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We propose a type II seesaw model for light Dirac neutrinos to provide an explanation for the recently 
reported anomaly in W boson mass by the CDF collaboration with 7σ statistical significance. In the 
minimal model, the required enhancement in W boson mass is obtained at tree level due to the vacuum 
expectation value of a real scalar triplet, which also plays a role in generating light Dirac neutrino mass. 
Depending upon the couplings and masses of newly introduced particles, we can have thermally or non-
thermally generated relativistic degrees of freedom �Neff in the form of right handed neutrinos which 
can be observed at future cosmology experiments. Extending the model to a radiative Dirac seesaw 
scenario can also accommodate dark matter and lepton anomalous magnetic moment.

© 2022 The Authors. 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.
1. Introduction

The CDF collaboration has provided an updated measurement 
of the W boson mass MW = 80433.5 ± 9.4 MeV [1] using the 
data corresponding to 8.8 fb−1 integrated luminosity collected at 
the CDF-II detector of Fermilab Tevatron collider. This newly mea-
sured value has 7 σ deviation from the standard model (SM) 
expectation (MW = 80357 ± 6 MeV). This has led to several dis-
cussions on possible implications and interpretations in the last 
week related to effective field theory [2,3], electroweak precision 
parameters [4–7], beyond standard model (BSM) physics like dark 
matter (DM) [8–13], additional scalar fields [14–24], supersymme-
try [25–29] and several others [30–42]. Assuming this anomaly to 
be originating from beyond standard model (BSM) physics, here we 
consider a seesaw model for Dirac neutrinos where a real scalar 
triplet plays a non-trivial role in generating the required enhance-
ment in W boson mass as well as light neutrino masses. Due to 
the existence of additional light species in the form of right chiral 
parts of light Dirac neutrinos, we can get enhancement in effec-
tive relativistic degrees of freedom �Neff depending upon Yukawa 
couplings and masses of additional particles including those in-
volving the triplet scalar. We show that such enhanced �Neff can 
not only be constrained by existing data from the Planck collabo-
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ration, but also remains within reach of next generation cosmology 
experiments. After discussing the minimal model of tree level Dirac 
seesaw, we consider a radiative version of it which can accommo-
date dark matter as well as lepton anomalous magnetic moments, 
which are also signatures of BSM physics.

2. Tree level Dirac seesaw

While most of the neutrino mass models invoke the Majorana 
nature of neutrinos, the possibility of Dirac seesaw is relatively 
less explored yet equally appealing. Different BSM frameworks for 
origin of light Dirac neutrino mass can be found in [43–74] and 
references therein. Here we consider a type II seesaw realisation 
of the dimension six operator for light Dirac neutrino mass [61]. 
The particle content of the minimal model is shown in Table 1. 
A vector-like fermion doublet � and a real scalar triplet � are 
introduced to realise the type II Dirac seesaw.1 A softly broken dis-
crete Z2 symmetry is introduced to forbid direct coupling of right 
handed neutrino νR to the SM lepton and Higgs in the form of 
LH̃νR . An overall global lepton number symmetry is assumed as 
in conventional Dirac seesaw models to keep lepton number vio-
lating Majorana mass terms away from the Lagrangian.

1 This is not a unique choice involving a real scalar triplet. For example, one can 
consider vector-like fermion triplet instead of fermion doublet too to realise the 
same seesaw realisation of dimension six operator. Such choices do not change the 
analysis significantly and we stick to the minimal choice of fermion doublet.
 under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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Table 1
Relevant particles and their gauge charges in the tree 
level Dirac seesaw model.

Gauge Group Fermion Fields Scalar Field

L �L,R νR � H

SU (2)L 2 2 1 3 2
U (1)Y − 1

2 − 1
2 0 0 − 1

2
Z2 1 -1 -1 -1 1

Fig. 1. Origin of tree level Dirac Neutrino Mass.

