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High-Precision Integrated Theoretical Platform for Neutron-Induced Reaction Data Calculations
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Microscopic GDR and Level Density
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Elastic Reaction
Optical potential model
(CTOM or RHB)

Radiative Caiture Reaction

Fission Reaction

Multi—humied Fission Barrier iRH B)

One-particle emission reactions
unified Hauser-Feshbach and
exciton model

Multi-particle emission reactions
Hauser-Feshbach
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Covariant density functional theory: Meson Exchange Interactions in Covariant Density Functional Theory

Nucleon—nucleon interaction mediated by meson exchange

r el >

Why covariant?

-5 T T T T T T T | O meson w meson P meson
.Tuebingen (Bonn) (scalar—isoscalar) (vector—isoscalar) (vector—isovector)
—_ i A BM (Bonn) — ac
% -10 . - QE@?JA’ ” 1) Large spin-orbit splitting in nuclei
=~ ;5| ) - CD-Bonn 2) Large fields V#350 MeV , S%-400 MeV
— - ﬁ O AV, 3) Success of Relativistic Brueckner
< ' O ' 4) Success of infermediate energy proton scatt.
= 20 A . 5) relativistic saturation mechanism
' o ' 6) consistent treatment of time-odd fields
-25 _ 7) Pseudo-spin Symmetry
1.2 1.4 1°6_1 1.8 2.0 8) Connection to underlying theories ?|
K. [fm ] 9) As many symmetries as possible

C. Fuchs, LNP (2004)

Taken from Prof. Peter Ring’s talk
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DenSity Dependent COUp“ng constants: :: - " T T "4 Effective interactions with medium-

dependent couplings:

Typel, Wolter, NPA 656, 331 (1999) 1of
Niksic, Vretenar, Finelli, PR., PRC 66, 024306 (2002): DD-ME1 '

. o . . . g o w p
Lalazissis, Niksic, Vretenar, PR., PRC 78, 034318 (2008):DD-ME2 =
DD-ME2 | DD-ME1 | TW-99 NL3 NL3"
P, @md) | 0152 0.152 0153 | 0149 | 0.150 s COUPLING PARAMETERS:
EAMeY) | 16.14 41620 | -16.25 | -1625 | -16.31 do(pP), dw(pP), gp(p)
E MeV)| 230.89 2445 240.0 | 271.8 | 2585 ¢ 0o er Ak 02 03
p (fm™)
J MeV) 32.3 33.1 32.5 37.9 38.3 :
m/m 0.572 0.578 0.556 0.60 0.595
T T T T T T T T 6 T T T T T
40 _ , , 1400 F
— < 1350 F 1 1350 .
[_ab initio (Baidoetal) | 3 . masses: Dm = 900 keV
- o250 F d 1250 J 1300 p 4k oo i
30 u %" radii Dr =0.015fm
20 150, 7 51 o1 0 G s qed 2% Gsoreo 170
L o 5
. 3.0 T T 3.0 v T T
%; neutron matter O
s 1 20 F 4 20} E =
— B A b O
< 10 b 1 wof i <
u 0.0 4 00 4 m
0r 4 'a
T B VR Ty T 0% 160 170 § 2
I DD-ME2 (Lalazissis et al) I a1]
-10 | 04
nuclear matter l 02 4T |
20 0.2 RHB/DD-ME2
- 1 1 1 1 01
0 0.05 0.1 0.15 0.2 0.25 5 1 ! ! 1 1
-3 L " " " " 0 50 100 150 200 250
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3
Separable pairing interaction (TMR)
s
- (a2 —(ar)2 Vo =— Gy VEVE Q
/ / !/ rar for
Vop(1170, 74, 7h) = =G (R — R/)e (@) ¢ (ar") vy = = G VRV 2
[ =]
1 j >0 . 1
where R = 5(’]“1 + 72), T=7]—T> Viy = M0 7 R (r)ridr <
5
0
-1806 3
240
-1809 |
TN
2 ei2f 1p,,=-0.277 /\ ./
Ll -1815 (a) ﬁNpD—O 287 | - ?
1818 [t t } =t
= g ks g . Work Contribution Citations
R A0 :
A ’ whop NS Fop=0-865 y Tian, Ma & Ring Finite-range separable pairing
(b)! , . L . L X 1 +
100 120 140 160 PLB 676, 44 (2009) force for nuclear DFT 400
5L & ) ) ’ i ) ) ’ ' i . . .
—— 05,8 . Tian, Ma & Ring Axially deformed RHB
>4 - —Ezpara e ] ]I mo4 1368m, , & ' i 1 +
S, — = Separatle _ | f L \ PRC 80, 024313 (2009) | calculations 00
N 2 L 02/ 6 \20 02 ADY 20 . .
w —— O N R /2% Tian, Ma & Ring C .
U T = 01/ AN \ oy 5‘ ) Eh o) ! Relativistic QRPA extension +
X A SRR AW, AENLAY, PRC 79, 064301 (2009) | Re/ativistic QRPA extensio 80
2;0'2- ‘/4.‘-"\,{%‘\ l-_.___.\‘ Sn 2+ J e osé) e 05?160 Nikgié, Vretenar, Tian,
Ly \/ REEE—G s S S Y Ma & Ring 3D/triaxial RHB calculations 120+
gor A/ SISV S PRC 81, 054318 (2010)
005654 56 62 o6 70 74 78 o2 86 °’/\9 B\ 0‘/753@ 3 \
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Radiative Capture Reaction

