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1. Motivation

Higgs Physics

* CMS and ATLAS Collaborations.

Effective Field 
Theories

• The Standard Model (SM) provides an extremely succesful description of the electroweak
and strong interactions.

• A key feature is the particular mechanism adopted to break
the electroweak gauge symmetry to the electroweak
subgroup, SU(2)L x U(1)Y è U(1)QED, so that the W and Z
bosons become massive. The LHC discovered a new
particle around 125 GeV*.

• Up to now all searches for New Physics have given negative
results: Higgs couplings compatible with the SM and no new
states. Therefore, we can use EFTs because it seems there is a
large mass gap.
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the electroweak gauge symmetry to the electroweak
subgroup, SU(2)L x U(1)Y è U(1)QED, so that the W and Z
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Diagram by C. Krause [PhD thesis, 2016]
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• Up to now all searches for New Physics have given negative
results: Higgs couplings compatible with the SM and no new
states. Therefore, we can use EFTs because it seems there is a
large mass gap.

* CMS and ATLAS Collaborations.
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Explained
in many talks.

http://inspirehep.net/record/1494821
https://arxiv.org/abs/1207.7235
https://arxiv.org/abs/1207.7214
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• Depending on the nature of the EWSB we have two possibilities for these EFTs

(or something in between):

• The decoupling (linear) EFT: SMEFT

• SM-Higgs (forming a doublet with the EW Goldstones, as in the SM)

• Weakly coupled

• LO: SM

• Expansion in canonical dimensions

• The more general non-decoupling (non-linear) EFT: EWET, HEFT, EWChL

• Non-SM Higgs (being a scalar singlet)

• Strongly coupled

• LO: Higgsless SM + scalar h + 3 GB (chiral Lagrangian)

• Expansion in loops or chiral dimensions

• Some composite Higgs models can be described within the EWET.

See, for instance,
Sutherland’s

and Building’s talks.
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What do we want to do?
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Inclusion of BSM resonances in the effective
Lagrangian in order to calculate S and T at NLO in 

terms of resonance parameters.
S and T at NLO

Short-distance contraints are fundamental because we
understand the resonance Lagrangian as an

interpolation between low- and high energies and in 
order to reduce the number of resonance parameters.

Short-distance
constraints

Following a typical bottom-up approach, what values for
resonance masses are compatible with phenomenology?

Phenomenology

Oblique S and T parameters at one-loop and heavy resonances, I. Rosell



What do we want to do?

Similarities to Chiral Symmetry Breaking in QCD

i) Custodial symmetry: The Lagrangian is approximately invariant under global SU(2)L x SU(2)R
transformations. Electroweak Symmetry Breaking (EWSB) turns to be SU(2)LxSU(2)RèSU(2)L+R.

ii) Similar to the Chiral Symmetry Breaking (ChSB) occurring in QCD, i.e., similar to the “pion”
Lagrangian of Chiral Perturbation Theory (ChPT)*⌃, by replacing fπ by v=1/√(2GF)=246 GeV.
Rescaling naïvely we expect resonances at the TeV scale.

* Weinberg ’79
* Gasser and Leutwyler ‘84 ‘85
* Bijnens et al. ‘99 ‘00

** Ecker et al. ’89
** Cirigliano et al. ’06

⌃Dobado, Espriu and Herrero ’91
⌃Espriu and Herrero ’92
⌃Herrero and Ruiz-Morales ’94
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Inclusion of BSM resonances in the effective
Lagrangian in order to calculate S and T at NLO in 

terms of resonance parameters.
S and T at NLO

Short-distance contraints are fundamental because we
understand the resonance Lagrangian as an

interpolation between low- and high energies and in 
order to reduce the number of resonance parameters.

Short-distance
constraints

Following a typical bottom-up approach, what values for
resonance masses are compatible with phenomenology?

