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OC00eHHOCTH MOJHBIX CeYEeHUH peaKkuu
B3aUMOIEeliCTBUS JIETKHX KJIACTEPHBIX
IK30THUYECKHX siJiep NPH HU3KHUX

U CPeIHMX IHEePIrUusX

OmHUM W3 BaXKHEWIIMX HaIpaBICHUH SKCIEPUMEH-
TaJbHOTO MCCIIEAOBAHUS SIPO-SACPHBIX B3aUMOJEHCTBUN
SIBISICTCST M3ydeHHe MONHbIX cedeHmi peakmmid (IICP).
IICP mpencrasisier coboif cBocoOpas3HbIi TecT A pas-
JIMYHBIX MOJIENBHBIX ITOJIXO/I0B, MCIIONB3YyEeMBIX ISl I10-
JIy4EHUsI SIJIePHO-CIIEKTPOCKOTMYECKOW HH(pOpMAILINK, KO-
TOpasi CBA3aHa C TAKMMH BaXKHBIMH BOIIPOCAMHU SACPHOMN
(U3MKH, KaK COOTHOIICHHE KOJIEKTHBHBIX 3(PPEKTOB U
MHIUBHUYaJIbHBIX HYKJIOH-HYKJIOHHBIX B3aHMOJCHCTBHI.
C TNOMOIIBIO TEOPETHYECKUX METOJOB aHaJIH3a HKCIIe-
puMeHTanbHEIX [ICP momyuaror maHHble O CTPYKTYpPHBIX
XapaKTepUCTUKax sijiep (pacnpenesieHne IJI0THOCTH Ma-
TEPUH, CPETHEKBAIPATHYHbIC paguychl U ap.). CTpykTypa
B3aNMOJICHCTBYIOIIUX SIIEP MOXKET CYIIECTBEHHO BIIHATH

Ha MEXAHMU3M SACPHBIX PEaKLUi U IPOSIBIATHCA B cede-
HUAX 3TUX IpoueccoB. IlomHble ceueHus peakuui Iox
JICUCTBUEM 3apsDKEHHBIX YacTHULl C JHEPrUed MeEHbIIe
30 MaB/HYKIIOH OTHOCSATCSI K YMCITy HAUMEHEe HCCIIEN0-
BaHHBIX SIJIEPHBIX BeauuuH [1].

3a mpomenmue 20 JeT, ¢ pa3BUTHEM U COBEPILICH-
CTBOBAHUEM DOKCIICPUMCHTAJIBHBIX METOAUK, IOABUIIOCH
MHOTO HOBBIX IKCIIEPUMEHTAIBHBIX PEe3yNIbTaTOB, aHATN3
KOTOPBIX CHJIBHO M3MEHWII HAIA TIPEICTABICHHS O MEXa-
HU3ME B3aHMOJICHCTBUS U CTPYKTYpE H30TOIMOB JIETKHX
CJTa0OCBSI3aHHBIX SIJIEP MPU HU3KUX U CPEITHUX YHEPTHIX
(5-30 AM»>B).

OKCHEepUMEHTAJIbHbIE HCCIEIOBAHUS C MCIOIB30-
BaHHEM MYYKOB PaJWOAKTUBHBIX SJEp TO3BOIIIN 00-
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Peculiarities of Total Cross Sections
for Reactions of Interaction of Light Cluster
Exotic Nuclei at Low and Medium Energies

One of the most important areas of experimental re-
search into nucleus—nucleus interactions is the study of
total reaction cross sections (TRC). The TRC is a kind of
test for various model approaches used to obtain nuclear
spectroscopic information. The information obtained in
this way is connected with such important questions of
nuclear physics as the relationship between collective ef-
fects and individual nucleon—nucleon interactions. Using
theoretical methods of analysis of experimental TRC, da-
ta are obtained on the structural characteristics of nuclei
(matter density distribution, root-mean-square radii, etc.).
The structure of interacting nuclei can significantly affect
the mechanism of nuclear reactions and can manifest it-
self in the cross sections of these processes. The total cross
sections for reactions induced by charged particles with
energies below 30 MeV/nucleon are among the least stud-
ied nuclear quantities [1].
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Over the past 20 years, with the development and im-
provement of experimental techniques, many new exper-
imental results have appeared, the analysis of which has
greatly altered our understanding of the interaction mech-
anism and the structure of the isotopes of light weakly
bound nuclei at low and medium energies (5-30 AMeV).

