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Abstract

Nuclear level density is a critical parameter in nuclear physics as it
represents the number of energy levels per unit of energy (MeV) in a
nucleus. This study calculates the level density and level density parameter

for heavy and super heavy isotopes **Cf,, and *" Fl, , based on the back-

shifted Fermi gas method. The level density parameter is determined
through a semi-classical approach using the nuclear Woods-Saxon
potential. This research investigates the influence of pairing energy, and
temperature-dependent shell effects on level density and thermodynamic
quantities such as entropy, nuclear temperature, and nuclear-specific heat.
Furthermore, the research explores the effects of nuclear spin, parity,
rotational, and vibrational motion on these quantities. A graphical
representation is used to illustrate the variations in nuclear level density,
entropy, temperature, and specific heat as a function of nuclear excitation
energy, highlighting the influence of nuclear spin, parity, and rotational
and vibrational motions on them. The results show that considering these
effects leads to changes in the parameters studied without altering the
overall trends. Additionally, a specific heat diagram demonstrates the
effects of vibrational and rotational motions, spin and parity effects, shell
effects, and temperature-dependent pairing energy on excitation energy,
revealing the breaking of the first nucleon pair at energies of E=2.948 MeV

and E=3.04 MeV for isotopes **Cf,,and * FI,,,, respectively.

Keywords: Level Density, Thermodynamic Quantities, Temperature,
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! Fermi Gas Model

2 Back-Shifted Fermi Gas Model

3 Constant Temperature Model

* Generalized Superfluid Model

3 Shell model Monte Carlo

¢ Bardeen-Cooper-Schrieffer

7 Static path plus random phase approximation
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! Single-particle level density
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2 Temperature dependent shell effects
3 Liquid drop model

P4

%
%,

a0




ke Lostamme 5 G5 ol s K G 5 oK e 55 (Kaaliss go 5 SlanS 5 515 JE andllae/ VE

Esur = CZIA3
VA 7’
Ecoul = C3 1 4 X
3
A )

2
:bi[l_k(ﬂj },iﬂ,z
A

b, =15.677MeV ,b, =18.56MeV,k =1.79,¢, = 0.717 MeV,c, = 1.21129 MeV’
PANR] 555 o0 a5 alasly Sheslinal b Soamg5 (550 e
Ap,+A,, forZand N even
A,, forZevenand N odd
° A,, for N evenand Z odd
0 forZ and N odd

v)
_ A A
s S o 5 Syt e g 00
r N-Z N-zY
Ay, =—e€xp|—s -t
Ng A A
r N-Z N-ZY
Ay, =—TexXp|s -t
! A A
Z \)

Llodzan § b 5 1=8.12 5 5=.118 ;=572 ,5ke L Slwbows 53T ,S ,t ol o

z . ) A(T .
Y] o m ) &) pon (AD)) "los 4 dly o 95 (65 oman
A0

T 737 j

A(T)=
1+ 6[5_0403\//?

)
& dly an gy O 15 Led @ &l s Com 3 655 e bl a3 58 e a3 Sl eslizal |

[\'\] r._:_)‘} Les

! Temperature-dependent pairing energy




VO/NEY B3 T s coa g Jlo e 1 o8l Ol gl (53,018 &S 58 ode daliloa

1_ds_din(p) (fa_ 3 1dU

T dE  dE U 4U JdE .
s

d_Uzl_dA(T)_dEshen(T)zl_ dA(T)+dEshell(T) dT

dE dE dE dT dT  )dE )

L-(fo- SR D

\Y)
G ) Sy gots L 1l Oy goty KKl 6550 o3le a3 S8 e &5 Jlo o
CJJJ,fGA

E(T)=aT’
(T) v

s a8 k53 5 Sy gea Y Ols U slagglaler diz I (glas sazs (VY) dlslas Jo (sl

E(T)=a,+aT+a,T* +a,T’ -

o3k o 53 () Walee 53 Vb dsbas 51 E(T) il Loay 58, 58, 58, <l
dalons Lo3 Sl Doy 3o (6551 ) 2 ) Sl eslial b s T o iy o les S S

35 033 0L 5 dlaly Sl eslizel U515 JBa bl 0 b pm abarly dike ol 335 8

[YF]
_ 1-exp(-yU)

a(U,A)=8/1+————E_,(T)
(10)
cQT BE "y

= 0.%5 MeV!
A§

p)

