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Ha6nonenue anomanuu B crekrpe 3doeKTHBHLIX Macc (T p ™)
MesoHos ¢ M . _ = 0,40 TaB/c 2 u ['<0,03 I'sB/c?2
B peakuus 0p-dr'r” npm umnynbce seiirposa P, = 1,73 I'sB/c

lpencrasien sxcnepumeHTaNbLHBIN MaTepran N0 HCCNENOBAHNIO
peakuuii np - dr"n” np - nprn T NpH HMOyIbCcax Nmagawwero Heurpona
P, = (1,73; 2,23) I=B/c. ﬂo'lyqeﬂu ceyeHus peaxumu np -dr’n
B HHTepBa/lle umiryabcoe Fp (1+3) T'sB/c, Habnionena uobast anomanus
B crexTpe addexTuBHbX macc M_~ - peakmuu np-d=z* rr—npu Pp =
1,73 I'sB/c. Muk naxoaurcs an M,.,+,.,- = 0,40 I'sB/c? u umeer MOJHY10
wupray I’ mewnwe 0,03 TaB/c 2 Jau 0630p IKCNMepPHMeHTAlbHbLIX AaHHBIX
no asomanuu B paione macc 0,33 TsB/c 2 [das noHumanus ApUpOab
oCofeHHOCTel B CllekTpe Macc M.+, - HyXia TeopeTHueCKad WHTepnpeTalid,

]

Pa6ora suinonnesa B JlaSopaTopum BhICOXKHX sHeprzit , OHSH.
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Observation of Anomaly in the {(r*n7)

Effective Mass Spectrum with M ptp= = 0.40 GeV/c
and I' < 0.03 GeV/c? in the Reactlon np-drt

at a Neutron Incident Momentum of Pn =1.73 Gev/c

Experimental data are presented on a study of the
reactions np-+ds* g~ and np-nprts = at incident
neutron momenta Pp=(1.73; 2.23) GeV/c. The cross sec-
tions of the reaction np-ds*s”~ have been obtained
in a range of momenta P;= (1%5) GeV/c. A new anomaly
has been observed in the M,+,- effective mass spectra
of the reaction ap-des*sz~ at P, =1.73 GeV/c. The
peak position is at 0.40 GeV/c? and its full width is
0.03 Gev/c?

The investigation has been performed at the
Laboratory of High Energies, JINR.
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INTRODUCTION

A series of experiments/%ﬁ/ have been re-
cently carrled out to study the so-called
ABC-anomaly’/lV. The ABC effect was clearly
observed in the missing mass spectra (mm)°
for the reactions

np - d+ (mm)>’ ¥, (1)
@ - He + (mme’ ¥ (2)
dd » *He + (mm)° /4{/ (3)

In the reactions, where the missing mass is
positive,

pp - d + (mm) ", (4)

dp >t + (mm)” (5)

no . anomaly was observed. This fact was

a foundation for a formal attribution of
isospin =0 to the anomaly. The experi-
ments/%ﬂfwere performed at incident momenta
per nucleon Py =(1+2) Gev/c. The peak po-
sition shifts to the right from 0.30 GeV/c
to 0.36 GeV/c?with increasing momentum P

The production cross section of the ABC- ano—



maly rapidly decreases with growing Py. So,
for P0: 2 GeV/c the peak practically dis-
appears. The full width of the anomaly,T,

is about 60 MeV/c® To illustrate the signi-
ficance of the effect, figure 1 presents
experimental data on the reaction (3) for

a deutron incident momentum of Pd’ 2.5 GevV/c
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at a detection angle of a -particles Bhe=
=0.3% One can see a sharp peak corresponding
to the ABC-anomaly.

The reaction

np»drn” (6)

has been studied in the continuous neutron
spectrum P = (1 +4) GeV/c using the bubble
chamber technique/w.

Different theoretical models/7£/ have
been proposed to explain the ABC-anomaly.
In particular, for the reaction (6) the con~
tributions of the following diagrams are
significant:

b) It

This means that there are two important po-
ints in ABC-anomaly formation: N scattering,
in which the first isobar (A) dominates at
small energy, and the deutron production
formfactor.

It is interesting to note that an insig-
nificant anomaly was observed at 0.45 GeV/c?
(DEF) in studies of the react&on (2) in one
of the missing mass spectra’/*’ at P,-=
=3.49 GeV/c and a registration angle of
03140=28% 1In other reactions this peak was
not observed.

