Fingerprints of alpha-like quartet correlations in N=I nuclel

Nicolae Sandulescu
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« Quartetting in nuclei: historical perspective

« Proton-neutron (pn) pairing and quartet correlations

competition between T=1 and T=0 pn pairing in N=Z nuclei
effect of pn pairing on Wigner energy (preliminary results)

* Quartet correlations and 4-body density matrix



(alpha-like) quartet = a correlated structure of two neutrons
and two protons

correlations in “configuration” space (e.g., spin & isospin)

quartets as “elementary” degrees of freedom ?

« the quartets should contain a “large”

correlation energy
« the interaction between the quartets should be small



EFFECT OF QUADRUPLE CORRELATIONS IN LIGHT NUCLEI

V G SOLOVIEV
Jownt Inshituwie of Nuclear Research, Dubma, USSR

Recerved 25 December 1959

“‘quadruple"= two interacting pn pairs

Fingerprints of alpha-like (quadruple) correlations

1) Extracting a pn pair from a even-even N=/ nucleus costs more energy than adding to ita pn pair

22Na 24Mg 26\l 28
22.1 MeV 13.6 Mev 24.4 MeV

2) Extracting one neutron from a even-even N=/ nucleus costs more energy than from neighbouring nuclei

B(2*Mg)-B(23Mg) = 16.6 MeV
B(2*Mg) -B(2*Mg) = 7.3 Mev
B(2Mg)-B(2°Mg)= 11.3 Mev

to brake a quadruple (quartet) in pairs takes about 4-5 MeV
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EVIDENCE FOR QUARTET STRUCTURE IN MEDIUM
AND HEAVY NUCLEI

M. DANOST and V.GILLET

Scorrice de Physagjue Théovigue, Cenlvre d Etudes Nuclfaires de Sacfay,
B, 00 mo 2=91 -Cif-suvy-Yvoette, Frauwce

Hecerved 1 MNovermber 1970

The second differences of the nuclear massea keeping T constant are discuased for even-even nuele:
throughout the maiss table,. They are shown to be congistent with the quartet picture of weakly inler-
goling tight two-proton two-neutron structures

VoLUME 25, NUMBER 15 PHYSICAL REVIEW LETTERS 12 OcToBER 1970

ENERGIES OF QUARTET STRUCTURES IN EVEN-EVEN N =Z NUCLEI

Akito Arima,* Vincent Gillet, and Joseph Ginocchiof
Sevvice de Physique Theovique, Centve d’Etudes Nucléaives de Saclay, 91, Gif-sur-Yvette, France
(Received 7 August 1970)

Mass relationships are used to compute the energy of quartet excited states in N=2
even-even nuclei for "C up to *’Fe. The states obtained are quasibound up to excitation
energies of about 40 MeV and could account for the narrow structures recently observed
in heavy-ion transfer experiments,



REMARKABLE LONG-RANGE-SYSTEMATICS IN THE BINDING ENERGIES OF a-NUCLEI

D.H.E. GROSS and M.C. NEMES
Hahn—-Mewnerddnstitut fur Kernforschung, D-1000 Berlin 39, Germany PhyS Le t t B1 30 1 31 (1 983)

and Fachbereich Physik der Freien Unmiversitat Berln, Berlin, Germany
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Fig. 1. The nuclear separation energies Slﬁdﬁm for the separation of 2 neutrons vy ©, 2 protons nm +, and a neutron—proton pair
v ——— as a function of n, the number of a-particles contained in the respective nuclcus This upper curve is for a-nucles, the low-

er one for e-nucler plus this nucleon paur,
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Quartet Effects in Rare-Earth Nuclei

H. . Daley, M. A. Nagarajan, and N. Rowley
Science and Engineering Research Council Daresbury Laboratory, Daresbury, Warrington WA4 44D, England

D. Morrison
University of Liverpool, Liverpool, England

and

A. D. May

University of Sheffield, Sheffield, England
(Received 5 March 1986)

Quartet effects in deformed rare-garth nuclei are confronted from a phenomenological point of
view. Some very simple systematic trends are evident in the experimental data when plotted as a
function of a quartet number, The interacting-boson model has been modified to include quartet
effects explicitly and it is able to reproduce accurately the experimental trends with Nxed parame-
lers,

PACE numbers: 21.10.Re, 21.60.Fw, 23.20.Ly



CLUSTER OF NUCLEONS AS
ELEMENTARY MODES OF EXCITATION IN NUCLEI

G.G. DUSSEL®, R.J. LIOTTA** and R.P.J. PERAZZO*
CNEA, Do, de Fisica, Avda. del Libertador 8250,1429, Buenos Aires, Argentina

Received 9 February 1982 )
(Revised 10 May 1982) Nuclear Physics A388 (1982) 606-620

Abstract: Conditions which must be fulfilled by clusters of nucleons to qualify as elementary modes of
excitation are analysed in terms of simple criteria involving experimental binding energies. It is

found that the most complex possible mode is the a-like cluster.

