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Ab initio Nuclear Structure

U
Similarity Renormalization Group (SRG)

m Decoupling of high and low-energy
physics
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Similarity Renormalization Group

m Continuous unitary transformation with flow parameter o

dHq

Ho = U! HoUq = g~ Ma Hal

m Antihermitian dynamic generator

Na = (2N)2[Ga, Hq|
m Generator choices
Wegner Go ~ diag(Hy)
Standard Gg = Tint

m SRG induces forces with
higher particle rank

m Generator with better
balance?
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SH SRG Evolution with a =0.0 fm*
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SH SRG Evolution with a =0.01 fm*
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SH SRG Evolution with a =0.02 fm*
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SH SRG Evolution with a =0.04 fm*
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SH SRG Evolution with a@ =0.0625 fm*
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SH SRG Evolution with a =0.08 fm*
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SH SRG Evolution with a =0.16 fm*
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SH SRG Evolution with a =0.32 fm*
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SH SRG Evolution with a =0.32 fm*
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Cluster Decomposition

m SRG induces contributions up to the A-body rank
Ho = HIV + HE 4 HIST 4 gl ey A

m SRG in two-body space

2
HNNony,a = Tint + VL,]\LO{

m SRG in three-body space

2 3
HNN+3Nind,or = Tint + VLII]\l,or + VL”]\I,CX

2 3 3
HNN-3Ng, o = Tint + VE\II]\l,or + VE\”]\I,O’ + Vl[\ll]\lN,or
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NCSM “He: SRG Evolution with T
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IT-NCSM '80: SRG Evolution with T
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Block Generator

m Block generator
Go = Tint + Pgen VNN,O(Pgen 0

m In harmonic-oscillator (HO) basis

Dicaire et al. PhysRevC.90.034302

PHO_{1, 2N+LSEgen z

gen |0, else
20

® In momentum basis

pQ — 1, g<Qqgen
gen o, else
0 10 20 30
2N’

Ggo in the 3S;—channel with
Ga — GO Egen == 10

m Additional static versions
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NCSM “He : Two-Body Evolution with HO Block
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NCSM “He : Two-Body Evolution with HO Block
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Egs[MeV]

NCSM “He : Two-Body Evolution with HO Block
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NCSM “He : Two-Body Evolution with HO Block
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NCSM “He : Two-Body Evolution with HO Block
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NCSM “He : Two-Body Evolution with HO Block
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NCSM “He : Two-Body Evolution with HO Block
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dynamic static
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dynamic

static
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-Body Evolution with Q Block

static

dynamic

—22 - \ [
— —24| \\ L
= \
[0}
e S P . S
= Exact
Y o6 R

—28 |- i

1 1 1 1 1 1 1

4He
hw = 24 MeV
a=0.04 fm4

NNOMy

I I I I
2 4 6 8 10 12 14 16 18 20 2 4
Nmax

Bare  Tint  Qgen[fm™'] 1.8 2.0 2.2
o -—m— —— e —

I I I I I
10 12 14 16 18 20
Nmax

Thomas Huther — Institut fir Kernphysik — 1. 9. 2016 — 10




NCSM “He : Two-Body Evolution with Q Block
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NCSM “He : Two-Body Evolution with Q Block
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NCSM “He : Two-Body Evolution with Q Block
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NCSM “*He: Three-Body Evolution with HO Block
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NCSM “*He: Three-Body Evolution with Q Block
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Band Generator

m Band generator
Ga = Tint + Poand VNN, a Pband

m In harmonic-oscillator (HO) basis

Coutts, Navratil et al. in preparation

PO _ o (Eng)

m Parameter Epang determines
width of band

m Analog in momentum space

0 10 20 30
.
2 . .
pa (gb—qd) " GHO in the 3S—channel with
an
band — Eband = 8
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NCSM “He : Band Generator
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NCSM “He : Band Generator
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NCSM “He : Band Generator
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NCSM “He : Band Generator
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NCSM “He : Band Generator
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NCSM “He : Band Generator

NN-+3Ning

NN-+3Niyi

Egs[MeV]

6 8 10 12 14 16 18 20 8 10 12 14 16 18 20 6 8 10 12
Ninax Nimax Ninax
Bare Exact Tint
—o— --- ——
Goana[fm™'] 0.4 0.6 0.8 1.0 1.2 1.4
—%— —x— —x— —x— —x— —x—

Thomas Huther — Institut fir Kernphysik — 1. 9. 2016 — 14

20

“He
hw =20 MeV

a=0.04 fm*




NCSM “He : Band Generator
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NCSM “He : Band Generator
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NCSM “He : Band Generator
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Egs[MeV]

NCSM “He : Band Generator
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IT-NCSM '80: Three-Body Evolution NN+3Np
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Summary and Outlook

m Explored new classes of SRG generators
m Complete implementation of the two- and three-body transformation
m Control balance between convergence and induced many-body forces

m Systematic analysis in various many-body methods

m Spectra of nuclei

m SRG transformation of observables

m Possible alternative to explicit inclusion of 4N forces in SRG framework
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