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The recent high-precision measurement of the W mass by the CDF collaboration is in sharp tension with 
the Standard Model prediction as obtained by the electroweak fit. If confirmed, this finding can only be 
explained in terms of new physics effects. In this work, we point out a generic connection between 
the MW anomaly and Higgs physics observables such as h → γ γ , Zγ and the ratio h → Z Z/W W . 
Moreover, we systematically classify new physics scenarios which can address the MW anomaly via a 
tree-level contribution to the T̂ parameter. These include a real scalar triplet, a scalar quadruplet with the 
same hypercharge of the Higgs doublet, a Z ′ boson, a vector triplet with unit hypercharge and a vector 
boson with the gauge quantum numbers of the Higgs doublet. These solutions to the MW anomaly are 
characterized by new physics states which are typically too heavy to be discovered in direct searches, but 
which might leave their imprints in Higgs physics.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

Electroweak precision observables have played a crucial role 
to firmly establish the Standard Model (SM) as a quantum field 
theory and to constrain possible New Physics (NP) extensions. Re-
markably, electroweak precision observables were instrumental to 
indirectly infer the masses of the top quark and the Higgs boson 
well before their direct detection at Tevatron and LHC, respec-
tively. Nowadays, the SM electroweak fit is performed using as 
input parameters the fine structure constant α, the muon decay 
constant Gμ , the Z boson mass M Z , the strong coupling αs(M Z ), 
the top quark mass mt , the Higgs mass Mh , and the hadronic con-
tribution to the running of α, i.e. �α5

had(M Z ). In terms of these 
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parameters, all other observables can be predicted. In particular, 
the resulting value of the W ± boson mass from the electroweak 
fit is MW = 80354.5 ± 5.7 MeV [1].

The CDF collaboration has recently published a high-precision 
measurement of MW = 80433.5 ± 9.4 MeV [2], whose precision 
exceeds that of the current PDG world average, MW = 80379 ±
12 MeV [3], obtained from the combination of all previous mea-
surements from LEP, D0, CDF, and ATLAS. The new CDF value turns 
out to be considerably larger than the current PDG world average 
as well as the value previously inferred from the SM electroweak 
fit [1].

Taking the new CDF result at face value, a few collabora-
tions have already assessed its impact in the global electroweak 
fit, in the attempt of highlighting the favoured NP scenario to 
solve this anomaly (see e.g. [4–7]). In particular, it turned out 
that universal NP models, which are fully described by the fa-
le under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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mous Ŝ, T̂ , U , W , and Y parameters [8–10], provide an overall good 
quality of the fit. The viable solutions prefer either T̂ ≈ 10−3 and 
Ŝ = U = W = Y = 0 or highly-correlated positive Ŝ and T̂ param-
eters of comparable size T̂ ∼ Ŝ ∼ 10−3 and U = W = Y = 0. If Ŝ
and T̂ are loop-induced, they are of order (g4

NP/16π2) × M2
W /M2

NP
and therefore, weakly-interacting theories require MNP to lie at 
the electroweak scale to accommodate the MW anomaly. Such a 
solution can be hardly reconciled with the direct-search bounds 
on new particles. Instead, tree-level NP effects –which are equiv-
alent to the effects stemming from a strongly-coupled sector with 
gNP ∼ 4π– can provide the desired values of Ŝ and T̂ even for 
MNP ∼ 10 TeV.

The primary goal of this work is to establish a connection 
between the NP effects entering MW and Higgs physics observ-
ables. Indeed, since within the SM Effective Field Theory (SMEFT) 
Ŝ and T̂ receive contributions respectively from the d = 6 oper-
ators (H†τ a H)W a

μν Bμν and (H† DμH)((DμH)† H), it seems rather 
natural that NP effects in MW need to be accompanied by mod-
ifications of the SM predictions for Higgs decay processes like 
h → γ γ , Zγ and h → Z Z , W W . In Sect. 2 we quantitatively as-
sess this connection in the context of the SMEFT. Another goal of 
the present analysis is to systematically classify explicit NP exten-
sions of the SM which can give a sizable contribution to T̂ at the 
tree level. We provide this classification in Sect. 3 and, for those 
simplified models predicting a positive shift in T̂ , we discuss ac-
cordingly the correlated signals in Higgs physics. We conclude in 
Sect. 4 with a summary of our findings.