TA)
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40

T(A)=B(A)-B(A+a)

20

150 N

Fig. 6. Separation energy T(A) [eq. (7)]. The lines join nuclei with the same T, = LN —Z). These
lines are labelled by the number 2T,. The circles correspond to nuclei having a magic number of protons.

constant slope of T(A): ground state interpretation as an alpha condensat



proton-neutron (pn) pairing and quartetting

« isovector pn pairing: S=0/J=0, T=1

together with nn, pp S=0 pairing

« isoscalar pn pairing: S=1/J=1, T=0

“‘condensate” of pn pairs ?
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SUPERFLUIDITY OF LIGHT NUCLEI

V. B. BELYAEV, B. N. ZAKHAR’EV, and V. G. SOLOV’EV
Joint Institute of Nuclear Research
Submitted to JETP editor October 12, 1959
J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 952-954 (March, 1960)

first BCS treatment of isovector proton-neutron pairing

“we must take into consideration the quadruple correlation of alpha-particle-
like nucleons [...];
these new correlations evidently play a very important role and somewhat mask the
effect of pair correlations"
EFFECT OF QUADRUPLE CORRELATIONS IN LIGHT NUCLEI

V G SOLOVIEV
Jowmt Institute of Nuclear Research, Dubna, USSR

Recerved 25 December 1959



Theoretical studies on pn pairing & aipha correlations

B. H. Flowers and M. Vijicic.NPA49(1963) B, Bremond and J. G. Valatin NP41(1963)

b= H H’[U;-r— VH'qurxapraf*—mqan:m'ra;—m’.sJl' | 0) IS+ FapﬂLpa;P . Vmﬂ:;,.,a;n + Tna::pﬂ ;Pﬂ lnﬂ:_m )0}
Wmm' pgrs @
not actually solved ! not included all relevant configurations !
J. Eichler and M. Yamamura, NPA182(1972) R. Chasman, PLB577(2003)

non-collective quartets

J. Dobes and S. Pittel PRC57(1998) R. A. Senkov and V. Zelevinski (2011)

quartetting for a degenerate state

almost all studies on pn pairing: in BCS/HFB approximation

Goodman , ..., Bertsch & Gezerlis

drawbacks: particle-number and isospin are not conserved !

beyond BCS/HFB ?



Isovector (T=1) pairing in terms of quartets



Isovector pairing in term ol quartets

H = Zg(N(V)+N(”))+ZV(z J)PLP, .

ij,T
+ +_+ + + ___+ + + __+ +_,+
Pl ocv'v; P oc i - Py ocv m: +7v:
N=Z
non-collective quartets
+ + P+ 17=0 + + + + + +
C)Ij [PIerr] OCPVVIPmrj_I_PmrIPVVj_PVﬂIPVﬂj :: ::
collective quartet 0008
000 0
T_
Z (AP

quartet condensate

IQCM >=Q™" |->  (has T=0, J=0)

N. S, D. Negrea, J. Dukelsky, C.W. Johnson, PRC85, 061303(R) (2012)



Quartef condensation versus pair condensation
H = Z &N, + Z VJTzz()l(iaj)Z Pit+Pjt
pairing forces extracted from SM interactions

QCM>=(Q)*|->  |PBCBoT) [=>  [PBCO>(T)"|—>

SM QCM PBCS] PBCSO
"Ne 9.173 9.170 (0.033%) 8385 (8.590%) 7413(19.187%)
‘Mg 14460 14.436 (0.166%) 13.250 (8.368%) 11801 (18.389%)
"Si 15.787 15.728 (0.374%) 14.531 (7.956%) 13.102 (17.008%)
s 15 844 15.795 (0.309%) 14.908 (S.508%) 13881 (12.389%)
“1 5473 $.964 (0.151%) $ 487 (8.134%) 4912(17.763%)
“Cr 9.593 9.569 (0.250%) £.799 (8.277%) 7.885 (17.805%)
“Fe 10.768 10.710 (0.539%) 9815 (8.850%) 8.585 (20.273%)
“Te 1831 1829 (0.052%) 1607 (S.847%) 3356 (12.399%)
"Xe 6,752 6.696 (0.829%) 6311 (6.531%) S877(12.959%)

