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•Medium-mass and heavy nuclei from Hartree-Fock:

chiral NN+3N interaction

exp

•Hartree-Fock is not exact and gives no 
handle on uncertainty estimates

•We cannot make the interaction super soft

Ab Initio
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•Similarity-transformed Schrödinger equation

Ĥ|�0i = �E|�0i , Ĥ = e�T̂ ĤN eT̂
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i |Ĥ|�0i
0 = h�ab

ij |Ĥ|�0i

•CCSD equations

•     - Ansatz: Higher excitations from 
products of lower excitation operators
eT̂



T̂1 T̂2 T̂2 |Φ0⟩

Sven Binder - TU Darmstadt - April 2014

Singles and Doubles Excitations: CCSD

T̂•CCSD: Truncate    at the 2p2h level, T̂ = T̂1 + T̂2

5

•Coupled system of nonlinear equations, 
dimension ~ 108 
 

�E(CCSD) = h�0|Ĥ|�0i
0 = h�a

i |Ĥ|�0i
0 = h�ab

ij |Ĥ|�0i

•CCSD equations

•     - Ansatz: Higher excitations from 
products of lower excitation operators
eT̂
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•3N interactions important for nuclear structure 

V̂3N = Ŵ 0B + Ŵ 1B + Ŵ 2B + Ŵ 3B

•Normal-ordering approximation:  

(via normal ordering)

•Generalization of Coupled-Cluster theory to 3N Hamiltonians 
elaborate, but possible 

•Currently, Coupled-Cluster theory is the only medium-mass  
ab initio method capable of including full 3N interactions

V̂3N•Full inclusion of        challenging  V̂3N + + ...=
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•Discarded 3N interaction relevant 
for CCSD, irrelevant for triples 
correction  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•Systematic overbinding ⇒ Still deficiencies 
✴ Next step: Consistent 3N interaction at N3LO
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Heavy Nuclei from Chiral Interactions

•Single Hamiltonian fixed in A≤4 systems able to qualitatively 
reproduce the experimental trend of binding energies  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Loewe-CSC 
Goethe-Universität Frankfurt

Edison 
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Scientific Computing Center

Thanks!
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R̂µ = (rµ)0 +
X

ai

(rµ)
a
i {â†aâi}+ 1

4

X

abij

(rµ)
ab
ij {â†aâ

†
bâj âi}

•Generate excited states via linear 1p1h and 2p2h excitations on top 
of the fully correlated Coupled-Cluster ground state

| µi = R̂µ | (CCSD)i



•Solve non-Hermitean eigenvalue problem

⇣
Ĥ(CCSD) R̂µ

⌘

c
|�0i = !µ R̂µ |�0i
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24O Spectrum from Coupled Cluster
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24O

Chiral NN+3N Interaction
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24O: Low-Lying Positive-Parity States
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