2. SMEFT approach to the MW anomaly and Higgs physics

Parametrizing the SMEFT Lagrangian as

LSMEFT = LSM +
∑

i

ciOi , (2.1)

where we adopt the Warsaw basis [11] and focus in particular 
on the following subset of operators, which are relevant for elec-
troweak and Higgs physics:

OH W = (H† H)W a
μν W aμν , (2.2)

OH B = (H† H)Bμν Bμν , (2.3)

OH W B = (H†τ a H)W a
μν Bμν , (2.4)

OH D = (H† DμH)((DμH)† H) , (2.5)

OH = (H† H)3 , (2.6)

OH� = (H† H)�(H† H) , (2.7)

OeH = (H† H)�LeR H , (2.8)

OuH = (H† H)qLuR H̃ , (2.9)

OdH = (H† H)qLdR H , (2.10)

with the covariant derivative defined as Dμ = ∂μ + ig2W a
μτ a +

ig1 BμY . Employing the notation of Refs. [6,10], the leading elec-
troweak oblique corrections are described by1

Ŝ ≡ cW

sW

′(0)W3 B = cW

sW
v2cH W B , (2.11)

T̂ ≡ 1

M2
W

(
W3 W3(0) − 
W +W −(0)) = − v2

2
cH D , (2.12)

1 In this notation the S and T parameters of Refs. [8,9] read S = 4s2
W Ŝ/α and 

T = T̂ /α.
2

Fig. 1. Ŝ and T̂ vs. Higgs connection.

with v = 246 GeV and sW ≡ sin θW (cW ≡ cos θW ). We remark that 
in Eqs. (2.11)–(2.12) we only included so-called “universal” bosonic 
operators. Upon applying the equations of motion in a given ba-
sis, other fermionic operators can contribute as well to the Ŝ and 
T̂ parameters (see e.g. [12,13]). Concretely, in terms of the War-
saw basis these are four-fermion operators as well as operators of 
the type (H

←→
D μH)(ψγ μψ). These operators can also lead to con-

tributions to electroweak precision observables beyond the oblique 
parameters (with the exception of top-quark operators2) and hence 
are neglected in the present analysis.

The MW anomaly could be due to a universal new physics cor-
rection to T̂ [6]

T̂ 	 (0.84 ± 0.14) × 10−3 , (2.13)

(cH D = −(0.17 ± 0.07/TeV)2) as well as a correlated contribution 
to Ŝ ∼ 10−3 (cH W B ∼ (0.07/TeV)2) of the same size of T̂ , but com-
patible with zero [6,7]. The inclusion of higher-order corrections 
in the momentum expansion of the inverse propagators (Y and 
W ) does not alter significantly the fit [6], while a non-vanishing 
Û parameter can also explain by itself the MW anomaly [7]. How-
ever, under the assumption of heavy NP, which is captured by the 
SMEFT description, the Û parameter is usually neglected since it 
arises from d = 8 operators.

Since the Ŝ and T̂ parameters are obtained by condensing the 
Higgs fields in OH W B and OH D , there is clearly a connection with 
Higgs physics, as highlighted schematically in Fig. 1.

Writing the SMEFT Lagrangian in the electroweak broken phase 
as

Lint
SMEFT 
 g(1)

hW W hW +
μ W −μ + g(2)

hW W hW +
μν W −μν

+ g(1)

h Z Z h Zμ Zμ + g(2)

h Z Z h Zμν Zμν + ghγ γ hFμν F μν

+ ghγ Z hFμν Zμν + ghhhh3

+ (gheheLeR + ghuhuLuR + ghdhdLdR + h.c.) + . . . ,

(2.14)

one finds at tree level (see e.g. [17])

g(1)

hW W = 2M2
W

v

(
1 − v2

4
(cH D − 4cH�)

)
, (2.15)

2 Top-quark operators can be (weakly) constrained by top-quark physics [14] and 
via their loop contributions by electroweak observables [15] and Higgs physics [16].
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g(2)

hW W = 2vcH W , (2.16)

g(1)

h Z Z = M2
Z

v

(
1 + v2

4
(cH D + 4cH�)