Ba 8 680 8.593 (1.002%) 8.101 (6.670%) 13.064 (13.064%)

« T=1 pairing is accurately described by quartets, not by pairs

Conclusions

* there is not a pure condensate of isovector pn pairs in N=Z nuclei

N. S, D. Negrea, J. Dukelsky, C.W. Johnson, PRC85, 061303(R) (2012)



Quartet condensation versus isospin-projected BCS

H=) &(NY+N[)—g ) PP,
i

ij, T
|QCM >=(Q")" [->  |PBCS(N,T)) = PrPy|BCS)
Er:m‘-r — ED - F

?2Fe
Exact value: 8.29 MeV

PBCS(N,T): 7.63 MeV (8%)  (Chenetal, Nucl. Phys.A 1978)
QCM: 8.25 MeV (0.5%)

QCM is not equivalent with PBCS (N,T) !



Isoscalar and isovector pairing in N=Z nuclei

N=/
; . Fe + [t ,td=1T=0
R‘TTZ = [a:_at_'*_];z =t Dij,Jz o [ai aj Jz

0000



Quartetting for isovector (J=0) and isoscalar (J=1) pairing

H =2 N+ 2VEGDY BePe+ 2V )Y DD
i T

isovector isoscalar
N=/

ok n +. aafef J=0 .] 1.T=0 -
P’ = [a] a; ]TH D;r' [a* T -
collective quartets —_—

+(iv) _ W) pt+ p+1T=0 His) _ +1J=0
Q" = Zlu [P P} G =3 s Uu[ Dyl 00-00-
i, . 1j,kl £ 666

generalised quartet

Q+ e Q+(11) s Q+ (is)
74 v

ground state

|IQCM >=Q™ |- >

M. Sambataro and N.S, Phys. Rev C93, 054320 (2016)



Quartet condensation versus pair condensation for isovector & isoscalar pairing

H=Y N+ VG0, )Y PP +>VIEGHY. DLD,,
j : i o

+\N + T+ N + \2n +\2n
Q)" |-> I => () [=> = (Ag)™10)

QCM PBCI PBCS0;, PBCS0;,
"Ne 15.985 (-) 14.011 (12.35%) 13.664 (14.52%) 13.909 (12.99%)
“Mg 28.595 (0.24%) 21.993 (23.35%) 20.516 (28.50%) 23.179 (19.22%)
Bgj 35.288 (0.57%) 27.206 (23.58%) 25.293 (28.95%) 27.740 (22.19%)
“1 7019 (-) 5.712 (18.62%) 5.036 (28.25%) 4.196 (40.22%)
BCr 11.614 (0.21%) 9.686 (16.85%) 8.624 (25.97%) 6.196 (46.81%)
Fe 13.799 (0.42%) 11.774 (15.21%) 10.591 (23.73%) 6.673 (51.95%)
% Te 3.147(-) 2.814 (10.58%) 2.544 (19.16%) 1.473 (53.19%)
108y e 5.489 (0.20%) 4.866 (11.61%) 4.432 (19.49%) 2.432 (55.82%)
24 7.017 (0.34%) 6.154 (12.82%) 5.635 (20.17%) 3.026 (57.13%)

quartet condensation wins over Cooper pair condensates

T=1 and T=0 pairing correlations always coexist in quartets

M. Sambataro and N.S, Phys. Rev C93, 054320 (2016)



[soscalar and isovector proton-neutron pairing in time-reversed states

A = Z &irNip + Z VT=1(i;j) Z PiJ,rtPj,t * Z VT:O(i;f)DZODj,O

i 7=+1/2 i t=-10,1 i N=Z
isovector isoscalar
V_ v _
Po= (VTE+mv) 2 Dig=(VVTE -1 ) 2 00-00-
OO0
LEXXXIRE Ay =YyDl
Iy :

ansatz for ground state
W >=(Q +A)" [—>

superposition of T=1 quartet condensates and T=0 pair condensates

N.S, D.Negrea, D. Gambacurta, Phys. Lett. B751 (2015) 348



Isovector-isoscalar pairing and quartetting for N>1 nuclel

nuclei with N-Z=2n,,

 all protons are correlated in alpha-like quarte
ansatz

* neutrons in excess form a pair condensate
|QCM >=(I,,)™(Qr, + A7) |—>
2FVVF7T7T Zle/-I-O .

pn pairing and quartet correlations survive in N > Z nuclei !

