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Motivation:

> Structure of exotic nuclei, dynamics of heavy-ion reactions,
physics of giant collective excitations, physics of neutron stars

> Study of different equilibrium configurations of atomic nuclei
(9.s.) and transition regions between them

> 208Ph: |inear correlation between the neutron skin thickness and
the slope of the neutron EOS at p#0.10 fm-3

Theoretical approaches:

> Deformed HF+BCS formalism with Skyrme forces (SLy4, SGII,
Sk3, LNS)

> Coherent density fluctuation model (CDFM)

> Brueckner energy-density functional for assymetric nuclear
matter (ANM)



Results: Ni (A=74-84), Kr (A=82-96; 96-120), Sn (A=124-152), Sm
(A=140-156) and Pb (A=202-214) isotopes

» Symmetry energy (s), pressure (py), asymmetric compressibility
(AK)

» Correlation between the neutron skin thickness (AR) and s, py, AK

> Density dependence of the nuclear symmetry energy: AR vs p, for
a given nucleus

» Arguments in proof of the existence of kinks in Ni and Sn isotopic
chains, but not in the Pb chain

Papers:
M.K. Gaidarov et al., Phys. Rev. C 84, 034316 (2011)
Phys. Rev. C 85, 064319 (2012)



The key EOS parameters in ANM
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The coherent density fluctuation model (CDFM)
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In the case of monotonlcally decreasing local densities (do(r) / dr < 0)
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Brueckner energy-density functional for infinite NM
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Symmetry energy parameters of finite nuclei in CDFM
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Axially Deformed Skyrme Hartree-Fock
Method

E. Moya de Guerra, P. Sarriguren, J. A. Caballero, M. Casas, and D. W. L.
Sprung, Nucl. Phys. A529, 68 (1991)
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The spin-independent proton and neutron densities:

(F) - p ri,< ZQUsz ry,z

pi(7) = pi(ry, z) = |OF (ro, 2)° + |97 (71, 2)|°
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The mean square and rms radii:
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The neutron skin thickness:

AR=<rl>"?— <2 >

“4)

)

(6)

(7)

(8)

©)

(10)



fm]

el

AR

0.50
0.45

0.40

0.35

0.30
0.25
0.20

T T T T T T T T T T T T T T + T T T T 9
84n|;
i o —e—Slyd T, e —e—SLy4 To —*—SLyA
N -4--SG2 " - 4--8G2 ] sz -4-SG2
04® N *-- Sk3 82, 0@ *-- Sk3 o e * ]
_ N\.A\* \, —o=-LNS N \\, , —°—INs 1 \ sm oo LNS |
EZINENN ‘o\ 80 ‘Q\\ .. o) A\ .
. NS N \ D |
80N N Y NN . LN N Y
i o‘*-\ \ /O/ ] ?/7678- T T #76NI \\ ° * ]
AN ¢ ™ A S
- ® Ni A% - Nie' rd ‘« T Ni o A * E
. /7 / 4 | 0
NI a% A * A *
L (a) * 1+ (b) * 4 (c) ]
26.527.0 27.5 28.0 28.529.0 29.5 136 140 1.44 148 152 -400 -360 -320 -280 -240
3
S [MeV] P, MeV/fm?] AK [MeV]



AR [fm]

050 T ¥ T ¥ T ¥ T ¥ T ¥ T T ¥ T ¥ T ¥ T ¥ T ' T T ¥ T T T T T T ]

S, 152gn Oq —e— S|_y4 8152Sn —e— SLy4 p’o —e— SLy4 i
Sn 0, o) ¢ 152

oor . n TSt g ase2T p gsn emSG2 T

0.40 | ! ] rx-Sk3 L 2 *-- Sk3 L P .- %-- Sk3 ]
- .\tAA N —o—LNS { O\'O\.‘: 152g), o—-LNS + O/O ./. A —o—LNS

035} iy N T .a e T N s A 152 ]
r \"x “o. 4 AN \ e 1 . I b Sn

0.30 } NoA N + M il A T |
L O, 1 p 1 o e 1

0.25F '5‘\\‘ o 1 1323n\:o\\ %, T \o . i
- 132Sn X\ o P2snd D " + O132Sn * :

0.20 F o a«[ & 1 I DT N e g ]

0.15 i 124Sn ?(. 124gn 1 Sn e A.A'A ",, 1 124Sn A,A’A 1 i
r (a) » T (b) 124Snf T (C) F12ag,

010 | " 1 " 1 " 1 " 1 " 1 i | " 1 " 1 " 1 " 171, 1 1 1 1 1 1 1 1 1 1 17

27.0 27.6 28.2 28.8 29.4 30.0 144 150 156 162 1.68 -400 -360 -320 -280 -240 -200
3
S [MeV] p, [MeV/fm®] AK [MeV]



