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” Brief description of formalism

Goal: Solve H|W) =E|¥) staringfrom H =T +V

with |/ = z Vi> and Vi2 anuclear two-body interaction, in practice either a Skyrme (below), or a Gogny

Central Momentum-dependent terms simulating finite range
N
N - B
_ ! 2 2 /
Vi =to(1 + x0Ps)d + 51‘1(1 +x1P;)(K“6 +6Kk7) + (1 +x2Py)K -6k

1 .
- gf3(1 +x3P5)p" 5 +1Wp(o | +02) - (K x 5K, 8§=06(r —1p)

- J g J
g N

Density-dependent term simulating 3-body effects Spin-orbit term

With t,; and X,_3, Wy and y parameters of the interaction and all the others

—_—
k == k]_ - kz i
Momentum operator: k1,2 = EVLZ
4—
k’ == k1 - kz

D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)

P .
o Spin exchange operator K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)

03/08/2026 STFC Nuclear Physics Summer School, Aberdeen, UK, 2026



@
” Brief description of formalism

Goal: Solve H|W) =E|¥) staringfrom H =T +V
Use variational principle: Minimize (W|H | W) with a specific class of |¥)
Hartree-Fock: |1P) is a Slater determinant of single-particle wavefunctions

In this case: (W|H|W) = E[p] (functional of the density)

Density functional theory: postulate that this is the case also for the exact wavefunction
o This means one can optimize directly E[p] as a function of p
o For electron systems in Coulomb potential: proven mathematically to be true

o In nuclei: no formal proof

The basic difference:

Hartree-Fock-(Bogoliubov/BCS) Density Functional Theory
S(W|H|¥ . 6&[p] :
w = 0, for a given class of |¥) ——=0 varying p

6|¥) ép

D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)
K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)
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@
” Brief description of formalism

Goal: Solve H|W) =E|¥) staringfrom H =T +V

1
gskﬂinezifo[(l‘l‘xz_o) (x0+ )qu:|
nff,, % 3 v 3w
=5 (3[4 300 = (e 3) S+ 39007

q

Hartree-Fock: |1P) is a Slater determinant of single-particle wavefunctions . . . |
n ZZ{(H )[ - 2(7p) } (xz+ )Z [pqrq Z(qu)zﬂ
q

Use variational principle: Minimize (W|H | W) with a specific class of |¥)

In this case: = functional of the densit
(llequ) g[p] ( Y) —%(f1x1+12x2)fz+%(11—fz)Zqu

. . .. . 1 X3
Density functional theory: postulate that this is the case also for the exact wavefunction + 510" [(1 + 7) (xs + )qu]
o This means one can optimize directly E[p] as a function of p |
o For electron systems in Coulomb potential: proven mathematically to be true + 5W0<JV/O+ ququ).
o In nuclei: no formal proof e

For a Skyrme

The basic difference:

Hartree-Fock-(Bogoliubov/BCS) Density Functional Theory
S(W|H|¥ . 6&[p] :
w = 0, for a given class of |¥) ——=0 varying p

6|¥) ép

D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)
K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)

03/08/2026 STFC Nuclear Physics Summer School, Aberdeen, UK, 2026



L

03/08/2026

Brief description of formalism

Goal: Solve H|W) =E|¥) staringfrom H =T +V

Use variational principle: Minimize (W|H | W) with a specific class of |¥)

Notations:

Hartree-Fock: |1P) is a Slater determinant of single-particle wavefunctions
|i) One-body wavefunction (e.g. harmonic oscillator)

In this case: (W|H|W) = E[p] (functional of the density)

Aij = (llAlf)
S(YIH|'Y) = (0 , for |¥) a Slater determinant
=0 Agjia = (ij]Alkl)

If one actually performs this differentiation, one sees that it is Aijkl = (ij|Alkl) — (ij|Allk)

equivalent to an eigenvalue problem for a one-body Hamiltonian h:

o ) -I- )
hij = ti; + Ty = 55 + Z'Uikjlplk pij = (Plajai|p)
Lk The one-body density matrix aT|—) = |i)
Zh"‘D'kZEkD‘k ' .
— ! Diagonal in the same basis as h; (canonical basis) a;li) =|-)
1

A

pi = > DDy,
T—1 D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)

K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)
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” Brief description of formalism:

The BCS idea: instead of Slater determinant,

@) =[] ell-)

Notations:
use this ansatz:
) One-body wavefunction (e.g. harmonic oscillator
|BC'S) = H(uk +vkaLa;’_c)|—) |£) y wavefunction (e.g ic oscillator)
k>0
A = (ilAlj)

