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Your daily source of depression…

Many-body theory is (to a large extent):
Wick’s theorem, symmetry reduction and tensor contractions
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Hors d’œuvre

Development process in many-body theory

Formalism

Truncation 
scheme

Schematic
implementation

time

Formal stage ProductionTesting

Optimisation

Symmetry 
reduction 

up to several years ~ 6 months ~ 6 months ~ 6 months

Testing of (potentially great) ideas can easily take 2 years of work!

Reduction
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Hors d’œuvre

Development process in many-body theory

Formalism time

Formal stage ProductionTesting
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Symmetry 
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Gorkov ADC(2)Gorkov ADC(3)

CCSD (T)CCSDT (Q)

(MR-)IMSRG(2)MR-IMSRG(3) IMSRG(3)
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Hors d’œuvre

Development process in many-body theory

Formalism

Truncation 
scheme

time

Formal stage ProductionTesting

Optimisation

Symmetry 
reduction 

Schematic
implementation

ADG
‘Automated Diagram Generator’

Arthuis et al., CPC 240:202-227
missing link(s)

Reduction
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RADNUT

RApid Development toolkit for NUclear Theory

Formalism

Truncation 
scheme

time

Formal stage ProductionTesting

Optimisation

Symmetry 
reduction 

Schematic
implementation

ADG
‘Automatic Diagram Generator’

Arthuis et al., CPC 240:202-227

AMC
‘Angular-Momentum Coupling’

Tichai, Wirth, Ripoche, Duguet  
arXiv:2002.05011

ADG + AMC
All J-coupled expressions at 5-th order 

BMBPT derived in a few seconds 
(takes even experts months by hand!)

Reduction

https://github.com/radnut
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Outline

Many-body theory and symmetry reduction

Angular-momentum coupling

• States, operators and tensor networks

• Graph-theory-based reformulation 

The AMC program 

Future perspectives
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Interplay of symmetries

• Mathematically encoded via linear representations of symmetry groups ( SU(2), U(1), Z2, … )

[H,U(g)] = 0 (8g 2 G)
<latexit sha1_base64="5tKRi+yuxQmEtg6yU3I51XZhdic=">AAACEXicbVDLSgNBEJz1GeMr6tFLYxASkLAbRb0IAQ/mGME8ILuE2dlJMmR2dp2ZFcKSX/Dir3jxoIhXb978GyePgyYWNBRV3XR3+TFnStv2t7W0vLK6tp7ZyG5ube/s5vb2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0B9djv/lApWKRuNPDmHoh7gnWZQRrI3VyhTZU4QTqhV4RPLiywb1PcAAFtxtJzDn0wGUCborZTi5vl+wJYJE4M5JHM9Q6uS83iEgSUqEJx0q1HTvWXoqlZoTTUdZNFI0xGeAebRsqcEiVl04+GsGxUQIwN5gSGibq74kUh0oNQ990hlj31bw3Fv/z2onuXnopE3GiqSDTRd2Eg45gHA8ETFKi+dAQTCQztwLpY4mJNiGOQ3DmX14kjXLJOS2Vb8/ylfNZHBl0iI5QATnoAlVQFdVQHRH0iJ7RK3qznqwX6936mLYuWbOZA/QH1ucPzwKZOA==</latexit>

• Symmetries encode fundamental invariances of a (quantum-mechanical) system
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[H,U(g)] = 0 (8g 2 G)
<latexit sha1_base64="5tKRi+yuxQmEtg6yU3I51XZhdic=">AAACEXicbVDLSgNBEJz1GeMr6tFLYxASkLAbRb0IAQ/mGME8ILuE2dlJMmR2dp2ZFcKSX/Dir3jxoIhXb978GyePgyYWNBRV3XR3+TFnStv2t7W0vLK6tp7ZyG5ube/s5vb2GypKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0B9djv/lApWKRuNPDmHoh7gnWZQRrI3VyhTZU4QTqhV4RPLiywb1PcAAFtxtJzDn0wGUCborZTi5vl+wJYJE4M5JHM9Q6uS83iEgSUqEJx0q1HTvWXoqlZoTTUdZNFI0xGeAebRsqcEiVl04+GsGxUQIwN5gSGibq74kUh0oNQ990hlj31bw3Fv/z2onuXnopE3GiqSDTRd2Eg45gHA8ETFKi+dAQTCQztwLpY4mJNiGOQ3DmX14kjXLJOS2Vb8/ylfNZHBl0iI5QATnoAlVQFdVQHRH0iJ7RK3qznqwX6936mLYuWbOZA/QH1ucPzwKZOA==</latexit>

