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Recent results from electroweak fits



Introduction

Electroweak Precision Data: 

Very precise measurements of the W & Z boson properties taken at  
e+ e- colliders

From Hadron colliders (Tevatron & LHC):
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Z-pole obs. 
(SLD/LEP)
0.002-O(1)%
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Precision in many cases of the order of 1 ‰ 



Before Higgs discovery: 
- Indirect evidence of a light Higgs

- Interplay SM-NP in EWPO

2010

Precision is such that can test the SM predictions to the level of 
radiative corrections:

Tested validity of the SM description of EW interactions

Sensitive to all SM particle masses via loop corrections:
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Precision is such that can test the SM predictions to the level of 
radiative corrections:

Tested validity of the SM description of EW interactions

Sensitive to all SM particle masses via loop corrections:

Introduction

After Higgs discovery: 
- All inputs of the SM are known

- Observables can be fully predicted in the SM

- Strong (unambiguous) constraints on NP modifying the EW 
sector (e.g. solutions to the hierarchy problem)



Electroweak precision observables:  
Experimental and Theory status
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Input parameters:

W mass parametrized in terms of 

Z-pole observables parametrized in terms of effective Zff couplings
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Z-pole observables parametrized in terms of Effective Zff couplings 
(plus additional QED/QCD corrections [radiators, FSI])
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Left-Right and Forward-Backward Asymmetries
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Decay widths (and ratios), hadronic cross section

Effective electroweak mixing angle
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Strong coupling constant: 

Result dominated by Lattice results:

PDG (unweighted) average:

Consistent with FLAG average:
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EW precision observables: Exp. inputs

New PDG world average 
(Excl. EW fit results)
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Figure 9.2: Summary of determinations of αs(M2
Z) from the six sub-fields

discussed in the text. The yellow (light shaded) bands and dashed lines indicate the
pre-average values of each sub-field. The dotted line and grey (dark shaded) band
represent the final world average value of αs(M2

Z).

whereby the dominating contributions to the overall error are experimental (+0.0017
−0.0018), from

parton density functions (+0.0013
−0.0011) and the value of the top quark pole mass (±0.0013).
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Values of ↵S:

↵S(MZ) = 0.1179 ± 0.0012 (1)
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E↵ective b angle
sin

2 ✓b
E↵ (8)
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Top quark mass: 

New individual combinations from 
CDF,  D0,  ATLAS and CMS:

All more precise than current 
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EW precision observables: Exp. inputs

Current world average (2014)

168 169 170 171 172 173 174 175 176

mt [GeV]

173.34 ± 0.27 ± 0.71 GeV

2014 World Average

(arXiv: 1403.4427)

174.3 ± 0.35 ± 0.54 GeV

2016 Tevatron comb.

(arXiv: 1608.01881 )

172.84 ± 0.34 ± 0.61 GeV

2016 ATLAS comb.

(arXiv: 1606.02179)

172.44 ± 0.13 ± 0.47 GeV

2016 CMS comb.

(PRD 93(2016)2004)
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1 Equations

Values of ↵S:

↵S(MZ) = 0.1179 ± 0.0012 (1)

↵S(MZ)|2014 = 0.1185 ± 0.0005 (2)

↵S(MZ)|PDG
Lattice = 0.1187 ± 0.0012 (3)

↵S(MZ)|FLAG
Lattice = 0.1182 ± 0.0012 (4)

Values of mt:

mt = 173.34 ± 0.27 (stat.) ± 0.71 (sys.) GeV (5)

Values of MW :

MW (ind.) = 80.351 ± 0.018 (6)

EWPO at HC:

MH (7)

mt (8)
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-1 1 fbµµCMS 
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lASLD: 
0.00026±0.23098

0,b
FBLEP-1 and SLD: A

0.00029±0.23221

LEP-1 and SLD: Z-pole
0.00016±0.23149

Figure 3: Comparison of experimental measurements of sin2
✓

lept
e↵ . The horizontal bars represent total

uncertainties. The updated D0 electron-channel result is denoted as “D0 ee 10 fb�1”. This result

is termed preliminary since, although the D0 Afb results are published, the corrections to sin2
✓

lept
e↵

discussed in Sec. III are preliminary.

The Tevatron combination of CDF and D0 results is denoted as “TeV combined: CDF+D0”. The

other measurements are LEP-1 and SLD [4], CMS [15], ATLAS [14], LHCb [16], and CDF [9, 10].

The LEP-1 and SLD Z pole result is the combination of their six measurements.

of inference. The indirect measurement of sin2 ✓W from LEP-1 and SLD, 0.22332 ± 0.00039,

is from the standard model fit to all Z-pole measurements [4, 5] described in Appendix F of

Ref. [5]. The following input parameters to zfitter, the Higgs-boson mass mH , the Z-boson

mass MZ , the QCD coupling at the Z pole ↵s(M2
Z), and the QED correction �↵(5)

em(M2
Z), are

varied simultaneously within the constraints of the LEP-1 and SLD data, while the top-quark

mass mt is constrained to the directly measured value from the Tevatron, 173.2± 0.9 GeV/c2

[55]. The NuTeV value is an inference based on the on-shell sin2 ✓W parameter extracted from

the measurement of the ratios of the neutral-to-charged current ⌫ and ⌫̄ cross sections at Fer-

milab [57, 58].

EW precision observables: Exp. inputs

FERMILAB-CONF-16-295-E

See also R. Hirosky talk on Aug 31

Tevatron and LHC meas. of         
from asymmetries in the dilepton 
channel

Precision still below the one of the 
LEP/SLD result

Tevatron indirect MW determination

Waiting for Tevatron updates on the 
direct MW  measurements…

Also ongoing effort at the LHC to 
obtain direct MW  measurement
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Theory status:

       : Only EW one loop       

       : Full EW 2-loop + leading 3-loop & some 4-loop

                (light ferm): Full EW 2-loop + leading higher order 

      : Full fermionic EW 2-loop

                : First calculation of 2-loop bosonic corrections     

Experimental vs Theoretical uncertainties:

9 Electroweak Observables

EWPD:

MW , ΓW , MZ, ΓZ, σ0
had, sin2 θleptEff , P pol

τ , Af , A0,f
FB, R0

f

EWPD:
MW , ΓW , BrℓνW

MZ, ΓZ, σ0
had, sin2 θleptEff , P pol

τ , Af , A0,f
FB, R0

f

Low Energy observables:

Parity Violation: QW (13355 Cs, 205
81 Tl), QW (e)(Møller)

ν scatt. : gV,A(νµe), g2
L,R(νµN)

CKM unitarity :
∑

i |Vui|2

LEP 2 data:

σ(e+e− → ℓ+ℓ−,had), Aℓ+ℓ−

FB , dσe+e−→e+e−

d cos θ

Higgs signal strengths:

H → γγ, ZZ, W+W−, bb̄, τ+τ−

LHC Drell-Yan
σ(pp → ℓ+ℓ−)

LHC Dijet
σ(pp → jj)
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M. Awramik, M. Czakon, A. Freitas, G. Weiglein, Phys. Rev D69 (2004) 053006

M. Awramik, M. Czakon, A. Freitas, JHEP 0611 (2006) 048
M. Awramik, M. Czakon, A. Freitas, B.A. Kniehl, Nucl. Phys. B813 (2009) 174-187

A. Freitas, JHEP 1404 (2014) 070

Electroweak precision tests Ayres Freitas

MW GZ s0
had Rb sin2 q `

eff
Exp. error 15 MeV 2.3 MeV 37 pb 6.6⇥10�4 1.6⇥10�4

Theory error 4 MeV 0.5 MeV 6 pb 1.5⇥10�4 0.5⇥10�4

Table 1: Current experimental errors and theory uncertainties for the SM prediction of some of the most
important electroweak precision observables. Here R

b

⌘ G[Z ! bb̄]/G[Z ! hadrons].

2. Z-boson width at two loops

As a concrete example for the electroweak two-loop corrections to electroweak precision ob-
servables, this section will discuss the calculation of the O(N

f

a2) contribution to the (partial)
Z-boson width(s). The total Z-width is defined through the imaginary part of the complex pole of
the Z-boson propagator,

s0 = M

2
Z � iMZGZ. (2.1)

This definition leads to a Breit-Wigner function with constant width near the Z-pole, s µ
|s� s0|�2 = [(s�M

2
Z)

2 +M

2
ZG2

Z]
�1. Note that this differs from the Breit-Wigner function with

a running width used in the experimental analyses, so that one has to include a finite shift when
relating MZ and GZ to the reported measured values:

MZ = M

exp
Z �34.1 MeV, GZ = Gexp

Z �0.9 MeV. (2.2)

Expanding (2.1) up to next-to-next-to-leading order (NNLO) and using the power counting GZ ⇠
O(a)MZ, the result for GZ can be written as [8]1

GZ =
1

MZ
ImSZ(s0) =

1
MZ


ImSZ

1+ReS0
Z

�

s=M

2
Z

+O(G3
Z), (2.3)

where SZ is the Z self-energy. Using the optical theorem, the imaginary part of the self-energy can
be related to the decay process Z ! f f̄ , resulting in

GZ = Â
f

G
f

, G
f

=
N

f

c

MZ

12p
⇥
R f

V

F

f

V

+R f

A

F

f

A

⇤
s=M

2
Z
, F

f

V

⇡
|v

f

|2

1+ReS0
Z
, F

f

A

⇡
|a

f

|2

1+ReS0
Z
, (2.4)

where N

f

c

= 3(1) for quarks (leptons). Here the functions R f

V,A have been introduced, which capture
effects from final-state QED and QCD corrections. They are known up to O(a4

s ), O(aas) and
O(a2) in the limit of massless fermions, while mass corrections are known up to three-loop order
[10]. The electroweak corrections are contained in S0

Z and the effective Z f f̄ vector and axial-vector
couplings v

f

and a

f

. Note that v

f

and a

f

include contributions from photon-Z mixing. Eq. (2.4) is
accurate up to NNLO.

For the calculation of the fermionic electroweak O(a2) corrections, Feynman diagrams have
been generated with FeynArts 3.3 [11]. In addition to the diagrams for the Z ! f f̄ vertex cor-
rections, one also needs two-loop self-energy diagrams for the on-shell renormalization [12]. In
the on-shell renormalization scheme used here, particle masses are defined through the (complex)

1Here a term µ ImS00
Z has been omitted, since ImS00

Z = 0 at leading order for massless final-state fermions.

