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Why Non-Local?

• Non-Local(NL) theories are UV insensitive 

• β functions beyond MNL are highly suppressed

• Investigating NL QED is a first step to approaching NL SM  

• Could provide framework for remedying the hierarchy problem
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The Model

ℒ = −
1

4
𝐹𝜇𝜈𝑒

−
𝜕2

𝑀2𝐹𝜇𝜈 + 𝑖 ത𝜓𝑒
−

𝜕2−𝑔2𝐴2

M2
𝛾𝜇 𝜕𝜇 + 𝑖𝑔𝐴𝜇 𝜓

Non-Local Operator Non-Local Operator
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Vertices
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Local Vertices:

𝑉𝐿 = −𝑖𝑔𝛾𝜇

𝑉𝑁𝐿
(1)

= −𝑖𝑔𝛾𝜇
𝑝2

𝑀2
𝑉𝑁𝐿
(1)

= −𝑖𝑔2𝜂𝛼𝛽
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(1)

= −𝑖𝑔3𝜂𝛼𝛽
𝛾𝜇

𝑀2

Non Local Vertices(1st order):

External momenta! External momenta!
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Non Local Vertices(1st order):

𝑀 → ∞ limit

Non-Local Vertices disappear 
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Propagators(𝜉 = 0 gauge)
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Gauge Invariance (Local QED)

• Considering the quantum corrections to the Lagrangian

ℒ → Δ𝑍𝜓𝑖 ത𝜓𝛾
𝜇𝜕𝜇𝜓 − Δ𝑔 ത𝜓𝛾𝜇𝜓𝐴𝜇

• Gauge invariance requires that

Δ𝑔 = 𝑔Δ𝑍𝜓 or          ℒ → Δ𝑍𝜓𝑖 ത𝜓𝛾
𝜇𝐷𝜇𝜓

• Diagrammatically (1-loop)

=g x
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Gauge Invariance (Non-Local QED)
(𝜉 = 0 gauge)

• We expect a similar behavior for the Non-Local scenario

ℒ → Δ𝑍𝜓𝑖 ത𝜓𝑒
−

𝜕2−𝑔2𝐴2

M2
𝛾𝜇𝜕𝜇𝜓 − Δ𝑔 ത𝜓𝑒

−
𝜕2−𝑔2𝐴2

M2
𝛾𝜇𝜓𝐴𝜇

• Gauge invariance requires that

Δ𝑔 = 𝑔Δ𝑍𝜓 or          ℒ → Δ𝑍𝜓𝑖 ത𝜓𝑒
−

𝜕2−𝑔2𝐴2

M2
𝛾𝜇𝐷𝜇𝜓

• This was confirmed by considering the following diagrams 
found from expanding to the lowest NL terms (1 loop)

g x = + …
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Gauge Invariance (Non-Local QED)
(𝜉 = 0 gauge)

• And more diagrams….

+ + +

++ + + +

+ + ℒ → Δ𝑍𝜓𝑖 ത𝜓𝛾
𝜇𝐷𝜇𝜓
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RGE for coupling
• What are the NL effects on the running of g?

ℒ → −
1

4
Δ𝑍𝐴𝐹

𝜇𝜈𝑒
−
𝜕2

𝑀2𝐹𝜇𝜈

• From QED we know to extract terms ∝ 𝑝𝜇𝑝𝜈 from Δ𝑍𝐴
• Where:

• Assuming that qauge inv. is obeyed to all orders, we can simply 
extract lowest order NL corrections which are ∝ 𝑝𝜇𝑝𝜈

→ Δ𝑍𝐴
𝑁𝐿 ∼ Δ𝑍𝐴

𝐿 ∗ 𝑒
−
𝜇2

𝑀2

• The Non-Local RGE for the gauge coupling g is

𝜇
𝑑𝑔

𝑑𝜇
=

𝑏 𝑔3

16𝜋2
𝑒
−
𝜇2

𝑀2 , 𝑏 = σ𝑖
2

3
𝑄𝑖
𝑓

2

Δ𝑍𝐴
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RGE Running of coupling

• QED coupling running
• Local QED in red
• Non Local QED in blue, MNL=105 GeV

𝜷 → 𝟎
beyond this 

line 

𝒃 =
𝟒𝟏

𝟏𝟎
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Conclusions

Thanks to

• Non Local model shown to be UV insensitive

• NL QED Gauge invariance verified to 1-loop order

• Running of NL gauge coupling becomes fixed beyond MNL

• Next is to investigate Higgs sector and NL effect on 𝜆𝜙4 running 
and potentially avoid Higgs vacuum instability problem
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