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Outline

» Background
» recap: SRG
» Two-body operators

» recap: NCSM vs CC benchmarks in light nuclei
» progress: more nuclei, improved agreement

» Three-body operators
» progress: debugging matrix elements / transition densities
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Background

Background

» SRG evolution is a unitary transformation which improves convergence
UOUL =0 + 0@ + 0 + ..

» Introduces higher-body terms, O&“), determined in the appropriate
a-body system (a < A)
» Eg.ifO=03:

0 =UPoPUi® UP =" [taa=2) (tasl

0 = y® <O(2)>(3) Ug<3)—<032)>(3) UP = [haa=s) (Va=s|
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Background

Two-body Implementation
For |vg) = |kj™tt,) = 3" ¢k, Intsj™tt,), U, is constructed in blocks:

U™ = kit a) (kit|
k

Non-scalar operators may connect states with j™t¢,, e.g.
(f,371 Oali, i) = {f sl U OULT i)
Converting to single-particle basis:

<a/b/<]a’b/’ Oa |ab<]ab> a = Ng, gaaja

= Z c;]’cb’ab (f,371Oalis 3i)
if

‘51/-
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Results

Application to 0Ov5p3

Ouvps = Ogr + Or + O from J. Engel
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Results

Application to Ovf
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Results

Results for Light Nuclei
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Results

Benchmarks with Coupled Cluster

(CC: Sam Novario)
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Benchmarks with Coupled Cluster
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Results

Benchmarks with Coupled Cluster
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Results

Benchmarks with Coupled Cluster
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Background

Three-body Implementation
For [yr) = [kJPT) = 3 &, |NiJPT)
INiJPT) = 32l ey |(ndsit, NLT)IT) (N =20+ €+ 2N + L)

U = kT, o) (kJPT) =
k

Non-scalar operators may connect states with J*T'(T), e.g. -
. J R
(£, J¢1 Oa liy Ji) = (J;| UsT OULT (i, J;)
Converting to single-particle basis:
<a/b/Ja’b’C/Ja’b’c’| Oq ‘abJabCJabc> a = Ng,4a, ja

= Z Cilj’cb’c/abc <f7 ‘]f| OOé |ia Jz>
if
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Background

Three-body Implementation (cont.)

v

Generalized code to calculate:

A OD i, 7 = — 3 (aB] O 18ew) (£, Iy al,abal avacas |1, I

36
Decouple (abJupctupe| O |dedaefJaes) — (abe| O |def) on the fly
Scalar operators have been tested: Ty, Van, Van, radius
Matrix elements with 77, ; # T’ ; (and therefore Ov3/3) are currently broken
Currently comparing 2B vs 3B (without SRG) for test operators:
> TP T @777, Viyw @ 7777, ete.
v v O

v vV v v
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Preliminary Results: 0v553, 3

Three-body SRG:
A=2fm™!
NN@N3LO
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Results

Preliminary Results: 0v33, 3
Three-body SRG:
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Results

Preliminary Results: 0v33, 3
Three-body SRG:
A=2fm™!
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Summary and Outlook

v

Operators must be SRG evolved to converge to the correct result
Method implemented in 2B and 3B for arbitrary operators

So far: o7, axial MEC, 0v 3, radius, E2

Available in single-particle coordinates

Results for 0038, 2: *H—®Be, 14C—110, etc agree with coupled-cluster

In progress:

» Application of 05, 3 matrix elements in many-body methods
» Quantification of 2- and 3-body evolution effects

v

v

v

v

v
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Extra Slide: 0v3 Operators

Ogygg = OGT + OF + OT

— +. +
Oy = Hyyy1' 79

2R [ . 119 he (G2
T Jo q+ Ej
1 v=F
y,y = g1+ 09 Y= GT

25Y5(ri2) (3(01 - 112)(02 - 112) — 01 09) 7 =T
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Ab Initio Nuclear Theory

Goal: solve the nuclear eigenvalue problem

A
H|Uy) = By, [Wy), where H=> T+ Vij+ > Vijp+-+
i 1<j 1<j<f
with nucleons as the degrees of freedom

The No-core Shell Model
Expand in anti-symmetrized products of

harmonic oscillator single-particle states

Nmaz

Ty = D> ek lPn)

N=0 j

Calculations should converge to the exact value as N4, — o
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Motivation

» Problem: Huge model-space size required to accommodate short-range physics
» Solution: use renormalized potentials in smaller model-space
» Caveat: need renormalized operators
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SRG

Similarity Renormalization Group (SRG)

Unitary transformation that decouples high and low momentum physics

H, = U,HU! where U, U} =1

Ho—o=H, Up=0 =1
dH,

do

dU,
Na = EUQ = —n}, k

= [77a’ HDZ]

Choose a generator, e.g. 1, = [T, Hq|

A= l/4

H)\zoo = H; U)\:oo =1

Rep.Prog.Phys.76
126301 (2013)
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SRG

General Operators

H|Vy) = E, [Vy) = Ho|Vha) = B [Via)

General operators must also be transformed:

(W O|W;) = (V4| O |¥;,) where O, = U,OU}

Us =Y |Wha) (Tl
!
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SRG

Induced many-body terms

SRG transformations introduce higher-body terms in operators:

U, 0Ul =01 + 0P 4+ 03 + ...

Each term, O\, must be determined in the appropriate a-body system (a < A).

E.g.ifO=03:
o) =uPoPui® UP = [haa=2) (Va=s|

0¥ =y® <O(2)>(3) Ul(3)—<0&2)>(3) U = Z Va,a=3) (Ya=3|
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