! Level density parameter




ik Lodhemms 5 555 ol b 580 G5 5 Ko Gl 5 950) (Snls a5 slaceS” 5 515 J&s andllas/ V7

a= n—zg
6 (\%)
"y
g=g,(er)+g,(eh) o)
S5 23 55303 5355 SISl s 5 S (82) B S (8;) abasly opl 5o

033 8 oo el 35 g 205 e oy 3l ealizal b (slo3 &G 515 JE il o 0

3

2(2m)2
gz;(?j Idrrz,/a—V(r) 9(8—\/(1’))

0(x ) . Vi(r
sl b ( )ﬁbjﬁf,‘udﬁjfd‘w-‘«&rﬁmﬁfﬁﬁJ:w'L‘-; ()@.ba‘ﬁ
:sjfo.a Co w5 Oy gty Slaten (Sl sl O gea O guS L3349 il sl
YY]

(\A)

Vo

1+e(r_R(6))/dS (19)

Vs (r,O) =

GJ&Q@&‘MJ:‘MSLQ.al{&pvojf;bj%wctw%j@cdS)ch
15 S o b 25 il 3l eslizal |
R(0)=1.17+[1+B,Y, |R,

(")
d_=0.5+0.33]
1
R, =(1.00+0.39/)4°
1=N-2
A

VO =-49.6[140.861](MeV )
W.@‘ouwﬁﬁ)ab‘g‘;jjd‘ﬂ”—“ QW)O})ﬁ&‘ﬂ“+“ uﬁcc@\)alﬁ

1335 or teln o5 oy Sl eslizal b (g omn S i b aen &S5 sl (IS il

! Woods-Saxon potential




VWAEE G5 1 ol coas g Jlo e 31 o8l Ol gl (53,0018 &S 58 ode dalilai

3R> (0)
517

1 2
VC (1’,9) = R%[l-’-
0

B, Y, }
(y)

1338 o 0l 5 O pon

p(U,J,m)=P(U,J,7)R(U,J)p(U)

BSFGM (YY)

. , L R(U,J) P(U,J,n)
A 5 Dot sl o Gl 5 )l mF b S 3

JYF-vo] w5 8 o

P(U,J,m) 1
2 (Yv)
2
2] +1 (”;)
R(U,J)= St X 5ot
(YF)

g o Ol 5 Oy gty Sly i Ol ST by e Ly iomen

3
K, =0.01389A3 (1+B—2J*P
3/ Va (v)

2 U 2
K. =exp (0.0SSSA 3 (_jsj
’ (Y%)

1338 o 8 5 Do JS 515 JEs Sl

total
p =K, Koop(U,1,7) )
45 s & sl S 93 (65,1 Lo rasle a b Jobe 0 by e ol alaly 55 (6 10 L S

Db st 5 & Sl ) 2l il

2 2 5
p =exp| 0.055543 (2)3 "‘0.013»89A3(1+&j\/§*l
a 3 a 2




Sley Lostamme 5 G5 ol o K G 5 oK e 55 (Saaliss go 5 SlanS 5 515 JE andllas/ VA

1 2
21 (‘”2) 1 ewp(2yav))

* Xp| — * [E
2 2
26 20 12V26 i
(YA)
:.a)\:j:)'Q)ygé\@ljé\wjljélig\{&)ﬁT
S=K,Ln+
Po (Y8)

Ol 15 0T eKalus go i pam 056 51 oslinal b &8 ol & gl 1l 5 o Po e Jlo o

03,03 515 Sy pots glalaly O (g5 8T L ats (5las 5 god duslons

-1

T= ( @j
°F )
3 305 dealous Ol 5 o0 25 g p Sl sl L1y gl S 2 b

-1
T
%)

oE ™)

BSFGM ol sl Sa_,e)lf Joe 53 352 50 sl el 6l ol Tzt ang polis Jou=>

P93l a A, E, P, E,
BCfoe | 24.644 1.474 0.882 0.240 0.399
PFL L 29.88 1.52 -0.0611 -0.011 1.403

