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Only applies to oblique BSM physics

What about non-oblique BSM physics?
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• T is no longer an observable
• T does not represent custodial violations
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 Symmetries define the theory

 Custodial violations in non-oblique BSM physics

 Review on custodial symmetry

--- electroweak precision parameters, S, T, U, etc.

--- S, T, U, etc. are no longer observables

--- new framework: dim-6 SMEFT tree level; custodial basis

--- SMEFT Reparameterization Invariance

--- potential complication from EOM redundancies

 Custodial violations in oblique BSM physics
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 Neutrino mass

 Dark matter

 Hierarchy problem

 Strong CP problem

 Baryogenesis

Motivations beyond SM

 ……



03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 8

   BSM SM BSMU SV M SM ,   UV approach: BSMnew fields ? lim

new symmetries?
x





03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 8

   BSM SM BSMU SV M SM ,   

     UV SM h.c.N EN iD M N E iD M E Y l H N Y l H E         

 BSM

Parameter Custodial Symmetry
, N E

N E

N E Y Y
Y Y

  
 

ª

UV approach: BSMnew fields ? lim

new symmetries?
x





03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 8

   BSM SM BSMU SV M SM ,   

   MSSMEFT SM M Si i
i

C Q   

     UV SM h.c.N EN iD M N E iD M E Y l H N Y l H E         

 BSM

Parameter Custodial Symmetry
, N E

N E

N E Y Y
Y Y

  
 

ª

UV approach:

EFT approach:

BSMnew fields ? lim

new symmetries?
x





03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 8

   BSM SM BSMU SV M SM ,   

   MSSMEFT SM M Si i
i

C Q    Symmetry restrictions?

     UV SM h.c.N EN iD M N E iD M E Y l H N Y l H E         

 BSM

Parameter Custodial Symmetry
, N E

N E

N E Y Y
Y Y

  
 

ª

UV approach:

EFT approach:

BSMnew fields ? lim

new symmetries?
x





03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 8

   BSM SM BSMU SV M SM ,   

   MSSMEFT SM M Si i
i

C Q    Symmetry restrictions?

 
    

    

2

2

3 †

1 †

dim-6 operators Custodial Symmetry
1
2

a
W

a a
Hl

Hl

W

Q H iD H l

Q H iD H l

Q D

l

l










  



 



 





ª
ª

     UV SM h.c.N EN iD M N E iD M E Y l H N Y l H E         

 BSM

Parameter Custodial Symmetry
, N E

N E

N E Y Y
Y Y

  
 

ª

UV approach:

EFT approach:

BSMnew fields ? lim

new symmetries?
x





03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 9

Number of SMEFT operators

Henning, XL, Melia, and Murayama, 
arXiv: 1512.03433
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Total dim-6 SMEFT 3045
Impose baryon symmetry 2499

Further impose flavor universality 76

Number of SMEFT operators

Henning, XL, Melia, and Murayama, 
arXiv: 1512.03433
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BSMSM  

custodial symmetric?
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arXiv: hep-ph/9306267

• M. E. Peskin and T. Takeuchi, “Estimation of oblique 
electroweak corrections,” Phys.Rev. D46 (1992) 381–409

• C. Burgess, S. Godfrey, H. Konig, D. London, and I. Maksymyk, 
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• D. C. Kennedy and B. W. Lynn, “Electroweak Radiative Corrections with an 
Effective Lagrangian: Four Fermion Processes”, Nucl. Phys. B322, I (1989)

• B. W. Lynn, M. E. Peskin, and R. G. Stuart, “Radiative Corrections in 
SU(2) x U(1): LEP / SLC”, Physics at LEP 1985, SLAC-PUB-3725
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M. E. Peskin and T. Takeuchi, “Estimation of oblique 
electroweak corrections,” Phys.Rev. D46 (1992) 381–409.
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Particle Data Group Collaboration, P. Zyla et al., “Review of Particle Physics,” PETP 2020 (2020) no. 8, 083C01.
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Particle Data Group Collaboration, P. Zyla et al., “Review of Particle Physics,” PETP 2020 (2020) no. 8, 083C01.
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M. E. Peskin and T. Takeuchi, “Estimation of oblique 
electroweak corrections,” Phys.Rev. D46 (1992) 381–409.

   
 

2

N

2
2 2

Veltman 2 2 2
0

C
*

CC

ˆ 1ˆ

2
0

1

ˆ

ˆ 2

0 ~ 1
0

4
W

W

m cS c T U
m c c s

T




 



 


      














03/15/2021 UC Davis Seminar Xiaochuan Lu, UO 15

M. E. Peskin and T. Takeuchi, “Estimation of oblique 
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 Peskin-Takeuchi T parameter works as an indicator of custodial 
violation only when the BSM physics is oblique

 The role of SMEFT RPI and EOM redundancies are also investigated

 We took dim-6 SMEFT at tree level as a first step, and constructed
several working indicators of custodial violation 

 Veltman rho is NOT an indicator of custodial violation; it receives
contributions also from custodial preserving BSM physics

 Beyond oblique BSM scenario, S, T, U, etc. are no longer observables;
we need new indicators of custodial violation