Two-phonon

Scissors mode excitation

Pygmy-quadrupole
resonance

Pygmy-dipole
resonance

Giant M1
resonance

M1  E1@;-x3,-E2(PQR) E1(PDR) Spin-flip M

L-1/2

L+1/2

El (GDR)

Giant Dipole Resonance

Moderate and Heavy nuclei

Theoretical prediction of Pygmy Quadrupole Resonance: N. Tsoneva, H. Lenske, Phys. Lett. B 695 (2011) 174.

20

N.Tsoneva, ERICE14
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RQRPA: using the diagonalization approach

A7
B*J

Small Matrix

8 412 a13 a4y

az1 K 423 4oy
az; adsz EEEl 934

Ay Q4o Q43

Small dimension, can be
diagonalized directly

BJ
A+

XvIM
y M

Direct Diagonalization

L e——)
Ax=Ax

@ Computational
cost ~ O(N?)

|

Memory
cost ~ O(N?)

1 0 XV,J;‘W
» _

0 —1 Yo o

Large Matrix .

-1 | Memory Bottleneck

H ssEEEEEE--EHN ;
B gupemsmnm--nmm !
el e g
lll.-lllll- mE : .
EEER EEEN--EHNE ) o
IIIII..III~ =m ' Memory cost ~ O(N*)
R RIN R .' et EMemorydemand quickly exceeds
EEEEEER [ RO | i : :
anamenee® .. ¢ : available capacity
......... o e T
gt e e B T ;
EEEEEEEEEE pgB | Time Bottleneck
EEEEEEEEER ™ :
o | D B A

Huge dimension, memory and
computation time grow rapidly

Computational cost ~ O(N?)

Runtime increases dramatically
making completion within a
reasonable time difficult

[ A When the matrix dimension becomes very large, direct diagonalization becomes extremely difficult ]