Experimental studies using beams of radioactive nu-
clei made it possible to discover new interesting phenome-
na related to the properties of nuclei far from the region of
f stability [1]. For some light neutron-rich nuclei, the en-
ergy E, of separation of a valence neutron (or neutrons) is
extremely small. Compared to stable nuclei, in which it is
about 68 MeV, these nuclei have the energy of separation
of one or more neutrons less than 1 MeV. The neutron den-
sity distribution in such weakly bound nuclei has a very
extended part, called the neutron halo. The halo appears as
a “tail” in the distribution of nuclear matter at a distance of
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HapyXXWUThb HOBBIE WHTEPECHBIC SBJICHHS, CBA3aHHBIE CO
CBOMCTBaMH $i/1€p, YIAJICHHBIX OT 00JIacTH f-CTaOMIIbHO-
cta [1]. YV HEKOTOPBIX JETKUX HEHTPOHHO-U30BITOUHBIX
ANEp dHEprus £, OTAeIEeHHs BaJEHTHOIO HEHTPOHA (MK
HEHTPOHOB) Upe3BBIYaliHO Mana. [lo cpaBHEHHIO cO CTa-
OWIBHBIMH SApaMH, Y KOTOPBIX OHAa COCTAaBIAET OKOJIO
6—8 M»hB, y 3TuX sep dHeprusi OTAENIEHUsI OJHOTO WIH
HECKOJIBKUX HeHTpoHOB MeHbIe | M»aB. Pacnpenenenue
TUTOTHOCTH HEWTPOHOB B TAaKHWX CIA0OCBS3aHHBIX SAPAx
UMEET BeCbMa IMPOTSHKEHHYIO 4acTh, HA3bIBAEMyIO HEH-
TPOHHBIM raJio. ['ajio BO3HUKAET KaK «XBOCT» B pacIpese-
JICHWUU SIIEPHOTO BeIecTBa Ha paccrosHum 5—10 ¢wm, rme
BEJIMUMHA IJIOTHOCTH paBHa npumepHo 1/100 ero mioTHo-
CTU B LieHTpe sapa. [lnoTHOCTH pacnpeneneHuss HEUTpo-
HOB U NIPOTOHOB B Nepu(epruecKoil 00IacTu Takux siaep
CHJIBHO Pa3IMYaOTCs, TAK YTO OHU MOTYT OBITh ITPEACTaB-
JICHBI B BHJIC KOMIIAKTHOTO HHEPTHOTO KOpa, OKPYKEHHOTO
OIIHUM WJIM HECKOJBKHMH CIIa0OCBSI3aHHBIMH HEHTpOHa-
Mmu. HeliTpoHHOE raiio, a Takke KiacTepHas KOH(pHUTypa-
LSl SI7Iep UTPaloT CYIIECTBEHHYIO POJb B UX CTPYKTYpE,
a TaKke B OCOOCHHOCTSIX MX B3aMMOAEHCTBUS C APYTUMHU
SITPAMH.

Peakmnu co c1aboCBI3aHHBIMHA (KJIACTEPHBIMH U JK-
30THYECKUMH) SIAPaMH, TIPOTEKAIOIINE TIPH HU3KHUX SHEp-
TUsIX, UIMEIOT MHOTO ocoOeHHocTel. OaHOM U3 HUX SIBIISI-
eTcsl YCHIICHHE CeUeHUI B3auMOJICHCTBYSI B OKOJIoO0aphep-
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HOM 0o0nacTu 3Ha4eHH >Heprun. Hanbonee CUIBHO 3TOT
a¢ ekt nposBIseTcs A KIACTEPHBIX siAep, Harpumep
6Li, a Taxke simep ¢ HEWTPOHHBIM Tajo, Hampumep SHe,
UL

