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Outline

Predicting my, & interpreting measurements in the SMEFT
Global fits with EWPO, Higgs & Diboson data

Mapping to single field extensions of the SM

Interplay with CKM unitarity

Beyond dimension-6: scalar triplet model
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SMEFT is... L= i

Model independent

Heavy new physics: M > Eexp
* Underlying assumptions SM field content & gauge symmetries
Linear EWSB: Higgs = doublet
Systematically improvable ,
E
* Double expansion higher dim. A2 & {gs, g, g’} more loops
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SMEFT is... fa =3 45

Model independent

Heavy new physics: M > Eexp
* Underlying assumptions SM field content & gauge symmetries
Linear EWSB: Higgs = doublet
Systematically improvable ,
E
* Double expansion higher dim. A2 & { Jds, g, g’} more loops

Global

* Model independence: we don't know what operators NP will generate

* Patterns & correlations among observables are key
* Ultimate goal: complete SMEFT likelihood confronted with HEP data

EWPO, Higgs, multiboson, top, DY,

Z(c;) = indirectly constrain many UV models
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My, measurements

[Bagnaschi, Ellis, Madigan, KM, Sanz & You; JHEP 08 (2022) 308|

m— Statuncertainty | |

— T[otal uncertainty
LEP2 80376 = 33 M —
DO I 80375 + 23 i
ATLAS 30370 x19 I —
LHCb 80354 + 32 T SE—
CDF I 30434 =9 o=
World Avg. (w/o CDF) 80370 +12 ——

| World Avg. (w/CDF) 804118 .-
SM 80361 + 7 @~ Indirect w/o my,
SM electroweak fit 80354 + 7 @
SM + S, T fit 80378 + 24
80100 30200 30300 30400 80500
my [MeV]
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My, measurements
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ATLAS update, Run 1 re-analysis: m, = 80360 = 16 MeV
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My, measurements
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SM + fit to S & T parameters: m,;, = 303/8 &= 24 MeV
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my, prediction in SMEFT

om? sin20.. 92 [ cos® sin @
2W — ﬂw V hw " hw (4C§l) _ZCH) +4Chwp
mgy, cos 20, 4A*\ sind, cos 0,

Dimension-6: 4 operators modify muyAGg, agy, M)

« Shift input parameter relations w.rt SM = myA G, agw, m,, C;)
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my, prediction in SMEFT

Sm’ sin26. 2 0 sin @
myy _ w V COS W+ W (4C§z) _2Cll) +4Cywp
miy cos 20, 4%\ sind, cosf,

Dimension-6: 4 operators modify muyAGg, agy, M)

. Shift input parameter relations w.r.t SM = my(Gpr, agy, m,, C;)

Opp = (H'D*H)"(H'D,H) o T
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myy, prediction in SMEFT

Sm sin26, 2 0 sin &
TV - v - —Cpp +——— (4CI(;;,’) _2Cll) +4Chwp
mi cos 20,, 4A* \ sind,, cos 6,

Dimension-6: 4 operators modify myA G, agw, M)

. Shift input parameter relations w.r.t SM = my(Gpr, agy, m,, C;)

Opws = H't'HW,,B" < 5 Opp = (H'D*H)" (H'D,H) o< T
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myy, Interpretation in SMEFT

New physics can yield correlated effects in many places

« SMEFT motivates global approach = 5m€V does not occur in isolation
* e.g. modified widths/branching fractions, production & decay kinematics, ...

* Biases in interpreting data that hasn’'t accounted for such effects?
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myy, Interpretation in SMEFT

New physics can yield correlated effects in many places

« SMEFT motivates global approach = 5m€V does not occur in isolation
* e.g. modified widths/branching fractions, production & decay kinematics, ...

* Biases in interpreting data that hasn’'t accounted for such effects?

