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Abstract



  

The electromagnetic interactions of 
nuclei

● Structure and dynamics
● The light nuclei behave like a collection of “weakly” interacting 

nucleons

● Nuclear shell model
● Remarkable success
● Nuclei are fundamentally bound states of quarks and gluons, 

the degrees of quantum chromodynamics (QCD)

● Nuclei are not simply collections of quarks and gluons, 
● defined by their global quantum numbers, 
● but have the structure of interacting protons and neutrons, 
● remains to be understood at a deep level



  

Lattice QCD calculations

●

● A background electromagnetic gauge field U
– Uniform magnetic field along the z axis



  

Background electromagnetic fields

● Continuum: minimal electromagnetic coupling 
 
●        Electromagnetic four-potential 
●        Charge 

● Lattice: 
– Multiplying the gauge links by a phase factor 
– A uniform magnetic field B along the z axis 

Uμ(x )=exp {i aq Aμ(x )}
q
Aμ

Dμ=∂μ+i gGμ+iq Aμ

B⃗=∇⃗× A⃗

Bz=∂ x A y−∂ y Ax

A y=B x
A x=

0 ( for x<L−1)

−LB y ( for x=L−1)

q=Qe
Q=

2
3

( for upquark )

Q=−
1
3

( for downquark )



  

Background electromagnetic fields

● Quantization condition 
– from periodic boundary condition: 

●           Integer 

exp {−i a2q B L2
}=1

a2q B L2
=2πn

n

e∣B∣=
6 π∣n∣

a2 L2 ≈0.046∣n∣GeV 2

n=0,1,−2,+4



  

The ground state energy of

● Nonrelativistic hadron of mass M and charge 
Qe in a uniform magnetic field

– (1): Hadron’s  rest mass
– (2): Lowest-lying Landau level
– (3): Interaction of its magnetic moment 
– (4,5): scalar and quadrupole magnetic polarizabilities

E(B)=M+
∣QeB∣

2M
−μ⋅B

−2πβM0∣B∣2−2πβM2T ij BiB j+…



  

Determine    using lattice QCD

● Two-point correlation function: 

● The energy difference: 

● Determined from the large time behaveior 

C j z

(B )
(t )

j z=± j
B= ẑ⋅B

δ E(B )
=E+ j

(B)
−E− j

(B )

δ E(B )
=−2μ∣B∣+γ∣B∣3

p ,n ,d , 3He , 3H , n=+1,−2,+4

μ



  



  

Results

● Natural nuclear magneton (nNM) 
e

2M N
latt

μ p=3.119(33)(64 )nNM
μn=−1.981(05)(18)nNM

μ p
expt

=2.792847356 (23)NM
μn
expt=−1.9130427 (05)NM



  



  

Results

● Natural nuclear magneton (nNM) 
e

2M N
latt

μd=1.218(38)(87)nNM
μ 3 He=−2.29(03)(12)nNM

μd
expt=0.8574382308(72)NM

μ 3 He
expt

=−2.127625306 (25)NM

μ 3 H=3.56(05)(18)nNM

μ 3 H
expt

=2.978962448 (38)NM

μ p=3.119(33)(64 )nNM
μn=−1.981(05)(18)nNM

μ p
expt

=2.792847356 (23)NM
μn
expt

=−1.9130427 (05)NM



  



  

Results

● The naive shell-model predictions 

● Deviations from the Schmidt values

μd
SM

=μ p+μn μ 3 He
SM

=μn

δμ 3 He=μ 3 He−μn=−0.340 (24)(93)nNM

μ 3 H
SM

=μ p

δμ 3 H=μ 3H−μp=+0.45 (04)(16)nNM

δμ 3 He
expt

=−0.215NM

δμ 3 H
expt

=+0.186NM



  



  

Summary

● Lattice QCD calculations of the magnetic moments of 
the lightest nuclei at the flavor SU(3) symmetric point 
● Rescaled by the mass of the nucleon 
● Remarkably close to their experimental values 

– The present calculations performed at a single lattice spacing in 
one lattice volume 

● Future work
● Continuum extrapolation 

– The systematic uncertainty remains to be quantified

● Lighter quark mass
● Larger nuclei 
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