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Abstract

Bezzubov V.A. et al. New data on the reaction p+N → [Σ0K+] +N at Ep = 70GeV: IHEP

Preprint 96-36. – Protvino, 1996. – p. 12, figs. 10, refs.: 24.

New data for the coherent diffractive reaction p + C → [Σ0K+] + C at Ep = 70GeV have

been obtained with the modernized SPHINX setup. These data are in a good agreement with
our previous results for the reaction under study. In the summed up mass spectrum M(Σ0K+)
some structure in the threshold region with mass ∼ 1810MeV and strong X(2000) peak with

M = 1996± 7MeV and Γ = 99± 21MeV are clearly seen. The unusual features of the massive
X(2000) state (small enough decay width, anomalously large branching ratios for decay channels

with strange particles emission) make it a very serious candidate for cryptoexotic pentaquark
baryon with hidden strangeness |qqqss̄〉. We also present new information about a narrow

threshold structure withM ∼ 1810MeV and new data for M(Σ0K+) and M(pη) spectra in the
reactions p+N → [Σ0K+]+N and p+N → [pη]+N in nonperipheral region with P 2T > 0.3GeV

2.

aNNOTACIQ

bEZZUBOW w.a. I DR. nOWYE DANNYE O REAKCII p + N → [Σ0K+] + N PRI Ep = 70g“w:
pREPRINT ifw— 96-36. – pROTWINO, 1996. – 12 S., 10 RIS., BIBLIOGR.: 24.

w OPYTAH S MODERNIZIROWANNOJ USTANOWKOJ sfinks POLUˆENY NOWYE DANNYE O DI-

FRAKCIONNOJ KOGERENTNOJ REAKCII p+C → [Σ0K+] +C PRI “NERGII PROTONOW Ep = 70g“w.
—TI DANNYE HORO[O SOGLASU@TSQ S NA[IMI PREVNIMI REZULXTATAMI DLQ ISSLEDUEMOJ RE-

AKCII. w SUMMARNOM MASSOWOM SPEKTRE M(Σ0K+) POMIMO OKOLOPOROGOWOJ STRUKTURY S

MASSOJM ∼ 1810m“w DOMINIRUET ˆETKIJ X(2000)-PIK S PARAMETRAMI M = 1996±7m“w I

Γ = 99± 21m“w. nEOBYˆNYE SWOJSTWA “TOGO MASSIWNOGO X(2000)-SOSTOQNIQ (SRAWNITELXNO

MALAQ RASPADNAQ [IRINA, ANOMALXNO BOLX[AQ WEROQTNOSTX DLQ RASPADNYH KANALOW S ISPUS-

KANIEM STRANNYH ˆASTIC) DELA@T EGO OˆENX SERXEZNYM KANDIDATOM W KRIPTO“KZOTIˆESKIJ

PQTIKWARKOWYJ BARION SO SKRYTOJ STRANNOSTX@ |qqqss̄〉. pREDSTAWLENY TAKVE NOWAQ IN-
FORMACIQ O SWOJSTWAH UZKOJ OKOLOPOROGOWOJ STRUKTURY S M ∼ 1810m“w I NOWYE DANNYE O

MASSOWYH SPEKTRAH M(Σ0K+) I M(pη) W REAKCIQH p+N → [Σ0K+] +N I p+N → [pη]+N
W NEPERIFERIˆESKOJ OBLASTI S P 2T > 0.3g“w
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Introduction

An extensive research program of studying the diffraction hadron production by pro-
tons with energy Ep = 70GeV and the search for cryptoexotic pentaquark baryons with
hidden strangeness Bφ = |qqqss̄〉 (here q = u; d quarks) is carried out in the experiments
of the SPHINX Collaboration. This program was detailed in reviews [1].
Cryptoexotic Bφ baryons do not have external exotic quantum numbers and their

complicated internal valence structure can be established only indirectly, by examining
their unusual dynamical properties which are quite different from the properties of or-
dinary |qqq〉 isobars. These anomalous features are as follows (see review papers [1] for
more details):

1. The main OZI allowed decay modes of Bφ baryons to be the ones with strange
particles in the final states (for ordinary isobars such decays have branching ratios
at the percent level).

2. Cryptoexotic Bφ baryons can combine heavy enough mass values (M > 1.8 ÷
2.0GeV) with narrow enough decay widths (Γ ≤ 50 ÷ 100MeV). This is due to
a complicated internal color structure of these baryons with significant quark rear-
rangement of color clusters in the decay processes and a limited phase space for OZI
allowed B → Y K decays. At the same time typical decay widths of well established
|qqq〉 isobars in this mass region are of the order of Γ ≥ 300MeV.