W boson width shift: - - Y (Bcopdeo ¢
' | A2 \3 H = 3 Hg
[Bjorn & Trott; PLB 762 (2016) 426-431] —
« Affects overall normalisation & shape of  F ™o
template my & p, distributions E N—
=
* Estimated bias dominated by “
normalisation, which is left to float in
experimental analyses LY Talm
L | S 10 T
» No significant bias expected form 1y,
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myy, Interpretation in SMEFT

Other contact interactions?

* |Interference effects with charged-current 4F operators

« May be overwhelmed by narrow W peak...

* Constrained by charged current Drell Yan. Not studied so far...

K. Mimasu - MWDaysZ23 - 19/04/2023 8 my, in the SMEFT



myy, Interpretation in SMEFT

Other contact interactions?

* |nterference effects with charged-current 4F operators

« May be overwhelmed by narrow W peak...

* Constrained by charged current Drell Yan. Not studied so far...

| EP |l extraction: o (e+e_ — W+W_)

As discussed in [Bjorn & Trott; PLB 762 (2016) 426-431]

. Various methods to extract myy, assuming the SM for s(W*W™)

* Other possible SMEFT effects not accounted for

. Triple gauge coupling modifications (Oy,), W- coupling shifts, dipoles?

Safest to do a simultaneous fit to my, & C;
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INput scheme

myy, IS a prediction when using, e.g., {aEW, Gp, mZ} as Inputs
» Weuse: agy=127.95, Gr=1.16638%x 10> GeV™>, m,=91.1876 GeV
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INput scheme

myy, IS a prediction when using, e.g., {aEW, Gp, mZ} as Inputs
» Weuse: agy=127.95, Gr=1.16638%x 10> GeV™>, m,=91.1876 GeV

f my, 1S part of the input set...
* Other data must be used to compensate

e« €.9., {mW, GF, MZ} INnput scheme: use aEW(mZ) iInstead

O0Lw oMy,

2
AEW {my,Gp,my} My 1apw,Gp,mz}
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INput scheme

myy, IS a prediction when using, e.g., {aEW, Gp, mZ} as Inputs
» Weuse: agy=127.95, Gr=1.16638%x 10> GeV™>, m,=91.1876 GeV

f my, 1S part of the input set...
* Other data must be used to compensate

e« €.9., {mW, GF, MZ} INnput scheme: use aEW(mZ) iInstead

O0Lw oMy,

2
AEW {my,Gp,my} My 1apw,Gp,mz}

apw prediction deviates from SM if CDF my;, is input

» Oy uncertainty dominated by parametric my, error
* Similar constraints expected in this case

K. Mimasu - MWDays23 - 19/04/2023 9 my, in the SMEFT



Global context

Global new physics searches via high precision/energy

[Han & Skiba; PRD 71 (2005) 075009]

* £ & W-pole data: handle on the EW gauge sector ., . e piva: JHEP 02 (2015) 039)

* LHC: thriving Higgs & top programmes

* Probing gauge interactions at high energy (VV, VBS, VVV, ...)
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Global context

Global new physics searches via high precision/energy

[Han & Skiba; PRD 71 (2005) 075009]

/& W-pole data: handle on the EW gauge sector [Falkowski & Riva: JHEP 02 (2015) 039]

* LHC: thriving Higgs & top programmes

* Probing gauge interactions at high energy (VV, VBS, VVV, ...)
Cross-talk between EWPQO, Diboson & Higgs data

0.15 | - | |

« Significant correlations among operators = data

0.1

* Allows for a closed fit to flavor-universal SMEFT | B

[Corbett et al.; PRD 87 (2013) 015022] e
[Pomarol & Riva; JHEP 01 (2014) 151] )
[Ellis, Sanz & You; JHEP 03 (2015) 157] |
[|Biekotter, Corbett & Plehn, SciPost Phys 6 (2019) 6, 064] ~0.05] \ |

[Ellise, Madigan, KM, Sanz, You, JHEP 04 (2021) 279]... ;' Combined
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[Ellis et al.; JHEP 06 (2018) 146]
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