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Part I. The Hamiltonian
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Transformed the MultiMode (Many-Body) Hamiltonian to the GEN Hamiltonian 

S. Carter, S. J. Culik, and J. M. Bowman, TCA, 100, 191 (1998)
O. Christiansen, JCP, 120, 2140 (2004) J. H. Thorpe, Dissertation (2022) 
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Part II. The Wavefunction

How do we construct useful wave 
functions with GEN Hamiltonian?



Vibrational CI
5

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Vs

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Vb

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Va

S. Carter, S. J. Culik, and J. M. Bowman, TCA, 100, 191 (1998) J. H. Thorpe, Dissertation (2022) 

Simple, flexible, “fast”, VCI is commonplace in VMBT Calculations
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A Model System
Single Morse Oscillator, “VCIS” is a full-variational calculation
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A Problem
Nine uncoupled Morse Oscillators…
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VCI has a problem — size consistency/extensivity
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Vibrational Coupled Cluster
VCCX is exact for  uncoupled X-body vibrations∞
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Vibrational CI — A problem
A pretty extreme example, VCI usually great, but worth investigating 

O. Christiansen, JCP, 120, 2140 (2004)
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What gives?



H̃S/VXXS
The working equations looks really similar…
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Diagrams reveal the cause of the problem!
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Takeaway #1 
Diagrammatic techniques can be really 

useful in vibrational structure 
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vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

xrI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit> vI

<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

X

v0
I

f̃vIv0
I
t
v0
I

rI

<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>
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X

v0
I

tvIrI f̃rIv0
I
t
v0
I

rI

<latexit sha1_base64="C8D+VNsEgFwOGsrIHsKScHNtIqM="></latexit>

I I
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I
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I
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I I
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I
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I I
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I
0+ =

I
−

I
+

Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit> vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit> xrI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

I I
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I
0+ =

I
0

I I
0+ =

I
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I I
+

I
0+ =
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<latexit sha1_base64="9K9kAEvTFlc/y/Aq/j8w3wL8R+0=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KolUdFkUwWUF+4A2lsn0ph06eTBzI5aQL/AH3OofuBO3foU/4Hc4abOwrQcuHM65h3s5biS4Qsv6Ngorq2vrG8XN0tb2zu5eef+gpcJYMmiyUISy41IFggfQRI4COpEE6rsC2u74OvPbjyAVD4N7nETg+HQYcI8zilp66CE8YXIjwIcA0365YlWtKcxlYuekQnI0+uWf3iBkcRZmgirVta0InYRK5ExAWurFCiLKxnQIXU0D6oNykunXqXmilYHphVJPgOZU/ZtIqK/UxHf1pk9xpBa9TPzP68boXToJD6IYIWCzQ14sTAzNrAJzwCUwFBNNKJNc/2qyEZWUoS5q7oor6RgwLeli7MUalknrrGrXqud3tUr9Kq+oSI7IMTklNrkgdXJLGqRJGJHkhbySN+PZeDc+jM/ZasHIM4dkDsbXL6mlm1k=</latexit>

ECI hS|Ĉ1|0i

<latexit sha1_base64="RvhSFOmHAEv6dQx1E8wqoPk8L6Y="></latexit>

x

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit> vIrIv0I

<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

hS|F̃N |0i

<latexit sha1_base64="1KIWgrPyQG56LY+WjgsRI511OXg="></latexit>

hS|F̃N Ĉ1|0i

<latexit sha1_base64="WgMjI7kqn6jzET3lCtnJwPtGTUQ="></latexit>

X
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t
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I

rI

<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>
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vI
rI

<latexit sha1_base64="XZ5YOhXrmoRkp6ucH+GhDdfeYb0="></latexit>

Davidson-like correction

H̃S/VCIS H̃S/VCCS
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Ω = (1 + Ĉ1)Ξ0 Ω = e ̂T1Ξ0

Can we “fix” this?

none
<latexit sha1_base64="Kp4Iuu2WA+mwKor35U2DytiwXic="></latexit>

Hausdor↵
<latexit sha1_base64="LC/U6UAao89wpMDoNX545A9+y6E="></latexit>

Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

�hS|T̂I F̃I T̂I |0i
<latexit sha1_base64="gTKqIHrz1gUCaExeLKuRVXL6Anc="></latexit>

