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Observation of Ap mass enhancement in the reaction K d ~Ape+7. r 7r
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A study of Ap mass distribution is made from the analysis of bubble-chamber data of the reaction
K d ~Ap7r+7r m at K beam momenta of 1.45 and 1.65 GeV/c. A statistically significant peak in the

Ap mass distribution is observed at 2130 MeV. Another Ap mass peak in the region 2195—2210 MeV is

also seen but its statistical significance depends on the choice of the background estimate.

I. INTRODUCTION

In the past few years several possible enhance-
ments have been reported in the AN invariant-
mass distribution' ' through experiments per-
formed with K d interactions, ' ' K or Z capture
in helium"' and K capture in CF,Br," neutron
interactions with carbon, '""

pp interactions, "p
interactions with Be,"and K capture in nuclear
emulsions. ""All experiments report enhance-
ments in the Ap or An invariant-ma. ss distributions
a, t varying values lying in a broad region of about
2058 to 2570 MeV (Table 1). Of all the enhance-
ments reported so far, one that has been found
prominently is at M(AP) =2130 MeV. This was
first reported by Dahl et al. ' in the study of K d
interactions at rest. This was further substanti-
ated by the analysis of Cline et al. ,

' where the
data on the reaction K d-Ap7t at K beam mo-
menta of 400 MeV/c was analyzed and an enhance-
ment in the Ap invariant-mass distribution at
M(AP) —2126 MeV with a width I'~ 10 MeV was
reported. This enhancement if interpreted as a
resonance in the (AP} system could be the I= —

„

Y = 1 member of a.n SU(3) decuplet which includes
a deuteron in the I=O, Y=2 position. An alterna-
tive explanation of this peak is due to the conver-
sion process &N —AN, which does not require the
introduction of any Ap resonance. '4

Most of the K d experiments reported so far
have analyzed the Apw final state, and a. few have
analyzed the four-body final state Ap7t m'." The
results of the three-body channel Ape, from this
experiment, have already been published. ' In this
paper we report additional information about Ap
mass enhancement from the analysis of the five-
bod y fina1- s tate reac tion

K d-Ap7t'g g

at K moments. of 1.45 GeV/c and 1.65 GeV/c. (1)

II. EXPERIMENTAL DETAILS AND ANALYSIS

The data used for this analysis consist of 2487
events of reaction(1}, having 1117 events with seen

K d-Apm'v m m,

K d-Apz'p p +neutral.

(2)

(3)

(4)

The ma, in ambiguity comes from channel (2),
where the A observed may come directly from
reaction (1) or as a decay product of Z' in channel
(2). Since we have considered the uniquely fitted
events for this analysis, the contamination due to
ambiguity of this type should be substantia. lly re-
moved. However, as a check to the quality of data
we have discussed the resolution of this ambiguity
here, . For this we exa.mine the distribution of
cosa„,where 8„is the angle between the direc-
tions of Z' and its decay y in the &' rest system
defined as

2E lab

7 Ei ab (~ 2 M 2) p lab

where E and p stand for the energy and momentum
of the respective particles. For the AP7t'Yt 7t

events with A decay seen, the cose„distribution is
shown in Fig. 1. All the Ap7t'7t Tt events gave un-
physical values of cosa„,i.e. , cos&„&—1, which
shows that A-~' ambiguity is absent for these
events

A —pm decay and 1370 events where A decay was
not seen. This data came from a. K d bubble-cham-
ber experiment carried out at the Rutherford High
Energy Laboratory by a collaboration of Univer-
sities of Birmingha, m, Edinburg, Glasgow, and
Imperial College, London. The Saclay 80-cm
bubble chamber filled with liquid deuterium was
exposed to a separated K beam at incident mo-
menta of 1.45 GeV/c and 1.65 GeV/c. For this
analysis, the data from the two exposures were
combined. The details of scanning, measuring,
and kinematical fitting, etc. have been given before
in Refs. 17 and 18.

The events of reaction (1) can be ambiguous with

any of the following channels:
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Channels (3) and (4) can be kinema. tically sepa-
rated from channel (1) by plotting the histograms
of missing-mass (M„)squared. As there is no
neutral missing particle in channel (1), this should
have the missing-mass distribution peaked at zero
(within measurement errors, of course) whereas,
the M»' distribution for cha. nnel (3) and (4) should
be peaked at M'(»') and M'(neutral), respectively.
In Fig. (2a) we have displayed the histogram of the
M»' distribution for channel (1). For a, total sam-

pie of events (both with seen and unseen spectator
protons)" the distribution has a peak at zero, ex-
cept for few events (= 30) in the 950-MeV mass
region. But the events with seen spectator protons
have no such high-missing-mass events. %e thus
find that channels (3) and (4) are kinematically sep-
arable from channel (1) and restricting the miss-
ing-mass distribution in a narrow band (l M»'I
~ 0.05 Gep') around zero, the number of ambiguous
events of channel (1) due to channel (3) and (4) is

TABLE I. Summary of observed AN mass enhancements.

