
Neutron scattering off one-neutron halo 
nuclei in halo effective field theory

1

Based on
X. Zhang, H.-L. Fu, Feng-Kun Guo, H.-W. Hammer, Phys.Rev.C 108, 044304(2023).

Xu Zhang
Institute of Theoretical physics, Chinese Academy of Sciences

The 23rd International Conference on Few-Body Problems in Physics (FB23)

Beijing, September 22-27, 2024



Outlines

2

v Background

v Halo effective field theory

v Numerical results and discussions

v Summary



Halo nuclei

3

Pascal Naidonand Shimpei Endo,
Rep. Prog. Phys. 80, 056001(2017) 



Efimov state in three-body system

4

Bound-state energies 

H.-W. Hammer, C. Ji, D. R. Phillips, JPG 44 (2017) 103002



Halo effective field theory
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q Halo effective field theory (Halo EFT)

§ Scale separation
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§ derivative expansion
Ø approximation with controlled uncertainty
Ø systematically improvable

§ low-energy constants unknown
Ø fix to experimental inputs
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One-neutron halo nuclei in Halo EFT
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Properties of s-wave one-neutron halos. 

!!Be
!"C !#C

Experiment

𝐽$ 1/2% 1/2% 1/2%

𝑆!&[𝑀𝑒𝑉] 0.50164(25) 1.2181(8) 0.58(9)

𝐸'∗[𝑀𝑒𝑉] 3.36803(3) 6.0938(2) 1.62(2)

𝑟) &'
!/)[𝑓𝑚] 6.05(23) 4.15(50) 6.6(5)

Halo EFT

𝑄/𝛬 0.39 0.45 0.6

𝑟&'/𝑎&' 0.38 0.43 0.33

𝑟) &', theo
!/) [𝑓𝑚] 6.85 4.93 5.72

H.-W. Hammer, C. Ji, D. R. Phillips, JPG 44 (2017) 103002



𝒏𝒉 scattering: motivation
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q Neutron scattering off one-neutron halo nuclei in Halo EFT
Ø Providing information about the internal structure of the nuclei.
Ø Efimov states in halo nuclei.

.

H.-W. Hammer, C. Ji, D. R. Phillips, JPG 44 (2017) 103002



𝒏𝒉 scattering
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q n-11Be, n-15C, n-19C scattering, 3-body system

§ Unnaturally large scattering lengths:
Ø nn: a! = −18.6 fm, virtual state
Ø nc: one-neutron halo

§ LO Lagrangian, the dimer formalism

.

Halo nuclei
!!Be !"C !#C

𝐵,(MeV) 0.502 1.218 0.58
𝑎,(fm) 6.741 4.27 6.142

ℒ = ℒ, + ℒ- + ℒ.

ℒ, = 𝑛/ 𝑖𝜕( +
∇-

2𝑚!
𝑛 + 𝑐/ 𝑖𝜕( +

∇-

2𝑚&
𝑐

ℒ- = Δ0𝑠/𝑠 + Δ1𝜎2
/𝜎2 − 𝑔0𝐶,/-4,,/-5

(( 𝑠/𝑛4𝑛5 + H.c. − 𝑔1 𝜎2
/𝑛2𝑐 + H.c.

ℒ. = 𝑔0-𝐷( 𝑠𝑐 /(𝑠𝑐)

§ Dimer propagators = + + ...

= + + ...

D.B. Kaplan, NPB 494 (1997) 471

pole at

P.F. Bedaque et al., NPA 676 (2000) 357
H.-W. Hammer et al., NPA 865 (2011) 17



𝒏𝒉 scattering with total spin 𝑱 = 𝟏
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.

§ Faddeev equation with total spin J = 1

Tσσ = Vσσ + TσσVσσ

§ Inputs at LO: separation energy between 
the core and the valence 𝑛

Halo nuclei
!!Be !"C !#C

𝐵$(MeV) 0.502 1.218 0.58

𝑎$(fm) 6.741 4.27 6.142§ 𝑠-wave cross sections

dashed/dotted: 𝑎, ± 0.5 fm



𝒏𝒉 scattering with total spin 𝑱 = 𝟏
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.dashed/dotted: 𝑎, ± 0.5 fm

§ The 𝑝 cot 𝛿"#(𝑝)

§ Inputs at LO: separation energy between 
the core and the valence 𝑛

Halo nuclei
!!Be !"C !#C

𝐵$(MeV) 0.502 1.218 0.58

𝑎$(fm) 6.741 4.27 6.142



𝒏𝒉 scattering with total spin 𝑱 = 𝟎
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§ Faddeev equation for J = 0

Tσσ = Vσσ + Tσσ +Vσσ Vσs Tsσ

Tsσ = Vsσ + TσσVsσ

§ Cutoff dependence => renormalization, absorbed by the 3-body contact term 𝐷((Λ)

3-body binding energy



𝒏𝒉 scattering with total spin 𝑱 = 𝟎
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§ Inputs: 𝑎$ (nn sca. length), 𝐵% (one neutron halo), 𝐵&' (2-neutron separation energy)
Nuclei

!)Be !-C ).C
𝐵)&(MeV) 3.672 5.468 3.560

§ Total cross sections [red: s-wave, black: 𝑙 ≤ 4]

Zero in the 𝑠-wave cross section!
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pole in 𝑝 cot 𝛿.3(𝑝)!

Efimov state

E. Braaten and H.-W. Hammer, Phys. Rep. 428, 259 (2006);..
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n-11Be
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𝒏𝒉 scattering with total spin 𝑱 = 𝟎

§ Location of the pole in 𝑝cot 𝛿(𝑝)

§ inelasticity factor 
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Zero of the scattering amplitude
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excited bound 
state

scattering length 

𝑛ℎ scattering length changes signIncreasing the nc scattering length 𝑎%
=> excited Efimov state

§ Manifestation of a 3-body virtual state

§ Found before for 𝑛-𝑑, 𝑛-19C scattering
Ø Leads to a modified effective range expansion

𝑘 cot 𝛿( = −𝐴 + 𝐵𝑘- −
𝐶

1 + 𝐷𝑘-

W.T.H. van Oers, J.D. Seagrave, PLB 24 (1967) 562; …
M. T. Yamashita, T. Frederico, L. Tomio, PLB 670 (2008) 49; …

B. A. Girard, M. G. Fuda, PRC 19 (1979) 579; …

E. Braaten and H.-W. Hammer, Phys. Rep. 428, 259 (2006);..
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Summary

Thank you for your attention!

• The cross section of neutron-halo scattering is around few barns
• Efimov states manifested in neutron-halo scattering as a virtual state for the 

halo being 11Be, 15C, 19C
• Scattering of deuteron off neutron halo => realistic predictions for 

experiments


