FIDIPRO

%

UNIVERSITY OF JYVASKYLA
JYVASKYLAN YLIOPISTO

Constraining Finite-Range Momentum
Dependent Effective Interactions

Andrea Idini
K.Bennaceur, J. Dobaczewski

Collaboration Workshop ‘The future of multireference DFT’, 25-26 June 2015, Warsaw



Skyrme Interaction

Contact interaction \

1JSkyrme(r) — tO(l + xOP6)5(T)

+t,(1 4 x,PO) (S (k% + k'25(r)) /2

Momentum
D
+t, (1 + x,P°)Kk""6(r) - k cpendent
Density dependent
tt3/6(1 +x3F)p*6(r) 7y ¢ <ya E 2/3

+iWy6 - |k 6(r) X K] Spin-orbit



Regularized Interaction

9a (1)
Gaussian interaction /\
VReg = tO(l + xOPJ _ yOPT o ZOPGT)ga(r) — T

a

+t1(1 + %P7 — y1 P* — z:P7) (g, (Mk* + k"?g,(r) /2 + T,

A\

+t,(1 + x,P° —y,P* — z,P°)k"™g,(1) - k T,

N— 7
~—

e P'#+41
* coefficients y;, z; not reabsorbed
* more parameters at a given order
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E/A (sat.) (MeV) -16 -16

E/A (MeV)

K, (MeV) 230 230.00 : m s
10 [ B REG2a
- Bl REG2b

L (MeV) 75  100.2

Dsae (FM) 0.16 0.160

J (MeV) 32 32

-10 :4°Ca 48, 56N 78N 100g,, 132g, 208py

Infinite Matter Properties
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Nuclear Landscape

Ab initio
Configuration Interaction
*+ Density Functional Theory

-
‘0
-

~ terra incognita

from UNEDF website



Pairing Matrix Elements to constrain properties of
open shell finite nuclei Gomez, Prieto, Navarro, NPA 549 (1992) 125

VSE = ((lj, nl)) j=o| vt | (b, nlj) <o)

one can gauge the matrix element on the pairing energy of a close

shell + 2v nucleus. In VfST case, *2Ca
7/2



Pairing Matrix Elements to constrain properties of

open shell finite nuclei Gomez, Prieto, Navarro, NPA 549 (1992) 125
ST
nl] ((nl],nl])] O|vReg|(nl]:nl])] 0) f7/2

Wavefunction

J2j+1

wglzjg(Flo-ll FZO-Z) — 2(2l + 1)

mll

Yr%‘tl (f1)Ylml (fz)Rnqu (7"1)Rnqu (12)
1 1

Multipole expansion \ The M.E. is an integral over a

(_)l_mll 60'1—0'2

_I?1—?zlz/ , total of 6 Spherical Harmonics
(=7 =° - /
Ja\1 2 (a\/ﬁ)g /

4 _(T‘1+T%) . 17 * A A
— (a\/;)s e /a2 ZLM L (2 %) Y]\% (Tl)yl\l/i(rz)



Local NLO contribution

Difference between Momenentum dependent operators
/—/R

N
Ty =T, = (k15 + ki)/2 — k12 iy = (k k12) /2
Local part of the interaction
[T1 — T3, 8(r{ —1)8(r; — 7"2)] =0
Commutes with locality deltas

S V,—V
(Tl - Tz) 5(7"1, — 7”1)5(7”2, —13)gq(ry —13) = _( - ) 2) gq(ry — 13)

thus is the laplacian of the gaussian
That is conveniently related to the
Derivative respect to the range

— — 2
(7, — 7,) 10

—ga(ry —13)



Local N"LO contribution to matrix elements for
regularized interaction

AR} 19\"
ga(ry — 1) = <__> ga(ry —13)

2 ada

The matrix element for a local regularized interaction (t, = —t;),

10

n
Vnpo[t(] = (_a%) Vio[t(]



K., (MeV)
L (MeV)
E/A (sat.) (MeV)
Psat (fm)
J (MeV)
(W2, [Vioe [Wrz,) (MeV)

(W2, [Vise' [Wyz,) (MeV)

75

-16

0.16

32

230.00

100.20

-16.00

0.160

32.00

-0.54

0.12

230.51
84.87

-16.17
0.160

33.31
-1.76

0.13

Pairing Energy #*Ca
-9.153 MeV.



One Body
Density Funct.

1 /
B lp) =5 ) (@ DG+ D v sy
nlj

nllljl
((n Uj',n'l' )00|UReg|(nlJ»nl])oo>

Two Body
Matrix Element

J. Sadoudi, M. Bender and T. Duguet, unp. (2012)



In the case of pairing for close shell + 2v
n'l'j' = nlj

One Body
Density Funct.

1 '
Eplplp]l =5 (N Q@I+ D@ + 1) (- )y,

((nlj, nlj)go|viey|(nlj, nlj)go)

Two Body
Matrix Element

J. Sadoudi, M. Bender and T. Duguet, unp. (2012)
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Landau Parameters are the coefficient of the p-h interaction
expanded in the legendre polynomial basis for the different
spin-isospin channels, calculated at the Fermi surface.

channel

(a/; > - — _ Fourier Transform
> AP (K-K) = vy (KK

l /

Particle-hole interaction
=v(1 — P*P9P7)



z 9P (K- R) = vy (5, 1)

l

VReg(T12»7”12) = to(1 + xoP? — yoP" — 2oP°") go(ry — 1)
(6(ry —1)6(ry —15) —6(ry —15)6(1r, —11)P?PY)

Direct term \ / Exchange term
Flvkd,] = D@ (q) — E@(k — k')

f; = DOO§,  — E®V% (a, kp)
g% G- 6= (D@'O)(SLO — EMO¢ (g, kF))

flxtot= (D<O'1>5m — EOYf (q, kF))
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Multipole Expansion of the Gaussian

_|’_<)1—’_<)2|2/
Vheg % ga (K1 = Ky) = ™
Reg = Ja\™1 72 (avm)’
_ (k§+k3) _ % /o~ ~
— (C:/%B e” z/az 2imiL (2 R;Izcz) Vi (kll)yl\el (k2)

(2L + 1)P; (k1 - ky)/4n



NLO contribution to the Matrix Element

Gradient on wavefunction

) ) [+1 (OR(r) |
Sl 01 (5o Gt
[ (7)Y o, (7 )} 2041\ Or r (r) Vector Spherical
] OR(r)  1+1 Harmonics
Ty 21+1( o Rm

e Term < T; = (k' + k?)/2

o go(?y — )P, - 7, j PEL () - TEL ROV (R dry j Vi (P Ve, (B Y (y)dr,
\\\ed
SO

e Term T, x k- k'
X go(ry —1)V'1 -V, °Cf l+1 (7”1)Y—lm/l (7‘1)YM (f1)dry - jﬁlﬁiz (f1)Ylm/lz(fz)Yﬁ(f2)drz
2k
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