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beicTpbie ajib(a-4acTHIBI B PeaKIuu
B3anmoneiicreus *8Ca u *Fe ¢ ssapamu Ta n U

B3anmopeiicTBre IBYX CIOKHBIX SII€P MOXKET COIPO-
BOXKIATBCS BBUICTOM OOJBIIOTO KOJNMYECTBA aib(a-da-
cTuil. B sHepreTHueckux CreKTpax 3THX YaCTHII, 00pa3y-
IOIIMXCS B PEAKLUSIX C TSDKEIBIMA HOHAMHM, HaOJIIoaeTcst
HECKOJIBKO KOMITOHEHT. OflHa M3 HUX — 3TO HCIIAPUTEIIb-
HBIE YaCTHUI[BI, BTOpPass — BBICOKOIHEPIeTUYECKUE, C Ha-
MIPABJICHHBIM BIIEPE/I YIIOBBIM PACIIPE/ICICHUEM U C MaK-
CHUMaJIbHBIM BBIXOIOM YaCTHIL ITPU DOHEPIUU, COOTBETCTBY-
fomiel ckopoctn 6ombapaupyromux HoHoB. [Iporecce uc-
ITyCKaHHs OBICTPBIX JIb(a-yacTHI] U3 CTAJIKUBAIOLINXCS 1
CJIMBAIOIIUNXCA AACP SABJIACTCA ‘ipe3BbI‘lai/lIHO HUHTCPCCHBIM
C TOYKH 3PEHHS ITOTYUCHUSI XONOIAHBIX TSHKEIBIX SIICP.

B peakuusx Ha nyukax *3Ca u 3%Fe u mumensx 238U
v 181Ta Ha MarHUTHOM aHaNM3aTOpe BHICOKOTO pa3spellle-
Hus (ycraHoBka MABP) [1] 6pumn m3mepens! auddepen-
UaJbHBIC CCUCHUS BBLICTA aJ'IL(ba-‘IaCTI/IH B 3aBHCHMO-
CTH OT SHEpruu BbUIeTeBIIEeH anbda-gactunsl. [Iposenen
aHANN3 JAHHBIX, HOJYYEHHBIX B HACTOSIIEM JKCIIEPHU-

MEHTE, BKIIIOYasi paHee OMyOIMKOBAaHHbIC HAMHU JaHHBIC,
nosyueHHble Ha nydkax 22Ne [2] u *8Ca [3], ¢ moMomibio
KHHEMATUKU ABYX- U TPEXTCJIbHOI'O BBLIXOJHBIX KaHaJIOB
peakiuil. DHepreTHYeCcKue CHEeKTPhl anb(ha-4acTHil s
peakuun '81Ta + 22Ne, usMepeHHbIe O] pa3HBIMU yIiIa-
MH, BMECTE€ C pacCYeTHBIM CIEKTPOM HCIApUTEIbHBIX
anb(a-yacTHI] U3 COCTABHOIO siIpa IMOKa3aHbl Ha puc. 1.
BuzHO, 4TO 3KCIIEPUMEHTANIBHBIE U PACUETHBINA CIIEKTPHI
CHJIBHO Pa3IMYaloTCs, YTO €IIe pa3 MOATBEPXkIacT (HakT
3HAYMUTEIBHOTO YBEIMYEHHS BBIXOZA alb(a-dyacTHil B 00-
JIaCTU MaJibIX YTJIOB.

DKCTIEPUMEHT MPOBOMMIICA Ha IMydkax HOHOB ~°Fe
¢ sueprueit 320 MaB nHa mukinorpone Y-400 JISIP OMSIN
¢ mumensamu 181Ta u 233U, O6pasyrommecs B peakuuu
anb(a-gacTUIBI MTOCIIE BBUIETA W3 MHUIICHH (POKYCHPO-
BaJIMCh 1yOJICTOM KBaJpPYIMOJbHBIX JIMH3 HAa BXOJC B Mar-
HHUTHBIA aHANU3aTOP, OTACISIIUCH OT MEPBUYHOIO My4Ka
U MICHTHHULIUPOBAIHCH B (POKAJIBHON IIIOCKOCTH JICTEK-
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Fast Alpha Particles in Reactions of
48Ca and °6Fe with Ta and U Nuclei

The interaction of two complex nuclei can be accom-
panied by the emission of a large number of alpha parti-
cles. Several components are observed in energy spectra
of these particles formed in reactions with heavy ions: one
of them is evaporation particles, the other — high-energy
particles with an angular distribution peaked forward and
a maximum yield of particles at the energy corresponding
to the velocity of bombarding ions. The emission of fast
alpha particles in collision and fusion of nuclei is highly
interesting in terms of the production of cold heavy nuclei.

