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• Introduction g-2 a successful story of two:

theory experiment

g = 2
g

g ≠ 2

g = 2 +
α
π

… …

g = 2 + ( α
π ) + C̃4 ( α

π )
2

+ C̃6 ( α
π )

3

+ C̃8 ( α
π )

4

+ C̃10 ( α
π )

5

+ 2aμτ + 2ahad + 2aweak

Gabrielse

Kinoshita

Remiddi

* from Kinoshita talk, ** from Hanneke et al. paper

Penning trap
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• Indirect v.s. direct g-2 measurement

g = 2 + ( α
π ) + C̃4 ( α

π )
2

+ C̃6 ( α
π )

3

+ C̃8 ( α
π )

4

+ C̃10 ( α
π )

5

+ 2aμτ + 2ahad + 2aweak

relates two measurable quantities
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• Indirect v.s. direct g-2 measurement

Measure  and deduce :α a = a(α)

Phys . Rev . Lett . 100 (2008), 120801

Science 360 (2018), 191

Nature 588 (2020) no.7836, 61 − 65
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• Direct g-2 measurement Penning trap simplified

Eigen frequencies: spin-, cyclotron

⃗S

⃗B

g

 In Quantum mechanical description: Eigen energies ⇒ E±
n
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Result: ad = 0.001 159 652 180 73 (28),
Where does this come from?
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We answer this question in 
EFT approach
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• Corrections in strong field background

ℒeff = ψ̄ [γμ(iℏ∂μ − eAμ1 − mc2 + a
eℏ
4m

σ ⋅ F + …] ψ .

• All representation of  matrices 
• Bi-linear Lorentz invariant 
• Gauge invariant 
• Up to 3rd order in 

4 × 4

Fμν
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ΔℒLorentz type

1

γ5

γμ

σμν

γ5γμ

ξ1,FF

m3c6
ψ̄FμνFμνψ

{
ξγ,DF

m2c4
ψ̄DαγβFα

β ψ,
ξγ,DFF1

m4c8
ψ̄DαγαFμνFμνψ,

ξγ,DFF2

m4c8
ψ̄DαγβFβνFανψ}

{
ξσ,FFF1

m5c10
ψ̄σμνFμνFαβFαβψ,

ξσ,FFF2

m5c10
ψ̄σμνFμαFνβFαβψ}

{mc2ξγ5ψ̄γ5ψ,
ξγ5FF

m3c6
ψ̄γ5FμνFμνψ}

{mc2ξγ5γμψ̄γ5γμDμψ,
ξγ5γμFF

m3c6
ψ̄γ5γαDαFμνFμνψ}
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ψ̄γ5γαDαFμνFμνψ}

ξ1,FF (−
h2ν2

c

mc2
+

h3ν3
c (2n + 1 ± 1)

m2c4 )

{0, ξγ,DFF1 ( 2h2ν2

mc2
−

h3ν3(1 + 2n ± 1)
m2c4 ), − ξγ,DFF2

h3ν3(1 + 2n ± 1)
m2c4 }

{0, ± ξσ,FFF1
4h3ν3

m2c4
, − ±ξσ,FFF2

2h3ν3

m2c4 }

{ξγ5mc2 (1 − (1 + 2n ± 1)
hνc

2mc2 ),
2ξγ5FFh2ν2

c

mc2 (1 − (1 + 2n ± 1)
hνc

2mc2 )}

{ξγ5γμmc2 (1 − (1 + 2n ± 1)
hνc

2mc2 ),
2ξγ5γμFFh2ν2

c

mc2 (1 − (1 + 2n ± 1)
hνc

2mc2 )}
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• Corrections in strong field background

Combined in Energy:

ΔE±
n

mc2
= ξ0δ0

c + ξ1δ1
c + ξ2δ2

c + ξ3δ3
c + …

ξ0 = ξγ5 + ξγ5γμ

ξ1 = − (1 + 2n ± 1)(ξγ5 + ξγ5γμ)