Theorem: one can define
Ajjra = (ijlAlkl)
CEL = uka;r: — Upay
Aijig = (ijlAlkL)y — (ij| Al lc)
then

1BCS) o [ awl-)

a|-) = i)
a;li) =[-)

D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)
K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)
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” Brief description of formalism: quasi

The BCS idea: instead of Slater determinant,

@) =[] ell-)

Notations:
use this ansatz:
) One-body wavefunction (e.g. harmonic oscillator
|BC'S) = H(ukJrvkaLaI_cN—) |£) y wavefunction (e.g ic oscillator)
k>0
A = (ilAlj)

Theorem: one can define
Ajjra = (ijlAlkl)

oz;r: = uk(LL — vpag 8l = Z Unal + Viray
: Ajjia = (lAlkl — (ij|Allk)
then
|BC'S) o Hak|—> \burB) = H Be|—)
k k
af|-) = i)
a;li) =[-)

Bogoliubov: Let’'s generalize the definition, not making directly pairs from basis states

D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)
K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)
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” Brief description of formalism: quasi

The BCS idea: instead of Slater determinant,
This form only in the basis that diagonalizes the one-body

A
o) = H f%”—) density matrix: mean field chooses what states will pair
i=1

Notations:
use this ansatz:

|BC'S) = H(uk + vkaLa;’-cN—)

k>0

|i) One-body wavefunction (e.g. harmonic oscillator)

A = (ilAlj)

Ajjra = (ijlAlkl)

Theorem: one can define

oz;r: = uk(LL — vpag 8l = Z Unal + Viray
: Ajjia = (lAlkl — (ij|Allk)
then
|BC'S) o Haﬂ—) \burB) = H Be|—)
K k
af|-) = i)
a;li) =[-)

Bogoliubov: Let’s generalize the definition, not making directly pairs from basis states

D. Vautherin, D.M. Brink, Phys. Rev. C 5, 626 (1972)
K. Bennaceur, J. Dobaczewski, Comp. Phys. Commun. 168, 96 (2005)
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@
” Hartree-Fock-Bogoliubov equati
~Ar =2 )\ ) T\

Hartree-Fock field Pairing field

_ 1

_ T _
N Pij = <¢HFB|aj ai|¢HFB> Rik = <<}35HFB|‘11J¢{1-£‘<}35HFB)
Exactly the same as for pure Hartree-Fock, but |¢) =|¢dyrs) Pairing tensor
p = V*VT K = V*UT
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@
” Hartree-Fock-Bogoliubov equati
~Ar =2 )\ ) T\

Hartree-Fock field Pairing field

_ 1

_ T _
N Pij = <¢HFB|aj ai|¢HFB> Rik = <<}35HFB|‘11J¢{1-£‘<}35HFB)
Exactly the same as for pure Hartree-Fock, but |¢) =|¢dyrs) Pairing tensor
p = V*VT K = V*UT

The numerical algorithm mostly proceeds like in the HF case
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Input file

&HFBTHO_GEMERAL

number_of_shells = 16,

oscillator length = -1.8,

basis_deformation = 8.8,

proton_number = 36, neutron_number = 62, type_of calculation = -1 /
&HFBTHO_INITIAL

beta2_deformation = 8.8, betad_deformation = 8.8 /
&HFBTHO_ITERATIONS

number_iterations = 508, accuracy = 1.E-7, restart_file =1 /
&HFBTHO FUNCTIOMAL

functional = "UNE®", add_initial_pairing = F,

type_of_coulomb = 2/
&HFBETHO_PAIRING

user_pairing = F, vpair_n = -3080.8, vpair_p = -300.8,

pairing_cutoff = 608.8, pairing_feature = 8.5 /
&HFBTHO_CONSTRAINTS

lambda_wvalues = 1, 2, 3, 4, 5, 6, 7, 8,
lambda_active = @, 1, @, @, @, @, @, @,
expectation_walues = ©.9,-9.56 , @.0, ©.0, 6.0, 0.0, 0.0, 0.8 /

