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Abstiact

In our previous studies,possibleand statistically significant observationsof a bound dineutron
In nuclear reactions with fast neutrons on >°Tb [1] and 1>Lu [2] nuclei were reported and
discussed, that correspond to Mi g d aahdo3y u g a {8yv 4 redictions about bound
dineutron formation within the potential well but outside of volume of hostnuclei.

To directly observethe decayof bound dineutrons, the calculations of half-lives and the end-
point energyfor the dineutron decaywere made[5, 6].

In addition, some suggestionsfor the future experiment for direct observation of bound
dineutron decayswere discussedn [7] along with the list of the nuclei as possiblecandidates,
on which a bound dineutron could be observedin the experiments[8, 9].

In this work, we developedand tested the simulation model for the future experiments
proposedin [7] for the observation of bound dineutron decaysin neutron induced nuclear
reactionson nucleusfrom the listsin [8, 9].

The difference betweenthe detectedbeta-spectrum with and without formation of dineutrons
with the thorough consideration of gammarays emitted from residual nuclei can be directly
consideredasthe sign of the formation of a bound dineutron followed by its decay

The schemeof dineutron decaysvia to the Gamov-Teller or Fermi transitions with the known
decayschemeof residual nuclei are usedfor the simulation.

The estimatesof the the crosssectionsof bound dineutrons formation on rare earth nuclei
weretaken into account

Simulation of the exgraim@it finr dei@cioon
of ’n beta-decay

In Gean4, the d e t e celvemtrstee@dms are computed basedon the initial event stream,
from which the anti-coincidencesare simulated and spectragenerated

The framework utilizes time streamsto modelthee x p e r | delaytimed s

Thed I r r a dsamptegvdr@placednextto athin plastic organic scintillator for detection
of electronsdue to dineutron decayin 2p geometryand surrounded by two BGO detectors
(Fig.1) for detectionof the emitted gamma-rays from nuclear reaction products.
Detectorsand corresponding circuits may operate both in coincidenceand anticoincidence
modes

The difference between the detected beta-spectrum with and without formation of
dineutrons taking into account gammarays emitted from residual nuclei, can be the
directly treated asthe observationof dineutron decays
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Sampl e nirradiationo fo

A The framework to plan activation method-basedexperimentsin low-energy nuclear physicshas
beendeveloped It utilizes Geant4 [10], TALYS [11], and scripts of Python.

A The framework calculatespartial activities in the sample by employing reaction cross sections
computedin TALYS.

A The calculatedactivities are employedto simulate the time flow of initial events

A The sampleof 16Tm wasfi i r r a dwith neatrdns of E = 6.2 MeV and E,= 7.5 MeV average
energieswith the neutron flux 6.2x1(° n/(cm?xs), the irradiation time was 4,860 s, cooling time
before samplecountingswas 600 s and live time of the measurementfor detector system(Fig.1)
was 5,000s.

A After irradiation, the following isotopeswere produced according the TALYS calculations
170Tm, 169y, 166166m.165Hg 169Dy, 162Th with their crosssectionproduction estimatedby TALYS.

A The formation of 2n was statedwith the crosssectionof 30 mb basedon previous experimental
observationsand predictions.

A The following properties of dineutron were used

the dineutron is a bound nucleusin the singlet state
the binding energy. By, M 2.5 MeV;

he di neutron observati on

Fig.1. Detecor system geometry. A i r r a d samplee!®’Ton (red) T dimensions

24 x 24 mm, thickness 50 um, weight. 0.268 g; beta-detector (green organic

scintillator) i dimensions 24x24x6 mm; gamma detectors (blue, anti-coincidence
BGO T dimensions 50 x 50 mm

thedecaymode =0 M o h
the pure beta emitter,
the end-point energyof theb ' -spectrum: E,..= 0.54- 0.56 MeV;
the half-lives of the dineutron decay
for the Gamov-Teller transition equalsl,215s,
for the Fermi transition equals5,877s.
A The dineutron decay was emulated vid’°Tm decay with a modified halflife corresponding to2n
decays (1,215 sfor the G-T transition, and 5,877 s for the Fermi transitions).

Fig 2. Detectionof the GT-transition 2n beta-decayin the organic scintillator basedon Geant4

Conclusions

A 15°Tm is consideredasone of the very promising target nuclei for a direct observationof dineutron
decaybecauseof strong evidencein beta-spectrumdetectionin proposeddetectorsystem

simulation. Irradiation time is 4,860 s. The helf-live of the dineutron decayis 1,215s. The
ratio of the signal with ?n to the signal without “n is nearly 5.6 x 10* for Ai r r a d ofaft |
189Tm samplewith 6.2 and 7.5 MeV neutron energies.

A It is shownthat the beta-spectrum due to the GT- transition of bound dineutron decayswith the
1,215s half-life canbe detectedfor the neutron energiesof 6.2 and 7.5 MeV

A It is shown that the beta-spectrum due to the F- transition of bound dineutron decayswith the
5,877s half-life canbe alsodetectedfor the neutron energyof 7.5 MeV

A On the basis of the simulated experiment results, the future experiments with a more precise
estimate of reaction crosssectionswill be designed,and the corrections to the model of bound
dineutron formation in nuclear reactionswill be made
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