
Tom Tong
University of Amsterdam

University of Oregon
HEFT 2021

Custodial Symmetry 
Beyond The Oblique

arXiv: 2009.10725 with 
Graham Kribs, Xiaochuan Lu, 
Adam Martin



2

Custodial Symmetry
❖ The Higgs potential is invariant under

❖ UV theories that violate custodial symmetry are generally 
believed to be severely constrained (  TeV) by data 
from electroweak precision measurements.

Λ ≳ 10

❖ We are interested in the robustness of this result in the 
context of SMEFT @ dim-6.

SO(4) ∼ SU(2)L × SU(2)R ⟶ SO(3) ∼ SU(2)V
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Is BSM physics custodial symmetric?

ρ =
M2

W

M2
Z cos2 θW

= 1 + αT ∼ 1αT =
ΠWW(0) − Π33(0)

M2
W

∼ 0
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Custodial Symmetry: Peskin-Takeuchi
❖ As Peskin and Takeuchi had correctly pointed out, 

there are two different s.ρ

    is called the Veltman ρ =
M2

W

M2
Z cos2 θW

ρ

ρ = 1 +
α

cos 2θ (−
1
2

S + cos2 θ T +
cos 2θ
4 sin2 θ

U)

T parameter is defined by ρ*(0)

where  

in the zero-momentum limit.

ρ*(0) =
Charged Current
Neutral Current

ρ*(0) = 1 + αT
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Custodial Symmetry: Universal Theories

❖ The electroweak precision parameters S, T, U work properly 
only under the oblique assumption: all the corrections from 
heavy new physics are in the gauge boson 2-point functions.

❖ Those UV theories following the oblique assumption are called 
Universal Theories.
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Custodial Symmetry: Non-Universal Theories
❖ Non-Universal Theories do not follow the oblique assumption.
❖ They have vertex corrections from heavy new physics, which 

means that S, T, U are incomplete and problematic.

❖ Specifically,    is no longer uniquely defined in

    a Non-Universal Theory. It depends on the fermion species.

ρ*(0) =
CC
NC
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Example: Vector-like Fermions (Non-Universal)

❖ Matching at the leading order, this theory generates

ℒSMEFT ⊃ (H†iDμH)(l̄γμl)

αT =
ΠWW(0) − Π33(0)

M2
W

= 0
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Our approach toward a resolution

❖ Define custodial symmetry in the UV

❖ Custodial Basis of SMEFT @ dim-6

❖ Map onto observables @ tree level

❖ Find the correlations between them 
when custodial symmetry is imposed

❖ Construct a generalization to the T
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Custodial Symmetry in the UV

❖ UV physics is custodial symmetric when there is a 
global  symmetry preserved, in the limit , 
by all UV interactions with the Higgs sector of the SM.

SU(2)R g1 → 0

❖ The breakings of custodial  by UV interactions:

1. “Soft”: vanish in the limit 

2. “Hard”: persist in the limit 

SU(2)R

g1 → 0

g1 → 0
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Custodial Basis of SMEFTν
❖ Warsaw Basis of dim-6 SMEFT, with right-handed neutrinos 

included, extended to manifest  symmetry.

❖ Writing , the Higgs  bifundamental scalar.

SU(2)L × SU(2)R

Σ = (H̃ H) (2, 2)

CHD QHD ⟶ aHD OHD = aHD [Tr (Σ†iDμΣτ3
R)]

2

C(1)
Hl Q(1)

Hl ⟶ a(1)
Hl O(1)

Hl = a(1)
Hl [Tr (Σ†iDμΣτ3

R)(l̄γμl)]

❖ Example: Two operators with hard custodial breaking ( ).τ3
R
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Custodial Basis of SMEFTν

❖ Based on the Warsaw 
Basis of dim-6 SMEFT

❖ Includes right-handed 
neutrinos ( SMEFT)

❖ The red operators violate 
custodial symmetry with 
hard breakings

❖ The operators circled by 
purple are relevant to us

ν
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Observables

{α̂, ĜF, M̂2
Z} {M̂2

W, Γ̂ZνLν̄L
, Γ̂ZeLēL

, Γ̂Zeē}
❖ Taken as our SM inputs

❖ Use them to calculate 
other observables

❖ Predicted observables by the inputs

❖ Calculated in SMEFT @ tree level

❖ Compare the predictions to 
experiments
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How are these observables measured?

