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• Deviation of the W-boson mass
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• Even with out CDF, some pull for larger 



• Fermi Constant determined from muon decay
• Very precisely measured
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• Fermi Constant determined from muon decay

• Fermi constant generally taken as input

• Example: Supersymmetry 
• Correction now in term so S,T

• Light charged Higgsino and Wino

100 150 200 250

0.09% 0.04% 0.02% 0.01%



• Possible single field extensions which explain deviation

Bagnaschi, Ellis, Madigan, Mimasu, Sanz, You



• Triplet can contribute to Electroweak symmetry breaking 

• If              ,  then only contributes to W mass 

• Only contributes to the W boson
• If we take hypercharge non-zero would also contribute to Z

Generates       vev



• This mass correction alters weak mixing angle 

• This leads to a correction to the measured W boson mass

• Is there motivation for this new field?  

Diagonalizes  A,Z



• The neutral Higgs bosons small mix
• Couplings to SM fermions quite suppressed

• Dominant signature from decays to SM massive bosons

Couplings                
so suppressed



• Like the discovery of the muon, why would nature have a triplet?
• At face value it does nothing but give mass to 



• Like the discovery of the muon,  Who order a triplet?

• SU(5) Grand unification? 

• Gauge coupling unification 

Dotted: SM

Dashed: Real triplet

Solid: Complex Triplet

Proton Decay?
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• Matter fields embedded into larger representation
• Leads to charge quantization
• Simplest group which fits the SM, SU(5) 
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• Matter fields embedded into larger representation

• SU(5) Breaking with single real 24 Rep

• For a generic renormalizable interactions 

• So light triplet alone from SU(5) breaking is impossible

Can we use this Y=0 Triplet?



• Matter fields embedded into larger representation

• SU(5) Breaking with single real 24 Rep

• If we include an additional 24, can get a light triplet
• Lots of freedom from many couplings 

• Relevant masses 



• Dimension-6 proton decay
• Expected lifetime over 5 orders of magnitude too small 



• Dimension-6 proton decay
• The decay proceeds via the heavy gauge boson 



• Dimension-6 proton decay
• The decay proceeds via the heavy gauge boson

Same Vertex: Can we suppress it



• Dimension-6 proton decay
• The decay proceeds via the heavy gauge boson
• Mixing and suppression of proton decay

This linear combination massless  : SM field 
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• Dimension-6 proton decay
• The decay proceeds via the heavy gauge boson
• Mixing SU(5) reps and suppression of proton decay
• Mixing incomplete SU(5) reps to suppress proton decay

Creates independent mass 
matrices for EACH SM rep
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• Dimension-6 proton decay
• The decay proceeds via the heavy gauge boson
• Mixing SU(5) reps and suppression of proton decay
• Mixing incomplete SU(5) reps to suppress proton decay

• Each SM rep has a different mixing angle 
• With a proton lifetime of 

• Lifetime constraints requirements



• SM Yukawa Couplings

• Colored Higgs Yukawa couplings

• Proton Decay greatly enhanced since  
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• The breaking of SU(5) splits some masses

• These masses are constrained by gauge coupling unification
• Three question, 6 unknown leads to continuum of solutions  



• The breaking of SU(5) splits some masses

• These masses are determined by gauge coupling unification
• Three question, 6 unknown leads to continuum of solutions  

• Equations afford a solution 

• Lifetime well beyond experimental limit (maybe short not an exhaustive study)



• Minimal SU(5): Yukawa couplings explained by         suppressed operator

• Because GUT scale suppressed contribution too small 

• Yukawa can be accommodated by vector             
• Mixing can split the Yukawa Couplings  

Theory

Experiment 



• W boson mass anomaly dominated by CDF measurement
• Put is present in a lesser degree in other experiments 

• W boson constrained by Fermi Constant
• Shifts in can lead to deviation in 

• Loop level explanations are tightly constrained by experiment 
• Requires                        electroweak interacting particle

• Fits to SMEFT show only a few possibilities 
• Triplet Higgs being one of them
• Some others seem difficult to realize

• Triplet Higgs can be motivated by Grand unification
• Unification scale suppressed
• Dimension-6 proton decay suppressed by mixing
• Colored Higgs mediated proton decay enhanced, but still ok
• Yukawa couplings also explained by mixing 


