ISSN 1991-346X Cepusa gusuxo-mamemamuyeckas. No 6. 2016

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

PHYSICO-MATHEMATICAL SERIES
ISSN 1991-346X
Volume 6, Number 310 (2016), 17 — 20

A.S. Demyanova', A.N. Danilov', N. Burtebayev’, D.M. Janseitov’”,
Zh. Kerimkulov?, D.K. Alimov?, Y.S. Mukhamejanov’

! NRC Kurcatov Institute, Moscow, Russia;
* Institute of Nuclear Physics, Almaty, Kazakhstan;
*Eurasian National University, Astana, Kazakhstan

e-mail: janseit.daniar@gmail.com
EXOTIC STATES OF *C NUCLEI WITH ABNORMAL RADII

Abstract. Differential cross-sections of the elastic and inelastic o+ C scattering were measured at E(c) = 90 MeV. The
root mean-square rtadii (<R,s>) of °C nucleus in the states: 8.86 (1/2°), 3.09 (1/2%) and 9.90 (3/27) MeV were
determined by the Modified diffraction model (MDM). The radii of the first two levels are enhanced compared to
that of the ground state of *C, confirming the suggestion that the 8.86 MeV state is an analogue of the Hoyle state in
12C and the 3.09 MeV state has a neutron halo. Some indications to the abnormally small size of the 9.90 MeV state

were obtained.
Key words: radii of excited states, modified diffraction model, neutron halo.

Introduction. In the last few years evidences of the existence of nuclei with abnormally large radii of
excited states were obtained were obtained. In our previous experiments on inelastic scattering °C (o, o)
at energies E(a) = 29 and 65 MeV [1,2], we have seen three of the excited state of 3.09 MeV (1/2 ),
8.86 MeV (1/2) and 9.90 MeV (3/2), radii of which differ from the ground state. Because of the
importance of this result, a new dimension on the scattering of alpha particles °C were carried out at the
energy E(a) =90 MeV.
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Figure 1 - The differential cross-sections a+'C of elastic and inelastic (1/2, 3.09 MeV) scattering at E(a)=90 MeV.
Optical model calculation results are shown by the dashed curve. The solid line corresponds to calculations by DWBA (L=1).
Positions rainbow lows are marked by vertical arrows
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Discussion and results. The differential cross-sections of clastic and inelastic scattering of o+'°C
were measured in the K-130 cyclotron of the University of Jyviskyld, Finland. The data for the elastic and
inelastic scattering (3.09 MeV), one of the most interesting of the excited state of °C nucleus), are
presented in Figure 1. The diffraction minima and maxima (connected by straight lines) must be in phase
if the elastic and inelastic diffraction radii are equal. The observed shift of the diffraction minima and
maxima in the scattering cross-section in the direction of smaller angles in the inelastic scattering points
to the increase in the radius of 3.09 MeV excited state as compared with the ground state. Estimation of
the mean square radius was carried out by three independent methods: the modified diffraction model
(MDM) |2], the method of the nuclear rainbow (MNR) [3, 4] and the method of using the asymptotic
normalization coefficients (ANC) |5, 6]. Of the three approaches similar values, confirming the validity of
the used methods, were obtained (Table 1) and confirm the existence of the neutron halo in the first
excited states of the °C nucleus [1, 5].

Table 1 - R, mean square radii for difterent state of 13C nucleus

E’, MeV, I” Structure MDM, 65 MeV | MNR, ANC | MDM , 90 MeV MNR,
65 MeV | 65 MeV 90 MeV
0.00, 1/2° Shell model
3.09, 127 Neutron halo 2.98+0.09 >2.7[1] | 2.62£0.10 [5] 2.882.62+0.19 26"
2.68 [7], Teopust
8.86, 1/2° Diluted cluster 2.68+0.12 [1] >257 2.632.62£0.16 >257
9.90, 372 Compressed 2.0240.14 [1] 1.76£0.23 [8]
cluster
*this work