10.0 . . . .
8o | 208Pp GDR
-E 6.0 H ]
°
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requires the introduction of a width to
obtain the excitation curve
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RQRPA: for the spherical nuclei il e =
L 4 250+ ——SMLO |4
TABLE I. Experimental value of the spherical nuclei we use
to fit the systematic GDR parameters. E‘
Chinese Physics C Vol. 43, No. 11 (2019) 114102 NUCIGUS points Energy range [MGV} Ref def 62 'E
39 29 12.0 - 26.0 [28] 0.00
Giant dipole resonance parameters from photoabsorption cross-sections” WOAy 61 10.0 - 40.0 [29] 0.00
Yoan Tian(H0)"™ X Tao(HJi)’  Jimin Wang(Tic¢)  Xianbo Ke(ll ¥ i) “Ca 70 11.25 - 28.1 [30] 0.00
Ruirui Xu(25)'® Zhigang Ge(FE7HI)' 2Ca 151 10.0 - 40.0 [31] 0.00
'China Nuclear Data Center, China Institute of Atomic Energy, P.0. Box 275(41), Beijing 102413, China a4
“Guangxi Normal University, Guilin, Guangxi Province, 541004, China Ca 58 115 - 40.0 [31] 0.00
BCa 60 10.5 - 40.0 [31] 0.00 =
=y BT 58 11.5 - 40.0 [31]  0.00 £
T e 51
_ V41 10.47 - 32.69 [32]  0.00
ogi1(€ey) = — —GeSE1 (€ :
£1(€) 9 he ! £1(€) 20y 115 11.5 - 40.0 [29] 0.00
P7r 46 12.2 - 25.7 [33] 0.035 = - !
7r 101 10.8 - 30.0 [34] 0.053 E [MeV]
S () B(1,w,) I'(ey)/2 27y 105 15.8 - 27.8 35] 0.053
E1\&y) = Z 2 2 oz, 92 7.85 - 31.0 34] 0.063
=T (6wl T()f2) £5-310 4] 30
Sn 167 10.9 - 27.5 [36] 0.018
H48n 168 10.4 - 27.1 [36] 0.00
P H168n 200 9.70 - 29.6 [36] 0.00 __25¢ .
I'(ey) = Iy ey/Ep I U7gn 232 7.40 - 30.9 [36] -0.044 >
8sn 211 9.40 - 30.7 [36] 0.00 S
196, 233 7.40 - 31.1 36] 0.00 = 201 i
TABLE III. The parameters and X%ot of microsgopic GDR 120qy, 207 9.20 - 29.8 [36] 0.00 8
paramet.erb VV.lth%Il RQRPA. C means constant width of the 1220 184 8.90 - 27.2 36]  0.00 L
Lorentzian distribution., ED stands for energy-dependent 124 15+ 8
width. Sn 220 8.60 - 30.9 [36] 0.00
T G 13¥Ba 61 8.48 - 27.1 [37]  0.00
Q 208
RQRPA 20 (C) 1.0 270.0 ’ Pb 101 7.50 - 37.5 [38] 0.00 100 = ™ - oo
“Bi 109 8.01 - 26.4 [37] -0.008
RQRPA (fitted) 1.59 (ED) 0.65 21.0 A
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FAM solves the linear response equations through a self-

consistent iterative approach

(B + Ev = 0) X (@) = — (F25,@,) + 8HZ, (@)

(B + Ev + 0)Y (@) = = (F2 (@) + SHRZ (@)

(SHEL?,(CU) — Z {A“Vyﬂ'ul e (Eﬂ -+ Eu)(sp.p’éuu’}xp’u’(w)

u<v’
+ Z Buy,urv Yo (w)
p<v’
6H212/(w) = Z {A;u,u’u’ = (Eu =+ Eu)duu’(suu’} Xp.’u’ (w)
w<v’
+ Z B;u,y’v’ #'V'(w)
u<v’
A B 10 Xw))_ (F*
B A* ) " “\o0 -1 Y(w) )=\ F02

f

Restricting calculations to fixed-size widths makes it

difficult to reproduce experimental data

Computer Physics Communications 253 (2020) 107184

Contents lists available at ScienceDirect BRMPUTER PHYSI
<

cs
OMMUNICATIONS

Computer Physics Communications

journal homepage: www.elsevier.com/locate/cpc

Implementation of the quasiparticle finite amplitude method within )
the relativistic self-consistent mean-field framework: The program Sy
DIRQFAM ™

A. Bjel¢i¢, T. Niksi¢*

University of Zagreb, Faculty of Science, Physics Department, Croatia

Computer Physics Communications 287 (2023) 108689

COMPUTER PHYSICS
COMMUNICATIONS

Contents lists available at ScienceDirect

Computer Physics Communications

journal homepage: www.elsevier.com/locate/cpc

Implementation of the quasiparticle finite amplitude method within
the relativistic self-consistent mean-field framework (II): The program ==
DIRQFAM v2.0.0 "+~

A. Bjel¢i¢, T. Niksic *

:

Nshells Memory [GB]  Time [s]