Previously“v we presented some experimen-
tal data on the reaction (6) obtained in
a neutron beam. In the Mo+ - effective
mass spectrum at P, =1.73 GeV/c we observed
a new anomaly with a mass of 0.40 GeV/c?2 and
a width of ['< 0.03 GeV/c 2. This paper is
a continuation of this study.



EXPERIMENTAL DATA

The JINR one-meter hydrogen bubble chamber
was exposed to a quasimonochromatic neutron
beam/%?obtained from the deutron stripping
on an Al target. The momentum neutron spread
Ap/p did not exceed 3%. The angular spread

of the beam was -~0.3 mragd. In this paper
we present the experimental data at four
neutron momenta: Pi=(1.73; 2.23; 3.83:

5.10) GeV/c.

About 70 000 3-prong events were treated.
The fraction of unmeasurable events did not
exceed 3%. The reaction np-dr*r~ was selec-
ted by the xZ%-method followed by visual
particle identification. At P,=1.73 and
2.23 GeV/c the numbers 0of events from the
reaction (6) were 1447 and 697, respectively,
The contamination from the other channels
was not larger than a few per cent. At P,=
=3.83 and 5.10 GeV/c the separation of the
reaction becomes difficult due to a large
contamination. The use of the method of ge-
paration from different hypotheses 10/ac—
cording to their relative probability makes
it possible to estimate the cross section
of the reaction (6) at Pp=3.83 and 5.10Gev/c.
The cross section 74 of the process at all
energies was determined by the formula

0d=""""03, (7)
3
where Nd is the number of events attributed
to the reaction (6); Ng is the total number
of 3-prong events: og 1s the to ?}ogical
cross section of 3-prong events !V,

Figure 2 shows the reaction cross section
versus the neutron momentum R,-The cCross
sections, we have determined, are given in

6

S(Np~dT*T")mb.

10 2.0 50 40 5.0
R(Cﬂk)

Fig. 2. The cross section of the np »dr n”
reaction versus neutron momentum.

the table. The cross sections, taken from
paper /5, are denoted by triangles. It is
seen that the cross section has its maximum
in the vicinity of P, =2 GevV/c, and then it
sharply falls to a few tens of microbarns.

Table
P,(GeV'c) 1.78 2.23 3.83 5.10 B
a4 (mb) 0.270+0.015 0.33010.020 0.05010.020 0.030+0.020
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Fig. 3. The M+ -
50 H - effective mass in the
reaction npadrtr .
a) P, = 2.23 Gev/c;
b) Py=1.73 Gev/c.

| | | The solid line cor-
025 0 055 0 08 responds to the
M(T*T) Gev/c? phase space curve.

In fig. 3 we present the M+ - effective
mass distributions. Here and later on the
solid line corresponds to the pPhase space
normalized to the total number of events.
The lower histograms correspond to the data
at P, =1.73 GeV/c, the upper ones at
2.23 GeV/c. The Mﬂ+”- experimental resolu-
tion is ~10 MeV/c & The upper histogram is
satisfactorily described by the phase space
curve while two anomalies are clearly seen
in the distribution at Pp=1.73 GeV/c. The

maxima of the peaks are positioned at M+ -=
= 0.33 and 0.40 GeV/c? The full width of
the second anomaly is I' < 0.03 GeV/c2.If the
first peak corresponds to the ABC-anomaly,
the second one is a new anomaly. If the

phase space curve is normalized to the

height of the maximum between the two peaks
in the M+, - distribution atPp,=1.73 GeV/c,
the excess over such a background is ~6
standard deviations. The cross section of the
second anomaly is ~20 microbarns.

In fig. 4 one can see the 6#* distribu-
tion in the c.m.s. of the reaction for deut-
rons and ﬁt—mesons. Due to the isotopic
symmetry of the reaction (6), the angular
distributions of =’ -mesons are added to the
mirror reflected distributions for 7~ - me-
sons. It should be noted that all the distri-
butions for isotopically conjugated values
are in good agreement. From fig. 4 it is
seen that thF angular distributions of deut-
rons and 7 -mesons are close to isotropic
ones.