The differential cross sections for the emission of al-
pha particles varying with the energy of an emitted alpha
particle were measured in reactions with 48Ca and °Fe
beams and 238U and !31Ta targets using the high-resolu-
tion magnetic analyzer MAVR [1]. The experimental data,
including the previously published data we obtained in ex-
periments with 22Ne [2] and #8Ca [3] beams, were analyzed
using the kinematics of two- and three-body reaction exit

channels. Figure 1 shows energy spectra of alpha particles
for the !81Ta + 22Ne reaction measured at different angles
together with the calculated spectrum of alpha particles
evaporated from the compound nucleus. The experimental
and calculated spectra are shown to differ greatly, which
once again provides evidence for a significant increase in
the yield of alpha particles in the region of small angles.
The experiment was performed with 5°Fe ion beams
accelerated to 320 MeV and reacting with the !81Ta and
238U targets employing the JINR FLNR U400 cyclotron.
Alpha particles produced in the reaction were emitted
from the target and then focused by a doublet of quadru-
pole lenses upon entering the magnetic analyzer, separated
from the primary beam, and identified in the focal plane of
the detector system consisting of two semi-conductor tele-
scopes. They were identified by the charge number Z and
mass number A, their energy loss AE, and total energy E.
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Fig. 1. Energy spectra of alpha particles measured at 0° (squares),
10° (triangles), 20° (dots), 40° (circles), 90° (stars) for the
22Ne + 181Ta reaction at the energy Ejp = 178 MeV (Ey, =
158.7 MeV) [2]. The dashed line shows a spectrum calculated at
90° within the compound nucleus evaporation model. The arrow
at the top corresponds to the height of the Coulomb barrier in the
exit channel '99T1 + 4He (20.3 MeV). The arrow at the bottom in-
dicates the kinematic limit (125.4 MeV) of the two-body reaction
channel in the center-of-mass system
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Puc. 1. DHepreTnyeckue CHEKTpsl anb(a-4acTHL, U3MEPEHHEIE
nox yrmamu 0° (kBagpatsr), 10° (Tpeyronsaukn), 20° (dpuonero-
BbIE KpYXKH), 40° (3eneHble KpyKkn), 90° (3Be31b1) AT peaKIiu
22Ne + '81Ta npu sueprum Ejyy = 178 MaB (Eg, = 158,7 MaB) [2].
I TpuxoBoil TMHMEN MOKa3aH CHEKTpP, PACCUYMTAHHBIA AJIS yIya
90° B Moneny WcHapeHus U3 KommayHA-sapa. CTpenka BBEpXY
COOTBETCTBYET BBICOTE KYJOHOBCKOTO Gapbepa BHIXOAHOTO KaHa-
na 199T1 + 4He 20,3 M»B, cTpeska BHU3Y yKa3bIBaeT KMHEMATH-
YeCKHH MPeJielt ABYXTeIbHOTO KaHala PeaKliH B C. I1. M., PABHBII
125,4 MsB

TOPHOM CUCTEMOM, COCTOSALIEN U3 IBYX MOJIYIPOBOAHUKO-
BBIX TEJIECKOTOB. M IeHTH(HKAIMS BBITOTHSIIACE 110 3apsi-
Iy Z ¥ MaccoBOMy 4ucity A siep, TI0 oTepe UMH SHEPTUU
AE w nx nonuotit sneprum E.

