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1. Introduction

The decay of Higgs boson to gluons plays a central role in precision Higgs phenomenology,
providing sensitivity to QCD dynamics and potential physics beyond the Standard Model (SM).
The Higgs boson dominantly decays to pair of bottom quarks in SM that is, 𝐻 → 𝑏̄𝑏(+hadrons),
followed by second leading hadronic decay channel 𝐻 → 𝑔𝑔, which is predominantly mediated by
the top quark.

The hadronic processes such as 𝐻 → 𝑔𝑔 are typically evaluated only to finite order in perturba-
tive QCD, and as a result these predictions exhibit a pronounced sensitivity to the renormalization-
group (RG) scale 𝜇. In this work, we investigate the 𝐻 → 𝑔𝑔 decay width in the renormalization-
group summed perturbation theory (RGSPT) [1]-[15], which resums all RG-accessible logarithms
through closed-form expressions derived from RG invariance. One of the salient features of the
new RGSPT expansions is the reduced sensitivity to RG-scale 𝜇 in spite of the presence of large
logarithms [2]. Additionally, we investigate the higher-order behaviour of 𝐻 → 𝑔𝑔 decay width
using the asymptotic Padé approximant (APAP) method and through the asymptotic Padé-Borel
approximant (PBA) method. These complementary approaches yield consistent higher-order esti-
mates and support the robustness of RGSPT for achieving precise predictions of the 𝐻 → 𝑔𝑔 decay
width.

2. Theoretical framework

The partial decay width of the Higgs boson to gluons Γ𝐻→ 𝑔𝑔 decay is given as,

Γ𝐻→𝑔𝑔 =

√
2𝐺F
𝑀𝐻

|𝐶1 |2 ImΠ𝐺𝐺 (−𝑀2
𝐻 − 𝑖𝛿), (1)

where 𝑀𝐻 is the mass of the Higgs boson, Π𝐺𝐺 represents the contribution to the self-energy of
the Higgs boson due to its effective coupling to gluons, and 𝛿 is a positive real parameter, which is
infinitesimally small. The coefficient𝐶1 is known up to N4LO and the absorptive part of the vacuum
polarization Π𝐺𝐺 (𝑞2) is computed at N4LO in reference [16], thus, making the Higgs-boson to
gluons decay width complete at the N4LO order.

In the fixed-order perturbation theory (FOPT) the partial decay width Γ𝐻→ 𝑔𝑔 can be written
as,

Γ𝐻→ 𝑔𝑔 =

[√
2𝐺𝐹𝑀

3
𝐻/72𝜋

]
𝑥2(𝜇)𝑆 [𝑥(𝜇), 𝐿 (𝜇)] . (2)

The perturbative expansion 𝑆[𝑥(𝜇), 𝐿 (𝜇)] in the FOPT can be written as,

𝑆FOPT [𝑥(𝜇), 𝐿 (𝜇)] =
∞∑︁
𝑛=0

𝑛∑︁
𝑘=0

𝑇𝑛,𝑘𝑥
𝑛𝐿𝑘 , (3)

where 𝑥(𝜇) = 𝛼𝑠 (𝜇)
𝜋

and 𝐿 (𝜇) = 𝑙𝑛(𝜇2/𝑚2
𝑡 (𝜇)).

In the RGSPT, the FOPT expansion of the function 𝑆[𝑥(𝜇), 𝐿 (𝜇)] is equivalent to writing the
following new expansion,

𝑆(𝑥, 𝐿) =
∞∑︁
𝑛=0

𝑥𝑛𝑆𝑛 (𝑢), (4)
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where 𝑢 = 𝑥𝐿, and the function 𝑆𝑛 (𝑢) is defined by,

𝑆𝑛 (𝑢) ≡
∞∑︁
𝑘=𝑛

𝑇𝑘,𝑘−𝑛𝑢
𝑘−𝑛. (5)

The main feature of the RGSPT is the explicit all-orders summations of all RG-accessible logarithms
in the functions 𝑆𝑛 (𝑢) [2,3]. Moreover, the functions 𝑆𝑛 (𝑢) can be derived in a closed analytical
form [2,3] using RG-invariance of Γ𝐻→𝑔𝑔.

