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Hosoctu 3xcnepumensta BECQUEREL

Bynyun HecTaOMIBHBIMHU K UCITYCKAaHHIO (-4aCTHI[ U
HYKIJIOHOB BOJIM3HM TIOPOTOB CB3H, spa SBe n °B u psan
BO30YKJCHUI JIETKUX M30TONOB MMEIOT BPEMEHA KU3HHU
ropsiJika peMTOCEKYH/T MIIM HIMPUHBI OT HECKOJIBKUX JJIEK-
TpoHBONBT 70 | ¥K3B. B pamkax KoHIENIHA MOJEKYISp-
HOHO[[O6HI)IX 1 O-KOHACHCATHBIX CTPYKTYp TaKHE COCTO-
STHUSL TIPE/ICTABIISIFOTCS] KaK 00bEeJMHEHHS IIPOCTPAHCTBEH-
HO-pa3aCICHHBIX I'PYIIT HYKJIOHOB. Onu MOT'YT YKa3bIBaTb
Ha OoJiee IMPOKHH KJIAcC JOJITOXKHUBYIIMX HECTAOMIBHBIX
COCTOSIHUH, CyIIECTBOBAaHHE KOTOPOTO BO3MOXKHO Ha HIXK-
HEM IpeJiesie TNIOTHOCTU U TeMIIepaTyphl siAepHOi MaTe-
pun. MpenTtnduxanust U3BECTHBIX COCTOSHHUN MO3BOJISIET
n3yvdarb UX BOSHUKHOBCHUEC BO BSaHMOﬂeﬁCTBHHX MEXKIY
(parMeHTaMM B peakIMsX JECTKHUX sJIep ¥ Ha 3TOH OCHOBE
BECTH IOMCK 0O0JIee CIIOKHBIX aHAJIOTOB.

[TpenenbHO HU3KME DHEPTMU PACHa OB HECTAOMIIb-
HBIX COCTOSIHUHM BEIyT K HAWMEHBIIUM HHBAPUAHTHBIM
MaccaM COOTBETCTBYIOLIMX aHcamOunel ¢parmenTos. s
MX ONpENeNeHNs] B KOHyCE PENSITHBHUCTCKON AHCCOIHa-
UMW AJIep B SJAEPHOU 3MYJIbCUM OCTATOYHO M3MEPEHUSs

YIJIOB MCITyCKaHUSI ()parMEHTOB U TPETIOIOKEHHS O CO-
XpaHEHUH UMM HayaJIbHOTO MMITYJbca Ha HYKJIOH. Takum
00pa3om, TP U3yYSHNUH ANCCONMAINH JIETKHX M30TOIOB,
BKJTIOYAs painoakTHBHBIE, B okcriepumenTe BECQUEREL
unentuuImpoBansl pacnaasl SBe(0%) — 2a, B — 2ap,
®Be — a2p u cocrosuue Xoitna 12C (03) — 3a. Ha caiite
MMeeTCs BUICO XapaKTepHBIX coOBITHIA [1].

Benen 3a 8Be (07) u 12C (0%) B pokyce ocTaeTcs momcK
4a-voHneHcata bosze—DifHmITeliHA, B KaueCTBE KOTOPOTO
paccmarpusaetcs Bo30yxnerne 00 (0%) mpu 660 k3B Haj
noporom 4a. BeisiBIeHO HeCKOIbKO Kauauaatos 00 (0F)
cpenu 1°0 — 12C(03) a u 28Be (0*). Bospacranue BeposT-
noctu ®Be (0) ¢ yBenuueHueM uucia a-4acTHl Bo (par-
MEHTaIN OoJiee TSHKEINBIX sSIep MO3BOJSET MPEIOKNUTh
MexauusM  ciausHus  2a — $Be(0)a — 12C(05)a —
160 (0%).

