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The Electroweak Sector

• Standard Model (SM) has explained many measurements,
including measurements of the electroweak sector.

• We do not know if higgs is the whole story and we have
reasons to believe it is not.

• Beyond SM (BSM) physics can give rise to detectable signals
in electroweak precision tests (EWPTs).
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Experimental Efforts

• Colliders measure many “electroweak observable.”

• (Small experiments measure relevant quantities too, e.g. GF

from muon lifetime.)

4 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Experimental Efforts

• Colliders measure many “electroweak observable.”
• (Small experiments measure relevant quantities too, e.g. GF

from muon lifetime.)

4 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Experimental Efforts

• Colliders measure many “electroweak observable.”
• (Small experiments measure relevant quantities too, e.g. GF

from muon lifetime.)

4 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Experimental Efforts

• Colliders measure many “electroweak observable.”
• (Small experiments measure relevant quantities too, e.g. GF

from muon lifetime.)

4 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Experimental Efforts

• Colliders measure many “electroweak observable.”
• (Small experiments measure relevant quantities too, e.g. GF

from muon lifetime.)

4 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Experimental Efforts

• There are not as many free SM parameters as independent
measurements.

• Assuming SM, we can take some of the measured parameters
and calculate the rest as a function of them; then we compare
those numbers to measured values.

• Goodness-of-fit of SM is quantified by a χ2 fit. We use
oblique parameters to parametrize deviations from SM.
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MW Measurements

• One important measurement in these fits: MW .

• Measured at SPS, LEP, Tevatron, ...

• Measured in a Drell-Yan process.

• pT and mT distributions sensitive to MW ; we fit to those
distributions to extract MW .
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• Latest update from CDF II, saw a big discrepancy with SM
predictions.

• What is the implication of the measurement for BSM?
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Executive Summary

• IF

CDF II result is corroborated by other experiments, positive
values of T oblique parameter required.

• A promising BSM explanation: a scalar triplet with Y = 0 and
a small vacuum expectation value (vev).
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EWPTs

• As mentioned, too many measurements compared to number
of parameters of the model.

• GF and α are the most precisely-measured ones. Treated as
constant in EWPTs.

• Other Core observables: MZ , Mh, Mt , αs , ∆α.

• In SM, all other electroweak observables can be calculated in
terms of these quantities; then we can compare to their
measured value and do a χ2 fit.

• (We use Gfitter set of observables [1803.01853], which
partially overlaps with PDGs.)
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Oblique Parameters

• How do we quantize deviation from SM?

Oblique parameters.

Xµ Xν

= iΠXX(p2)gµν

S ≡
4c2W s2W
α

[
Π′
ZZ (0)−

c2W − s2W
cW sW

Π′
Zγ(0)− Π′

γγ(0)

]
,

T ≡ 1

α

[
ΠWW (0)

m2
W

− ΠZZ (0)

m2
Z

]
.

• S : captures mixing of SU(2) third component and U(1)Y .

• T : captures violation of isospin symmetry.

• Both are zero in SM. Non-zero S&T affects the electroweak
observables.
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Oblique Parameters

• In SMEFT:

Loblique = S

(
α

sW cW v2

)
H†W µν

a σaHBµν − T

(
2α

v2

)
|H†DµH|2.

• Other oblique parameters correspond to higher dimension
operators; hard to generate in BSM scenarios without giving
rise to S&T .

• All observables are written as a function of S&T .
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Fit Procedure

• For every point on the S − T plane, we calculate

χ2(S , T ) =
∑
j

(
Mj − Oj(S , T )

σj

)2

.

• j : different observables, Mj : measured value, Oj : SM
prediction + BSM contribution (parametrized by S&T ), σj :
uncertainty.

• On the S − T plane, χ2 has a chi-square distribution with 2
dofs. We use that to find 2σ ellipses.
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S − T Plane

• SM was already in the corner.
• Each new measurement moves this ellipse.
• Latest measurement was CDF II MW . We want to see how

that affects this ellipse.
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CDF II

• A part of Tevatron. CoM energy: 1.96 TeV.

• Expected to outperform LHC in MW measurements: better
detector resolution, PDF uncertainty, lower pile-up.

• They did an analysis on four times more data than their last
analysis.

• Measurements done in six different channels.
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MW at CDF II
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Possible Issues

• See [2205.02788] for further details.

• Use of RESBOS: N3LL+NNLO only included in RESBOS2.

• Use of RESBOS: Handling of angular distributions.

• At CDF II, a data-driven method is used to improve RESBOS
results.

• ΓW : (affects only the mT channel measurements)

ΓW = 2.0895± 0.0006 GeV vs. ΓW = 2.046± 0.049 GeV

• PDF uncertainties.

