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Short-Range Correlations (SRCs) in Nuclei

Mean field approximation: shell model Two-nucleon short-range correlations

[O. Hen et al., Rev. Mod. Phys. 89,
045002 (2017)]

Two-body Momentum Distributions (2bmd) - Density Functions (2bdf)

nN1N2(k) = ∫ d k̂ ∫ dK †
(k;K)PN1N2  (k;K)

nST
(k) = ∫ d k̂ ∫ dK  †

(k;K)PST (k;K)

�N1N2(r) = ∫ d r̂ ∫ dR †
(r;R)PN1N2  (r;R)

�ST
(r) = ∫ d r̂ ∫ dR  †

(r;R)PST (r;R)

PN1N2 : projector on the nucleon pair N1 N2

PST : projector on the spin-isospin states ST
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Generalized Contact Formalism (GCF)

nN1N2;�
A

(k) Ð→ C̃�A;N1N2
x ∣’̃�N1N2

(k)∣2

�N1N2;�
A

(r) Ð→ C�A;N1N2
x ∣’�N1N2

(r)∣2

’�N1N2
(r) with � = ‘; s; j → universal function

▸ does NOT depend on the nucleus
▸ does depend on the interaction
▸ is the solution of the zero-energy two-body problem

▸ ’̃�N1N2
(k) → FT of [’�N1N2

(r)e−(r/c)
2
] (c ∼ 50fm)

Nucleus-dependent Contact Coefficients

In k-space, for k → ∞
C̃ s=0

pp/nn = npp/nn
(k) / ∣’̃s=0

pp/nn(k)∣2

C̃ s=1
pn = nST=10

(k) / ∣’̃s=1
pn (k)∣2

C̃ s=0
pn = [npn

(k) − C̃ s=1
pn ∣’̃s=1

pn (k)∣2]/∣’̃s=0
pn (k)∣2

In r-space, for r → 0

C s=0
pp/nn = �pp/nn

(r) / ∣’s=0
pp/nn(r)∣2

C s=1
pn = �ST=10

(r) / ∣’s=1
pn (r)∣2

C s=0
pn = [�pn

(r) − C s=1
pn ∣’s=1

pn (r)∣2]/∣’s=0
pn (r)∣2

[R. Weiss et al., Phys. Lett. B 780, 211 (2018)]

(nn and pp cases are the same: without Coulomb)
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Contact Coe�cients for A=2,3
with Hyperspherical Harmonics (HH) method

HH method: ab-initio accurate method, both in r− and in k−space → any potential
model for A=2,3,4,6 bound states

Local interactions:

▸ AV18/UIX (phenomenological) → to compare with [R. Cruz-Torres et al., Nat.
Phys. 17, 306 (2021)] [NP17]

▸ Norfolk chiral interactions: NV2+3/Ia*, NV2+3/Ib* and NV2+3/IIa*,
NV2+3/IIb* [M. Piarulli et al., Phys. Rev. C 91, 024003 (2015)] [A. Baroni et al., Phys. Rev. C 98,

044003 (2018)]

I → fit for Elab ≤ 125 MeV;

II → fit for Elab ≤ 200 MeV;

[(Rs ,RL)=(0.8,1.2)fm or (0.7,1.0)fm for a/b]

Non-local interactions:

▸ Chiral N2LO-N3LO-N4LO (Λ = 450, 500, 550 MeV) with N2LO TNI [D. R. Entem

and R. Machleidt, Phys. Rev. C 68, 041001(R) (2003)] [A. Gnech et al., Phys. Rev. C 106, 044001 (2022)]

In all cases → cD − cE fitted to B(A = 3) and Gamow-Teller matrix element in tritium
�-decay
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Contact Coe�cients in GCF: 3He with local interactions
Two-body momentum distributions
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Contact Coe�cients in GCF:3He with non-local interactions
Two-body momentum distributions
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Contact Coe�cients in GCF:3He with local interactions
Two-body density functions
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Contact Coe�cients in GCF:3He with non-local interactions
Two-body density functions
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