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Game Plan:

• Terminology
• At the SuperKEKB
• The Weak Mixing Angle
• The Dark Z Boson model
• Other models that could be tested
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Terminology:
• (Spin) Polarization – the degree to which the spin of elementary 

particles is aligned in a given direction

• Parity operation – take the space from (x, y, z) -> (-x, -y, -z)
• Helicity – Projection of Spin onto Momentum

[Ref. 1]
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Terminology:

• The Weak Mixing angle: It is a parameter of the 
Standard Model that pertains to the Weak 
Interaction.
• It affects the vector couplings of the Z boson.
• It is typically measured by measuring parity violations
• It's value changes with energy scale Q, due to running
• It's running can be theoretically predicted – but it 

*must* be measured at (at least) one Q = 'Q0' 
experimentally
• It has been best measured at the Z pole (i.e. Q = Mz)

[Ref. 1]
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Terminology:

• The Weak Mixing angle: It is a parameter of the 
Standard Model that pertains to the Weak 
Interaction.

[Ref. 1, 3]
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Terminology:

• Forward-Backward Asymmetry: AFB

It relates to the weak mixing angle by:

[Ref. 2]

This formula is specific 
to our experiment
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Terminology:

• Left-Right Asymmetry: ALR

It relates to the weak mixing angle by:

[Ref. 2]
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This formula is specific 
to our experiment



Terminology (caveats):

Asymmetries:

[Ref. 2]
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Tree level 1 loop correction



Assumptions made when calculating projected 
sensitivities of SuperKEKB/Belle II

[Ref. 2]
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At the SuperKEKB:
Pre-Upgrade
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At the SuperKEKB:
Post-Upgrade (Projected)
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The Weak Mixing Angle

Figure adapted from [Ref. 10]
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The Weak Mixing Angle
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The Weak Mixing Angle
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Possible departure from SM prediction due to 
presence of Dark Z Boson
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Dark Photon vs. Dark Z boson model
[Ref. 12]
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Dark Photon vs. Dark Z boson model

Dark Photon: Dark Z Boson:

[Ref. 12]
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Dark Photon vs. Dark Z boson model

Dark Photon: Dark Z Boson:

[Ref. 12]



Possible departure from SM prediction due to 
presence of Dark Z Boson
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[Ref. 12]



Possible departure from SM prediction due to 
presence of Dark Z Boson
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[Ref. 4]



Possible departure from SM prediction due to 
presence of Dark Z Boson
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Possible departure from SM prediction due to 
presence of Dark Z Boson
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Possible departure from SM prediction due to 
presence of Dark Z Boson
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Possible departure from SM prediction due to 
presence of Dark Z Boson
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Possible departure from SM prediction due to 
presence of Dark Z Boson
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Possible departure from SM prediction due to 
presence of Dark Z Boson

25Constraints from [R. 11]



LDM, another possibility?

• Leptophilic Dark Matter
• Couples only to leptons
• does not require a reconstructed tau+ tau- invariant 

mass
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[Ref. 13]



Conclusion:

Upgrading the SuperKEKB by adding polarization to the 
electron beams will increase our odds of detecting a dark Z 
boson (and maybe other effects)!

Thank You!
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Terminology (caveats):

• Chirality (of a Dirac fermion) - Sign of eigenvalue 
of γ5

• Chirality vs. Helicity vs. Handedness:

Refers to L and R handed representations of Poincare group. This is a math thing, which is 
what Griffiths considers "real handedness". In most scientific literature, it is used 
interchangeably – see caveat 4 in the next slide

[Ref. 1]
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Terminology (caveats):

Chirality vs. Helicity vs. Handedness:
1. Chiral fermions are eigenvectors 

of the weak interaction.
2. By Dirac equation, a chiral fermion (L or 

R) evolves over time to become a superposition of 
both L- and R-chiral fermions

3. If you make a left-handed fermion by polarizing it, 
it will stay left-handed i.e. it's helicity will not 
change (provided, your frame of reference does not 
change)

4. When E >> mc2, (or as m -> 0), chirality = helicity

[Ref. 1]
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The GWS Model

Create a field Lagrangian that has local SU(2)LxU(1) 
symmetry

To do this, need to introduce 2 gauge fields (Wµ, Bµ), 
and 2 new quantum numbers – Hypercharge Y and 
Isospin I.

[Ref. 3]
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Then spontaneously break (hide) the symmetry by 
introducing the Higgs field (this adds mass to your 
massless gauge fields)
Mix everything up (literally) and you get a massive 
W+, W- and Z, and a massless photon.

[Ref. 1, 3]

The GWS Model
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[Ref. 1, 3]

The GWS Model
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Numerical Uncertainty
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Numerical Uncertainty

[Ref. 6, 5]

[Ref. 6, 5]

[Ref. 6, 5]

[Ref. 7]

[Ref. 8]

[Ref. 8]

Also see [Ref. 9, 10] 36



Numerical Uncertainty
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Numerical Uncertainty
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