Ha craructuxke 712 cobwituii “Be — 2a(n) mpu
2 I'»B/c Ha HYKJIOH OLCHEHBI IONEPEYHbIC WMITYIBCHI,
YHOCUMBIE HEUTPOHAMHU, U HA 3TOW OCHOBE HHBAPUAHTHBIE
maccel Tpoek 20m [2]. Tlpu yciosuu npucytctsus $Be (01)
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Being unstable to the emission of a particles and nu-
cleons near the binding thresholds, the nuclei of ®Be and
9B and a number of excitations of light isotopes have life-
times of the order of femtoseconds or widths from sever-
al eV to 1 keV. Within the framework of the concepts of
molecular-like and a-condensate structures, such states are
represented as associations of spatially separated groups of
nucleons. They may indicate a broader class of long-lived
unstable states, the existence of which is possible at the
lower limit of the density and temperature of nuclear mat-
ter. Identification of the known states allows one to study
their occurrence in interactions between fragments in reac-
tions of light nuclei and, on this basis, to search for more
complex analogues.

The extremely low decay energies of the unstable states
lead to the smallest invariant masses of the corresponding
ensembles of fragments. To determine them in the cone of
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relativistic dissociation of nuclei in a nuclear emulsion, it
is sufficient to measure the angles of fragment emission
and assume that the initial momentum per nucleon is con-
served. Thus, when studying the dissociation of light iso-
topes, including radioactive ones, the BECQUEREL ex-
periment identified the decays $Be(0%) — 2a, B — 2ap,
®Be — a2p and the Hoyle state 12C(03) — 3a. The site
contains a video of characteristic events [1].

Following $Be(0*) and !2C(03), the search for the
40, Bose—Einstein condensate remains in focus, with the
excitation of 1°0(0%) at 660 keV above the 4o threshold
being considered as the candidate. Several 10 (0%) can-
didates have been identified among '°0 — 2C(03)a and
28Be(0*). The increase in the probability of #Be (0*) with
the number of a particles in the fragmentation of heavier
nuclei allows us to propose the fusion mechanism 2a —
8Be(0)aa— 12C(0%)a — 190 (0p).
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B 3TOM pacnpezeienuu npu 21 k3B Han noporom 8Be (0M)n
nposiBisieTcss muk (puc. 1). OH comacyeTcst ¢ pacmaja-
mu Haubosee Hu3Koro Bo3OyxaeHus “Be*(1,7 MaB). Ero
BKIaj B KaHan “Be — $Be (0%) cocrasnser 33 %.

B 510 cobwituax auccommanuu 12C — 3o 1pu
4,5 I'sB/c Ha HyKJIOH UIEHTU(HUIMPOBAHBI paciaibl BO3-
Oyxnenus '2C(37) npu 2,37 MaB nan 3a-noporom [2]
(puc.2). Crpykrypa '2C (37) npenmnonaraercst B BUje pas-
HOCTOPOHHETO TPEYTOJLHUKA (-4ACTHIl C EIMHUYHBIMH
YIJIOBBIMM MOMEHTAMH OTHOCHTEJLHO OOIIEr0 HEHTPA.
Bxuan 12C(03) u '2C(3) B kanan 12C — 8Be (0%) a (43 %
Bcel 3a-craructuku) cocraBuil 26 u 45%. Cxoxum 00-
pasom pacmansl '2C(0%) u '2C(37) ugeHTHUINPOBAHEI
B 648 cobpTusax 10 — 4a [3] (puc.2). Bruan 12C(05)a
cocrasui 22 %, a 12C(37)a — 32 %. Cocrosuue '2C(3")
yCUJIMBAeTcs B Auccomuanuu 00 — 4 no cpaBHEHHIO €O
ciyaaem 12C — 3o ananoruuno 12C(03).

AnbrepHatuBHOil cTpykTypoit 100 (05) moxker oka-
3atbest 12Ca. PacnipenienieHusi Mo MHBAapHAHTHON Macce
B KaHajle auccouuanuu 1°0 — 12Ca moryT 6bIThH cocpe-
JIOTOYEHBI HIKE 40-TIOpOTa, YCHIMBas TEM CaMbIM ap-
TYMEHTAlMIo B 103y 4a-cTpykTyphl 00 (0F). Hembssa
HCKITIOYUTh COCYIIeCTBOBaHMs Bo30yxkaenuit 2C(05)a
u 2Ca B nmpenenax mupunst 1°0 (05), paBHoit 165 k3B.
Pa3pemienne 3Toit ABOHCTBEHHOCTH TpeOyeT peKOHCTPYK-

The transverse momenta carried away by neutrons
and, on this basis, the invariant masses of 2an triplets were
estimated using the statistics of 712 °Be — 2a(n) events
at 2 GeV/c per nucleon [2]. Provided that 8Be (0%) is pres-
ent, a peak appears in this distribution at 21 keV above the
8Be (0™)n threshold (Fig. 1). It is consistent with the decays
of the lowest excitation °Be”(1.7 MeV). Its contribution to
the 9Be — ®Be (0*) channel is 33 %.