3

A. Freitas, PoS(LL2014)050 [arXiv: 1406.6980]

1 Equations

MW , �W (1)

�W (2)

M2

W =
M2

Z

2

✓

1 +
q

1 � 4⇡↵p
2GµM2

Z

(1 + �r)

◆

(3)

L= e
2sW cW

Zµ

P

f̄
h

gf
V �µ � gf

A�µ�5

i

f

= e
2sW cW

Zµ

P

f̄
h

gf
L�µ(1 + �

5

) + gf
R�µ(1 � �

5

)
i

f

= e
2sW cW

p
⇢fZµ

P

f̄
h

(If
3

� 2Qf
f
Zs

2

W )�µ � If
3

�µ�5

i

f

(4)

⇢f
Z =

⇣

gf
A

If
3

⌘

2

(5)

s2W = 1 � M2
W

M2
Z

(6)

f
Z = 1

4|Qf |s2W
⇣

1 � gf
V

gf
A

⌘

(7)

A0,f
L,R = Af =

2Re

(
g
f
V

g
f
A

)

1+Re

(
g
f
V

g
f
A

)2 (8)

(f = `, c, b) (9)

A0,f
FB = 3

4

AeAf (10)

sin2 ✓lept

E↵

= Re
�

`
Z

 

s2W (11)

�f /
�

�

�

⇢f
Z

�

�

�



�

�

�

gf
V

gf
A

�

�

�

2

Rf
V + Rf

A

�

�

�

�

(12)

�Z, �0

h = 12⇡
M2

Z

�e�h

�

2
Z

, R0

` = �h

�`
, R0

c,b = �c,b

�h
(13)

L
E↵

= v2

4

Tr
⇥

Dµ⌃†⌃
⇤ �

1 + 2V
h
v
+ . . .

�

� mif̄ i
L

�

1 + 2f
h
v
+ . . .

�

f i
R (14)

L
E↵

= v2

4

Tr
⇥

Dµ⌃†⌃
⇤ �

1 + 2V
h
v
+ . . .

�

�mif̄ i
L

�

1 + 2f
h
v
+ . . .

�

f i
R

(15)

2
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1 Equations

MH range in plots

10 GeV  MH  1000 GeV (1)

E↵ective b angle

sin

2 ✓b
E↵ (2)

Combinations depending on STU:

A=S � 2c2W T � (c2W�s2W )

2s2W
U

(3)

B=S � 4c2Ws2W T (4)

(5)

C=�10(3 � 8s2W )S + (63 � 126s2W � 40s4W ) T

A=S � 2c2W T � (c2W�s2W )

2s2W
U

(6)

B=S � 4c2Ws2W T (7)

(8)

C=�10(3 � 8s2W )S + (63 � 126s2W � 40s4W ) T

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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Several groups/codes for the EWPD fit:
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32 10. Electroweak model and constraints on new physics

150 155 160 165 170 175 180 185
mt [GeV]

10
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100
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1000

M
H
 [G

eV
]

ΓZ, σhad, Rl, Rq (1σ)
Z pole asymmetries (1σ)
MW (1σ)
direct mt (1σ)
direct MH
precision data (90%)

Figure 10.4: Fit result and one-standard-deviation (39.35% for the closed contours
and 68% for the others) uncertainties in MH as a function of mt for various inputs,
and the 90% CL region (∆χ2 = 4.605) allowed by all data. αs(MZ) = 0.1185 is
assumed except for the fits including the Z lineshape. The width of the horizontal
dashed (yellow) band is not visible on the scale of the plot.

account for Rb, which has been measured on the Z peak and off-peak [227] at LEP 1.
An average of Rb measurements at LEP 2 at energies between 133 and 207 GeV is 2.1 σ

below the SM prediction, while A
(b)
FB (LEP 2) is 1.6 σ low [171].

The left-right asymmetry, A0
LR = 0.15138 ± 0.00216 [154], based on all hadronic data

from 1992–1998 differs 2.1 σ from the SM expectation of 0.1468 ± 0.0004. The combined
value of Aℓ = 0.1513 ± 0.0021 from SLD (using lepton-family universality and including
correlations) is also 2.1 σ above the SM prediction; but there is experimental agreement
between this SLD value and the LEP 1 value, Aℓ = 0.1481 ± 0.0027, obtained from a fit

to A
(0,ℓ)
FB , Ae(Pτ ), and Aτ (Pτ ), again assuming universality.

The observables in Table 10.4 and Table 10.5, as well as some other less precise
observables, are used in the global fits described below. In all fits, the errors include
full statistical, systematic, and theoretical uncertainties. The correlations on the LEP 1
lineshape and τ polarization, the LEP/SLD heavy flavor observables, the SLD lepton
asymmetries, and the ν-e scattering observables, are included. The theoretical correlations

between ∆α
(5)
had and gµ − 2, and between the charm and bottom quark masses, are also

accounted for.

The data allow a simultaneous determination of MZ , MH , mt, and the strong coupling

αs(MZ). (m̂c, m̂b, and ∆α
(3)
had are also allowed to float in the fits, subject to the

August 21, 2014 13:18

LEP EWWG using Zfitter

• On-shell ren.
• Frequentist stat. analysis

PDG using GAPP

• MS ren.
• Frequentist stat. analysis

Global Analysis of Particle Properties
J. Erler  (arXiv: hep-ph/0005084)

v6.42:  A. Arbuzov et al. , Comput. Phys. Commun. 174 (2006)
A. Akhundov et al. (arXiv: 1302.1395 [hep-ph])

EW precision observables in the SM



Several groups/codes for the EWPD fit:

fit
1

HEP
In this talk I will focus mostly on the results obtained 

with the               code    

10Jorge de Blas 
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Gfitter

• On-shell ren.
• Frequentist stat. analysis

M. Baak et al. , Eur. Rhys. J. C 74, 3046 (2014)

EW precision observables in the SM

Mainly from:  
M. Ciuchini, E. Franco, S. Mishima, M. Pierini, L. Reina & L. Silvestrini 

                  arXiv: 1608.01509 [hep-ph]

• On-shell ren.
• Bayesian stat. analysis



General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on github) 

Webpage: 

https://github.com/silvest/HEPfit

http://hepfit.roma1.infn.it
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The SM fit to EWPD

12

Measurement Posterior Prediction 1D Pull nD Pull

↵s(MZ) 0.1179±0.0012 0.1180±0.0011 0.1185±0.0028 -0.2

�↵
(5)
had(MZ) 0.02750±0.00033 0.02747±0.00025 0.02743±0.00038 0.04

MZ [GeV] 91.1875±0.0021 91.1879±0.0020 91.199±0.011 -1.0
mt [GeV] 173.34±0.76 173.61±0.73 176.6±2.5 -1.3
mH [GeV] 125.09±0.24 125.09±0.24 102.8±26.3 0.8

MW [GeV] 80.385±0.015 80.3644±0.0061 80.3604±0.0066 1.5

�W [GeV] 2.085±0.042 2.08872±0.00064 2.08873±0.00064 -0.2

sin2 ✓lept
e↵ (Qhad

FB ) 0.2324±0.0012 0.231464±0.000087 0.231435±0.000090 0.8

P pol
⌧ =A` 0.1465±0.0033 0.14748±0.00068 0.14752±0.00069 -0.4

�Z [GeV] 2.4952±0.0023 2.49420±0.00063 2.49405±0.00068 0.5
�0

h [nb] 41.540±0.037 41.4903±0.0058 41.4912±0.0062 1.3 0.7
R0

` 20.767±0.025 20.7485±0.0070 20.7472±0.0076 0.8
A0,`

FB 0.0171±0.0010 0.01631±0.00015 0.01628±0.00015 0.8

A` (SLD) 0.1513±0.0021 0.14748±0.00068 0.14765±0.00076 1.7
Ac 0.670±0.027 0.66810±0.00030 0.66817±0.00033 0.02
Ab 0.923±0.020 0.934650±0.000058 0.934663±0.000064 -0.6
A0,c

FB 0.0707±0.0035 0.07390±0.00037 0.07399±0.00042 -0.9 1.5
A0,b

FB 0.0992±0.0016 0.10338±0.00048 0.10350±0.00054 -2.6
R0

c 0.1721±0.0030 0.172228±0.000023 0.172229±0.000023 -0.05
R0

b 0.21629±0.00066 0.215790±0.000028 0.215788±0.000028 0.7

sin2 ✓ee
e↵ 0.23248±0.00052

0.231464±0.000087 0.231435±0.000090

2.1
sin2 ✓µµ

e↵ 0.2315±0.0010 0.07
sin2 ✓ee

e↵ 0.23146±0.00047 0.1
sin2 ✓ee,µµ

e↵ 0.2308±0.0012 -0.5
sin2 ✓µµ

e↵ 0.2287±0.0032 -0.8
sin2 ✓µµ

e↵ 0.2314±0.0011 -0.1

Table 5: UPDATED

5
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Abstract

Materials for the talk at Higgs Hunting 2016. See also the materials for the talks presented
at ICHEP 2016.

1 Equations

MH range in plots

10 GeV  MH  1000 GeV (1)

Combinations depending on STU:

A=S � 2c2W T � (c2W�s2W )

2s2W
U

(2)

B=S � 4c2Ws2W T (3)

(4)

C=�10(3 � 8s2W )S + (63 � 126s2W � 40s4W ) T

A=S � 2c2W T � (c2W�s2W )

2s2W
U

(5)

B=S � 4c2Ws2W T (6)

(7)

C=�10(3 � 8s2W )S + (63 � 126s2W � 40s4W ) T

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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EWPD limits on NP: S, T, U

Oblique Parameters: New Physics contributing to gauge boson self-
energies. EWPD depends only on 3 parameters

In models where EWSB is realized linearly, U is expected to be << S,T

M.E. Peskin, T. Takeuchi, Phys. Rev. D46 (1992) 381-409

MZ, �Z, �0

had

, sin2 ✓lept

E↵

, P pol

⌧ , Af , A0,f
FB, R0

f

Low Energy observables:

Parity Violation: QW (133
55

Cs, 205

81

Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2

L,R(⌫µN)

CKM unitarity :
P

i |Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`+`�
FB , d�e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

LHC Dijet
�(pp ! jj)

3 E↵ective Lagrangian description of New Physics:

Equations

L
E↵

=
P1

d=4

1

⇤

d�4Ld = L
SM

+ 1

⇤

L
5

+ 1

⇤

2L6

+ · · · (2)

Ld =
P

i ↵
d
iOd

i (3)

⇥
Od

i

⇤
= d (4)

E ⌧ ⇤ (5)

↵S = 4e2

h
⇧NP 0

33

(0) � ⇧NP 0
3Q (0)

i
(6)

↵T = e2

s2W c2WM2
Z

⇥
⇧NP

11

(0) � ⇧NP

33

(0)
⇤

(7)

↵U = 4e2

⇥
⇧NP 0

11

(0) � ⇧NP 0
33

(0)
⇤

(8)

(9)

4 New Particles

3

dim 8 dim 6

16Jorge de Blas 
INFN - Sezione di Roma 

Higgs Hunting 2016 
Paris, September 2, 2016  



EWPD limits on NP: S, T (U=0)

Oblique Parameters( S, T [U=0] ):

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3615 ± 0.0080 ±0.0003 ±0.0060 ±0.0027 ±0.0046
�W [GeV] 2.08872 ± 0.00066 ±0.00020 ±0.00047 ±0.00021 ±0.00036
�Z[GeV] 2.49433 ± 0.00049 ±0.00025 ±0.00031 ±0.00021 ±0.00017
�0

h[nb] 41.4881 ± 0.0032 ±0.0024 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ (Qhad
FB ) 0.23149 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14730 ± 0.00094 ±0.00001 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934642 ± 0.000076 ±0.000001 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627 ± 0.00021 ±0.00000 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07380 ± 0.00052 ±0.00001 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10325 ± 0.00067 ±0.00001 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7515 ± 0.0037 ±0.0031 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172234 ± 0.000015 ±0.000010 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215794 ± 0.000027 ±0.000006 ±0.000004 ±0.000000 ±0.000026

Table 6: SM predictions computed using the theoretical expressions for EWPO without the
experimental constraints on the observables, and individual uncertainties associated with each
input parameter.