Phenomenology
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http://inspirehep.net/record/133288
http://inspirehep.net/record/194037
http://inspirehep.net/record/200027
http://inspirehep.net/record/495757
http://inspirehep.net/record/503614
http://inspirehep.net/record/265431
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https://arxiv.org/abs/hep-ph/9308276
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Inclusion of BSM resonances in the effective
Lagrangian in order to calculate S and T at NLO in 

terms of resonance parameters.
S and T at NLO

Short-distance contraints are fundamental because we
understand the resonance Lagrangian as an

interpolation between low- and high energies and in 
order to reduce the number of resonance parameters.

Short-distance
constraints

Following a typical bottom-up approach, what values for
resonance masses are compatible with phenomenology?

Phenomenology

Diagram by J. Santos [VIII CPAN days, 2016]

Oblique S and T parameters at one-loop and heavy resonances, I. Rosell



6/12

* Weinberg ’79
* Appelquist and Bernand ‘80
* Longhitano ‘80 ‘81
* Manohar, and Georgi ’84
* Gasser and Leutwyler ‘84 ’85

* Hirn and Stern ’05
* Alonso et al. ‘12
* Buchalla, Catá and Krause ’13
* Brivio et al. ‘13

* Delgado et al. ’14
* Pich, IR, Santos and Sanz-Cillero ‘16 ’17
* Krause, Pich, IR, Santos and Sanz-Cillero ‘19

2. The effective resonance Lagrangian

LO
(tree)

NLO 
(tree)

NLO (1-loop)

suppression    
~1/M2 + …

(heavier states)

Typical loop
suppression    
~ 1/(16p2v2)

(non-linearity)

Diagram by J.J. Sanz-Cillero [HEP 2017]

Finite pieces from loops
(amplitude dependent)  

Oblique S and T parameters at one-loop and heavy resonances, I. Rosell

ü Custodial symmetry

ü Degrees of freedom: bosons χ (EW goldstones, gauge bosons, h) + fermions ψ + BSM
resonances (V,A).

ü Chiral power counting*

ü Inclusion of odd-parity operators, not considered in Pich, IR, Santos and Sanz-Cillero ‘13 ’14.

�

v
⇠ O

�
p0
�  

v
⇠ O (p) @µ, m ⇠ O(p) T ⇠ O(p) g, g0 ⇠ O(p)

http://inspirehep.net/record/133288
http://inspirehep.net/record/8797
http://inspirehep.net/record/8975
http://inspirehep.net/record/156870
http://inspirehep.net/record/190331
http://inspirehep.net/record/194037
http://inspirehep.net/record/200027
http://inspirehep.net/record/681621
https://arxiv.org/abs/1212.3305
http://inspirehep.net/record/1272886
http://inspirehep.net/record/1263771
https://arxiv.org/abs/1404.2866
https://arxiv.org/abs/1510.03114
https://arxiv.org/abs/1609.06659
https://arxiv.org/abs/1810.10544
https://indico.cern.ch/event/466934/contributions/2587697/attachments/1489575/2314745/Sanz-Cillero_EPSHEP-v0.pdf
https://arxiv.org/abs/1212.6769
https://arxiv.org/abs/1310.3121
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ü The Lagrangian reads:
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ü The Lagrangian reads:

ü Including resonance masses, we have 12 resonance parameters. This number can be reduced by
using short-distance information, but in contrast to the QCD case, we ignore the underlying
dynamical theory (BSM).

ü Vanishing form factors at high energies allow us to determine
in terms of the remaining parameters:

ü Weinberg sum rules (WSRs) at LO and at NLO.

ü 1st WSR. Vanishing of the 1/s term of PVV(s) – PAA(s):

ü 2nd WSR. Vanishing of the 1/s2 term of PVV(s) – PAA(s):
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3. Oblique Electroweak Observables: S and T at NLO
ü Universal oblique corrections via the EW boson self-energies (transverse in the Landau gauge)

ü S parameter*: new physics in the difference between the Z self-energies at Q2=MZ
2 and Q2=0.

ü T parameter*: custodial symmetry breaking

ü We follow the useful dispersive representation introduced by Peskin and Takeuchi* for S and a
dispersion relation for T (checked for the lowest cuts):

ü ρS(t) and ρT(t) are the spectral functions of the W3B and of the difference of the neutral and
charged Goldstone boson self-energies, respectively.