&HFBTHO_BLOCKING
proton_blocking = @, @, @, @, @, neutron_blocking = @, 8, @, @, @ /
&HFBTHO_PROJECTION
switch_to THO = 8, projection_is on = 8,
gauge points = 1, delta_Z = @, delta N =@ /
&HFBTHO_TEMPERATURE
set_temperature = F, temperature = 8.8 /
&HFBTHO_FEATURES
collective_inertia = F, fission_fragments = F, pairing_regularization = F,
localization_functions = F /
&HFBTHO_NECK
set_neck_constrain = F, neck_walue = 8.5 /
&HFBTHO_DEBUG
number_Gauss = 48, number_Laguerre = 48, number_legendre = 86,
compatibility HFODD = F, number_states = 588, force_parity =T,
print_time = 8 /
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Input file

Wavefunctions expanded in a Harmonic Oscillator basis

&HFBTHO_GEMERAL
number_of_shells = 16,

; _ Larger means more accurate representation, but longer
oscillator_length = -1.8, K R , R .
basis_deformation = 0.0, computation time: use 10 for today’s exercise. Normally this
proton_number = 36, neutron_number = 62, type_of calculation = -1 / H H H

T parameter is gradually increased until convergence.
beta2_deformation = 8.8, betad_deformation = 8.8 / H : R

T e The length parameter of the_oscnlator_ (equivalently, _the oscnlf_;ltor
number_iterations = 588, accuracy = 1.E-7, restart_file = 1 / frequency) needs to scale with mass in order to avoid truncation

&HFBTHO FUNCTIOMAL
functional = "UNE®", add_initial_pairing = F,
type_of_coulomb = 2/

errors: -1 means standard scaling hw as 1,2 x 41/AY3

&HFBTHO_ PATRING The oscillator basis can be axially quadrupole deformed: this
user_pairing = F, vpair_n = -300.0, vpair_p = -300.9, helps converge faster (with fewer shells) very deformed states.
pairing_cutoff = 608.8, pairing_feature = 8.5 / . .

SHFBTHO_ CONSTRAINTS Keep it spherical for today.
lambda_wvalues = 1, 2, 3, 4, 5, 6, 7, 8, . . . . . .
lambda_active = ©, 1, 8, ©, @, 8, ©, 0, | Type of calculation (HFB or HFB with Lipkin-Nogami corrections
expectation_walues = ©.9,-9.56 , @.0, ©.0, 6.0, 0.0, 0.0, 0.8 / . H H

&HFBTHO. BLOCKING for_breaklng_ particle number conservation). -1 means HFB-LN,
proton_blocking = @, @, @, @, 8, neutron_blocking =8, 8, @, @, @ / which we will use.

&HFBTHO _PROJECTION
switch_to THO = 8, projection_is on = 8,

gauge_points = 1, delta Z = @, delta N =@ / Type of functional;

&EZ*ETESEEEE:EﬁZUEEF cemperature - 2.0 / 'SHIY,'SKM*,'SKP*,'SLY4,'SLY5",'SLY6','SLY7,'SKI3‘,'SKO",'SKX
SHFBTHO_FEATURES ' 'HFBO'UNEO‘,'UNE1'UNE2'NOLO’,'N1LO','N2LO",'FITS",'D1°
collective_inertia = F, fission_fragments = F, pairing_regularization = F, ,'D1p‘,'D1S‘,'D1N‘,lTOXO'

localization_functions = F /
&HFBTHO_NECK
set_neck_constrain = F, neck_walue = 8.5 /

&HFBTHO_DEBUG Type of calculation of Coulomb potential: use 2

number_Gauss = 48, number_Laguerre = 48, number_legendre = 86, (fu" approximate Ca|Cu|ati0n)
compatibility HFODD = F, number_states = 588, force_parity =T,
print_time = 8 /
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Input file

Generally, pairing interaction defined by 2 parameters:
&HFBTHO_GENERAL . .
number_of shells - 16, » Astrength (V,) which can be different for protons and neutrons
oscillator_length - -1.9, A coefficient defining how much « volume » or « surface » it is:

basis_deformation = 0.8,

proton_number = 36, neutron_number = 62, type_of calculation = -1 / * a= 0 > pure VO|Ume force

HFBTHO_INITIAL * a =1 - pure surface force

beta2_deformation = 8.8, betad_deformation = 8.8 / .