• Symmetries encode fundamental invariances of a (quantum-mechanical) system

• Symmetry groups affect many-body treatment at various stages of the formalism

Computational
basis

Reference 
state

Hamiltonian

Gbas
<latexit sha1_base64="I+kx0c3erLqj22n6fJlCdHTgYl8=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oMeCBz1WsB/QXUo2TdvQbHZJZsWy9G948aCIV/+MN/+NabsHbX0w8HhvJpl5YSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkgNl0LxJgqUvJNoTqNQ8nY4vpn57UeujYjVA04SHkR0qMRAMIpW8m97PvInzOwT016p7FbcOcgq8XJShhyNXunL78csjbhCJqkxXc9NMMioRsEknxb91PCEsjEd8q6likbcBNl85yk5t0qfDGJtSyGZq78nMhoZM4lC2xlRHJllbyb+53VTHFwHmVBJilyxxUeDVBKMySwA0heaM5QTSyjTwu5K2IhqytDGVLQheMsnr5JWteJdVqr3tXK9lsdRgFM4gwvw4ArqcAcNaAKDBJ7hFd6c1Hlx3p2PReuak8+cwB84nz9hQ5Hd</latexit>

Gref
<latexit sha1_base64="tQo6uGq7kxxckNlnnZvW0eBJdW8=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4Kkkt6LHgQY8V7Ac0pWy2k3bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqOTR5LGPdCZgBKRQ0UaCETqKBRYGEdjC+mfntR9BGxOoBJwn0IjZUIhScoZX8276P8ISZhnDaL5XdijsHXSVeTsokR6Nf+vIHMU8jUMglM6bruQn2MqZRcAnTop8aSBgfsyF0LVUsAtPL5jdP6blVBjSMtS2FdK7+nshYZMwkCmxnxHBklr2Z+J/XTTG87mVCJSmC4otFYSopxnQWAB0IDRzlxBLGtbC3Uj5imnG0MRVtCN7yy6ukVa14l5Xqfa1cr+VxFMgpOSMXxCNXpE7uSIM0CScJeSav5M1JnRfn3flYtK45+cwJ+QPn8wdsCpHk</latexit>

GHam
<latexit sha1_base64="hMcsqPLDQHDepYx+tQRmtae28S4=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqezWgh4LHuyxgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1PY2Nza3inulvb2Dw6PyscnHROnmrI2jUWseyExTHDF2sBBsF6iGZGhYN1wcjv3u49MGx6rB5gmLJBkpHjEKQEr+XcDH9gTZE0iZ4Nyxa26C+B14uWkgnK0BuUvfxjTVDIFVBBj+p6bQJARDZwKNiv5qWEJoRMyYn1LFZHMBNni5hm+sMoQR7G2pQAv1N8TGZHGTGVoOyWBsVn15uJ/Xj+F6CbIuEpSYIouF0WpwBDjeQB4yDWjIKaWEKq5vRXTMdGEgo2pZEPwVl9eJ51a1buq1u7rlUY9j6OIztA5ukQeukYN1EQt1EYUJegZvaI3J3VenHfnY9lacPKZU/QHzucPMG+RvQ==</latexit>

‘unperturbed Hamiltonian’
(e.g. spherical HO/HF)

unperturbed A-body vacuum
(Slater, NCSM, Bogoliubov, ….)
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• Symmetries encode fundamental invariances of a (quantum-mechanical) system

• Simplifications can be done in the case where a common symmetry group exists

Gsym = GHam = Gbas = Gref
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• Symmetry groups affect many-body treatment at various stages of the formalism
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Symmetry reduction

• Starting point for many-body theories is a symmetry-unrestricted tensor network (SU-TN)

Rabij = ...+
X

kl

X

cd

Hklcdtdjtaktcbil + ...

