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EXOTIC STATES OF “C NUCLEI WITH ABNORMAL RADII

Abstract. Differential cross-sections of the elastic and inelastic a+'"°C scattering were measured at E(at) = 90
MeV. The root mean-square radii (<Ryns>) of *C nucleus in the states: 8.86 (1/27), 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 '>C 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 (a, 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 (1/27) 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()=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

Discussion and results. The differential cross-sections of elastic 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
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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 different state of BC nucleus

*this work
E, MeV,J" Structure MDM, 65 MeV | MNR, ANC, MDM , 90 MeV MNR ,
65 MeV 65 MeV 90 MeV
0.00, 1/2° Shell model
3.09, 1/2° Neutron halo 2.98+0.09 " >27[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] >25" 2.632.62+0.16 >25°
9.90, 3/2" Compressed cluster 2.02+0.14 [1] 1.76+0.23 [8]

The differential cross-section of inelastic scattering of o+'°C excited state 1/2” (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 g~2.5 fm™ in the experimental
data at 65 MeV and q=2,0 fm™ 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].

10" 3
a+°C, 1/2- (8.86 MeV)

= 65 MeV, *1/10
90 MeV

do/dQ (mbi/sr)
S
-

g (1/fm)

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

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],

— 84 ——
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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.

do/dQ (mbi/sr)

do/dQ (mbisr)

9.90 MeV

107 - T . .
2 3
q (1/fm)

Figure 3 - the differential cross-section of inelastic scattering *C(a,00)'*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 g 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 (L=2).

The data are taken from [8]

The work was supported in part by grants from the Russian Foundation for Basic Research 14-02-
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13C SITPOCBIHBIH DK30THKAJIBIK KYUJIEPTHIH PAJTINYCTAPBI

Annoranusi. Ocel xymbicta 90 MbdB sHeprusiiapaa o—OeseKTep iy Bc SIPOJIAPBIHIA CEPIIMIL JKOHE
cepmiMci3 mambIpaybIHbIH An(depeHnran bl KUMAIApbIHBIH HOTWKENIEpl KepceTiired. Moanukanusuianrad
nudpakuusuIbIK Mozen menbepinge *C sapocsiabid 8.86 (1/2), 3.09 (1/2 ) xone 9.90 (3/27) M»B Ko3raH Kyiie-
piHiH opTama KaapaTTazFaH pamuycrapsl (<Rrms>) ecenrenai. ’C supochlHbIH KO3raH GipiHui exi Kyizepin
pamnycTapbl, HETi3ri Kyl pagumyChIMEH CaJbICTBIPFaHa, aHAFypibsIM yikeH. Kockimima, kozran 9.90 M»sB kyitiHiH
paanycHl YIIiH aHOMAJBABI Killli IIIaMachl aJlbIHABL.

Tipex ce3nep: Ko3raH KyWIepAiH pagnycTapbl, MOAWGUKALMUIAHFAaH OUQPAKIMSIIBIK MOJEIb, HEHTPOHIBIK
rano.

VK 539.171

A.C. JlempbsinoBa’', A.H.lanuos', H. BypTeﬁaeBZ, JI.M. [ixxanceiitos™”,
K. Kepumxkynos?, JI.K. Amumos’, E.C. Myxamexanos

'"HUL] Kypuarosckuit UucturyT, Mocksa, Poccus
*Unctutyt Sneproit Pusnkn, Anmarel, Kasaxcran
*EBpasuiickuii HanponansHblii YHuBepentet, Actana, Kasaxcraun

3K30TUUYECKHUE COCTOSIHUS SIJIPA “C C AHOMAJIbHBIMHU PAJINY CAMHU

AHHoTanus. B nanHOl paboTe mpencTaBieHbl pe3ynbTaThl M3MepeHus AuddepeHIanbHbIX CeYeHHH YIpy-
roro u Heynpyroro paccesuus o+"C mpu E(o)) = 90 MaB. B pamkax MoaupuuupoBaHHOi JHpPaKIHOHHON MOEIH
(MJIM) onpeieNieHbl cpeIHEKBaApaTHUHbIe paauychl (KRrms>) Bo36ykIeHHBIX cocTosHuiA: 8.86 (1/2), 3.09 (1/2 1)
1 9.90 (3/27) MaB suzpa "*C. Paauycsl nepBbIX JByX YpOBHEH YBEIHUEHBI [0 CPABHEHHIO C PAJHyCOM OCHOBHOTO
cocTostHus szpa C, 4TO MOATBEPHKIAET MPEIONOKEHNE, YTO COCTOSIHHE 8.86 MdB sSBIISETCS aHATIOIOM COCTOSHHS
Xoitna B sape “C u coctosuue 3.09 MaB uMeer HelTpoHHOE Tano. JJONOIHHTENBHO, HOMyYeHbl AHOMABHO Hel-
OJIBIINE pa3Mepsbl Juist cocTossHuA 9.90 MaB.

Ki1roueBble cioBa: panuychl BO30YXKICHHBIX YpOBHEH, MoauduiupoBaHHas Au(pakunoHHAs MOAENb, HEH-
TPOHHOE TaJIO.
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