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EKCHEPUMEHTAJIBHE CIIOCTEPEKEHHSI HEUTPOH-HEMTPOHHUX KOPEJISILINA
VY SIPI *He 3 PEAKIIII *H(a, po)nn

IIpoaHani3oBaHO HpPOEKLii ABOBMMIPHHX CIIEKTPiB p-¢. 30iriB i3 woTupuuacTHHKOBOI peaxuii *H(o, po)nn mpu
e”eprii anpda-gacturok 27,2 MeB (0 < Ee<3,5 MeB) Ha Bick eHeprii anb(ha-uaCTHHOK IJIs MIECTH Map KYTiB.
PesynbTaTi napaMeTpusanii 3a MetogoM MonTe-Kapiio mokasanu, 1o y BUMAAKy Hepuioro 30ymkeHoro crany *He npu
po3mazni gomiHye KoHQIryparis «aib(a-g9acTHHKA + NIHEHTPOH» TLIBKH B OOMEXeHIH AUISHIN (a3oBOro mpocTopy, a
NPY IHIIH KiIHEMATHIII Ta JUI JPYTOro 1 TPEThOro 30Y/IXKEHUX CTaHIB MPOSBIAIOTHCS KOHDIrypamii «anbga-4yacTHHKa +
JIIHEHTPOH» Ta «aNb(ha-4acTHHKA + CUrapa» B pi3HUX CIIBBIIHOIICHHSX.

Kniouoei cnoea: 30ymxeHi cranu °He, JBOBUMIpHHMI criekTp 30iriB, YOTHMPMYACTMHKOBA PpEakiisi, HEHTPOH-
HEUTPOHHI KOPEeJISILii, «1IHEHTPOH», «CUrapay.
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SKCHEPUMEHTAJIBHOE HABJIIOJEHUE HEMTPOH-HEATPOHHBIX KOPPEJISIIIUIA
B SI/IPE *He U3 PEAKIIMY *H(a, pa)nn

IIpoananm3upoBaHbl TPOEKIHMU ABYXMEPHBIX CIIEKTPOB P-0 COBMAJCHUN U3 HYETHIPEXYaCTUYHOM peakIuu
SH(a, po)nn npu sHepruu anbda-uactui 27,2 MaB (0 71 Eex [1 3,5 MoB) Ha och 2Hepruu anbgha-4acTHIl A1 LIECTH rap
yrioB. PesynbraTel mapamerpusanuu no merony Monrte-Kapno mokaszanu, 4to B ciiydae HepBOro BO30YXKIEHHOTO
cocrosnus *He npu pacnajie ToJIbKO B OTPaHMYEHHOM ydacTke (pa3oBOro MPOCTPAHCTBA JOMUHUPYET KOH(HUTypaius
«anba-yactuna + IUMHEHTPOH», a NMpPU IPYrod KMHEMATHKE W Ul BTOPOTO U TPETHETO BO3OYKIEHHBIX COCTOSHUI
MIPOSIBIISIIOTCSL.  KOHQUTYpalK «aiba-dacTuia + AIWHEHTPOH» W «alb(a-4acTHIla + cHrapa» B Pa3IMYHBIX
COOTHOILIEHUSIX.

Kntouesvie cnosa: Bo30yxueHHble cOCTOSHAS "He, IByXMEPHBIH CIEKTP COBMAEHHH, YETHIPEXUACTHYHAS PEAKIINS,
HEUTPOH-HENTPOHHBIE KOPPENIALNHY, «IUHEUTPOHY, «CUTapay.
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EXPERIMENTAL OBSERVATION OF NEUTRON-NEUTRON CORRELATIONS
IN NUCLEUS ®He FROM ®H(a, po)nn REACTION

The projections of two-dimensional spectra of p-a coincidences from the four-particle reaction of *H (a, pa)nn with
the energy of alpha-particles 27.2 MeV on the energy axis of alpha-particles for six pairs of angles are analyzed. The
results of the Monte Carlo parameterization show that in the case of the decay of the first excited state of ®He, the
configuration of the “alpha-particle + dineutron” dominates only in a limited phase-space domain, while in other
kinematics and for the second and third excited states, the configurations of “alpha-particles + dineutron” and “alpha-
particles + cigars” are present in different ratios.

Keywords: ®He excited states, two-dimensional spectrum of p-o coincidences, four-particle reaction, neutron-
neutron correlation, “dineutron”, cigars.

