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Outline

In-Medium SRG with generator flow (Magnus method)
Effective operators

Scalar operators in a valence space

Tensor operators
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SRG flow equation (solve for U implicitly):

Wegner Ann. Phys. (1994), White J. Chem. Phys. (2002)

Tsukiyama et al. PRL (2011), Hergert et al. PRC (2013)
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IM-SRG

SRG flow equation (solve for U implicitly):

dH
ds [n(s), H(s)]
U may be found explicitly:

dU

= n()U(s)

Wegner Ann. Phys. (1994), White J. Chem. Phys. (2002)

Tsukiyama et al. PRL (2011), Hergert et al. PRC (2013)
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IM-SRG

SRG flow equation (solve for U implicitly):

dH
ds [n(s), H(s)]
U may be found explicitly:

d
Y = n(s)U(s)
In-Medium SRG — write H relative to |®q)

Wegner Ann. Phys. (1994), White J. Chem. Phys. (2002)

Tsukiyama et al. PRL (2011), Hergert et al. PRC (2013)
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Decoupling the ground state of a closed-shell nucleus

H' = (p| H |h) + (pp| H |hh)

H H =UHU'
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Ep = (Do H' [Ro) = (Wgs| H [Wys)
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Alternative strategy (Magnus expansion):

U=¢"

T. Morris et al. (in preparation)
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IM-SRG

Alternative strategy (Magnus expansion):
U=¢"
U is solved for explicitly:

% =n(s)U(s) = U= et = Tel n(s)ds

T. Morris et al. (in preparation)
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IM-SRG

Alternative strategy (Magnus expansion):
U=¢"
U is solved for explicitly:
% =n(s)U(s) = U= et = Tel n(s)ds

Numerically,

eQn+1 — en(SSeQn
1
Qn+1 =Qp + 775‘9 + 565 [%Qn} +..
T. Morris et al. (in preparation)
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Advantages of explicit construction of U

Implicit: Explicit:

- d Q AnGs S
st)_ A~ X UNzeNzenN e ¢N—-1
B = [i(s), A (s)|

fIN = eQNI:IOe_QN
Truncation error accumulates Unitary as long as = —Qf.
— loss of unitarity Error only in final application of U
Fast transformation of operators.
Operators must be co-evolved, Write Q) to file, transform
or need separate routines to operators later.

calculate UOUT Everything uses same commutator

expressions.
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Comparison of solution methdods

Ground state energy
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Comparison of solution methdods
Two-body piece of generator 1!
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Comparison of solution methdods

Two-body piece of generator n(?
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Comparison of solution methdods

Two-body piece of generator n(?
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Examples: *He and 60

Comparison with importance-truncated no-core shell model
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Decoupling a shell model valence space

Hd = (p| H |h) + (pp| H |hh) + (q| H

v) + (pq| H |vv) + (pp| H |hv)

q
p Hsn [¥sn) = E [Ysr)
o v and
— (O) = (Usnr| Osar [Wsur)
)< 20 Y
0000 _ 0000 A
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Example: SLi

Comparison with importance-truncated no-core shell model
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Example: SLi

Comparison with importance-truncated no-core shell model
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“Observables”

“Observables” from evolved operators

O =UoU"
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“Observables”: occupation number

N3LO A=2.0 fm™, hw=24 MeV
Nmax = 6
Hartree-Fock
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“Observables”: occupation number

_ oh
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“Observables”: occupation number
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“Observables’:

occupation number
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“Observables”: proton density

pr) =3 fie; |di(r)|?

160

e 0.15F

> — IM-SRG
= i

o

S i

i=]

o

S 005

Ragnar Stroberg (TRIUMF) Effective Operators w/ IMSRG



3.0

160 N*LO, NN only o * IMSRG

- - Experiment||

N
®

N
fe))

N
N

RMS charge radius (fm)
N
N

2.0
1.8
1.6
0 2 4 6 8 10
Emam

Ragnar Stroberg (TRIUMF) Effective Operators w/ IMSRG February 20, 2015



Electric monopole transitions

N 2
1= 5 ¥|pEol V)l

electronic nuclear

NN | 2
pEONWZeiri
K3
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Electric monopole transitions

N 2
1= 5 ¥|pEol V)l

electronic nuclear

NN | 2
pEONWZeiri
K3

In a single major HO shell, [(¥ |pEo ) |* o di
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Electric monopole transitions

N 2
1= 5 ¥|pEol V)l

electronic nuclear

NN | 2
pEONWZeiri
K3

In a single major HO shell, [(¥ |pEo ) |* o di

e (ppo) e = pro + [, pro] + - - -
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Electric monopole transitions

NN only, and not converged.
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Commutator relations for tensor operators

Normal ordered operators in a J-coupled basis

10t e ™ = 0* + [Q,0%] + % [Q,[Q,0M] +...
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Commutator relations for tensor operators

Normal ordered operators in a J-coupled basis

1

POt = 0% + [0, 0% + 5 [, [, 0M] +

~2
(X, Y], = Z(na = mp)Ja (XabYoa) + ) Z nanpiena) Xabchc{lab
ab abcdJ

4

[X, Y], = [X,Y]y a0
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Commutator relations for tensor operators

+ = Z — ) (Xabe{aj - YabXé]mj)
Eiryt
1 N
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Commutator relations for tensor operators (two body)

(X, Yh-]jkl = Pi; Py Z (XmY kL~ Yianjkl)
+ = Z — Yo — Y X2
b 7]ab abkl = ‘ijab“*abkl

22 [ 7 Ji J S7 g
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Commutator relations for tensor operators

Results?
Coming soon. ..
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@ IM-SRG provides a formally straight-forward framework to calculate
properties of medium-mass nuclei

Effective valence-space interactions and operators open the door to
excited states and open-shell systems

The Magnus expansion method has several attractive features

FEO transition rates can be handled in the shell model

Tensor operators coming soon

Collaborators:

SR TRIUMF Calci, J Holt, P Navratil

©
@HNSCL/MSU S Bogner, H Hergert, T Morris, N Parzuchowski

s

TU Darmstadt A Schwenk
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Appendix
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A

How to choose ()7

A toy problem:

v (€1 hod ~ (0 0 g _ [ cosf sind
H_(hod 62)' Q_(—G O)' © T \—sind cos

Qe — (€ cos? 0 + ez sin? 0 + hsin 260 Rod c0s 20 + 251 sin 20
B hoq cos 20 + <5 sin 20 €9 c082 0 + € sin® 0§ — hsin 260

'.—0 = 0=1tan™! (%7001)

€1—€2

hod
€1—€2

<l = 0O=

S. R. White, J. Chem Phys. 117, 7472 (2002)
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Induced forces and normal ordering (in-medium SRG)

) J { J
H Q
k l k l
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Induced forces and normal ordering

(in-medium SRG)

1- body 2-body 3-body
) 1 ®) ot
Hpree = Zt”a a; + (2) ZVJMa a;arar + @2 Z Vuklmn i ;A OnAmay
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