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Squared Nuclear Matrix Elements (SNMEs)
of IS and IV spin-M1 excitations
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IS and IV pairings
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pairing in the ground state W.F.
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np pairing in the ground state W.F.
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np pairing in the ground state W.F.
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np pairing in the ground state W.F.
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np pairing in the ground state W.F.
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np pairing in the ground state W.F.
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Relation of the np Spin-Spin Correlation Function
to the Sum-Rule values of the IS/IV spin-M1 SNMEs
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Squared Nuclear Matrix Elements (SNMEs)
of IS and IV spin-M1 excitations
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np Spin-Spin Correlation Function
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Experimental Methods
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Spectrometer Setup for 0-deg (p,p’) at RCNP

Large Acceptance
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Self-Conjugate (N=Z2) even-even Nuclei
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We focus on these nuclei.

Stable self-conjugate even-even nuclei: /

(4He), 12C’ 160, ZONe, 24Mg, ZSSi, 328, 36 A]_"’ 0Ca




Targets

12C, Mg, 285i: self-supporting target

Gas Cell Target (3¢Ar)

H. Matsubara et al., NIMB 267, 3682 (2009) H. Matsubara et al., NIMA 678, 122 (2012)

Aramide window of 6 umt
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do/dQ [A.U/]

Angular distribution for Jrassignment

- Distorted wave Born approximation by DWBAQ7
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NN interaction. : Franey and Love, PRC31(1985)488. (325 MeV data)
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differential cross section [mb/sr]
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Unit cross section (UCS)

- Conversion factor from cross-section to Squared Nuclear Matrix Elements (SNME)

- Calibration from 3 andy-decay measurements assuming the isospin symmetry
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The same slope for IS is assumed as IV. 29



IS /TV-spin-M1 distribution
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Squared Nuclear Matrix Elements (SNMEs)
of IS and IV spin-M1 excitations
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H. Matsubara, AT et al., PRL2015

USD: Predications by Shell Model with the USD interaction. 3,



np Spin-Spin Correlation Function
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np Spin-Spin Correlation Function
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Correlated Gaussian Calculation of the 4He System
with Realistic NN Interactions

Spin matrix elements of the 4He ground state

by W. Horiuchi

No tensor
int.

=5 5 — — 1 "
<Sn+Sp> <S”/i’> S=0 | S= )/s \
SVe | 0572 /0.135\85.8% | 0.4%||13.9%
tensor int.
Weaigﬁinsor 0.465 \®/885% 0.3%| | 11.3%
int.
Minnesota 0.039 .0.020 | 100%

Y. Suzuki, W. Horiuchi et al., FBS42, 33(2007)
H. Feldmeier, W. Horiuchi et al., PRC84, 054003(2011)




np Spin-Spin Correlation Function

Shell-Model: USD interaction

AVE8’:0.135 Correlated Gaussian Method: W. Horiuchi
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np Spin-Spin Correlation Function
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np Spin-Spin Correlation Function
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np Spin-Spin Correlation Function

Shell-Model: USD interaction
Correlated Gaussian Method: W. Horiuchi
Non-Core Shell Model: P. Navratil

T T T T T T T T T EXp (p,p/) _I_
0.2 1 1 1 1 BxpEe) Xk
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22 o} :
Iy . + CG: AV ]
G3RS []
Minnesota -+
_01 ! ! ! ! ! ! ! ! ! NCSM:
4 8§ 12 16 20 24 28 32 3 Chiral NN O
sota X

Further theoretical studies by ab-initio type calculations with
realistic interactions are very interesting.
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B(M1I)o: [p

Model Space Dependence

No significant difference between sd and sdpfin the

shell-model predictions for 20Ne

The case of 20Ne
Strength distribution

SDPFM s 20Ne IS spin-M1 strength

| USD  eeee- : il
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| SDPFM s 2 Ne IV spin-M1 strength |
USD  ssess

1 1 1 E 1 ] 1 lEJ ll.i 1 tl:l
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USD = sd-shell
SDPFM = sdpf-shell

Energy dependence of Rs/1v

N
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051 p JE—
15
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Contribution from Strengths at Higher E,.

No significant difference in the shell-model predictions.

Shell Model in sd-Shell, USD

E <16.1MeV | E =all

A M(c) M(ort)Diff | M(c) M(ot) Diff
_______________________________ o

24 0.23 0.23 0.00 | 0.27 0.28 -0.01 ~85% in Ex<16 MeV

28 037 042 -005| 0.41 0.46 -0.05

32 040 045 -0.05| 042 0.48 -0.06 >90% in Ex<16 MeV
36 0.22 0.24 -0.02 | 0.23 0.25 -0.02

Measurement was done only below E,=16 MeV.