In 510 '2C — 3a dissociation events at 4.5 GeV/c
per nucleon, decays of the excitation 12C(37) at 2.37 MeV
above the 3a threshold were identified [2] (Fig.2). The
12C(37) structure is assumed to be an equilateral triangle
of a particles with unit angular momenta about a common
centre. The contributions of 12C(0%) and '2C(3") to the
12C — 8Be(0*) o channel (43 % of the total 3« statistics)
are 26 and 45%. Similarly, '2C(0%) and '2C(3") decays
were identified in 648 90 — 4a events [3] (Fig.2).
The contribution of 12C(0%)a was 22%, and the one of
12C(37)a was 32%. The 12C(37) state is enhanced in the
160 — 40 dissociation compared to the '2C — 3a case,
similar to 12C (0%).

An alternative structure of 100 (0§) may be 12Ca. The
invariant mass distributions in the 10 — 12Ca dissocia-
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Puc. 1. Pacnpenenenne mo MHBapHaHTHBIM MaccaM TPOEK, CO-
CTOANINX 3 TIAP O-9aCTHIl ¥ HEHTPOHOB Q,,,, B AMCCOIMAIINN
9Be — $Be(0*)n mpu 2 I'9B/c Ha HyK/IOH; KpuBas — pacrpesie-
nenune bpeiira—Buraepa [1]
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Fig. 1. Distribution of invariant masses of triplets consisting of
pairs of o particles and neutrons Q,,, in the dissociation *Be —
8Be (0™)n at 2 GeV/c per nucleon; curve is the Breit-Wigner dis-
tribution [1]

Puc. 2. Pacipenienenue no HHBapHaHTHOM Macce TPOEK 0-4acTHUI]
Q,,, B cobbrtsx 12C — 8Be(0%)a (toukn) u '°0 — 8Be (0*)2a
(crutomIHast TMHMSA); HOPMHUPOBKA HA YKCIIO COOBITHIH [2,3]

>
=
- 0.081
(e}
5 160 — 8Be(0%)2a @)
£ 006 ]
0.04 -
2¢c 8BC(O+)(X &
0.02 F oo
0 : e PR e Dy o
0 2 4 6 8 10 12 14 16 18 20
Q3a, MeV

Fig.2. Distribution of the invariant mass of a-particle triplets Qs
in the events 12C — ®Be (0*) o (dotted line) and 1°0 — $Be (0%)2a
(solid line), normalized to the number of events [2,3]

tion channel may be concentrated below the 4a threshold,
thus strengthening the argument in favor of the 4a struc-
ture of 1°0(0%). The coexistence of 12C(0%)a and 2Ca
excitations within the 165 keV width of 160 (0% ) cannot be
excluded. Resolving this duality requires a decay recon-
struction. Identification of threshold states of 12Ca could
be used to search for decays involving them in the dissoci-
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Iuu pacmanoB. MaeHTH(HUKANA TOPOTOBBIX COCTOSTHUN
12Cq moxeT ObITH NpUMEHEHa IS IOUCKA PACaioB C UX
y4acTHEM B JIMCCOLMALIMH OOJIee THKENbIX aaep. Benercs
aHanu3 6GuHapHoi nucconuanuu °0 — 12Ca.

B kanamax muccormanuu uszoronos Be, B, C u N,
HEKPaTHBIX YHMCIy ¢-YacTHIl, JUAMPYIOT aHcamb6mu He
u H. Jlna '101C, 1B pjpenruduiuposansl pacraisi
9B — 8Be(0")p u "Be—°Be — a2p. Jlns 4N unentudu-
muposansl 'B — 8Be(0*)p u 12C(03) — 8Be(0*)a. Dtn
(aKThl MO3BOISIOT PACLIUPUTHL THIIOTE3Y O (OPMUPOBA-
HHUM HECTaOWIbHBIX COCTOSHHMIl MyTeM Mojxpara 20 —
8Be(0™)p — °Ba — 13N"(15,1 MaB) u 2a — 3Be (0) o —
12C(0%)p — 3N*(15,1 M3B). B Takom KOHTeKCTe BeeT-
Csl II0MCK 0OPATHBIX M10C/IE]0BATENLHOCTEN PACcIaioB U30-
6ap-ananorosoro coctosuus BN*(15,1 MaB).

