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system is developed for the studies of exotic light nuclei. Precise correlation method will be used for resonance decay
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Introduction

Over the last two decades development in the
production of secondary radioactive beams has
essentially extended the possibilities of experimental
studies of unstable nuclei with proton and neutron
excess. Unusual properties of light exotic nuclei off
the stability valley have been discovered. In
particular, such nuclei as °“He and ''Li demonstrate
neutron halo structure and soft modes of collective
excitations with different multipolarity.

Systematic study of nuclei with the asymmetrical
ratio N/Z allows getting important information about
the properties of nuclear matter with a density
different from the density of stable nuclei [1, 2].
Understanding of mechanism of cluster formation in
nuclei has a fundamental significance in researches
of many-body nuclear dynamics. The role of nuclear
clustering close to the neutron drip-line is illustrated
by Antisymmeterised Molecular Dynamics calcula-
tions for the odd B isotopes [3]. According to these
calculations an increased clustering into two
separated cores (lithium and helium-like components
surrounded by valence neutrons) appears with
increasing neutron number. The similar clustering
effect can be also observed for the Be isotopes.
Original molecular-like structure is theoretically
predicted for the very neutron-rich carbon isotopes
(19-22C) 2].

The experimental facility, consisting of the time-
of-flight fragment-separator COMBAS (Flerov
Laboratory of Nuclear Reactions of Joint Institute
for Nuclear Research, Dubna) [4 - 6] and multi-
channel registration system, was created with the
aim of investigation of cluster structure and other
properties of exotic light nuclei. The identification
of resonance cluster decay processes will be
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performed using the correlation method of invariant
mass, which will ensure high accuracy of measuring
of excitation spectra of nuclei under investigation.

Fragment separator COMBAS
and registration system

The separator COMBAS (Figs.1 and 2) is
designed for production and formation of the
secondary beams of radioactive nuclei and their
transportation to the second target, which is located
in the output focal plane F,. COMBAS consists of
cascade of multipole magnets M1 — MS, forming
wide aperture separator with the triple (for energies,
horizontal lines and vertical lines) focusing of
particles in output focus. A separator is arranged
from two identical sections (M1 — M4 and M5 —
MS) with the plane of symmetry in the middle part
(dispersion focus Fy).

The first section of magnets (M1 — M4) executes
the functions of momentum filter of high-energy
particles with rejection of primary beam. The second
section (M5 — M8) compensates dispersion of the
first section and minimizes the aberration effects in
the output achromatic focus. Foil of degrader,
positioned in the plane of maximal dispersion (focus
Fy), radically improves the isotopic separation of the
second section due to the different ionization losses
of energy for separated and background particles.
The second section, in which there is no intensive
primary beam, can be effectively used for the time—
of—flight measurements for additional isotope
identification.

The secondary beams of neutron-rich isotopes of
light nuclei (He, Li, Be, B, C) will be produced via
the reactions of fragmentation of nuclei '*O and **Ne
(Table 1), whose primary beams will be accelerated
in the cyclotron U-400M.
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Fig. 1. Fragment-separator COMBAS. The primary beams of the cyclotron U-400M (JINR, Dubna)
are used for the production of secondary radioactive beams.
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Fig. 2. Experimental set-up for resonance spectroscopy with using of radioactive beams
produced by the fragment-separator COMBAS. M1 — M8 — cascade of multipole magnets.

Table 1. Intensities of secondary beams of radioactive nuclei Be and B obtained in the reactions
30(35 - A MeB) + °Be and **Ne(40 - A MeB) + °Be

Beam 0 (5 epA) 2Ne (5 euA)
Energy, (A MeV) 35.0 40.0
Nucleus (115, 8) Intensity, s Intensity, s!
"Be (0,024) 1,5 10°
"“Be (0,004) 3 - 10
BB (0,017) 1-10° 1-10°
"B (0,014) 2,5 10° 5-10°
B (0,01) 1,5 10° 5-10°
17B(0,005) 4-10°
5C (2,45) 5-10° 2-10°
1°C (0,747) 1-107 5-10°

In forward-angle measurements the basic ion- and °Li nuclei have been studied using the reaction
optical parameters of fragment-separator COMBAS ''B (33 AMeV) + “Be (332,6 mg/cm®) [6]. It was
and momentum distributions of radioactive *He, *He ~ found that the image of these beams in the final
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achromatic focus F, approximately twice exceeds
the size of the beam on a producing target (input
focus Fy), on which primary beam had the diameter
6 mm. With intensity of a primary beam 'B in
I puA (1 ppA=5epA) the following beam

intensities are received: 6.9 - 10°p/s for °He,
2 - 10* p/s for *He and 4.7 - 10° p/s for °Li. Table 2
shows measured COMBAS parameters [6] in
comparison with working separator ACCULINA.

Table 2. Radioactive beam intensities and profile at F, point

COMBAS ACCULINA

Beam Intel}lsny, FWHM at F, Intensity, gl FWHM at F,
s XxY, (per 1 puA) XxY,

(per 1 ppA) mm X mm) per - pit mm X mm)
*He 2- 10 13 x 10 5-10° 18 x 15
°He 6.9 -10° 17 x 11 1-10° 18 x 15
°Li 43-10° 26 x 11 1-10° 18 x 15

The registration system consists of two products. Silicon AE; and AE, detectors (each

telescopes of Si(AE)-Si(AE,)-Csl detectors (Fig. 3)
and multichannel electronic module, which ensures
amplitude analysis and time coincidences of reaction

65,0 mm
86,0 mm

66,0 mm
86,0 mm

a

containing 32 strips) are designed to determine X,
Y-coordinates of registered particles and identify
their charge and mass.