ü They need to be well-behaved at short-distances to get the convergence of the integral.
ü S and T parameters are defined for a reference value for the SM Higgs mass.

* Peskin and Takeuchi ’92 
** Barbieri et al. ‘93
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ü We consider only the lightest two-particle absorptive cuts (ff, hf, ) and in general we take as
working assumptions MA > MV and .

ü LO result (TLO=0):

ü With 1st and 2nd WSR:

ü With only the 1st WSR:

ü NLO result with 1st and 2nd WSR:
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ü We consider only the lightest two-particle absorptive cuts (ff, hf, ) and in general we take as
working assumptions MA > MV and .

ü LO result (TLO=0):

ü With 1st and 2nd WSR:

ü With only the 1st WSR:

ü NLO result with only the 1st WSR:

SNLO >
4⇡v2

Mr 2

V

+�eS P�even

NLO
+�eS P�odd

NLO

�eS P�even

NLO
=

1

12⇡

✓
1� 2

W

◆✓
log

M2

V

m2

h

�
11

6

◆
� 2

W

✓
log

M2

A

M2

V

� 1 +
M2

A

M2

V

◆�
.

�eS P�odd

NLO
=

1

12⇡

(✓
1�

M2

A

M2

V

◆" eF 2

V

F 2

V

+ 2

W

eFA

FA

 
2
eFV

FV
�

eFA

FA

!#

+log
M2

A

M2

V

 
eF 2

V

F 2

V

�2

W

eF 2

A

F 2

A

�2
eFV
eFA

FV FA

!)
+O

 eF 4

V,A

F 4

V,A

!

<latexit sha1_base64="cgwkRkFy2qQ4ISvdcorm18SoMnM="></latexit><latexit sha1_base64="cgwkRkFy2qQ4ISvdcorm18SoMnM="></latexit><latexit sha1_base64="cgwkRkFy2qQ4ISvdcorm18SoMnM="></latexit><latexit sha1_base64="cgwkRkFy2qQ4ISvdcorm18SoMnM="></latexit><latexit sha1_base64="cgwkRkFy2qQ4ISvdcorm18SoMnM="></latexit>

TNLO = �TP�even

NLO
+�TP�odd

NLO

�TP�even

NLO
=

3

16⇡ cos2 ✓W

�
1� 2

W

�✓
1� log

M2

V

m2

h

◆
+ 2

W log
M2

A

M2

V

�

�TP�odd

NLO
=

3

16⇡ cos2 ✓W

(
22

W

eFA

FA
�2

eFV

FV
+

M2

V

M2

A�M2

V

log
M2

A

M2

V

 
2
eFV

FV
�22

W
M2

A

M2

V

eFA

FA

!

+
M2

V

M2

A�M2

V

log
M2

A

M2

V

" 
2

W

eF 2

A

F 2

A

�

eF 2

V

F 2

V

!✓
1+

M2

A

M2

V

◆
+ 2

eFV
eFA

FV FA

✓
2

W
M2

A

M2

V

�1

◆#

+2

 
eF 2

V

F 2

V

�2

W

eF 2

A

F 2

A

+
�
1�2

W

� eFV
eFA

FV FA

!)
+O

 eF 3

V,A

F 3

V,A

!

<latexit sha1_base64="wl357Tk6WLcq9AaavxGdtXecosU="></latexit><latexit sha1_base64="wl357Tk6WLcq9AaavxGdtXecosU="></latexit><latexit sha1_base64="wl357Tk6WLcq9AaavxGdtXecosU="></latexit><latexit sha1_base64="wl357Tk6WLcq9AaavxGdtXecosU="></latexit><latexit sha1_base64="wl357Tk6WLcq9AaavxGdtXecosU="></latexit>

https://arxiv.org/abs/1212.6769
https://arxiv.org/abs/1310.3121


0 1 2 3 4 5

-0.2

0.0

0.2

0.4

0.6

0.8

MV (TeV)

S L
O

10/12

68%, 95% CL

1st + 2nd WSR / only 1st WSR
only 1st WSR

MA = MV MA = 1.1MV
MA = 1.2MV MA → ∞

4. Phenomenology

S = -0.01 ± 0.07 *
T = 0.04 ± 0.06 *

* PDG ’22
** Peskin and Takeuchi ’92

i) LO results

Oblique S and T parameters at one-loop and heavy resonances, I. Rosell

ü Oblique electroweak observables** (S and T).

