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NPLQCD:       Magnetic Highlights

 • Magnetic moments and polarizabilities of light nuclei

• Hints of unitary NN interactions in large magnetic fields

• Simplest nuclear reaction (M1 transition)

• This talk: extra curricular look at octet baryon magnetic moments

Strong interactions in unphysical environments, e.g. mu = md = ms

n+ p → d+ γ γ

Phys.Rev.Lett.113 (2014)

Phys.Rev.Lett.115 (2015)

Phys.Rev. D92 (2015)

Phys.Rev.Lett.116 (2016)

First computations of their kind made possible by 

i) external field techniques                                    

ii) rather large quark masses



Magnetic Moments of Octet Baryons

 

Parreño, Savage, Tiburzi, Wilhelm, Chang, Detmold, Orginos (NPLQCD), arXiv:1609.03985 

• Brief details of calculation

• Coleman-Glashow moments

• Magneton units

• Quark model vs. large Nc

• Lambda-Sigma mixing



Lattice QCD in Magnetic Fields

 • Add classical magnetic field to QCD

GB(t) = hO(t)O†(0)iB = Z(B)e−E(B) t + · · ·

~B

←

←

←

• Compute two-point correlators in magnetic field

U
e.m.
µ (x) = e

iqAµ(x)
∈ U(1)

) = e
−iqx2Bδµ1

e
+iqx1BN δµ2δx2,N−1

∆E = E+
1

2

(B)− E
−

1

2

(B) = −2µB + · · ·

qB =
2π

N2
nΦ’t Hooft flux quantization

• Extract Zeeman splitting from double ratios

Tadpole-improved clover-fermion ensembles

48 scr / cfg

I + III  = 400k measurements



Compute Zeeman splitting using Lattice QCD + Uniform Magnetic fields
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[NM] =
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2MN

µp = 2.560(09)(52) [LatM]

[LatM] =
e a
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Units!

a = 0.145(2) fm

Magnetic Moments of Octet Baryons

 
Proton mπ ∼ 800 MeVmu = md = ms
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Ruler Mass Rule (Walker-Loud, LHPC)

MN (mπ) = 800 MeV+mπ ∼ 1, 600 MeV

[nNM] =
e

2MN (mπ)

Compute Zeeman splitting using Lattice QCD + Uniform Magnetic fields

Magnetic Moments of Octet Baryons

 
Proton mπ ∼ 800 MeVmu = md = ms

Walker-Loud LAT2013
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µp = 3.087(10)(62) [nNM]

Dirac part is short-distance & guaranteed to

δµp = 2.087(10)(62) [nNM]

δµ
exp

p
= 1.7929... [NM]

Natural nucleon magnetons

O(a2Λ2
QCD)

Compute Zeeman splitting using Lattice QCD + Uniform Magnetic fields
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Proton mπ ∼ 800 MeVmu = md = ms



δµB [nBM] = µB [nBM]−QB

Natural baryon magnetons

[nBM] =
e

2MB(mπ)

Anomalous magnetic moments

U(3)F
Q
−→ U(1)U × U(1)D+S × SU(2)U−spin

✓

d

s

◆

SU(2)
−→ U

✓

d

s

◆

U-spin

Magnetic Moments of Octet Baryons

 Compute Zeeman splitting using Lattice QCD + Uniform Magnetic fields
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δµB [nBM] = µB [nBM]−QB

Natural baryon magnetons

[nBM] =
e

2MB(mπ)

Anomalous magnetic moments

[Actually more complicated, 

our sea quarks are neutral] 

U(3)F
Q
−→ U(1)U × U(1)D+S × SU(2)U−spin

U(2)I × U(1)S
Q
−→ U(1)B × U(1)I3 × U(1)S mπ ∼ 450 MeV

Magnetic Moments of Octet Baryons

 Compute Zeeman splitting using Lattice QCD + Uniform Magnetic fields
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δµB [nBM] = µB [nBM]−QB

Natural baryon magnetons

[nBM] =
e

2MB(mπ)

Anomalous magnetic moments

U(3)F
Q
−→ U(1)U × U(1)D+S × SU(2)U−spin

Magnetic Moments of Octet Baryons

 Compute Zeeman splitting using Lattice QCD + Uniform Magnetic fields
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[Actually more complicated, 

our sea quarks are neutral] U(2)I × U(1)S
Q
−→ U(1)B × U(1)I3 × U(1)S mπ ∼ 450 MeV

mu = md = ms

mu = md < ms



Coleman-Glashow Relations

 H = �
e~� · ~B

2MB

h

µDhB{Q,B}i+ µF hB[Q,B]i
i

mu = md = ms
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µp =
1

3
µD + µF

µn = −

2

3
µD

µΣ− =
1

3
µD − µF

µD(mπ = 800 MeV) = 2.958(35)

µF (mπ = 800 MeV) = 2.095(34)
δµB = ±2, 0



Coleman-Glashow Magnetic Moments

 

δµB = ±2, 0
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Estimate SU(3) moments away from SU(3) point?