Fit result Correlations

S 0.09±0.10 1.00
T 0.10±0.12 0.86 1.00
U 0.01±0.09 �0.54 �0.81 1.00

Table 7: STU fit. UPDATED

Fit result Correlations

S 0.10±0.08 1.00
T 0.12±0.07 0.86 1.00

Table 8: ST fit with U = 0. UPDATED

68% 95%

V 1.???±0. [0.??, 1.??]

Table 9: UPDATE
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Recent Results from Electroweak Fits
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a
INFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk at Higgs Hunting 2016. See also the materials for the talks presented
at ICHEP 2016.

1 Equations

Combinations depending on STU:

A=S � 2c2W T � (c2W�s2W )

2s2W
U

(1)

B=S � 4c2Ws2W T (2)

(3)

C=�10(3 � 8s2W )S + (63 � 126s2W � 40s4W ) T

A=S � 2c2W T � (c2W�s2W )

2s2W
U

(4)

B=S � 4c2Ws2W T (5)

(6)

C=�10(3 � 8s2W )S + (63 � 126s2W � 40s4W ) T

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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EWPD limits on NP: S, T, U

Oblique Parameters ( S, T, U ):

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3615 ± 0.0080 ±0.0003 ±0.0060 ±0.0027 ±0.0046
�W [GeV] 2.08872 ± 0.00066 ±0.00020 ±0.00047 ±0.00021 ±0.00036
�Z[GeV] 2.49433 ± 0.00049 ±0.00025 ±0.00031 ±0.00021 ±0.00017
�0

h[nb] 41.4881 ± 0.0032 ±0.0024 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ (Qhad
FB ) 0.23149 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14730 ± 0.00094 ±0.00001 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934642 ± 0.000076 ±0.000001 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627 ± 0.00021 ±0.00000 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07380 ± 0.00052 ±0.00001 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10325 ± 0.00067 ±0.00001 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7515 ± 0.0037 ±0.0031 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172234 ± 0.000015 ±0.000010 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215794 ± 0.000027 ±0.000006 ±0.000004 ±0.000000 ±0.000026

Table 6: SM predictions computed using the theoretical expressions for EWPO without the
experimental constraints on the observables, and individual uncertainties associated with each
input parameter.

Fit result Correlations

S 0.09±0.10 1.00
T 0.10±0.12 0.86 1.00
U 0.01±0.09 �0.54 �0.81 1.00

Table 7: STU fit. UPDATED

Fit result Correlations

S 0.10±0.08 1.00
T 0.12±0.07 0.86 1.00

Table 8: ST fit with U = 0. UPDATED

68% 95%

V 1.???±0. [0.??, 1.??]

Table 9: UPDATE
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Modified Higgs couplings 

Effective Lagrangian for a light Higgs+Approximate custodial symmetry

EWPO: One-loop contribution to S & T

1 Equations

d�pp!``/dMll (1)

M2
W =

M2
Z

2

✓
1 +

q
1 � 4⇡↵p

2GµM2
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(1 + �r)

◆
(2)
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2sW cW
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P
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h
gf
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A�µ�5

i
f

= e
2sW cW
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i
f

= e
2sW cW

p
⇢fZµ

P
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h
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f
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2
W )�µ � If

3 �µ�5

i
f

(3)

⇢f
Z =

⇣
gf
A

If
3

⌘2

(4)

s2W = 1 � M2
W

M2
Z

(5)

f
Z = 1

4|Qf |s2W
⇣
1 � gf

V

gf
A

⌘
(6)

A0,f
L,R = Af =

2Re

(
g
f
V

g
f
A

)

1+Re

(
g
f
V

g
f
A

)2 (7)

(f = `, c, b) (8)

A0,f
FB = 3

4
AeAf (9)

sin2 ✓lept
E↵ = Re

�
`

Z

 
s2W (10)

�f /
���⇢f

Z

���
���g

f
V

gf
A

���
2

Rf
V + Rf

A

���� (11)

�Z, �0
h = 12⇡

M2
Z

�e�h

�2
Z

, R0
` = �h

�`
, R0

c,b = �c,b

�h
(12)

LE↵ = v2

4
Tr

⇥
Dµ⌃†⌃

⇤ �
1 + 2V

h
v
+ . . .

�
� mif̄ i

L

�
1 + 2f

h
v
+ . . .

�
f i
R (13)

LE↵=
v2

4
Tr

⇥
Dµ⌃†⌃

⇤ �
1 + 2V

h
v
+ . . .

�

�mif̄ i
L

�
1 + 2f

h
v
+ . . .

�
f i
R

(14)

2

Rescaled hVV couplings

Rescaled hff couplings

S= 1
12⇡

�
1 � 2

V

�
log ⇤2

m2
h

T= � 3
16⇡c2W

�
1 � 2

V

�
log ⇤2

m2
h

(15)

⌃ (16)

h (17)

gb
L,R = gb SM

L,R + �gb
L,R (18)

✏i ⇡ ✏SMi (19)

2 Tables

3 Plots

4 Standard Model

3

S= 1

12⇡

�

1 � 2

V

�

log ⇤

2

m2
h

T= � 3

16⇡c2W

�
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V

�

log ⇤

2
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h

(16)

⌃ (17)

h (18)

gb
L,R = gb SM

L,R + �gb
L,R (19)

✏i ⇡ ✏SMi (20)

⇤ < 4⇡vq
|1�2

V |
(21)

⇤ = 4⇡vq
|1�2

V |
(22)

W 6= Z (23)

` 6= u 6= d (24)

{Gµ, ↵
em

} (25)

n

mh, mt, MZ, ↵s(M2

Z), �↵(5)

had

(M2

Z)
o

(26)

✏
1

= �⇢0 (27)

✏
2

= c2
0

�⇢0 + s20
c20�s20

�rW � 2s2
0

�0 (28)

✏
3

= c2
0

�⇢0 + (c2
0

� s2
0

)�0 (29)

+✏b (30)

p

Re⇢e
Z = 1 + �⇢0

2

(31)

sin2 ✓`
E↵

= (1 + �0)s2
0

(32)

s2W c2W =
⇡↵(M2

Z)p
2GµM2

Z(1��rW )

(33)
�

s2
0

c2
0

=
⇡↵(M2

Z)p
2GµM2

Z

�

(34)

(35)

�✏i = ✏i � ✏SMi (36)

3

Cut-off of the Higgs Eff. Lag.

EWPD limits on NP: Modified Higgs couplings
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Modified Higgs couplings (κV):

EWPD limits on NP: Modified Higgs couplings

Implications for composite Higgs (κV<1): 
Extra contrib. to S, T required to agree with 

EWPD fit 
20

EWPD bounds (κV)  
stronger than Higgs limits (LHC run 1)

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3615 ± 0.0080 ±0.0003 ±0.0060 ±0.0027 ±0.0046
�W [GeV] 2.08872 ± 0.00066 ±0.00020 ±0.00047 ±0.00021 ±0.00036
�Z[GeV] 2.49433 ± 0.00049 ±0.00025 ±0.00031 ±0.00021 ±0.00017
�0

h[nb] 41.4881 ± 0.0032 ±0.0024 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ (Qhad
FB ) 0.23149 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14730 ± 0.00094 ±0.00001 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934642 ± 0.000076 ±0.000001 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627 ± 0.00021 ±0.00000 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07380 ± 0.00052 ±0.00001 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10325 ± 0.00067 ±0.00001 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7515 ± 0.0037 ±0.0031 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172234 ± 0.000015 ±0.000010 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215794 ± 0.000027 ±0.000006 ±0.000004 ±0.000000 ±0.000026

Table 8: OLD ↵S

Fit result Correlations

S 0.09±0.10 1.00
T 0.10±0.12 0.86 1.00
U 0.01±0.09 �0.54 �0.81 1.00

Table 9: STU fit. UPDATED

Fit result Correlations

S 0.10±0.08 1.00
T 0.12±0.07 0.86 1.00

Table 10: ST fit with U = 0. UPDATED

Fit result 95% Prob.

V 1.02±0.02 [0.98, 1.07]

Table 11: UPDATED

8

(                             )

Current HL-LHC ILC FCCee CEPC
Data (Run)

↵s(M2

Z) 0.1179±0.0012

�↵
(5)

had

(M2

Z) 0.02750±0.00033
MZ [GeV] 91.1875±0.0021 ±0.0001 (FCCee-Z) ±0.0005
mt[GeV] 173.34±0.76 ±0.6 ±0.017 ±0.014 (FCCee-tt̄)

mh[GeV] 125.09±0.24 ±0.05 ±0.015 ±0.007 (FCCee-HZ) ±0.0059

MW [GeV] 80.385±0.015 ±0.011 ±0.0024 ±0.001 (FCCee-WW ) ±0.003
�W [GeV] 2.085±0.042 ±0.005 (FCCee-WW )

�Z [GeV] 2.4952±0.0023 ±0.0001 (FCCee-Z) ±0.0005
�0

h[nb] 41.540±0.037 ±0.025 (FCCee-Z) ±0.037

sin2 ✓lept

e↵

0.2324±0.0012 ±0.0001 (FCCee-Z) ±0.000023
P pol

⌧ 0.1465±0.0033 ±0.0002 (FCCee-Z)

A` 0.1513±0.0021 ±0.000021 (FCCee-Z [pol])

Ac 0.670±0.027 ±0.01 (FCCee-Z [pol])

Ab 0.923±0.020 ±0.007 (FCCee-Z [pol])

A0,`
FB

0.0171±0.0010 ±0.0001 (FCCee-Z) ±0.0010
A0,c

FB

0.0707±0.0035 ±0.0003 (FCCee-Z)

A0,b
FB

0.0992±0.0016 ±0.0001 (FCCee-Z) ±0.00014
R0

` 20.767±0.025 ±0.001 (FCCee-Z) ±0.007
R0

c 0.1721±0.0030 ±0.0003 (FCCee-Z)

R0

b 0.21629±0.00066 ±0.00006 (FCCee-Z) ±0.00018

Table 3: Expected experimental sensitivities to the di↵erent electroweak precision observables
at future colliders. Apart from the improvements quoted in this table, we also assume that
a future measurement of �↵

(5)
had, whose error dominates in the parametric uncertainties of the

theory predictions, is possible with an error ⇠ ±0.00005 []. This assumption is only relevant
(and will be only applied) for the FCCee and CEPC fits, where the experimental precision for
for the bulk of electroweak precision measurements will be largely improved.

