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truncation errors in the IMSRG
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In-Medium Similarity Renormalization Group (IMSRG)

e H(s) = U(s)HU ()
H=H"+H"
dH
SRe v = [n(s), H(s)]
ds

equation

U(s) ’

H(s) - 0

Ragnar Stroberg University of Notre Dame 2



How do we estimate the truncation error?

Flow Magnus

dH
ke [, H] H(s) = e He ™)
\)

— H+ [Q,H]+%[Q, Q. H +...

Assume €2 is given (and only 2-body).
How accurately are we evaluating H(s)?

Ragnar Stroberg University of Notre Dame 3



Magnus IMSRG
H(s) = e He™ )

1
= H+[Q,H] +%[Q, [Q2, H]] +?[Q, [Q,[Q,H]]]+ ...

[2.2]p  [2.2];  [2.2], [2.2]5

Ragnar Stroberg University of Notre Dame



Why is it ok to throw away 3-body terms?

NOODb NO1b NO2b NO3b

® K

3770 271 1772 PN
~ A N, ~ AN, ~ AN, ~ AN,

= PP

! Systematic if N, < Al

Ragnar Stroberg University of Notre Dame



When doesn’t that work?

1) Bulk contribution is not additive 2) Flowing 3b feeds back into 0,1,2b

e.g. magnetic moment,
excitation energy

il

Ragnar Stroberg University of Notre Dame 6



The IMSRG(3/,) approximation

[, [Q,H] =[Q,[Q,H], 5o, + [, [Q,H]s], » +M A
—— e
IMSRG(2)  IMSRG(3,)
| |
[+ : " :
“é < Q Q
Bingcheng He 7 | |
N,
~ N° scaling > N scaling

Ragnar Stroberg University of Notre Dame



E (MeV)
PN R

w

— Exp.
8 AC —e— IMSRG(2)
| —=— IMSRG(3f,)
8

4.0 A
s | 1S
_3.01
S
225
2.0
1.51 -
1.0

48 56 64 ‘ 72
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The IMSRG(3f,) approximation

[ ] [ ]
4-!- E -
x L] :
17.5 1 0 : : 1 2C
Z . -
) : 4+ 41
= — 0
1+ M
! : : 1+
12.54 : : 13 !
> :
= 10.0 A
w :
7.5 - :
3
5.0 27
: ; 21 21
25+ -87.39 : :-83.22 i -85.24
5 (-1.39)
: N N D > A
SR\ v\@ Ol & &
: Q@Q. N é&g’ & o &
R eenennd ; (OQS? N <2 G)Q~o \@O)
2 S &
B.C. He and SRS PRC 110 044317 (2024)
best
calculation
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Beyond 2 nested commutators: assessing importance

[€2, [€2, [, H]]]

Q Q
, L Butisit ¢
% negligible? |
(Actually, it can be factorized

i E to N5+N>+N6, but there are
hundreds of different
diagrams.)

[27[27[292]2]2]2 [2,[23[292]3]4]2
~ N© ~ N°
9
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Features that may affect the importance a diagram

oologlcal coherence (Independent of H
« Dynamical coherence (depends on H)
« Compatibility with form of €2 (e.g. pphh)

« (Approximate) symmetries like SU(4) =loop enhancement

Ragnar Stroberg University of Notre Dame 10



Coherent enhancement

(z) = pN

62 = (1+p*)N

X;, y; are Gaussian

N
random variables with = Z X;V; mw—&
i=1

o = 1, covariance p

(%) =(2)* + o7

Expected size of z:

(72)112 = \/N» p=0
NN, p:l

p=1

= enhancement by \/N

—N 0 N 2N

Ragnar Stroberg University of Notre Dame



Topological coherence (plus some symmetry)

—enhance triple connections

R

2
Xii ~ 2 Qiabcgbcai - = Z |Qiabc| Xii ~ Z Qiabchcai
abc abc abc
coherent ~ ns3p — ngf iIncoherent

Ragnar Stroberg University of Notre Dame 12



Nested commutators dominated by many-body intermediates

101 A 102 5
101': ]
=8 =3 =8 nl _
£ = 2 [QH " = [Q,...[Q,H]
a 10° 4 a a 101 - — —r
— 1 —_— 100 i == ] i’l-fOld
nested
181 4 ~H- IMSRG(2) 5251
&~ IMSRG(3f2) 520 4
180 4 —e— IMSRG(3n7)
515 -
179 = 510 A n 1
=2 [n] [m]
178 I 505 1 \‘ﬁ__E__E__.E.__D H == _'[Q’H]
= mi
177 - 500 1 m=0
495 -
176
490 -
T T T T T T T 175- T T T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
n

Ragnar Stroberg University of Notre Dame 13



Contributions to [€2, [€2, [€2, H]]],,

max 2b intermed.