B e * a = 1/2 - mixed volume/surface

number_iterations = 500, accuracy = 1.E-7, restart_file = 1 /  If user_pairing = F, the pairing force is set by default to what the
&HFBTHO_FUNCTIOMAL . . . . .

functional = "UNEG”, add_initial pairing = F, functional _p_rescrlbed (use_ t_hls at the_ beglr_mlng) _
type_of_coulomb = 2/  If user_pairing = T, the pairing force is defined by the vpair_n and
&HFBTHO_PAIRING H H H .

user pairing = F, vpair n = -300.0, vpair p = -300.0, vpair_p _(whlch fix V, for protons and neutro_ns), and pairing_feature
pairing_cutoff = 60.@, pairing feature = 8.5 / (which fixes the value of a); you can use this (for example a = 0) to
&HFBTHO_CONSTRAINTS ; H*™ H

e e m . B A5 6 T play with the pairing strength and see what this does to the results.
lambda_active = @, 1, @, @, @, @, @, @,

expectation_walues = 8.0,-9.58 , 8.8, 8.0, 0.0, 0.9, 0.8, 8.8 /| P(T)

&HFBTHO_BLOCKING n,p _ n,p ) N ’

proton_blocking = @, @, @, @, @, neutron_blocking = @, 8, @, @, @ / I/;)a,ir(fr‘) - 1/D (1 - ) O(T -T )
&HFBTHO_PROJECTION Pe

switch_to THO = 8, projection_is on = 8,

gauge_points = 1, delta Z = 8, delta N =@ /
&HFBTHO_TEMPERATURE

set_temperature = F, temperature = 8.8 /

&HFBTHO_FEATURES

collective_inertia = F, fission_fragments = F, pairing_regularization = F,
localization_functions = F /

&HFBTHO_NECK

set_neck_constrain = F, neck_walue = 8.5 /

&HFBTHO_DEBUG

number_Gauss = 48, number_Laguerre = 48, number_legendre = 86,
compatibility HFODD = F, number_states = 588, force_parity =T,
print_time = 8 /
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Input file

&HFBTHO_GENERAL . . .
number_of shells = 16, Allows applying a constraint to a multipole moment of the nucleus and

SEEL gl LeigEl = =il determining how the energy varies with shape (allows producing a

basis_deformation = 0.8, . .

proton_number = 36, neutron_number = 62, type_of calculation = -1 / « dEformatlon pIOt ») Ilke Shown bEIOW'
&HFBTHO_INITIAL

beta2_deformation = 8.8, betad_deformation = 8.8 /

&HFBTHO_TTERATTONS lambda_values simply lists what moments (dipole, quadrupole, _
number_iterations = 500, accuracy = 1.E-7, restart_file = 1 / octupole, hexadecapole, ... 2"lamba_value-pole) can be constrained,
&HFBTHO_FUNCTIOMAL H H .
functional = “UNEG", add_initial pairing = F, lambda_active shows which ones are actually constrained (put 1 at the
type_of_coulomb = 2/ appropriate position) and expectation_values sets to which values they
ERFBTHO_PAIRING o o should be constrained (in the example, you can see what one should
user_pairing = F, vpair_n = -3080.8, vpair_p = -300.8, ) K
pairing_cutoff = 60.8, pairing feature = 0.5 / input for a constraint on the quadrupole moment to -9,5 barn).

&HFBTHO_CONSTRAINTS

lambda_wvalues = 1, 2, 3, 4, 5, 6, 7, 8, A
lambda_active = @, 1, 0, ©, @, @, @, 0, To produce the plot below, 101 calculations were performed, each
expectation_walues = ©.9,-9.56 , ©.0, .0, 6.0, 0.0, 0.0, 0.9 /|

constraning the shape to a slightly different value of the quadrupole
&HFBTHO_BLOCKING

proton_blocking = @, @, @, @, 8, neutron_blocking = @, ©, @, 0, © / moment, scanning the range between -10 b and +15 b.
&HFBTHO_PROJECTION 4

switch_to THO = 8, projection_is on = 8,

gauge_points = 1, delta Z = 8, delta N =@ /

&HFBTHO_TEMPERATURE

set_temperature = F, temperature = 8.8 /

&HFBTHO_FEATURES

collective_inertia = F, fission_fragments = F, pairing_regularization = F,
localization_functions = F /

&HFBTHO_NECK

set_neck_constrain = F, neck_walue = 8.5 /

&HFBTHO_DEBUG

number_Gauss = 48, number_Laguerre = 48, number_legendre = 86,
compatibility HFODD = F, number_states = 588, force_parity =T,

print_time = 8 /

3.