The relevant Yukawa Lagrangian can be written as

−L ⊇ M��� + yL L��R + yνR �L H̃νR + h.c (1)

where � = (ψ0, ψ−)T is the vector-like fermion doublet.
Scalar potential of the minimal model can be written as

V (H, �) = −μ2
H H† H + λH

(
H† H

)2 − M2
� Tr �2

+ λ� Tr �4 + λ′
�(Tr �2)2 + λH�

(
H† H

)
Tr �2

+ λ′
H�

(
H† �2 H

)
+ ζ

(
H† � H

)
. (2)

Here we consider M2
� < 0 such that the neutral component of �

acquires only an induced vacuum expectation value (VEV) after 
electroweak symmetry breaking. After symmetry breaking, neutri-
nos will acquire a Dirac mass at tree level from the diagram shown 
in Fig. 1. This can be estimated as

mν = yL yνR 〈H〉 〈�〉
M�

. (3)

3. W boson mass

Any new physics which could be responsible for the W boson 
mass anomaly, can be parametrised by oblique parameters S, T, U 
[75,76]. Considering the U parameter to be suppressed, one can 
parametrise any BSM physics contribution to W boson mass in 
terms of S, T parameters. Taking αEW, G F , mZ as input parameters, 
the required fitting of S, T parameters in view of the recent W -
mass anomaly has been discussed in [3]. It should be noted that, 
change in S, T parameters due to BSM physics will also change the 
weak mixing angle θW , which is precisely measured. The mass of 
W boson mW and sin2

θW
(mZ )M S can be expressed in terms of elec-

troweak precision parameters namely, S and T as [77],

mW = 80.357 GeV (1 − 0.0036 S + 0.0056 T ) ,

sin2
θW

(mZ )MS = 0.23124 (1 − 0.0157 S + 0.0112 T ) , (4)

which implies that the compatibility of the enhanced W boson 
mass with precision measurements of θW requires both S and T 
parameters to be non-zero, also seen from the fits presented in 
[3]. However, in the case of real scalar triplet, we will not get any 
correction to S parameter, even at one-loop level [78]. On the other 
hand, T parameter can get contribution from the induced VEV of 
the neutral component of triplet. The required limit on T, in order 
to explain the enhanced W boson mass, will be
2

T = 0.17 ± 0.020889. (5)

However, according to Eq. (4), any change in T parameter with S=0 
will put sin2 θW in tension with the LEP data. The above men-
tioned range of T would imply that sin2 θW should lie in between 
0.230746 − 230854. Additional contribution to S, T parameters 
should be able to reduce this tension, as we will discuss later in 
the radiative version of Dirac seesaw.

As mentioned earlier, the presence of the trilinear coupling 
ζ

(
H† � H

)
in equation (2), leads to an induced VEV of the neu-

tral component of � given by

v� =
√

2ζ v2

4 M2
� + 2

(
λH� + λ′

H�

)
v2

, (6)

where v denotes the SM Higgs VEV. In the limit (λH� +λ′
H�)v2 �

2M2
� , we can approximate the induced VEV as,

v� = ζ v2

2
√

2 M2
�

. (7)

Since � is a real scalar triplet with hypercharge zero, it will con-
tribute only to W mass and not to Z mass at tree level. Therefore, 
it will change only the T parameter through its contribution to W-
mass and can be expressed as,

T = v2

α

ζ 2

M4
�

, (8)

where α is the fine structure constant. It should be noted that, 
the vector-like fermion doublet �, in spite of having SU (2)L gauge 
interactions, can not give rise to the required enhancement via ra-
diative corrections due to degenerate masses of its components.

4. Observable �Neff

Thermalisation of the νR s gives extra contribution to the total 
radiation energy density of the universe Neff. The quantity Neff is 
defined as the contribution of non-photon components to the ra-
diation energy density normalised by the contribution of a single 
active neutrino species (�νL ) [79] i.e.