{α̂, ĜF, M̂2
Z} {M̂2

W, Γ̂ZνLν̄L
, Γ̂ZeLēL

, Γ̂Zeē}
❖  — electron 

❖  — muon lifetime

❖  — LEP

α̂ g − 2

ĜF

M̂2
Z

❖  — LHC

❖

❖  and 

    —  and 

M̂2
W

3 Γ̂ZνLν̄L
= Γ̂Z − Γ̂Zll − Γ̂Zqq

Γ̂ZeLēL
Γ̂Zeē

(Γ̂ZeLēL
+ Γ̂Zeē) ̂A0,e

FB
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Mapping SMEFT onto the observables

We swap out  for the Veltman                      M̂2
W ̂ρ ̂rZff̄ =

ΓSMEFT

ΓSM
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Constructing     to replace the T parameter

❖ UV theories with custodial symmetry have a correlation 
among these observables:

( ̂ρ − 1) +
1
2

( ̂rZνLν̄L
− 1) −

1
2

c2θ ( ̂rZeLēL
− 1) = 0
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Constructing     to replace the T parameter

❖ UV theories violate custodial symmetry yield an expression 
with these observables:

( ̂ρ − 1) +
1
2

( ̂rZνLν̄L
− 1) −

1
2

c2θ ( ̂rZeLēL
− 1) = − 2v2 [aHD − a(1)

Hl ]

❖ Eventually, from these correlated observables we constructed 
our generalizaion to the Peskin-Takeuchi T parameter.

= α

❖       captures hard CV from both oblique and vertex corrections.
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Example 1: Real Triplet Scalar (Universal)

❖       works equivalently to the T parameter for Universal Theories.

αT = −
1
2

v2CHD = − 2v2 aHD
α = − 2v2 [aHD − a(1)

Hl ]
= − 2v2 aHD = αT

❖ Matching @ the leading order, this theory generates

aHD OHD = aHD [Tr (Σ†iDμΣτ3
R)]

2
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Example 2: Vector-like Fermions (Non-Universal)

❖       works with Non-Universal Theories while T fails.

αT = − 2v2 aHD = 0
α = − 2v2 [aHD − a(1)

Hl ]
= 2v2 a(1)

Hl ≠ 0

❖ Matching @ the leading order, this theory generates

a(1)
Hl O(1)

Hl = a(1)
Hl [Tr (Σ†iDμΣτ3

R)(l̄γμl)], while aHD = 0
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Constraints on custodial violating UV physics

❖ Constraints depend on the largest uncertainty with 
respect to the measurements of the observables.

α = ( ̂ρ − 1) +
1
2

( ̂rZνLν̄L
− 1) −

1
2

c2θ ( ̂rZeLēL
− 1)

❖ Due to the uncertainty on the  boson partial decay 
width to left-handed electrons, the constraints on 
custodial violating UV physics is expected to be 
different.

Z
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Take Home Messages
❖ Veltman  is NOT an indicator of custodial violation.
❖ Peskin-Takeuchi T parameter works as an indicator of 

custodial violation only when the BSM physics is oblique.
❖ We have generalized the T parameter into 

ρ

α = − 2v2 [aHD − a(1)
Hl ] = −

1
2

v2 [CHD + 4C(1)
Hl ]

which is constructed from well-measured observables.

❖ At tree level, it captures custodial violation of both 
Universal and Non-Universal Theories.