)
, (2.17)

g(2)

h Z Z = v

[
M2

W

M2
Z

cH W + M2
Z − M2

W

M2
Z

cH B + g1 g2

g2
1 + g2

2

cH W B

]
,

(2.18)

ghγ γ = v

[
M2

Z − M2
W

M2
Z

cH W + M2
W

M2
Z

cH B − g1 g2

g2
1 + g2

2

cH W B

]
,

(2.19)

ghγ Z = 2v

[
g1 g2

g2
1 + g2

2

cH W − g1 g2

g2
1 + g2

2

cH B + 1

2

g2
1 − g2

2

g2
1 + g2

2

cH W B

]
,

(2.20)

ghhh = − M2
h

2v

[
1 − 3v2

4
(cH D − 4cH�) − 2v4

M2
h

cH

]
, (2.21)

ghψ = −mψ

v

(
1 − v2

4
(cH D − 4cH�)

)
+ cψ H v2

√
2

, (2.22)

with ψ = e, u, d. In order to canonically normalize the Higgs ki-
netic term we adopted the field redefinition

h → h

(
1 + v2(cH� − 1

4
cH D)

(
1 + h

v
+ h2

3v2

))
, (2.23)

which removes the momentum-dependence in the Higgs self-
couplings.

The most relevant Higgs observables, which are affected by the 
presence of non-zero Ŝ, T̂ ∼ 10−3, are the Higgs boson decays into 
vector bosons. Defining the Higgs signal strengths as3

μV V ′ ≡ (h → V V ′)
SM(h → V V ′)

, (2.24)

with V , V ′ = γ , Z , W , we can compute the corrections arising 
from the modified Higgs couplings in Eq. (2.14). For the observ-
ables related to Ŝ (cH W B ) one finds (see e.g. [18])

μγγ 	 1 + 4π v2

Iγ α
(s2

W cH W + c2
W cH B − sW cW cH W B)

	 1 + 0.23

(
Ŝ

10−3

)
, (2.25)

μZγ 	 1 + 4π v2

I Zα
(sW cW cH W − sW cW cH B − 1

2
(c2

W − s2
W )cH W B)

	 1 + 0.084

(
Ŝ

10−3

)
, (2.26)

where in the last steps we used the SM values Iγ = −1.64 and 
I Z = −2.84, and neglected the contribution of cH W and cH B in 
order to highlight the connection with Ŝ . Hence, a +20% modifi-
cation of μγγ is generically expected for Ŝ ∼ 10−3, which is in 
the ballpark of the present LHC experimental sensitivity at the 
10% level [19]. On the other hand, the predicted shift in μZγ is 
presently too small to be detected, although an O(10%) sensitivity 
might be achieved at the HL-LHC [20]. Another observable that is 

3 For illustration of the argument, we work under the assumption that the Higgs 
coupling to gluons is not modified by NP and neglect other production channels 
than the ones to gluons.
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Table 1
New physics states which can yield a tree-level contribution to T̂
via d ≤ 4 interactions with SM states. Highlighted in pink are the 
representations predicting a positive shift on T̂ . The last column 
indicates whether a tree-level contribution to Ŝ is generated (�)

or not (×).

Field Spin SU(3)C SU(2)L U(1)Y sign(T̂ ) Ŝ

� 0 1 3 0 + ×
�1 0 1 3 1 − ×
�1 0 1 4 1/2 + ×
�3 0 1 4 3/2 − ×
B 1 1 1 0 + ×
B1 1 1 1 1 − ×
W 1 1 3 0 − ×
W1 1 1 3 1 + ×
L 1 1 2 1/2 +/− �

ectly sensitive to T̂ via cH D is the ratio μZ Z /μW W [21], which 
ds

Z Z

W
	 1 + 2cH D v2 	 1 − 0.0034

(
T̂

0.84 × 10−3

)
. (2.27)

wever, also in this case the predicted deviation is too small to 
 presently detected.

Heavy new physics: tree-level contributions to T̂

Since the MW anomaly hints at a sizeable T̂ ∼ 10−3, correlated 
th an Ŝ parameter compatible with zero [6,7], we will now focus 
 heavy NP extensions which can yield a tree-level contribution 
T̂ via the operator OH D .4

It turns out that such states are either scalars S or vectors V , 
ose quadratic Lagrangian can be written as

uad = η[(DμS)† DμS − M2
SS†S] , (3.1)

uad = η[(DμVν)† DνVμ − (DμVν)† DμVν + M2
VV

†
μVμ] , (3.2)

th the prefactor η = 1 (η = 1/2) for a complex (real) represen-
ion. The representations which can generate OH D , or higher-

ensional variants thereof such as (H† H)OH D , at tree-level are 
played in Table 1 (for similar classifications see also Refs. [22–
]). In the following, we discuss in detail each simplified model, 
d for those cases leading to a positive T̂ we analyze in turn the 
related signals in Higgs physics.