Still a part of strength may be fragmented to upper
excitation energies like B(GT).



Relation to the Ikeda Sum-Rule of GT transitions
and their quenching

No clear relation

_1+M1

1+ GT

C2=1/(T W c
= ot )
1+ M1

A

c2-

= C2=1/(Ty+1)
To/(To+1) 0

1+ GT .@

C?=(2T-1)/(2Tg+1)

g.s. T=Tpy+1

0t 0tIAs -
- 0
g.s. T=Ty
To=T
To=T2 g.s. T=Tg-1
(Z-1,N+1) (N, 2) (Z+1,N-1)
T,+1 T,=(112)(N-2) T,-1

Fujii-Fujita-Ikeda Sum-Rule
S0 S =3(N-2)

is the difference between S. and S+
and the main contribution is To-1

1% GT T=1

17 GT T=1

9.5, T=1 T=1 |  gs. T=1
oT(lV o(IS) | |oT(lV) [/ oT(IV)
(n,p) type (P,p) [ (p.n) type
g.s. T=0
(Z-1,N+1) (N=2) (Z+1,N-1)
Tz=+1 TZ=O TZ=-1

In the present work, IV spin-M1
corresponds to To+1.
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Unit Cross Section and Proportionality
(theoretical study)

) () —
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2
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Well described by the proportionality at least for the states with
detectable amount of cross sections.

Shell Model W.F. + DWBA Calc.



Relation to the IS Magnetic Moments and Their Quenching

consistent with the available data

05| ¢
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0
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BT R - TR TR U T A TR R TR C
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<S>

The diagonal IS spin SNME for the g.s., from IS magnetic moment, 1s
NOT quenched in the mid-shell while quenched at around the edge.

Adapted from B.A. Brown, NPA (1987)




Recent shell-model study
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Recent shell-model study

P. Van Isacker and A.O. Macchiavelli, arXiv:2105.07267, to be published in EJPA

—

Abstract. We present expressions for the matrix elements of the spin—spin operator §n - Sp in a variety of

coupling schemes. These results are then applied to calculate the expectation value (gn . §p) in eigenstates
of a schematic Hamiltonian describing neutrons and protons interacting in a single-/ shell through a Surface
Delta Interaction. The model allows us to trace (§n . §p) as a function of the competition between the
isovector and isoscalar interaction strengths and the spin—orbit splitting of the j = [ & 1/2 shells. We

find negative (5';1 . §p) values in the ground state of all even—even N = Z nuclei, contrary to what has
been observed in hadronic inelastic scattering at medium energies. We discuss the possible origin of this
discrepancy and indicate directions for future theoretical and experimental studies related to neutron—
proton spin—spin correlations.

Schematic model for single I-shell corresponding j =l + 1 with surface delta interaction

H=¢en_+eny —4nm Z arp Z O(7 — 73)6(r — Ro),
T—0,1 i<j
axr =agand a(l—z) = a

(Sn-Sp)
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No solution for positive <5, * S,> in the parameter space
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Future Experimental Possibilites

e Mass dependence of the np spin correlation function along the N=Z line
Target nuclei are unstable above A=40.

- (p,p’) and (d,d’) in inverse kinematics

e Isospin dependence of the np spin correlation function for N=Z nuclei
IS and IV transitions need to be selectively excited.
For stable nuclei:
- (6Li,6Li"y) for IV spin-M1 excitations
- (d,d) or (¢Li,6Li") for IS spin-M1 excitations

e Strength in the continuum and in unstable nuclei
- (12C,12C(1+ T=1;15.11 MeV)) in inverse kinematics for IS spin-M1
— 12C+y
- (12C,12C(1+,T=0;12.71 MeV)) in inverse kinematics for IV spin-M1

— a+8Be— a+a+a
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Summary

Quenching of the IS and IV spin-M1 SNMEs was studied by a high-
resolution (p,p’) measurement at E =295 MeV

No-quenching is observed in the IS-spin-M1 SNMEs while quenching is
observed in the IV-spin-M1 SNME as is expected from the analogous GT
transitions.

The np spin-spin correlation function extracted from the experimental
data show systematically positive numbers, implying the IS np correlation
or deuteron like correlation in the ground states.

A shell model calculation using the USD interaction does not reproduce
the positives. However, predictions by the correlated Gaussian method on
4He and the non-core shell model (not converged yet) look more
consistent with the data.
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