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turns into anti-monopole!

Weinberg Phys. Rev. 138. B988 (1965)
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Forbidden by 

-conservation

(N ⟷ S)
Ignatiev & Joshi hep-ph/9710553
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Using QFT, one can show that the single photon diagram vanishes for 
scalar or fermion.

Terning & Verhaaren hep-th/2010.02232

In this talk, we will show this with spinor-helicity.
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Spinor Helicity Formalism

Under a rotation and boost , spinors transform as:

Left-handed Right-handed

massivemassless

One can map particle’s momentum into spinors with .

These spinors are the building block of scattering amplitude.
Arkani-Hamed, Huang & Huang hep-th/1709.04891

All standard model 4-point amplitudes has been produced.
Christensen hep-ph/2403.07978



Explicit Formula of Spinors

For a momentum
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Partial Wave Expansion with Spinor Helicity

Expand into             eigenstates

Since photon has spin-1, only           contributes.

Jacob & Wick Annals Phys. 7, 404-428 (1959)
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Partial Wave Expansion with Spinor Helicity

The        eigenstates can be expressed with the total momentum spinors.

Can analyze       outside CM frame!
Jiang et al. hep-ph/2001.04481

For example:

The projection of total angular momentum 
is indicated by the symmetrized      . 
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Partial Wave Expansion with Spinor Helicity

The intrinsic parity of scalar pair is +1, so the parity of                      
is:

(+1) × (−1) = (−1)

 will be symmetrized so we pick up an overall minus sign.
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Partial Wave Expansion with Spinor Helicity

The intrinsic    of scalar pair is +1, so the    of                     is:

(+1) × (−1) = (−1)
For magnetic charges, parity swap N⇔S

Indeed electric scalar to magnetic scalar 
production violates    -conservation



Partial Wave Expansion with Spinor Helicity

For fermions, we need to combine their spin states to get 
eigenstates.

NS NS NS NSspin eigenstates

eigenstates ↑↓+↓↑↑↑+↓↓ ↑↑-↓↓ ↑↓-↓↑



Production through Single Photon

After similar analysis, including intrinsic                and intrinsic          
for fermion pair, we get:

Electric magnetic

↑↑-↓↓ ↑↑-↓↓
↑↓-↓↑ ↑↓+↓↑ or ↑↑+↓↓ or scalars
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Photon has intrinsic               , so        is not allowed. Any     
conserving process must involve a ↑↓-↓↑ state.

Production through Single Photon

After similar analysis, including intrinsic                and intrinsic          
for fermion pair, we get:

Electric magnetic

However, when writing out ↑↓-↓↑ wave functions we find that they are 
zero. Thus, all single photon diagrams vanish.

↑↑-↓↓ ↑↑-↓↓
↑↓-↓↑ ↑↓+↓↑ or ↑↑+↓↓ or scalars

↑↓+↓↑ or ↑↑+↓↓ or scalars ↑↓-↓↑
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↑↓-↓↑ Wave Function

By expressing the spinors explicitly with momenta, we found ↑↓=↓↑, so 
the ↑↓-↓↑ state is zero.



Future Work

We can shift the momentum into complex value to put the internal 
photon on-shell, then

instead of 

Can we still project out the partial waves with              ?

For dark magnetic monopoles, the coupling to 
photon is perturbative. Since single-photon 
channel is zero, the leading production at LHC 
should be two photon merging.

Sanchez & Holdom hep-ph/1103.1632
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