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| used to be a PhD student (2010-2015) in Prof. Yu-Min Zhao’s group in
Shanghai Jiao Tong University . | had opportunities to collaborate with Prof.
Akito Arima, is my great honor!

The 1st time | met Prof. Arima: Honorary Professor of Shanghai Jiao Tong
University in Nov. 2006.

The 2nd time | met Prof. Arima: Summer School on Nuclear Physics (by Prof.
Jie Meng) in Peking University, 2009.

Prof. Arima visits Shanghai Jiao Tong University every year: lectures,
academic presentations, discussions...

Coauthor with Prof. Arima, 26 papers on Phys. Rev. C. My great honor!

Thank You and Happy Birthday Prof. Arima !



Nucleon pair: isospin singlet / triplet

A proton and a neutron are the same
kind of nucleons, with different z-
components of isospin

Nuclear force is charge
independent approximately
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e Purpose of the project
Whether the isoscalar pairing is important or not?

What is the definition of “pairing” or “pair correlation”?

e When considering nuclear pairing, many authors have used the terms as
““correlation energy’”’, “number of pairs’”’, “order parameter’”’, “pair field”,
“pairing gap’’, “pair_transfer’”, “paired phase” but meant something
different. This has lead to a certain degree of confusion, in particular with
respect to the question: “Is there isoscalar np pairing?”’

e Prof. Arima said
Simple: pair approximation (wave function constructed by nucleon pairs)

S. Frauendorf and A. O. Macchiavelli, Prog. Part. Nucl. Phys. 78, 24 (2014)




Interactions withT=1

attractive and short ranged: ¢ interaction
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The very famous
Interacting Boson Model !
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Isovector pairing in semimagic nuclei

e Generalized seniority scheme: multi-j shell space + effective interaction
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Interactionswith T=0

attractive and short ranged: ¢ interaction

Vi2 (8) =-Vo b (r1-r2)
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Whether or not can a pair correlated state or a pair condensation

state be formed for N = Z nuclei?

R. F. Casten, Nuclear Structure from a Simple Perspective.
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Isoscalar spin-aligned pair of the g, orbit

In N = Z nuclei, isoscalar spin-aligned

proton-neutron pairing might be very

important (i.e.,J=Jmax )
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Isoscalar spin-aligned pair of the g, orbit
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Isoscalar spin-aligned pair of the g, orbit

Single g,, shell calculation for 2Pd, ]F "
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NPA: a pair-truncation model for multi-j shells

® Shell model, full correlated many-body solution

VT +
|¢> o leml szmz Cjnmn
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® Nucleon-pair approximation (NPA) with isospin

AT =Y "y(abr)AT(ab) , ATT(ab) = (CF x CF)"
ab
where ris short for J, T, and it.. The pair wave function |p):
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e Pair truncation: the building block is (J,T) pairs

Validity: overlap between pair (NPA) wave functions and SM wave functions
many-j shell calculation

G.J. Fu, Y. Lei, Y. M. Zhao, S. Pittel, A. Arima, Phys. Rev. C 87, 044310 (2013). ® ‘% +
Y. M. Zhao and A. Arima, Phys. Rep. 545, 1 (2014) @@
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9%Cd: dual description

10 (a) AY
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Pair wave function in g.s. of N=Z even-even nuclei

e Study N = Z even-even nuclei: many-j shells + effective interaction

(J3.13)
|:((A(J’T)+XA(J’T)+)(J2’T2)XA(J,T)+) 313 ...

20Ng, 24Mg, 325, 36Ar : USDB
44T 48Cr : GXPF1
607n, 64Ge, 92Pd, 9Cd : JUN45

For N = Z nuclei:

m Spairs (J=0, T=1)

® Ppairs (J=1, T=0)

A Spin-aligned pairs (J=2j, T=0)

For semimagic nuclei:
o Spairs (J=0, 7=1) (> 0.92)
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T = 0 states of N = Z odd-odd nuclei  '°f @
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e Low-lying T =0 states of 3 valence protons and 3 valence 0.0p . /&% ¥ 1

neutrons: many-j shells + effective interaction
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T = 0 states of N=Z odd-odd nuclei '°f = @™
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T = 0 states of N = Z odd-odd nuclei

J =3, T=0 pairing for the 9* state of ®2Ga, overlap > 0.92
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Future: propose a fingerprint for experiments?

. s .
B iF LG
TONGJI UNIVERSITY



Summary

Isovector J=0 pairing is very important, especially, in low-lying states of semi-
magic nuclei. The isoscalar pairing study began in 1960s or earlier. However,
due to the complexity in both theories and experiments, no conclusive evidence
was found.

e We calculate pair wave functions by using the nucleon-pair approximation
of the shell model. It is shown that the isoscalar spin-aligned pair

truncation plays a role for low-lying states of 22Na, #4Ti, 46V, ?*Ag, and °6Cd
in multi-j shell calculation.

e Dual description: both isoscalar-pair approximation and isovector-pair
approximation are reasonably good for low-lying states of N=Z even-even
nuclei.

e Roughly speaking, the isoscalar J=1-pair wave function is not so good.

e The isoscalar J=3-pair truncation for the 9* state of 2Ga?
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Happy Birthday Prof. Arima !

Thank You !