<latexit sha1_base64="CLDJXVb0thBCpZDfNaxaAIlI6Ns="></latexit>

internal summations
(contractions)

external indices

symmetry-unrestricted tensors (SU-T’s)

(CCSD residual)

holes: i,j,k,l,… 
particles: a,b,c,d,…
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Symmetry reduction

• Starting point for many-body theories is a symmetry-unrestricted tensor network (SU-TN)
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X
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internal summations
(contractions)

external indices

symmetry-unrestricted tensors (SU-T’s)

• Symmetry reduction mediated by transformation generating symmetry-restricted tensors (SR-T)

Tk1...kn

fGsym������! T̃�
k̃1...k̃n

<latexit sha1_base64="dJnDazv0bmIa+X60ALLzsU4lZhU="></latexit>

X

k

A...k...B...k...C...k...
fGsym�����!

X

�k̃

Ã�
...k̃...

B̃�
...k̃...

C̃�
...k̃...

<latexit sha1_base64="eogyQuta/dZttJ9WQrQ9ZbnUjcM="></latexit>

(CCSD residual)

holes: i,j,k,l,… 
particles: a,b,c,d,…
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(CCSD residual)

• Storage and runtime requirements are reduced by (up to) several orders of magnitudes

holes: i,j,k,l,… 
particles: a,b,c,d,…
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(CCSD residual)

• Storage and runtime requirements are reduced by (up to) several orders of magnitudes

holes: i,j,k,l,… 
particles: a,b,c,d,…

• Many-body objects are manifestly invariant with respect to symmetry properties 

Symmetry conservation throughout numerical solution
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SU(2) symmetry

• SU(2) symmetry encodes rotational invariance of quantum objects

|ki ⌘ |nk, lk, jk, tk,mki = |k̃,mki
<latexit sha1_base64="4KrVf+KJ3MXBR53Hmb3dQ+VEzsU="></latexit>
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• SU(2) symmetry encodes rotational invariance of quantum objects

|ki ⌘ |nk, lk, jk, tk,mki = |k̃,mki
<latexit sha1_base64="4KrVf+KJ3MXBR53Hmb3dQ+VEzsU="></latexit>

• Definition of angular-momentum-coupled states from symmetry transformation 

|k1i ⌦ |k2i
fSU(2)�����! |k̃1k̃2(J)i ⌘

X

mk1mk2

✓
jk1 jk2 J
mk1 mk2 M

◆
|k1k2i

<latexit sha1_base64="q7vv4oJHWvLHXssBjC786FOENnc="></latexit>
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k̃1k̃2k̃3k̃4
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X
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0

mk3 mk4 M
0

◆

<latexit sha1_base64="QzUBs9Q+i3TiLuuN/8pOJDr/v4g="></latexit>

• Symmetry-restricted tensors: angular-momentum-coupled matrix elements
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• Symmetry-restricted tensors: angular-momentum-coupled matrix elements

• SU(2)-irreducible tensor operators can be processed via Wigner-Eckart theorem

h⇠1j1m1|T J
M |⇠2j2m2i = (�1)2J

1

|̂1

✓
j2 J j1
m2 M m1

◆
(⇠1j1|TJ |⇠2j2)

<latexit sha1_base64="By7xh+qoxO1KMQZGIlPtSDeHUrI="></latexit>
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<latexit sha1_base64="By7xh+qoxO1KMQZGIlPtSDeHUrI="></latexit>

• Analogous treatment can be performed for more complicated Lie groups and algebras

“The many-nucleon theory of collective structure and its macroscopic limits: an algebraic perspective’’ 
Rowe, McCoy, Caprio, Phys. Scr. 04961 (2016) 



March 2020A. Tichai — Automated Angular-Momentum Coupling in Many-Body Theory

Intermezzo - IMSRG(2)

• m-scheme expression of IMSRG(2) flow arising from two two-body operators S and T

