with those of UR [Fig. 1(b) of Ref. 3;’

“:ppl = 1.0 GeVZ] by minimizing the xz sum

(AR - B)

NETD it Ul

iAR+B

whefe Ai is the number of events in the ith bin of thev‘ M(3w) histogram <;f URl,
and Bi is the nunﬁber of events in ther correépohding bin of the M(31'ri)' histogram -
for this experiment. Th.e parameter R is the rafio of the total numbers of
events in the two histograms, and is v#ried to minimize x 2. For the region
0.85 = M(3ﬁ) S 2.0 VGeV we obtain R = 0.21 an<>1.)(2 = 61.>7‘ for 22 degrees of-
freedom -- # confidence level of 10_5. 11 The disagreerﬁent comes from two
re‘gions: 0..9 S M(31r) =< 1.1 GeV and 1.65 = M(3ﬁ) < 2.0 GeV. The discrepancy |
at higher mass is most likely the résult of a scanning bias by UR against higher-
rhomenturfi pi'otons. 12 o |

To better approximate the conditions of UR, f‘ig. 1b shows the events
of Fig. 1a with the restriction that ltppl =0.3 GeVZ. The dots in Fig. 1b repre-
sent the data of UR multiplied by 2.6. The agreement between the two sets of
data in the region 1.3 = M(37) < 2.0 G€V is striking. In the w region, the dis-
agreement could be a result of the better mass res olutioﬁ of this experiment,
and beyond M(31'r) = 2.0 GéV it is because we excluded all our events with
ltppl > 0.3 GeVz from Fig. 1b. For the region 0.85 =< M(3w) = 2.0 GeV we obtain
R = 2.60 and XZ = 23.1 for 22 degrees of freedom -- a confidence level of 0.40.

Even in the small region around the Ay, 0.9 =M(31) =< 1.2 GeV, we have
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R = 2.55 and XZ = 7.18 for five degrees of freedom -- a confidence level of 0.21.:

This' means that the UR data are in statistical agreement with an experimental

distribution containing more than two and a half times the data with no peak at

thevAi/ mass. Note that our sample of events with ltppl =< 1.0 CreV2 (Fig. 1a)

contains more than fiVe times the.nuxnher of events in the UR sample and also
shows no 'pea.k bat the mass of the Ai' | o o
‘Seleé‘tion'by UR of events .t'rom the ne,t'iphery of the 3'rr Daiitz plot13
fes:ullte‘d 1n greatiy enhanc.ed pr'od-.uction of ‘(.pinq:‘)‘finalv states in the vicinity. o;f
the ‘Ai. This wasv taken to be f.urther. evidence kforv A1 pi‘oductio.n, although it
was stated ‘that the enhancement m1ght be due in part to a kinematic effect.
Flgure 2a shows our three -pion mass spectru.m for the outer region of the
Dalitz plot (ks 0.006) 13 and F1g. Zb shows those events of Fig. 2a consistent
with the decay of at least one charged p (0.67 =M(mw TI'O) = 0.86 GeV). The

enhancement at 1.0 GeV is striking and looks very 51m11ar to the one obtained

by UR. We will now show that this enhancement can be understood as being

entir.ely due to kinematics and therefore no resonance interpretation is
neceésary. 14 'Fi‘gure 2c shows a normalized Dalitz plotbo_n Which the locations
of the contour ‘)\ = 0.096‘ and the pi bands for M(3w) = 1.0 GeV are drawn. As
M(31r) increasee, the é:t bands decrease in width and move across the plot in
the directions shown by the arrows. We define the rho probability distribution
(RPD) as the fraction of the outer Dalitz plot (A < 0.006) occupied by the p:':
bands [ i.e., for M(3w) = 1 GeV the value of the RPD is the fraction of the

outer Dalitz plot in Fig. 2c occupied by the hatched_area] . Figure 2d shows
the RPD as a function of M(3w). A prominent enhancement is seen in the region
around 1 GeV. Thus, even a flat three—pion. spectrum always appears to have

a (pr) enhancement in the.outer Dalitz plot at about 4 GeV. The result of folding
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the RPD into the events in Fig. 2a is shown by the dashed lines in Fig. 2b.

The 'shape of the experimental enhancement is reproduced closely; the

absolute normalization is lew by only about 15% . It should be kept in mind

that the dashed lines are the result of assuming a uniform Dalitz plot :population
(i. €., no p production), and so agreement to within 15% is remarkablle.

We now consider the two-pion s'pectrurn as a function of threev—pion
mass for events with Itppl = 1 GeVZ. Following UR, we define regions below,
in, and above the A1 as 840 to 940 MeV, 940 to 1140 MeV and 1440 to 1240
MeV,. respectlvely Flgures 3a and 3b show the (Tl’ ) and (1'r ™ ) s1gnals for |
events in F1g. 1a occurrlng in the lower reg1on. No’ evidence for the presence
of the p is Seen_ or e#(pected because ef lack of phaée space. | Figures 3c-f show
these distributions for eveets in vand above the A1 region. The existence of the
p signal is apparent in the upper covntrol region, and its streng-th is compafable
to that in the Ay region. 15 The ratio of charged to neutral p appears to be the

same above the Ai' region as in the A, region, making it unnecessary to invoke

1
the presence of 1:he-A1 to explain the data.

