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In this study, we investigate the scenario when dark radiations, i.e., sterile neutrinos, interact with a heavy
scalar field (SIdr). We utilize cosmic microwave background (CMB) data from the Planck experiment to con-
strain the SIdr model and address the Hubble tension issue. We verify our results using Atacama Cosmol-
ogy Telescope (ACT) and South Pole Telescope (SPT) data. Our theoretical analysis reveals that in the ab-
sence of explicitly incorporating additional neutrino speciesNeff = 3.02± 0.27, a modified Hubble constant
H0 = 69.3± 2.0 naturally emerges when all dark radiations are tightly coupled.
However, within a 3σ confidence level (corresponding to a 99.7\% probability), an upbound value ofH0 < 72.9
is predicted.

The predictions align well with all the datasets, leading to an increase in the Hubble constant toH0 = 70.1±
1.3 in the strong self-interacting region log10 Geff = −1.800.13−0.08. Moreover,Neff = 3.23±0.25 is consistent
with the Planck results. The SIdr tends to favor the matter clustering as indicated by S8 = 0.832 ± 0.011,
which is a combined effect of a decrease in Ωm and an increase in H0. Furthermore, the amplitude As and
the spectrum index ns are reduced to log(1010As) = 2.978± 0.016 and ns = 0.9327± 0.0064 respectively,
due to the effects implemented by self-interacting radiation. However, in the weak self-interacting region
log10 Geff = −4.150.55−0.83, these parameters remain consistent with the Planck value.

Finally, we employ a Fisher forecast analysis to predict future constraints on the SIdr model. CMB-S4 ex-
periment alone will improve the coupling strength log10 Geff upto 2.7 times. Additionally, both AliCPT and
Planck experiments enhance coupling strength upto 3.5 times, considering fsky = 0.4 for AliCPT.
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