Parzuchowski, Morris, Bogner, PRC 95, 044304 (2017)

• Plugging in all Clebsch-Gordan coefficients in the case of non-scalar operators yields

(p̃q̃J1|C�|r̃s̃J2) =
1

2

X

µ1µ2µ

X

{mi}

X

J1,...,J6
M1,...,M6

1

Ĵ1Ĵ3Ĵ5

✓
�1 �2 �
µ1 µ2 µ

◆

⇥
✓
jp jq J1
mp mq M1

◆✓
jr js J2
mr ms M2

◆✓
J2 � J1
M2 µM1

◆

⇥
✓
jp jq J3
mp mq M3

◆✓
jt ju J4
mt mu M4

◆✓
J4 �1 J3
M4 µ1 M3

◆

⇥
✓
jt ju J5
mt mu M5

◆✓
jr js J6
mr ms M6

◆✓
J6 �2 J5
M6 µ2 M5

◆

⇥ n̄t̃n̄ũ(p̃q̃J3|S�1 |t̃ũJ4)(t̃ũJ5|T�2 |r̃s̃J6)
<latexit sha1_base64="r/Cg6x6R48fRffwB60QGg16y9i8="></latexit>

from
Wigner-Eckart 

theorem

reduced
matrix elements

Cpqrs =
1

2

X

tu

n̄tn̄uSpqtuTturs

<latexit sha1_base64="R7U5WjT1MWCGgw5SSkVbLlI0IqM="></latexit>
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Intermezzo - IMSRG(2)

• m-scheme expression of IMSRG(2) flow arising from two two-body operators S and T

Parzuchowski, Morris, Bogner, PRC 95, 044304 (2017)

• Plugging in all Clebsch-Gordan coefficients in the case of non-scalar operators yields

• IMSRG(3) involves ~100 additional terms with more even more couplings coefficients  

More systematic solution required !

(p̃q̃J1|C�|r̃s̃J2) =
1

2

X

µ1µ2µ

X

{mi}

X

J1,...,J6
M1,...,M6

1

Ĵ1Ĵ3Ĵ5

✓
�1 �2 �
µ1 µ2 µ

◆

⇥
✓
jp jq J1
mp mq M1

◆✓
jr js J2
mr ms M2

◆✓
J2 � J1
M2 µM1

◆

⇥
✓
jp jq J3
mp mq M3

◆✓
jt ju J4
mt mu M4

◆✓
J4 �1 J3
M4 µ1 M3

◆

⇥
✓
jt ju J5
mt mu M5

◆✓
jr js J6
mr ms M6

◆✓
J6 �2 J5
M6 µ2 M5

◆

⇥ n̄t̃n̄ũ(p̃q̃J3|S�1 |t̃ũJ4)(t̃ũJ5|T�2 |r̃s̃J6)
<latexit sha1_base64="r/Cg6x6R48fRffwB60QGg16y9i8="></latexit>

from
Wigner-Eckart 

theorem

reduced
matrix elements

Cpqrs =
1

2

X

tu

n̄tn̄uSpqtuTturs

<latexit sha1_base64="R7U5WjT1MWCGgw5SSkVbLlI0IqM="></latexit>
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Diagrammatic notation

• Introduction of diagrammatic notion of angular-momentum-coupling objects

�
 

j1 j2 j3
m1 m2 m3

!
=

j3m3

j1m1

j2m2

. Vertex of 
degree threeWigner 

3jm-symbol
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Diagrammatic notation

• Introduction of diagrammatic notion of angular-momentum-coupling objects

�
 

j1 j2 j3
m1 m2 m3

!
=

j3m3

j1m1

j2m2

. Vertex of 
degree threeWigner 

3jm-symbol

• Contractions among vertices correspond to summation over projection quantum numbers

� �j3

j2m2

j1m1

j10m10

j20m20

� j3m3

j2m2

j1m1

�j3m3

j10m10

j20m20
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Diagrammatic notation

• Introduction of diagrammatic notion of angular-momentum-coupling objects

�
 

j1 j2 j3
m1 m2 m3

!
=

j3m3

j1m1

j2m2

. Vertex of 
degree threeWigner 

3jm-symbol

• Wigner nj-symbols yield irreducible topologies with 2,4,6,… vertices and 3,6,9,… summations