700 —T—
10 0.42 (0.75) 0.24 (0.36) St A RRER -
12 0.68 (1.46) 0.49 (0.82) . j
14 111 (2.75) 0.99 (1.75) T f E
16 1.77 (5.68) 1.82 (3.32) S 200 78\
18 2.83 (8.39) 323 (5.71) S
20 4.40 (13.9) 5.52 (9.54) 200
22 6.65 (22.2) 8.97 (15.5) 10
24 111 (34.2) 141 (26.0) b —————
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Radiative Capture Reaction
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Energy-dependent width improves

1000
900
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QFAM description of GDR
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RQRPA mmmm
DIRQFAM ——

14 15
Q; [MeV]

i

8

EXP

DIRQFAM(
TSA(
DIRQFAM(
TSA(

0)
0)
5) —
5)

1
1
0.
0.

30

o [mb]

o [mb]

el VP ' ' 144p 4 ' ' 14604 '
Nd " Nd Nd DIRQEAM - —
500 = b == ' T JENDLS - -

IAEA-2019 —--

400

300

200

100

400
350
300
250
200
150
100

50

{0 parameters
DIRQFAM
TSA

15
E [MeV]

81.5915

E [MeV] 8.4250

This paper investigates the photon absorption cross-sections of even-even nuclei within the Nd
isotope chain. By fitting energy-dependent widths, the deviation between the original QFAM
results and experimental values was reduced by an order of magnitude;

Nuclear Science and Techniques (2025) 36:241

I‘

H
N

j\

;
i
in






§3 YRz T4 AT

The 10th Workshop on Nuclear Level Density and Gamma Strength

ENNL CHINA INSTITUTE OF ATOMIC ENERGY

Microscopic nuclear level densities based on CDFT

‘ Single particle levels ( ) ‘

combinatorial
method

‘ Particle-hole state densities

rotational and

vibrational
effects
‘ Nuclear level density

BKr

20
— ka ¥
> 10 5 f
[] — -
3 0 * ; 48 73
> - : i "
S . 2l vav 3
5 e - Vi o \
2 20 A FF) 01— -o—¢ - ——-
Q2 - . i 15 62
© -30 - e ‘ é :j' 3 t
= - . ) ® ‘ 2%
3-40 —— = o
) —_— o
) H | o—e -eo—e -eo—e
c
D -50

Proton
60 -———©0- -—- e

Neutron (a) (b) (©)

psph(U']'P) = wi(U'M =]rP)_wi(U'M =]+ 11P)

K ,0
pdef(U’]' P) = 1/2 [Z{(=—],K¢O wl(U - Erj‘ot’ K’ P)] +6(]even)5(P:+)wi(U o E]

rot’

0,P)

7,0
+6(]odd)6(P:_)wi(U —E 0, P)

rot’

Global microscopic nuclear level densities within the HFB\ plus
combinatorial method for practical applications
Hilaire, S. / Goriely, S. 2006 Nuclear Physics A, Vol. 779 p. 63 - 81
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Systematic study of microscopic nuclear level densities of Sn isotopes within
a relativistic framework”

Guanbin He (fif 6i#F)"  Nuocheng Tang (JEi##2)"  Yuan Tian (HIE)'®  Ying Cui (#55)"
Jian Li (ZES1Y YiXu (%) Ruirui Xu (SEFHH"
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Meson Exchange Interactions in Covariant Density Functional Theory

Nucleon—nucleon interaction mediated by meson exchange
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Pairing effect on the Microscopic Level Density

Pairing sensitivity:

The default pairing strength tends to underestimate pairing correlations in Nd isotopes. By scaling the
pairing strength from 0.8 to 1.2, we find that microscopic level densities are strongly correlated with pairing
correlations, especially in the low-excitation-energy region. This indicates that pairing optimization is
essential for reliable microscopic NLD predictions.