Juddepenunansuble cedyeHus Bpuieta 1oy yriaom 0°
anbga-yactunl B peaknusax °Fe + 233U u 0Fe + 181Ta,
Npe/ICTaBICHHbIE HA PUC. 2, IEMOHCTPUPYIOT 3aBUCUMOCTb
oT 3apsiza (M MaccoOBOTO YHUCIIA) Apa-MHIICHN. BBIxom anb-
(ha-gacTHIl CyIIECTBEHHO BBIIIE ISl OOJIEE TSKEIIOTO siApa
238U co cnabo cBs3aHHOM abda-yacTuiei (SHEPrus ajb-
(ha-yacTu1l, UCITycKaeMbIX NpH anbga-pacnane, 4,27 MaB,
oM., Hanpumep, NRV [4]), crabunbnoe sapo 181Ta anb-
(a-pacraja He HCHBITBIBAeT. MaKCUMaIbHBIH BBIXOJ
anb(a-uactul 11 peakuuil 48Ca + 181Ta, 48Ca + 238U u
56Fe + 181Tq, kak u s peaxiuu 22Ne + 181Ta, nabmonancs
TIpY SHEpPTuM anb(a-4acTHIl, COOTBETCTBYIOIICH B cucTe-

Puc. 2. DHepreTHUECKHE CIIEKTPHI alb(a-uacTuIl, ©3MEPEHHBIE Mol yrioM 0° B peakiusax Ha MumieHsx 238U (kpyKKH, IITPUXOBask KPH-
Basl M IITPUXOBBIE CTpesiky) U 181 Ta (TpeyronbHUKH, CIUIONTHBIC KPUBBIE U CILIONIHBIE CTPENKHU): &) s Tyuka sjep S°Fe ¢ sHeprueii
320 M>B; b) s myuxos sinep *8Ca ¢ sueprueii 270 MoB na mutnenn 233U u ¢ sueprueii 261 MoB na mummenu 181 Ta, nanusie n3 pabotst
[3]; KpUBBIE IPOBEICHBI TTYTEM CIVIAXKUBAHUS TAHHBIX CTUTaiHaMu. CTPEJTKH BBEPXY YKa3bIBAIOT 3HAYCHHUS SHEPTUHU, COOTBETCTBYIONIHE
B C.11. M. DHEPIUH, PABHOI BBICOTE KYJOHOBCKOTO Gaphepa BHIXOIHOTO KaHajla «TskeNbli Gparment» + *He
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Fig.2. Energy spectra of alpha particles measured at 0° in reactions with the 238U (circles, a dashed curve, and dashed arrows) and 8! Ta
targets (triangles, solid curves and solid arrows): a) for the 320-MeV beam of 5°Fe nuclei; b) for the beams of #8Ca nuclei bombarding
the 238U target with the energy of 270 MeV and the !81Ta target with 261 MeV (data taken from [3]). The curves are fitted to data with
smoothing splines. The arrows at the top indicate the energy corresponding to that in the center of mass, which coincided with the height
of the Coulomb barrier in the exit channel “a heavy fragment” + 4He
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Me LIEHTpa Macc SHEePruH, PaBHOH BBICOTE KYIOHOBCKOTO
Gapbepa BEIXOIHOTO KaHANA «TsKeNbli hparment» + 4He.

Jnddepennmanapable ceUeHUs BbIIETa alb(a-qacTHIl
B peakuuax 22Ne + 181Ta, 48Ca + 181Ta u 5%Fe + 181Ta nox
yriom 0° mpencraBnensl Ha puc.3. Cedenue oOpa3oBa-
HUs anb(da-4acTHIl BO BCEM JMalia3oHe DHEPrHil OKa3za-
J0ch ONM3KUM 11s snep-cHapanos 22Ne, S°Fe ¢ sHepru-
SIMU  OTJICJICHUS aJib(a-4acTHIbl COOTBETCTBCHHO 9,7 W
7,6 MaB [4]. Jlns HeliTpoHou36bITouHbIX gep “8Ca ¢ aHo-
MaJIbHO OOJIBIIOW 3HEpPrHell OTAeNeHUs aib(a-4acTHIII
14,4 M»aB ceuenne o6pa3oBaHus anb(a-gacTHIl B peaKIInN
48Ca + 181Ta cymecTBeHHO MeHbIIe, yeM s saaep 22Ne,
56Fe. Takum 00pa3oM, XapakTep SHEPreTHYEeCKUX CHeK-
TPOB aib(da-4acTuIl OMPEICIIeTCs, B OCHOBHOM, CBOW-
CTBaMH TSDKEJNBIX SIIEP-MUIICHEH U, B MEHBIIICH CTETNeHH,
CBOMCTBaMH siJiep HAJIETAOIIETO IyUKa.

