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No-core shell model

* Transform stationary Schrodinger equation

iInto matrix eigenvalue problem inserting a spherical basis of HO Slater
determinants
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Nmax truncation

* Truncation is needed to obtain finite problem

* Truncate in form of total number of HO excitation quanta

» Recover full Hilbert space with N oy — 00

 Model space space dimension grows combinatorically in A
and Nmax

» NCSM only feasible for light nuclei
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Schematic “C Hamiltonian matrix

 Hamiltonian matrix initially fully occupied

» Need large model space / Npax

 More advantageous structure ((Qasc.

* Fewer correlations in higher excitations

» Faster convergence in Ny




In-medium similarity renormalization group

* Apply unitary transformation to Hamiltonian H(s) = U (s)H(0)U(s)
d

* Carried out by the flow equation &H (s) = [n(s), H(s)]

* Suppress ,,off-diagonal” part of Hamiltonian with increasing s

* Final Hamiltonian in block diagonal/advantageous form

dH — H
o (s) =[n(s), H(s)]
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In-medium no-core shell model

ADb initio iIn medium-mass nuclel

. . . IM-NCSM
* Construct basis using natural orbitals ;Ho

 Perform first, small NCSM computation to obtain reference state

 Run IM-SRG to decouple many-body Hilbert space

* Final NCSM diagonalization is sufficient in small model space

NCSM

* Truncation uncertainties are trade off for convergence l Ban B vl
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Ground-state energy flow “C
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» Perform NCSM diagonalization at soff '12' »
intermediate flow parameters | [ C]

* IM-SRG massively accelerates NCSM
convergence

» Acceleration directly corresponds to
suppression of off-diagonal part of
Hamiltonian
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Non-g.s.-energy observables ..

Radius and 2+ excitation-energy

eV]

2 3.5;

* IM-NCSM applicable to compute several 3'05
observables 251

 Converge faster than g.s. energy

» S determined by Lg g flow




Outlook
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« Derive method uncertainty . -] /\/\/\/ BN =0
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* Find best balance between . o - N
accuracy and numerical ' :: ;
efficiency
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e Reduce truncation uncertainties
to minimum -70;

» Thank you!!
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low evolution - generator comparison
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Why is this advantageous?

V.

w

W

o IfV ={|vrer)}: Schrodinger equation is solved via IM-SRG transformation

* For higher dimensional ): Less information in higher excitations ——> Faster
convergence

« Example: V is N*¢! =2 space, fewer correlation are carried in N, = 4,6, ...
space
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Normal ordering e Ay, g,

<¢ref| @511522 pn |¢I‘ef> 75;522 fnn

 Permute creation/annihilation operators s.t. their expectation value w.r.t reference
state vanishes (Yief| {a?!P2Pr} |¢)rep) = 0

* Wick’s theorem links operators with its normal-ordered counterpart via contractions

* |Information of higher particle ranks Is stored into lower rank part of operators
1
X =V + vaap + = Z VGl + oo ) Vi all
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 Normal-Ordered Two-Body approximation (NO2B)
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Approaching equations of IM-SRG

Particle-hole picture and flow equation

 Decouple reference state from its particle-hole excitations

!
<wref‘H{a1fz}|wref> — }Zzﬁpnh =0

d

H(s)=U'(s)H(0)U(s) +—= T

—H(s) = [n(s), H(s)]
» Various sophisticated generators available

 Magnus approach for evolution of multiple observables
U(s) = exp(—(s))

d — B = 1
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Generators

- Wegner generator leads to stiff flow equation nwegner(s)

- White and imaginary-time generator

n(s) = > (WlH(s)[w) F( (w|H(s)lw) — (| H(s)[v) ) |v) (w| ~ hec..

ne White generator

veV

weW
i -
F(A) = A for t:
sgn(A) for t.

ne 1maginary-time generator.
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- White generator faster, but imaginary-time generator more stable
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