Neff ≡ �rad − �γ

�νL

, (9)

which, during the era of recombination (z ∼ 1100), is restricted by 
Planck 2018 data [80] to be

Neff = 2.99+0.34
−0.33 (10)

at 2σ CL including baryon acoustic oscillation (BAO) data. At 1σ

CL it becomes more stringent to Neff = 2.99 ± 0.17. Both these 
bounds are consistent with the standard model (SM) prediction 
NSM

eff = 3.045 [79,81,82]. Upcoming cosmic microwave background 
(CMB) experiments like SPT-3G [83] and CMB-S4 [84] will be able 
to constrain Neff up to a much higher accuracy, having the poten-
tial to verify BSM scenarios like ours which lead to enhancement 
in Neff. Some recent studies on light Dirac neutrinos and enhanced 
�Neff can be found in [72,85–94]. For thermalised νR , the en-
hancement to Neff can be expressed as,

�Neff = Neff − NSM
eff = NνR

(
TνR

TνL

)4

= NνR

⎛⎝ g∗
(
T dec
νL

)
g∗

(
T dec
νR

)
⎞⎠4/3

.

(11)
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Fig. 2. Contribution to �Neff as a function of the Yukawa interaction yνR for three 
benchmark values of Mψ .

This can be computed simply by assuming instantaneous decou-
pling of νR ’s and finding the corresponding decoupling temper-
ature. This also agrees to a great accuracy with more detailed 
analysis involving Boltzmann equations [88,94]. The correspond-
ing results are shown in Fig. 2 for benchmark choices of � mass 
and Yukawa couplings which dictate the thermalisation as well 
as decoupling temperature of νR . Clearly, the entire parameter 
space remains within the reach of future CMB experiments. How-
ever, νR can also be produced through freeze-in mechanism if the 
corresponding interactions are not sufficient to keep them in the 
thermal plasma. For non-thermal production of νR , we can calcu-
late the enhancement in Neff by solving the Boltzmann equation 
which tracks the non-thermal production of νR from other parti-
cles [91]. The corresponding Boltzmann equation can be written, 
for our model, as

dYνR

dx
= 2β(x)

Hs1/3x
〈E�〉 Y eq

ψ , (12)

where x is defined as Mψ/T , s is the entropy density of the uni-

verse, and β(T ) =
(

1 + T dgs/dT
3gs

)
. The 2 factor in the right hand 

side of the Boltzmann equation is due to the Dirac nature of νR . 
The collision term < E� > can be written as

〈E�〉 = y2
νR

(M2
ψ − m2

h)2

32π M2
ψ

(
1 − m2

h

M2
ψ

)
. (13)

Here, we consider that the νR produced from the decay of ψ which 
was in thermal equilibrium with the SM particles owing to their 
gauge interactions. One can write the corresponding enhancement 
to Neff as

�Neff = 3
s4/3YνR

ρνL

∣∣∣∣
T =TCMB

, (14)

where the numerical value of YνR at T = TCMB is found by solving 
equation (12). The results are shown in Fig. 3 for chosen bench-
mark parameters. As expected, with the rise in Yukawa coupling, 
the non-thermal contribution to νR density and hence Neff in-
creases. As can be noticed while comparing with Fig. 2, the Yukawa 
coupling remains suppressed in this case for νR to be in non-
thermal regime.

In Fig. 4, we show the scan in the plane of ζ and M� which sat-
isfy enhanced W-mass criteria reported by the CDF collaboration. 
The required enhancement in W-mass constrains the VEV of � to 
3

Fig. 3. Non-thermal contribution to �Neff from the decay of fermion doublet as a 
function of the Yukawa interaction yνR .

Fig. 4. Allowed parameter space in ζ vs M� plane from the T parameter constraint 
shown in equation (5). Here we have fixed Mψ at 250 GeV and yL at 10−8.

lie in few GeV regime which can be translated into constraints in 
ζ, M� plane following Eq. (7) as shown in Fig. 4. In colour code, 
we show the Yukawa coupling strength of νR considering it to be 
thermally generated providing a large contribution to Neff within 
reach of future CMB experiments, as shown in Fig. 2. We also take 
into account the constraint on the scale of neutrino mass. To gen-
erate the correct neutrino mass, the product of yL yνR has to be 
O(10−10) assuming Mψ and 〈H〉 = v have similar order. In case 
of very small yL (say yL ∼ 10−8), yνR has to be large enough to 
generate the correct neutrino mass. Such interactions can lead to 
the thermalisation of νR in the early universe whose effects can 
be seen as the extra radiation energy density at the time of re-
combination. On the other hand, if we consider sizable yL this 
makes yνR automatically small from the requirement of correct 
neutrino mass. In this case, although νR can not be thermalised 
due to such feeble interactions, they can still be produced from 
the non-thermal decay of ψ as they were present in the thermal 
plasma due to their gauge interactions.