+

+ +

+

j2 j3

j1

j4

j6 j5

+

� �

+ +

�

j1

j7

j8

j3

j6

j5

j4

j9

j2

+ �j3

j1

j2

3j-symbol
(triangular inequality) 6j-symbol 9j-symbol

• Contractions among vertices correspond to summation over projection quantum numbers

� �j3

j2m2

j1m1

j10m10

j20m20

� j3m3

j2m2

j1m1

�j3m3

j10m10

j20m20
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IMSRG(2) - revisited

� +

+ �

�

�

�

+

� +

jp

jq
J3

jr

js

J6

J1

J2

�

�1

�2

jtju

J4

J5

Single-particle 
angular momenta

Two-body
total angular momenta

Spherical tensor ranks

Angular-momentum network (Yutsis graph)

Subdiagram
(apply 2-cycle rule)
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Reduction rules

• Reduction rules simplify the Yutsis graph while inducing irreducible 3nj-Wigner symbols
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Reduction rules

• Reduction rules simplify the Yutsis graph while inducing irreducible 3nj-Wigner symbols

� + =

n
j1 j2 j3

o

|̂23

j1

j2

j3m3 j30m30 j3m3

• 2-cycle rule: Simplest reduction corresponds to orthogonality relation
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Reduction rules

• Reduction rules simplify the Yutsis graph while inducing irreducible 3nj-Wigner symbols

� + =

n
j1 j2 j3

o

|̂23

j1

j2

j3m3 j30m30 j3m3

• 2-cycle rule: Simplest reduction corresponds to orthogonality relation

�

� �
j3m3 j2m2

j1m1

j4

j6j5
=

(
j1 j2 j3
j4 j5 j6

)
+

j3m3

j2m2

j1m1

• 3-cycle rule: generation of 6j-symbol from removing three summations
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Reduction rules

• Reduction rules simplify the Yutsis graph while inducing irreducible 3nj-Wigner symbols

� + =

n
j1 j2 j3

o

|̂23

j1

j2

j3m3 j30m30 j3m3

• 2-cycle rule: Simplest reduction corresponds to orthogonality relation

�

� �
j3m3 j2m2

j1m1

j4

j6j5
=

(
j1 j2 j3
j4 j5 j6

)
+

j3m3

j2m2

j1m1

• 3-cycle rule: generation of 6j-symbol from removing three summations

� �

� �
j2m2 j1m1

j3m3 j4m4

j5

j8j6

j7

=
X

jx

(�1) j7� j1� j4� j5 |̂2x

(
j1 jx j4
j7 j8 j5

)(
j2 jx j3
j7 j6 j5

)
⇥ + �jx

j2m2

j3m3

j1m1

j4m4

• 4-cycle: generation of two 6j-symbols and an additional dummy summation



March 2020A. Tichai — Automated Angular-Momentum Coupling in Many-Body Theory

Reduction rules

• Reduction rules simplify the Yutsis graph while inducing irreducible 3nj-Wigner symbols

� + =

n
j1 j2 j3

o

|̂23

j1

j2

j3m3 j30m30 j3m3

• 2-cycle rule: Simplest reduction corresponds to orthogonality relation

�

� �
j3m3 j2m2

j1m1

j4

j6j5
=

(
j1 j2 j3
j4 j5 j6

)
+

j3m3

j2m2

j1m1

• 3-cycle rule: generation of 6j-symbol from removing three summations

� �

� �
j2m2 j1m1

j3m3 j4m4

j5

j8j6

j7

=
X

jx

(�1) j7� j1� j4� j5 |̂2x

(
j1 jx j4
j7 j8 j5

)(
j2 jx j3
j7 j6 j5

)
⇥ + �jx

j2m2

j3m3

j1m1

j4m4

• 4-cycle: generation of two 6j-symbols and an additional dummy summation

• Higher-order rules do exist but where never encountered in any application
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IMSRG(2) - revisited