PUFLy 570C 08 oSem G 5 R o g3l 515 S (©5 =) IS s
S ol aa s TD(P —E, )~ BSFGM  jl>al> o5 58 Jue 5l oslinal b odbaculoes
DI B 53 LSl ool sl ekamlons 515 JB b les ¢ sl S5 B
R W (PR S FUC SN CIUN PV BTN [P Eou PRI [P SR 1
315 I Sk JS g,y i 4 das e 0L awglie ol Lo awglie Ol 31 ol
03331 Lol ol LS 55 (K o5 51 L 0T 088 53 Dy 5 Sl STl 08 8

o € 515 I B e A

o




VANEE Gl T s coa g Jlo e 3 o8l Ol gl (53,018 &S 58 ode dalilai

25

10 10%,
107
_ _ 1015
& &
= 15| 5
£ H
2 2
[ % 10"
o 1°|0 e
= §
- =
> °
3 L
10 10°
P 290
BSFGM-""Fm, - BsFemM-2er,,
; ) 290
- * BSFGM-Spin-Parity-K K -~ Fm,, * BSFGM-Spin-Parity-K_-K -**°cf, |
0
5 10 15 20 25 30 " 5 10 15 20 25
Excitation energy(MeV) Excitation energy(MeV)
) (alh)
BSFGM—Spin—Parity—Km—Kvm
107
e
230,
.. 10" = Fm, .,
>
2
=
E 10"
@
-
2
3 s
10
10°
5 15 20 25
Excitation energy(MeV)

()

v olralr L3 8 JLTD(P —E, ) = BSFGM jlestiul L odiamlon 5l 5 J&s ) JK&
bl okl gl ¢ Sy (6551 2 D11 2l (35 5553 5 Los sl 515 I o ol o
oK 25350 61 () bos & als 515 J&s cnS el s s TD (P —E )~ BSFGM
Sosbisal bakiamlons 315 J&o ()P FL 0 o8 G 0l sl (9) 0 Cf g
D B S 53 5 ek ls S5 J&e a8 o per o TD (P =B ) - BSFGM
ULy 5 0 gy oS B 5 oS sl s 5T (05 Ll =) S s
b les 4wl 55 J&s zelybol o 4 TD(P —E, )~ BSFGM  o3lial L o lsdonlons
Sden b (Bl 5 i GalS o ST rman 5 0k 5 el SIS 38 5 5
S o 4 by e SIL k5 el ST (1) Dl e 3 commman Lo s

IS gy L p a8 das e Ol aelie ol Llodd awlin Koo b Syl 5 i o




Sley Losamme 5 65 ol o K G 5 K S 555 (Soalss go 5 SlaeS 5 515 JE andllae/ A

@,;Tj@\x.?,;tugsfa\o;,;twgdudjjt,aw@tou&u@;@uﬁx

.::Jf@&jjﬁTJJJ.U\&\}\;...:,..uQl}ldlogj)é\j‘ﬂpduéj;\):xgﬁg;)\,u

“l
40
35§
30
> -y
g g
%2:[ £
I u
K
15
; _256
10 + BSFGM-"'Fm, BSFEM-2Cf
- ; 256
5 + BSFGM-Spin-Parity-K_~K ,9Fm, , | BSFGM-Spin-Parity-K K, Clagf
10 15 2 25 30
5 10 15 20 25 30 Py
Excitation energy(MeV) Excitation energy(MeV)
(o) ()
BSFGM—Spin—Pﬂmy—KM—Kwh
as] s
40} : moFm‘“
3g]
-
2 29
2
W ag
18]
19
E
25 30

10 15 20
Excitation energy(MeV)

(&)
wls 5 I S ol er s TD(P —E ) = BSFGM 1 eslizal b sidbacslons 55T ¥ 4
TD(P —E ) ~BSFGM ol ot alin ( SnS0l 1y 55 ) ooy oDl 31 5588 a5 55 5 les
5 G5 253520 812 () PTCS gy Ko 55 81 () Les sy il 515 S oS ol on
oS pa s TD(P =B ) = BSFGM i ostizal b sdiamalons 515 J&o () P FI
DI S s 5 les s 515 JB

290F1114 I 256Cf98 "rg*'*/' Y "rs\w’_/' s gsn! gl ‘(“:‘ 5 <l -v) Ji‘:’ SR
by & atwly 515 J&s CanS ol jon 4 TD(P —E )~ BSFGM  o3lizul | oldonlons
3 eslizal b sdbaclons VL, 5 P00 g 0K G 5 e slaossn) sl L &S
5 il S Ly 4wl Sl J&s CweS ol ea & TD(P —E, ) - BSFGM