0.45 —————1————1——1— 28.0 — 11177 29.0
i ® 0.45
- NI Q Sn Q ® -
S J27.8 L N\ e
@) S o
0.40 | o ° 1 0.40 O/ O\ g d 085
1276 R 5 o
= . ; 035} o~ N o . <
= 0.35 {27.4 - / 2
0 © d >8 -280 =
J i ] 0.30 F o\ =
/ O wn
J27.2 ! ® ~o -
0.30 F . 5 | 0.5 L o \O\
i - 427.0 - o o, 175
A ' ~0
] 0.20 f -
0.25} ./ o® IR ]
o 426.8 o
1 i 1 i 1 i 1 i 1 i 1 0.15 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 27.0
74 76 78 80 82 84 124 128 132 136 140 144 148 152

A A



S [MeV]

NT —e—SlLy4
29.2} Ni s SG2
| O
» . - %-- Sk3
288 o ,-"/ -_0— LNS
I ‘\O
AN
28.4 Y .
3 {-47_ - - * \\O
280}F =~ . .
o .
/ AN ~o
276 . \ NN
./ () ~ \\*
27.2 \. .
26.8 \.
74 76 78 80 82 84

L Sn A DA
N ---- Sk3

- o W —-o-= LNS 1

124 128 132 136 140 144 148 152 156

A



0.25

0.20

0.15

(®°Kr) [fm]

r-r
pp

0.10

0.05

[T T T 17T 717 717 77T 71T 71T 7 1T 0.4_IIIII'II _]
L —e— oblate 1 L —e—oblat
= Kr --A--prolate A Kr _.:_.0 .
RN __ 03¢t prolate 4
' e £ - yan
- . ql;l o,
J —~ 02f /A .
/ L
i /A _ X Va
4 @Q_ 0.1} }’ -
- ./‘ — LC [ //
%‘ 'c ol / _
/x - /‘
B - -

I T T PR TR EPE BV B T '0-1_|.|.|.|.|.|.|.|.|_
82 84 86 88 90 92 94 96 98 82 84 86 88 90 92 94 96 98
A A
20 _I T T T T T T I_

L * exp A
161 Kr —e—oblate R
— L --A--prolate o
AN
e 12 j®
= L / |
AN 08 % .
O Y _
\ L p i
5 0.4 _ }///:
0.0 -:/x/./ .
82 84 86 88 90 92 94 96 98

A



AR [fm]

AR [fm]

i L] v L] v L] v L] v 1 v L] v L] v L] v L]
0.30 } —e—oblate 4 —e— oblate
i —a—prolate T —a—prolate 1
0.25 % P + P
i Kr 1 By  OKr
0.20 ¢ N\ 1 N
0.15 - 88y, T 88Ky
0.10 J ok 1 /oK 4
I / 84 T / 84
A Kr A Kr
0.05 - sk3 82y, T Sk3 82y,
O " 1 " 1 " 1 " 1 " " 1 " 1 " 1 " 1 "
25 26 27 28 29 1.36 144 152 1.60
[ ' T d T d T d T L T d T d T d T
96
0.30 | By o + 9 o Kr
3 () <+ [
0.25 | A\‘\ 1 \‘i\
020 \88Kr T '\iBKr
0.15 g6, + A g6
. / Kr l Kr
J 1
84
0.10 | Ve J PKr
i 82 T
005} LNS Kt 1 NS Kr
0 I " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
25 26 27 28 29 1.36 144 152 1.60

s [MeV] P, [MeV/im®]



AR [fm]

AR [fm]

0.30 } % —e—oblate - 9 —e—oblate 4

o KT --a--prolate T *°Kr o K --4--prolate 1

025 = A.\-: T '.Q.A\ -1

0.20 | \ 1 A\ ]
v& 88 .\A\ 88

0.15 F «Kr 4 \.\“Kr i

i Vi *Kr 8K r

0.10 | A/ 84KI’ < A/ 84Kr -
82 82

0.05F SLy4 Kr T SLy4 Kr ’

O " 1 " 1 " 1 " 1 " 1 " 1 " 1 1 "

25 26 27 28 29 1.36 144 152 1.60
1 v 1 v 1 v 1 1 v 1 v 1 1
0.30 + e
96
0.25 Kr + %k, .
2o A

0.20 A 1 A -
AW N

0.15} N\ 88Ky + N\ FBKr .

W o6 oA,
0.10 } S ke 1 S BKr .
A/ 84Kr A/ 84KI’
005F SGll 82Ky T SGlI ®2Kr .
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 1 "
25 26 27 28 29 136 144 152 1.60

s [MeV]

P, [MeV/im®]



s [MeV]

29.2

2881
28.4
28.0 |

27.6
27.2
26.8

264l

26.0

256L

—e—SLy4 e i
—a—SGll o—aa -
- —+—5k3 .
—o—LNS ‘

80 84 88 92 96 100104108112116120
A

-0.3

84 88 92 96 100 104 108 112 116 120
A



AR [fm]

o

0.16

0.14

0.12

o
.
=)