108 r T . .
10’} * M.Guttormsen ctal. Mszi

106} low-lying levels
;| % pGw _ -]
4 10° F——RHB iy i
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H[m [@F@F@ﬁﬁ@m FIG. 3. Microscopic level densities of **7'°'Nd calculated with different values of the pairing scaling factor A\. The rec-

ommended result selected from the Dy constraint and auxiliary Oslo comparison is highlighted. The low-lying discrete levels,
available Oslo-type level densities, and neutron-resonance constraint at S,, are shown for comparison.
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RQRPA + Boson expansion

A new approach to nuclear level densities: The QRPA plus boson

expansion

S. Hilaire *"*, S. Goriely €, S. Péru®", G. Gosselin®"

2 CEA, DAM, DIF, F-91297 Arpajon, France
b Université Paris-Saclay, CEA, LMCE, 91680 Bruyéres-le-Chitel, France
© Institut d’Astronomie et d'Astrophysique, Université Libre de Bruxelles, Campus de la Plaine CP 226, 1050 Brussels, Belgium

Physics Letters B 843 (2023) 137989

350

300

Number of states

50 -

0

6000

5000

Number of states

1000

0

250 1
200 A
150 4

100 A

4000

3000

2000 +

700 600 -
0+ 1- 2+
600 - 500
500
400 -
400 1
300
300 -
— 200
I | 100 - 100 1
e oma I 1§ e Il” nl Wl | |.,| ks
0 2 4 6 8 10 12 14 16 O v X o B O 0P O ¥ X & 9 0 I N0 W® P
E (MeV) E (MeV) E (MeV)
6 6
3- 4+ 5-
51 5
4 4 4
31 31
21 21
l l 1_ IL 1- |
L jlll, llllu L- 0.'||‘| | . | ,I. l I*Ilﬁl . jll

S 7T & & %

NN NN

E (MeV)

O % % & © ,0 O DD P
E (MeV)

[ —
Q % W o6 9®

NN N\ NI
E (MeV)

10 . T
3
e ;_ IIZSn
10 -
;; 1035r ;
I =
Z 10? r il /
10' £ :
: " o L . Markova et al.
0 & [
N Prellrinalry
10-I M 1 M
0 5 10

U(MeV)

Current status and next step

The present boson-expansion space is
constructed from electric RQRPA
phonons.

Magnetic phonons, are not included.
1M1 excitations, are included by
experiment data.

Deformed nuclei need to be calculated
with DIRQFAM.
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Covariant DFT with pairing
Self-consistent ground state
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A Unified Microscopic Framework:
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From covariant energy density functional theory to nuclear observables
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Combinatorial approach
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Statistical reaction model
with microscopic inputs
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August 2011 Vol.54 Suppl. 1: s49-s52
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* Research Paper «
Radioactive Nuclear Beam Physics and Nuclear Astrophysics
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Phys. Lett. B 849 (2024) 138448

A self-consistent microscopic treatment of pairing correlations in finite nuclei is essential for

improving predictions of giant dipole resonances, fission barriers, and nuclear level densities.
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Uncertainties of nuclear level density

estimated using Bayesian neural networks
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Application for Nd isotope

3.1 The GCCI (Gilbert-Cameron-Cook-Ignatyuk)

level density parameter-"’

L—e? +ui(1—¥). (19)

a=a,
_ _ u
0.40 —— Carlos%m 0.35 s [18]
035+ ¥ ... IAEA-2019P! 030k =8 Nyhus3F"™ where u=fued(U—A4)
23 : <o IAEA-2019P)
0.30f === JENDL-5*" 23] .
ki . TENDL_202][24] 025 S JENDL'S - A/S. 01 lf Z < 9 or 1V < 9 1) 2
025} - A ---- TENDL-2021* a.= Lo . (20
= A TAE(LR) = 020k KT LR ACA. + S+Q,), for other nuclei ,
%’ 0.20F - - - A TAE(RE) % o -—-21:11’13%;&; ar=(aifl —aif2+ A)A, (21)
0.151 143N d(y, xm) ' or ar=C(aifl+A+aif2+A"), (22)
i ’ 0.10
0.10 Z, N and A are the number of charge, neutron and
0.05r .':.-_w__-.-.._.;:;_f;-.L_.‘- (.05 mass of the compound nucleus, respectively; U, A
0.00 ! . d . . . 0.00
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E/MeV E/MeV and S are the excited energy, pair energy and shell
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