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What are Feynman diagrams?
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Preliminaries …
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𝑧 ← 𝑧2 + 𝑐

𝑐 = −1

𝑐: a fixed number,
Always starting with 𝑧 = 0

𝑧0 = 0

𝑧1 = 02 + −1 = −1

𝑧2 = −1 2 + −1 = 0

𝑧3 = 02 + −1 = −1

𝑐 = 1

𝑧0 = 0

𝑧1 = 02 + 1 = 1

𝑧2 = 12 + 1 = 2

𝑧3 = 22 + 1 = 5

𝑧4 = (−1)2+ −1 = 0 𝑧4 = 52 + 1 = 26

BOUND DIVERGENT
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https://www.youtube.com/watch?v=pCpLWbHVNhk 

−2 −1 10

𝑧 ← 𝑧2 + 𝑐

https://www.youtube.com/watch?v=pCpLWbHVNhk
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https://www.youtube.com/watch?v=pCpLWbHVNhk 

−2 −1 1

https://www.youtube.com/watch?v=pCpLWbHVNhk
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From here

https://youtu.be/pCpLWbHVNhk?t=2019


L. R. Flores Castillo  August, 2024

A proof … 
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“Simplifying” our representations
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… and then what?
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CLASSICAL MECHANICS:

𝑥, 𝑝 ො𝑥, Ƹ𝑝

AT HIGH ENERGIES (SHORT DISTANCES):

We cannot ignore particle production
𝜙(𝑥1, 0)

𝜙(𝑥𝑛, 0)

𝜙(𝑥1, 𝑡)

𝜙(𝑥𝑛, 𝑡)

Each 𝜙 𝑥 𝜙 𝑥

Excitations at each point: quanta of that field

𝑃 =  Σ 𝑎𝑖
2 
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“All possible histories” are those that can be built 
by combining a few “basic vertices” that represent 
fundamental interactions.
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+
time
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Other combinations

20

Pair annihilation
𝑒+ + 𝑒− → 𝛾 + 𝛾 

Pair production
𝛾 + 𝛾 → 𝑒+ +𝑒−

Compton scattering
𝑒− + 𝛾 → 𝑒− + 𝛾

time



What is 
1

0.98
?

21
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1
1 − 0.02

22

≈ 1 + 0.02 + 0.022

≈ 1 + 0.02

≈ 1 + 0.02 + 0.022 +0.023

…
1

1 − 𝑥
= 1 + 𝑥 + 𝑥2 + 𝑥3 + ⋯

• It is an infinite series, but we only may need two terms.
• We know how to obtain the series, but not “by inspection”.
• Maybe a supersmart alien species calls this function the “all ones”
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Each Feynman diagram stands for an expression that 
produces one complex number.
They are terms in a series; they are just written in an 
exceedingly intuition-friendly notation.

Once we know the valid vertices and what particles enter 
and exit a process, we can write ‘by inspection’ all the 
terms needed!!!

The sum of those expressions is the 
probability amplitude for the process.

23
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For example, 
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For example, 

25

time
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For example, 
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time
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For example, 
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time
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For example, 
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time
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=

+ + + +

+ …

• In QED, for each diagram: more vertices → smaller value
• Only the connections are important (angles are irrelevant)
• For very high precision, thousands of terms may be needed

time

+

𝟐 × 𝟒 ×
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+ …

time
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Also, remember that “proof” at the beginning? 

• The two “90 degree rotations” that make it “work” are 
absurd because expressions and what they represent do 
not share rotational properties

• On the other hand, when we rotate a Feynman diagram 
(i.e., we “rotate an expression”), we get valid expressions!

32
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Interaction summary (w/o the Higgs boson)

33

QED:

QCD:

Weak:

W/Z: (W |Z)/γ:

Cabibbo-Kobayashi-Maskawa
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• Each valid vertex corresponds to a term in the Standard 
Model Lagrangian.

• i.e., Feynman diagrams are terms in the perturbative 
expansion of the probability amplitude of a process.

34

𝑧 ← 𝑧2 + 𝑐
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DIY version of the Universe’s lego blocks… 
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DIY version of the Universe’s lego blocks… 
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and  a wire coat hanger
From a notebook’s 

spiral
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Combine and twist away…   ☺ 
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