B peakuusax 22Ne + 181Ta, 48Ca + 181Ta suepruu
BCEX 3aperMCTPUPOBAHHBIX anb(a-4acTUI[ HE MPEBOC-
XOJIMJIM COOTBETCTBYIOIIMX KHHEMATHUECKUX IPEICIOB
JIByXTEIILHOTO KaHala PeakKiliu. YCKOpPEHHE Crajia cede-
HUSI BbUIETA alb(ha-4acTHIl IPU NPHOIIKSHUH K TaKOMY
npeeny ¢ OONBIIONH BEPOSTHOCTHIO YKA3bIBAET WMEHHO
Ha JIByXTEJIbHbIM BBIXOAHOM KaHall peakuuid. B peakuuu
56Fe + 181Ta peGonpias yacTh 3aperuCTPUPOBAHHBIX Allb-
(ha-yacTHIl UIMea SHEPTHH, TPEBOCXOISIIHIE JIBYXTEIIbHbIH
KuHeMaTnyeckuil npezaen. OHU MODIH OBbITh HCITYIIEHBI

The differential cross sections for the emission
of alpha particles at the angle of 0° in the °Fe + 238U
and *°Fe + !81Ta reactions depicted in Fig.2 show the
dependence of the target nucleus on the charge (and mass
number). The yield of alpha particles was substantially
higher for the heavier nucleus 233U with a weakly bound
alpha particle (energy of alpha particles emitted during
alpha decay was 4.27 MeV; see, for example, NRV [4]).
The stable '81Ta nucleus did not undergo alpha decay. The
maximum yield of alpha particles from the *8Ca + !81Ta,
4BCa + 238U and >°Fe + !81Ta reactions, as from the
22Ne + 181Ta reaction, was observed when the energy of
alpha particles corresponding to that in the center of mass
coincided with the Coulomb barrier height in the exit
channel “a heavy fragment” + “He.

Figure 3 shows the differential cross sections for
the emission of alpha particles in the 22Ne + 18ITa,
48Ca + 181Ta, and 7%Fe + 181Ta reactions at the angle of 0°.
The production cross section of alpha particles in the entire
energy range turned out to be similar for the two projec-
tile nuclei 22Ne and 3%Fe with the separation energies of
alpha particles at 9.7 and 7.6 MeV, respectively [4]. With
regard to neutron-rich 48Ca nuclei with abnormally high al-
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Puc.3. DHeprernueckue CrekTpsl anb(a-4acThLl, U3MEPEHHBIE
non yrom 0° B peakuusx Ha mumenn '$1Ta ¢ myukamu snep
56Fe ¢ smeprueit 320 M»>B (TpeyroibHHMKH, CIUIOIIHAS KpH-
Bas), 22Ne ¢ smeprueii 178 M»B (kBaapaTsl, IITPUXOBAsT KPH-
Bas) u *8Ca ¢ smeprueii 261 M>B (KpyKKH, IITPUXITYHKTHPHAS
kpuBasi). KpuBble NpPOBEIEHbI IyTeM CIIaKMBAHHS JaHHBIX
crutaitHamu.  CTpenkaMu TIOKa3aHbl SHEPrus anb(a-4acTHil,
COOTBETCTBYIOIIAS, KHHEMATHYECKHM Ipe/iesaM JBYXTEJbHBIX
KaHAJOB peakuuii ¢ supamu >°Fe (cmmommas crpenka), 48Ca
(mrpuxmynktupHas) u 22Ne (mrpuxopas). Toueunas Kpusas
anst siiep °Fe — mporHosupyeMblil BKIIaJL By XTENLHOTO KaHa-
na %Fe + 181Ta — 233Bk + 4He, yuacTok A 3a KHHEMATHIECKUM
NPEIJIOM JBYXTEJIBHOTO KaHalla MOXeT OBbIThb 00yCIOBICH
BKJIAZIOM TPEXTenbHOTO KaHana S°Fe + 181Ta — 12C + 221pa + 4He
¢ KHHEMaTHYeCKUM mipezesoM 136 MaB
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Fig. 3. Energy spectra of alpha particles measured at the angle
of 0° in reactions involving the 18!Ta target and the beams of
56Fe nuclei with the energy of 320 MeV (triangles, a solid curve),
the 178-MeV beams of 22Ne nuclei (squares, a dashed curve),
and the 261-MeV beams of 48Ca nuclei (circles, a dash-dotted
curve). The curves are fitted to data with smoothing splines. The
arrows indicate the energies of alpha particles corresponding to
the kinematic limits of two-body channels for the reactions with
56Fe (a solid arrow), 48Ca (a dash-dotted arrow), and 22Ne nu-
clei (a dashed arrow). The dotted curve for °Fe nuclei corre-
sponds to the predicted contribution from the two-body channel
50Fe + 181Ta — 233Bk + 4He; section A beyond the kinematic
limit of the two-body channel may be due to the contribution
from the three-body channel 5°Fe + 181Ta — 12C + 221Pa + 4He
with a kinematic limit of 136 MeV