D. Negrea, P. Buganu, D. Gambacurta, N. S., PRC98 (2018)

N>Z




Proton-neutron pairing & Wigner energy



Reminder on Wigner energy

N -2y’ N-Z
E(N,Z)=E(N=Z)+as( AZ) +aW| I |+5Es,,e,,+5EP (no Coulomb)

E(N.Z) = E(N = 2)+ 212 1,=0,2,4
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The effect of pn pairing on Wigner energy. example

H = ZgiNi + gT:lZ

Exp

-198.257

ij.7

Skyrme g.=-24/A

QCM(w)

-195.420 (0.4)
-195.905 (0.8)
-196.500 (1.0}
-197.577 (1.2)
-199.609 (1.4)
-203.514 (1.6}

R.B. +9r.,2_D;D;,
if

QCM(w=0)

-195.362

Jo= W 94

HF+BCS

-190.333

-189.992

HF



Effect of proton-neutron pairing on wigner energy

H = ZgiNi "‘gTzlzlai:IDjr +gT=OZDiBDIO

if.t j

Skyrme g,=-24/A o= W 94

preliminary Skyrme-HF+QCM results*
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» itis suggested the need of T=0 pairing;
» the effects of T=0 and T=1 pairing are difficult to
disentangle

*N. S et all, in preparation



OEMD

Odd-even mass difference along N=Z line

2AN,Z) _BWN-1.Z-1)-2B(N.Z)+BIN+1,Z+1)

2

preliminary Skyrme-HF+QCM results
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odd-odd nuclei: calculations with blocking !



Isovector and Isoscalar pairing in odd-odd N=1
A= N e+ Y VI ) Y PPt Y V%0 j)D; Dy

iT=t1/2 ij t=-1,01 i

T=1 state [iv;QCM >=T" (Q-, +A2)" |->

+ + +2 \, A
T=0state  |ISQCM >=A; (Q; +A2)" |-> 00-00—
0000
i%
L []
7 5 —
] o — el D

n.-l-z:__..r""_ -y e : V=0

E s _ Y0 I
X l]!-} " W -' W= Vi Vpanng Y 5(!' r)P{ 0}
L 0
= -13f o i-—-r'" x“‘=.
“ -..-' v .
u_ -
-15/ -:
i% T T T T T T T T 1T
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D. Negrea, N.S. and D. Gambacurta, Prog. Theor. Exp. Phys. 073D05 (2017)



Quartet correlations for general iwo-body iorces ?



Quartet correlations ior general two-body forces

H = Z(C,‘i(Nl_(”) + Ni(p))_|_ Z \/JT(ii';jj')[A/;'L'J'T'Ajj'J'T']JZO,T:O

i i T

| QCM >= Q+nq |—> Q = Z Xii',jj'[A;-JTAfj'JT]O’O

ii",jj',JT

ECO’FT’(QM)
24.77 24.77
53.04 (4.77%) N 53.24 (4.41%)

86.52 (2.52%) N 87.12 (1.84%)
122.02 (0.40%)  122.29 (0.18%)

E(ng) =ng x E(1) + w x V(ng),

E(n) is specific to a boson/quartet condensate

M. Sambataro and N. S., EPJ A53 (2017) 43



How to identify the transition to a quartet condens



Long-range correlations of superiluidity-type and density matrix

Penrose (1951) , Penrose and Onsager (1956), C. N. Yang (1962)

n-body long-range a large eigenvalue of n-body density
correlations

Example: pair condensation

POy, 1o 7, 1) = (O VI () T () U () B ()0

,0(2)(I’1, I, rfl; r,z) = Aowg(ﬁ, rZ)QDO r1’ r2 ZAn¢n i, r2)§0n(r1, r2)
n>0
(“off-diagonal long-range order”)

long-range correlationg; >> A4,

A, - associated to the number of "condensed" pairs



Eigenvalues ol two-body density mairix for like-particle pairing

H = ZSfN" - kz VG, DFP, (k is a scaling factor)
I ]

two-body density pﬁ) =<WIPP |¥> P =a;a;

—
-

15
‘\{l-d\-‘mlh'i\"bhlﬂﬂ

- —_——— i ——

"
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~ dxohgf_PBcsn
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FIG. 2: Results for 11%Sn. (a) The largest ( Ag) and the second largest ( ;) eigenvalues of two-body
density matrix function of the scaling factor k. (b) The average of the pairing force, its derivative

to the scaling factor, and the quantity D (see text)