REFERENCES

F. Ajzenberg-Selove, T. Lauritsen. Energy levels of light nuclei (V1). Nucl. Phys. 11 (1959) 1.

T. Lauritsen, F. Ajzenberg-Selove. Energy levels of light nuclei (VII1). A =5 - 10. Nucl. Phys. 78 (1966) 1.

F. Ajzenberg-Selove. Energy levels of light nuclei A =5 - 10. Nucl. Phys. A 413 (1984) 1.

D.R. Tilley et al. Energy levels of light nuclei A =5, 6, 7. Nucl. Phys. A 708 (2002) 3.

X. Mougeot et al. New excited states in the halo nucleus ®He. Phys. Lett. B 718 (2012) 441.

Yu.B. Gurov et al. Highly excited states of ®He. Bull. Rus. Acad. Sci. Phys. 79 (2015) 470; Izvestiya Akademii
Nauk RAS. Ser. Fizicheskaya 79 (2015) 512.

7. B.V. Danilin et al. Three-body continuum structure and response functions of halo nuclei (1): ®He. Nucl. Phys. A

I N


mailto:orestpov@kinr.kiev.ua
mailto:orestpov@kinr.kiev.ua
https://doi.org/10.1016/0029-5582(59)90272-X
https://doi.org/10.1016/0029-5582(66)90997-7
https://doi.org/10.1016/0375-9474(84)90650-X
https://doi.org/10.1016/S0375-9474(02)00597-3
https://doi.org/10.1016/j.physletb.2012.10.054
https://doi.org/10.3103/S1062873815040139
https://doi.org/10.3103/S1062873815040139
https://doi.org/10.3103/S1062873815040139
https://doi.org/10.1016/S0375-9474(98)00002-5

= © ™

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

26.
27.

28.
29.

30.
31

632 (1998) 383.

I.J. Thompson et al. Pauli blocking in three-body models of halo nuclei. Phys. Rev. C 61 (2000) 024318.

B.V. Danilin et al. New modes of halo excitation in the ®He nucleus. Phys. Rev. C 55 (1997) 577.

M.V. Zhukov et al. Phys. Rep. 231 (1993) 151; Yu.Ts. Oganessian et al. Dynamics of two-neutron transfer
reactions with the Borromean nucleus ®He. Phys. Rev. C 60 (1999) 044605.

M. Furic, H.H. Forster. Two-particle coincidence measurement of four-body break-up: Kinematics, phase space,
and the detection of possible resonances. Nucl. Instrum. Meth. 98 (1972) 301.

G. Mandaglio et al. First measurement of the 2.4 MeV and 2.9 MeV ®He three-cluster resonant states via the
3H(“He, pa)2n four-body reaction. Modern Physics Letters A 29 (2014) 1450105; arXiv:1405.1226 [nucl-ex].
O.M. Povoroznyk, V.S. Vasilevsky. Spectrum of Resonance States in®He. Experimental and Theoretical
Analyses. Ukr. J. Phys. 60(3) (2015) 201; arXiv:1503.04308 [nucl-th].

O.M. Povoroznyk et al. Experimental evidence of the He level at E* = 18.3 MeV by the *He + 3H three-body
reaction. Phys. Rev. C 85 (2012) 064330; arXiv:1205.2063 [nucl-ex].

O.M. Povoroznyk, O.K. Gorpinich, B.G. Struzhko. Investigation of excited states of the ®Be nucleus in the
correlation experiment. Ukr. J. Phys. 48(5) (2003) 407. (Ukr)

O.K. Gorpinich et al. Investigation of *He resonances and the decay of a 1.8 MeV state in o + t system. Izvestiya
RAN. Ser. Fizicheskaya 55(11) (1991) 2253. (Rus)

O.K. Gorpinich et al. Investigation of the first excited level decay of He with o + t interaction. Zbirnyk
Naukovykh Prats’ Instytutu Yadernykh Doslidzhen’ 3(5) (2001) 53. (Ukr)

O.K. Gorpinich et al. Elastic scattering and reactions when alpha-particles interact with tritium. Bulletin of the
Izvestiya RAN. Ser. Fizicheskaya. 56(3) (1992) 192. (Rus)

O.M. Povoroznyk. Calculation of three-body reaction kinematic and data processing by using Monte Carlo
method. Yaderna Fizyka ta Energetyka (Nucl. Phys. At. Energy) 2(20) (2007) 131. (Ukr)

O.M. Povoroznyk et al. On the structure of excited states of “He, ’He and °Li nuclei, from the *H(a, tt)p and
3H(o, t)n reactions. Yaderna Fizyka ta Energetyka (Nucl. Phys. At. Energy) 11(2) (2010) 141. (Ukr)

Ch.J. Joachain. Quantum Collision Theory (Amsterdam, North Holland, 1975) 725 p.