⇤ > 13 TeV (V < 1)
⇤ > 8.7 TeV (V > 1)

(12)

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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EWPD limits on NP: Dim 6 SMEFT

The SM Effective Theory:

General parametrization compatible with assumptions

Provides ordering principle (power counting)

Provides (Lorentz & Gauge invariance) correlations between different 
types of observables

SMEFT basis:

Dimension 5: 1 operator

Dimension 6:  59 operators

21

Low Energy observables:

Parity Violation: QW (133
55

Cs, 205

81

Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2

L,R(⌫µN)

CKM unitarity :
P

i |Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`+`�
FB , d�e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

3 E↵ective Lagrangian description of New Physics:

Equations

L
E↵

=
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d=4

1
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d�4Ld = L
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⇤
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+ · · · (2)
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4 New Particles
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EWPO sensitive to:
Oblique corrections

Corrections to EW Vff couplings

Also sensitive to                                through indirect effects:         
the extraction of GF from µ decay is corrected by                

�GF
=

⇣
(C(3)

H`)11 + (C(3)
H`)22 � 1

2
((C``)1221 + (C``)2112)

⌘
v2

⇤2 (15)

O(1)
Hf = (H†i

$
DµH)(f�µf) O(3)

Hf = (H†i
$
Da

µH)(f�µ�af) (16)

OHD =
��H†iDµH

��2 OWB = (H†�aH)W a
µ⌫B

µ⌫ (17)

Oll = (l�µl)(l�µl) (18)

�g
u(⌫),d(e)
L = �1

2

⇣
C

(1)
Hq(l) ⌥ C

(3)
Hq(l)

⌘
v2

⇤2 (19)

�gu,d,e
R = �1

2
C

(1)
Hu,d,e

v2

⇤2 (20)

�V q,l
L = C

(3)
Hq,l

v2

⇤2 (21)

2 Tables

3 Plots

4 Dimension six operators
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Assuming Ci ~ 1⇒EWPD bounds on NP scale > 3-12 TeV

95% prob. bound on
Ci
⇤2 [TeV�2] ⇤ [TeV]

Operator Ci = 1 Ci = �1 Ci = ±1

OHWB

�
H†�aH

�
W a

µ⌫B
µ⌫ [�0.010, 0.004] 14 (22.4%) 10 (77.6%) 11

OHD

��H†DµH
��2 [�0.032, 0.006] 9.4 (7.3%) 5.9 (92.7%) 5.9

O(1)
Hl (H†i

$
DµH)

�
lL�

µlL
�

[�0.006, 0.011] 9.8 (75.6%) 12 (24.4%) 10

O(3)
Hl (H†i

$
Da

µH)
�
lL�

µ�alL
�

[�0.013, 0.006] 12 (21.5%) 9.3 (78.5%) 9.4
OHe (H†iDµH) (eR�µeR) [�0.017, 0.006] 11 (16.8%) 8.2 (83.2%) 8.2

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.025, 0.046] 4.9 (70.9%) 5.9 (29.1%) 5.0

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.011, 0.016] 8.3 (63.4%) 9.4 (36.6%) 8.6

OHu (H†i
$
DµH) (uR�µuR) [�0.069, 0.088] 3.4 (59.0%) 3.8 (41.0%) 3.5

OHd (H†i
$
DµH)

�
dR�µdR

�
[�0.159, 0.058] 3.7 (17.6%) 2.6 (82.4%) 2.7

Oll (l�µl)(l�µl) [�0.010, 0.023] 7.0 (79.1%) 9.1 (20.9%) 7.1

Table 3: UPDATED August

95% prob. bound on
Ci
⇤2 [TeV�2]

Operator

O(1)
Hl (H†i

$
DµH)

�
lL�

µlL
�

[�0.012, 0.036]

O(3)
Hl (H†i

$
Da

µH)
�
lL�

µ�alL
�

[�0.064, 0.009]
OHe (H†iDµH) (eR�µeR) [�0.026, 0.014]

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.106, 0.070]

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.189,�0.001]

OHu (H†i
$
DµH) (uR�µuR) [�0.220, 0.420]

OHd (H†i
$
DµH)

�
dR�µdR

�
[�1.18,�0.150]

Oll (l�µl)(l�µl) [�0.084, 0.030]

Table 4: All ops UPDATED August
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EWPD bounds stronger than Higgs limits (LHC run 1)

EWPD limits on dim 6 interactions

Comparison EWPD and Higgs bounds
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1 operator at a time

95% prob. bound on
Ci

⇤2 [TeV�2] ⇤ [TeV]
Operator Ci = 1 Ci = �1 Ci = ±1

OHWB

�

H†�aH
�

W a
µ⌫B

µ⌫ [�0.0095, 0.0033] 16(20%) 11(80%) 11

OHD

�

�H†DµH
�

�

2
[�0.031, 0.0050] 12(7%) 5.9(93%) 6.1

O(1)
Hl (H†i

$
DµH)

�

lL�µlL
�

[�0.0055, 0.012] 9.7(79%) 13(21%) 9.9

O(3)
Hl (H†i

$
Da

µH)
�

lL�µ�alL
�

[�0.011, 0.0055] 15(25%) 9.7(75%) 9.7
OHe (H†iDµH) (eR�µeR) [�0.017, 0.0054] 13(14%) 8.1(86%) 8.3

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.028, 0.042] 5.1(64%) 6.0(36%) 5.3

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.011, 0.013] 8.9(55%) 9.8(45%) 9.2

OHu (H†i
$
DµH) (uR�µuR) [�0.073, 0.080] 3.7(52%) 3.8(48%) 3.7

OHd (H†i
$
DµH)

�

dR�µdR

�

[�0.14, 0.068] 3.6(24%) 2.8(76%) 2.9

Oll (l�µl)(l�µl) [�0.0096, 0.023] 7.0(77%) 9.8(23%) 7.3

Table 22: Lower bounds on the NP scale ⇤ in units of TeV obtained by setting Ci = ±1.

95% prob. bound on
Ci

⇤2 [TeV�2]
Operator

O(1)
Hl (H†i

$
DµH)

�

lL�µlL
�

[�0.012, 0.037]

O(3)
Hl (H†i

$
Da

µH)
�

lL�µ�alL
�

[�0.064, 0.010]
OHe (H†iDµH) (eR�µeR) [�0.027, 0.014]

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.106, 0.079]

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.190, 0.004]

OHu (H†i
$
DµH) (uR�µuR) [�0.240, 0.440]

OHd (H†i
$
DµH)

�

dR�µdR

�

[�1.18, �0.13]

Oll (l�µl)(l�µl) [�0.086, 0.031]

Table 23: Lower bounds on All operator same time.
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95% prob. bound on
Ci
⇤2 [TeV�2] ⇤ [TeV]

Operator Ci = 1 Ci = �1 Ci = ±1

OHWB

�
H†�aH

�
W a

µ⌫B
µ⌫ [�0.010, 0.004] 14 (22.4%) 10 (77.6%) 11

OHD

��H†DµH
��2 [�0.032, 0.006] 9.4 (7.3%) 5.9 (92.7%) 5.9

O(1)
Hl (H†i

$
DµH)

�
lL�

µlL
�

[�0.006, 0.011] 9.8 (75.6%) 12 (24.4%) 10

O(3)
Hl (H†i

$
Da

µH)
�
lL�

µ�alL
�

[�0.013, 0.006] 12 (21.5%) 9.3 (78.5%) 9.4
OHe (H†iDµH) (eR�µeR) [�0.017, 0.006] 11 (16.8%) 8.2 (83.2%) 8.2

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.025, 0.046] 4.9 (70.9%) 5.9 (29.1%) 5.0

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.011, 0.016] 8.3 (63.4%) 9.4 (36.6%) 8.6

OHu (H†i
$
DµH) (uR�µuR) [�0.069, 0.088] 3.4 (59.0%) 3.8 (41.0%) 3.5

OHd (H†i
$
DµH)

�
dR�µdR

�
[�0.159, 0.058] 3.7 (17.6%) 2.6 (82.4%) 2.7

Oll (l�µl)(l�µl) [�0.010, 0.023] 7.0 (79.1%) 9.1 (20.9%) 7.1

Table 3: UPDATED August

95% prob. bound on
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Operator
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Hl (H†i

$
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�
lL�

µlL
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[�0.012, 0.036]
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Da
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�
lL�

µ�alL
�

[�0.064, 0.009]
OHe (H†iDµH) (eR�µeR) [�0.026, 0.014]

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.106, 0.070]

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.189,�0.001]

OHu (H†i
$
DµH) (uR�µuR) [�0.220, 0.420]

OHd (H†i
$
DµH)

�
dR�µdR

�
[�1.18,�0.150]

Oll (l�µl)(l�µl) [�0.084, 0.030]

Table 4: All ops UPDATED August

4

95% prob. bound on
Ci
⇤2 [TeV�2] ⇤ [TeV]
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DµH) (qL�µqL) [�0.025, 0.046] 4.9 (70.9%) 5.9 (29.1%) 5.0
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DµH) (uR�µuR) [�0.069, 0.088] 3.4 (59.0%) 3.8 (41.0%) 3.5

OHd (H†i
$
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�
dR�µdR

�
[�0.159, 0.058] 3.7 (17.6%) 2.6 (82.4%) 2.7

Oll (l�µl)(l�µl) [�0.010, 0.023] 7.0 (79.1%) 9.1 (20.9%) 7.1
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Table 4: All ops UPDATED August
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Only 8 combinations of dim6 
operators can be constrained. 
“Remove”                          .                       OHWB, OHD
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95% prob. bound on
Ci

⇤2 [TeV�2] ⇤ [TeV]
Operator Ci = 1 Ci = �1 Ci = ±1

OHWB

�

H†�aH
�

W a
µ⌫B

µ⌫ [�0.0095, 0.0033] 16(20%) 11(80%) 11

OHD

�

�H†DµH
�

�

2
[�0.031, 0.0050] 12(7%) 5.9(93%) 6.1

O(1)
Hl (H†i

$
DµH)

�

lL�µlL
�

[�0.0055, 0.012] 9.7(79%) 13(21%) 9.9

O(3)
Hl (H†i

$
Da

µH)
�

lL�µ�alL
�

[�0.011, 0.0055] 15(25%) 9.7(75%) 9.7
OHe (H†iDµH) (eR�µeR) [�0.017, 0.0054] 13(14%) 8.1(86%) 8.3

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.028, 0.042] 5.1(64%) 6.0(36%) 5.3

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.011, 0.013] 8.9(55%) 9.8(45%) 9.2

OHu (H†i
$
DµH) (uR�µuR) [�0.073, 0.080] 3.7(52%) 3.8(48%) 3.7

OHd (H†i
$
DµH)

