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BEES 15 7 00 % 1A % CBose-Einstein

A superfluid condensate of alpha particles ?

In conclugion we can say that our BCS-like
theory for bosons in conjunction with the IBM2
Hamiltonian suggests that open-shell nuceli {open
in protons and neutrons) may form a superfluid
condensate of « particles rather than separate
superfluid phases of proton and neutron pairs,

Vorusme 51, Nusser 14 PHYSICAL REVIEW LETTERS 3 OcToBER 1983

Nuclei: A Superfluid Condensate of a Particles? A Study within the Interacting-Boson Model

Y. K. Gambhir*’ and P, Ring
Phiysth -Department, Technische Universttit Miinchen, D-8016 Gavching, West Germany

and

P, Schuck
Institut des Sciences Nucléaives, F=18042 Grenoble, France
(Received 11 July 1853)

The authors have studied the gquestion of whether pairs of neutrons and pairs of protons
of the usual superfluid phases form a bound state to give rise to a superfluild condensate
of “¢w particles.” They indeed find indicationsa for this to be the case from a BCS-like
study for bosons using the proton-neutron interacting-boson model as well as from an
oeven-odd effect in the number of pairs using experimental binding enercies.
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VI-B-a The Resonating Group Method for 3-Cluster Systems Based

on the Use of Generator Coordinate Kernels
~—Application to the 3& Structure of ’C and the 3a Reaction in Stellar Evolution—

Y. FukusHiMA and M. KAMIMURA®
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Fig. 1. Relative coordinates of the 3a system.
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Bose-Einstein condensation of a particles and Airy structure in nuclear rainbow scattering
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F#8:[llustrative Figure of Airy structure and
scattering
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2 O O 4 BOSE-EINSTEIN CONDENSATION OF a PARTICLES AND AIRY
(cross section)

eclm‘(dcg)
0 I ?0 i ‘F‘O I 6I0 T 0 I 2I0 I 4|0 60
12 I c (@) ') ] =
o +*C scattering 3 | ¥\ e
£ Elasc 139 MeV  Elastic (k) :
inb N, (EERE S 2
rainbow Y =
10—1

.'~

. ¥ A e 10°
A. . . 01 A2+ *AI W ‘110-2 2
I ry ml nl mum (#\,f)bglﬁ‘ﬁg 107 10°%

I | ] ]
L] T I T I

m

107 _ 3ot
(cross section) Elastic 166 MeV Elastic 240 MeV
102 (EE1KEE . ; (B EE -
Fai
1 A N 1
b )“\‘ "AM
10-2 . . . . : ]0_2
_ }. g ¥ + ; AN
0, A2 x10™! * \
2 A x10
(7'*@? : ) 1+0-3 X10'2 (I L )Bﬁlk ?110 2 110' \ 1074
1 I ‘
0 20 40 TR 20 % e
2010.9.1 . ]

(FRELA)



Potential parameters, rms, and volume
Integrals

TABLE I. The normalization factor Ny, volume integral per
nucleon pair Jy, rms radius (R?)!/2, of the folding potential, and the
strength of the imaginary potential. The radius Rp=4.7 fm and dif-
fuseness ap=0.7 fm of the imaginary potentials are used.

EL JV <R2>1,/2 14748
MeV) Ny b g (MeV fm?) (fm) (MeV)
(EEE4REE) 139 1.23 0, 294 3.484 8.0
% 291 3.469 10.0

B~ 327 3.742 14.0

LiKEE

AL, 05 366 4.304 28.0

. 166 1.26 oy 286 3.499 7.0
(BEARE 2+ 283 3.485 10.0
3~ 320 3.752 14.0

(FRAJLIKEE 05 358 4.310 27.0

(EEikee) 172.5 1.26 07 292 3506 7.5
2+ 289 3.493 9.0

a1 327 3.758 12.0

(FRA LR EE 05 367 4313 25.0

+

(EEiaE) 240 1LAZ - Oi 264 3.532 7.5
2 261 3.519 12.0

g 295 3777 17.0

03 330 4.328 30.0

(751 JLIREE =




3Het+2C scattering E=34.7 MeV
prerainbow - N/F decomposition
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Coupled channel equations
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BRY A5 12C (Dchanne

gs., 2, (4.44 MeV), 37(9.65 MeV), 03‘(7.65 MeV) and
27(10.3 MeV). The absorption due to the coupling to all the other

Imaginary potential

:>I:sen channels, i.e., p+ N, n + 0 and d + "N channclsl

E =18 MeV
Real potential
E, =139, 166 and 1725 Mev|  Np=1.23-1.26
E, =18 MeV Nrp=1.398
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High energy apha+ scattering
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Fig. 1. The experimental dala [13] of clastic and inclastic
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a scaltering from "“C at £, = 172.5 McV arc compared

wilh the coupled-channel calculations { solid curves).
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High energy alpha+ scattering
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High energy apha+ scattering
E, =82MeV 65MeV
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partial cross sections to the Hoyle state

40 ¢
. (a)
"
<30
D'_‘i
k=
E 20
o
o
oo
S
o
= 10f
p=
3
—
(}
10 12 14
160 E (MeV)

o +12CHORE(7.16MV)h LD TR )LF—

2010.9.1 HIBNDEFH



K=0,*, K=0, band widths
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K=0,", K=0," band widths
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Loca « condensation

superfluidity

Reduction of moment of inertia
12C(02+) o

Large moment of inertia |
1= 1(a) +1(*C(0,"))+ I(rel)
56%  40%

= R=59fm
cf. 4 a linear chain model
R=12.3fm

15.1 MeV Ot state ([T =186 keV)
[,/ '=0.35
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