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Fig. 1. Dependence of single-particle energies on the co-
ordinate space cutoff Rmax for neutron resonance states of
1209y, For viyz/, Vigy2 and  Vjyssp, the principal
quantum numbers start from n =1 and increase from left
to right. The solid lines in the figure is represented as the
RHF effective interaction PKO3 and RMF’s PKDD with

dashed lines are selected for comparison.
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B E TR OE R, R 2 FioR. X BB L
RHF A3 %A HAEH PKO3 fr%ﬁﬁ%@] i) s 0 HAR

R, HrP ARl RO A 45 AR AE aod AL BR S R R
IZEJ?EUJ%% 1 H Y Ripax ﬁﬁfr%@?ﬁu. %’%? EYRA I
PR EICHE A A 25 8] A PR35 47 o HL R 30 R MR 20 37
W REE, HHRTERE RS n 3 IO Bk T
FE. E 28T LA 2 n B i KT, 7E g
BRI P ER I PR EIOZ A T — 2, R E M R
AR, T B UEARYE AN TR n (A HBCH S ke 42
BRSO T Sk

F1 AR 10 S0 BT vjys e SHREAEAR E it

2, WAL PRA Vit)2 5 Vits/2 Wn=6, % s/

Hviggp Wn =4, Gl T RER 5 W RESEL X
T v3p1/o Ml vihg o, RIAEH SEIT 4 205 B{E, @it
R B TR n WS D7 BTN BE A AR U IR
S .. A HL, 6 3K PSSR E I n = 3
Hln = TAEERAVE N ILIRSHL, 725k 2 hol . K
th ST ABOHEAR A PK1 5 NL3 T8 SR 45
SRESCHR [36] AH—F FERXS L, HE T A IS AR
PREC (RMF-GF) J7i% 9, A PK1 A EAR TS
R IR SE AR R 2 hHIH ) o] LI B

FHn T B-Ruax MEAFRIFRL A9 25K Rinax
HyRfE R By UUNSERE T LI RHF AR I M

PKO3 #5551
Table 1.

Resonant energies E. , widths I" and in-

flection points Rmax derived from E-Rmax curves

with different principal quantum numbers n for the

neutron resonance state Ujis /2 of 1208y, illus-
trated by the RHF effective interaction PKO3.

n Rinax /fm E+ /MeV I'/MeV

1 12.000 12.457 0.518

2 17.731 12.377 0.653

3 22.396 12.368 0.703

4 26.825 12.365 0.738

5 31.145 12.360 0.755

6 35.393 12.358 0.767

ZfBlHh, 4T AT U CDF A 5UHEAEH,

X} 120 S 7 gAY 4L TSR
R I BT A0 T AR SR

%2
fi ¥4k MeV
Table 2.

@\ »
\
\

AblEl

He B

RASTFRARGH, FEI
B IIRTENE.
RIRIA) CDF A1 RCHIE R i 2080 v 2R 25 R

R T RA -SSR, X T HaLES S RE R
0.090
0.060
ZT 0.030
£
~
£ 0
'4% 0.016
é «/f::\\ o V1j15/2
= s :
» 0.012 b == V2152
z (r)/r == V3ji5/2
B 0.008 vdjis/2
— V5j15/2
0.004
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
5 10 15 20
R/fm
M2 R R S0 T vy, e JE0R A 1972

IR, A A B F R B PKO3

Fig. 2. Radial wave functions of vji5/2 neutron resonance

state in '2Sn with different principal quantum numbers n,

the effective interaction is selected as PKO3.

A

in table means that the relevant information could not be calculated. All units are in MeV.

JE, Frp IR TARBURCAE B P A

Single-particle energies and widths of neutron resonances in '2'Sn with different CDF effective interactions,