AVVEE Blas3 T L coas g Jlo c a1 o8l Ol gl (53,018 &S 58 ode dalilai

5 oS G 5550 (glos das o OLES A lie . Llodkd e il 5 4 5L S 1 5 5
ol yor 4 TD(P —E, )~ BSFGM oslizal b sdisaculons® FI,,, 2°°Cfog :5uis
$lo3 31 2087 gl 5 a5y IS5 (i s (3 O 5 s 4wl 15 S oS
olimal L odd awbws U FL s 0 g Kb s e slossy)
AL oo bos & el s 15 J&s oS ol en &« TD(P —E, ) — BSFGM
030zl b oddacwloes P FL 0 o KinB 8 Oy pl slos 555 00 sl S 6,8 0ks S b
5 Bl SIS s anly 515 J&s cnS ol es  TD(P —E, ) - BSFGM
o3Lizl b otbiaemlons 00T g oK Cgig ) los 3 a8 sl 5 4ol Ol i o
5 Sl S Ly 4 analy Sl J&s CoeS ol ea & TD(P —E, ) — BSFGM

(9 So3m) ot il s 15

1.2

09 14
1
0.8
~ 0.9
E 07 2
= = 0.8
H g
508 5 07]
§ ¥
@
fog § 0.§
g 04
0.4f
0.4 - BSFoM-Zfcr,
+ BSFGM-"'Fm
0.3 114

e
e

+ BSFGM-Spin-Parity-K _-K .-cf |

L ESFGM—Spin—Pality—KM—Kvib—mme

0.2} 0.2
5 10 15 20 25 30
5 10 15 20 30 o
Excitation energy(MeV) Excitation energy(MeV)
(<) ()
BSFGM-Spin—P arﬂy—Km—Kvih

256,
L] Cfss
. 290

Fm,
5 10 15 20 25 30
Excitation energy(MeV)

(&)

&»‘,3‘5}1\Lglj.;'Al:éuLgbsc,.lb)se.uL?Ql?sﬂjé)lfdm)'\uu:wwa.uwwdb;wlﬁ»\'d&&

.. .. 290 P R 256 z
(SES g G5 Ly oSl sl s Cf gy S




Sl Lodhemms 5 555 ol b 50 G5 5 K o 59 50] (Srlios a5 slaceS” 5 515 JKa andllan / AY

Ly 570 gy oG8 5 oS e s p) @b S b (G I -F) IS
b los 4 4zl s 315 J&s csS ol or & TD(P —E, ) —~ BSFGM  o3lizal | ol domlons
S ookl b obacslons ™ Fl 5 P00 gy o8 8 5 050 s sail S5 S8
5 Bl SIS s anly 515 J&s cnS ol e  TD(P —E, ) - BSFGM
b b o tms o 0L amlie pl o aylin SOuSH L e il 5 420k D11 5 (25 2
il b okt oo™ Ly, s S gy S 5 S hasiny) e f
5 bl SIS s anly 515 J&s cnS ol es  TD(P —E, ) - BSFGM
PO gy BB 5 R S0 5531515 I S| ey el a0l 15 i 1
55 & cnS oo 4 TD(P —E, )~ BSFGM os\izal b sdiacloes ™ Fl, , 5
ASL o Les 4 aly

oozl b odbenbn ™l ReGS ossnl QLS ik Sk
5 Bl SIS s anly 515 J&s cS ol es « TD(P —E, ) - BSFGM
b ots alons S gy K 05350 515 JE ) ey el 5 0y DS s 2
il Sl s s 4l g 515 S CaS ol jar 4 TD (P —E, ) — BSFGM o3l
(D) Js505) il oo gl 5 4wl Sl J1 g o5 > 5

3 C gy BB 5 N S Sl 1y SIS i sl S B
RS pman ol salin LBE=3.04 Mev ;E=2.948 Mev > s 5 ™ FI,
AT e 5w alte (b e sl S S S0 E = 28¢5 SIS 5 i sl

9y
B 2 2

N 4
N




AF/VEY B3 s con g Jlo e 1 o8l Ol gl (53,018 &S 58 ode daliloa

507

<& <
Z 2
8 3
o -3
& 8
3] o
k- T
@ o
x z
=% 290,
o BSFGM-"Ycf, | - BsFom-2ecr,
3 Cal o s s 260
i BSFGM-Spin-Parity-K, K, ;,~""Cf, *  BSFGM-Spin-Parity-K _~-K . -**Cf,;
-108 -0k
10 15 20 5 10 15 20
Excitation energy(MeV) Excitation energy(MeV)
BSFGM—Spin—parily—Km‘—Kwh
256,
50| T Tl
A0 N szm‘Hl

Heat Capacity (Kg)
-]

-
& 20f 3

10 = H
=
S g

0 - . 296,
E Cf!lﬂ

—1op* = + Pem,
£ -

-20f. —1oke

3

E)ui‘lmtinrst enerf]y (M e‘{!]