As was emphasized in a number of papers [1–5], diffractive production processes with
the Pomeron exchange offer new possibilities in the search for exotic hadrons. Originally
these possibilities were associated with a model of Pomeron with small cryptoexotic (qqq̄q̄)
component [2, 3]. In modern notions Pomeron is a multigluon system which permits exotic
hadron production in gluon-rich diffractive processes.
The Pomeron exchange mechanism in diffractive production reactions can induce co-

herent processes on the target nucleus. In such processes the nucleus acts as a discrete
unit. Coherent processes can be easily identified from the events distribution in the trans-
verse momentum of the final state particle system. They manifest themselves as diffractive
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peaks with large values of the slope parameters determined by the size of the nucleus:
dN/dP 2T 
 exp(−bP 2T), where b 
 (8÷10)A2/3GeV−2. Owing to the difference in the
absorption of single-particle and multiparticle objects in nuclei, coherent processes could
serve as an effective tool for the separation of resonance against multiparticle nonresonant
background (see, for example, Ref. [7]). This suggestion can be illustrated schematically
by Fig. 1.
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Fig. 1. Schematic illustration of the coherent suppression of nonresonance multiparticle back-
ground in the reactions p+(Nuclei)→ R+(Nuclei), R→ a+b+c (resonance produc-
tion) and p+(Nuclei)→ [abc]+(Nuclei) (nonresonance background) due to the differ-
ence in the resonance and background absorption in the target nuclei. As a result of this

coherent suppression it is possible to conclude that σcoh(resonance)

σcoh(background)
> σnoncoh(resonance)

σnoncoh(background)
.

The studies of several proton induced diffractive production processes of p + N →
Y 0K+ + N type as well as p + N → pK+K− + N , p + N → ppp̄ + N , p + N →
pπ+π−π0+N and some other reactions were performed in the experiments of the SPHINX
collaboration with 70GeV proton beam and polyethylene target. The SPHINX facility,
which is used in these measurements, includes a wide-aperture magnetic spectrometer with
scintillation counter hodoscopes, proportional chambers, drift chambers and multichannel
γ-spectrometer with lead glass total absorption detectors. The charged particles in the
final state were identified by means of a RICH differential Cherenkov spectrometer and
two threshold gas multicell Cherenkov counters C1 and C2. The detailed description of
the apparatus is available in Ref. [8].
As is seen from dN/dP 2T plots for all the above mentioned processes there are strong

narrow forward cones in these distributions with the slope b ≥ 30÷40GeV−2, which
correspond to coherent diffractive production reactions on carbon nuclei. For the isolation
of the coherent production events the ”soft” or ”stringent” cuts in P 2T can be used:

1. The soft transverse momentum cut P 2T < 0.075÷0.1GeV2; with soft cut the nonco-
herent background among the selected events may be as large as 30÷40%.

2. The stringent transverse momentum cut P 2T < 0.02GeV2; with this cut the non-
coherent background constitutes no more than 8÷10% of the selected events. The
price for this low noncoherent background is a partial reducing of the coherent
reaction statistics.

The data for all diffractive and coherent reactions mentioned above were used for the
thorough searches for new baryon states and, primarily, some candidates for cryptoexotic
baryons with hidden strangeness [8–18].
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1. Previous data on the coherent diffractive reaction

p+ C → [Σ0K+] + C

One of the main results, obtained at the SPHINX setup was connected with the study
of (Σ0K+) system in the coherent diffractive reaction

p + C → [Σ0K+] + C (1)

→ Λγ

→ pπ−

(see [13, 15–18]). Reaction (1) was separated during the study of the events with Λ
hyperon,K+ meson and single photon in the final states for diffractive proton dissociation.

Fig. 2. The separation of the reaction p+N →
[Σ0K+] + N in the study of invariant
mass spectrum M(Λγ) in the reaction
p+N → ΛγK++N (old data from the

SPHINX setup — see [13,16,17]).

The effective mass spectrum of Λγ sys-
tem for these events is shown in Fig. 2. The
peak of Σ0 → Λγ decay in this spectrum
is clearly seen. Thus, reaction (1) is iden-
tified and coherent events are singled out
using P 2T distribution.
The effective mass spectrum M(Σ0K+)

for coherent reaction (1) with P 2T <

0.1GeV2 is presented in Fig. 3. In this
spectrum besides some small structure
with M ∼ 1800GeV in the threshold re-
gion, a strong peak X(2000) is clearly ob-
served. The main parameters of X(2000)
structure are:

M = 1997 ± 7MeV;
Γ = 91± 17MeV;
statistical C.L. of the peak is 7 s.d.