ξ2 =
1
8 (+3(1 + 2n ± 1)2ξγ5 + 16ξγ5FF + 3(1 + 2n ± 1)2ξγ5γμ + 16(ξγ5γμFF + ξγμFF1 − ξ1,FF))

ξ3 = (1 + 2n ± 1)ξ1,FF −
5
16

(1 + 2n ± 1)3(ξγ5 + ξγ5γμ) − (1 + 2n ± 1)(ξγ5FF + ξγ5γμFF + ξγμFF1 + ξγμFF2) ± 4ξσFFF1 ± 2ξσFFF2



Benjamin Koch; TU-Vienna 

• Corrections in strong field background

Adopted ``Master formula’’

ad =
E+

0 − E−
1

E+
1 − E0 + 3

2 mc2δc − 7
2 mc2δ2

c



Benjamin Koch; TU-Vienna 

• Corrections in strong field background

Adopted ``Master formula’’

ad =
E+

0 − E−
1

E+
1 − E0 + 3

2 mc2δc − 7
2 mc2δ2

c



Benjamin Koch; TU-Vienna 

• Corrections in strong field background

Adopted ``Master formula’’

ad =
E+

0 − E−
1

E+
1 − E0 + 3

2 mc2δc − 7
2 mc2δ2

c

ad = aa + aa(ξγ5 + ξγ5γμ) −
9
2

(ξγ5 + ξγ5γμ)δc

+(4aa(ξ1FF − ξγ5FF − ξγ5γμFF − ξγμFF1 − ξγμFF2) − 8(2ξσFFF1 + ξσFFF1) − 35aa(ξγ5 + ξγ5γμ)) δ2
c + 𝒪(ξ2

i , δ3)



Benjamin Koch; TU-Vienna 

• Corrections in strong field background

Adopted ``Master formula’’

ad =
E+

0 − E−
1

E+
1 − E0 + 3

2 mc2δc − 7
2 mc2δ2

c

ad = aa + aa(ξγ5 + ξγ5γμ) −
9
2

(ξγ5 + ξγ5γμ)δc

+(4aa(ξ1FF − ξγ5FF − ξγ5γμFF − ξγμFF1 − ξγμFF2) − 8(2ξσFFF1 + ξσFFF1) − 35aa(ξγ5 + ξγ5γμ)) δ2
c + 𝒪(ξ2

i , δ3)

ad = ad(aa, ξi, …)
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ξγ5… = 0; ξγμFF1/2 = ξ1,FF = … = ξi QED: Expect ξi ∼ α ∼ 10−2

Parity even benchmark

ΔE±
n

mc2
= 2(ξγμFF1 − ξ1,FF) ⋅ δ2

c ∼ α ⋅ δ2
c wins!

However …

also wins!

No `` ’’, no `` ’’  cancels in  n ± ⇒ ad

“master equation”
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Indirect Parker

Indirect Morel

Direct corrected

QED: Expect ξi ∼ 10−2

Plot, comparison, direct and indirect:

Parity even benchmark
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SM: Expect   ξγ5… ∼ GF

Parity odd benchmark

ξγ5γμ ≡ ξγ5i ≠ 0 rest = 0

Different story, but …

wins!
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• Conclusion

• Interesting energy corrections  
• But, cancelations in observable  
• Useful relations  for all sorts of bSM studies 

∼ α ⋅ δ2
c

ad

ad = ad (aa, ξ…)

always wins
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Thats life!

Some propaganda …
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Some propaganda Outreach: Joint effort, FAKT, HEPHY, 
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Backup
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• Corrections in strong field background

Comparison, direct and indirect: Parity odd benchmark

ξγ5γμ ≡ ξγ5i ≠ 0

rest = 0
Indirect Parker

Indirect Morel

Direct corrected

SM: Expect ξγ5γμ ∼ 10−16