�hS|T̂I F̃I |0i
<latexit sha1_base64="eqA0jw6KjjhTudTocKqfunUiFXM="></latexit>

hS|F̃I T̂I |0i
<latexit sha1_base64="HsZ3hknVXcMfY0C4KQfCYyVtKwc="></latexit>

hS|F̃I |0i
<latexit sha1_base64="ijMU7oL0UFvXpxeIP8NYQKvw73Y="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

xrI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit> vI

<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

X

v0
I

f̃vIv0
I
t
v0
I

rI

<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>
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none
<latexit sha1_base64="Kp4Iuu2WA+mwKor35U2DytiwXic="></latexit>

Hausdor↵
<latexit sha1_base64="LC/U6UAao89wpMDoNX545A9+y6E="></latexit>

Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

�hS|T̂I F̃I T̂I |0i
<latexit sha1_base64="gTKqIHrz1gUCaExeLKuRVXL6Anc="></latexit>

�hS|T̂I F̃I |0i
<latexit sha1_base64="eqA0jw6KjjhTudTocKqfunUiFXM="></latexit>

hS|F̃I T̂I |0i
<latexit sha1_base64="HsZ3hknVXcMfY0C4KQfCYyVtKwc="></latexit>

hS|F̃I |0i
<latexit sha1_base64="ijMU7oL0UFvXpxeIP8NYQKvw73Y="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

xrI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit> vI

<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>
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<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>

�
X

v0
I

tvIrI f̃rIv0
I
t
v0
I

rI

<latexit sha1_base64="C8D+VNsEgFwOGsrIHsKScHNtIqM="></latexit>
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Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit> vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit> xrI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>
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0+ =

I
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0+ =
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+

I
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Element

<latexit sha1_base64="9K9kAEvTFlc/y/Aq/j8w3wL8R+0=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KolUdFkUwWUF+4A2lsn0ph06eTBzI5aQL/AH3OofuBO3foU/4Hc4abOwrQcuHM65h3s5biS4Qsv6Ngorq2vrG8XN0tb2zu5eef+gpcJYMmiyUISy41IFggfQRI4COpEE6rsC2u74OvPbjyAVD4N7nETg+HQYcI8zilp66CE8YXIjwIcA0365YlWtKcxlYuekQnI0+uWf3iBkcRZmgirVta0InYRK5ExAWurFCiLKxnQIXU0D6oNykunXqXmilYHphVJPgOZU/ZtIqK/UxHf1pk9xpBa9TPzP68boXToJD6IYIWCzQ14sTAzNrAJzwCUwFBNNKJNc/2qyEZWUoS5q7oor6RgwLeli7MUalknrrGrXqud3tUr9Kq+oSI7IMTklNrkgdXJLGqRJGJHkhbySN+PZeDc+jM/ZasHIM4dkDsbXL6mlm1k=</latexit>

ECI hS|Ĉ1|0i

<latexit sha1_base64="RvhSFOmHAEv6dQx1E8wqoPk8L6Y="></latexit>

x

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit> vIrIv0I

<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

hS|F̃N |0i

<latexit sha1_base64="1KIWgrPyQG56LY+WjgsRI511OXg="></latexit>

hS|F̃N Ĉ1|0i

<latexit sha1_base64="WgMjI7kqn6jzET3lCtnJwPtGTUQ="></latexit>
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<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>
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vI
rI

<latexit sha1_base64="XZ5YOhXrmoRkp6ucH+GhDdfeYb0="></latexit>
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none
<latexit sha1_base64="Kp4Iuu2WA+mwKor35U2DytiwXic="></latexit>

Hausdor↵
<latexit sha1_base64="LC/U6UAao89wpMDoNX545A9+y6E="></latexit>

Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

�hS|T̂I F̃I T̂I |0i
<latexit sha1_base64="gTKqIHrz1gUCaExeLKuRVXL6Anc="></latexit>

�hS|T̂I F̃I |0i
<latexit sha1_base64="eqA0jw6KjjhTudTocKqfunUiFXM="></latexit>

hS|F̃I T̂I |0i
<latexit sha1_base64="HsZ3hknVXcMfY0C4KQfCYyVtKwc="></latexit>

hS|F̃I |0i
<latexit sha1_base64="ijMU7oL0UFvXpxeIP8NYQKvw73Y="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

xrI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit> vI

<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

X

v0
I

f̃vIv0
I
t
v0
I

rI
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Can we “fix” this?
Davidson-like correction



none
<latexit sha1_base64="Kp4Iuu2WA+mwKor35U2DytiwXic="></latexit>

Hausdor↵
<latexit sha1_base64="LC/U6UAao89wpMDoNX545A9+y6E="></latexit>

Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

�hS|T̂I F̃I T̂I |0i
<latexit sha1_base64="gTKqIHrz1gUCaExeLKuRVXL6Anc="></latexit>