v3p1/2

V1h9/2

vi5 /o

vj

Vi13/2 Vi11/2 15/2
E, r Ey r E, r Ey r Ey r E, r

PKO1 -0.071 \ 0.262 ~0.000 0.675 0.028  2.802 0.001 9.763  1.152  11.963 0.705
PKO2 -0.096 \ 0.491 ~0.000 1.150 0.127  2.516  0.001 10.171  1.161  11.882  0.586
PKO3 0.028 0.013  0.312 ~0.000 0.834 0.049 3.084 0.002 9.963 1.206  12.358 0.767
DD-LZ1 -0.326 \ 1437 6x107%  0.268 0.001 4.221 0.016 10.370 1.895  13.277 1.387
PKDD \ \ 1.054 1x10~% 1.173  0.153  3.874 0.009  10.737 1.953  13.313 1.279
DD-ME2 -0.057 \ 0.949 6 x 1075 0.787 0.047 4.038 0.012  10.541 1.874 13.329 1.366
NL3 -0.015 \ \ \ 0.673 0.029  3.263 0.004 9.559  1.205 12,561 0.973
PK1 0.046 0.034  0.250 ~0.000 0.870 0.063  3.468  0.005 9.808  1.274  12.875 1.036
PK1(RMF-GF) 0.050 0.033 0.251 8x 1078 0.871 0.065  3.469 0.005 9.854  1.283  12.893 1.065
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3p1 3, vk 5, R AT AR TSI B A7
TEZ 5. X T v3p 2 &, HA PK1#l PKO3 %4
HOTRE S Bk LIRS, A S HOUHE AR Jy R g 25
S M. 3T vy 75, [ T NL3, HiAk
A ROR EAE FH YRR 45 ) LR 9 32 2 1) A Bk
TR, S T AMCA R RS S ) RS SR 22
S, TEE 3 ThbRiC & A SO BEAE AR 2 B, -1
KZR. TUBREX TAEIIRE vl52 5 vige, RHF
5 RMF AR EAEHBS5R LBz ; iixs 198
YR vigy )2 5 vjis/o , RHF BERINZE T AR
/N ILIRAE R S ARG

m PKO1
| @ PKO2

A PKO3 ¥
o DD-LZ1 )
v PKDD vhi/z
& DD-ME2 i
1.0l < PK1
# NL3

2.0

1.5}

I'/MeV

0.5
vt

5/2 .
vi13/2
of d’dzm

0 4 8 12 16

3 KIF CDF ARHEAE T, 129 Sn ff vfg 0, virg)o,
Vitiyo Ml vjgs e SRS M SLIRAE R AT, K BA 3
@ F 4% @ ARIC 23 9 # 78 RHF, DDRMF Hil NLRMFA %4 41
AR SR

Fig. 3. Single-particle energies and widths of neutron
vis /9, Vi1g/2,Vi11/2 and Vji5/p resonances in 1208n with
different CDF effective interactions. The black, blue and
olive marks in the figure indicate the results with the effect-
ive interactions of RHF, DDRMF and NLRMF, respectively.
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Fig. 4. (a) Radial wave functions of large component of
120 9y neutron vjis /2 resonance state with different CDF
effective interactions; (b) for neutron vji5/5 resonance
state, effective potentials in Schrodinger-like equation and
corresponding single-particle energies with PKO3 and PK-
DD effective interactions. Solid lines are the total poten-
tials, dotted line is the contribution from the direct terms
and shaded area comes from the exchange terms of RHF

model.
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12080 A% PR FAEK PR (v1go o, vigy o) VERRT
L XX FRRAR A, H BB 2Ry

Ae =¢;_ —¢gjy, (18)
XH jE=1+1/2, MM LERER 3 THIH. [F
i, FIFI2EHE 7 (9), K45 T X T [ fie-
PUBEEFRLTTERL RSt Sl AT R o B
PRI SR BATRFHEAS 2. nshBedsr G Fomh

e} 1 d2
o | G5 G e

/0 G?Jr(r)dr

[e%e} 1 d2
o GJ_(T)Mi—/FﬁG]_(T)dT

/ h GZ_(r)dr

0

(19)

3 12060 B vi SRS v1g AR HiE-HLE B
2 Ae, VIR RIS EEE 15 2 (9) 19 3145853 19 BT K.
JIT A B350 MeV

Table 3.

bound spin partners v1g in '2Sn, as well as their contri-

Spin-orbit splitting of resonance states vi and

butions from various components according to the Sch-
rodinger-like Eq. (9). All units are in MeV.