OCHOBHBIC KaHAIIBI B3aUMOJCHCTBHS TaKUX SOCP —
peakuuy rnepenadyu, peakiuy pa3Bajia U peakiuu CIHs-
Hus. [Iporecc pas3Bana ¢ MOCIESIYFONUM CIUSHUEM sIpa-
0OCTaTKa ABJIACTCA MPEAMETOM MHOTOUNCIICHHBIX TCOPETU-
YECKMX W DKCIEPHUMEHTAJBHBIX HCCleoBaHui. B coor-
BETCTBHH C KJIACCHYECKUMH MPEACTABICHUSIMH CIHSIHUE
MEK1y B3aUMOJCHCTBYIOIIMMH SIAPAMU MPOUCXOIUT I10-
Clie TIPEONONICHUS MMHU Oapbepa, KOTOPBIH ONpeesIeTcs
JIAITbHOJICHCTBY FOIMMHU KYJIOHOBCKUMH CHJIAMH U COCTaB-
JISIOLEN KOPOTKOJAEHCTBYIOLIETO SIAEPHOIO MOTEHLMA-
na. OmHAKO B CiIy4ae B3aMMOJCHCTBUS CIa0O0CBsI3aHHBIX
(KTacTepHBIX W JK30THUECKUX) SACp MPOIECC CIUSHUSL
nuMeeT 00JIee CIKHBIN XapaKTep B CBsA3U ¢ O0JIBIION BEpO-
SATHOCTBIO pa3Baja 3TUX S/Iep C MOCICAYIOIINM 3aXBaTOM
spa-ocTaTka (HEMOJIHOE CIHAHUE). DTO CYIIECTBEHHO
YCIIOKHSIET ONHMCAHWE B3aWMOJCHCTBHUS TaKMX CHCTEM U
MPUBOANT K HOBBIM HEOXKHUJAHHBIM 3 deKram mpu dHep-
THSIX BOJIM3H KYJIOHOBCKOTO Oapbepa.

B nacrosiee Bpems IKCIIepuMEHTAIbFHBIE BO3MOKHO-
CTH Celapalyy ¥ JeTeKTHPOBaHUS 00pa3yrolXcs B pe-
3yIbTaTe SACPHBIX PEAKINH SK30THUSCKUX SACP JOCTUTIN
TAKOTO COBEPIICHCTBA (477-CIIEKTPOMETPBI), YTO OCHOBHBIE

5-10 fm, where the density value is approximately 1/100
of the density at the centre of the nucleus. The density dis-
tributions for neutrons and protons in the peripheral region
of such nuclei are very different, so that they can be repre-
sented as a compact inert core surrounded by one or more
weakly bound neutrons.

The neutron halo and the cluster configuration of nu-
clei play a significant role in their structure and in the fea-
tures of their interaction with other nuclei.

Reactions with weakly bound (cluster and exotic)
nuclei at low energies have many features. One of them
is the enhancement of the interaction cross sections in the
near-barrier energy region. This effect is most pronounced
for cluster nuclei, for example, L1, as well as for nuclei with
a neutron halo, for example, 6He, 11Li.

The main channels of interaction of such nuclei are
transfer reactions, breakup reactions, and fusion reactions.
The process of breakup followed by the fusion of the re-
sidual nucleus is the subject of numerous theoretical and
experimental studies. According to classical concepts, fu-
sion of interacting nuclei occurs after they overcome the
barrier, which is determined by the long-range Coulomb
forces and the component of the short-range nuclear po-
tential. However, in the case of the interaction of weak-
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ly bound (cluster and exotic) nuclei, the fusion process is
more complicated due to the high probability of breakup
of these nuclei with subsequent capture of the residual nu-
cleus (incomplete fusion). This significantly complicates
the description of the interaction of such systems and leads
to new unexpected effects at energies near the Coulomb
barrier.

At present, the experimental capabilities for the sepa-
ration and detection of exotic nuclei formed as a result of
nuclear reactions have reached such perfection (47 spec-
trometers) that the main characteristics of atomic nuclei
(mass, half-life, main decay modes) can be determined
with high efficiency and accuracy based on the analysis of
even a small number of them.