�hS|T̂I F̃I |0i
<latexit sha1_base64="eqA0jw6KjjhTudTocKqfunUiFXM="></latexit>

hS|F̃I T̂I |0i
<latexit sha1_base64="HsZ3hknVXcMfY0C4KQfCYyVtKwc="></latexit>

hS|F̃I |0i
<latexit sha1_base64="ijMU7oL0UFvXpxeIP8NYQKvw73Y="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

xrI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit> vI

<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>
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<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>
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Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit> vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit> xrI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>
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<latexit sha1_base64="9K9kAEvTFlc/y/Aq/j8w3wL8R+0=">AAACCXicbVDLSsNAFJ3UV62vqks3wSK4KolUdFkUwWUF+4A2lsn0ph06eTBzI5aQL/AH3OofuBO3foU/4Hc4abOwrQcuHM65h3s5biS4Qsv6Ngorq2vrG8XN0tb2zu5eef+gpcJYMmiyUISy41IFggfQRI4COpEE6rsC2u74OvPbjyAVD4N7nETg+HQYcI8zilp66CE8YXIjwIcA0365YlWtKcxlYuekQnI0+uWf3iBkcRZmgirVta0InYRK5ExAWurFCiLKxnQIXU0D6oNykunXqXmilYHphVJPgOZU/ZtIqK/UxHf1pk9xpBa9TPzP68boXToJD6IYIWCzQ14sTAzNrAJzwCUwFBNNKJNc/2qyEZWUoS5q7oor6RgwLeli7MUalknrrGrXqud3tUr9Kq+oSI7IMTklNrkgdXJLGqRJGJHkhbySN+PZeDc+jM/ZasHIM4dkDsbXL6mlm1k=</latexit>

ECI hS|Ĉ1|0i

<latexit sha1_base64="RvhSFOmHAEv6dQx1E8wqoPk8L6Y="></latexit>

x

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit> vIrIv0I

<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

hS|F̃N |0i

<latexit sha1_base64="1KIWgrPyQG56LY+WjgsRI511OXg="></latexit>

hS|F̃N Ĉ1|0i

<latexit sha1_base64="WgMjI7kqn6jzET3lCtnJwPtGTUQ="></latexit>

X

v0
I

f̃vIv0
I
t
v0
I

rI

<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>

ECIc
vI
rI

<latexit sha1_base64="XZ5YOhXrmoRkp6ucH+GhDdfeYb0="></latexit>

H̃S/VCIS H̃S/VCCS

17

E = ∑
vI

f̃ rI
vI
cvI

rI

cvI
rI

=
1
ϵ̃vI

( f̃ vI
rI

+ ∑
v′￼I

f̃ vI
rI
cv′￼I

rI
− ϵ̃vI

cvI
rI

−EcvI
rI

)

E = ∑
vI

f̃ rI
vI
tvI
rI

tvI
rI

=
1
ϵ̃vI

( f̃ vI
rI

+ ∑
v′￼I

f̃ vI
rI
tv′￼I
rI

− ϵ̃vI
tvI
rI

−EIt
vI
rI

)

Ω = (1 + Ĉ1)Ξ0 Ω = e ̂T1Ξ0

none
<latexit sha1_base64="Kp4Iuu2WA+mwKor35U2DytiwXic="></latexit>

Hausdor↵
<latexit sha1_base64="LC/U6UAao89wpMDoNX545A9+y6E="></latexit>

Excitation Count
<latexit sha1_base64="gs/Zp76YLYYjv9Ih/Ev1QGnuS9I="></latexit>

Diagrams
<latexit sha1_base64="dw6uzEwGho4tkluzdxfPhj+N1H4="></latexit>

Algebra
<latexit sha1_base64="ZUkI/s4ZMOsbwX10HVyEDPC6q6I="></latexit>

�hS|T̂I F̃I T̂I |0i
<latexit sha1_base64="gTKqIHrz1gUCaExeLKuRVXL6Anc="></latexit>