(2)

Such shape of mass spectrum Σ0K+

(with additional structure in the thresh-
old region) shows that X(2000) peak can
not be explained by nonresonant Deck-type
diffractive singularity. It seems that this
peak has a resonant nature.
For the searches of other decay channels for X(2000) baryon state the simultaneous

analysis of the SPHINX data on the coherent reactions

p+ C → pπ+π− + C (3)

→ ∆(1232)++π− + C (4)

has been performed together with (1) and under the same kinematical conditions. Pre-
liminary data on the reaction of [∆(1232)++π−] production were obtained in our previous
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work [10]. The diffractive production of some isobar-like structures with mass ≈ 1460MeV
and ≈ 1715MeV were clearly seen in these data.

N/40MeV

Fig. 3. The effective mass spectra M(Σ0K+) in the coherent reaction (1) (P 2T < 0.1GeV2):
a) for all the events in ,,Σ0-band” on Fig.2; b) after side band subtraction of the

background under Σ0-peak on Fig.2 (old data from SPHINX setup — see details in
Ref. [17]).

But in the mass region of X(2000) state there are no such structures in all mass spectra
of M(pπ+π−) and M [∆(1232)++π−] in reactions (3) and (4). The lower limits for the
ratios of the corresponding decay branchings were estimated to be (with 95% C.L.):

R1 =
BR{X(2000)+→[ΣK]+}
BR{X(2000)+→pπ+π−} > 7.8 (5)

R2 =
BR{X(2000)+→Σ0K+}
BR{X(2000)+→pπ+π−} > 2.6 (6)

R3 =
BR{X(2000)+→[ΣK]+}

BR{X(2000)+→[∆(1232)π]+} > 0.83 (7)

Here the isotopic relations for the decays of X(2000) baryon with isotopic spin I = 1
2
were

used (this state belongs to isodoublet because it is produced in the diffractive dissociation
of proton).
The ratios R1–R3 for X(2000) decays on strange and nonstrange particles are much

larger than the same ratios for the decays of usual (qqq)-isobars [19].
The small enough width of X(2000) baryon state as well as the anomalously large

branching ratios for their decay channels with strange particles (large values of R1–R3)
are the reasons to consider this state as serious candidate for the cryptoexotic baryon
with hidden strangeness | uudss̄〉.
Below in this paper we present new data on reaction (1) obtained on the modernized

SPHINX spectrometer.
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2. The upgrade of the SPHINX setup

The SPHINX setup now is completely upgrading. This upgrading program includes a
new tracking system with proportional chambers and drift tubes, a new γ-spectrometer,
new electronic and trigger systems, new DAQ and on-line computers. When this mod-
ernization is finished, the SPHINX apparatus will have a possibility to work with higher
intensity and with greatly increased number of recorded trigger events per the burst of
accelerator (up to 2−3·103 events/burst instead of 3·103 events/burst, which are available
now with the existing DAQ).
As the first part of this upgrading program we attained several refinements:

1. The new γ-spectrometer with 39 × 27 = 1052 lead glass counters with dimensions
5 × 5× 42 cm3 instead of old γ-spectrometer [8] with 320 lead glass counters with
dimensions 10× 10× 38 cm3 and only 63 counters 5× 5× 38 cm3 in the central part
of photon detector. The new γ-spectrometer is a modified version of the IHEP IGD
γ-spectrometer which was used previously in the EGS experiment at CERN [20].

2. Four additional planes with drift tubes [21] were installed between the threshold
Cherenkov multicell counter and γ-spectrometer (see the layout of the SPHINX ap-
paratus in Ref. [12]). In the modernized setup we removed the threshold Cherenkov
counter C2 because of the good identification capability of the Cherenkov system
with RICH and C1 detectors.

3. New trigger requirements gave a possibility to detect Λ → pπ− on the decay path
L ≈ 300 cm (instead of L ≈ 30 cm in the previous runs).

As a result of all these modifications we significantly increased the efficiency and purity
of Λ detection and obtained much better possibilities to identify photons in a new γ-
spectrometer and to reduce the background connected with hadron showers and lost
photons. This is especially important for identification of single photons (for example,
in the radiative decays Σ0 → Λγ). To illustrate these new possibilities we present on
Figs. 4 and 5 the old and new data for identification of Λ in the reaction p + N →
ΛK+ + N,Λ → pπ− and on Fig. 6 new data for the identification of Σ0 in the reaction
p+N → Σ0K++N,Σ0 → Λγ (old data for Σ0 see on Fig. 2). It is clear from these pictures
that with the partially modernized SPHINX setup we have much better conditions for the
separation reactions with Λ and Σ0 hyperons to compare with old data on these processes.