Zr

—— N=58

Constrained binding energy (MeV)
=

-04 -02 0.0 0.2 0.4
Quadrupole deformation parameter
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Input file

&HFBTHO_GEMERAL

number_of_shells = 16,

oscillator length = -1.0,

basis_deformation = 0.8,

proton_number = 36, neutron_number = 62, type_of calculation = -1 /
&HFBTHO_INITIAL

beta2_deformation = 8.8, betad_deformation = 8.8 /
&HFBTHO_ITERATIONS

number_iterations = 508, accuracy = 1.E-7, restart_file =1 /
&HFBTHO FUNCTIOMAL

functional = "UNE®", add_initial_pairing = F,

type_of_coulomb = 2/
&HFBETHO_PAIRING

user_pairing = F, vpair_n = -3080.8, vpair_p = -300.8,

pairing_cutoff = 608.8, pairing_feature = 8.5 /
&HFBTHO_CONSTRAINTS

lambda_wvalues = 1, 2, 3, 4, 5, 6, 7, 8,
lambda_active = @, 1, @, @, @, @, @, @,
expectation_walues = ©.9,-9.56 , @.0, ©.0, 6.0, 0.0, 0.0, 0.8 /

&HFBTHO_BLOCKING
proton_blocking = @, @, @, @, @, neutron_blocking = @, 8, @, @, @ /
&HFBTHO_PROJECTION
switch_to THO = 8, projection_is on = 8,
gauge_points = 1, delta Z = 8, delta N =@ /
&HFBTHO_TEMPERATURE
set_temperature = F, temperature = 8.8 /
&HFBTHO_FEATURES
collective_inertia = F, fission_fragments = F, pairing_regularization = F,
localization_functions = F /
&HFBTHO_NECK
set_neck_constrain = F, neck_walue = 8.5 /
&HFBTHO_DEBUG
number_Gauss = 48, number_Laguerre = 48, number_legendre = 86,
compatibility HFODD = F, number_states = 588, force_parity =T,
print_time = 8 /

Allows computing an odd nucleus by the « blocking » prescription,
which performs a 1-quasiparticle excitation starting from a fully paired
HFB solution of the Z-1 or N-1 even neighbour. To block neutrons in
Z=50and N =71, set proton_number =50, neutron_number =70
and neutron_blocking = 1,0,0,0,0. This is an automatic choice which
blocks one after the other quasiparticle states having maximum
wavefunction overlap with the single-particle states within 2 MeV from
the Fermi level. For each trial state, one full calculation and one full
output is generated. At the end, the user should assign the ground state
to the result with minimal energy.

In the .sum file, one will have a line of results for the reference
calculation performed in the neighbouring even isotope (in my example
Z =50 and N = 70) and then a line of results for each blocked candidate
state in the odd one (Z =50, N = 71 in this case), of which the lowest in
energy should be picked as the ground state.

If one can infer from experimental data the Nilsson quantum numbers of
a state, then one can specify a single state to block. In this exercise, we
will use the automatic search for the optimal state to block.
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t Running the code

To run a single calculation:

o Create an input file, ideally without any extension (to avoid double extension of the output files)

o In the terminal (being in the « source » folder), run ./hfbtho_main [input_file]

o The code will run and show the output in the terminal

o The output will be written in the file [input_file].out

o A summary of the output will be written in the file [input_file].sum

o The file contains the following values: [constrained value of Q,],[binding energy], [charge
radius], [quadrupole deformation parameter beta 20], [convergence]

o The hfbtho_solver.f90 can be modified and recompiled to write other outputs tot he summary file
(search for string Isumm, which is the label of the output file, to find the line where the values are
written to file)

A bash script create_inputs.sh can be used to automatically generate inputs with one parameter varies (like
the Q,, constraint), which can then be run in series using another bash script.
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Key elements of output file

UNEDF Module Version: 17
Stoitsov

Ctdu(ai—

CrDr(8)=

Crdl(8)= -79.5387999999090

cl(e)= 0.806000e0000008000
Cpve(e)

Cpvi(e) 2 fa@eaaauaeeeaaaaae
sigma= 5598958826443

e*2 chrg= 1 97848859651385
c.m. correcti chr. density in
use tensor terms: F

Coupling constants in natural units
Crho_nu(@)=

CDrho_nu n)—

CrdJ_nu(e)=  -1.127358132067355995
€3_nu(e) 2.00600090000000000
Cpve_nu(e)- -e. 1555493300873

SMASS | HH— 8.00606086006000813

Associated (t,x)-coupling constants

@BBRBHBBB@‘l

8. 0ege0o00ese0ac0ee

-199.2819999 £

a. EBﬁ@UB@BBR@U@US@GB
28.7355300000000007

= G 1.8ee0000000000000
leECt Coul: F

: Crho nufl?— 8.2783245470828

; Crdd_nu(1)