�hS|T̂I F̃I |0i
<latexit sha1_base64="eqA0jw6KjjhTudTocKqfunUiFXM="></latexit>

hS|F̃I T̂I |0i
<latexit sha1_base64="HsZ3hknVXcMfY0C4KQfCYyVtKwc="></latexit>

hS|F̃I |0i
<latexit sha1_base64="ijMU7oL0UFvXpxeIP8NYQKvw73Y="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

xrI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

vI
<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit>

x
rI

<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

v0I
<latexit sha1_base64="37zAjrLNR9bYeEmYQ9OXxDovvQQ="></latexit> vI

<latexit sha1_base64="+Gq/W438H3oo8X2ZEypA80MybnY="></latexit>

rI
<latexit sha1_base64="4c51Nf5ev5XINVLAZT5pfZZpMZk="></latexit>

f̃vIrI
<latexit sha1_base64="YPyqXGBxPIk7qwS7vCxOYKSEqaI="></latexit>

X

v0
I

f̃vIv0
I
t
v0
I

rI

<latexit sha1_base64="GxL3FPLXUu6/iQvxRwwNN1V+apM="></latexit>

�
X

v0
I

tvIrI f̃rIv0
I
t
v0
I

rI

<latexit sha1_base64="C8D+VNsEgFwOGsrIHsKScHNtIqM="></latexit>

I I
+

I
0+ =

I
0

I I
0+ =

I
+

I I
+

I
0+ =

I
−

I
+

Can we “fix” this?
Davidson-like correction



3 6 9
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⌘
⌅0

<latexit sha1_base64="5l9BfaqqGxCX5EsKNFLKOtYSp3Q=">AAACHXicbVDLSgNBEJz1Gd+rHr0MBlERwq5E9CIEc/FmBKOB7LLMTnqTIbMPZnqFsOQT/AY/wqsevYlX8eSvOIk5+CpoKKq66e4KMyk0Os67NTU9Mzs3X1pYXFpeWV2z1zeudZorDk2eylS1QqZBigSaKFBCK1PA4lDCTdivj/ybW1BapMkVDjLwY9ZNRCQ4QyMF9q53EUOX0VPqSYhwj7r0gHo9hkV96CnR7eG+1xKBE9hlp+KMQf8Sd0LKZIJGYH94nZTnMSTIJdO67ToZ+gVTKLiE4aKXa8gY77MutA1NWAzaL8YPDemOUTo0SpWpBOlY/T5RsFjrQRyazphhT//2RuJ/XjvH6MQvRJLlCAn/WhTlkmJKR+nQjlDAUQ4MYVwJcyvlPaYYR5Phjy1Dk4j7+/+/5Pqw4lYrR5fVcu1skk2JbJFtskdcckxq5Jw0SJNwckceyCN5su6tZ+vFev1qnbImM5vkB6y3T2GxoMQ=</latexit>

⌦ = eT̂⌅0

<latexit sha1_base64="dI4EnHqGDznQLD/g9eJMGi9SdeA=">AAACD3icbVDLSsNAFJ34rPUVdSVuBovgqiRS0Y1QdOPOCn1BE8NketMOnTyYmQglBL/Bj3CrS3fi1k9w5a84fSxs64ELh3Pu5d57/IQzqSzr21haXlldWy9sFDe3tnd2zb39poxTQaFBYx6Ltk8kcBZBQzHFoZ0IIKHPoeUPbkZ+6xGEZHFUV8ME3JD0IhYwSpSWPPPQuQuhR/AVhofM6ROV1fPcaTPP8sySVbbGwIvEnpISmqLmmT9ON6ZpCJGinEjZsa1EuRkRilEOedFJJSSEDkgPOppGJATpZuMXcnyilS4OYqErUnis/p3ISCjlMPR1Z0hUX857I/E/r5Oq4NLNWJSkCiI6WRSkHKsYj/LAXSaAKj7UhFDB9K2Y9okgVOnUZrbkOhF7/v9F0jwr25Xy+X2lVL2eZlNAR+gYnSIbXaAqukU11EAUPaEX9IrejGfj3fgwPietS8Z05gDNwPj6BfFBnHY=</latexit>
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 “Davidson-like” CorrectionH̃S/VCIS



 “Davidson-like” CorrectionH̃S/VCIS
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⌦ =
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⌘
⌅0

<latexit sha1_base64="5l9BfaqqGxCX5EsKNFLKOtYSp3Q=">AAACHXicbVDLSgNBEJz1Gd+rHr0MBlERwq5E9CIEc/FmBKOB7LLMTnqTIbMPZnqFsOQT/AY/wqsevYlX8eSvOIk5+CpoKKq66e4KMyk0Os67NTU9Mzs3X1pYXFpeWV2z1zeudZorDk2eylS1QqZBigSaKFBCK1PA4lDCTdivj/ybW1BapMkVDjLwY9ZNRCQ4QyMF9q53EUOX0VPqSYhwj7r0gHo9hkV96CnR7eG+1xKBE9hlp+KMQf8Sd0LKZIJGYH94nZTnMSTIJdO67ToZ+gVTKLiE4aKXa8gY77MutA1NWAzaL8YPDemOUTo0SpWpBOlY/T5RsFjrQRyazphhT//2RuJ/XjvH6MQvRJLlCAn/WhTlkmJKR+nQjlDAUQ4MYVwJcyvlPaYYR5Phjy1Dk4j7+/+/5Pqw4lYrR5fVcu1skk2JbJFtskdcckxq5Jw0SJNwckceyCN5su6tZ+vFev1qnbImM5vkB6y3T2GxoMQ=</latexit>