ü Short-distance constraints.

ü Assumptions: lightest two-particle absorptive cuts, MA > MV and .eF 2
V,A < F 2

V,A
<latexit sha1_base64="wbSzIXgIaQk09BYryqNTgHqZB4c="></latexit><latexit sha1_base64="wbSzIXgIaQk09BYryqNTgHqZB4c="></latexit><latexit sha1_base64="wbSzIXgIaQk09BYryqNTgHqZB4c="></latexit><latexit sha1_base64="wbSzIXgIaQk09BYryqNTgHqZB4c="></latexit><latexit sha1_base64="wbSzIXgIaQk09BYryqNTgHqZB4c="></latexit>

https://pdglive.lbl.gov/Viewer.action
http://inspirehep.net/record/296528


0 1 2 3 4 5

-0.2

0.0

0.2

0.4

0.6

0.8

MV (TeV)

S L
O

10/12

68%, 95% CL

1st + 2nd WSR / only 1st WSR
only 1st WSR

MA = MV MA = 1.1MV
MA = 1.2MV MA → ∞

4. Phenomenology

* PDG ’22
** Peskin and Takeuchi ’92

i) LO results
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ii) NLO results

Oblique S and T parameters at one-loop and heavy resonances, I. Rosell

ü kW=1.01 ± 0.06 *

ü

ü MV = { 2, 3, 4, 5, 6, 7 } TeV.

ü MA = MV (1+e)