0.8 - Y% triple contraction

Included at
IMSRG(2)

Calculations Performed bé/ ND
a

undergraduate Victor Vai
Ragnar Stroberg

100 , 150

Included at
IMSRG(?)fz)

max 3b intermed.

*

200 250

max 4b intermed.

¥R ¥ %

Diagram 07
50 1
40 A
€
S 30
coherent sum —=_

20

coherent Y

— \..

o)
| actual suM ___ 1y .
incoherent sum — — —

0 2Ib 3Ib 4Ib 14
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Qbeta

Qﬂ values for nucleosynthesis

16 A
147 Andre Johnson
12 -
10 -
8 Mass Models
—&— IMSRG2 EM1.8_2.0
~®— IMSRG2 N3LO EM500
61 —e— IMSRG2 DNNLOgo
—&— IMSRG2 EM7.5
4 { —®— IMSRG2 PWA2.0
—o— EXP
45 46 47 48 49 50
z
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Proton (Z) #

51_|

50_]

49__|

48__|

47__

46__|

45__]

44_ |

sh s 8

Neutron (N) #

15

a



Ragnar Stroberg

Change in Qb over Qb

0.6 - o @
0.5 1 . o
°
0.4 - \ /
03] ¢ 13280 — 132Sh
0.2 = .\\~~\\ l
-—- Slopeof-2 = [
® T~o
0.1 1 I} Magic N‘\\~ . @ - 5—R
® LNL - “~9 0 R
0.04 ® DNNLOgo g DL
® EM75 ® \‘g\
01/ ® PwA20 °
-0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02
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Change in R over R
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Qbeta

Mass Models
ul —e— IMSRG2 EM1.8_2.0
~®- IMSRG3f2 EM1.8_2.0

12 -
ol ONWFTNN

8 1

6 -

4 4

45 a6 a7 a8 49
z

Ragnar Stroberg

University of Notre Dame

IMSRG(3f2)
correction
Kills pairing?
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Summary

Truncating nested commutators does not seem to be
an especially efficient approximation

Triply-connected operators, including terms nominally
part of IMSRG(4), appear to also be important at 3
nested commutators.

€25, can usually be treated perturbatively, once we
have it. But obtaining it may require nonperturbative
evaluation.

Systematic behavior of Qﬂ values exhibit a strong

dependence on the nuclear radius, which can be
understood from a simple square well.

IS

N U.S. DEPARTMENT OF OfflCe Of

X
EN ERGY Science
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Additional slides
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50

3b

4b

Diagram
max 2b intermed. max 3b intermed.
10
8
£
S 67
2
4

Norm

204

104

Norm

0 5 10 15 20 25 30
Diagram
max 2b intermed. max 3b intermed. max 4b intermed.

1.0 A . * %
0.8 A
0.6 - . P .
0.4 - 3 "
0.2 - AH | | AH
0.0

0 50 100 150 200 250 300 350

Diagram

Ragnar stronerg university or Notre vame

Norm




Analogy with large N_?

Wigner SU(4): & ? 6 ? N =4

C
non-planar diagram planar diagram
Q
Q) Q
Q, Q
H

Ragnar Stroberg ¢ University of Notre Dame



Compatibility with form of €2

Q ~Y V o A (single reference)

mpossible: Beyond 2 nested commutators, need
some of the (2s to have 0 connections.
For k nested commutators, need

~ k/?2 disconnected pairs = 0s in the
adjacency matrix.

Ragnar Stroberg University of Notre Dame 22



Dynamical coherence (approximate separability)

M1
1_‘ijkl ~ Z Qidabgabclrcjkd
abcd

if C is separable,i.e. Q_, ., =V V., (0r v, v,

ijkl ™ Z VidVapVabVell cjka
abcd

Expect an enhancement

VI ~\Jo, = n,

per double connection

FIII

Ragnar Stroberg University of Notre Dame 23



Q
double
contractions Q
(Q)
?
H
(Assuming € is
perfectly separable) 2)

Ragnar Stroberg

[€2, [€2, [€2, H]]]

Q
triple
contraction
Q
H
3/2
~Y nsp

University of Notre Dame
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307 [Q, Hl2p

score
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_ O O W

10 A

Each dot represents a directed graph

[Q, [Q, H112s °
(o]

8 o

0 1 2 3

score
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1.0~

0.8 A

0.6 A

0.4 -

1 score = %2 (all entries > 1)

[Q, [Q, [Q, H]]]2p

D @O0 O o

0.2 g

0.0

GDEEENID OO O

O M aBO®

score
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[Qa [Qa [Qa H]]]Zb

p-shell
decoupling

15 - score=3
10 A
] [
0 i .
4 -
score=4
2 _
0 - T T T
0.2 0.4 0.6 0.8 1.0
Norm
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