C.A. Bertulani, M.S. Hussein. Geometry of Borromean halo nuclei. Phys. Rev. C 76 (2007) 051602.

F.M. Marques et al. Two-Neutron Interferometry as a Probe of the Nuclear Halo. Phys. Lett. B 476 (2000) 219.

M. Assié et al. Neutron correlations in ®He viewed through nuclear break-up. Eur. Phys. J. A 42 (2009) 441.

O.V. Bochkarev et al. Spectrum of Neutrons from the Three-Particle Decay of ®He(2*) and its Structure.
Yadernaya Fizika 57(8) (1994) 5; Phys. Atomic Nuclei 57 (1994) 1281.

F.P. Brady et al. °Li(n, d)°He and "Li(n, d)®He with 56.3 MeV Neutrons. Phys. Rev. C 16 (1977) 31.

A. Lagoyannis et al. Probing the ®He halo structure with elastic and inelastic proton scattering. Phys. Lett. B 518
(2001) 27.

K.W. Allen et al. Disintegration of Li®and Li’” by 0.24 MeV Tritons. Phys. Rev. 96(3) (1954) 684.

M.J. Boland et al. Excitations in the Halo Nucleus ®He following the "Li(y, p)®He Reaction. Phys. Rev. C 64
(2001) 031601.

J. Carlson. Three-Nucleon Interactions Beyond A = 3 and 4. Nucl. Phys. A 689 (2001) 290.

S. Aoyama, K. Kato, K. Ikeda. Three-Body Binding and Resonant Mechanisms in Neutron-Rich Light Nuclei Far
from Stability Line - Pairing Correlation in Borromean Nuclei. Prog. Theor. Phys. Suppl. 142 (2001) 35.

Hagnitinuia 08.05.2019
Received 08.05.2019


https://doi.org/10.1016/S0375-9474(98)00002-5
https://doi.org/10.1103/PhysRevC.61.024318
https://doi.org/10.1103/PhysRevC.55.R577
https://doi.org/10.1016/0370-1573(93)90141-Y
https://doi.org/10.1103/PhysRevC.60.044605
https://doi.org/10.1016/0029-554X(72)90111-5
https://doi.org/10.1142/S0217732314501053
https://arxiv.org/abs/1405.1226
https://doi.org/10.15407/ujpe60.03.0201
https://arxiv.org/abs/1503.04308
https://doi.org/10.1103/PhysRevC.85.064330
https://arxiv.org/abs/1205.2063
http://archive.ujp.bitp.kiev.ua/files/journals/48/5/48_05_02.pdf
http://jnpae.kinr.kiev.ua/02.3/Articles_PDF/jnpae-2001-02-3-053.pdf
http://jnpae.kinr.kiev.ua/02.3/Articles_PDF/jnpae-2001-02-3-053.pdf
http://jnpae.kinr.kiev.ua/20(2)/Articles_PDF/jnpae-2007-2(20)-0131-Povoroznyk.pdf
http://jnpae.kinr.kiev.ua/11.2/Articles_PDF/jnpae-2010-11-0141-Povoroznyk.pdf
https://books.google.com.ua/books?id=Zs3vAAAAMAAJ&q=Joachain.+Quantum+Collision+Theory&dq=Joachain.+Quantum+Collision+Theory&hl=uk&sa=X&ved=0ahUKEwjs_pWBiP7nAhVvwIsKHWipAFYQ6AEIKTAA
https://doi.org/10.1103/PhysRevC.76.051602
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=F.M.Marques
https://doi.org/10.1016/S0370-2693(00)00141-6
https://doi.org/10.1140/epja/i2009-10787-4
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=O.V.Bochkarev
https://doi.org/10.1103/PhysRevC.16.31
https://doi.org/10.1016/S0370-2693(01)00887-5
https://doi.org/10.1016/S0370-2693(01)00887-5
https://doi.org/10.1103/PhysRev.96.684
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=M.J.Boland
https://doi.org/10.1103/PhysRevC.64.031601
https://doi.org/10.1103/PhysRevC.64.031601
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=J.Carlson
https://doi.org/10.1016/S0375-9474(01)00843-0
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=S.Aoyama
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=K.Kato
https://www.nndc.bnl.gov/nsr/fastsrch_act2.jsp?aname=K.Ikeda
https://doi.org/10.1143/PTPS.142.35