eFV,A

FV,A
= 0.00± 0.33

<latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit>

* de Blas, Eberhardt and Krause ‘18

" = 0.0
<latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit>

" = 0.2
<latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit>

Results in terms of only MV, MA (only 1st WSR), kW and          .         
eFV,A

FV,A
<latexit sha1_base64="h8nV9OpFU6YBXeRCj5PnhxVper4=">AAACGHicbZDLSsNAFIYn3q23qEs3waK4kJKIoktFEJcKtgpNKJPpiR2cXJg5UcuQF9GX0ZV4WbnzbZzGLLT1rL45/z+Hc/4wE1yh635ZY+MTk1PTM7O1ufmFxSV7eaWl0lwyaLJUpPIqpAoET6CJHAVcZRJoHAq4DG+OB/rlLUjF0+QC+xkEMb1OeMQZRdPq2Hs+wj2Wc3Qocii0H0nKtH/Hu4BcdEGfFB3d2j4qCn1SQdGx627DLcsZBa+COqnqrGN/+N2U5TEkyARVqu25GQaaSuRMQFHzcwUZZTf0GtoGExqDCnS5VuFsRKl0sAdO+f7t1TRWqh+HxhNT7KlhbdD8T2vnGB0EmidZjpAwYzFalAsHU2eQktPlEhiKvgHKJDdbOqxHTTBosqyZ873hY0ehtdPw3IZ3vls/3KyCmCFrZJ1sEY/sk0NySs5IkzDySJ7JG3m3Hqwn68V6/bGOWdWfVfKnrM9vjwGhxQ==</latexit><latexit sha1_base64="h8nV9OpFU6YBXeRCj5PnhxVper4=">AAACGHicbZDLSsNAFIYn3q23qEs3waK4kJKIoktFEJcKtgpNKJPpiR2cXJg5UcuQF9GX0ZV4WbnzbZzGLLT1rL45/z+Hc/4wE1yh635ZY+MTk1PTM7O1ufmFxSV7eaWl0lwyaLJUpPIqpAoET6CJHAVcZRJoHAq4DG+OB/rlLUjF0+QC+xkEMb1OeMQZRdPq2Hs+wj2Wc3Qocii0H0nKtH/Hu4BcdEGfFB3d2j4qCn1SQdGx627DLcsZBa+COqnqrGN/+N2U5TEkyARVqu25GQaaSuRMQFHzcwUZZTf0GtoGExqDCnS5VuFsRKl0sAdO+f7t1TRWqh+HxhNT7KlhbdD8T2vnGB0EmidZjpAwYzFalAsHU2eQktPlEhiKvgHKJDdbOqxHTTBosqyZ873hY0ehtdPw3IZ3vls/3KyCmCFrZJ1sEY/sk0NySs5IkzDySJ7JG3m3Hqwn68V6/bGOWdWfVfKnrM9vjwGhxQ==</latexit><latexit sha1_base64="h8nV9OpFU6YBXeRCj5PnhxVper4=">AAACGHicbZDLSsNAFIYn3q23qEs3waK4kJKIoktFEJcKtgpNKJPpiR2cXJg5UcuQF9GX0ZV4WbnzbZzGLLT1rL45/z+Hc/4wE1yh635ZY+MTk1PTM7O1ufmFxSV7eaWl0lwyaLJUpPIqpAoET6CJHAVcZRJoHAq4DG+OB/rlLUjF0+QC+xkEMb1OeMQZRdPq2Hs+wj2Wc3Qocii0H0nKtH/Hu4BcdEGfFB3d2j4qCn1SQdGx627DLcsZBa+COqnqrGN/+N2U5TEkyARVqu25GQaaSuRMQFHzcwUZZTf0GtoGExqDCnS5VuFsRKl0sAdO+f7t1TRWqh+HxhNT7KlhbdD8T2vnGB0EmidZjpAwYzFalAsHU2eQktPlEhiKvgHKJDdbOqxHTTBosqyZ873hY0ehtdPw3IZ3vls/3KyCmCFrZJ1sEY/sk0NySs5IkzDySJ7JG3m3Hqwn68V6/bGOWdWfVfKnrM9vjwGhxQ==</latexit><latexit sha1_base64="h8nV9OpFU6YBXeRCj5PnhxVper4=">AAACGHicbZDLSsNAFIYn3q23qEs3waK4kJKIoktFEJcKtgpNKJPpiR2cXJg5UcuQF9GX0ZV4WbnzbZzGLLT1rL45/z+Hc/4wE1yh635ZY+MTk1PTM7O1ufmFxSV7eaWl0lwyaLJUpPIqpAoET6CJHAVcZRJoHAq4DG+OB/rlLUjF0+QC+xkEMb1OeMQZRdPq2Hs+wj2Wc3Qocii0H0nKtH/Hu4BcdEGfFB3d2j4qCn1SQdGx627DLcsZBa+COqnqrGN/+N2U5TEkyARVqu25GQaaSuRMQFHzcwUZZTf0GtoGExqDCnS5VuFsRKl0sAdO+f7t1TRWqh+HxhNT7KlhbdD8T2vnGB0EmidZjpAwYzFalAsHU2eQktPlEhiKvgHKJDdbOqxHTTBosqyZ873hY0ehtdPw3IZ3vls/3KyCmCFrZJ1sEY/sk0NySs5IkzDySJ7JG3m3Hqwn68V6/bGOWdWfVfKnrM9vjwGhxQ==</latexit><latexit sha1_base64="h8nV9OpFU6YBXeRCj5PnhxVper4=">AAACGHicbZDLSsNAFIYn3q23qEs3waK4kJKIoktFEJcKtgpNKJPpiR2cXJg5UcuQF9GX0ZV4WbnzbZzGLLT1rL45/z+Hc/4wE1yh635ZY+MTk1PTM7O1ufmFxSV7eaWl0lwyaLJUpPIqpAoET6CJHAVcZRJoHAq4DG+OB/rlLUjF0+QC+xkEMb1OeMQZRdPq2Hs+wj2Wc3Qocii0H0nKtH/Hu4BcdEGfFB3d2j4qCn1SQdGx627DLcsZBa+COqnqrGN/+N2U5TEkyARVqu25GQaaSuRMQFHzcwUZZTf0GtoGExqDCnS5VuFsRKl0sAdO+f7t1TRWqh+HxhNT7KlhbdD8T2vnGB0EmidZjpAwYzFalAsHU2eQktPlEhiKvgHKJDdbOqxHTTBosqyZ873hY0ehtdPw3IZ3vls/3KyCmCFrZJ1sEY/sk0NySs5IkzDySJ7JG3m3Hqwn68V6/bGOWdWfVfKnrM9vjwGhxQ==</latexit>