µD ∼ +3

µF ∼ +2

Stick with proton and neutron moments !!!  

mπ = 450 [MeV] :
1

2
33%

.

3 ∼ 6%

mπ = 135 [MeV] : 33%

.

3 ∼ 11%

ms ms

∆mq/Nc

Whole number CG moments imply counting?

e

2MQ

= [cQM]NRQM

µD = [cQM]/[nBM] = MB/MQ
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Naïve Quark Model Moment Ratio

 Grand success of NRQM is the ratio

1 = RN = −
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1 = RN = −

2

3

µp

µn

But there are other NRQM ratios too

1 = RNΣ =
5

4

∆µΣ

∆µN



Naïve Quark Model Moment Ratios

 Grand success of NRQM is the ratio

1 = RN = −

2

3

µp

µn

But there are other NRQM ratios too

Lattice QCD results generally agree better with NRQM than experiment

Why do some NRQM predictions work better than others?
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1 = RNΞ = 5
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1 = RΣΞ = 4
∆µΞ
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1 = RS = −4
µΣ+ + 2µΣ−

µΞ0 + 2µΞ−



RS7 =
5(µp + µn)− (µΞ0 + µΞ−)

4(µΣ+ + µΣ−)

RV 1 =
∆µN + 3∆µΞ

2∆µΣ

Large-Nc Limit

 

Why do some NRQM predictions work better than others?

Dashen, Jenkins, Manohar (1994)

Our calculations & nature have Nc = 3 …

= 1 +O(1/Nc)

= 1 NRQM

= 1 NRQM

= 1 +O(1/N2

c
)
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Dashen, Jenkins, Manohar (1994)

Our calculations & nature have Nc = 3 …

R

= 1.25 NRQM

= 1 +O(1/Nc)

RV 101
=

∆µN

∆µΣ

Why do some NRQM predictions work better than others?
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Dashen, Jenkins, Manohar (1994)

Our calculations & nature have Nc = 3 …

R
RV 102

= (1− 1/Nc)
∆µN

∆µΣ

= 0.83 NRQM

= 1 +O(∆mq/Nc)

= 1 +O(1/N2

c
)

= 1.25 NRQM

= 1 +O(1/Nc)

RV 101
=

∆µN

∆µΣ
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Dashen, Jenkins, Manohar (1994)

Our calculations & nature have Nc = 3 …

R
RV 102

= (1− 1/Nc)
∆µN

∆µΣ

= 0.83 NRQM

= 1 +O(∆mq/Nc)

= 1 +O(1/N2

c
)

= 1.25 NRQM

= 1 +O(1/Nc)

RV 101
=

∆µN

∆µΣ

RS/V 1 =
1

2
(µp + µn) + 3(1/Nc − 2/N2

c )∆µN

µΣ+ + µΣ− −

1

2
(µΞ0 + µΞ−)

= 1 +O(∆mq) +O(∆mq/Nc)+O(1/N2

c
)

= 0.62 NRQM



■ �π~��� ���■ �π~��� ���■ �π~��� ���■ �π~��� ���■ ���■ ���

�� �� ���� ���� �/��
0.6

0.8

1.0

1.2

1.4 �+ �
��

�- �
��

�+ �
���

�- �
���

Large-Nc Limit

 

Dashen, Jenkins, Manohar (1994)

Our calculations & nature have Nc = 3 …

R
RV 102

= (1− 1/Nc)
∆µN

∆µΣ

= 0.83 NRQM

= 1 +O(∆mq/Nc)

= 1 +O(1/N2

c
)

= 1.25 NRQM

= 1 +O(1/Nc)

RV 101
=

∆µN
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RS/V 1 =
1

2
(µp + µn) + 3(1/Nc − 2/N2

c )∆µN

µΣ+ + µΣ− −

1

2
(µΞ0 + µΞ−)

= 1 +O(∆mq) +O(∆mq/Nc)+O(1/N2

c
)

Why do some large-Nc predictions work better than others?

= 0.62 NRQM
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ΛΣ
0

HI3=0 = ∆ΛΣ

✓

1 0
0 0

◆

−

e~� · ~B

2MN

✓

µΣ0 µΛΣ

µΛΣ µΛ

◆

+O(B2)



Coupled-Channels Analysis 

 

ΛΣ
0

Diagonalize matrix of correlation functions

Coleman-Glashow 

+ magnetic     

polarizability

mu = md = ms

βn = 3.48(12)(26)(04)[10-4 fm3]

βΛΣ = −1.82(06)(12)(02)[10-4 fm3]

µλ±
= ⌥µn ⇠ ±2 [nBM]



New Features = New Puzzles

• Nearness to SU(3) really nearness to SU(6)?

• NRQM explains large-Nc relations for Nc = 3?

• Mild pion-mass dependence [nBM]
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*Need to compute octet, decuplet, and their transition moments

*Need further pion masses, even light SU(3) symmetric ensembles 

• Why is NRQM successful @ spectrum

gA =

5

3

& moments?

?

Walker-Loud LAT2013

S. Collins LAT2016


