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1. INTRODUCTION



N=Z nuclei start from deuteron and stop at 1°°Sn

Light N=Z nuclei: °C , %0, **Mg , ------

Hoyle state at 7.654 MeV Rod like structure at
Tetrahedral . o

and Hoyle band high excitation
symmetry

For N=Z nuclel, protons and neutrons occupy same orbits

Isospin and SU(4) symmetry are important

N=Z nuclei with A>60 are heavy N=Z nuclei - they start from %°Ga
Isoscalar (T=0) and isovector (T=1) pairing

N=Z odd-odd nuclei — new insights into pn (or T=0) superfluidity
SU(4) mm) degenerate T=0 and T=1 states in 0-0 N=Z nuclei
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Competition between
Wigner energy,
symmetry energy and

" isovector pairing energy’

In odd-odd
N=Z nuclei ?
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Nucleonic Cooper Pairs
In LST coupling with two-
$=0,T=1 particle L=0:
isovector pairs P : (ST)=(01)
Isoscalar pairs DT“ . (ST)=(10)
U

| | |
n .. n.
l | | H,(x) =-1-x) Y P/ (P -1+ %)Y DI (D)’
S=1.T=0 Z z
n . SO(8) algebraic model

SO(8) o SO, (6) > SO, (3) ® SO. (3) |

=0 Wi ’
X Wigner’s SU(4) 80(8) - [30(5) — SOS (3)] X SOT (3) |1

x=1: Iso vibrational

x=-1. Iso rotational | SO(8) - [50(5) ) SOT (3)] R SOS (3) 11
U(40Q) 5 [U(Q) o gggi) 5---] ®[SU(4) >SU(2) ®SU-(2)]

>{Sp(2£2) o[SO(N) o>---]&SU(2)}¥SU(2) Kalin Drumev
I 111 VKBK and CA, Nucl. Phys. A764, 181 (2006)



A hermitization procedure for the SO(8) Hamiltonian +
Dyson mapping gives interacting s-boson U(6) model with
the bosons carrying (ST) = (10) & (01) degrees of freedom.

By adding d-bosons gives the full IBM-4 with U(36) SGA
This will include deformation effects

A group chain of IBM-4 that is proved to useful for heavy
N=Z nuclei i1s [ VKBK, Ann. Phys. (N.Y.) 280, 1 (2000)]:

Usd:ST(:'?’6) - SOsd:ST (36) - SOSZST(6) @Sod:ST(BO) — .
550, (3)®S0(3)®S0(3)



2. IBM-4 for N=Z nuclel:

Usys7(36) 2 SOgs7(36) 5 SOgsr(6) @ SOysr(30) limit



IBM-4: s and d bosons each with (ST)=(10)+(01)

/ Uys(6) BUg:(6) \
U(36)//>Usds(18) &U,yr(18)

\ allow for Wigner SU(4)
USST(6) aJdST(gO)

\sostT(se) /

Soft , shape mixing etc.,
like SO(6) of IBM-1
expected to be good for
heavy N=Z nuclei

SO, 457(36) 2SO 1(6) ESO57(30) limit is used in the past and
In the present work
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~ Note: SO(6) ~SU(4)

We have not only good Wigner SU(4) in the total space
but also in the s and d boson spaces seperately

o, o, and @, are seniority quantum
numbers, also @ = N for low-lying states

gs: for 0-o N=2Z SO (6) irrep [1] giving (ST)=(10) and (01)
for e-e N=Z SO¢(6) irrep [0] giving (ST)=(00)
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SOg(6) 1rrep : [1]
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Known results in the exact
symmetry limit:

(1) B(E2; L - L-2) exhibit a
AL =4 staggering

(2) Formulas for B(E2)’s
involving low-lying states
are derived

(3) Some of the observed
properties of low-lying
levels in 0-0 N=Z nucleus
“Rb are described
including aligned spin 1
in the lowest T=0 band
justas in CSM

(4) Predictions for deuteron
transfer strengths are
available



Simple Hamiltonian and a basis for incorporating the
competition between T=1 and T=0 pairing

‘N,a)s,(ST)>:‘N,a): N, o, o, =O,(ST)>;