5 10 15 20 25
Excitation energy(MeV)

(&)

@l Calibes Gl 53 o brale o5 5 Jute Sl eslinel b sdbanlons ol & b b anslin ¥ CH

Z. Z. .. 290 E. - . R 256 Z. .
(SRS S5 e L oSG8 0sanl s Cf gy oS Cis)

R R
b o 5 sl (51033 &S5 515 I ¢ ola s o 5 S oslined L el s ol 5
CaS G S i 38 a5 53 b (ST ol ol s 4 0 S L3355 Jeily Sl oslind
ep s Stz Jo G115 S8 a3 .l odd alons S5 JE
SloceaS 5 515 JEe sl s el S5 i B DI ey
ol Slaslus 551 55 8 5,108 o 5B VU (S os gl 5l 55 0 4 O (Sealusge 5
daly 5 ods Bl 515 & 5 ais Ol Sl gl cpl s dledd 4 8 edysh Sl
23 Slbone 3l ol Syt ol 0l o3kl Slalows 3 5 0kd ZSol 515 I

Gossn b cbb sl (g sl Gl J&s @l as s o )6 (0) gl S




ke Lostamme 5 G5 ol o K G 5 oK e 55 (Saaliss go 5 SlanS 5 515 JE andllae/ AF

303505 ) Al S S5 3 B Do 3T gy 8B 5 S
Sl s i sl S g S b s 4 a5 bl os S awlis KuS L
B i) amle i) opl o e Gbesls ssd s T o e b E =2AO 33

AL r KB Saaed ([Salys go 5SS 5515 I alous sl 53

&b

[1] Santhosh Kumar, S., "Level density and shape changes in excited sd shell nuclei”,
Pramana 71, 175-180, 2008. https://doi.org/ 10.1007/s12043-008-0150-9

[2] Caurier, E., Martinez-Pinedo, G., Nowacki, F., Poves, A. and Zuker, A.P., "The shell model
as a unified view of nuclear structure." Reviews of modern Physics 77(2), 427-488,
2005. https://doi.org/10.1103 /RevModPhys.77.427

[3] Bohr, A.N. and Mottelson, B.R., "Nuclear Structure (in 2 volumes) ", World Scientific
Publishing Company, 1998.

[4] Dilg, W., Schantl, W., Vonach, H. and Uhl, M., "Level density parameters for the back-
shifted fermi gas model in the mass range 40< A< 250", Nuclear Physics A 217(2), 269-
298,1973. https://doi.org/10.1016/0375-9474(73)90196-6

[5] Gilbert, A. and Cameron, A.G.W., "A composite nuclear-level density formula with shell
corrections”, Canadian Journal of Physics 43(8), 1446-1496, 1965.
https://doi.org/10.1139/p65-139.

[6] Alhassid, Y., Bertsch, G.F. and Fang, L., "Nuclear level statistics: Extending shell model
theory to higher temperatures”, Physical Review C—Nuclear Physics 68(4), 044322,
2003. https://doi.org/10.1103 /PhysRevC.68.044322

[71 Razavi, R, Behkami, A.N. and Dehghani, V., "Pairing phase transition and
thermodynamical quantities in 148,149 Sm", Nuclear Physics A 930, 57-62, 2014.
https://doi.org/10.1016/j.nuclphysa.2014.07.016

[8] Attias, H. and Alhassid, Y., "The perturbed static path approximation at finite
temperature: observables and strength functions", Nuclear physics A 625(3): 565-597,
1997. https://doi.org/10.1016/S0375-9474(97)00486-7

[9] Bethe, H.A,, "An attempt to calculate the number of energy levels of a heavy nucleus”,
Physical Review 50(4), 332, 1936. DOI: https://doi.org/10.1103/PhysRev.50.332

[10] Moretto, L.G., "Thermodynamical properties of a paired nucleus with a fixed number
of quasi-particles”, Nuclear Physics A 243(1), 77-99, 1975.
https://doi.org/10.1016/0375-9474(75)90022-6

