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Why are nuclear many-body problems hard?

Coupling of low/high-k modes: non-perturbative, strong 
correlations,...

Remedy: Use RG to decouple 
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Renormalization Group Transformations

Weaker correlations, faster convergence, more perturbative
(cf. talks of Holt, Schwenk, Roth, Hergert, Hebeler, Quaglioni, Furnstahl, Vary, Langhammer)
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Renormalization Group Transformations

What about operators other than H(Λ)? If  Ψ(Λ) “simple” 
at lower Λ, are evolved operators O(Λ) more complicated?

What about high-q operators? What happens if q >> Λ?
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The Similarity Renormalization Group

dH�

d⇥
= [�(⇥), H�] with �(⇥) � dU(⇥)

d⇥
U†(⇥)

G� = T ⇥ H� driven towards diagonal in k� space

�(⇥) = [G�, H�]

Unitary transformation via flow equations:

 Engineer η to do different things as λ => 0 
� � s�1/4

.....
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All Operators Evolve 

Expectation values of evolved 
operators are λ-independent

Expectation values of bare (a†a)q 
“run” with λ 

Stronger renormalization for operators
sensitive to high-momentum physics
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Long-distance physics => 
weak running 
dominated by w.f. 
renormalization
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High and low momentum operators in deuteron

• 

• 

Momentum 
Distribution

Operator structure changes (especially high q) substantially,
but integrated expectation values invariant.
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High and low momentum operators in deuteron
• 

• 

High-momentum strength of Oλ strongly suppressed
No fine tuning => same practical benefits as for Hλ

Momentum 
Distribution
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Variational Calculations in the Deuteron
Perform variational calculations to check for problematic fine-
tuning in evolved operators

simple k-space trial wf’s:

• Large errors in Evar at large λ

• Works great at small λ 

• No problematic fine-tuning 

Deuteron B.E.

What about other operators?
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Variational Calculations in the Deuteron
Perform variational calculations to check for problematic fine-
tuning in evolved operators

simple k-space trial wf’s:

35
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High q tails from low-k theories?  Evolve operators!
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n i = h ⇤
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q | ⇤
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Relationship between bare and effective theory wf’s
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RG evolution doesn’t modify
long-distance structure
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Relationship between bare and effective theory wf’s

Λ

Λ0

q

Eα, p

Decoupling  => Factorization of high/low-k physics

state-independent (“universal”) q-dependence
 

Anderson et al., PRC 82 054001 (2010)
SKB and Roscher, arXiv:1208.1734 
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state-independent ratio 
(shaded area) for well 
separated scales

Example: leading order factorization 

Λ = 2.1  fm-1
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Implication of w.f. factorization for effective operators
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Implication of w.f. factorization for effective operators

1) wf factorization:

Now use:

2)  scale separation:
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Implication of w.f. factorization for effective operators

state-independent coupling
encodes high-q physics

soft m.e. (low-k physics)
same for all high q probes
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Implication of w.f. factorization for effective operators

state-independent coupling
encodes high-q physics

g(0)(⇤) ⌘ 2Z2
⇤

Z ⇤0
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dq̃ O(0, q)�(q;⇤)
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dq̃
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soft m.e. (low-k physics)
same for all high q probes

Analogous to multipole expansion (cf. Lepage). “Universal” form

E.g.,
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Factorization of high-q operators
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Ex: momentum distribution (large q, low-E state)

All low-E A=2 states have the same large-q tails

How to generalize beyond A=2 system? 



High q tails of nuclear momentum distributions
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High q tails of nuclear momentum distributions
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High q tails of nuclear momentum distributions
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- short-distance
- Universal (state-indep)
- fixed from A=2

- long-distance structure
- same for all high-q probes
- A-dependent scale factor
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Connection to OPE? (cf. Braaten and Platter). Links few- and many-body.



High q tails of nuclear momentum distributions
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C(A, 2) ⌘ nA(q)
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High q tails of static structure factors
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Reproduce known results for unitary Fermi gas, 
electron gas, 1d bosons w/delta function V(r) ...
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SKB and Roscher, arXiv:1208.1734 



Factorization of general high-q probes (schematic)
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Factorization of high-q probes (schematic)
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Factorization of high-q probes (schematic)
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1) Decoupling => only modes p < 𝚲 in α	  contribute

2) Taylor expand c-# coefficients about p = 0 

     => q-dependence factorizes 
     => state-dependence from soft matrix elements Aα
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Short Range Correlations and the EMC Effect



Summary
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• RG evolution of high-q operators => factorization

• separation of long- and short-distance physics

• effective operators w/universal q-dependence (few-
body); predictions in many-body systems

• connection to operator product expansion?

• tool to connect resolution-dependent qty’s (SF, 
occupation #’s, etc.) at different resolutions?
• electron scattering at medium/high energies?