pha-particle separation energy (14.4 MeV), the production
cross section of alpha particles in the 8Ca + 181Ta reaction
was significantly lower than that for the 22Ne and °Fe nu-
clei. Therefore, energy spectra of alpha particles are mostly
characterized by the properties of heavy target nuclei and,
to a lesser extent, by the properties of a projectile.

The energies of all alpha particles registered in the
22Ne + 181Ta and *8Ca + !81Ta reactions did not exceed the
corresponding kinematic limits of the two-body reaction
channel. An accelerating decrease in the emission cross
section of alpha particles, when approaching such a limit,
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Puc. 4. IInOTHOCTB BEPOSITHOCTH (B C. I1. M. 1 B JIOTapU(PMHUECKOM
MacmTabe) anbha-uactumsl sapa S°Fe (a—C) u sapa 81Ta (d-f)
npu ciusaun anep J°Fe + 181Ta ¢ smeprueit Ejy, = 320 M»aB,
E.m = 244 MbB, npunenbHbIi mapaMeTp CTOJIKHOBEHHUSI PaBEH
4 ¢m. Xomy BpeMEHHM COOTBETCTBYET TOPSIOK CBEPXY BHH3.
OKpY’KHOCTH COOTBETCTBYIOT PaJiiycaM sep, ONpenesieMbIM
o dopmyrne R = 1,27 A3 M
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Fig. 4. The probability density (in the center-of-mass system and
on a logarithmic scale) of an alpha particle of the °Fe nucleus
(a—c) and !31Ta nucleus (d—f) in the fusion of 5°Fe and !3!Ta nu-
clei at Ejp =320 MeV, E, = 244 MeV in the laboratory system,
an impact parameter being 4 fm. See from the top downwards.
Circles correspond to nuclei radii determined by the formula
R=127Al3 fm

points to the very two-body reaction exit channel. A small
fraction of alpha particles registered in the °Fe + 181Ta
reaction had energies exceeding the two-body kinematic
limit. They could be emitted in the three-body channel
56Fe + 181Ta — 12C + 221Pa + 4He with a kinematic limit
of 136 MeV. Such three-body reaction channels leading to
the formation of two heavy nuclei are the result of incom-
plete fusion of nuclei and the transfer of a considerable
number of nucleons from the projectile nucleus to the tar-
get nucleus.

The theoretical analysis of the results was conducted
using the time-dependent Schrodinger equation for alpha
clusters in the projectile nucleus and target nucleus [5, 6].
The colliding nuclei overcome the Coulomb barrier and, af-
ter touching each other by their surfaces, overlap, resulting
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B TpexTenbHOM KaHane S°Fe + 181Ta — 12C + 221P3 + 4He
¢ KMHeMaTrudeckuM npezaenaom 136 MaB. Takue Tpexrens-
HBbIE KaHalbl peaknuii ¢ 00pa3oBaHHEM JBYX TSDKENBIX
SIep SIBISIOTCS PE3yJIbTaTOM HEIOJIHOTO CIUSIHUS siep U
nepeadyr OOJBIIOTO YMCiia HYKJIOHOB OT spa-cHapsiia
ANpPY-MHIICHH.

