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The problem: What

 few-body
non-relativistic

quantum

- complexity can a

universal/most versatile/elemental =̂
(

no
2-body scale

)
pair interaction vij evoke?

“The mind is localized and extends forever to infinity. The body is extended and remains localized.” (R. Descartes)
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A nuclear few-body theory.1

EFT(/π) =
Degrees

of freedom
⊕ Symmetries ⊕ Naı̈ve dim.

analysis
⊕ “Constructive”

scales

1P. F. Bedaque, J.-W. Chen, H. W. Hammer, D. B. Kaplan, U. van Kolck, G. Rupak, M. J. Savage (199x-201y)



A universal few-body theory.1

EFT(/π) =
Degrees

of freedom
⊕ Symmetries ⊕ Naı̈ve dim.

analysis
⊕ “Constructive”

scales︸ ︷︷ ︸
⇒ systematic expansion of L and Amplitude

1P. F. Bedaque, J.-W. Chen, H. W. Hammer, D. B. Kaplan, U. van Kolck, G. Rupak, M. J. Savage (199x-201y)



A nuclear few-body theory.
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An open problem for few-/many-body theories:

3+n spectra near/in the unitary limit.

P. Naidon and S. Endo, Efimov Physics: a review (2017)



The Refined
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{

∑
i

ϕ(Ai)ϕ(Bi)Fi(Ri) + ∑
j

ϕ(Aj)ϕ(Bj)ϕ(Cj)Fj(R1j, R2j)

∑
k

ϕ(Ak)ϕ(Bk)ϕ(Ck)ϕ(Dk)Fk(R1k, R2k, R3k)

+ . . . + ∑
m

cmχm

}
Z(Rc.m.)

δΨ !
= δF

⇒
(
− h̄2

2µ
∇2

R′ + Vdirect(R′)− E

)
F(R′) +

∫
K(R′, R′′)F(R′′)dR′′ = 0

1H. M. Hofmann, K. Wildermuth, Y. C. Tang, H. H. Hackenbroich, D. R. Thompson, uvm.
2J. A. Wheeler PR 52 (1937)



The Refined Resonating Group Method

the atomic nucleus as a set of molecules.

John Wheeler’s idea (1937):
[...] It was as if, at a party, all the tall people

clustered together at one moment, with all the

short people in another cluster; then at the next

moment [...] four groups formed, consisting of

guests from the north, east, west, and south

parts of the city; and so on, [...]



4-distinguishable-particle scattering (Jπ = 0+)
for (iso)spin independent Vij and B(2) = 0.5 MeV and m ≈ 1 GeV and 4 fm
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The unitary 4-body scattering problem

(2-fragment approximation)

D − D D − A − A A − A − A − A

δ [Deg]
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Inter-cluster potentials from constituents.
?
= matching EFT’s with different DoF’s

cluster degree(s) of freedom
≡

element of the spectrum of the EFT at the desired order:

ĤEFTϕ
(n)
A = e(n)A ϕ

(n)
A

e.g. contact leading order:

V̂ = C0(Λ)
X

∑
i<j

δ
(3)
Λ

(
ri − rj

)
+ D1(Λ)

X

∑
i<j<k
cyclic

δ
(3)
Λ

(
ri − rj

)
δ
(3)
Λ

(
rj − rk

)
retain in(ter) cluster indistinguishability:

Â = ÂABÂAÂB = 1 + ∑
P∈SA+B

sign(P)P̂

variation in the relative motion between the composites:(
T̂R − Erel + N−1⟨ϕAϕB

∣∣V̂∣∣ϕAϕB⟩
)

χ(R)

−N−1
∫

dR′
[
⟨ϕAϕB

∣∣ (T̂R − Erel + V̂
)

P̂{
∣∣ϕAϕB⟩δ(3)Λ

(
R − R′)] χ(R′) = 0



Inter-cluster potentials from constituents.
?
= matching EFT’s with different DoF’s

Nloc

∑
n=1

η̂n e−wnR2
χ(R)−

Nn-loc

∑
n=1

∫ {
ζ̂n e−anR2−bnR·R′−cnR′2}

χ(R′)dR′ = 0

with η̂n, ζ̂n, wn, an, bn, cn dependent upon C(λ), D(λ), α, λ, E, A, B .



Dimer-Dimer scattering – DoF: dimer

universal/regulator-independent wave function B(2) ≈ 2.2 MeV
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Understanding correlations between

few- and (few+n)-body systems
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Some replied that happiness was a complex artifact and that

man’s aim lay not in happiness but in the zealous fulfillment

of historical laws. And others said that happiness was a

matter of out-and-out struggle, which would last eternally.

(Andrei Platonov, “Chevengur”)