�

dR�µdR

�

[�0.14, 0.068] 3.6(24%) 2.8(76%) 2.9

Oll (l�µl)(l�µl) [�0.0096, 0.023] 7.0(77%) 9.8(23%) 7.3

Table 22: Lower bounds on the NP scale ⇤ in units of TeV obtained by setting Ci = ±1.
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Ci

⇤2 [TeV�2]
Operator

O(1)
Hl (H†i

$
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lL�µlL
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[�0.012, 0.037]

O(3)
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�

[�0.064, 0.010]
OHe (H†iDµH) (eR�µeR) [�0.027, 0.014]

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.106, 0.079]

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.190, 0.004]

OHu (H†i
$
DµH) (uR�µuR) [�0.240, 0.440]

OHd (H†i
$
DµH)

�

dR�µdR

�

[�1.18, �0.13]

Oll (l�µl)(l�µl) [�0.086, 0.031]

Table 23: Lower bounds on All operator same time.
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OHe (H†iDµH) (eR�µeR) [�0.017, 0.006] 11 (16.8%) 8.2 (83.2%) 8.2

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.025, 0.046] 4.9 (70.9%) 5.9 (29.1%) 5.0

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.011, 0.016] 8.3 (63.4%) 9.4 (36.6%) 8.6

OHu (H†i
$
DµH) (uR�µuR) [�0.069, 0.088] 3.4 (59.0%) 3.8 (41.0%) 3.5

OHd (H†i
$
DµH)

�
dR�µdR

�
[�0.159, 0.058] 3.7 (17.6%) 2.6 (82.4%) 2.7

Oll (l�µl)(l�µl) [�0.010, 0.023] 7.0 (79.1%) 9.1 (20.9%) 7.1
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O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.189,�0.001]
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Ci

⇤2 [TeV�2] ⇤ [TeV]
Operator Ci = 1 Ci = �1 Ci = ±1

OHWB

�

H†�aH
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W a
µ⌫B

µ⌫ [�0.0095, 0.0033] 16(20%) 11(80%) 11

OHD
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�H†DµH
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OHd (H†i
$
DµH)
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Oll (l�µl)(l�µl) [�0.0096, 0.023] 7.0(77%) 9.8(23%) 7.3

Table 22: Lower bounds on the NP scale ⇤ in units of TeV obtained by setting Ci = ±1.
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Table 23: Lower bounds on All operator same time.
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95% prob. bound on
Ci

⇤2 [TeV�2] ⇤ [TeV]
Operator Ci = 1 Ci = �1 Ci = ±1

OHWB
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H†�aH
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W a
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µ⌫ [�0.0095, 0.0033] 16(20%) 11(80%) 11

OHD
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O(1)
Hq (H†i

$
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Table 22: Lower bounds on the NP scale ⇤ in units of TeV obtained by setting Ci = ±1.
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��2 [�0.032, 0.006] 9.4 (7.3%) 5.9 (92.7%) 5.9

O(1)
Hl (H†i

$
DµH)

�
lL�

µlL
�

[�0.006, 0.011] 9.8 (75.6%) 12 (24.4%) 10

O(3)
Hl (H†i

$
Da

µH)
�
lL�

µ�alL
�

[�0.013, 0.006] 12 (21.5%) 9.3 (78.5%) 9.4
OHe (H†iDµH) (eR�µeR) [�0.017, 0.006] 11 (16.8%) 8.2 (83.2%) 8.2

O(1)
Hq (H†i

$
DµH) (qL�µqL) [�0.025, 0.046] 4.9 (70.9%) 5.9 (29.1%) 5.0

O(3)
Hq (H†i

$
Da

µH) (qL�µ�aqL) [�0.011, 0.016] 8.3 (63.4%) 9.4 (36.6%) 8.6

OHu (H†i
$
DµH) (uR�µuR) [�0.069, 0.088] 3.4 (59.0%) 3.8 (41.0%) 3.5

OHd (H†i
$
DµH)

�
dR�µdR

�
[�0.159, 0.058] 3.7 (17.6%) 2.6 (82.4%) 2.7

Oll (l�µl)(l�µl) [�0.010, 0.023] 7.0 (79.1%) 9.1 (20.9%) 7.1

Table 3: UPDATED August

95% prob. bound on
Ci
⇤2 [TeV�2]

Operator
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�
lL�
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�
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$
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�
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�
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O(3)
Hq (H†i

$
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OHu (H†i
$
DµH) (uR�µuR) [�0.220, 0.420]

OHd (H†i
$
DµH)

�
dR�µdR

�
[�1.18,�0.150]

Oll (l�µl)(l�µl) [�0.084, 0.030]

Table 4: All ops UPDATED August
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Many other ops. can contribute at the loop level... The high precision of 
EWPD can compensate the loop suppression and set significant 
constraints.

We use the full set of RGE for the dim 6 Eff. Lagrangian to classify those  
interactions that can have large (log-enhanced) contributions to EWPD

Large effects ~        ⇒  Top quark interactions, e.g.

Work in the leading log approximation for the RGE

R. Alonso, E. Jenkins, A. Manohar, M. Trott, JHEP 1404 (2014) 159
E. Jenkins, A. Manohar, M. Trott, JHEP 1310 (2013) 087; JHEP 1401 (2014) 035
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∑
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…



EWPD constraints on electron-top contact interactions

Only three approximate combinations can be constrained
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EWPD constraints on Top & Top-Bottom contact interactions

Very difficult to constrain at the LHC (current LHC bound ~ 390 GeV)

Only two independent combinations
ATLAS, arXiv: 1505.04306 [hep-ex]
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EWPD constraints on Top dipole interactions

Both come from the contribution in the running to the “S” operator:

6 Fits RG Top
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EWPD constraints on electroweak Top couplings
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EWPO at Future colliders

Several projects for future e+ e- colliders: ILC, FCC, CEPC… 

Physics at the FCCee:

Physics at the ILC: Optimized for a precise determination of Higgs 
properties. Operation at 250, 350, 500 (and 1000?) GeV

Physics at the CEPC: designed as a Z and H factory (Z-pole and HZ runs)

7 Expected sensitivity at FCCee

Future circular e+e� colliders represent an opportunity to reach the ultimate precision

both on EWP observables and Higgs couplings. In order to assess the impact of this

improvement in precision, we take as a reference the FCCee project at CERN [? ]. The

FCCee design has two favourable aspects: (i) across its years of operations, it aims to run

at the Z pole, the WW, the HZ, and the tt̄ production thresholds, with the possibility of

exploring the top couplings with a dedicated run at center-of-mass energy
p
s = 350 GeV.

(ii) compared to other options of future e+e� colliders (the ILC in Japan [? ] and the

CEPC circular collider in China [? ]), it o↵ers the perspectives for the largest integrated

luminosity, o↵ering us the possibility of assessing an optimistic best-case scenario.

The expected performances of the FCCee machine are summarized in Ref. [? ], and

summarized in Table 14. The values of integrated luminosity presented there are a use-

ful baseline for our study.Further improvements in performances are under consideration,

inluding an increase in center-of-mass energy. Within the context of our analyses, these

improvements would further reduce the statistical uncertainties. On the other hand, the

precision on the observables considered here will be mainly dominated by the systematic

uncertainties, such that our connclusions would still hold to large extent.

Z pole WW threshold HZ threshold tt̄ threshold Above tt̄ thresholdp
s [GeV] 90 160 240 350 > 350

L(ab�1/year) 86 15 3.5 1.0 1.0

Years of run 0.3 / 2.5 1 3 0.5 3

Events 1012/1013 6⇥ 107 2⇥ 106 2⇥ 105 7.5⇥ 104

Table 14. Expected performances of the FCCee machine, taken from Ref. [? ] TO BE
CHECKED VS PAPER AND ANALYSIS CARD
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Expected sensitivities to EWPO

EWPO at Future colliders
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Current HL-LHC ILC FCCee CEPC
Data (Run)

↵s(M2

Z) 0.1179±0.0012

�↵
(5)

had

(M2

Z) 0.02750±0.00033
MZ [GeV] 91.1875±0.0021 ±0.0001 (FCCee-Z) ±0.0005
mt[GeV] 173.34±0.76 ±0.6 ±0.017 ±0.014 (FCCee-tt̄)

mH [GeV] 125.09±0.24 ±0.05 ±0.015 ±0.007 (FCCee-HZ) ±0.0059

MW [GeV] 80.385±0.015 ±0.011 ±0.0024 ±0.001 (FCCee-WW ) ±0.003
�W [GeV] 2.085±0.042 ±0.005 (FCCee-WW )

�Z [GeV] 2.4952±0.0023 ±0.0001 (FCCee-Z) ±0.0005
�0

h[nb] 41.540±0.037 ±0.025 (FCCee-Z) ±0.037

sin2 ✓lept

e↵

0.2324±0.0012 ±0.0001 (FCCee-Z) ±0.000023
P pol

⌧ 0.1465±0.0033 ±0.0002 (FCCee-Z)

A` 0.1513±0.0021 ±0.000021 (FCCee-Z [pol])

Ac 0.670±0.027 ±0.01 (FCCee-Z [pol])

Ab 0.923±0.020 ±0.007 (FCCee-Z [pol])

A0,`
FB

0.0171±0.0010 ±0.0001 (FCCee-Z) ±0.0010
A0,c

FB

0.0707±0.0035 ±0.0003 (FCCee-Z)

A0,b
FB

0.0992±0.0016 ±0.0001 (FCCee-Z) ±0.00014
R0

` 20.767±0.025 ±0.001 (FCCee-Z) ±0.007
R0

c 0.1721±0.0030 ±0.0003 (FCCee-Z)

R0

b 0.21629±0.00066 ±0.00006 (FCCee-Z) ±0.00018

Table 3: Expected experimental sensitivities to the di↵erent electroweak precision observables
at future colliders. Apart from the improvements quoted in this table, we also assume that
a future measurement of �↵

(5)
had, whose error dominates in the parametric uncertainties of the

theory predictions, is possible with an error ⇠ ±0.00005 []. This assumption is only relevant
(and will be only applied) for the FCCee and CEPC fits, where the experimental precision for
for the bulk of electroweak precision measurements will be largely improved.

⇤ > 13 TeV (V < 1)
⇤ > 8.7 TeV (V > 1)

(12)
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EWPO at Future colliders

Experimental vs Theoretical uncertainties:

A. Freitas, arXiv: 1604.00406

Quantity Theory error Exp. error

MW [MeV] 4 15
sin2 θℓeff [10−5] 4.5 16
ΓZ [MeV] 0.5 2.3

Rb [10−5] 15 66

Table 4: Estimated theory error of available predictions for several important electroweak precision
observables (from Refs. [113,186,194]), compared to the current experimental error (from Refs. [1,201]).

