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We performed a search for 4He-η bound state in dd → 3Henπ 0 and
dd → 3Hepπ − reactions with the WASA-at-COSY facility using a ramped
beam technique. The measurement was carried out with high statistics and
high acceptance. The signature of η-mesic nuclei was searched for by the
measurement of the excitation functions in the vicinity of the η production threshold for each of the considered channels. We did not observe the
narrow structure which could be interpreted as a bound state. The preliminary upper limits of the total cross sections for the bound state production
and decay varies from 21 nb to 36 nb for the dd → 3Henπ 0 channel, and
from 5 nb to 9 nb for the dd → 3Hepπ − channel for the bound state width
ranging from 5 to 50 MeV.
PACS numbers: 1.85.+d, 21.65.Jk, 25.80.-e, 13.75.-n

1. Introduction
Since Haider and Liu postulated a possible existence of η-mesic nuclei [1],
many experimental groups performed measurements dedicated to search for
the new kind of nuclear matter in which the η meson is bound within a
nucleus via the strong interaction. However, till now, none of the experiments have brought the clear evidence for the bound state existence. The
status of the search was recently described in the following reviews [2–8].
Some of the experiments set the upper limits for the bound state production
in several processes. COSY-11 [9–11] group estimated the upper limit of
total cross section for dp → (3He-η)bound → pppπ − process to the value of
∗
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270 nb and for dp → (3He-η)bound → 3Heπ 0 to the value 70 nb. COSYGEM measurement of p27Al → 3Hepπ − X brought the upper limit of the
total cross section for (25Mg-η)bound production equal to 0.46 ± 0.16(stat)
± 0.06(syst) nb [12]. The WASA measurement in 2008 results in the upper limit of of the total cross section for the (4He-η)bound creation in dd →
3Hepπ − reaction, which varies from 20 nb to 27 nb for the range of the bound
state width from 5 MeV to 35 MeV [13, 14]. The measurement carried out
two years later permitted to lower the upper bound for the cross section of
dd → (4He-η)bound → 3Hepπ − process down to the value of few nanobarns.
Additionally, the upper limit of the preliminary total cross section was determined for the first time for the (4He-η)bound production in dd → 3Henπ 0
reaction [15]. This paper presents the preliminary results obtained for the
aforementioned processes.
2. Experimental results
In November 2010, WASA-at-COSY Collaboration carried out the experiment dedicated for the search for 4He-η bound states in dd → 3Henπ 0
and dd → 3Hepπ − reactions. The ramped beam technique was used to vary
the momentum continuously from 2.127 GeV/c to 2.422 GeV/c, which corresponds to a range of excess energies Q from -70 to 30 MeV [16, 17]. The
detailed description of the WASA experimental setup is presented in [18].
Analysis for the dd → 3Henπ 0 and dd → 3Hepπ − reactions were carried
out independently. Next, the set of the cross-check tests was performed to
assure the consistency at the PID level. The 3He ions and nucleon-pion pairs
were identified in the Forward and Central Detector, respectively. The deposited energy patterns in thick scintillator layers of the Forward Hodoscope
was used to identify the 3He ions (the ∆E-E method). The neutral pion π 0
was reconstructed based on the invariant mass of two gamma quanta while
the neutron was identified via the missing mass technique [15]. The proton
and π − identification was based on the measurement of the energy loss in
the thin Plastic Scintillator Barrel combined with the energy deposited in
the Electromagnetic Calorimeter [13].
The events which may correspond to the bound states production were
selected using criteria based on Monte Carlo simulations for the η-mesic
nuclei production and decay. We apply the cuts in the momentum of
3He in the CM frame, nucleon CM kinetic energy, pion CM kinetic energy and the opening angle between nucleon-pion pair in the CM. The region rich in signal corresponds to the momenta of the 3He in the range
pcm
3He ∈ (0.07, 0.2) GeV/c. For this region the excitation function was obtained by normalizing the events selected in individual excess energy intervals by the corresponding integrated luminosities (the detailed description
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of the luminosity determination one can find in Ref. [15, 19]) and corrected
for acceptance and efficiency. The excitation function does not reveal the
resonance-like structure, which could be the signature of the η-mesic nuclei
existence [15], however the interpretation of the results is still in progress.
So far, the upper limit of the total cross section for the dd → (4He-η)bound →
3Henπ 0 and dd → (4He-η)
3
−
bound → Hepπ processes was determined on the
90% confidence level. Preliminary, the upper limits were obtained by the
fit of the sum of the polynomial and Breit-Wigner functions to the experimentally determined excitation functions. It varies from 21 to 36 nb for the
first channel and from 5 to 9 nb for the second channel for the bound state
width ranging from 5 to 50 MeV (See Fig. 1).

