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USING DYNAMICS TO UNDERSTAND FUNCTIONALS

OVERVIEW

» Skyrme EDF

» tensor terms in collisions
» continuum BCs

» fission

» nuclear matter & giant resonances



TIME-DEPENDENT HARTREE-FOCK

e Static HF

N

Time-dependent HF



» T.H.R. Skyrme, Nucl. Phys. 9,615 (1959)

It is generally believed that the most important part of the two-body
interaction can be represented by a contact potential, i.e. by constant
t(k’, k); this suggests an expansion in powers of k' and k. If this expansion
is stopped at the quadratic terms only a small number of undetermined
coefficients occur, and an attempt can be made to determine these by

ta = 6(r,—r,)t(K', k)

t(k', k) = to(1+2, P7)+3t, (142, P7) (k'2+Kk?)
+ (142, (P —5) K - k
+ 370, : ko, - k—30, - 0,k?*+-conj.]
+ 3U[o, - K'0, - k—30, - 0,k’ - k+conj.]
+ V[i(oy+0,) - k' Xk],

t1o3 = O(ry—T;)0(ry—r,)ls



DENSITY FUNCTIONAL & TDHF

SKYRME ENERGY DENSITY FUNCTIONAL
E=Id3rzt=0,1(Ctp[po]pt2 + Cts[po]8t2 + CtApptvzpt + CVS(V-sp)? +
CiP5siV2st + Ci( ptTt—jZ) T CtT(St'Tt_Jt,pth,pv) +

CtF(St°Ft_1/2Jt,pp_1/2Jt,pth,vp) T Ct(ptv'Jt+St'vxjt)
adjustable coefficients: Ci?[po], Ci¥[pol, Ci®°, CiVs C&s, Cy7, C{T, Cif & C;

time-even densities & currents:
Palr)=pPq(r,r")=r
To(r)=V-V'pq(r,r')|=r

Jaulr)=-"2 i (V,-V')sq{r,r')|r=r

time-odd densities & currents:
Sq(r)=sq(r,r')|r=r

jolr) =-%21 (V-V')pq(r,r")|r=r
To(r)=V-V'sq(r,r')|r=r
Fo(r)="22 (V V' 4+ V' V,)squlr,r")]r=r
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BOX SIZ

DEPENDENCE
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C. |. Pardi and P. D. Stevenson, Phys. Rev. €87 014330 (2013)



RADIUS VIBRATIONS - GMR
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STRENGTH FUNCTIONS
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100 tm already impractical for all but spherical systems
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CONTINUUM TDHEF

DHF equation in dimensionless form (Q=reduced wt in spherical coords)

————+

Zo;_ctgz 102? <g+l(l+1))Q.

r A2

(1 +1)
272

This is a standard tabulated form, with Whittaker function sol"s

Full details in Pardi & Stevenson, PRC87, 014330 (2013)



CONTINUUM-TDHF conT.

2 "2 2

.1, 1 1 1
I/V;»:.,/,L(z) ~ zhe—%MQE) (_ TUH—K 5 — B K, __) ;

Division of the above by its derivative and rearranging produces

~ 1 KU b \/— 8@ )
Q(r,s) = by/s ( ()m( ;\/s))) d(: 8)'

or

Now apply the convolution theorem and evaluate the result at r=R (the end of our box):

Recall, Q is the reduced wavefunction. Note that for each each time, we
have to integrate at the boundary from the beginning of time.

In the above, the kernel is the inverse Laplace transform of

& (Ros) = L( w(brw)

OW . . (br/s)

or

by/s

.:R
’ Full details in Pardi & Stevenson, PRC87, 014330 (2013)




INVERSE LAPLACE TRANSFORM

For neutron kernels, we have k=0, which gives a special case of the Whittaker functions

H are Hankel functions of the first kind, and
h are spherical Hankel functions. They
are finite series for integer p-1/2

These can be manipulated into a rational
form (right), which can be expressed
analytically in partial fractions (below)

l+ ) | —u
ZZ—U[H ,0)(—2iR) ]k

(143 ,v4+1)-201+1)(I1+2 v)

G(R,s) =
kit + Zu:o [ (1;52‘,0)(—\2-@12); +1

Full details in Pardi & Stevenson, PRC87, 014330 (2013)




INVERSE LAPLACE TRANSFORMATION

Use linearity of Laplace transformation & tabulated form of partial fraction
expansion:

Some further simplification yields

This is then discretised in space and time coordinates, and is the basis for what is evaluated at the boundary.

What about protons? What about Coulomb?
Life does get quite a bit harder.

(We think that) there is no convenient analytic rearrangement of the kernel into partial fractions or similar form
with tabulated inverse Laplace transform

Instead, we assume a rational, finite, polynomial form and fit to the Whittaker functions with a non-linear least
squares method. The finite polynomial is again expanded in partial fractions

Extension of the continuum time-dependent Hartree-Fock method to proton states
Phys. Rev. E 89,033312 (2014)

C. 1. Pardi, P. D. Stevenson, and K. Xu



CONTINUUM TDH

Without Coulomb

Reference
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Some very long-lived components = fine structure in the strength
Continuum-TDHF with Coulomb in C. I. Pardi, P. D. Stevenson and K. Xu, arXiv: 1306.4500, accepted for
publication in PRE



FISSION

FISSION IN TDHF

» Large amplitude collective motion

» can in principle think of performing induced fission,
starting from an excited state

» TDHF cannot deal with spontaneous fission since it is
deterministic in terms of trajectories of collective variables

OI'TO HAHN * NOBELPREIS CHEMIE 1944
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SUMMARY

» TDHF applied to large & small amplitude motion

» Effect of choice of Skyrme parameterisation and what
time-odd terms are used can be significant

» computationally expensive to systematically study too

many interactions or include in fits — especially for some
processes (like fission)