The differential cross-section of inelastic scattering of a+'°C excited state 1/27 (8.86 MeV) at E(a) =
65 and 90 MeV are shown in Figure 2. As can be seen from this figure, the observed identity of the
structure of the front angles (up to 45 degrees) confirms diffraction origin of the oscillations and the
similarity of the diffraction radii measured at different energies. Minima at q~2.5 fim™ in the experimental
data at 65 MeV and q=~2,0 fin"' data at 90 MeV were identified as rainbow minimum (Airy). The use of
MDM and MNR methods in the state of 8.86 MeV showed that the latter has increased radius (Table 1),
close to the mean square radius of the Hoyle state (07, 7.65 MeV) in the '>C nucleus [2].
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Figure 2 - the differential cross-section of inelastic scattering of a+'>C excited state 1/2" (8.86 MeV) at energies 65
and 90 MeV, depending on the ¢ momentum transfer. Rainbow lows items are marked with arrows
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An evaluation by MDM has given the state radius value of 3/2° (9.90 MeV), which proved to be less
than that of the ground state of ’C nucleus (Table 1). This conclusion is confirmed by comparing the
various inelastic scattering cross-sections with the transfer of angular momentum L=2 (Figure 3). The
diffraction structure for the differential cross-section of the 3/2° (9.90 MeV) is shifted to larger angles,
indicating its smaller radius. This result contradicts the predictions that have been proposed in [9],
according to which the state 3/2° (9.90 MeV) must have a radius comparable to the Hoyle state. The
physical reason for this decrease of the nuclei size is not yet clear.

Thus, the dilute state at 3.09 and 8.86 MeV and compact at 9.90 MeV coexist in a °’C nucleus with

other normal radii states.
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Figure 3 - the differential cross-section of inelastic scattering *C(a,)'*C* at energies 65 and 90 MeV, at L=2 for states
3.68 MeV, 7.55 MeV and 9.9 MeV of *C nucleus depending on the q momentum transfer. The vertical line are drawn through
the minima and maxima of the differential cross-sections of the excited levels of 3.68 and 7.55 MeV. The corresponding minima
and maxima of sections of 9.9 MeV state are indicated by the arrows. The solid curves correspond to calculations
by DWBA (1.=2). The data are taken from [8]
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BC AAPOCHIHBIH DK30THKAJBIK KYHIEPTHIH PAJTHYCTAPEI

Aunnoramus. Ocbl xymbicta 90 M3B sueprusmapaa o—Oemmekrepain C AIponaphiHaa CEPIiMAI JKOHE
CCpHmIMCi3 IMAMBIPAYBHBH au((epeHIHATAR KHMAJAPBIHBIH HOTIDKCICPT KepceTimeH. Moaun(ukanusaIaHFaH
TA(PPAKIILIBIK MOJCT IICHOCPIHAC 3a saapocsiHBIH 8.86 (1/27), 3.09 (172 ") sxome 9.90 (3/2) M»3B Ko3Fau
KYHIEpiHiH OpTama KBaapaTTanFaH pamuycTapel (<Rrms>) ecemrenmi. '°C AIPOCHIHBIH KO3FAH OipiHIm eki
KYHIEpaiH paanyCTaphl, HETI3Ti KYH paaiyChIMEH CaJbICTBIPFAHA, aHAFYPIbIM YiIkeH. KockimMma, KosraH 9.90 MaB
KYHIHIH PaJiyChl VIIiH AaHOMAJIb/IbI KiIlli IMAMACHI AJBIH/IBI.

Tipek co3aep: KO3FaH KYHICPAIH PaguycCTapsl, MOAH(DHKAMMIAHFAH THQOPAKIIAIBIK MOICITb, HCHTPOHIBIK
rajo.
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IK30THUECKHAE COCTOAHUA AAPA “C C AHOMAJIbHBIMHU PATHYCAMMU

AnHoTanms. B naHHO# paboTe mpeacTaBicHbI Pe3yIbTaThl H3MepeHmsT TH()(hepeHINATBHBIX CEUCHHH YIIPYTOTO U
Heynpyroro paccesHmsa o+ °C mpu E(a) = 90 M3B. B paMkax MOIM(HIMPOBAHHOH IH(PAKIHOHHOH MOIETH
(MJIM) ompeneneHbI CpeJHEKBATPATHYHBIE PATHYCHI (SRrms™>) Bo30y KIeHHBIX cocTosHuit: 8.86 (1/27), 3.09 (1/2 1)
1 9.90 (3/27) MaB smpa °C. Paguychl mepBBIX ABYX YPOBHEH YBEIHUCHBI [0 CPABHCHHIO C PAJHYCOM OCHOBHOTO
cocTostHAA Apa *C, UTO MOATBEP/KIAET MPEATONOKEHHE, UTO COCTOAHHE 8.86 MaB ABISETCA AHATOTOM COCTOSHHSA
Xoitna B saape °C m coctosame 3.09 M3B mMeeT HeHTpoHHOE Tano. JOTONHHTETBHO, TOMYYCHB AHOMATBHO
HCOOIBIIHIC Pa3MEPHI A cocTosHug 9.90 MaB.

KoueBbie cioBa: paamychl BO30YKICHHBIX VPOBHEH, MOIM(pHIMPOBaHHAS JU(PAKIMOHHAS MOJCIb,
HEHTPOHHOE TaJIo.