Fig. 1. Preliminary upper limit of the total cross-section for dd → (4He-η)bound →
3
Henπ 0 (left panel) and dd → (4He-η)bound → 3Hepπ − (right panel) reaction as a
function of the width of the bound state. The binding energy was set to 30 MeV.
The green areas denote the systematic uncertainties [15].

A possible broad state in the case of dd → (4He-η)bound → 3Henπ 0 reaction cannot be excluded by the current data set [15]. The kinematic region,
where we expect the evidence of the signal from the bound state corresponding to 3He momenta in the CM system in range pcm
3He ∈ (0.3, 0.4) GeV/c,
cannot be fully described only by the combination of the considered background processes (see left panel of Fig. 2). In contrast, as shown in the right
panel of Fig. 2 the experimental excitation function is very well fitted by the
background contributions for the region where the signal is not expected.
3. Conclusion and Perspectives
The excitation functions were determined for dd → (4He-η)bound →
and dd → (4He-η)bound → 3Henπ 0 processes, however none of them
reveal any direct narrow structure which could be signature of the bound
state with width less than 50 MeV. The interpretation of the resuts is still
in progress. So far preliminary upper limit of the total cross section for
the η-mesic 4He formation and decay was estimated. In case of dd → (4He3Hepπ −
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Fig. 2. Preliminary experimental excitation functions (red circles) fitted with two
background reactions: dd → 3Henπ 0 (green squares) and dd →3 HeN ∗ → 3Henπ 0
(magenta squares). A sum of both background contributions is shown as blue
triangles. Left and right panels show results for the regions rich in signal and poor
in signal, respectively. The figure is adopted from [15].

η)bound → 3Hepπ − reaction we obtained the preliminary upper limit of the
total cross section in order of few nb which is about four times lower in
comparison with the result obtained from 2008 data [13]. Comparing to
theoretically estimated value [20], the obtained upper limit value does not
exclude the existence of the bound state. The excitation function for the
reaction dd → (4He-η)bound → 3Henπ 0 was obtained for the first time in the
experiment. The obtained upper limit is here by factor of five larger than
predicted value therefore, we can conclude, that the current measurement
does not exclude the existence of bound state also in this process [21]. Moreover, the excitation function obtained for this reaction is a subject of interpretation of few theoretical groups1 with respect to very wide (4He-η)bound
or 3He-N ∗ bound state [21].
In May 2014, we extended the search for to 3He-η sector [22]. We chose
processes corresponding to the three mechanisms: (i) absorption of the η
meson by one of the nucleons, which subsequently decays into N ∗ -π pair
e.g.: pd → (3He-η)bound → pppπ − , (ii) decay of the η -meson while it is still
”orbiting” around a nucleus e.g.: pd → (3He-η)bound → 3He6γ or pd → (3Heη)bound → 3He2γ reactions and (iii) η meson absorption by few nucleons e.g.:
pd → (3He-η)bound → ppn or pd → (3He-η)bound → pd. Almost two weeks of
measurement with an average luminosity of about 6·1030 cm−2 s−1 allowed
to collect a world largest data sample for 3He-η. The data analysis is in
progress.
The search for η and η 0 - mesic bound states is carried out also by other
international collaborations, e.g. at J-PARC [23, 24] and at GSI [25, 26]. In
1

N. Kelkar and S Hirenzaki (Presentations at the Jagiellonian Symposium on Fundamental and Applied Subatomic Physics, Cracow).

5

parallel, several theoretical studies are ongoing [3, 20, 27–34].
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