Quantity ILC FCC-ee CEPC Projected theory error

MW [MeV] 3–4 1 3 1

sin2 θℓeff [10−5] 1 0.6 2.3 1.5
ΓZ [MeV] 0.8 0.1 0.5 0.2

Rb [10−5] 14 6 17 5–10

Table 5: Estimated experimental precision for several important electroweak precision observables at
future e+e− colliders [206–210] (no theory uncertainties included, see text). In the last column, the
estimated error for the theoretical predictions of these quantities is given, under the assumption that
O(αα2

s ), fermionic O(α2α2
s ), fermionic O(α3), and leading four-loop corrections entering through the

ρ-parameter will become available [211].

the prediction of the W mass have been computed both in the on-shell and MS schemes. The difference
between the results in Ref. [176] and in the arXiv update of Ref. [194] (hep-ph/0311186v2) can be taken
as an estimate of the missing three-loop contributions. It amounts to 4–5 MeV, in reasonable agreement
with other estimates of the missing higher-order contributions [194].

3.6 Future projections

Table 4 gives a summary of the estimated theory uncertainty for several important electroweak precision
observables, compared with their current experimental precision from measurements at LEP, SLC and
Tevatron. In all cases, the theory error is smaller than the experimental uncertainty by a factor of a
few, which is a desirable situation since it implies a subdominant impact from ambiguities in defining
and evaluating the theoretical uncertainty (see previous subsection).

There are several proposals for future high-luminosity e+e− colliders, which are expected to measure
electroweak precision observables, in particular Z-pole observables and the W mass, to significantly
higher precision. The first proposal, the International Linear Collider (ILC), is planned to be a linear
e+e− machine with adjustable center-of-mass energy in the range

√
s ∼ 90 . . . 500 GeV, extendable to

1 TeV [205,206]. It can accommodate polarized e− and e+ beams and is expected to collect more than
50 fb−1 of data near the Z pole and 100 fb−1 near the W pair production threshold. An alternative
proposal, the Future Circular Collider (FCC-ee), is based on a 80–100 km circumference accelerator
ring with

√
s ∼ 90 . . . 350 GeV [207]. It has the potential to generate several ab−1 of data near the

Z pole and a comparable amount at the WW threshold. Finally, there is the Circular Electron-
Positron Collider (CEPC) proposal [208], which is also a ring collider with 50–70 km circumference and√
s ∼ 90 . . . 250 GeV. Its target luminosities are 150 fb−1 at the Z pole and 100 fb−1 near the WW

threshold.
All of these machines will significantly improve the experimental uncertainty for the determination of

electroweak precision observables (EWPOs), see Tab. 5 [206–210]. As a consequence, the experimental
error for many quantities will become comparable or even subdominant compared to the theory error,
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Quantity Theory error Exp. error
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Table 4: Estimated theory error of available predictions for several important electroweak precision
observables (from Refs. [113,186,194]), compared to the current experimental error (from Refs. [1,201]).

Quantity ILC FCC-ee CEPC Projected theory error

MW [MeV] 3–4 1 3 1

sin2 θℓeff [10−5] 1 0.6 2.3 1.5
ΓZ [MeV] 0.8 0.1 0.5 0.2

Rb [10−5] 14 6 17 5–10

Table 5: Estimated experimental precision for several important electroweak precision observables at
future e+e− colliders [206–210] (no theory uncertainties included, see text). In the last column, the
estimated error for the theoretical predictions of these quantities is given, under the assumption that
O(αα2

s ), fermionic O(α2α2
s ), fermionic O(α3), and leading four-loop corrections entering through the

ρ-parameter will become available [211].

the prediction of the W mass have been computed both in the on-shell and MS schemes. The difference
between the results in Ref. [176] and in the arXiv update of Ref. [194] (hep-ph/0311186v2) can be taken
as an estimate of the missing three-loop contributions. It amounts to 4–5 MeV, in reasonable agreement
with other estimates of the missing higher-order contributions [194].

3.6 Future projections

Table 4 gives a summary of the estimated theory uncertainty for several important electroweak precision
observables, compared with their current experimental precision from measurements at LEP, SLC and
Tevatron. In all cases, the theory error is smaller than the experimental uncertainty by a factor of a
few, which is a desirable situation since it implies a subdominant impact from ambiguities in defining
and evaluating the theoretical uncertainty (see previous subsection).

There are several proposals for future high-luminosity e+e− colliders, which are expected to measure
electroweak precision observables, in particular Z-pole observables and the W mass, to significantly
higher precision. The first proposal, the International Linear Collider (ILC), is planned to be a linear
e+e− machine with adjustable center-of-mass energy in the range

√
s ∼ 90 . . . 500 GeV, extendable to

1 TeV [205,206]. It can accommodate polarized e− and e+ beams and is expected to collect more than
50 fb−1 of data near the Z pole and 100 fb−1 near the W pair production threshold. An alternative
proposal, the Future Circular Collider (FCC-ee), is based on a 80–100 km circumference accelerator
ring with

√
s ∼ 90 . . . 350 GeV [207]. It has the potential to generate several ab−1 of data near the

Z pole and a comparable amount at the WW threshold. Finally, there is the Circular Electron-
Positron Collider (CEPC) proposal [208], which is also a ring collider with 50–70 km circumference and√
s ∼ 90 . . . 250 GeV. Its target luminosities are 150 fb−1 at the Z pole and 100 fb−1 near the WW

threshold.
All of these machines will significantly improve the experimental uncertainty for the determination of

electroweak precision observables (EWPOs), see Tab. 5 [206–210]. As a consequence, the experimental
error for many quantities will become comparable or even subdominant compared to the theory error,
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EWPO at Future colliders

Experimental vs Theoretical uncertainties:

A. Freitas, arXiv: 1604.00406

Quantity Theory error Exp. error

MW [MeV] 4 15
sin2 θℓeff [10−5] 4.5 16
ΓZ [MeV] 0.5 2.3

Rb [10−5] 15 66

Table 4: Estimated theory error of available predictions for several important electroweak precision
observables (from Refs. [113,186,194]), compared to the current experimental error (from Refs. [1,201]).

Quantity ILC FCC-ee CEPC Projected theory error

MW [MeV] 3–4 1 3 1

sin2 θℓeff [10−5] 1 0.6 2.3 1.5
ΓZ [MeV] 0.8 0.1 0.5 0.2

Rb [10−5] 14 6 17 5–10

Table 5: Estimated experimental precision for several important electroweak precision observables at
future e+e− colliders [206–210] (no theory uncertainties included, see text). In the last column, the
estimated error for the theoretical predictions of these quantities is given, under the assumption that
O(αα2

s ), fermionic O(α2α2
s ), fermionic O(α3), and leading four-loop corrections entering through the

ρ-parameter will become available [211].

the prediction of the W mass have been computed both in the on-shell and MS schemes. The difference
between the results in Ref. [176] and in the arXiv update of Ref. [194] (hep-ph/0311186v2) can be taken
as an estimate of the missing three-loop contributions. It amounts to 4–5 MeV, in reasonable agreement
with other estimates of the missing higher-order contributions [194].

3.6 Future projections

Table 4 gives a summary of the estimated theory uncertainty for several important electroweak precision
observables, compared with their current experimental precision from measurements at LEP, SLC and
Tevatron. In all cases, the theory error is smaller than the experimental uncertainty by a factor of a
few, which is a desirable situation since it implies a subdominant impact from ambiguities in defining
and evaluating the theoretical uncertainty (see previous subsection).

There are several proposals for future high-luminosity e+e− colliders, which are expected to measure
electroweak precision observables, in particular Z-pole observables and the W mass, to significantly
higher precision. The first proposal, the International Linear Collider (ILC), is planned to be a linear
e+e− machine with adjustable center-of-mass energy in the range

√
s ∼ 90 . . . 500 GeV, extendable to

1 TeV [205,206]. It can accommodate polarized e− and e+ beams and is expected to collect more than
50 fb−1 of data near the Z pole and 100 fb−1 near the W pair production threshold. An alternative
proposal, the Future Circular Collider (FCC-ee), is based on a 80–100 km circumference accelerator
ring with

√
s ∼ 90 . . . 350 GeV [207]. It has the potential to generate several ab−1 of data near the

Z pole and a comparable amount at the WW threshold. Finally, there is the Circular Electron-
Positron Collider (CEPC) proposal [208], which is also a ring collider with 50–70 km circumference and√
s ∼ 90 . . . 250 GeV. Its target luminosities are 150 fb−1 at the Z pole and 100 fb−1 near the WW

threshold.
All of these machines will significantly improve the experimental uncertainty for the determination of

electroweak precision observables (EWPOs), see Tab. 5 [206–210]. As a consequence, the experimental
error for many quantities will become comparable or even subdominant compared to the theory error,
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Quantity Theory error Exp. error

MW [MeV] 4 15
sin2 θℓeff [10−5] 4.5 16
ΓZ [MeV] 0.5 2.3

Rb [10−5] 15 66

Table 4: Estimated theory error of available predictions for several important electroweak precision
observables (from Refs. [113,186,194]), compared to the current experimental error (from Refs. [1,201]).

Quantity ILC FCC-ee CEPC Projected theory error

MW [MeV] 3–4 1 3 1

sin2 θℓeff [10−5] 1 0.6 2.3 1.5
ΓZ [MeV] 0.8 0.1 0.5 0.2

Rb [10−5] 14 6 17 5–10

Table 5: Estimated experimental precision for several important electroweak precision observables at
future e+e− colliders [206–210] (no theory uncertainties included, see text). In the last column, the
estimated error for the theoretical predictions of these quantities is given, under the assumption that
O(αα2

s ), fermionic O(α2α2
s ), fermionic O(α3), and leading four-loop corrections entering through the

ρ-parameter will become available [211].

the prediction of the W mass have been computed both in the on-shell and MS schemes. The difference
between the results in Ref. [176] and in the arXiv update of Ref. [194] (hep-ph/0311186v2) can be taken
as an estimate of the missing three-loop contributions. It amounts to 4–5 MeV, in reasonable agreement
with other estimates of the missing higher-order contributions [194].

3.6 Future projections

Table 4 gives a summary of the estimated theory uncertainty for several important electroweak precision
observables, compared with their current experimental precision from measurements at LEP, SLC and
Tevatron. In all cases, the theory error is smaller than the experimental uncertainty by a factor of a
few, which is a desirable situation since it implies a subdominant impact from ambiguities in defining
and evaluating the theoretical uncertainty (see previous subsection).

There are several proposals for future high-luminosity e+e− colliders, which are expected to measure
electroweak precision observables, in particular Z-pole observables and the W mass, to significantly
higher precision. The first proposal, the International Linear Collider (ILC), is planned to be a linear
e+e− machine with adjustable center-of-mass energy in the range

√
s ∼ 90 . . . 500 GeV, extendable to

1 TeV [205,206]. It can accommodate polarized e− and e+ beams and is expected to collect more than
50 fb−1 of data near the Z pole and 100 fb−1 near the W pair production threshold. An alternative
proposal, the Future Circular Collider (FCC-ee), is based on a 80–100 km circumference accelerator
ring with

√
s ∼ 90 . . . 350 GeV [207]. It has the potential to generate several ab−1 of data near the

Z pole and a comparable amount at the WW threshold. Finally, there is the Circular Electron-
Positron Collider (CEPC) proposal [208], which is also a ring collider with 50–70 km circumference and√
s ∼ 90 . . . 250 GeV. Its target luminosities are 150 fb−1 at the Z pole and 100 fb−1 near the WW

threshold.
All of these machines will significantly improve the experimental uncertainty for the determination of

electroweak precision observables (EWPOs), see Tab. 5 [206–210]. As a consequence, the experimental
error for many quantities will become comparable or even subdominant compared to the theory error,
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General strategy for the calculation of future sensitivities: 

Assume theoretical uncertainties will be reduced as needed to 
reach future experimental precision

Use SM best-fit results as central values for future data. Limits 
provide future sensitivity to New Physics.  