Experimental methods for measuring total reaction
cross sections can be conventionally divided into two main
ones: the transmission method and 4z spectrometry. These
methods are described in detail and applied in [2, 3]. The
experiments were mainly carried out on the channel of the
achromatic fragment-separator ACCULINNA [4] of the
U-400M accelerator at FLNR JINR.

The technique used in the experiments made it possi-
ble to measure with high accuracy the energy dependences
og(E£) of the total cross sections for the reactions of in-
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XapaKTepUCTUKHN aTOMHBIX sijiep (Macca, epuos moypac-
11a/1a, OCHOBHBIE MOJIbI PACIIA/[d) MOTYT OBITh MOJYYEHBI C
BBICOKOH ((EKTHBHOCTHIO M TOYHOCTHIO HA OCHOBE aHa-
JTU3a J1aXKe HeOOIBIOTO X YUCIIA.

DKCIIepUMEHTANIbHBIC CIOCOOBI M3MEPEHUS IMOTHBIX
CEUYEHUH peakuii MOKHO YCJIOBHO pa3/eIuTh Ha JBa OC-
HOBHBIX METOJ[a: METOJ TPAHCMHUCCHUU M 47-CIIeKTpOoMe-
TPUIO. OTH METOABI MOAPOOHO OMHMCAHBI M TPUMEHEHBI
B pabortax [2, 3]. B 0OCHOBHOM JKCIIEpHMEHTHI TPOBOIH-
JIUCh HAa KaHAJIe aXpOMaTHYCCKOTO (hparMeHT-cernaparopa
ACCULINNA [4] yckoputensa Y-400M JISP.

I/ICHOJ’II)?:}’GM&SI B OKCIIEPUMECHTAX MECTOAHKA IMTO3BOJIN-
Jla ¢ BBICOKOI TOUHOCTHIO M3MEPHUTh SHEPIEeTHUYECKUE 3a-
BUCUMOCTH 0g(E) TOJHBIX CEYEHUH peakuuil B3auMoeH-
crBus panuoakTuBHbIX agep OSHe, 89111 na murmensx
28Si, 9Co, 181Ta [3, 5-8]. MeTonuka usmepenus og(E)
OCHOBBIBAJIACh Ha WICHTU(UKAIIMA U MOJCYCTEC COOBITUI
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peakuuii oCPEeICTBOM PErMCcTpaluy IPOAYKTOB PEAKIUIL
U UX pacriajga (MTHOBEHHBIC y-KBaHTBI U HEHTPOHEI) B Te-
JICCHOM YTIIe, OJTM3KOM K TIOTHOMY () = 47z

Ha puc. | npuBeeHbI 3aBUCUMOCTH TIOJIHBIX CEYCHUH
or(E) peaxuumii #0He + 28Si u ©7°Li + 28Si, nomyuenusie
JIByMsI METOJIaMHU: METOJIOM TPAHCMHCCHH U 47-METOJIOM,
WCTIONB3YIOMIMM PACIIPEeIICHUsT BEPOSITHOCTEH Wk(M )u
s(M ) [3]. O6a meToma n3MepeHus R IMEIOT XOpoIee Co-
rmache Bo BceM JuanaszoHe sHepruii myukos +0He u ©7-9Li.

W3 pucyHKka BHJHO, YTO B JHEpPreTHYECKOW 3aBH-
cumoct og(E) monHoro cedenns peaxuuii ®He + 28Si u
9Li + 28Si umeeTcs APKO BBHIPAXKEHHbI MAKCUMyM B BHJIE
JIOKQJILHOTO TIOBBIIICHHSI CEUCHUs] B MHTEPBAJC SHEPIUU
10-30 AM»B («bamnay). Benmunaa yBeTHUeHHS CEUCHUS
3HAYMTEIHGHO MMPEBBIIIAET MOTPEIIHOCTD H3MEPEHHUS.