; CI_nu(l)=

; Cpve_nu(1)= .
CpV1l_nu{l)= ©.44385112716830295
Lambda_nu= 7686 . 668000000086000

; LASE NM=
5 VMASS NM=

Coupling constants of the energy density functional

Equivalent coupling constants of the Skyrme interaction

ummer School, Aberd




Key elements of output file

Output file
Nucleus
Number of HO shell
HO length be (fm) ..
Basis deformation ..
HO: be,1/bé,bp,bz,q
h**2/(2m_n}), cmc, JBE+B2 28175E+82 ©.14399784E+61
h**2/(2m_p}), cmc, e’ B - S3BE+82 28175E+82 ©.14399784E+61
hom=f*41.8 pr*A~{-1/3}, f...: - 9 BB80E+81
THO basis is : . .
Maximal number of iterations: 568 Summary Of the CaICl-”atlon Op“ons
Initial mixing parameter ...: .36 H
Initial w.f. : from spherical scratch In natural Iangua‘ge
Energy functional : UNE®e

with direct and exchange Coulomb
Lipkin-Nogami procedure is .:
PAV procedure is
Constraint calculation is

Constraint 1 ... : lambda=2 Ql=
Temperature T . 3 8.ea MeV
Pairing regular on is ..: OFF
Collective inertia is ......: OFF
Fission fragments are ... : OFF
Restart indicator . : 1
Broyden mixing E#lTEPatlDHSJ 7

8.19779866E+81 ©.19779866E+81 ©.10808008E+01

W e
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Key elements of output file

Harmonic Oscillator Basis

NUV, NQP:

arison with bookkeeping spherical basis: Parameters of the Harmonic Oscillator basis

Maximal number of shells

nee+1: 3 Maximal number of K-blocks 1
(n@e+1)* (nee+2)*(nde+3)/6 9 Max.num. p/n levels used for the ComPUtatlon
nee: 16 3 Maximal nz-quantum number
nea/2 8 Maximal nr-quantum number

nlx, née: 16 16 Maximal ml-quantum number
ndx, (n@e+2)*(nee+2)/4: 2 Maximal dim. of one k-block

Actual basis used

of blocks: nb ....

:ont ..

: nom .

nzm .

nrm .

(. nlm .

Maximal N=nz+2*nr+nl ..

2 x biggest block dim.
ero elements of h ..

-Hermite mesh po 2 48
-Laguerre mesh points ngl 49

e s i L Numerical parameters for integrations

oundaries
8.12379686 to xh(ngh)

= 0.83578839 to x1(ngl) o
= @.98973669 to xleg(nleg)= @.
orthogonality Normali i
12488E-6815 1.8991268794
i 1.3544720000426910E-014

Scratch initialization for the nucleus: Zr 6@ 49

Initial potentials of Saxon-Woods shape
vews —F1 eeee

Parameters of the initial solutions used to start

S the calculations

.00086000
.00088000
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.41088128

.17173488@

. 61836197

Key elements of output file

n,p
-842.689436
ala2(n,p)=
-845.149448
ala2(n,p)=
-845.619716

5476
alaz(n,p)=
-849_597789
alaz(n,p)=
-850.4901684
n,p)=
-849.457240

-850.557154
ala2(n,p)=

0.000 ©.0800
08.299 #eln(n,p,t)=
4.275 3.040 |
8.168 #eln(n,p,t)=
1 6.852
#eln(n,p,t)=

4,249
#eln(n,p,t)=

4.185
84 #eln(n,p,t)=

4.582 4.343
8.229 #eln(n,p,t)=

. a ‘

#eln(n,p,t)-

4.355
#eln(n,p,t)=

1 4.360
#eln(n,p,t)=

4.418
#eln(n,p,t)=

4.390
#eln(n,p,t)=

4.507 4.377
08.243 #eln(n,p,t)=

4.591 4.382
08.247 #eln(n,p,t)=

4.580 4.373
#eln(n,p,t)-

4.3 |

#eln(n,p,t)=

4.379
#eln(n,p,t)=

1.ee0 | -7.000
4 #del+al

-6.9

=5

-2.6 .7 . 1.247 |

-1.708 #del+al
8.794 | -4.

-1.761 #del+al
8.826 | -4.867

-1.757 #tdel+ala2=
@.83@ | -5.158

-1.928 #del+al
0.872 | -

-1.979 #del+a
8.960 | -6.190

-1.868 #del+alaz=
8.872 |

-1.847 #del+ala2
8.866 | -5.