Momentum p of
the incident

particles
(MeV/c) Reaction

Peak in the Ap/

invariant- mass
dis tribution

(MeV)

Width of the
distribution

(MeU)

DaM
et al. (Ref. 1)

Cline
et al. (Ref. 2)

Alexander
et al. (Ref. 3)

Tan
(Ref. 4)

Eastwood
gt al. (Ref. 5)

P ~450

@=910, 1007,
and 1106

p=0 (at rest)

K d Apvf =2130

—2126

2128.7
2138.8

7 +0.6
9.1+ 2.4

Sims
et al. (Ref. 6)

Sodhi
et al. (Ref. 7)

Bunnel
et al. (Ref. 8)

p=670 and 975 K d- A~ p
A~-~op
Azn pg

2127 + 1
( =2104)

8+1
(=80) '

C ohn
et al. (Ref. 9)

Bur an
et al. (Ref. 10)

Vishnevskll
et al. (Ref. 11)

Shahbazian
et al. (Ref. 12)

p=0 (at rest)

P =4.3 Gev/c

p= 7.0 GeV/c

Z (4He) Ae H

E (C FSBr) Ap

~+12C~ APfs ~ ~

pg +'2C -pAK 0(~7()

2098

=2220
=2573

2125.2+ 2.5
2251.4+ 3.9

20

20.6 + 5.2
21.1 + 5.4

Present work p=1450 and 1659 & d Ap& « —2130
=2200

Mellisinos
et al. (Ref. 13)

p=2400 and 2850 pp=A& p 30

Piroue
(Ref. 14)

lain
(Ref. 15)

P= 950 p(Be) K+MA' '

K (emulsion) Ap

~ These values of mass and width are according to our interpretation of data (see Ref. 7) ~

The enhancement reported in this paper was subsequently explained as due to experi-
mental biases (see Ref. 16).
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FIG. 1. cos8y distribution for events of the reaction
& "d AP7r+n' n'

Seen spectators

considerably reduced to = 3k.
For the one-constraint AP7t'm 7) channel, i.e.,

where A decay was not seen, the missing-mass—
squared distribution should be peaked at M'(A').
Figure 2(b) shows the Mz' distribution for this
reaction. It clearlY shows a. peak at M'(A'), as
expected, with a small excess of events on the
low-missing-mass side, which is removed when a
sample of events with visible spectator protons is
selected.

400

300—

—0.05 0.0 0.05 0.05 OA) 0.05

(Missing mass) (Gev )
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III. RESULTS

The AP invariant-mass distribution for a total of
2487 events of the data is shown in Fig. 3. The
enhancement in the 2130-MeV mass region here-
tofore seen only in three-body and four-body final
states of K d interactions is seen to be present
also in the five-body final state. A spike in the
2060-MeV mass region is also seen which disa-
ppears when the events with seen spectator protons
were separated. The Ap invariant-mass distri-
bution for 1116 such events (with seen spectator
protons) is given in Fig. 4. The absence of the
spike, near threshold, in seen-spectator events
shows that this was probably due to ambiguities
and contaminations in the unseen-spectator events
(which have either a one-constraint or a zero-con-
straint fit). Two enhancements at=2130 MeV and
in the 2195-2200—MeV mass region are now visi-
ble above the hand-drawn background estimate.

$n order to obtain a sample of events in which
probably both nucleons in the deuteron take part
in the R"d interactions, we have applied a lower
cutoff at 150 MeV/c (Ref. 7)for the momentum

(P, ) of the protons in the APv'v v final state. The
AP invariant-mass distribution for 644 such events
(having p, ~ 150 MeV/c) is shown in Fig. 5. This
cha. nnel contains Am' in the fina. l state and is there-
fore expected to show a peak, corresponding to
well-established Z(1385), in the Aw' invariant-

At( events

Seen spectators

100- 100—

0.9 1.10 1.30 1.5 0.9

(Missing mass) (Gev )

1.30

mass distributions. The A7t' and A7) (two combi-
nations per event) invariant-mass distributions
are shown in Figs. 6 and 7, respectively. Both
these distributions show a peak in the 1385-MeV
mass region corresponding to the resonance &

