
1

A Brief History of Mass 

Scott Willenbrock

Department of Physics

University of Illinois at Urbana-Champaign

PHENO 2025

May 19-21, 2025



What is mass?

2

Pole in propagator Stable particle



What is mass?

3

Pole in propagator

Complex pole Unstable particle

Stable particle



What is mass?

4

Pole in propagator

Complex pole Unstable particle

Stable particle

Rest frame



What is mass?

5

Pole in propagator

Complex pole Unstable particle

Stable particle

Rest frame

Fourier transform



6



7

p0 plane



8

p0 plane

t > 0



9

p0 plane

t > 0



10

p0 plane

t > 0

Probability



11

p0 plane

t > 0

Probability

Why isn’t this in textbooks?

[closest is QFT by Lowell Brown (1992)]
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Pole position

Gauge invariant

Field-redefinition invariant

Infrared safe

Process independent
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“Breit-Wigner mass”

Gell-Mann and Zachariasen 1961

Bordes and Jouvet 1963

J D Jackson 1964

“Relativistic 

   Breit-Wigner”

“B-W mass” depends on choice of  Barbaro-Galtieri 1971

Pole position independent of Coleman 1972

Pole position becomes standard in 

hadron physics

Ball, Campbell, Lee, Shaw 1972

Longacre et al. 1975
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“On-shell” mass

Sirlin 1980

“Relativistic 

   Breit-Wigner”

“On-shell” mass gauge dependent  Sirlin 1991

Pole position gauge invariant 
Valencia and SW 1991

Stuart 1991

Gambino and Grassi 2000

Pole position becomes standard in 

theoretical electroweak physics

Denner, Dittmaier, Roth, 

Wackeroth 1999
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“On-shell” mass, “Breit-Wigner mass”, and 

“energy-dependent width” should be discarded  

These concepts are still present in many textbooks 

Complex pole position provides unique definition of mass 

This has been fully embraced by theoretical community

Embraced by hadron physics and meson oscillation 

communities

Not yet embraced by experimental electroweak 

community
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