• They conclude at most 10 MeV shift in MW central value.
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results.

• ΓW : (affects only the mT channel measurements)

ΓW = 2.0895± 0.0006 GeV vs. ΓW = 2.046± 0.049 GeV

• PDF uncertainties.

• They conclude at most 10 MeV shift in MW central value.
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Four Scenarios

• We should wait for similar analysis from LHC.

• But let’s trust our experimentalist friends for now.

• We can redo the EWP fits with the new MW value.

• Four scenarios considered for MW in the fit.

MW = 80.379± 0.012 GeV (PDG 2020),

MW = 80.4335± 0.0094 GeV (CDF II),

MW = 80.4335± 0.0157 GeV (CDF II - 2xSyst.),

MW = 80.4112± 0.0076 GeV (LHC + LEP + Tevatron),

• Experimental results combined assuming zero correlations. We
checked that other correlation values did not change the final
deductions.
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Oblique Lessons from CDF II

• We focus on average of all experimental results for MW

(amber ellipse).

• Need positive T. What models can give us that?
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Outline

• Intro.

• Electroweak Precision Tests

• CDF II Measurement

• Implications for BSM
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BSM Explanations

• Many proposals put forward: 2HDM, dark photon, LQ, new
fermions, SU(2) triplet, shifting ∆αhad (related to g-2).

• swino: new SU(2) triplet with Y = 0 and a small vev.

• Most minimal and natural solution.

• We focus on the tree level correction. At loop level further
corrections appear.
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Swino

L ⊃ 1

2
Dµϕ

aDµϕa − 1

2
M2

Tϕ
aϕa + κϕaH†σaH − ηH†Hϕaϕa,

• See [1201.4383] for more details.

• With other hypercharge values, set of possible operators
change.

• κ > 0 gives rise to a small vev for swino.

• This vev can correct ΠWW , but not ΠZZ .

W W

x x

S = 0, T =
v2

α

κ2

M4
T

.
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Natural Habitat of Swinos: SUSY

• Swino arises in a supersymmetric extension of SM with N = 2
and including an R-symmetry.

• See [het-ph/0206096,0712.2039]

• Originally motivated by SUSY flavor problem; but Majorana
gaugino masses break the R-symmetry.

• Need an extra chiral superfield in the adjoin rep.; the fermion
enables a dirac mass for gauginos.

• The scalar component of the new SU(2) adjoint superfiled is a
swino.
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Summary

• Existence of numerous measurements allow us to test
consistency of SM prediction and experimental results.

• In the fits GF and α are treated as constant; all other
observables derived from MZ , Mh, Mt , αs , ∆α.

• Oblique parameters quantify deviation from SM.
• T > 0 explains the CDF II measurement of MW .
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Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!

28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!

28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis):

(i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!

28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space,

(ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!

28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals,

or (iii) explore potential overlooked systematics.

THANK YOU!

28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!

28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Summary

• A swino is potentially the most minimal BSM explanation.

• Suggestions for BSM theorist (while waiting for CMS/ATLAS
analysis): (i) think about future colliders reach in swino
parameter space, (ii) think about UV completions and other
signals, or (iii) explore potential overlooked systematics.

THANK YOU!
28 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

Back up

• When Things are Oblique

• Oblique Contributions

• CDF II Distributions

• CDF II Uncertainties

• RESBOS vs. RESBOS2

• Oblique Parameter U

• Other BSM Models

• More on Swino

• Singlet-Doublet Fermions
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When Oblique Parameters Are Useful

See [hep-ph/9306267].
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Oblique Contributions

See [1306.4644].

31 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up
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See [1306.4644].

32 / 28



Intro. EWPTs CDF II Measurement BSM Summary Back Up

CDF II Distributions
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CDF II Uncertainties
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RESBOS vs. RESBOS2
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RESBOS vs. RESBOS2
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Oblique Parameter U

• It is a dim. 8 operator effect. Suppressed in perturbative
models.

• Only affects MW and ΓW .
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Oblique Parameter U

• None-zero U can explain the anomaly alone.

• Not clear what BSM model can give rise to it.
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Other BSM Explanations:

• Dark Photon: T < 0. Wont work.

• 2HDM: T ∼ sin2 (α− β) - a dim. 8 correction.

• ∆αhad: Worsens the (g − 2)µ anomaly.

• Leptoquarks: work at loop level; light colored particles.

• New fermions: constrained.
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More on Swino

L ⊃ 1

2
Dµϕ

aDµϕa − 1

2
M2

Tϕ
aϕa + κϕaH†σaH − ηH†Hϕaϕa,

• See [1201.4383] for more details.
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Singlet-Doublet Fermions
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