Figure 5 gives the distributions over cos¢*
between #'- and 7 -mesons in the c.m.s. of
the reaction. It is seen that the number of
events decreases at P,=1.73 GeV/c near
$*=0°. It has been found that the number of
events for 1<cos¢*<0.2 ,0.2<cos¢*<~0.2 and
-0.2< c08¢*<-1 practically coincides with the
number of events in the first peak, between
the peaks and in the second peak (fig. 3bh).
Figure 6 presents the momentum distributions
of deuterons in the c.m.s. Here one can also
see two enhancements at P = 1.73 GeV/c
which are in agreement with the data of
fig. 3b. In fid. 7 we present the % momentum
distributions in the c.m.s.

[7-
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Fig. 4. The angular dis-
tributions in the c.m.s.
of the reaction np-dstsn™
for deutrons and nt—
mesons. a), b) P,=

= 2.23 GeV/c and c¢),d)
P, =1.73 Gev/c.
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Fig. 5. Distribu-
tions over cosg¢*
between % and »
mesons in the
c.m.s. of the re-
action np-dr 7",
a) Pn=2.23 gev/c;
b) Pi=1.73 Ggev/ec.
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Fig. 6. Deutron momentum distributions in
the c.m.s. of the reaction np - dntn

a) Pp=2.23 Gev/c: b) Pi= 1.73 GeV/c. The
solid line corresponds to the phase space
curve,

Figure 8 shows the Mm; effective mass
distributions. One can observe an excess

over the phase curve. Such an effect is

Lk
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Fig. 7. 7; momentum distributions in the
c.m.s. of the reaction np-drts.

a) P,= 2.23 Gev/ci b) P, = 1.73 GeV/c.

The solid line corresponds to the phase

space curve.

often interpreted as a d* anomaly. The mean
value of Myt is shifted to the right
from 2.11 GeV/c? at P, =1.73 GeV/c to

2.19 Gev/c?® at P, = 2.23 GeV/c.
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It is of interest to compare the expe-
rimental distributions for the reaction

mp+dr* 7~  yith the data for the reac-
tion
+_
np - nprm 7, (8)

where the secondary neutron and proton are
not bound together to deutron. We present
some experimental data at Pn=l.73 and

13



2.23 GeV/c. Reaction (8) was selected by
the y2 method with a subsequent visual
identification of secondary particles. The
contamination from the other channels was
not larger than 5%. The numbers of events
are 834 and 35835, and the cross sections
of the reaction (8) are (0.55% 0.05) mb
and (4.05 *0.25) mb at P,=1.73 GeV/c and
2.23 GeV/c, respectively.
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Fig. 9. The Mn+ﬂ— effective mass in the
reaction mp » mpr 7. a)P,=2,23 Gev/c;

b) Pp= 1.73 Gev/c. The solid line corresponds
to the phase space curve.
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In fig. 9 we present the Mﬂ+ﬂ_ effective
mass distributions from the reaction
npanmﬁiiOne can see that there are no signi-
ficant peaks in these effective mass dis-

tributions. The Mpmﬁ effective mass dis-
tributions are given in fig. 10. The mean
value of M 4 is shifted to the right

pnmr—
from 2.12 GeV/c? at Pho=1.73 GeV/c to
2.25 GeV/c? at Py=2.23 Gev/c.
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Fig. 10. The Mpmi b J
effective mass in the
reaction npanpntr” 200
a) Py=2.23 Gev/c;
b) Pp=1.73 GeV/c. The
solid line corresponds \ . .
to the phase space 20 2i5 230 245 25
curve. M (P T2), Geviet
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CONCLUSION

The peak with a mass of 0.40 GeV/c®is not
observed in the reactions np » d + (mm) "’
at P, = 1.88 GeV/c and np > dntn /5> at
P,< 1.83 GeV/c. For the first reaction
the missing mass spectrum is preliminary
and can be changed by (10-20)%. Moreover,
the experimental resolution mass (mm)  was
insufficient to observe the two anomalies.
In the second reaction the absence of the
anomaly can be explained by a wide momentum
spectrum of incident neutrons, i.e., the
position of the ABC-anocmaly is shifted with
changing momentum P,.

Thus, a new anomaly is observed in the
Mo+ - effective mass spectrum for the
reaction np - dets” at P, = 1.73 Gev/c.
The peak position is at 0.40 GeV/c?,and its
full width is [ < 0.03 GeV/c?.For under-
standing the nature of the anomaly, a theo-
retical interpretatuon is needed.
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