5. Radiative Dirac seesaw

The particle content of the model is shown in Table 2. The rel-
evant Lagrangian can be written as:

−L ⊇ M��� + MN N N + Y �H̃ N + Y Nl Lη̃1NR
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Table 2
New Particles and their gauge charges in the radiative Dirac 
seesaw model.

Gauge Group Fermion Fields Scalar Field

NL,R �L,R νR � η1 η2

SU (2)L 1 2 1 3 2 2
U (1)Y 0 − 1

2 0 0 − 1
2 − 1

2
Z2 -1 -1 1 1 -1 -1
Z ′

2 1 1 -1 -1 1 -1

Fig. 5. Origin of Scotogenic Dirac Neutrino Mass.

+ Y R�L η̃2νR + Yψl�Lη1lR + h.c (15)

One of the discrete symmetries namely Z ′
2 will be broken while 

the other will remain unbroken ensuring the stability of dark mat-
ter. After the electroweak symmetry breaking, light Dirac neutrino 
masses arise at one-loop level as shown in Fig. 5. The correspond-
ing one-loop contribution can be estimated following [45,54]. The 
analysis for W boson mass correction from triplet VEV and en-
hancement of Neff from thermal or non-thermal νR remains more
or less same as in the minimal model and hence we only com-
ment on additional phenomenology of the radiative model below. 
It should be noted that similar to the tree level Dirac seesaw model 
discussed earlier, here also we consider a global lepton number 
symmetry in order to keep the Majorana mass terms away.

After electroweak phase transition, the VEV of SM Higgs leads 
to mixing between the neutral component of doublet ψ0 (as (�T =
(ψ0, ψ−)) and N giving rise to the well motivated singlet-doublet 
DM Model which has been studied extensively in the literature 
[95–115]. As clear from the Lagrangian in Eq. (15), here we con-
sider a Dirac version of the singlet-doublet DM model. The mass 
terms for these fields can then be written together as follows:

−LVF
mass = M�ψ0ψ0 + M�ψ+ψ− + MN N N

+ Y v√
2

ψ0 N + Y v√
2

N ψ0

= (
N ψ0

)( MN Y v/
√

2
Y v/

√
2 M�

)(
N
ψ0

)
+ M�ψ+ψ−.

(16)

The unphysical basis, 
(

N ψ0
)T

is related to physical basis, (
ψ1 ψ2

)T
through the following unitary transformation:(

N
ψ0

)
= U

(
ψ1
ψ2

)
=

(
cos θ − sin θ

sin θ cos θ

)(
ψ1
ψ2

)
, (17)

where the mixing angle is given by:

tan 2θ = −
√

2Y v

M� − MN
. (18)

The mass eigenvalues of the physical states ψ1 and ψ2 are respec-
tively given by:
4

Mψ1 = MN cos2 θ + M� sin2 θ + Y v√
2

sin 2θ

Mψ2 = MN sin2 θ + M� cos2 θ − Y v√
2

sin 2θ (19)

For small sin θ (sin θ → 0) limit, Mψ1 and Mψ2 can be further ex-
pressed as:

Mψ1 � MN + Y v√
2

sin 2θ ≡ MN − (Y v)2

(M� − MN)
,

Mψ2 � M� − Y v√
2

sin 2θ ≡ M� + (Y v)2

(M� − MN)
. (20)

As Y v/
√

2 � MN < M� . Hence Mψ1 < Mψ2 and thus ψ1 becomes 
the stable DM candidate. From Eqs. (18) and (19), one can write Y
and Mψ in terms of Mψ1,2 and sin θ as:

Y = −�M sin 2θ√
2v

,

M� = Mψ1 sin2 θ + Mψ2 cos2 θ, (21)

where �M = Mψ2 − Mψ1

Thus the interaction terms of the dark sector fermions in the 
mass basis are:

LDM
int = � [iγ μ(∂μ − ig

σ a

2
W a

μ − ig′ Y

2
Bμ)] �

+ N (iγ μ∂μ) N − (Y �H̃ N + h.c.)