" = 0.5
<latexit sha1_base64="PAXSISGmhXWlrVCbCimdbl6Nbt0=">AAACBnicbVDLTgJBEJzFF+IL9ehlItF4IrtGoxcTEi8eMZFHAoTMDr0wYXZnM9NLJBvu+jN6MurND/AH/BuHlYOCdaruqu50lx9LYdB1v5zc0vLK6lp+vbCxubW9U9zdqxuVaA41rqTSTZ8ZkCKCGgqU0Iw1sNCX0PCH11O9MQJthIrucBxDJ2T9SASCM7StbrHURrjHbE/qywQmaXvENMRGSBXRK+qWzyfW5ZbdDHSReDNSIjNUu8XPdk/xJIQIuWTGtDw3xk7KNAouYVJoJwZixoesDy1LIxaC6aTZERN6FChNcQA0q397UxYaMw596wkZDsy8Nm3+p7USDC47qYjiBCHi1mK1IJEUFZ1mQntCA0c5toRxLeyVlA+YZhxtcgX7vjf/7CKpn5Y9t+zdnpUqx7Mg8uSAHJIT4pELUiE3pEpqhJNH8kzeyLvz4Dw5L87rjzXnzGb2yR84H9+swJkJ</latexit><latexit sha1_base64="PAXSISGmhXWlrVCbCimdbl6Nbt0=">AAACBnicbVDLTgJBEJzFF+IL9ehlItF4IrtGoxcTEi8eMZFHAoTMDr0wYXZnM9NLJBvu+jN6MurND/AH/BuHlYOCdaruqu50lx9LYdB1v5zc0vLK6lp+vbCxubW9U9zdqxuVaA41rqTSTZ8ZkCKCGgqU0Iw1sNCX0PCH11O9MQJthIrucBxDJ2T9SASCM7StbrHURrjHbE/qywQmaXvENMRGSBXRK+qWzyfW5ZbdDHSReDNSIjNUu8XPdk/xJIQIuWTGtDw3xk7KNAouYVJoJwZixoesDy1LIxaC6aTZERN6FChNcQA0q397UxYaMw596wkZDsy8Nm3+p7USDC47qYjiBCHi1mK1IJEUFZ1mQntCA0c5toRxLeyVlA+YZhxtcgX7vjf/7CKpn5Y9t+zdnpUqx7Mg8uSAHJIT4pELUiE3pEpqhJNH8kzeyLvz4Dw5L87rjzXnzGb2yR84H9+swJkJ</latexit><latexit sha1_base64="PAXSISGmhXWlrVCbCimdbl6Nbt0=">AAACBnicbVDLTgJBEJzFF+IL9ehlItF4IrtGoxcTEi8eMZFHAoTMDr0wYXZnM9NLJBvu+jN6MurND/AH/BuHlYOCdaruqu50lx9LYdB1v5zc0vLK6lp+vbCxubW9U9zdqxuVaA41rqTSTZ8ZkCKCGgqU0Iw1sNCX0PCH11O9MQJthIrucBxDJ2T9SASCM7StbrHURrjHbE/qywQmaXvENMRGSBXRK+qWzyfW5ZbdDHSReDNSIjNUu8XPdk/xJIQIuWTGtDw3xk7KNAouYVJoJwZixoesDy1LIxaC6aTZERN6FChNcQA0q397UxYaMw596wkZDsy8Nm3+p7USDC47qYjiBCHi1mK1IJEUFZ1mQntCA0c5toRxLeyVlA+YZhxtcgX7vjf/7CKpn5Y9t+zdnpUqx7Mg8uSAHJIT4pELUiE3pEpqhJNH8kzeyLvz4Dw5L87rjzXnzGb2yR84H9+swJkJ</latexit><latexit sha1_base64="PAXSISGmhXWlrVCbCimdbl6Nbt0=">AAACBnicbVDLTgJBEJzFF+IL9ehlItF4IrtGoxcTEi8eMZFHAoTMDr0wYXZnM9NLJBvu+jN6MurND/AH/BuHlYOCdaruqu50lx9LYdB1v5zc0vLK6lp+vbCxubW9U9zdqxuVaA41rqTSTZ8ZkCKCGgqU0Iw1sNCX0PCH11O9MQJthIrucBxDJ2T9SASCM7StbrHURrjHbE/qywQmaXvENMRGSBXRK+qWzyfW5ZbdDHSReDNSIjNUu8XPdk/xJIQIuWTGtDw3xk7KNAouYVJoJwZixoesDy1LIxaC6aTZERN6FChNcQA0q397UxYaMw596wkZDsy8Nm3+p7USDC47qYjiBCHi1mK1IJEUFZ1mQntCA0c5toRxLeyVlA+YZhxtcgX7vjf/7CKpn5Y9t+zdnpUqx7Mg8uSAHJIT4pELUiE3pEpqhJNH8kzeyLvz4Dw5L87rjzXnzGb2yR84H9+swJkJ</latexit><latexit sha1_base64="PAXSISGmhXWlrVCbCimdbl6Nbt0=">AAACBnicbVDLTgJBEJzFF+IL9ehlItF4IrtGoxcTEi8eMZFHAoTMDr0wYXZnM9NLJBvu+jN6MurND/AH/BuHlYOCdaruqu50lx9LYdB1v5zc0vLK6lp+vbCxubW9U9zdqxuVaA41rqTSTZ8ZkCKCGgqU0Iw1sNCX0PCH11O9MQJthIrucBxDJ2T9SASCM7StbrHURrjHbE/qywQmaXvENMRGSBXRK+qWzyfW5ZbdDHSReDNSIjNUu8XPdk/xJIQIuWTGtDw3xk7KNAouYVJoJwZixoesDy1LIxaC6aTZERN6FChNcQA0q397UxYaMw596wkZDsy8Nm3+p7USDC47qYjiBCHi1mK1IJEUFZ1mQntCA0c5toRxLeyVlA+YZhxtcgX7vjf/7CKpn5Y9t+zdnpUqx7Mg8uSAHJIT4pELUiE3pEpqhJNH8kzeyLvz4Dw5L87rjzXnzGb2yR84H9+swJkJ</latexit>
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ii) NLO results