⌦ = eT̂⌅0

<latexit sha1_base64="dI4EnHqGDznQLD/g9eJMGi9SdeA=">AAACD3icbVDLSsNAFJ34rPUVdSVuBovgqiRS0Y1QdOPOCn1BE8NketMOnTyYmQglBL/Bj3CrS3fi1k9w5a84fSxs64ELh3Pu5d57/IQzqSzr21haXlldWy9sFDe3tnd2zb39poxTQaFBYx6Ltk8kcBZBQzHFoZ0IIKHPoeUPbkZ+6xGEZHFUV8ME3JD0IhYwSpSWPPPQuQuhR/AVhofM6ROV1fPcaTPP8sySVbbGwIvEnpISmqLmmT9ON6ZpCJGinEjZsa1EuRkRilEOedFJJSSEDkgPOppGJATpZuMXcnyilS4OYqErUnis/p3ISCjlMPR1Z0hUX857I/E/r5Oq4NLNWJSkCiI6WRSkHKsYj/LAXSaAKj7UhFDB9K2Y9okgVOnUZrbkOhF7/v9F0jwr25Xy+X2lVL2eZlNAR+gYnSIbXaAqukU11EAUPaEX9IrejGfj3fgwPietS8Z05gDNwPj6BfFBnHY=</latexit>
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Takeaway #1 
Diagrammatic techniques can be really 

useful in vibrational structure 

Takeaway #2 
Comparing VCI unlinked diagrams to VCC 

gives a route to estimating (and 
correcting?) size-c./e. Errors







Backup



Workflow of a (VMBT) Simulation
24

Define coordinate system (q)
defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Vs

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Va

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Vb

Generate Potential Energy Surface

V(x,y)

-3 -2 -1 	0 	1 	2 	3
-3

-2

-1

	0

	1

	2

	3

	0

	2000

	4000

	6000

	8000

	10000

	12000

	14000

	16000

Reference Hamiltonain/
Wavefunction/Basis

Correlated Hamiltonian Correlated Wavefunction/Energy

Excited States and Spectra

In
te

ns
ity

 (a
rb

. u
ni

ts
)

-1400 -1200 -1000 -800 -600 -400 -200 0

Relative wavenumber (cm-1)

Origin dispersed fluorescence

212
38

0
1(b2)

356
14

0
1(a1)

379
25

0
2

482
37

0
1(b2)

534
36

0
1(b2)

627
35

0
1(b2)

686
13

0
1

939
12

0
1(a1)

986
23

0
2

1008
10

0
1(a1)1274

969

1274

986

ν8 (a1) FR (a1)
FR (a1)

FR (a1)

FR (a1)

FR (a1) = ν11/ν12 /2ν37/2ν23

FR (a1)

FR (a1)

FR (a1) = 2ν25/ν11

ν35 (b2)
ν36 (b2)

ν37 (b2)

ν38 (b2)

?

defaults used                           

                                        

single point                            

                                        

                                        

                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

Part I Part II



25

vs vb va

rs rb ra

vs vb va

rs rb ra

vs vb va

rs rb ra

vs vb va

rs rb ra













31

Virtual vI →
Reference rI →

General mI →

Subs. Opp.  b̂mI
m′￼I

→

Create Opp.  ̂a†
vI
, ̂arI

→

Annhl. Opp.  ̂avI
, ̂a†

rI
→

=
<latexit sha1_base64="sJXEL0Zb6dsk1REI0Ocm5P6zkj0="></latexit>

Ĥ
<latexit sha1_base64="eBQldjc80qzO9EFQIc6ul7JB2zE="></latexit>

C
<latexit sha1_base64="eBQldjc80qzO9EFQIc6ul7JB2zE="></latexit>

C
<latexit sha1_base64="wo1fUV1jXoBgUHdGUYJPjFgG7bM="></latexit>"











Many-Body Expansion : Wavefunction
36

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Vs

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Vb

defaults used                           
                                        
single point                            
                                        
                                        
                                        

M O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E NM O L D E N

̂Va