LDM
int = gZ

[
sin2 θψ1γ

μ Zμψ1 + cos2 θψ2γ
μ Zμψ2

+ sin θ cos θ(ψ1γ
μ Zμψ2 + ψ2γ

μ Zμψ1)
]

+ gW (sin θψ1γ
μW +

μψ− + cos θψ2γ
μW +

μψ−)

+ gW (sin θψ+γ μW −
μψ1 + cos θψ+γ μW −

μψ2)

− gZ c2w ψ+γ μ Zμψ− − e0ψ
+γ μ Aμψ−

− Y√
2

h
[

sin 2θ(ψ1ψ1 − ψ2ψ2) + cos 2θ(ψ1ψ2 + ψ2ψ1)
]
(22)

where gZ = e0/2sw cw , gW = e0/
√

2sw and sw , cw , c2w denote 
sin θW and cos θW and cos 2θW respectively.

The important parameters which decide the relic abundance of 
ψ1 are mass of DM (Mψ1 ), the mass splitting (�M) between the 
DM and the next-to-lightest stable particle (NLSP) and the singlet-
doublet mixing angle sin θ . Here we have used micrOmega [116]
to calculate the relic density of DM. In this scenario the an-
nihilation cross-section increases with sin θ , as it enhances the 
SU (2) component and hence results in smaller relic density. When 
the mass-splitting is small it leads to effective co-annihilation 
and hence reduces the relic density contribution (due to less 
Boltzmann suppression). In this case the effect of sin θ on relic 
abundance is quite negligible whereas for large �M , as the co-
annihilation becomes suppressed, the effect of sin θ or relic abun-
dance is clearly visible. For small sin θ , the effective annihilation 
cross-section is small leading to a large relic abundance, while for 
large sin θ the relic abundance is small provided that the �M is 
large enough to reduce the co-annihilation contributions.

In Fig. 6, we have shown the points satisfying correct relic den-
sity in the plane of Mψ1 versus �M . We can see that, for a wide 
range of singlet-doublet mixing (sin θ ) which is indicated by the 
colour bar, we can get correct relic abundance. This result can be 
explained by understanding the interplay between sin θ and �M
in deciding the effective annihilation cross-section of the DM. If 
we divide the plane of Mψ1 versus �m into two regions: (I) the 
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Fig. 6. DM Relic density (from PLANCK) allowed parameter space shown in the plane 
of Mψ1 vs �M .

bottom portion with small �m, where �M decreases with larger 
mass of ψ1, (II) the top portion with larger mass splitting �m, 
where �m increases slowly with larger DM mass Mψ1 . In the for-
mer case, for a given range of sin θ , the annihilation cross-section 
decreases as mass of DM increases. Therefore, more co-annihilation 
contribution is needed for compensation, which requires �M to 
decrease. This also implies that the region below this is under 
abundant as small mass-splitting imply large co-annihilation, while 
the region above, is over abundant as large �M lead to small co-
annihilation for a given mass of DM. Now in region (II), as �M
is large, co-annihilation contribution is much smaller here and 
hence the annihilation processes effectively decide the relic den-
sity. However as the Yukawa coupling Y ∝ �M sin θ , for a given 
sin θ , larger �M leads to larger Y and therefore larger annihila-
tion cross-section leading to under abundance, which can only be 
brought to correct ballpark by having a larger DM mass. That is 
the reason, in case-(II), the region above the shown allowed region 
of correct relic density is under abundant, while the region below 
it is over abundant.