Jlist 00BsicHeHHs 3TOTO 3P PeKTa OBUTH PaCCMOTPEHBI
Haubornee BeposTHBIE KoHpuryparmu sinep ®He (o +n +n)

Pric. 1. DHepreTHecKye 3aBHCHMOCTH BETHYHH TONHBIX Ceuennit og peakumii +%He + 28Si (a) m ©79Li + 28Si (b). Pasnmansmvm
CHUMBOIIAMH OTMEYEHBI PE3YIBTATHI H3MEPEHHIT TPAHCMUCCHOHHBIMU METOMMKAME U METOJIOM 47-CIIMHTHJIISIIIMOHHOTO CIIEKTPOMETPA
MVIIBTH ¢ ucnons30BaHuEeM 3aBUCUMOCTEH Wk(My) u s(My) [3] B mmpokoM nuana3zoHe SHEPruit
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Fig. 1. Energy dependences of the total cross sections o for the reactions “°He + 28Si (a) and 7°Li + 28Si (b). Different symbols
show the results of measurements by transmission techniques and the method of 4z scintillation spectrometer MULTTI using the

dependences Wk(My) and s(My) [3] in a wide energy range

teraction of the radioactive nuclei %8He, 8%1!1Li on the
targets 28Si, 59Co, 181Ta [3, 5-8]. The technique for mea-
suring og(£) was based on identifying and counting reac-
tion events by detecting reaction products and their decay
(prompt y quanta and neutrons) in a solid angle close to the
total Q = 4x.

Figure 1 shows dependences of the total cross sec-
tions ag(E) for the reactions “%He + 28Si and 67-9Li + 28Si
obtained by two methods: the transmission method and
the 47 method using the probability distributions Wk(M )
and e(M ) [3]. Both methods of measuring oy are in good
agreement in the entire energy range of the *°He and
6.7.911 beams.

It can be seen from the figure that in the energy de-
pendence og(E) of the total cross section for the reactions
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6He + 28Si and °Li + 288, there is a pronounced maximum
in the form of a local increase in the cross section in the
energy range 10-30 AMeV (“bump”). The magnitude of
the cross section increase significantly exceeds the mea-
surement error.

To explain this effect, the most probable configura-
tions of the nuclei 6He (o +n+n) and °Li (e +t+n +n)
were considered. Their common feature is the presence of
two outer neutrons forming a weakly bound neutral clus-
ter — dineutron, which can penetrate into the target nu-
cleus under the action of nuclear forces. In a simplified
approximation, neutrons can be considered as moving in-
dependently in the mean field of the shell model. Their
redistribution between the projectile nucleus and the tar-
get nucleus, for example, presence with a high probability
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u 9Li(a+t+n+n), y KOTOPHIX OOIIMM SABISETCS HAIH-
YHe JBYX BHEIIHHX HEHTPOHOB, 0Opa3yromux ciabocBs-
3aHHBII HEUTPAJIBHBIA KjacTep — JUHEUTPOH, KOTOPBI
MOXET MMPOHUKATH B AAPO-MHUILICHDL IO L[eflCTBHCM A0Ep-
HBIX CWJI. B ynpoieHHOM NpHOIMKEHNH HEHTPOHBI MOTYT
paccMaTpuBaThCsl Kak JABMKYIIHECS HE3aBUCHMO B Cpel-
HEeM Tosie 00ooueyHoit Mojenu. Mx mepepacipeaeicHue
MEXIY SIPOM-CHAPSJOM U SIIPOM-MHILICHBIO, HAIpuMep
HaXoXK/IeHHe ¢ OOJIBIION BEpOSITHOCTHIO MEXKTy MOBEpX-
HOCTSIMH CTAJIKMBAIOIIMXCS SIEP, MOXKET 3aMETHO YCHIIMTh
X B3aMMHOE TIPUTSDKEHHE M MPUBECTH K BO3PACTAHUIO
TTOJTHOTO CEYEHHUS PEaKIUH. DTOMY MOXKET CII0COOCTBO-
BaTh a-KjlacTepHas cTpyKTypa siapa 28Si u3-3a obpasosa-
HUS C TIOMOLLUBIO HEHTPOHOB CBA3EH MEXAY G-KJIACTEPOM
KPEMHHsI U a-K1actepoM (Tputonom) saep 6He, 9Li ¢ kpar-
KOBPEMEHHBIM 00pa3oBaHueM knactepos 9Be (o + N+ a) u
10Be (o + 2N + @) B 06IACTH KOHTAKTa SIEP.
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Xapakrep nepepacnpesieleHusl BHEIIHUX HEWTPOHOB
npu COMMKEHUH A7ep 3aBHCHT OT COOTHOIICHHS MEXKIY
CpemHel CKOpOCTHIO BHEUTHEro HEHTpoHa (V) M cpemHeit
OTHOCHTENIEHON CKOPOCTBIO V.. SJIEP 33 BPEMS CTOJKHO-
BeHms. CpemHsas KMHETHYeCKas YHEPrHsl cIa00CBA3aHHBIX
HeHTPOHOB, B ToM uucIie B aapax SHe u 9Li, npubnusures-
HO paBHA TITyOHMHE MOTCHIHAIBHOM MBI CPETHETO MOJIS.