HenaBHee paciuMpeHHe CIUCKA MIeHTH(UIMPOBAH-
HBIX COCTOSHUH, PaclaIafolliXcsl ¢ y9acTHEM 8Be (0%),
T03BONSET YCUIUTh APIYMEHTAIIMIO B TOJIb3Yy KaK CaMOTo
T0/IX0/1a, TaK U YHUBEPCAILHOCTH B 00pa30BaHUM HECTa-
6uIbHBIX cocTosuuit. Unentuduxarus $Be (01) u 12C (03),
UrPAKOIMX 3HAYHMYIO POJIb B S1EPHOMN acTPO(U3HKE, yKa-
3bIBAET HA MHTPHTYIONIYI0 BO3MOKHOCTbH BOCIIPOM3BEIE-
HHUsl YCJIOBMII HYKJIEOCHHTE3a B KOHYCE PElSTUBUCTCKOM
¢parmenrauuu. Sdapo 1°0 okaswiBaeTcs cBoero pona Ie-
peBaJoM OT KIacTEpHBIX fep K AApaM ¢ 00O0NOYEeuHOM
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cTpyKTypoii. B pensTusuctckoii aucconuaruu saep 22Ne,
24Mg u 28Si MOryT MCCIIeI0BaThesl PACHaibl THTAHTCKUX
JUITOJIBHBIX pe30HaHCOB KaK MOACJIN MHOI'OYaCTUYHBIX CO-
CTOSIHHMU SIIEPHOM acTpOPHU3UKU. DMYIIbCHUs, 00TyUeHHAs
Ha cuHxpodazorporne OUSIU, u paHHUE TaHHBIC CIyXKaT
OTHpPAaBHEIM MyHKTOM HA 3TOM HampapieHuu. Hamr mog-
X0f1, pa3paboOTaHHbIA B PaMKaX CTABIIETO KIACCHUECKUM
MeToa AIepHOil SMYIILCUH, II03BOJIAET IPUAATh Oecrpe-
LEJIEHTHBIHA pa3sMax ¥ NIyOUHY UCCIIEI0BAHUAM SAEPHBIX
aHcaMOIeii Ha OCHOBE MHTEJUIEKTYAIbHON MUKPOCKOIIHH.
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ation of heavier nuclei. An analysis of the binary dissocia-
tion 1°0 — 2Cq is underway.

In the dissociation channels of Be, B, C and N isotopes
that are not multiples of the number of a particles, the He
and H ensembles are in the lead. For 10:11C, 1B, the decays
9B — 8Be(0")p and "Be—°Be — a2p have been identi-
fied. For 1“N, 9B — 8Be(0*)p and !2C(0%) — 3Be(0")«
have been identified. These facts allow one to expand the
hypothesis about the formation of unstable states by pick-
up 20 — 8Be(07)p — Ba — BN*(15.1 MeV) and 20 —
8Be (0" a — 12C(0%)p — I3N"(15.1 MeV). In this con-
text, the search for inverse decay sequences of the isobaric
analogue state 13N*(15.1 MeV) is conducted.

The identification of 8Be(0*) and '2C(03), playing
an outstanding role in nuclear astrophysics, points to an
intriguing possibility of reproducing the conditions of nu-
cleosynthesis in the relativistic fragmentation cone. The
recent expansion of the list of identified states decaying
with the participation of ®Be (0*) allows one to strengthen
the arguments both in favor of the approach itself and its
universality in the formation of unstable states. The 10
nucleus turns out to be a kind of a pass from cluster nuclei
to nuclei with a shell structure. In the relativistic dissocia-

EI

tion of 22Ne, 24Mg and 28Si nuclei, the decays of giant di-
pole resonances can be studied as models of many-particle
states of nuclear astrophysics. The emulsion exposed at the
JINR Synchrophasotron and early data serve as a starting
point in this direction. Our approach, developed within the
framework of the now classic nuclear emulsion method,
allows for unprecedented scope and depth of studies of nu-
clear assemblies based on intelligent microscopy.
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