Now imposing the constraints from DM direct search experi-
ments on top of the relic density allowed parameter space (Fig. 6) 
in the �M versus Mψ1 plane, we obtain Fig. 7, which shows that 
the parameter space is crucially tamed down as compared to the 
parameter space satisfying correct relic density. As in this scenario, 
due to the singlet-doublet mixing, the DM ψ1 can scatter off the 
target nucleus at terrestrial direct search experiments, via Z and 
Higgs mediated processes, the cross-section for Z -boson mediated 
DM-nucleon scattering is given by [117,118]

σ Z
SI = G2

F sin4 θ

π A2
μ2

r

∣∣∣ [Z f p + (A − Z) fn
]2

∣∣∣2
(23)

and similarly the spin-independent DM-nucleon cross-section 
through Higgs mediation is given by

σ h
SI = 4

π A2
μ2

r
Y 2 sin2 2θ

M4
h

[mp

v

(
f p

T u + f p
T d + f p

T s + 2

9
f p

T G

+ mn

v

(
f n

T u + f n
T d + f n

T s + 2

9
f n

T G

)]2
(24)

It clearly shows that if sin θ is large, then the interaction strength 
is large and hence the DM-nucleon cross-section becomes large. 
5

Fig. 7. DM Relic density (from PLANCK) + Direct search (from XENON1T) allowed 
parameter space shown in the plane of Mψ1 vs �M .

Fig. 8. Lepton (g − 2) in scotogenic Dirac model.

Thus the direct search experiments constraints sin θ to a great ex-
tent. This stringent upper limit on sin θ is sin θ ≤ 0.05. As a result, 
only small �M region becomes viable, as correct relic density can 
be achieved dominantly through co-annihilation processes.

Recently, the E989 experiment at Fermilab has measured the 
muon anomalous magnetic moment aμ = (g − 2)μ/2 reporting a 
4.2 σ observed excess of �aμ = 251(59) × 10−11 [119]. On the 
other hand, the measurement of the fine structure constant using 
Cesium atoms [120] has led to a discrepancy in electron anoma-
lous magnetic moment ae in negative direction with 2.4σ statisti-
cal significance. In our model, the one-loop contribution to lepton 
anomalous magnetic moment (g − 2)l can arise with the Z2-odd 
particles in the loop as shown in Fig. 8. This contribution is given 
by [121,122]:

�al = − ml

16π2M2
η+

sin 2θ(Y NlYψl)

×
[

Mψ1
F

( M2
ψ1

M2
η+

)
− Mψ2

F
( M2

ψ2

M2
η+

)]

− m2
l

8π2M2
η+

(Y 2
Nl cos2 θ + Y 2

ψl sin2 θ)G

( M2
ψ1

M2
η+

)

− m2
l

8π2M2
η+

(Y 2
ψl cos2 θ + Y 2

Nl sin2 θ)G

( M2
ψ2

M2
η+

)
(25)

Where the loop functions F and G are given by
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Fig. 9. Lepton (g − 2) in radiative Dirac seesaw model.

F (x) = 1 − x2 + 2x log x

2(1 − x)3

G(x) = 1 − 6x + 3x2 + 2x3 − 6x2 log x

12(1 − x)4
(26)

We calculated the anomalous magnetic moment for both electron 
and muon with the parameter space consistent with relic and di-
rect search constraints for DM and the result is shown in Fig. 9. We 
find that this radiative Dirac seesaw model with singlet-doublet 
DM can give rise to both electron and muon (g − 2) in certain re-
gion of parameter space only when the relevant couplings Yψl and 
Y Nl are large approaching the perturbativity limit. The black and 
cyan lines show the correct ball park for �aμ and �ae respec-
tively. It is worth mentioning here that the relative sign of �ae and 
�aμ can be easily achieved by appropriately choosing the sign of 
the relevant Yukawa couplings.