M. Sambataro and N. S, in preparation



Eigenvalues of 2-body density matrix for isoscalar pairing




Eigenvalues of 2-body density matrix for J=1 pairing

(L]

=TT
oE8 0OEl1 OEZ OE3 0.84 0.B5 DEBES .87 0.B8 OES 0% 0951 0522 0923 094 0895




Eigenvalues of 2-body density matrix for J=0 & J=1 pairing

'1' ] I ] I ] I ] I ] I ] I ] I ] I ] I
i Results Tor HIV+IS)

sraling bofh interactions

1 1 1 1 1 1 1 1
o 02 0.4 0.6 0.8 1 132 14 1.6

i
4
ra



Evolution of the largest eigenvalue for 2-body density matrix: J=0,T=1

45 | | . | | | . | | .
M ]
35 __ S(grﬂund Statﬂ) largest eigenvalue J=0, T=1 __
3 ‘_ H—.M*—HQ—Q_H_._._._.___.
25 _— __
|- |
15 _— __
L |
r derivative 7
0 _
{}_ 02 04 06 0.8 1 1.2 14 1.6 138 _.';"

signature of weak long-range correlations !



Evolution of the largest eigenvalue for 2-body density matrix: J=1,T=0

largest eigenvalue J=1, T=0

derivative

no signature of long-range correlations !



eigenvalues

Eigenvalues oi 4-body density matrix ior T=1 pairing: 2§i

N=Z
H=Ne(NY+N)-keS (P P._+P*P_+P* P ) 24
A i i i g ive® jva ivv’ jvw jaon” f o g ——
i ij A
V08—
: (4) + + + + 4+ +T=0 B0 66
4-body density — p;; =<Wlg/q, |V > g =(a a;a;a, 6060
’J -IF 1 s i Foc i B
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L T ] oo s ¥
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in the physical region A, > 1



Evolution oi the largest eigenvalue oi 4-body density matrix: 32§

H = EEJ—(N;”:' + N::PJ)+ k E VJT (”".){.-’ r)[A;';-TrAﬁ-JIT-]J=D,T=D

i it T

3':S(gra::n.u:ud state)

largest eigenvalue

Indication of a fast transition towards a quartet condensate !



4-pody density ior general iwo-body iorces: sd-shell nulcel

H = ZE(N(H)"‘N(m)"‘ Z V(i JjOLAG o7 jjJT]JOTO

i jjJ, T

4) _
P =<M|qq; | SM> q = (a*eﬁ:—a,*a,*4

Largest 5 eigenvalues for sd-shell nuclei

24Mg 1.18 0.15 0.03 0.29 0.01
28Gi 1.19 0.47 0.27 0.20 0.12
328 1.51 0.83 0.74 0.59 0.53

there is one eigenvalue larger than 1

fingerprints of long-range quartet corlrelations

M. Sambataro and N.S, in preparation



Summary and Conclusions

Main message: T=1 and T=0 pairing forces are accurately described by alpha-like
quartets, not by Cooper pairs

« T=1 and T=0 pn pairing always coexist in quartet-type correlations

« T=0 pn pairing and quartetting persist in N>Z nuclei

 proton-neutron pairing has a significant effect on Wigner energy

» 4-body density matrix indicates quartet correlations of “condensate” type



Quartet condensation In the excited states ?

H = Ze(N<”>+N“’>>+ D Vit jiNAL 7 Ay 10T

i',jj',J'\ 17

it (") + + 0,0
|0?_,|;, QOM> = (Q;‘)nq ‘—> Qn - Z X// ! [Aii'JTAjj'JT]

i jj',JT

~ N+
o e oo

2ONell —33.77 (6.7) | —33.77 (6.7)
~76.97 (747l 0.70
-126.91 (6.7  0.65
-178.04 (3.920  0.95 SM is a QCM state 1?

acond excited O

Ey+ (QCM)
—98.56 (11.91)
—70.85 (13.59)

—120.64 (12.99)
—170.84 (11.12)

superposition of many shell-model states: cluster- type excitations ?