� +

+ �

�

�

�

+

� +

jp

jq
J3

jr

js

J6

J1

J2

�

�1

�2

jtju

J4

J5

Single-particle 
angular momenta

Two-body
total angular momenta

Spherical tensor ranks

Angular-momentum network (Yutsis graph)

Subdiagram
(apply 2-cycle rule)

(p̃q̃J1|C�|r̃s̃J2) =
1

2
�̂(�1)J1+J2+�

X

J3

⇢
�1 �2 �
J2 J1 J3

�X

t̃ũ

n̄t̃n̄ũ(p̃q̃J1|S�1 |t̃ũJ3)(t̃ũJ3|T�2 |r̃s̃J2)
<latexit sha1_base64="gTKuFdDetBqAF3COisyytPB5wG4="></latexit>

Final result



March 2020A. Tichai — Automated Angular-Momentum Coupling in Many-Body Theory

Intrinsic workflow

• Symmetry transformation: replace m-scheme expression via J-scheme matrix elements 

• Canonicalization: transform all Clebsch-Gordan coefficients to Wigner 3jm-symbols

✓
j1 j2 j3
m1 m2 m3

◆
⌘ 1

|̂1
(�1)j2�j3�m1

✓
j1 j2 j3

�m1 m2 m3

◆

<latexit sha1_base64="QDPu1gB+MGXPKzYInhv553YSB2Q="></latexit>
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Intrinsic workflow

• Symmetry transformation: replace m-scheme expression via J-scheme matrix elements 

• Canonicalization: transform all Clebsch-Gordan coefficients to Wigner 3jm-symbols

• Formation of Jutsis graph: build contractions from internal summation  

Output: cubic angular-momentum network

✓
j1 j2 j3
m1 m2 m3

◆
⌘ 1

|̂1
(�1)j2�j3�m1

✓
j1 j2 j3

�m1 m2 m3

◆

<latexit sha1_base64="QDPu1gB+MGXPKzYInhv553YSB2Q="></latexit>
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Intrinsic workflow

• Symmetry transformation: replace m-scheme expression via J-scheme matrix elements 

• Canonicalization: transform all Clebsch-Gordan coefficients to Wigner 3jm-symbols

• Formation of Jutsis graph: build contractions from internal summation  

Output: cubic angular-momentum network

✓
j1 j2 j3
m1 m2 m3

◆
⌘ 1

|̂1
(�1)j2�j3�m1

✓
j1 j2 j3

�m1 m2 m3

◆

<latexit sha1_base64="QDPu1gB+MGXPKzYInhv553YSB2Q="></latexit>

• Symmetry reduction: search for closed subgraphs in the angular-momentum network

Application of 2-, 3- and 4-cycle rules

1

|̂global
· �global

<latexit sha1_base64="jzxRxrP167Sbk2wQqon7utRFRnA="></latexit>

keep track of 
global prefactor
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Intrinsic workflow

• Symmetry transformation: replace m-scheme expression via J-scheme matrix elements 

• Canonicalization: transform all Clebsch-Gordan coefficients to Wigner 3jm-symbols

• Output: generation of abstract syntax tree containing the symmetry-reduced tensor network 

Many-body framework written in terms of SU(2)-invariant objects

• Formation of Jutsis graph: build contractions from internal summation  

Output: cubic angular-momentum network

✓
j1 j2 j3
m1 m2 m3

◆
⌘ 1

|̂1
(�1)j2�j3�m1

✓
j1 j2 j3

�m1 m2 m3

◆

<latexit sha1_base64="QDPu1gB+MGXPKzYInhv553YSB2Q="></latexit>

• Symmetry reduction: search for closed subgraphs in the angular-momentum network

Application of 2-, 3- and 4-cycle rules

1

|̂global
· �global

<latexit sha1_base64="jzxRxrP167Sbk2wQqon7utRFRnA="></latexit>

keep track of 
global prefactor
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How to work with AMC

• Text file: specify tensor mode, tensorial properties and LaTeX output

declare C { mode=(2,2), latex="C", scalar=False }
declare S { mode=(2,2), latex="S", scalar=False }
declare T { mode=(2,2), latex="T", scalar=False }
declare nbar { mode=2, diagonal=true, latex="\bar{n}" }
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How to work with AMC