Oblique S and T parameters at one-loop and heavy resonances, I. Rosell

ü kW=1.01 ± 0.06 *

ü

ü MV = { 2, 3, 4, 5, 6, 7 } TeV.

ü MA = MV (1+e)

eFV,A

FV,A
= 0.00± 0.33

<latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit><latexit sha1_base64="41V+HUzybDb0hUI8H6A+DWNL9S0=">AAACJ3icbVDLSgNBEJz1bXxFPXoZDIoHCbsq6EVQFPGoYKKQDWF20muGzD6Y6VXDsB+k3yLoSdSbf+Js3IOvukx1V/XQXUEqhUbXfXNGRsfGJyanpiszs3PzC9XFpaZOMsWhwROZqKuAaZAihgYKlHCVKmBRIOEy6B8V+uUNKC2S+AIHKbQjdh2LUHCGttWpHvsIdzj8xwQyg9z4oWLc+LeiCyhkF8xJ3jHNzcM8NyclyfepW3ddP43su71NO9VaURegf4lXkhopcdapPvrdhGcRxMgl07rluSm2DVMouIS84mcaUsb77BpalsYsAt02wy1zuhYmimIP6LD+7jUs0noQBdYTMezp31rR/E9rZRjutY2I0wwh5tZitTCTFBNahEa7QgFHObCEcSXslpT3mM0JbbQVe773+9i/pLlV99y6d75TO1gvg5giK2SVbBCP7JIDckrOSINw8kCeyRt5d+6dJ+fFef2yjjjlzDL5AefjExm3pbM=</latexit>