3. New data for reaction p+ C → [Σ0K+] + C in a special run

with the partially modernized SPHINX spectrometer

During the study of reaction p + N → [ΛγK+] + N in the special testing run with
the partially modernized SPHINX spectrometer the processes with (Σ0K+) system were
clearly identified (Fig. 6). The background level under the Σ0 peak is quite small. This
fact simplifies the selection of reactions under study because there is no need for the
background subtraction procedure in this case.
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Fig. 4. The separation of the reaction

p + N → [ΛK+] + N in the
study of the invariant mass

spectrum M(pπ−) in the reac-
tion p +N → [pπ−K+] +N at

the old version of the SPHINX
setup with decay path for Λ→
pπ− L ≈ 30 cm. Here it was

impossible to separate the in-
teraction vertexes and decay

vertexes.

Fig. 5. The separation of the reaction
p + N → [ΛK+] + N in the

study of the reaction p +N →
[pπ−K+]+N at the modernized
version of the SPHINX setup

with decay path for Λ → pπ−
L ≈ 300 cm and with a good

identification of the Λ-decay
vertexes. The background un-

der Λ-peak in M(pπ−) is sig-
nificantly reduced to compare

with M(pπ−) on Fig.4.
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Fig. 6. The separation of the reac-
tion p + N → [Σ0K+] +

N in the study of invari-
ant mass spectrum M(Λγ)

in the reaction p + N →
ΛγK+ + N at the modern-

ized version of the SPHINX
setup with the better iden-

tification of Λ → pπ− de-
cays and single photons in

a new γ-spectrometer. The
background under Σ0-peak
in M(Λγ) is significantly

reduced to compare with
M(Λγ) on Fig.2.

Fig. 7. The invariant mass spec-

trum M(Σ0K+) in the co-
herent reaction (1) in a spe-

cial run with the modern-
ized SPHINX setup (P 2T <

0.1GeV2). Because of the
low value of background un-

der Σ0-peak in Fig.6, there
was no background subtrac-

tion in M(Σ0K+). The re-
sults on M(Σ0K+) in this
run are in good accordance

with old data [13,16,17] —
see Fig.3.
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To separate the coherent reaction (1) we used a soft cut in transverse momenta P 2T <
0.1GeV2, as it was done with the old data. The new effective mass spectrum M(Σ0K+)
for this coherent reaction is presented on Fig. 7. This spectrum is in a good agreement
with the data on Fig. 3: besides some threshold structure with M ∼ 1800MeV there is
again the strong peak of X(2000) state. The summary data of old and new expositions
are presented on Fig. 8. We also used the sum of the data on Fig. 3a (unsubtracted
mass spectrum) and Fig. 7 and obtained practically the same results. From the summed
M(Σ0K+) effective mass spectra the averaged parameters of X(2000) structure are

M = 1996 ± 7MeV;
Γ = 99± 21MeV;
statistical C.L. of the peak > 10 s.d.


 (8)

Fig. 8. The summed mass spectra M(Σ0K+) from the data on Fig.3b and Fig.7: a) with
the mass bins ∆M(Σ0K+) = 40MeV; parameters of the X(2000) peak are M =

1995± 7MeV and Γ = 103± 19MeV; b) with the mass bins ∆M(Σ0K+) = 20MeV;
parameters of the X(2000) peak are M = 2001± 7MeV and Γ = 88± 25MeV.

It is quite important to stress that the old and new data for coherent diffractive reaction
(1) were obtained under different experimental conditions, with serious modifications in
the setup, with different background and systematics. In spite of all these, the main
results of studying the M(Σ0K+) effective mass spectra are in a good agreement between
themselves, which increases our confidence in their correctness.
The increased statistics in the mass spectra M(Σ0K+) on Fig. 7 gave us a possibility

for a more thorough study of the influence of stringent P 2T cuts on the form of these
mass spectra. These cuts may reduce noncoherent background and more clearly single
out the coherent process (1). As it was seen before [13, 17] more stringent P 2T cuts do
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not change significantly the form of X(2000) peak. But quite unexpectedly we find their
strong influence on the properties of the threshold structure with M ∼ 1800MeV. As
is seen from Fig. 9, this structure is produced only in the region of very small P 2T. For
P 2T < 0.01GeV

2 it is observed quite clear and has parameters

M = 1812± 7MeV
Γ = 56± 16MeV

}
. (9)

These peculiar properties of the threshold structure are not very well understood now and
need further study with enlarged statistics and in different experimental conditions (for
example, in the coherent processes with heavier nuclei).