• Text file: specify tensor mode, tensorial properties and LaTeX output

declare C { mode=(2,2), latex="C", scalar=False }
declare S { mode=(2,2), latex="S", scalar=False }
declare T { mode=(2,2), latex="T", scalar=False }
declare nbar { mode=2, diagonal=true, latex="\bar{n}" }

C_pqrs = 1/2 * sum_tu(nbar_t * nbar_u * S_pqtu * T_turs);

• Text file: specify symmetry-unrestricted working equations of many-body formalism
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How to work with AMC

• Text file: specify tensor mode, tensorial properties and LaTeX output

• Execution: call the AMC program generating an output LaTeX file

amc imsrgtens.txt  imsrgtens.tex -option

declare C { mode=(2,2), latex="C", scalar=False }
declare S { mode=(2,2), latex="S", scalar=False }
declare T { mode=(2,2), latex="T", scalar=False }
declare nbar { mode=2, diagonal=true, latex="\bar{n}" }

C_pqrs = 1/2 * sum_tu(nbar_t * nbar_u * S_pqtu * T_turs);

• Text file: specify symmetry-unrestricted working equations of many-body formalism
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How to work with AMC

• Text file: specify tensor mode, tensorial properties and LaTeX output

• Execution: call the AMC program generating an output LaTeX file

amc imsrgtens.txt  imsrgtens.tex -option

• Possible options enable for fine-tuning of output for various end-users  

- Switches for using reduced/unreduced matrix elements 

- Various phase conventions for Wigner-Eckart theorem  

- Using 9j-symbols instead of products of 6j-symbols

declare C { mode=(2,2), latex="C", scalar=False }
declare S { mode=(2,2), latex="S", scalar=False }
declare T { mode=(2,2), latex="T", scalar=False }
declare nbar { mode=2, diagonal=true, latex="\bar{n}" }

C_pqrs = 1/2 * sum_tu(nbar_t * nbar_u * S_pqtu * T_turs);

• Text file: specify symmetry-unrestricted working equations of many-body formalism
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Possible output

plus 14 more pages …
(derived in less than a second)
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Conclusions

Development process
• Improving accuracy of many-body solution requires relaxing many-body truncation 
• Formal complexity will soon exceed boundaries of human capacities 
• Systematic approach needed to accelerate (nuclear) many-body developments 

The AMC program

• Graph-theory-based framework for angular-momentum simplifications 
• Easy interface with state-of-the-art many-body frameworks in nuclear physics 
• Structure of code already anticipates future generation of source code 

Future extensions
• Application to partial-wave-decomposed form of PT expressions in nuclear matter  
• Formulation of other symmetry reductions by extending to other symmetry groups 
• Generation of source code of symmetry-restricted tensor networks 
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One thing left to do …

pip3 install amc
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Epilogue
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- T. Duguet, M. Frosini, F. Raimondi, V. Somà 

CEA Saclay, France 

- P. Arthuis, C. Barbieri 
University of Surrey, UK 

- S. König 
NC State University, USA 

- H. Hergert, D. Lee, R. Wirth 
Michigan State University, USA 

- G. Hagen, T. Papenbrock 
Oak Ridge National Lab/University of Tennessee, USA 

- P. Demol 
KU Leuven, Belgium 

- R. Roth 
Technische Universität Darmstadt, Germany 

- A. Ekström 
Chalmers University of Technology, Sweden

• ‘STRONGINT’ group 
- F. Alp, C. Brase, H. Göttling, S. Greif, K. Hebeler, 

M. Heinz, J. Hoppe, J. Keller, Y. Lim, M. Plößer,      
S. Schäfer, A. Schwenk, R. Seutin, C. Wellenhofer, 
L. Zurek 

Technische Universität Darmstadt, Germany

https://theorie.ikp.physik.tu-darmstadt.de/strongint/people_ploesser.html
https://theorie.ikp.physik.tu-darmstadt.de/strongint/people_schaefer.html