M. Sambataro and N. S., EPJ A53 (2017) 43



Quartet correlations ior general iorces: even-even N=1 nuclei

H ZE (N(n) + N(P) + ZVJT(” ,,U )[A” oA J’T']J:O,T:O

i, jj',J' T

diagonalisation in a quartet basis

% % d)+ _ d) J.T
‘ QM, J>: [Q‘(Il 1)+QSQ2)]J ‘ core> Q i . Z Xf/ ! [A// ', T, A}rj'Jsz ]

T TAN |

T T T T T T 1
24
10F Mg A
i + 2= "/’6 T I: T:0~J:0(2)~2(2)5456
¢ e ot
5 g e 2 T=0,1=0(2).2(2). 4
e - - T=0.J=
o+ ] 3: T=0,J=0(2),2, 4 doo A
I il S 09%) 4+ ] 4: T=0,1=0,2,4 A
;;;;;;; 0.954 —~~ Nt
S sl - g QS 5: T=0,J=0,2 S
é) | 2: eezmm————mom e n "1 _(0.960) + L\u/ 6: T=0,J=0 @)
4 -
< | ] < — AE) =
L 0943) + ] N
g 1059
0 -_ 0+ 0972) + _-
| 55.69 55.69 55.17 5491 ]
EXP SM QM QM(T=0) |
! ! ! ! ! ! 07

all low-lying states can be well described by T=0,J=0,2,4 quartets !
T=0,J=0 quartets give the dominant contribution in the ground state !

M. Sambataro and N.S, Phys. Rev. Lett. 115 (2015)



Spin-aligned J=9 pairs in 2Pd ?
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B. Cederwall et al, Nature 469 (2011)68



Role of spin-aligned pairs in *2Pd
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the structure of ®2Pd is not dominated by J=9 pairs

ground state is mainly built by J=0 and J=1 pairs

M. Sambataro and N. S, PRC91 (2015)



Wigner X

Wigner energy with T=1 pairing interaction

Negrea & Sandulescu PRC(2014)
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Effect of T=1 pairing on symmeiry energy

Negrea & Sandulescu PRC(2014) Bentley & Frauendorf PRC(2013)
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Isovector pairing with distinct quartets

H = Z g (N + N;T) — gz 2505
i

ij.T

\QM >= Q;Q;Q;q ]— > | QCM >= Q+”q | —>

exact amMm QCmM

20Ne -6.5505 -6.5505 -6.539 (0.18%)
24 Mg -8.4227 -8.4227 -8.388 (0.41<%6)
22Si -9.6610 -9.6610 -9.634 (0.28%)

e -10.2629 -10.2629 -10.251 (0.12<%6)
G 1 -3.1466 -3.1466 -3.142 (0.15%)
48Cr -4.2484 -4.2484 -4.227 (0.50%)
S52Fe -5.4532 -5.4531 -5.426 (0.50%)
104Te -1.0837 -1.0837 -1.082 (0.16%)
108 Xe -1.8696 -1.8696 -1.863 (0.35%)
1128a -2.7035 -2.7034 -2.688 (0.57%)

QM reproduces the exact results up to the 4t digit !!

M. Sambataro and N.S, PRC88 (2013)



Quartets In terms ol Cooper pairs
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7

calculations
6, <QCM |H|QCM >=0

(14 non-linear coupled equations solved iteratively)



Isovector-isoscalar pairing and quartetting for N>1 nuclel
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pn pairing and quartet correlations survive in N > Z nuclei !

D. Negrea, P. Buganu, D. Gambacurta, N. S., PRC98 (2018)



Isovector and Isoscalar pairing in odd-odd N=1
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D. Negrea, N.S. and D. Gambacurta, Prog. Theor. Exp. Phys. 073D05 (2017)



The structure of lowest T=0 and T=1 siates

T=0 ground state

IS 24N A+ + \N + \2n+l A+ +2\N
Exact sz(QTzl-l-Awr)q Awr( T:I) q (AW[) ! Awr(rwr) q
P | T=0 | 12.66 | 12.60 (0.44%) | 12.55 (0.86%) | 11.96 (5.86%) | 11.94 (5.95%)
T=1 ground state
Exact | " (QF +A?)" s A2 | R
wr( T:( wr) ) (Q _1) (< ( wre )
Co | T=1 | 16.14 | 16.12 (0.14%) | 16.09 (0. 28%) 15.67 (3. 01%)

15.86 (1.78%)

conclusion

isovector correlations are stronger in both T=0 and T=1 low-lying states

D. Negrea, N.S. and D. Gambacurta, Prog. Theor. Exp. Phys. 073D05 (2017)




Average value of pairing interactions
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Alrvmic mass mumber (A

the extra T=0 pairing energy comes from the odd pn pair !



