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Helicity amplitudes without gauge cancellation 
in the Feynman-diagram gauge
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Helicity amplitudes without gauge cancellation 
in the Feynman-diagram gauge

Kentarou Mawatari
健太郎    馬渡
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with Junmou Chen (Jinan U.) 
       Kaoru Hagiwara (KEK)
       Junichi Kanzaki (Kavli IPMU)
       Yutaro Suzuki (Iwate U., M2)
       Ya-Juan Zheng (Iwate U., PD)

arXiv: 2003.03003(EPJC), 2203.10440, 2211.14562, ...
@ Iwate U. campus



                             Kentarou Mawatari (Iwate U.)E-lab seminar @Nagoya U. - 2023.1.18 /23

When I was a PhD student, …
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A gauge boson (massless; v=c)
➡eats a Nambu-Goldstone boson (NGB) 
➡becomes fat (massive; v<c) 
➡cannot digest the NGB well
➡throw up the NGB … NGB equivalence theorem
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Peskin&Schroeder (Chapter 21) tells …

7

<latexit sha1_base64="GOpUufjXvqbNwuh4EEWOg03sAOI="></latexit>

M(e+e� ! W+
L W�

L )�,Z,⌫ / (
p
s)2

=) �(e+e� ! W+
L W�

L ) / s

<latexit sha1_base64="bO43mOATklkHWULhbkR7HplAkGg="></latexit>

✏µL / pµ ⇠
p
s

<latexit sha1_base64="HXBc2/NG08z4boHmLK+Hg2ZUQ20="></latexit>

=) �(e+e� ! W+
L W�

L ) / 1/s
<latexit sha1_base64="1KSUThx+Cnr92+x0Sj4A8R7FKIk="></latexit>

⇡ �(e+e� ! ⇡+⇡�)

Unitarity violation ???

Miracle gauge cancellation 
among the 3 amplitudes !!!

Goldstone-boson equivalence theorem
in the high-energy limit

longitudinal polarization vector

Beauty of the spontaneously broken EW gauge theory
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On the other hand, we need experimental tests to proof theories.
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e.g. Higgs production @ LHC

Our real life (experimental 
data) is not so simple …
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Lagrangian (TH) ⇔ Data (EXP)
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simulation tools

predictioninterpretation

MadGraph is one of such tools to 
generate events, based on numerical 
evaluation of helicity amplitudes. 

HELAS (HELicity Amplitude Subroutines) 
plays a main role in MadGraph to 
evaluate helicity amplitudes numerically, 
invented by K.Hagiwara, H.Murayama 
and I.Watanabe in 1991.
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[arXiv:0805.2554]
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Numerical check for gauge cancellation
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At very high energies, event generators encounter numerical problems
due to cancellation of significant digits …
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huge cancellation 
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Moreover …
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Each amplitude is (too) unphysical …
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unphysical

physical

(scattering angle of Wー)

Do we have any choice?

YES!!!
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Highlight of New HELAS (total cross section)
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In the New HELAS calculation, No unphysical energy growth for each amplitude!

Chen, Hagiwara, Kanzaki, Mawatari, 2203.10440
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Highlight of New HELAS (distribution)
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Unitary gaugeFeynman-Diagram gaugeUnitary gaugeFeynman-Diagram gauge

In the New HELAS calculation:
• No subtle cancellation among the amplitudes!
• Each squared amplitude describes the physical distributions!

Enhancement from the t-channel amplitude

Chen, Hagiwara, Kanzaki, Mawatari, 2203.10440

What is new?
Gauge choice
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Not only EW, but also QED/QCD
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Hagiwara, Kanzaki, Mawatari, 2003.03003
Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562

Feynman-Diagram gauge Feynman-Diagram gaugeFeynman gauge Feynman gauge

What is the Feynman-Diagram gauge ?
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Feynman-Diagram (FD) gauge in QED/QCD

• obtained from a light-cone (LC) gauge propagator, 
by choosing the gauge vector along the opposite 
direction of the gauge-boson momentum.  
 
 
 
 
 
 
cf. 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Hagiwara, Kanzaki, Mawatari, 2003.03003
Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562
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systematically subtract the scalar component 
which leads to unphysical energy growth in 
each amplitude.  

Nagy, Soper (2007,2014)
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Hagiwara, Kanzaki, Mawatari, 2003.03003
Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562
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Hagiwara, Kanzaki, Mawatari, 2003.03003
Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562
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• 5-component polarization vector 
 
 

• 5x5 component propagator 
 
 
 
 
 

Feynman-Diagram (FD) gauge in EW
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Hagiwara, Kanzaki, Mawatari, 2003.03003
Chen, Hagiwara, Kanzaki, Mawatari, 2203.10440
Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562

Kunszt, Soper (1988)
Wulzer (2014), Cuomo, Vecchi, Wulzer (2020)
Chen, Han, Tweedie (2017), etc

Massive gauge boson = QM superposition [reduced polarization vector + its associate NGB]

[BRST identities]

[reduced pol. vector]

We can systematically remove unphysical terms which grow with energy from all the diagrams.
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Derivation of the FD gauge propagator from the Lagrangian

• The free Lagrangian in the Light-Cone (LC) gauge: 
 
 

• The equation of motion in the momentum space: 
 

• All the 5-component of           have a common mass.

• The LC gauge propagator: 
 

• The FD gauge propagator is obtained by setting 
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Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562
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Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562
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Chen, Hagiwara, Kanzaki, Mawatari, Zheng, 2211.14562
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Key features of Feynman-Diagram (FD) gauge

• All the numerical problems 
associated with so-called gauge 
cancellation is absent.

• Helicity amplitudes for individual 
Feynman diagram have definite 
physical interpretation as 
 
[all the invariant Feynman 
propagator factors for the 
connecting lines] 
           x 
[the splitting amplitudes at each 
vertex (=Wigner’s d-function)]
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Feynman-Diagram gauge Unitary gauge

Because of these properties, we 
believe that amplitudes 
evaluated in the FD gauge give 
us deeper insights on scattering 
processes, and give improved 
efficiency in event generations. 

* The new HELAS subroutines are publicly available on 
http://madgraph.ipmu.jp/IPMU/Software/HELAS/ 