-1.851 #del+al

8.eea

8.000

. 008

8.000

. 808

.8ee

. 808

.8ea

8.000

. 008

8.000

. 808

.8ee

. 808

.8ea

8.000

mmer School, Ab

Print-out of the result of each HFB iteration (Etot
being the binding energy), with some additional
check parameters. The iterations stop when the
energy difference between consecutive steps is
below what was set in the input file as « accuracy »




Key elements of output file

#quasiparticle energies neutrons

qu(k) -» g.p. energy
(k eferent s.p. energy
probability

fermi energy alast= -5.8457130432878885
#k blocki# eqp(k) C (1 2N)E
] 1 a 714806 152 0.464189
238985 -1.385192
.858552 . 795161
-997599

486417
.845383

951818
-558301

@R

[= QY Y YV ¥
== -]

. 7888
.5576
L4732
4724
.4432
. 7462
.5026
. 8615
. 5488

Energies of neutron quasiparticle states

.871178
-883838

BBho

PRPRPERRPREEERERER R

T OO ORI
PW@RPRNNWAROROWR

.542739
.458442
.741222

281682
90086148

eea7114
00886425
887762
8e6278
8a4347

DO OROR DODR ORRORDOR OO0 O

30.724554  24.8 3 . 720606
31.641465 2 .636553
473349 2 .469277
8463854  27.1979 .843651

RN N T T T Tl e T e T I T I e e e e e e S T T ™Y
ORI ORONRRDRRRRIRR O RE®
TOO OO0 OO E DD E OO o000 0000 OO0 ®

&
NSNPADRDUNRWDE NN NG

(o= J~R =R~ R~ R~ - R~ R - R s B o~ B+ ]

MR R BRRK
@ = @
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Key elements of output file

#canonical s.p. energies neutrons

*omega}H parity}[nn=nz+2*nr+nl,nz,nl]
-> canonical gq.p. energies
-> canonical s.p. energies
fermi energy= -5.8457138432870885
average cdelt= 0.64232686612821188
ke ce ce v*v
.146371 . BeBecoee . 86800008
. 285578 . BeBecoee . 86800008
J.896770 . BeBecoee . 86800008
. 296791 . BeBecoee . 86800008
. BeBecoee . 86800008
. BeBecoee . 86800008
. BeBecoee . 86800008
. BeBecoee . 86800008
. BeBecel1s .88839365
. BeBecel1s .8e842183
. 88080019 .8e843572
J.884942 - .8e847489
.787941 . 808058162
. 80854297
. B80808e3 .88859608
. 88080658 .8e876151
. 888800899 . 8089 F
.8eeee167 .88129332
. 88080204 .8e142878
. 868880282 .80168022
a9 .80199836

[=]
<=
1]

il
co

m
(]

il
[N = = -]

[ IV, Y= ]

Energies of canonical single-particle basis states for neutrons

O~ O

3
3
3
3
3

w

F T Y R R I O R I R I I I Y
W D~

887
.3220
.3265
-3400
3616
.3938
4158
-4230

o0
=]

B @
\
5880 BBRE

.BBeeae662 .B8257228
. 00888323 .88286854
.0geel117e .8

. 088e16e9 .8e4e1177
. 080081948 .868441340
.BBee2254 .Be474734

NN B WN R ®

W

1+[ 8,
1+[ 8,
1+[ 8,
1+[18,
1+[

.Beee4534
.BBee4g7s

[ = I Y RV Y, R, RV RV, Y

Dok WD 00 s UM
ROWNRDDD

.88776875
.88856279

5858

OO DO DD

OO D
\




eqp(k) -> g.p. energy
e(k) -» referent s.p. energy
p(k) -> occ.probability
del(k) -> referent s.p. gap
fermi energy alast= -11.889344645849283
blockd# eqp(k} e(k) (1-2N)E
1 ! 3 -13.187858 -1.377785 1.6121 B.95856758
; 2 489752 i
.487154
717418
373181

=

.