KBaHnTOBOC OmmcaHue mepepacipeeieHIsI BHEITHNX
HEHTPOHOB TPH CTOJKHOBEHUH S/ICP Ha OCHOBE YHCIICH-
HOTO pEIIEHHs ONHMCHIBAJIOCH HECTAI[MOHAPHBIM YypaBHE-
Huem Ilpenunrepa [3, 5], KOTOpoe TO3BOJSET ONMUCHIBATD
MIPOIIECCHI, MPOTEKAIOIINE C PA3TMYHBIMU XapaKTePHBIMU
BpeMeHaMH. Takoil MOAXOA CIIy>)KUT IONOJHEHHEM K OIl-
TAYECKOW MOJIENH, BKIIOYAIOIIECH MOJOOHBIE MTPOLIECCHl B
3aBHCAIINE OT YHEPTUH MOTY(HEHOMEHOIOTHIECKHE MHH-
MYIO U peaJbHYI0 YaCTH ONITHYECKOTO OTeHIIHAA.
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between the surfaces of colliding nuclei, can noticeably
increase their mutual attraction and lead to an increase in
the total reaction cross section. This may also be due to
the a-cluster structure of the 28Si nucleus because of the
formation of bonds between an a cluster of silicon and an
a cluster (triton) of the 8He, 9Li nuclei with short-term for-
mation of °Be (& + n + a) and 'Be (a + 2n + @) clusters in
the region of contact of the nuclei.

The character of the redistribution of outer neutrons
during the approach of the nuclei depends on the ratio of
the average velocity of an outer neutron (v) and the aver-
age relative velocity v, of the nuclei during the collision.
The average kinetic energy of weakly bound neutrons (in-
cluding those in the ®He and 9Li nuclei) is approximately
equal to the depth of the mean-field potential well.

The quantum description of the redistribution of outer
neutrons in nuclear collisions based on numerical solu-
tion was given by the time-dependent Schrodinger equa-
tion [3, 5] which makes it possible to describe the process-
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es with different characteristic times. This approach com-
plements the optical model that includes such processes in
the energy-dependent semi-phenomenological imaginary
and real parts of the optical potential.

The absence of such changes in the optical potential
for the 6Li, 7Li nuclei can serve as an indirect confirmation
of the strong binding of outer neutrons with the formation
of deuteron and triton clusters, respectively.

Satisfactory agreement between the calculations carried
out in this way and the experimental data on the total cross
sections for the reactions listed above is shown in Fig.2.