Teopernueckuii aHalM3 TOJYYEHHBIX pPE3YJIbTaTOB
MIPOBEJICH C HMCTOJIb30BAHNEM HECTAlMOHAPHOTO ypaBHE-
Hus lpenunrepa uist anbga-KinacTepoB sapa-cHapsiia 1
siApa-MUILEHH [5, 6]. B xoae cTONKHOBEHUS A1pa MPEoao-
JICBAIOT KYJIOHOBCKHI Oapbep M Mociie KacaHust IIOBEPXHO-
CTell HAUMHAIOT NePEKPBIBATHCS, ATO BEJIET K IIepepacnpe-
JIETICHNIO HYKJIOHOB siziep. Jist omucaHus 3TOro mnpoiecca
UCIIONB30BaIach MPOCTEHIAs MOZeNb: OT Oojlee JIEerkoro
siIpa-cHapsiia OoJee TSDKEIIOMY SIIpY-MHILICHH Iepefa-
BaJIaCh JIOJIs. HYKJIOHOB, COOTBETCTBYIOIIAs Jiojie o0beMa
siIpa-cHapsi/ia, OKa3aBILIErocss BHYTpU oObeMa siapa-MH-
IIeHW. YpaBHEHMS ABMKEHHs LIEHTPOB Macc siAEP BKIIIO-
Yali TaKoe IepepacipeneneHne macc sipep. Ha puc.4
TOKa3aHbl TIPHMEPBI SBOTIONUH MIIOTHOCTH BEPOSITHOCTH
anb(a-yacTuibl, chOpMUpOBaBILEHcs (C HEKOTOPOW Be-
POSITHOCTBIO) B sizipe-cHapse *°Fe (a—C) u supe-MUILEHH
181Ta (d—f) npu cronknoBenuu saep °Fe, 181Ta ¢ snep-
rueit Ejn = 320 MaB, E,,, = 244 M5B u npunensHsiM
mapaMeTpoM cTonkHOoBeHHs 4 ¢Mm. Ilpu cOmmxeHun saep
HapacTarolee KyJOHOBCKOE IMOJIE MEIIEHHO W3MEHsSeT

in the rearrangement of nucleons in nuclei. A simple model
was used to describe the process: a fraction of nucleons
was transferred from a light projectile nucleus to a heavier
target nucleus, which corresponded to the volume in the
projectile nucleus inside the target nucleus. The center-of-
mass equations of motion included such mass rearrange-
ment of nuclei. Figure 4 shows the examples of evolution
of the probability density of an alpha particle formed (with
a certain probability) in the projectile nucleus S°Fe (a—C)
and the target nucleus !8!Ta (d-f) in the 3°Fe + 181Ta colli-
sion at the energy Ejp =320 MeV, E.,, =244 MeV and with
an impact parameter of 4 fm. As nuclei were approaching
cach other, the increasing strength of the Coulomb field
gradually changed wave functions W(r, t) and probabili-
ty densities [¥(r, t)|? of alpha particles so that in each of
the nuclei they shifted farthest away from the approaching
nucleus (Fig.4, a and d). Owning to the drastic change in
the potential energy during the close contact of nuclei, the
localization of the wave functions of alpha particles took
place, and their average energy increased (Fig.4, b and e).
As a result, alpha particles tunneled through the Coulomb
barrier during the capture of the projectile nucleus by the
target nucleus and flew out forward from the target nucleus
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BorHOBBIe QyHKIHH ‘P(r, t) ¥ MIOTHOCTH BEPOATHOCTH
[¥(r, t)]> anbda-uacTuil Tak, YTO B KaXkJIOM U3 SJIEP OHU
CMEIIAIOTCS B HauboJee ylaaleHHyI0 OT HMpHOIMKaroIe-
rocs siapa yacthb (cM. puc.4, a u d). [lpu TecHOM KOHTaKTe
sIIep M3-3a PE3KOTO M3MEHEHUS! MMOTeHINALHON YHEPTHN
MPOUCXOIUT JIOKAJIM3ALUs BOTHOBBIX (QYHKIMH anbda-ua-
CTHI, U UX CpPEaHssl dHeprusi Bo3pacraer (cMm. puc.4,b
u €). B pesynprare anpda-gacTHIBI TYHHETHPYIOT Yepe3
KYJIOHOBCKHMH Oapbep Ha CTaJMW 3axBara sijpa-cHapsja
SIIPOM-MHUIIEHBIO W BBIJIECTAIOT B CHCTEME LIEHTpa Macc
U3 sIpa-MUIICHH BIIEpeN, a W3 syipa-CHapsiaa — Hazaj
(cMm. puc.4,c u f). Jlokanuzauusi anbgha-4yacTuil B sape
56Fe B obmactu, yJaleHHOH OT sjapa-MHILIEHH, ¢ 00pa-
30BaHMEM M3 HUX Kiactepa '2C MOMET CIIYXHTh MpH-
YUHON TpeXTeNbHOro KaHana peakuuu “°Fe + 181Ta —
12C + 221pa + 4He. O6pasyromeecs sapo '2C He 3axBa-
TBIBAETCS SIIPOM-MHIIEHBIO, a BBUIETACT Ha3a] B CHCTEME
LIEHTpPa Macc.