@, =N,N-2,.,00r1 /m.x.ngterm
H i = @{C,(SO,5+(6)) + (B[ )5 + (v | a)fi |
N,mmN wNhee=0(6,30) [N, ‘/d_o(sn

n,, o, (ST CroB7(3,3)|n,,Ng, Nr , (ST)); Ny =Ng + N

Ng ;N7
ss (Ns)

N, e, (ST)> = Z(CZ')S’“’(ST) ‘ N, ., (ST)>

Ws

, N

VKBK, J. Math. Phys.
38, 6639 (1997)



Significance of the f/a term WL | L o B

15 r ' ; ' ' ‘ 3cC

Single boson energies:

(T, =0)/a=5+pla, -

e(T,=1)/a=5,
e(Ty,=01)/a=5+

For a N boson system with N odd

pla<0 gives T=0 gs
pla>0 gives T=1 gs
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they will be degenerate for g/a=0.  T(T=0) exhibits Odd'evenk

Thus p/a term generates

competition between T=0 and T=1

pairing correlations.

staggering in number of T=0 pairs
In the gs of N=Z nuclei just as In
the shell model and the staggering

VKBK, Prog. Theo. Phyé.sl%aéb%%'%{ or | fla|<2.



|C,

Deuteron transfer: even—even to odd—odd N=Z nuclei
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X, — 42 < (ST) =(01) — (10); N is odd for both

2Nn+2

L=0,5=1,T=1
GT _ eff T = T & ’ ’
T = 97" ()] S1801 + Se1Si0 |
Hs » ty
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M (GT) = KY ,(8,T)) =T X,a* (ST) = (0D))

GT ff N,a®,(ST;) ~N.a (S¢Ty)
(el =o X i emeieer
a)S

2
:

lo, ] [11] [603]>

x{(zsf +1)(2T, +1)<C2(SOS(6))>0)5}1/2< ST 0 | 5.1

_ gzﬁ (S)ZCEI)S@QS,(SiTi)CZS’Of’(Sfo)(ws n 2)
a)s



Depending on fla it is possible that gs to

excited state strength can be larger than gs to gs
(gs)e-e:[STF-:Oﬂ -> (gs)o-o: (ST)=(10)

GT strength
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(@) GT strength (b)-(d) for e-e and 0-0 (B/t)-q

increases as N increases
involved, the |4/ al need ve means T=0 pairing i
' - =0 palring Is stronger
and also as |4/ ¢ R Bl a-ve means T=0 pairing g

increases +ve means T=1 pairing stronger
-- these explain the results



The GT strengths calculated are all only with L=0
— thus they are only spin excited

For %2Ge — %2Ga, data is now available in PRL 113, 092501 (2014)
low-lying 1* states have more complex structure [SU(4) broken]
In IBM-4, the L and S need not be real (but T must be)

Therefore we need terms such as
‘n ;o L=2.5=1:J=1T=1 - ;o L=2.5=1:J=1T=1
|:d01810 + S1odm] , |:d10 on T So1d10]

Also we need to include @, #0 states In the basis and also perhaps
some more SU(4) breaking terms (SU(3) Casimir?)
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generator of SU(1,1)
_ T T T T i
Ta =K [310.310 + 301.301] complimentary to SO .(6)
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4(N +17)(N +18)



S, (N->N+2)

Variation in the transfer strength
Is quite small as f/a changes.
There is a small peak at f/a =0

The structures seen in the figure
are same as those obtained in the
fermionic SO(8) model

Strengths have ~ N2 scaling

possible to consider
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| ~—susing the operator T,
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sing the operator T (¥
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results shifted by 20

using the operator T ()
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**general structure for e-e
and 0-0 Is same



5. Conclusions

‘s Formulation and first numerical results for GT strengths
and a-transfer strengths are presented

**These are in addition to deuteron transfer reported before

“* Employed a simple basis within IBM-4 and a one parameter
mixing Hamiltonian

“*Many results are close to those given by the SO(8) model
“*Experimental tests ??

“*possible extensions of the formulation [inclusion of @, =0 states,
SU(6) o SU(3) term in H, more general transition operators]
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