The calculations confirmed that the observed features
of the total cross sections for the reactions 6He + 28Si
and °Li + 28Si are located in the region of transition from
adiabatic to nonadiabatic redistribution of weakly bound
neutrons. This can be interpreted as a consequence of
the stable existence of an increased neutron density be-
tween the surfaces of the nuclei during the entire time of
the collision. This enhances the attraction of the nuclei,
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YIOBIETBOPUTENBEHOE COTTIACHE ITPOBEACHHBIX TAKUM
00pa3oM pacyeToB ¢ IKCIEPUMEHTATBLHBIMU JaHHBIMH I10
TIOJTHBIM CEYCHHUSIM TIePEUHCIICHHBIX BBIIIE PEaKkLUii IToKa-
3aHO Ha puc.2. Pacuersl moaTBepAMIN, YTO OOHAPYIKEH-
Hble 0COOEHHOCTH TMONHBIX cedeHnii peaximii SHe + 28Si
u 9Li + 28Si pacronoskeHbl B 061aCTH TIepexo/a OT ajiua-
0aTHYECKOTo K HeaaunabaTuuecKoMy IepepacipeeseHHIO
crabOCBSI3aHHBIX HEUTPOHOB. DTO MOXKET HHTEPIPETH-
poBaThcsl Kak CIEJCTBHE YCTOHYMBOIO CYIICCTBOBAHHUS
TOBBIIIEHHON HEWTPOHHOM IJIOTHOCTH MEX]y IOBEpX-
HOCTSMH S/Iep B TEUCHHE BCErO BPEMECHH CTOJIKHOBEHHSI.
MeHbIy1o 1o cpaBHeHHIO ¢ peakiueit ILi + 28Si pesman-
Hy MakcHMyMa cedeHus i peakuuu *He + 28Si moxHO
OOBACHUTH OOJNBIICH MPOTHKEHHOCTHIO W Pa3pekeHHO-
CTBIO HelfTporHOTO raso sapa SHe no cpasrenuio ¢ Gonee
KOMIIAKTHBIM HEHTPOHHBIM CII0EM («CKHHOM») sapa ILi.
MOoKHO 0OBSICHHUTB TaKKe OoJiee KPyTOMH Craji MaKCHMyMa
ceueHus TpM GONbIIMX SHeprusx 1 supa SHe u Gonee
nonoruit cnan s sapa 1Li ¢ oueHb IpOTsSKEHHBIM Tajlo.

TakuM 00pa3oM, CTPYKTYpHbIE OCOOCHHOCTHU JIETKHX
crabOCBsI3aHHBIX SI€P OKAa3bIBAIOT HEMOCPEICTBEHHOE
BIIMSIHAE HA SHEPTreTHUYCCKYH) 3aBHCUMOCTH TOJHOTO Ce-
YeHHs PeaKkLMy 1 HanOoliee CYIeCTBeHHO — IIPH OTHOCH-
TENBHBIX CKOPOCTSIX, CPABHHUMBIX CO CPEIHEH CKOPOCTBIO
BHELIHUX HEHTPOHOB, M1 HEHTPOHOM3OBITOYHBIX JIETKHX
anep ®He u %!1Li u np.

shifts the position of the barrier R, toward larger values,
and increases the radius Ry of the region where the pro-
cesses leading to the exit from the elastic channel begin
with a noticeable probability. The smaller maximum of the
cross section for the SHe + 28Si reaction compared to the
9Li + 28Si reaction can be explained by the greater exten-
sion and sparsity of the neutron halo of the He nucleus
compared to the more compact neutron layer (“skin”) of
the 9Li nucleus. One can also explain the steeper decrease
of the cross section maximum at high energies for the 8He
nucleus and the more gentle decrease for the 1Li nucleus
with a very extended halo.

Thus, the structural features of light weakly bound nu-
clei have a direct influence on the energy dependence of the
total reaction cross section and are most significant at rela-
tive velocities comparable to the average velocity of outer
neutrons for neutron-rich light nuclei ®3He, *!1Li, etc.

This conclusion is important for testing various mod-
els describing the mechanisms of interaction of exotic nu-
clei as well as for solving astrophysical problems related to
nucleosynthesis in the region of light nuclei.

AT THE LABORATORIES OF JINR

EI

DTOT BBIBOA SBIISETCS BaXKHBIM JIUIS TECTA Pa3IHYHBIX
MOﬂeHeﬁ, OIIMCBHIBAKOIINX MCXAaHU3MBbI B3aHMO£leI71CTBHH
9K30THYCCKHX SACP, a TAKKE JUIsl peLIeHHs acTpodusnde-
CKUX TpOOJIeM, CBSI3aHHBIX ¢ HYKICOCHHTE30M B 001aCcTH
JIETKUX SITEP.
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