Reactions (2a), (2b), and (3)

Evidence for the production of the Ai in lreactions (2a), (2b), and (3)
is even weaker than it is in the UR data for reaction (1). UR has 381 examples
of reaction (2a), and the 9.0-GeV/c K+p experiment:4 has 456 events in reaction
(2a), 1475 in (2b), and 1141 in (3).

In our experiment, examples of reactions (2b) and (3) were chosen
from the four-pronged and V-four-pronged events, respectively, by critevria
similar to those used in the study of reaction (1). In addition, for reaction (2b),
we required that the missing mass squared be negative when the track fitted as

a -1'r+, and with the greater momentum in the laboratory frame, was interpreted
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» as. a K+ This removed baekgroun(l prodhced by the v‘reactiion
K p— K’ pT o (n'rr ), for n> 1, but d1d not change the shape of the distribution
of interest, namely M(1r+‘rr+1r ). React1on (Za) comes from seven- constra1nt
f1ts to the A% four pronged ‘events and is unamb1gueus. . - :

| Irnpos1ng the requ1rement that ltpp.l 1 0 GeV2 leaves us W1th
1454 examples of react1en (Za), 5431 examples of reactmn (Zb) and 2647
examples .of reactlon.(3). The relevant three plon mass spectra are shown‘ in
Fig. 4. There is .ne evidence of A1 production in these data, .especially after
wehave removed from reaction (3) events where one of the '1r+' is consistent
with coming from the decay K*r+(890') - K01r_+,- a competing reaction (see
hatched graphs in Fig.‘. 4)..

In summary, we conclude that there is evidence in our experiment
against the -production of the A, in reaction (1) with a 'cross,sectfldn‘,.greater.
than5 pb, and no convincing evidence for its p‘roduetion in the UR data,where
a production cross section of40 b was quoted; There is also no evidence in
our experimentvf_or A1 production in reactions (2a), (2b), or l(3) with a cross

section greater than5 pb.

We thank Joseph J. Murray for his work in beam design and con-
struction. Wevgratefully acknowledge the assistance of the staff of the
Stanford Linear Accelerator and the 82-Inch Bubble Chamber.in obtaining the
data for this expe riment. We also acknowledge the help of the Lawrence
Radiation Lab.oratory Group A Scanning ancl Measuring Groﬁp in data reduc- -

tion and we are grateful to Gerald R. Lynch for stimulating discussions. .
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where 1_5+ and _15_ are the three-momenta of the'r'r+ and the w°,

i'esf)écti'{rely, in the 37 c.m.) We define this contour using the
P+XP |2

parameter N\ = » where Q is the total kinetic

Q2 +2Qm

énergy of the three pions. in their c.m. and m is the sum of the
masses of the three pions. This definition of A is an energy-in- -
variant generalizatioh of the definition given in Ref. 3. The value

of N used is 0.006.

14. The technique we use is similar to that used in studying the kinematical

i

origin of the H meson. See, for éxample, A. H. Rosenfeld, N.
Barash-Schmidt, A. Barbaro-Galtieri, L. R. Price, P. Ssding,
. C. G. Wohl, M. Roos, and W. VJ. Willis, Rev. Mod. Phys. 40,
77 (1968); S. -Y. Fung, W. Jackson, R. T. Pu, D. Brown, and

" G. Gidal Phys. Rev. Letters 21, 47 (1968).

15. Adding the control regions together causes the p sigha'l to be obscured.

This explains UR's observation of the absence of the p signal when

they summed their control regions.
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Fig. 1.

Fig. 2.

Fig. 3.
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|

Figure Legends

Three-pion mass spectrum for events in reaction (1) with |

(@) 1t 1 =1.0 GeVZ, b) It I = 0.3 GeVZ. The ‘dots represént‘
PP PP : - ,
the data of Fig. 1b of Ref. 3 multiplied by 2.6.

(a) Three-pion mass spectrum for those events of Fig. 1b with
A = 0.006.

(b) Th\ree-pion mass spectrum for those evenfs of Fig. 2a in which
at lgast one ("5:"0) c;pmbi_nat»ion hé.g a mass betweeﬁ 0.67 a_.nd 0.86v
‘Ger» The daSI__led lines are a prediction assumiﬁg a completely
uniform Dalit’z plot (see text). |

(c) Nérmé,lized Dalitz plot showing the contour \ = 0.006 and the

position of the pi- bands (0.67 < M(wiwo

) = 0.86 GeV) for M(3m) = 1
GeV. The arrows show the directiﬂyons in thich t}l1e.respective p |
bahaé fnove for increasing M(3w).

(d) The 'p probability distribution (RPD) -- the fraction of the
periphe.ry of the Dalitz plot (A =< 0.006) occupied by the pi bands
as a function of M(3w).

(a), (c), (e) The (1r+1r-) mass distribution for events of Fig. 1a below
(900 events), in (2559 events), and above the A1 region (1411 events),
respectively.

(b), .(d), {(f) The ‘sum éf the (Tl’+11’0) and (‘IT-TTO) mass di.stributions for

" events of Fig. 1a below, in, and abdve the A1 region, respectively

(2 combinations per event).



Fig. 4.

Three pion mass spectra for events with ltppl = 1.0 GeV.
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2

X .
The hatched events are those with a competing K +(890) removed.

(a)
(b)
(c)
(d)

M

M('rr+1r+'rr—) from reaction (2a).
M('rr+1r+1r_) from reaction (3).
M(1r+11"170) from reaction (3), two combinations per event.

M(TT+1T+TT_) from reaction (2b).
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