Fig. 9. Study of the narrow threshold structure in the mass spectra M(Σ0K+) in the coherent
reaction (1) (in the data at the modernized SPHINX setup): a) the invariant mass

spectrum M(Σ0K+) for P 2T < 0.01GeV
2. The threshold structure with M = 1812±

7MeV and Γ = 56± 16MeV is clearly seen; b) the P 2T dependence for this threshold

structure.

4. First data for the proton diffractive-like production reactions

in a nonperipheral domain

As was discussed above the coherent diffractive production reactions seem to be quite
promising processes for the study of exotic hadrons. But, certainly, this method is not
unique for the exotics searches. For some states (and especially for those that are formed at
small distances) the nonperipheral processes can be the most effective for their production.
In these cases the best conditions for the exotic hadron searches can be obtained in the
region of large enough or intermediate transverse momenta (with P 2T > 0.3− 0.5GeV2),
where the background from peripheral processes is strongly reduced. For example, in
the study of the charge-exchange reactions π−p→ ηη +∆0 and π−p→ ηη′ + n, after the
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selection of events with P 2T ≥ 0.3GeV2, unusually narrow meson states X(1740)→ ηη [22]
and X(1910) → ηη′ [23] were observed. These anomalous states are good candidates for
cryptoexotic mesons. A mechanism of multiple rescattering with the Pomeron exchange
(a gluon rich process) may explain the X(1740) and X(1910) production [24].
The search for new baryons for large P 2T domain in proton induced diffractive-like

reactions also seems quite interesting [1]. Here we present the first and very preliminary
results obtained for the effective mass spectra M(Σ0K+) and M(pη) for P 2T > 0.3GeV

2

in reactions
p+N → [Σ0K+] +N (10)

→ Λγ

and p +N → [pη] +N (11)

→ π+π−π0

(for the last reaction see our Ref. [18]). On Fig. 10a the sum data of old and new expo-
sitions for reaction are given (10). Fig. 10b shows the data of old exposition for reaction
(11). In spite of quite limited statistics, the structures with mass M ≈ 2350MeV and
Γ ∼ 60MeV are clearly seen on these two mass spectra. They need further investigation
in future experiments with enlarged statistics.

Fig. 10. a) The invariant mass spectrum in the reaction p + N → [Σ0K+] + N (9) at P 2T >
0.3GeV2 (summed data of old and new runs); b) The invariant mass spectrum in
the reaction p + N → [pη] + N (10) at P 2T > 0.3GeV2 (old data — see [18]). In

these two spectra in nonperipheral regions of (9) and (10) some narrow structure with
M ∼ 2350MeV and Γ ∼ 60MeV is seen.
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Conclusion

New data for the coherent diffractive production reaction (1) were obtained with the
partly upgraded SPHINX setup (with the new γ-spectrometer and with better possibilities
for the detection of Λ → pπ− and Σ0 → Λγ decays). These new data are in a good
agreement with our previous results for the M(Σ0K+) mass spectra in this coherent
reaction [13, 16, 17].
The strong X(2000) peak with M = 1996 ± 7MeV and Γ = 99 ± 21MeV together

with some narrow threshold structure (with M ∼ 1810MeV and Γ ∼ 60MeV are clearly
observed in these mass spectra. The last structure is produced in the region of very
small transverse momenta P 2T < 0.01 − 0.02GeV2. The unusual properties of X(2000)
baryon state (small enough decay width, anomalously large branching ratio for decays
with strange particles emission) makes this state a very serious candidate for cryptoex-
otic pentaquark baryon with hidden strangeness (|qqqss̄〉). First results for the proton
diffractive-like production reactions in a nonperipheral region (with P 2T > 0.3GeV

2) were
also obtained in reaction (10) (in old and new data) and in (11). In spite of the lim-
ited statistics some evidences for a narrow massive structure with M ∼ 2350MeV and
Γ ∼ 60MeV was observed in the mass spectra M(Σ0K+) and M(pη) in both reactions.
We hope to obtain a significant increase of statistics in new measurements with the up-
graded SPHINX spectrometer.
It is a pleasure for us to express our deep gratitude to B.Grossetete, E.Kistenev,

N.Koulberg, L.Montanet, B.Powell, N.Tyurin and C.Voltolini for their inestimable help
which gave us a possibility to use the former IGD γ-spectrometer from the EGS experiment
in the SPHINX facility.
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