[«x]

fucy

[%)]

23]

Yol

Te]

o
= M

it

@

=
D
=
e = @
Bt bt et b e b ol e bl o b o b bl ot ot b b b ol bt bl b b o bt ot bl bd b

=
&=

.675955 . 866618
8.927274 .832871
.436628  13.245965

.
=
o

Lrs o I I e e T s s B e e s o T e = o s v e =

Nh&l—‘?l—".t'-b-bﬂ'

g0 G0
oo

& o

Energies of proton quasiparticle states

14.413248 -2 14.396949 2.268438
8.421749 c y 18.413897 ’

28 §97?2B c i 28.586862
21.790393
c .861289
23.381983  11. 23.297a75
24 .556859 6. 24.537983
25.587481  13.77. 25.581783
27.8444 16.6317. 27.841673
29. 12194o 17. ! 29.118861
# 18. i 886291
38.783782  18. . 780879
’l 61ub84 19.885 .614779
.568850

=]
=
-

w1

Bhon N B

=
I
=

Ao
@ m s m

Y]

W
-

L)

GL\.‘@I—‘PNU‘IU‘-

[T
L.

W
Vo T A
N:C-

W e
M ]

1S
i
o

. 747807

.988588

.444852
43.82a83? 29.916269
41.789267  29.978721
43.814922  31.2
43.878866  32.06¢ 43, B . 294898
44.531177  32.71964. 44, 8 .3133
45.381793 33.570174

LEa I = B e

.
@GGGG@@G@@@@GG@@@GGG@G\D@

2092968
20!
B

BRRERERERRRRRRBRRRERRRBRBRRB B B 9 /93 3 23 2 23 3 3 23 @23
PO 0IROCOORECOREEREEDED

B
00 000D OO DD PO DD DD D

PO PRI DRDRDEDDR




Key elements of output file

Requested part.numbs.
UnPj(av) part.numbs .

lambda (ala)

Lambda (alast)
delta(n,p), pw
pairing energy

LN lambda_2 ...

LN energies
delta(n,p)+ala2 .....

rms-radius
charge-radius, ré ...
deformation betaz....
dipole moment[fm] ...
quadrupole moment[b]
octupole moment
hexadecapole moment .

kinetic energy
volume energy
rho_tau
rho_rho
surface energy
rho_DELTA_rho ......
(NABLA_rho)~2
spin-orbit energy ...
rho_NABLA J ...
NABLA_rho_J ...
coulomb energy
direct
exchange ....
tensor energy
direct Hartree E ...
Extra E
External field E ....
Entropy

tEnergy: ehfb (gp)...
tEnergy: ehfb(gp)+LN

neutrons

66 . 808080

68 . 808080
1.977987

01883
.171767
-8.928565
8.814804
-8.896149

4.,586471

8.284161
8.000000
4.524631
6.0ee0ee
8.127894
6.0ee0ee
@.818185
6.eeeeee
6.883634

1149.3833884

e.8e80e8

protons
418. 886800
418. 8aeeee
1.977987

-11.889345
-11.889345
8.786494
-3.917831

4.370413
4.,441661
8.3088692
0.000000
2.975369

6.e000080
8.e18424
T
8.881482

664.567872

68.800000

total
166.6e0e8e
166.6e0e8e
1.977987

66.0e0080
-8.288114

-1.932885

5 a7
8.293411
©.800000
7.500000
6.aeaeee
@.21139@
6.aeaeee
6.828689
6.aeaeee
68.ee5116

1814.4808876
-2987.621528

6.0e0eee
6.0e0eee
6.0e0eee
6.6e0e88
6.6e0e88

-848.785885
-850.7187760

Main calculations results

Charge radius without Lipkin-Nogami
corrections (larger than proton rms
radius due to contribution from the
radius of a single proton)

Quadrupole moment obtained in the calculation
without LN corrections (usually equal exactly to the
one which was constrained)

Hexadecapole moment obtained in the calculation
without LN corrections

Binding energy in the calculation without LN corrections
(if type_of calculation = 1 meaning standard HFB, only
this will appear)

Binding energy in the calculation with LN corrections
(appears only if type_of calculation = -1 meaning
calculations with LN corrections).

mmer School, Ab
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With Lipkin-Nogami Corrections

Key elements of output file

Main calculations results

rms-radius . 257 4.372526 4.582594

e : . If calculations are performed with LN corrections
deformation beta .... 288599 0.315317 ©.298678 (type_of calculation = -1), this additional set of results
quadrupole moment[b] . i 3 164 7.639835 A - - . .

hexadecapole moment . 1378 8.226734 will appear, since the charge radii, quadrupole moment
and deformation parameters will be also impacted. If LN
corrections are active, these results should be chosen
rather than the ones without corrections (together with

the corresponding binding energy).

Calculations with LN corrections are considered to be
more accurate (obtained binding energy is lower).

Note: HFBTHO manuals for full information
arXiv:1210.1825v3 and arXiv:1704.03945v1
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