. � ∼ (1, 3, 0)S

From the interaction Lagrangian

t 
 −κ�H†�aσ a H − λH�

2
(H† H)�a�a , (3.3)

e obtains

D = −2
κ2

�

M4
�

, (3.4)

d hence

κ2
�v2

M4
�

= 0.84 × 10−3
( |κ�|

M�

)2 (
8.5 TeV

M�

)2

, (3.5)

ich has the correct sign to explain the MW anomaly.

We note that in a few models discussed below (�1, B, W and L from Ta-
1) one also generates fermionic operators that affect Ŝ and T̂ (cf. discussion 

ow Eq. (2.12)). However, these contributions are always proportional to the cou-
gs of the new particle to SM fermions and therefore they can be parametrically 
pressed.
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When the � is not integrated out, the tree-level contribution to 
T̂ can be alternatively understood to arise from the generation of 
a tree-level vacuum expectation value (VEV) for �, that is 〈�〉 ≡
v� = κ�v2/(2M2

�). In general, the VEV of a scalar representation 
S ∼ (1, 2 j + 1, y) yields [26,27]

T̂ 	 4
(
η[ j( j + 1) − y2] − 2y2

) 〈S〉2

v2
, (3.6)

with 〈S〉 = αvS , where α = 1 (α = 1/
√

2) for a real (complex) 
representation and vS is the VEV of the canonically normalized 
real scalar component of S . In the case S = � this yields T̂ 	
κ2

�v2/M4
� , as in Eq. (3.5).

The connection between this scalar triplet and electroweak pre-
cision measurements was previously considered e.g. in Refs. [28–
30]. Note that the perturbativity range of the massive κ� param-
eter can be obtained by requiring that finite loop corrections to 
the trilinear scalar vertex �H† H remain smaller than the tree-
level value [31]. This yields |κ�|/M� � 4π [32]. Hence, a scalar 
triplet well above the TeV scale and with perturbative couplings 
can explain the value of T̂ while easily evading all direct collider 
searches. In particular, saturating the perturbativity bound, it turns 
out that M� � 100 TeV.

Other coefficients which are unavoidably generated after inte-
grating out � are directly correlated with T̂ via the coupling κ�:

cH = −4
κ2

�

M4
�

(
λH�

8
− λ

)
= −4

T̂

v2

(
λH�

8
− λ

)
, (3.7)

cH� = κ2
�

2M4
�

= T̂

2v2
, (3.8)

ceH, uH,dH = κ2
�Ye,u,d

M4
�

= T̂

v2
Ye,u,d , (3.9)

where λ is the SM quartic Higgs coupling and Ye,u,d are SM 
Yukawas. Hence, in the triplet model a non-zero T̂ can be cor-
related to various Higgs signals (see Eq. (2.14)). The strongest 
dependence on T̂ is via the modification of the trilinear Higgs self-
coupling, but one needs to keep in mind that the prospect for its 
measurement at the HL-LHC is 0.1 < ghhh/gSM

hhh < 2.3 [33] while 
the model predicts (setting λH� = 0) deviations of O(1%) in ghhh
(cf. Eq. (2.21)). Similarly, the deviations in the W and Z couplings 
are out of reach for the LHC.

3.2. �1 ∼ (1, 3, 1)S

From the interaction Lagrangian

Lint
�1


 −κ�1(�
a
1)

† H̃†σ a H + h.c. , (3.10)

one obtains

cH D = 4
|κ�1 |2
M4

�1

, (3.11)

and hence

T̂ = −2
|κ�1 |2 v2

M4
�1

, (3.12)

which predicts the wrong sign to explain the new CDF MW value.
4

3.3. �1 ∼ (1, 4, 1/2)S

Electroweak quadruplets contribute to T̂ via the d = 8 operator 
(H† H)OH D .5 It is hence more practical to directly compute T̂ via 
the VEV contribution. We consider the interaction Lagrangian

Lint
�1


 M2
�1

(�1)i jk(�
∗
1)

i jk − λH3�1 H∗i(�1)i jk H∗ jεkl Hl + h.c. ,

(3.13)

in a phase convention where λH3�1 is real and we employed a 
symmetric tensor notation for the quadruplet, with latin indices 
in SU(2)L space and ε = iσ 2. The embedding of the canonically 
normalized charge eigenstates reads (�1)111 = �++

