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Argonne potential
● realistic potential: nucleon-nucleon phase shifts, deuteron data
● operator representation:
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Unitary Correlation Operator Method
● realistic interaction cannot be used in model spaces consisting of one or a 

few Slater determinants
● Short range correlations ('hard core') and correlations induced by the tensor 

force cannot be described in model space
● Correlations can be inserted by the 'Unitary Correlation Operator Method' 

UCOM:
● correlated state

● correlated operator

∣ 〉=C∣ 〉=CC r∣ 〉

〈 ∣B∣ 〉=〈∣C BC∣ 〉≡〈∣B∣ 〉

T. Neff, H. Feldmeier,
Nucl. Phys. A713



Unitary Correlation Operator Method
● UCOM interaction
● operator representation:
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Similarity Renormalization Group

● flow equation
● partial wave basis: generator
● fixpoint                when       is diagonal in partial wave basis

● evolution to a band-diagonal structure

● calculation of matrix elements

for given quantum numbers    ,    ,    and      
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Similarity Renormalization Group

● matrix elements, but no operator representation

MeV fm3matrix elements in



From operator representation to 
partial wave matrix elements

V=∑
S ' , T '

V S ' T '
Z r S ' T '∑

T '
V 1T '

LS r 1T '
L⋅S

● operator representation

● partial wave matrix elements
〈k 1 L1 S  J ;T∣V∣k 2 L2 S  J ;T 〉 = ∑

S ' , T '
〈k 1L1 S  J ;T∣V S ' T '

Z  r  S ' T '∣k 2L2 S  J ;T 〉
∑

T '
〈k 1 L1 S  J ;T∣V 1T '

LS r 1T '
L⋅S∣k2 L2 S  J ;T 〉



From operator representation to 
partial wave matrix elements

V=∑
S ' , T '

V S ' T '
Z r S ' T '∑

T '
V 1T '

LS r 1T '
L⋅S

● operator representation

● partial wave matrix elements

= 〈k 1 L1∣V ST
Z r ∣k 2 L2〉⋅〈L1 S  J∣1∣L2 S J 〉

〈k 1 L1∣V ST
LS r ∣k 2 L2〉⋅〈L1 S  J∣L⋅S∣L2 S  J 〉

〈k 1 L1 S  J ;T∣V∣k 2 L2 S  J ;T 〉 = ∑
S ' , T '

〈k 1L1 S  J ;T∣V S ' T '
Z  r  S ' T '∣k 2L2 S  J ;T 〉

∑
T '

〈k 1 L1 S  J ;T∣V 1T '
LS r 1T '

L⋅S∣k2 L2 S  J ;T 〉



From operator representation to 
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● operator representation

● partial wave matrix elements

● matrix elements of the operators

● transformed radial dependencies: local  
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From partial wave matrix elements
to operator representation

● representation of radial dependencies by a sum of gaussians:

● choose appropriate set of operators

● calculate partial wave matrix elements analytically

● choose parameters

for each     ,     ,   ,     and    : 
● fit to partial wave basis matrix elements
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From partial wave matrix elements
to operator representation

● Ansatz for V UCOM
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From partial wave matrix elements
to operator representation - UCOM

●          and          :           ,          ,
● fit to lowest                      , 
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From partial wave matrix elements
to operator representation - UCOM

●        : isolation of tensor, spin-orbit and central components

● linear combination for given     ,    and     

● nondiagonal matrix elements

only tensor contribution 
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From partial wave matrix elements
to operator representation - UCOM

●          and          :           ,          ,
● fit to lowest                      ,
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From partial wave matrix elements
to operator representation - UCOM
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From partial wave matrix elements
to operator representation - UCOM
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From partial wave matrix elements
to operator representation - UCOM

● which operators are important ?
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From partial wave matrix elements
to operator representation - UCOM
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From partial wave matrix elements
to operator representation - SRG

●        ,           and
● Ansatz:                                                            ~ UCOM
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L=0



From partial wave matrix elements
to operator representation - SRG

●        ,           and
● Ansatz:                                                            ~ UCOM

matrix elements in MeV fm3

S=0 T=1 L=0

V=V Z r 1 /2 p2V p2r V p2 r  p 2



From partial wave matrix elements
to operator representation - SRG

● SRG potential cannot be described by quadratic momentum dependence

● higher powers of momentum operator: ~ better, but fit diverges for large 

● → nonlocal potential:

●    shows how “local” the potential is:

k

V r   V r , p

〈 r 1∣V r∣r 2〉=3 r1−r 2∑
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2 l⋅e
− r2
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From partial wave matrix elements
to operator representation - SRG

● Ansatz:

● partial wave matrix elements

● parameters

V=V Z r 1 /2 p2V p2rV p2 r  p2  V r , p

={0.1⋅2 , 0.2, 0.2⋅2 , 0.4, , 25.6 } fm2

={0, 0.25, 0.5, 1, 2} fm2

8i L∑
k , l
kl 2l 

−3∫
0

∞
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2∫

0

∞

dr2 r 2
2 e
− 1

4k


1
 lr ' 2r 2

j L i
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−1−4l
−1r 1 r 2 j L k 1 r 1 j L k 2 r 2
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From partial wave matrix elements
to operator representation - SRG

●        ,           and
● Ansatz:                                                                                                              

       

matrix elements in MeV fm3

T=1S=0 L=0

V=V  r , p



From partial wave matrix elements
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From partial wave matrix elements
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From partial wave matrix elements
to operator representation - SRG

●        ,           and
● Ansatz:                                                                            
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From partial wave matrix elements
to operator representation - SRG

● still to do: operator representation ?

V SRG = ∑
S ,T
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 ∑
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L2  r , p ST

L
2
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 ∑
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Summary and Outlook
• models (for example FMD) use operator representation of nuclear 

potentials
• determine operator representation starting from partial wave 

matrix elements

• UCOM: good reproduction by local and quadratic momentum 
terms

• SRG: complex momentum dependence, nonlocal potentials 
needed

• outlook:
– how many operators are needed to describe UCOM potential
– operator representation for SRG
– Understanding nature of nonlocality
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