Fig. 3. AE silicon strip-detector (32 strips) (a). Strip-detector with preamplifiers (b).

Resonance decay spectroscopy

The cluster structure of resonances of exotic light
nuclei will be studied in the reactions

ptT—ok+R—-k+i+], (1)

where the secondary radioactive nuclei produced by
fragment-separator COMBAS will be used as a
projectile particles.

The resonance cluster decay R — i +; (Fig. 4)
in reactions (1) will be identified using the following
correlation methods:

i) coincidence measurements of angles and
energies of accompanying particle £ and one of
decay products (i or j) (“missing mass spectra”);

ii) coincidence measurements of angles and
energies of both decay products (i orj) (“method of
invariant mass”). This method, proposed by Robson
[7] and named as “resonance decay spectroscopy” [8],
has been effectively used for the study of different
reactions like (1) (see, for example [8 - 11]).
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Fig. 4. Velocity diagram for the reaction (1)
with three particles in the final state.

The second method provides a simple way to
determine the relative energy E;; of decay products
and, consequently, the excitation energy (£,) of
resonance under investigation:

Ex =Ei—j+Ethr’ (2)
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E mE, +mE, —2 /mm EE, cos®, 3)
i-j >

m; +m/

where E,, is the threshold of decay into the channel
i +jand m;, m;, E, E;, ®; ©; are the masses, energies
and registration angles of particles i and j, ®;;= ©; -
= @/.

According to Egs. (2) and (3) the excitation
energy resolution is determined only by the accuracy
of measurement of the energies E; E; and the
relative angle ®;; but not of the absolute values of
angles ®; and ®;. Therefore, precision measurement
of excitation energy is possible with poor quality
beams, size of which at the target and energy spread
is large. This is an important advantage for the
experiments with the secondary beams. Moreover,

the method of resonance decay spectroscopy can
also be used for the reactions with more than three
particles in the final states [9, 10].

Conclusions

The use of separator COMBAS, time-of-flight
methods, multi-channel system of registration of
reaction products and correlation methods of
resonance decay identification will allow to get the
new precise data on the resonance parameters for
exotic light nuclei in the wide energy range (from
threshold energies up to excitation energies of
dozens MeV). This investigation is planned to begin
with boron neutron-rich isotopes, whose cluster
structure can be essentially changed with growth of
neutron number [2, 3].

This work was supported by the grant 7-02-a of
National Academy of Sciences of Ukraine and
Russian Foundation for Basic Research.
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YCTAHOBKA JIJI51 PE3OHAHCHOI CHEKTPOCKOIII PAJIOAKTUBHUX JIETKUX SIJIEP

A.T. Aptiox, A.T. ®oman, O. /I. 'puropenxo, C. O. Kaurin, I'. O. Kononenxo, €. 1. Komiii, B. €. KoBTyH,
B. B. Ocramxko, 10. M. I1aBaenko, A. M. [lonomapenko, FO. M. Cepena, O. I. Pynnenas, 1. M. BunrneBcbKuid,
A. M. Boponuos, I. 1. 3a1060BcbKuii

Jst TocTiDkeHb eK30THYHUX JIETKUX AP pO3pO0IeHO eKCIIEPUMEHTANILHY YCTAHOBKY Ha OCHOBI 4YaCOIPOILOTHOTO

¢parment-cenaparopa KOMBAC Ta OararokaHaibHOI cucteMu peectparii. Ilpenusiiiauii kopensniiiauii meton Oyzne

BUKOPHCTAHO IS CIIEKTPOCKOMIT po3maty pe3oHaHCIB.

Knouosi crosa: BTOPUHHI paJiOaKTHBHI ITy4KH, €K30THYHI JIErKi sijpa, (parMeHT-cernapaTop, 4acolposbOTHI
BUMIpIOBaHHS, KOPEJIALIHHI BUMIPIOBAHHS, CIIEKTPOCKOIIisSl pE30HAHCIB.
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YCTAHOBKA JIJI1 PE3OHAHCHOM CIEKTPOCKOIIMUA PAJUOAKTHUBHBIX JIETKHX SIJIEP

A.T. Aptiox, A.T. ®oman, O. /. 'puropenko, C. A. Kabirun, I'. A. Kononenko, E. U. Kouruii,
B. E. KoBtyH, B. B. Octamko, FO. H. [1aBnenko, A. H. Ilonomapenko, ¥O. M. Cepena, O. U. Pynaeius,
HN. H. Bumninesckuii, A. H. Boponnos, U. U. 3amo6oBckuii

Jns uccienoBaHuil 9K30THYECKUX JIETKHMX siep pa3paboTaHa SKCIIEpUMEHTAlIbHAs yCTAaHOBKAa HA OCHOBE BpEMs-
nposietHoro  ¢parment-cenapatopa  KOMBAC u MHOTrOKaHaJbHOW CHCTEMBI perucTpauuu. lIpenn3uoHHbIH

KOppeMHHOHHLII?I MECTO 6yz[eT HUCIIOJIB30BaH JIA CIICKTPOCKOIIUH paciiaia p€30HaHCOB.
Kmiouesvie cnosa: BTOPUYHBIEC PpAAUOAKTUBHBIC ITYYKH, OSK30TUYECKUC JICTKHUC AOpa, (bparMeHT-cer[apaTop,
BPEMAIIPOJICTHBIE UBMEPCHUS, KOPPEIAIIUOHHBIEC U3MEPCHUA, CIIEKTPOCKONNA PE30HAHCOB.
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