(1385). To check the interference of these reso-

FIG. 2. (a} (missing ma») distribution for E d—Apr+7r 7r (seen A decay). (b) (mi»ing mass) distri-
bution for E d Ap7r+7r 7r (unseen A decay).
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FIG. 5. Ap invariant-mass d).str)bution for events with
spectator-proton momentum ~ 150 MeV/e.
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FIG. 3. AP invariant-mass distribution for all events.
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nances on the Ap peak, we have removed the events
in the peak region of the Aw distribution [I.e. , 1405
~ M(Aw) ~ 1365 MeV]. The Ap invariant-mass dis-
tribution of the remaining events is shown in Fig. 8.
The two enhancements, one at = 2130 MeV and the

other in the region 2195-2210 MeV are still visi-
ble.

It may be remarked that the existence of the sec-
ond enhancement is sensitive to the choice of the
background. An alternative background estimate,
shown by the dashed line in Fig. 4, which may be
just as good a fit makes the second peak statis-
tically insignificant and leaves only enhancement
at =2130 MeV.

IV. DISCUSSION

Our results may be compared with those reported
earlier in the Ap7), Ap7) z', and other multibody
AN ~ ~ ~ final states (Table I). In the three-body
channel of K d (Refs. 1-6}or K ('He) (Hef. 8} in-
teractions, all experiments have reported one en-
hancement in the Ap system in the 2130-MeV mass
region and having a width ~ 10 MeV, with the ex-
ception of Ref. 4 where an additional Ap mass en-
hancement at = 2139 MeV with a width of = 9 MeV
is also reported. The AP mass enhancement
around 2130 MeV is also reported in the four-body
channels APw w' (Hefs. 6,7) and Anw w', ' but the
peak is shifted to a much lower value and the

50-

01
2.03 2.18 2 48

M(~p) (('ev)

FIG. 4. AP invariant-mass distribution for events with
seen spectators. The solid and dashed curves are two
extreme possibilities of the (hand-drawn) background
estimate.
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NI( ATf+) ( GeV)

I
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FIG. 6. Am invariant-mass distribution (for seen
spectators only) .

1.65
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FIG. 7. A~ invariant-mass distribution (two combin-
ations per event).

width of the distribution is large. 'The experiments
with Z ('He) interactions' or K interactions with
complex nuclei" report the Ap mass enhancement
peaked at = 2098 MeV and = 2220 MeV, respec-
tively. Other experiments involving five or more
particles in the final state, ""including the pres-
ent one, report enhancements in the higher-mass
region of = 2200 MeV and 2250 MeV in addition to
the usual 2130-MeV mass enhancement. Qn the
other hand, the experiments with PP and P(Be) in-
teractions'"" report enhancement in the AP mass
spectrum in a widely different region of 2058 MeV
and 2360 MeV. It is expected that a genuine phys-
ical process due to a resonance should show that
the position and width of the AN mass peak is prac-
tically independent of the nature and momentum of
the incident particle and also of the reaction chan-
nel used. Since this is not the case, a simple res-
onance interpretation of this effect seems to be
doubtfu l.

A particular difficulty in the interpretation of
2130-MeV Ap mass enhancement is the proximity
of the peak to the 'ZN threshold, which is =2129
MeV for 5'n and =2131 MeV for Z'p systems. In
fact, attempts' ' have been made to explain the
AP mass enhancement due to a kinematical effect
involving an intermediate & hyperon, i.e. , R d
-~ (~N), &N-AP. Because of the difficulties of
isolating a genuine Ap resonance effect from a &N
conversion process, the possibility of this effect
being due to some combination of both the reso-

0
2.0

I

2,15
I

2.30
M( hp) ( GeV)

2.45 2.60

FIG. 8. AP invariant-mass distribution for events
remained after subtracting (a) the events in the A7f

peak region and (b) the events in the An+ peak region.
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nance and conversion process cannot be ruled out.
'The other reactions sensitive to this effect, viz. ,
free AP (Ref.20) and ZP (Ref. 21), scattering
experiments, based on rather poor statistics, do
not give a clear picture. Keeping all this in view
and in the absence of direct experimental proof,
we feel that it is too premature to invoke the ex-
istence of a dibaryon resonance involving the AN

system.
The enhancement in the higher-mass interval of

2195-2210 MeV observed in our data (Fig. 8) has
been reported earlier by Buran et al. " in R cap-
ture in CF,Br and by 7ishnevskii et al. "and
Shahbazyan et al. " in neutron capture in carbon.
Howe ve r, this result too should be viewed with
caution in view of the limited statistics of the pres-
ent experiment.
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