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Nuclear Operators

EFT (Anand, Fitzpatrick, Haxton), to leading order in g:
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The last of these, as well as higher-g extensions of the rest,
take you out of valence shell. Q: An issue for the shell model?
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Chiral EFT, presumably, can give you handle on two-body
corrections to these operators.



Heavy-Nucleus Proto-Calculation
131Xe from 1991
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“Spin-dependent” B-ino form factor:

» in a few oscillator shells,
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and unrelated interaction,

S(q)
| A

» in single-quasiparticle picture
and with perturbative
admixtures of three-
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core polarization).
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Much better version of this general framework is in common
use now.



Current Paradigm for Heavy Nuclei: Nuclear DFT

Particularly Useful for One-Body Operators

ESI(Lere Z /d3 {CP[PO]Pt(r) + Ct ppf(r)APt(j

t=0,1
CF [ o7 (7 = 247 + Cilool 327
+ CPo3R) - A5iA) + € [30(7) - TP = T3P

+ 7 AV TR + 347 - ¥ m]

with  p¢(P) = pe(F, 7) and

St(P) = Su(7, 1), T(F) = V - V' pe(7, P')| e
() =V - V'S0, )= Ji(P) = =5V = V') pi(7, ) =
Jeoij(P) = =5V = V)i se (B P )= J2(P) = Z 7.
lj=xyz

[
=2
-

[l
|
N~
<
|
<
X
P
N
3
lié
=y



Effective Interaction from Energy Functional
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Basic Features of Framework

» All nucleons active, complete single-particle space used.

» Effective interaction (density dependent) and one-body
mean field completely self consistent.

» Lots of work on determining good functionals, with
improvements under active development.

» Phenomenology — masses, one-body observables such as
density distributions — reproduced well.

b Some weaknesses that | won't mention.



Densities

Zr-102: normal density and pairing density
HFB, 2-D lattice, SLy4 + volume pairing
Ref: Artur Blazkiewicz, Vanderbilt, Ph.D. thesis (2005)

Neutron—Density Proton-Density Neutron—Pairing—Density Proton—Pairing—Density
452

HFB: B,?=0.43 exp: 3,{P=0.42(5) , J.K. Hwang et al., Phys. Rev. C (2006)

2/26/10 Volker Oberacker, Vanderbilt




Applied Everywhere

Nuclear ground state deformations (2-D HFB)
Ref: Dobaczewski, Stoitsov & Nazarewicz (2004) arXiv:nucl-th/0404077
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Related Theories

» Improved Skyrme DFT, derived in part from ab initio

interactions
» Density-matrix expansion leads to logarithmic dependence
of energy on densities.

» Gogny DFT, based on finite-range density-dependent
potential

» Density-independent effective interactions with three (and
more) body terms (Bennaceur, Dobaczewski et al., Bender,
Duguet et al.)

Can expect improvement in quality.



Odd Nuclei

Much of elastic response vanishes in even nuclei.

Core polarization in odd system:

O = RPA polarization propagator

Can do

» self-consistent odd-A calculation

» explicit RPA core polarization
Two are nearly equivalent and include most of the important
corrections to single-particle picture.



Deformation and Angular-Momentum Restoration

If deformed state |Wk) has good intr. J, = K, angle average gives:
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Exact answer somewhere in between.



DM-Detector Nuclei Often Have Complex Structure
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< Potential-energy surface in 8-y plane
Nomura, Shimizu, Otsuka, PRC 81, 044307 (2010).




DM-Detector Nuclei Often Have Complex Structure

N=68

< Potential-energy surface in 8-y plane
Nomura, Shimizu, Otsuka, PRC 81, 044307 (2010).

Similar softness, plus triaxial deformation
and shape coexistence, in Ge isotopes.
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DFT Extension: Generator Coordinate Method

T. Rodriguez, Nuclear
Structure '14 0.8
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Basic idea: Construct set of mean fields by constraining coordi-
2, S
nate, e.g. (Qn) = (3_,; r?Y"™). Minimize

(H") = (H) — A0 (Qo) — X2 ((Q2))

for a whole range of (Qp) < Bcosy and (@) o< Bsiny. Then
diagonalize H in space of A- and J-projected quasiparticle vacua
with different B, y.
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Density dependence spoils GCM in Skyrme DFT; need
alternative effective interactions or regularization procedures.



Similar (but Harder): Schiff Moment of ?*°Ra
No GCM, Just Single Odd-A Mean Field

2
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Vb1t = perturbative T-violating
s-exchange potential

Calculated 2*5Ra density

Ground state |0) has nearly-degenerate partner |0) with
opposite parity and same intrinsic structure, so:
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Results vary with Skyrme functonal, but variation can be

reduced by tying (S),,, to data.



Similar (but Harder): Schiff Moment of ?*°Ra
No GCM, Just Single Odd-A Mean Field

2
Sx) ;eirizi+...

Vb1t = perturbative T-violating
s-exchange potential

Calculated 2*5Ra density

Ground state |0) has nearly-degenerate partner |0) with
opposite parity and same intrinsic structure, so:

(S)~

OISO Verlo) | gt 1(S)y (Ve

Results vary with Skyrme functonal, but variation can be

reduced by tying (S),,, to data.

Can tie dark-matter expectation values to other data, e.qg.
magnetic moments. spin-orbit splittings (Q: What else?)



Finally...

Q: How accurate need these matrix elements be?
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The End

Thanks £or your kind attention.