Will use the FCCee as a reference to illustrate the sensitivity to NP at 
future colliders

34

(Also use the future expected uncertainties                                        )         �(�↵(5)
had(M

2
Z)) ⇡ 0.00005

�↵s(M2
Z) ⇡ 0.0002

EWPO at Future colliders: sensitivity to NP
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EWPO at Future colliders: sensitivity to NP

FCCee

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3615 ± 0.0080 ±0.0003 ±0.0060 ±0.0027 ±0.0046
�W [GeV] 2.08872 ± 0.00066 ±0.00020 ±0.00047 ±0.00021 ±0.00036
�Z[GeV] 2.49433 ± 0.00049 ±0.00025 ±0.00031 ±0.00021 ±0.00017
�0

h[nb] 41.4881 ± 0.0032 ±0.0024 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ (Qhad
FB ) 0.23149 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14730 ± 0.00094 ±0.00001 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934642 ± 0.000076 ±0.000001 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627 ± 0.00021 ±0.00000 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07380 ± 0.00052 ±0.00001 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10325 ± 0.00067 ±0.00001 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7515 ± 0.0037 ±0.0031 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172234 ± 0.000015 ±0.000010 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215794 ± 0.000027 ±0.000006 ±0.000004 ±0.000000 ±0.000026

Table 6: SM predictions computed using the theoretical expressions for EWPO without the
experimental constraints on the observables, and individual uncertainties associated with each
input parameter.

Fit result Correlations

S 0.09±0.10 1.00
T 0.10±0.12 0.86 1.00
U 0.01±0.09 �0.54 �0.81 1.00

Table 7: STU fit. UPDATED

Fit result Correlations

S 0.10±0.08 1.00
T 0.12±0.07 0.86 1.00

Table 8: ST fit with U = 0. UPDATED

68% 95%

V 1.???±0. [0.??, 1.??]

Table 9: UPDATE

5
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S
0.2− 0 0.2 0.4

T

0

0.5

68% Probability
95% Probability
99% Probability

HEP fit

S
0.1− 0.05− 0 0.05 0.1

T

0.1−

0.05−

0

0.05

0.1 95% Prob.
FCCee (no pol.)
FCCee (pol.)
FCCee-WW
FCCee-tt

Current Future Current ILC FCC-ee CEPC
Observable Th. Error Th. Error Exp. Error

MW [MeV] 4 1 15 3� 4 1 3

sin2 ✓lept

e↵

[10�5] 4.5 1.5 16 0.6 2.3
�Z [MeV] 0.5 0.2 2.3 0.1 0.5
R0

b [10�5] 15 10 66 6 17

Table 1: Projected theoretical uncertainties for the di↵erent electroweak precision observables
and comparison with the experimental sensitivities at the di↵erent future colliders. DO NOT
SHOW EXP. CHECK AND COMPARE WITH TABLE EXP DATA.

Current Future
Observable Th. Error

MW [MeV] 4 1

sin2 ✓lept

e↵

[10�5] 4.5 1.5
�Z [MeV] 0.5 0.2
R0

b [10�5] 15 10

Table 2: Projected theoretical uncertainties for the di↵erent electroweak precision observables,
compared with the uncertainty for current predictions.

3 Summary Current

3.1 Oblique parameters

�S, �T ⇠ 0.006–0.01 (6)

�S, �T, �U ⇠ 0.01 (7)

�U ⇠ 0.005–0.01 (8)

�S ⇠ 0.006–0.01 (9)

�T ⇠ 0.004–0.007 (10)

�S ⇠ 0.01 (11)
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T
0.1− 0.05− 0 0.05 0.1

U

0.1−

0.05−

0

0.05

0.1 95% Prob.
FCCee (no pol.)
FCCee (pol.)
FCCee-WW
FCCee-tt

Oblique Parameters ( S, T, U ): Present vs. Future

Major improvement on U  
at FCCee-WW

FCCee

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3615 ± 0.0080 ±0.0003 ±0.0060 ±0.0027 ±0.0046
�W [GeV] 2.08872 ± 0.00066 ±0.00020 ±0.00047 ±0.00021 ±0.00036
�Z[GeV] 2.49433 ± 0.00049 ±0.00025 ±0.00031 ±0.00021 ±0.00017
�0

h[nb] 41.4881 ± 0.0032 ±0.0024 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ (Qhad
FB ) 0.23149 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14730 ± 0.00094 ±0.00001 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934642 ± 0.000076 ±0.000001 ±0.000075 ±0.000010 ±0.000005
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R0
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c 0.172234 ± 0.000015 ±0.000010 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215794 ± 0.000027 ±0.000006 ±0.000004 ±0.000000 ±0.000026

Table 6: SM predictions computed using the theoretical expressions for EWPO without the
experimental constraints on the observables, and individual uncertainties associated with each
input parameter.

Fit result Correlations

S 0.09±0.10 1.00
T 0.10±0.12 0.86 1.00
U 0.01±0.09 �0.54 �0.81 1.00

Table 7: STU fit. UPDATED

Fit result Correlations

S 0.10±0.08 1.00
T 0.12±0.07 0.86 1.00

Table 8: ST fit with U = 0. UPDATED

68% 95%

V 1.???±0. [0.??, 1.??]
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68% Probability
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Observable Th. Error Th. Error Exp. Error
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Table 1: Projected theoretical uncertainties for the di↵erent electroweak precision observables
and comparison with the experimental sensitivities at the di↵erent future colliders. DO NOT
SHOW EXP. CHECK AND COMPARE WITH TABLE EXP DATA.

Current Future
Observable Th. Error

MW [MeV] 4 1

sin2 ✓lept

e↵

[10�5] 4.5 1.5
�Z [MeV] 0.5 0.2
R0

b [10�5] 15 10

Table 2: Projected theoretical uncertainties for the di↵erent electroweak precision observables,
compared with the uncertainty for current predictions.

3 Summary Current

3.1 Oblique parameters

�S, �T ⇠ 0.006–0.01 (6)

�S, �T, �U ⇠ 0.01 (7)

�U ⇠ 0.005–0.01 (8)
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FCCeeImplications for composite Higgs (κV<1): 
Extra contrib. to S, T required to agree with 

EWPD fit 

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3615 ± 0.0080 ±0.0003 ±0.0060 ±0.0027 ±0.0046
�W [GeV] 2.08872 ± 0.00066 ±0.00020 ±0.00047 ±0.00021 ±0.00036
�Z[GeV] 2.49433 ± 0.00049 ±0.00025 ±0.00031 ±0.00021 ±0.00017
�0

h[nb] 41.4881 ± 0.0032 ±0.0024 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ (Qhad
FB ) 0.23149 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14730 ± 0.00094 ±0.00001 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934642 ± 0.000076 ±0.000001 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627 ± 0.00021 ±0.00000 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07380 ± 0.00052 ±0.00001 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10325 ± 0.00067 ±0.00001 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7515 ± 0.0037 ±0.0031 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172234 ± 0.000015 ±0.000010 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215794 ± 0.000027 ±0.000006 ±0.000004 ±0.000000 ±0.000026

Table 8: OLD ↵S

Fit result Correlations

S 0.09±0.10 1.00
T 0.10±0.12 0.86 1.00
U 0.01±0.09 �0.54 �0.81 1.00

Table 9: STU fit. UPDATED

Fit result Correlations

S 0.10±0.08 1.00
T 0.12±0.07 0.86 1.00

Table 10: ST fit with U = 0. UPDATED

Fit result 95% Prob.

V 1.02±0.02 [0.98, 1.07]

Table 11: UPDATED

8

Current HL-LHC ILC FCCee CEPC
Data (Run)

↵s(M2

Z) 0.1179±0.0012

�↵
(5)

had

(M2

Z) 0.02750±0.00033
MZ [GeV] 91.1875±0.0021 ±0.0001 (FCCee-Z) ±0.0005
mt[GeV] 173.34±0.76 ±0.6 ±0.017 ±0.014 (FCCee-tt̄)

mH [GeV] 125.09±0.24 ±0.05 ±0.015 ±0.007 (FCCee-HZ) ±0.0059

MW [GeV] 80.385±0.015 ±0.011 ±0.0024 ±0.001 (FCCee-WW ) ±0.003
�W [GeV] 2.085±0.042 ±0.005 (FCCee-WW )

�Z [GeV] 2.4952±0.0023 ±0.0001 (FCCee-Z) ±0.0005
�0

h[nb] 41.540±0.037 ±0.025 (FCCee-Z) ±0.037

sin2 ✓lept

e↵

0.2324±0.0012 ±0.0001 (FCCee-Z) ±0.000023
P pol

⌧ 0.1465±0.0033 ±0.0002 (FCCee-Z)

A` 0.1513±0.0021 ±0.000021 (FCCee-Z [pol])

Ac 0.670±0.027 ±0.01 (FCCee-Z [pol])

Ab 0.923±0.020 ±0.007 (FCCee-Z [pol])

A0,`
FB

0.0171±0.0010 ±0.0001 (FCCee-Z) ±0.0010
A0,c

FB

0.0707±0.0035 ±0.0003 (FCCee-Z)

A0,b
FB

0.0992±0.0016 ±0.0001 (FCCee-Z) ±0.00014
R0

` 20.767±0.025 ±0.001 (FCCee-Z) ±0.007
R0

c 0.1721±0.0030 ±0.0003 (FCCee-Z)

R0

b 0.21629±0.00066 ±0.00006 (FCCee-Z) ±0.00018

Table 3: Expected experimental sensitivities to the di↵erent electroweak precision observables
at future colliders. Apart from the improvements quoted in this table, we also assume that
a future measurement of �↵

(5)
had, whose error dominates in the parametric uncertainties of the

theory predictions, is possible with an error ⇠ ±0.00005 []. This assumption is only relevant
(and will be only applied) for the FCCee and CEPC fits, where the experimental precision for
for the bulk of electroweak precision measurements will be largely improved.