Here it is worth mentioning that the presence of the inert 
scalar doublets in the radiative Dirac seesaw model can also con-
tribute to the correction to W boson mass. However if the mass-
splitting between the charged and the neutral components of the 
doublet is within 10 GeV and if the mass of the doublet is cho-
sen beyond 800 GeV or so, then it can not explain the W-mass 
anomaly as in such a case the S and T parameters are found to 
be of the order O(10−5) and O(10−3) respectively. Similar con-
clusion was also given in [123]. For simplicity, we have considered 
a parameter space for the inert doublet scalar such that its co-
annihilations with the DM are also negligible implying that inert 
doublet components remain much heavier compared to DM. Given 
that DM mass lies up to a few hundred GeV and inert doublet 
mass remains heavier, the dominant correction to W boson mass 
in our setup is coming from the triplet scalar VEV only. In addi-
tion, the presence of the additional singlet-doublet fermion also 
does not affect the S and T parameter significantly to explain the 
CDF-II results as the mass-splitting between the charged and the 
neutral components remain extremely small as a consequence of 
the upper limit on mixing angle sin θ from DM direct search exper-
iments.2 Thus, the singlet-doublet Dirac fermion DM with mass up 
to a few hundred GeV with desired relic and direct detection cross 
section automatically keeps the contribution of Z2-odd particle’s 
radiative contribution to W-mass suppressed. We find that after 
imposition of the relevant DM constraints, the allowed parameter 

2 Similar conclusions are obtained even for Majorana singlet-doublet DM [115].
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space can give rise to S and T parameter of the order O(10−4)

and O(10−7) respectively with the Z2-odd fermions in the loop. 
If more generations of singlet-doublet fermion are introduced to 
generate non-zero neutrino mass to all three SM neutrinos, they 
can be kept much heavier so that their contribution to DM, g − 2
phenomenology as well as W boson mass correction remain negli-
gible.

As pointed out earlier while discussing the W boson mass in 
tree level Dirac seesaw model, it is in fact desirable if additional 
fields can also contribute to W-mass via contribution to both S, T 
parameters. While tree level model gives S = 0, T �= 0, we can have 
both S, T non-zero in the radiative model. However, if we demand 
that the dominant T contribution comes only from triplet VEV, 
then suppressing radiative contribution of inert scalar doublets to 
T also suppresses their contribution to S to some extent. We keep 
the mass splitting between charged and neutral components of in-
ert scalar doublets below 20 GeV such that their contribution to T 
parameter at one loop remains small Tη < 0.01. In such a case, we 
could get their maximum contribution to S parameter to be ap-
proximately Sη ≤ 0.003, which still keeps θW away from the LEP 
estimate. Considering the possibility of both scalar doublets and 
triplet via radiative and tree level contribution precision parame-
ters respectively, should be able to reduce this tension.

6. Conclusion

We have proposed a Dirac seesaw mechanism for light neutri-
nos where a real scalar triplet plays a non-trivial role. In the min-
imal model with tree level seesaw, vector-like fermion doublets 
are also introduced to allow triplet couplings to leptons leading to 
the seesaw mechanism. The induced VEV of the neutral compo-
nent of the triplet not only takes part in neutrino mass generation 
but also provides the necessary enhancement in W boson mass, 
in view of the recently reported results by the CDF collaboration 
of Fermilab. Depending upon triplet and vector-like fermion dou-
blet couplings to right handed neutrinos, we find that additional 
effective relativistic degrees of freedom Neff can be generated in 
the early universe either thermally or non-thermally. While Planck 
2018 data already constrains such enhancement in Neff, future 
CMB experiments will be able to prove most part of the parameter 
space, providing a complementary probe of the model. We then 
discuss a radiative version of the same Dirac seesaw model af-
ter including additional scalar doublets and fermion singlets which 
also leads to the realisation of singlet-doublet Dirac fermion dark 
matter phenomenology. The model can also accommodate anoma-
lous magnetic moments of electron and muon provided the re-
spective Yukawa couplings are of order one in order to remain 
consistent with other phenomenological requirements. The pro-
posed scenarios provide interesting phenomenology and comple-
mentary probes of real scalar triplet origin of W-mass anomaly in 
the context of tree level and radiative Dirac seesaw. Apart from 
the rich phenomenology provided by the radiative model, it also 
has the potential to reduce the tension between W mass and pre-
cision measurement of θW which exist in the pure triplet origin of 
W mass anomaly. Incorporating comparable contribution of scalar 
doublets at one loop and scalar triplet at tree level to W mass 
should be able to relax this condition. A detailed exploration of 
such a possibility along with the change in DM, g-2 results is left 
for future studies.
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