PKO3 PKDD

1=14 1=6 1=4 1=6
G" 0856  -1.093 -0.994  -0.434
Iy 0.297 23.228 0.319 22.183
Ves 0473 -16.907 0452 -20.589
VP 4.362 4.086 7.069 5.703
VE 1.800 -2.436 0.000 0.000
Ae 6.074 6.878 6.846 6.863

MR 3ATLLER], X T vidb R, X il Ves
DUBRARE TR AL v1g AR 3. S T 2% —
2SRRI, RZE G H BRI R BRI #3718
#E—E 0. UL RHF A ZUHEAE H PKO3 i,
Bl 5450 T (vlgg o, vigr 2) 5 (Vits2, vin2) A
FBEEK AR I R gL, FTLAE th, T IRS 80 2=
|, Ak T LIRS Y A RO PRSP R RS S OR, X
SWHBIERAR. 5 —JriH, 8.0 Ves 5 Rk
FIRE X A B AN USRS T A i $%. Btk X
PR B4R DT RS 5 R A S Z ) Ak 25 5%
FE A e LK P AR R 2 S P s Ak, X
VPR VE ), HAE vi JRZS Y A fie-BaE B 2
FITTHRAH LT v1g RS LE R IA i/, ARl

&, RMF A ff s i A0k [T BRI ok, 1
RHF H06F FBF 2Rt/ M FIU 2= 2R [ T34,
FE AR 45, th TR A etk i
PRAEAT REAFAE M 2257, A F - BUBE A AR, 5
KA R A R 2 R R LIRS - hLiE
BESLR N R, ]IS 4 A A o RS A
JiE- I TE Y 2R TTHR-dL AN T 2200

0.16
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Fig. 5. Radial wave functions of large component of reson-
ance states (vijz/2,Vii1/2) and bound states (vlgg/a,

vlgz/2) , given by the RHF effective interaction PKO3.
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j"ﬂﬁﬂ%, PR 120Sn AR H Vi13/2 5 Vi11/2 H Jig
PRAEAS, S 7SS0 1 A Je- i B 28 B A oG
WONE, TFIET B TS AR A BT B TRk AT T
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KA. IR, BR T A BE-PUEM B AR,
KA R b A A S X T AR AS T A - BhiE B
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Abstract

With the development of radioactive ion beam devices along with associated nuclear experimental detection
technologies, the research areas in atomic nuclei have been further expanded, illustrating many new aspects of
nuclear excitation as well as the physics of exotic nuclei far from the (-stability line. For weakly bound nuclei,
the Fermi surface may lie near the continuum, which facilitates the easy scattering of valence nucleons into the
continuum to occupy the resonance state. These continuum effects are of crucial importance in explaining the
unusual structure of unstable nuclei. In this work, with the real stabilization method in coordinate space,
nuclear structure model for single-particle resonances is developed within the framework of the relativistic
Hartree-Fock (RHF) theory. In order to extract potential single-particle resonance structures, we study the
evolution of single-particle states with box size in the continuum. To avoid the instability of nuclear binding
energy, the pairing correlations are not taken into account in the calculation. As an important motivation, the
roles of Fock terms in determining the energy, widths and spin-orbit splitting are discussed for low-lying
neutron resonance states of '?° Sn. By comparing with the relativistic mean field (RMF) model, it is found that
the inclusion of exchange terms in the RHF model changes the in-medium balance of nuclear interactions and
the equilibrium of nuclear dynamics, which in turn affects the description of the single-particle effective
potential. For several neutron resonance states in '2° Sn with finite resonant width, RHF model predicts lower
resonant energy and smaller widths than RMF. For the single-particle states around the continuum threshold,
the featured signals of resonance can depend sensitively on the effective interactions. In addition, for the spin-
partner states vijg2 and vijgs2 in resonance states, the effect of Fock terms on their spin-orbit splitting is
analyzed. In comparison with the bound states, the wave functions of resonant spin-partner states can differ
remarkably from each other, changing the effective potential and single-particle energies correspondingly. Thus,
additional components in the single-particle effective potential may also contribute to the spin-orbit splitting of
resonance states, aside from the spin-orbit interaction. In order to elucidate the mechanism of Fock term in
single-particle resonance physics, in the subsequent study more numerical techniques that have been recently

developed will be incorporated into the RHF methodology.

Keywords: single-particle resonance states, real stabilization method, relativistic Hartree-Fock theory, spin-

orbit splitting
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