1 , (�1)112 =
1√
3
�+

1 , (�1)122 = 1√
3
�0

1, (�1)222 = �−
1 . In particular, for the VEV 

of the neutral component one obtains

〈
�0

1

〉
≡ v�1√

2
	 λH3�1 v3

2
√

6M2
�1

, (3.14)

and hence, using the VEV formula in Eq. (3.6)

T̂ 	 12

〈
�0

1

〉2
v2

	 λ2
H3�1

v4

2M4
�1

= 0.84 × 10−3 λ2
H3�1

(
1.2 TeV

M�1

)4

,

(3.15)

which has the correct sign to explain the MW anomaly. Note that 
due to the different scaling of the T̂ parameter (compared e.g. to 
the triplet case in Eq. (3.5)) the mass of the quadruplet needs to 
be around 1 TeV for O(1) couplings to the Higgs.

At the leading order in the SMEFT, one also generates the Wil-
son coefficient

cH = λ2
H3�1

M2
�1

= 2M2
�1

v4
T̂ = 0.040

v2

(
M�1

1.2 TeV

)2
(

T̂

0.84 × 10−3

)
,

(3.16)

which is directly correlated with T̂ . Substituting the above value of 
cH into Eq. (2.21) we then obtain

ghhh

gSM
hhh

− 1 = −31%

(
M�1

1.2 TeV

)2
(

T̂

0.84 × 10−3

)
, (3.17)

which implies up to an O(1) variation in the trilinear Higgs self-
coupling, depending on the value of M�1 , which receives an upper 
bound from perturbativity (see e.g. [23]). All in all, the reason for 
such a large effect in the trilinear Higgs self-coupling can be un-
derstood from the fact that in the quadruplet case T̂ is generated 
by a d = 8 operator, while the contribution to cH arises at d = 6.

3.4. �3 ∼ (1, 4, 3/2)S

We consider the interaction Lagrangian

Lint
�3


 M2
�3

(�3)i jk(�
∗
3)

i jk − λH3�1 H∗i H∗ j H∗k(�3)i jk + h.c. ,

(3.18)

in a phase convention where λH3�3 is real. The embedding of the 
canonically normalized charge eigenstates reads (�3)111 = �+++

3 , 
(�3)112 = 1√

3
�++

3 , (�3)122 = 1√
3
�+

3 , (�3)222 = �0
3. For the VEV 

of the neutral component one obtains

5 Note that quadruplets do not generate tree-level contributions to the Ŝ and Û
parameters at d = 8 [34].
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〈
�0

3

〉
≡ v�3√

2
	 λH3�3 v3

2
√

2M2
�3

, (3.19)

and hence, using the VEV formula in Eq. (3.6)

T̂ 	 −12

〈
�0

3

〉2
v2

	 −3λ2
H3�3

v4

2M4
�3

, (3.20)

which predicts the wrong sign to solve the MW anomaly.

3.5. B ∼ (1, 1, 0)V

From the interaction Lagrangian

Lint
B 
 −g H

BBμH†iDμH + h.c. , (3.21)

one obtains

cH D = −2
(Re (g H

B ))2

M2
B

, (3.22)

and hence

T̂ = (Re (g H
B ))2 v2

M2
B

= 0.84×10−3 (Re (g H
B ))2

(
8.5 TeV

MB

)2

, (3.23)

which has the correct sign to explain the MW anomaly. The pos-
sibility of raising the MW mass via a Z ′ boson was previously 
considered e.g. in [6,35]. Note that the Z ′ phenomenology highly 
depends on its coupling to SM fermions, which have not been 
specified here.

3.6. B1 ∼ (1, 1, 1)V

From the interaction Lagrangian

Lint
B1


 −g H
B1

Bμ†
1 iDμH T iσ 2 H + h.c. , (3.24)

one obtains

cH D = |g H
B1

|2
M2

B1

, (3.25)

and hence

T̂ = −|g H
B1

|2 v2

2M2
B1

, (3.26)

which predicts the wrong sign to accommodate the MW anomaly.

