
1

Pier Paolo Giardino

Sendai, LCWS2019

EWPO with dim-6 operators

29/10/2019

S. Dawson, PPG, arXiv:1909.02000



2

EWPO in the SMEFT Introduction

Precision physics can give information on new physics

• At LEP it predicted 
the Higgs mass.

• Now it shows a small 
inconsistency for the 
W mass.

How can we systematically look for new physics?
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EWPO in the SMEFT The SMEFT

Assume the SM is low energy limit of an EFT 

ℒSMEFT = ℒSM + ∑
k=5

∑
i

𝒞k
i

Λk−4
𝒪k

i

Scale of new physics Operators respect SM gauge symmetries

Assumptions: no “light” particles; Higgs is part of a SU(2) doublet 

The theory is renormalizable order by order in Λ

We are interested only for dimension-6 operators
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EWPO in the SMEFT Effective Z and W couplings

Induced effective couplings

Do not interfere with SM

Not independent at LO due to SU(2)

7 new parameters (3+2*2)
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EWPO in the SMEFT

Only 8 combinations can be proved at a time

At NLO 10 combinations but 32 operators

Effective Z and W couplings

At LO effective couplings depend on (Warsaw basis)

MW, gzu
L , gzd

L , gze
L , gzν

L , gzu
R , gzd

R , gze
R
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EWPO in the SMEFT SMEFT @ NLO

Input scheme α, Gμ, MZ

Gμ =
1

2v2 (1 +
v2

Λ2
(2𝒞(3)

ϕl − 𝒞ll) + Δr)
Relationship between parameters changed at tree level

Δr = Δr,SM +
v2

Λ2
Δr,EFTSM and SMEFT at NLO

S. Dawson, PPG, PRD 97 (2018) no.9, 093003 
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EWPO in the SMEFT SMEFT @ NLO

𝒪(
v2

Λ2
)NLO corrections are computed at order

SM is renormalized in OS Operators are treated as MS

𝒞i(μ) = 𝒞0,i −
1
2ϵ

1
16π2

γi,j𝒞j

RGE mixing: new operators enter here

E. Jenkins, A. Manohar, M. Trott JHEP 1310 (2013) 087, JHEP 1401 (2014) 035; 
R. Alonso, E. Jenkins, A. Manohar, M. Trott JHEP 1404 (2014) 159
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EWPO in the SMEFT SMEFT @ NLO

M2
W =

M2
z

2 (1 + 1 −
8πα(1 + Δr)

GμM2
z

) + δMSMEFT
W

Quantum corrections Δr → Δr(MZ, Gμ, α, Mh, mt, αs)

EFT corrections Many new operators at NLO
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EWPO in the SMEFT Fit at LEP

χ2
at LO vs. NLO MW, ΓW, ΓZ, σh, Rl, Rb, Rc, Al,FB, Ab,FB, Ac,FB, Al, Ab, Ac

δχ2
LO = ( 1 TeV

Λ ){32𝒞ϕd + 105𝒞ϕe − 445𝒞(1)
ϕl + 639𝒞(3)

ϕl − 49𝒞(1)
ϕq − 60𝒞(3)

ϕq

−11𝒞ϕu − 424𝒞ll + 491𝒞ϕD + 1114𝒞ϕWB}+quad . terms

−53𝒞ϕu − 403𝒞ll + 503𝒞ϕD + 1070𝒞ϕWB + 22 other terms}+quad . terms

δχ2
NLO = ( 1 TeV

Λ ){27𝒞ϕd + 176𝒞ϕe − 402𝒞(1)
ϕl + 667𝒞(3)

ϕl − 19𝒞(1)
ϕq − 93𝒞(3)

ϕq

Using LEP results
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with Λ=1 TeV

EWPO in the SMEFT

Single parameter fits at 95% CL

Fits to other 
coefficients that do 
not appear at LO 
not particularly 

informative

Contribution from Top important

5-10% effects from NLO

Fit at LEP
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EWPO in the SMEFT

Marginalized fits at 95% CL with Λ=1 TeV

All NLO coefficients put to 0

𝒞ϕe = 0, 𝒞(3)
ϕq = 0

Fits done marginalizing 
over 7 parameters

Large 20-30% effects.

Fit at LEP
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EWPO in the SMEFT Fit at LEP

Single fit vs. Marginalized fit at LEP

Small effects for single fit vs. large effects for marginalized fit 

Large uncertainties not taken in account at LO

with Λ=1 TeV

CfD CfWB Cfd CflI3 M Cfu CflI1 M Cll Cfq I1 M

0 .01

0 .1

SingûLO
SingûNLO
MargûLO
MargûNLO
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EWPO in the SMEFT Fit at ILC

Marginalized LEP vs. ILC fit

with Λ=1 TeV

Input scheme uncertainties under control

Tests of the Standard Model at the International Linear Collider, 
LCC Physics Working Group: arXiv:1908.11299

GigaZ run
 only EWPOCfD CfWB Cfd CflI3 M Cfu CflI1 M Cll Cfq I1 M

0 .01

0 .1
LEPûLO
LEPûNLO
ILCûLO
ILCûNLO
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EWPO in the SMEFT Fit at ILC

Conclusions

• I have presented a calculation of the complete NLO EW 
and QCD corrections to the EWPO in the SMEFT.

• These results were used in a fit using the LEP data.

• Large uncertainties in the input parameter scheme result 
in large NLO effects in the marginalized fit.

• Effects due to the NLO corrections are smaller for the 
ILC. Input parameter scheme uncertainties are under 
control.

• For the ILC I considered only EWPO from the GigaZ run.

• Higgs and Top results, and measurements at other regimes 
will improve the fit and allow for a more general fit.
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Thank you!