[11] Guttormsen, M., Jurado, B. Wilson, ].N., Aiche, M., Bernstein, L.A, Ducasse, Q.
Giacoppo, F. Gorgen, A, Gunsing, F., Hagen, TW. and Larsen, A.C., "Constant-
temperature level densities in the quasicontinuum of Th and U isotopes”, Physical
Review C—Nuclear Physics 88(2), 024307, 2013.
https://doi.org/10.1103/PhysRev(C.88.024307

[12] Guttormsen, M., Bernstein, L.A., Gorgen, A, Jurado, B, Siem, S, Aiche, M., Ducasse, Q.,
Giacoppo, F., Gunsing, F., Hagen, T.W. and Larsen, A.C., "Scissors resonance in the
quasicontinuum of Th, Pa, and U isotopes"”, Physical Review C 89(1), 014302, 2014.
https://doi.org/10.1103/PhysRevC.89.014302

[13] Schiller, A., Bergholt, L., Guttormsen, M., Melby, E., Rekstad, ]. and Siem, S., "Extraction
of level density and y strength function from primary y spectra”, Nuclear Instruments




AD/VEY B3 R s coalgar Dl e 31 o8l Ol gl (53,0)l8 &S 58 ode Aaliloa

and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment 447(3), 498-511, 2000. https://doi.org/10.1016/S0168-
9002(99)01187-0
[14] Pahlavani, M.R. and Dinan, M.M., "Thermal properties of* 172 Yb 172 Yb and” 162
Dy 162 Dy isotopes in the back-shifted Fermi gas model with temperature-dependent
pairing energy", Pramana 93, 1-10, 2019. https://doi.org/10.1007/s12043-019-
1799-y
[15] Bucurescu, D. and von Egidy, T., "Systematics of nuclear level density parameters”,
Journal of Physics G: Nuclear and Particle Physics (10), S1675, 2005.
https://doi.org/10.1103/PhysRevC.72.044311
[16] Mengoni, A. and Nakajima, Y., "Fermi-gas model parametrization of nuclear level
density", Journal of Nuclear Science and Technology 31(2), 151-162, 1994.
https://doi.org/10.1080/18811248.1994.9735131
[17] Wang, M., Huang, W/J,, Kondev, F.G., Audi, G. and Naimi, S., "The AME 2020 atomic
mass evaluation (II). Tables, graphs and references", Chinese Physics C 45(3), 030003,
2021. https://doi.org/10.1088/1674-1137 /abddaf
[18] Von Egidy, T., Schmidt, H.H. and Behkami, A.N., "Nuclear level densities and level
spacing distributions: Part II", Nuclear Physics A 481(2), 189-206, 1988.
https://doi.org/10.1016/0375-9474(88)90491-5
[19] Madland, D.G. and Nix, J.R., "New model of the average neutron and proton pairing
gaps", Nuclear Physics A 476(1), 1-38, 1988. https://doi.org/10.1016/0375-
9474(88)90370-3
[20] Ivanyuk, F.A., Ishizuka, C., Usang, M.D. and Chiba, S., "Temperature dependence of
shell corrections”, Physical Review Cc 97(5), 054331, 2018.
https://doi.org/10.1103/PhysRev(C.97.054331
[21] Alavi, S.A. and Dehghani, V. "Back shifted Fermi gas model with temperature
dependent pairing energy: Thermal properties of 98 Mo", International Journal of
Modern Physics E 25(09), 1650065, 2016.
https://doi.org/10.1142/50218301316500658
[22] Pahlavani, M.R., Alavi, S.A. and Tahanipour, N., "Effect of nuclear deformation on the
potential barrier and alpha-decay half-lives of superheavy nuclei”, Modern Physics
Letters A 28(16), 1350065, 2013. https://doi.org/10.1142/S021773231350065X
[23] Moller, P., Sierk, A, Ichikawa, T. and Sagawa, H., "Nuclear ground-state masses and
deformations: FRDM (2012)", Atomic Data and Nuclear Data Tables 109, 1-204, 2016.
https://doi.org/10.1016/j.adt.2015.10.002
[24] Koning, A]., Hilaire, S. and Goriely, S., "Global and local level density models.” Nuclear
Physics A 810(1-4), 13-76,2008. https://doi.org/10.1016 /j.nuclphysa.2008.06.005
[25] Goriely, S, "A new nuclear level density formula including shell and pairing
correction in the light of a microscopic model calculation", Nuclear Physics A 605(1),
28-60, 1996. https://doi.org/10.1016/0375-9474(96)00162-5

This article is an open-access article distributed under the terms and conditions of the
Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).