3.7. W ∼ (1, 3, 0)V

From the interaction Lagrangian

Lint
W 
 −1

2
g H
WWμa H†σ aiDμH + h.c. , (3.27)

one obtains

cH D = (Im (g H
W ))2

2M2
W

, (3.28)

and hence

T̂ = − (Im (g H
W ))2 v2

4M2
W

, (3.29)

which predicts the wrong sign to accommodate the MW anomaly.
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3.8. W1 ∼ (1, 3, 1)V

From the interaction Lagrangian

Lint
W1


 −1

2
g H
W1

Wμa†
1 iDμH T iσ 2σ a H + h.c. , (3.30)

one obtains

cH D = −|g H
W1

|2
4M2

W1

, (3.31)

and hence

T̂ = |g H
W1

|2 v2

8M2
W1

= 0.84 × 10−3 |g H
W1

|2
(

3.0 TeV

MW1

)2

, (3.32)

which has the correct sign to explain the MW anomaly. Note that 
the interaction in Eq. (3.30) does not necessarily arise from a 
renormalizable theory and here we have included only d = 4 in-
teractions with the SM fields.

3.9. L ∼ (1, 2, 1/2)V

From the interaction Lagrangian

Lint
L 
 −(γLL† DμH + h.c.) − ig B

LL
†
μLν Bμν

− igW
L L†

μσ aLν W aμν − h(2)
L L† H H†L− (h(3)

L (L† H)2 + h.c.) ,

(3.33)

after an Higgs field redefinition in order to have canonical kinetic 
terms (see [25]), one obtains

cH D = g1 g B
L|γL|2
M4

L
− h(2)

L |γL|2
M4

L
+ 2Re (h(3)

L γ ∗2
L )

M4
L

, (3.34)

and hence

T̂ = − g1 g B
L|γL|2 v2

2M4
L

+ h(2)
L |γL|2 v2

2M4
L

− Re (h(3)
L γ ∗2

L )v2

M4
L

, (3.35)

which can have both signs. Moreover, after integrating out L, also 
the Wilson coefficient

cW B = − g1 g2|γL|2
4M4

L
− g2 g B

L|γL|2
4M4

L
− g1 gW

L |γL|2
4M4

L
(3.36)

is generated, which implies

Ŝ = cW

sW

[
− g1 g2|γL|2 v2

4M4
L

− g2 g B
L|γL|2 v2

4M4
L

− g1 gW
L |γL|2 v2

4M4
L

]
,

(3.37)

which is of the same order as the contribution to the T̂ parameter. 
Hence, this model could yield a large effect in the h → γ γ rate (as 
discussed in Sect. 2).

4. Conclusions

In this work, we have investigated the connection between the 
MW anomaly (stemming from the recent MW measurement by the 
CDF collaboration [2]) and Higgs physics. This connection is quite 
natural from the point of view of the SMEFT, since the Ŝ and T̂ pa-
rameters arise from d = 6 operators containing multiple insertions 
of the Higgs doublet set on its VEV. Hence, by promoting one of 
those VEVs to a dynamical field, one automatically predicts modi-
fied Higgs signals (cf. Fig. 1). The largest effect turns out to be in 
h → γ γ , which is modified up to +20% for values of Ŝ ∼ 10−3
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which are generically suggested by the electroweak fit. Modifica-
tions of the h → Zγ rate as well as the ratio h → Z Z/W W (which 
might be used to probe the T̂ parameter) are instead too small to 
be presently detected.

Since a non-zero and positive T̂ ∼ 10−3 is suggested by global 
electroweak fits, in Sect. 3 we classified SM extensions which pre-
dict a positive tree-level shift of T̂ . Remarkably, there are only 
few solutions with NP states that couple directly to the Higgs via 
d ≤ 4 interactions: a scalar triplet � ∼ (1, 3, 0)S , a scalar quadru-
plet �1 ∼ (1, 4, 1/2)S , a Z ′ boson B ∼ (1, 1, 0)V , a vector triplet 
W1 ∼ (1, 3, 1)V and a vector boson L ∼ (1, 2, 1/2)V . In all these 
cases the value of T̂ ∼ 10−3 can be easily explained via a NP state 
with mass around 10 TeV and O(1) couplings to the Higgs (bar-
ring the quadruplet case which needs to be at the TeV scale and 
implies as well a large deviation in the trilinear Higgs self-coupling 
– see Eq. (3.17)).

Although the NP states implied by such scenarios can escape 
direct detection at particle colliders, they might still leave their im-
prints via modifications of Higgs signals, which become especially 
correlated in explicit models.
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