0.04

—
—A—prolate

I ' 1 ! I ) I L 1 ¥ I

& & 1 ™sm —Aa—prolate %sm,  —a—prolate
5 \ —u—spherical K —s—spherical T X —u— spherical
i 1 1 <_ e, i
" “gm T44gm 4 ]
| SLy4 Ta2g 1 SLy4 1a2g, SlLy4 142G
- (@) Sasm T (b) gy T © Aumgy ‘
27.6 28.0 . 284 I 28.8 . 1.48 . 1.52 ' 1.56 l 1.60 I 1.64 I —3301—320'—310.—300‘—2901-28{}
s [MeV] p, MeV/im’] AK [MeV]
1sm —4—SGll Jsm, —a—Sall
0A2- *\‘\ —i—gky T \ 83 |
—o—LNS —o—LNS
0.10- \ 156G gl 1l
oo A m
o B 15‘*Sm\\\
= 0.08 | '\ \ \ + \ .
= : __ 2N
< 00 N 7 i \ \ i
| N v
0.04 - 2 NJ“Smt ./ "sm
/1428'“ / / ]
0.02} *1a0g, S ¥sm L “osm  # |
| (@ “05m (b) “0gm
282 288 294 300 306 150 156 162 168 174
s [MeV] p, [MeV/fim’]




0,18 — 5'_:,"4 4 s

—8— Slyd -
—a— 506G T —a— 5GE0
D18 |- 4o —w—Sk3 —%—Sk3 A
— o —o—LNS 4 —e—LNS
= D4 + .
= ““po
e 3 214 T
<9 paz| \ ] i 4
n10} i 1 R, i
X M2y, =1 HHI
L T 202
posl (A) mo s Pb |
288 204 300 306 184 1.68 1.72 1.78 300 -280  -260  -240
s [MeV] p, MeVifm] AK [MeV]

Neutron skin thickness of 208Pb
Our result with SLy4 force: AR=0.1452 fm

JLAB (PREX Collaboration): AR = 0.33 ' fm

—-0.18

+0.025
—-0.021

Correlation with the dipole polarizability: AR = 0.156
(SV-min Skyrme functional)

fm



AR [fm]

AR [fm]

0.26

154 156 1.58 1.60 1.62 1.64 1.66

0.50 —

p, [MeV/fm?]

0.46
0.44

0.42
0.40

0.38 | (C)
0.36 e

048l *LNS 1565

n
*SLy4 -

146 14

8 I 1.50 I 1.52 I 1.54 I 1.56
p, [MeV/fm’]

154 156 158 160 1.62 1.64
p, [MeV/fm’]

78Ni

144 146 148 150 152 1.54
p, [MeV/fm’]



e The quantity

S — S
As, = A42 A (1)
SA

gives information on the relative deviation of the symmetry energy s of even-

even isotopes with respect to the double-magic ones, namely with A = 78 for
Ni, A = 132 for Sn, and A = 208 for Pb.

s= | dolf@)Ps" (a) @

Tin — sAVM ()

T > xmin)
Tmax — 1If AT=Tmax — Tmin, then s — sa, < 0.1 MeV

changes sign from negative (at * < Z;,) to positive (at

Relative deviation values of the symmetry energy As, and As_ for the range
of integration Ax and for Ni, Sn, and Pb isotopes.

Ni Sn Pb

As, -0.0137 -0.0070 -0.0035
As_ -0.0072 -0.0049 0.0038
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Conclusions

v’ Deformed HF+BCS method with Skyrme-type density-dependent effective
interaction + CDFM

v Three chains of spherical Ni, Sn, Pb and two chains of Kr and Sm deformed
neutron-rich isotopes

v Four Skyrme parametrizations: SGII, Sk3, SLy4, and LNS

v’ Calculated: nuclear symmetry energy s, neutron pressure p,, asymmetric
compressibility AK, neutron skin thickness AR

O CDFM: an alternative way for a transition from the properties of NM
to the properties of finite nuclei.
O Brueckner EDF for infinite nuclear matter

O There exists an approximate linear correlation between AR and S, AR and p,,
while the relation between AR and AK is less pronounced. A behavior containing
an inflexion point transition at specific shell closure is observed for these
correlations (“8Ni, 132Sn, 8Kr, and 144Sm).



0 Our HF+BCS calculations lead to s in the range of 27-30 MeV, which is in
agreement with the empirical value of 30 £ 4 MeV. The calculated values of
p,=1.36-1.68 MeV/fm?3 lead to values of the slope parameter L=26-32 MeV, in
agreement with other theoretical predictions.

U The kinks displayed by the Ni and Sn can be understood as consequences of
particular differences in the structure of these nuclei and the resulting densities
and weight functions. It is shown that for the Pb isotopes the different signs of the
relative deviations corresponding to the range of integration on x that contains the
peak of |f(x)|?is in favor of the absence of kink in the Pb chain.

The capabillity of the present method can be further demonstrated by
taking into consideration Skyrme-type and relativistic nuclear
energy-density functionals.
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B = [ dolf(@)PAclpfa).
= [ delf@PALEln(a), 0 + SV ()} + O + -3, ©

where
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For finite nucleus:
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Approximation 2:
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