* de Blas, Eberhardt and Krause ‘18

" = 0.0
<latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit><latexit sha1_base64="dntgp0+JwJjbeWXsLuTeutWM2Ng=">AAACBnicbVDLSgNBEJz1GeMr6tHLYFA8hV0R9CIEvHiMYB6QLGF20psMmX0w0xsMy971Z/Qk6s0P8Af8GyfrHjSxLl3dVTN0lxdLodG2v6yl5ZXVtfXSRnlza3tnt7K339JRojg0eSQj1fGYBilCaKJACZ1YAQs8CW1vfD3T2xNQWkThHU5jcAM2DIUvOEMz6leqPYR7zP9JPZlAlvYmTEGshYxCekXtmp0Zlyk56CJxClIlBRr9ymdvEPEkgBC5ZFp3HTtGN2UKBZeQlXuJhpjxMRtC19CQBaDdNF8io8d+pCiOgOb9b2/KAq2ngWc8AcORntdmw/+0boL+pZuKME4QQm4sRvMTSTGis0zoQCjgKKeGMK6E2ZLyEVOMo0mubM535o9dJK2zmmPXnNvzav2kCKJEDskROSUOuSB1ckMapEk4eSTP5I28Ww/Wk/Vivf5Yl6zizQH5A+vjG6VFmQQ=</latexit>

" = 0.2
<latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit><latexit sha1_base64="ZAfK98RxKorNzSJ6nsdJmxVmJjk=">AAACBnicbVDLSgNBEJyNrxhfUY9eBoPiKewGQS9CwIvHCOYByRJmJ73JkNkHM73BsOSuP6MnUW9+gD/g3zhZ96CJdaruqm66y4ul0GjbX1ZhZXVtfaO4Wdra3tndK+8ftHSUKA5NHslIdTymQYoQmihQQidWwAJPQtsbX8/19gSUFlF4h9MY3IANQ+ELztC0+uVKD+Eesz2pJxOYpb0JUxBrIaOQXlG7WpsZl121M9Bl4uSkQnI0+uXP3iDiSQAhcsm07jp2jG7KFAouYVbqJRpixsdsCF1DQxaAdtPsiBk98SNFcQQ0q397UxZoPQ084wkYjvSiNm/+p3UT9C/dVIRxghByYzGan0iKEZ1nQgdCAUc5NYRxJcyVlI+YYhxNciXzvrP47DJp1aqOXXVuzyv10zyIIjkix+SMOOSC1MkNaZAm4eSRPJM38m49WE/Wi/X6Yy1Y+cwh+QPr4xuoQ5kG</latexit>

Results in terms of only MV, MA (only 1st WSR), kW and          .         
eFV,A

FV,A
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4. Conclusions

Room for these BSM scenarios and MV ≳ 3 TeV.

eF 2
V,A < F 2

V,A
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Oblique S and T parameters at one-loop and heavy resonances, I. Rosell

ü Up to now all searches for New Physics have given negative results: Higgs couplings compatible
with the SM and no new states. Therefore we can use EFTs because we have a mass gap.

ü As a consequence of the mass gap, bottom-up EFTs are appropriate to search for BSM. Depending
on the nature of the EWSB we have two possibilities:

ü Decoupling (linear) EFT: SMEFT
ü SM-Higgs and weakly coupled
ü Expansion in canonical dimensions

ü Non-decoupling (non-linear) EFT: EWET (HEFT or EWChL)
ü Non-SM Higgs and strongly coupled
ü Expansion in loops or chiral dimensions

ü Phenomenology: S and T at NLO

ü Short-distance constraints: WSRs and well-behaved form factors at high energies.

ü Assumptions: lightest two-particle absorptive cuts, MA ≳ MV and .

ü Results in terms of only MV, MA, kW and .