B HecrannoHapHOM NO/IX0/1€ YCTaHOBJICHBI JiBa MeXa-
HHU3Ma BBUIETa HEPABHOBECHBIX allb(a-dacTUI] MIPU CIHS-
HUH siziep: U3 Oosiee JIerkoro siapa-cHapsa (Tie MeHbIe
BEpOATHOCTh (hOpMHpPOBaHUS anb(a-Kiactepa) Has3al B
CHCTeMe LIEHTPa Macc U U3 OoJiee TSHKEIIOTo sIpa-MULICHH
(tme BeposATHOCTH (POPMHUPOBaHUS alb(a-KiIacTepa 00Ib-
1Ie) BIEpEl, KOTOPbIE MOTYT COOTBETCTBOBATh KHHEMa-
TUYECKOW Mojenu NByX uctouyHukoB [7]. [lokazano, uro
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«BBIOMBaHUE» ab(a-dacTHIl U3 SAPa-MUIICHH CTAHOBHT-
Csl BEPOSITHBIM TIPH 3aXBaTe SAPOM-MHIICHBIO sIpa-cHapsI-
nma ¢ Z < 20 wiu nepenade emy OT siapa-cHapsiaa ¢ Z > 20
HEKOTOPOTO KPUTHUECKOTO 3apsijia (Yuciia MpOTOHOB) B XO-
JIe MHOTOHYKJIOHHBIX TTepefad (MM HETOJHOTO CIHMSHUS
saaep).
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in the center-of-mass system but backward from the projec-
tile nucleus (Fig.4, ¢ and f). The localization of alpha parti-
cles in the 5°Fe nucleus in the region far away from the tar-
get nucleus leading to the formation of the '2C cluster may
be assigned as being the origin of the three-body reaction
channel 5¢Fe + !81Ta — 12C + 221Pa + 4He. The formed 12C
nucleus was not captured by the target nucleus but emitted
in the backward direction in the center-of-mass system.

Within the non-stationary approach, two mechanisms
were established for the emission of non-equilibrium alpha
particles during the fusion of nuclei: one from a lighter
projectile nucleus (where the probability of the formation
of an alpha cluster is lower) in the backward direction in
the center-of-mass system and the other from a heavier tar-
get nucleus (where the probability for the formation of an
alpha cluster is higher). Both can correspond to the kine-
matic model for the two sources [7]. The “knocking out”
of alpha particles from the target nucleus was shown to
most likely occur during the capture of the projectile nu-
cleus with Z < 20 by the target nucleus or the transfer to
the latter of a certain critical charge (number of protons)
from the projectile nucleus with Z > 20 during multi-nu-
cleon transfer (or incomplete fusion of nuclei).
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