�T ⇠ 0.007 (12)

�S, �T ⇠ 0.01 (13)

(U = 0) (14)

3.2 HV V

�V ⇠ 0.001–0.002 (15)

�V ⇠ 0.002 (16)
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Including future theory errors

Assuming subdominant theory errors

Current HL-LHC ILC FCCee CEPC
Z (no pol) Z (pol) WW tt̄

�S [⇥10�3] 100 99 99 99 12 7.8 11 6.4 11 6.4 11 6.3 21 19
�T [⇥10�3] 120 120 120 120 13 8.1 13 7.9 13 7.9 12 5.8 28 26
�U [⇥10�3] 95 87 83 82 32 31 32 31 9.8 5.4 9.6 5.2 21 20

�S [⇥10�3] 91 81 79 79 12 7.8 11 6.4 9.5 6.1 9.5 6 14 12
�T [⇥10�3] 72 63 52 52 13 8.1 13 7.9 10 7.4 6.8 3.6 16 15

(U = 0)

�"NP

1

[⇥10�5] 96 96 96 95 11 7.3 11 7.2 11 7.2 9.5 4.7 25 23
�"NP

2

[⇥10�5] 86 81 77 76 29 28 28 28 8.6 4.8 8.5 4.7 21 19
�"NP

3

[⇥10�5] 91 87 88 87 9.9 6.6 9.3 5.5 9.2 5.5 9.3 5.5 20 18
�"NP

b [⇥10�5] 130 130 130 130 15 12 15 12 15 12 14 11 41 37

��gb
L [⇥10�4] 14 14 14 14 1.5 1.3 1.2 1.1 1.2 1.1 1.2 1.1 2.4 2.2

��gb
R [⇥10�4] 72 70 70 70 7.1 6.6 5.3 5.3 5.3 5.3 5.3 5.3 8.9 8.6

�V [⇥10�3] 22 14 4.5 4.4 4.6 3.9 4.4 3.7 4.1 3.7 1.8 1.3 5 4.7

Table 15: [UPDATED] Comparison of the current and expected sensitivities, �, to the dif-
ferent new physics scenarios at the future colliders. The future projection for the sensitivity
to V in this table has been computed considering only the improvements in EWPD. (See
Table 16 for the projections using EWPD and Higgs observables.) The impact of theoretical
uncertainties in electroweak precision observables is relevant only for the fits using the pro-
jected sensitivities for FCCee and the CEPC, where the experimental precision is expected
to surpass the accuracy of current theoretical calculations. In those case we quote the re-
sults using the expected future theory errors [] (dark background), as well as in the case
of subdominant theoretical uncertainties (white background). [ The entries of this ta-
ble can be obtained from the di↵erent fits in Schwinger!Current Future noerror
for the entries in white background, and in in Schwinger!Current Future therror
for the entries in dark background. I quote as sensitivity the error (RMS)
for each parameter from each fit, which can be obtained from the MCout.root
or Observables/Statistics.txt files from each of the following fit folders: First 3
rows (STU) correspond to the fits in Current Future */Fits */ObliqueZbb/STU;
next 2 (ST, [U = 0]) to Current Future */Fits */ObliqueZbb/STU; next 4
("NP

1,2,3,b) to Current Future */Fits */ObliqueZbb/deps123b; next 2 (�gbL,R) to
the fit Current Future */Fits */ObliqueZbb/ZbbarLR; final row comes from
the fit Current Future */Fits *Ks/EWKv. Finally, following the di↵er-
ent columns, “Fits *”= Fits Current SM (Current), Fits HLLHC (HLLHC),
Fits HLLHC ILC250 (ILC), Fits HLLHC FCCee Zpole nopol (FCCee Z (nopol)),
Fits HLLHC FCCee Zpole (FCCee Z (pol)), Fits HLLHC FCCee Zpole WW (FC-
Cee WW ), Fits HLLHC FCCee Zpole WW HZ tt (FCCee tt̄), Fits HLLHC CEPC
(CEPC). ]
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Including future theory errors

Assuming subdominant theory errors

Sizable impact of future theory uncertainties at FCCee 
(up to a factor  ~2)

Current HL-LHC ILC FCCee CEPC
Z (no pol) Z (pol) WW tt̄

�S [⇥10�3] 100 99 99 99 12 7.8 11 6.4 11 6.4 11 6.3 21 19
�T [⇥10�3] 120 120 120 120 13 8.1 13 7.9 13 7.9 12 5.8 28 26
�U [⇥10�3] 95 87 83 82 32 31 32 31 9.8 5.4 9.6 5.2 21 20

�S [⇥10�3] 91 81 79 79 12 7.8 11 6.4 9.5 6.1 9.5 6 14 12
�T [⇥10�3] 72 63 52 52 13 8.1 13 7.9 10 7.4 6.8 3.6 16 15

(U = 0)

�"NP

1

[⇥10�5] 96 96 96 95 11 7.3 11 7.2 11 7.2 9.5 4.7 25 23
�"NP

2

[⇥10�5] 86 81 77 76 29 28 28 28 8.6 4.8 8.5 4.7 21 19
�"NP

3

[⇥10�5] 91 87 88 87 9.9 6.6 9.3 5.5 9.2 5.5 9.3 5.5 20 18
�"NP

b [⇥10�5] 130 130 130 130 15 12 15 12 15 12 14 11 41 37

��gb
L [⇥10�4] 14 14 14 14 1.5 1.3 1.2 1.1 1.2 1.1 1.2 1.1 2.4 2.2

��gb
R [⇥10�4] 72 70 70 70 7.1 6.6 5.3 5.3 5.3 5.3 5.3 5.3 8.9 8.6

�V [⇥10�3] 22 14 4.5 4.4 4.6 3.9 4.4 3.7 4.1 3.7 1.8 1.3 5 4.7

Table 15: [UPDATED] Comparison of the current and expected sensitivities, �, to the dif-
ferent new physics scenarios at the future colliders. The future projection for the sensitivity
to V in this table has been computed considering only the improvements in EWPD. (See
Table 16 for the projections using EWPD and Higgs observables.) The impact of theoretical
uncertainties in electroweak precision observables is relevant only for the fits using the pro-
jected sensitivities for FCCee and the CEPC, where the experimental precision is expected
to surpass the accuracy of current theoretical calculations. In those case we quote the re-
sults using the expected future theory errors [] (dark background), as well as in the case
of subdominant theoretical uncertainties (white background). [ The entries of this ta-
ble can be obtained from the di↵erent fits in Schwinger!Current Future noerror
for the entries in white background, and in in Schwinger!Current Future therror
for the entries in dark background. I quote as sensitivity the error (RMS)
for each parameter from each fit, which can be obtained from the MCout.root
or Observables/Statistics.txt files from each of the following fit folders: First 3
rows (STU) correspond to the fits in Current Future */Fits */ObliqueZbb/STU;
next 2 (ST, [U = 0]) to Current Future */Fits */ObliqueZbb/STU; next 4
("NP

1,2,3,b) to Current Future */Fits */ObliqueZbb/deps123b; next 2 (�gbL,R) to
the fit Current Future */Fits */ObliqueZbb/ZbbarLR; final row comes from
the fit Current Future */Fits *Ks/EWKv. Finally, following the di↵er-
ent columns, “Fits *”= Fits Current SM (Current), Fits HLLHC (HLLHC),
Fits HLLHC ILC250 (ILC), Fits HLLHC FCCee Zpole nopol (FCCee Z (nopol)),
Fits HLLHC FCCee Zpole (FCCee Z (pol)), Fits HLLHC FCCee Zpole WW (FC-
Cee WW ), Fits HLLHC FCCee Zpole WW HZ tt (FCCee tt̄), Fits HLLHC CEPC
(CEPC). ]
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Conclusions

Current EWPD fit shows good agreement with the SM predictions at 
the 2-loop level

Future e+e- colliders would strengthen the constraining/discriminating 
power of the EWPD fit. Significant improvement in theoretical 
calculations is required to match future exp. precision of EWPO.

Projected sensitivities to NP (EWPO at FCCee):

40

⇒ Strong constraints on NP at the TeV scale
(Guide and complement the information from LHC direct searches)

Jorge de Blas 
INFN - Sezione di Roma 

Higgs Hunting 2016 
Paris, September 2, 2016  

Expected sensitivity Improvement

S, T, U �S, �T, �U ⇠ 5-10 · 10�3 10-20x

V �V ⇠ 0.001-0.002 10-20x

Ld=6

SMEFT

⇤NP ||Ci|=1

& 5-40 TeV ⇠ 4x

Table 1: Summary
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Parametric uncertainties �↵(5)
had(M

2
Z) = 0.02750 ± 0.00033

H. Burkhardt, B. Pietrzyk, Phys. Rev. D84 (2011) 037502 

(                                           in near future experiments)�(�↵(5)
had(M

2
Z)) ⇡ 0.00005

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3618±0.0080 ±0.0008 ±0.0060 ±0.0026 ±0.0046
�W [GeV] 2.08849±0.00079 ±0.00048 ±0.00047 ±0.00021 ±0.00036
�Z [GeV] 2.49403±0.00073 ±0.00059 ±0.00031 ±0.00021 ±0.00017
�0

h [nb] 41.4910±0.0062 ±0.0059 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ 0.23148±0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002
P pol

⌧ = A` 0.14731±0.00093 ±0.00003 ±0.00091 ±0.00012 ±0.00019
Ac 0.66802±0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934643±0.000076 ±0.000003 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627±0.00021 ±0.00001 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07381±0.00052 ±0.00002 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10326±0.00067 ±0.00002 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7478±0.0077 ±0.0074 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172222±0.000026 ±0.000023 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215800±0.000030 ±0.000013 ±0.000004 ±0.000000 ±0.000026

Table 6: UPDATED
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Parametric uncertainties
PDG average (Excluding EW fit determination)

↵s(M2
Z) = 0.1179 ± 0.0012

     (                                     future lattice projection)�↵s(M2
Z) ⇡ 0.0002

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3618±0.0080 ±0.0008 ±0.0060 ±0.0026 ±0.0046
�W [GeV] 2.08849±0.00079 ±0.00048 ±0.00047 ±0.00021 ±0.00036
�Z [GeV] 2.49403±0.00073 ±0.00059 ±0.00031 ±0.00021 ±0.00017
�0

h [nb] 41.4910±0.0062 ±0.0059 ±0.0005 ±0.0020 ±0.0005
sin2 ✓lept

e↵ 0.23148±0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002
P pol

⌧ = A` 0.14731±0.00093 ±0.00003 ±0.00091 ±0.00012 ±0.00019
Ac 0.66802±0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008
Ab 0.934643±0.000076 ±0.000003 ±0.000075 ±0.000010 ±0.000005
A0,`

FB 0.01627±0.00021 ±0.00001 ±0.00020 ±0.00003 ±0.00004
A0,c

FB 0.07381±0.00052 ±0.00002 ±0.00050 ±0.00007 ±0.00010
A0,b

FB 0.10326±0.00067 ±0.00002 ±0.00065 ±0.00008 ±0.00013
R0

` 20.7478±0.0077 ±0.0074 ±0.0020 ±0.0003 ±0.0003
R0

c 0.172222±0.000026 ±0.000023 ±0.000007 ±0.000001 ±0.000009
R0

b 0.215800±0.000030 ±0.000013 ±0.000004 ±0.000000 ±0.000026

Table 6: UPDATED
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