The decay width Γ𝐻→ 𝑔𝑔 decay defined in equation 2 is scale independent and satisfies the RG
equation,

𝜇2 d
d𝜇2

{
Γ𝐻→𝑔𝑔

}
= 0. (6)

Substituting the perturbative expansion of 5 in the RG-equation 6, we get a system of linear equations
as follows,

(1 − 𝛽0𝑢)
d𝑆𝑛
d𝑢

− 𝑢

𝑛−1∑︁
ℓ=0

𝛽ℓ+1
d𝑆𝑛−ℓ−1

d𝑢
+ 2

𝑛−1∑︁
ℓ=0

𝛾ℓ
d𝑆𝑛−ℓ−1

d𝑢
−

𝑛∑︁
ℓ=0

(𝑛 − ℓ + 2)𝛽ℓ𝑆𝑛−ℓ = 0 (7)

The above system of equations can be solved iteratively to get closed-form expressions of 𝑆𝑛 (𝑢)
[17].

The new RGS expansions now can be written as,

𝑆𝑁4𝐿𝑂
𝑅𝐺𝑆𝑃𝑇 = 𝑆0(𝑥𝐿) + 𝑥𝑆1(𝑥𝐿) + 𝑥2𝑆2(𝑥𝐿) + 𝑥3𝑆3(𝑥𝐿) + 𝑥4𝑆4(𝑥𝐿) (8)

The above RGSPT expansions exhibit good stability and reduced sensitivity to RG scale 𝜇.

3. Asymptotic Padé approximant improved 𝐻 → 𝑔𝑔 decay rate

The Padé approximant for a generic perturbative expansion of the form,

𝑆 ≡ 1 + 𝑅1𝑥 + 𝑅2𝑥
2 + 𝑅3𝑥

3 + 𝑅4𝑥
4 + · · · , (9)

where the coefficients {𝑅1, 𝑅2, 𝑅3, 𝑅4} are known and the coefficients {𝑅5, · · · } are unknown, is
denoted by,

𝑆[𝑁 |𝑀 ] ≡ 1 + 𝑎1𝑥 + 𝑎2𝑥
2 + · · · + 𝑎𝑁𝑥

𝑁

1 + 𝑏1𝑥 + 𝑏2𝑥2 + · · · + 𝑏𝑀𝑥𝑀

= 1 + 𝑅1𝑥 + 𝑅2𝑥
2 + 𝑅3𝑥

3 + 𝑅4𝑥
4 + · · · + 𝑅𝑁+𝑀+1 𝑥𝑁+𝑀+1 + · · · . (10)

The asymptotic error in the Padé approximant prediction is given by,

𝑅𝑃𝑎𝑑𝑒́
𝑁+𝑀+1 − 𝑅𝑁+𝑀+1

𝑅𝑁+𝑀+1
= − 𝑀!𝐴𝑀

[𝑁 + 𝑀 + 𝑎𝑀 + 𝑏]𝑀 (11)

where 𝑅𝑃𝑎𝑑𝑒́
𝑁+𝑀+1 is the prediction obtained from [𝑁 |𝑀] Padé approximant . This asymptotic error

allows us to estimate an improved value of the true value 𝑅𝑁+𝑀+1 of the coefficient, which is
referred to as APAP prediction in literature [18]. In this work [17] , we choose 𝑎 = 𝑏 = 0 which
provide the best predictions. Our APAP estimate of 𝑅5 is,

𝑅5 =
8𝑅2

2 (𝑅
3
3 − 2𝑅2𝑅3𝑅4 + 𝑅1𝑅

2
4)

(𝑅4
1 − 2𝑅2

1𝑅2 − 7𝑅2
2) (𝑅

2
2 − 𝑅1𝑅3)

. (12)
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4. Asymptotic Padé-Borel approximant improved 𝐻 → 𝑔𝑔 decay rate

In addition to APAP formalism, we also estimate the higher-order contribution to Γ𝐻→𝑔𝑔 using
PBA method. Under this formalism we apply the generalized Borel transform 13 to the perturbative
expansion of Γ𝐻→𝑔𝑔.

We define the generalized Borel transform of the perturbative expansion 9 as,

𝐵[𝑆] (𝑢) =
∞∑︁
𝑛

(
𝑑1
𝑛!

+ 𝑑2

𝑛!2 + 𝑑3

𝑛!3 + 𝑑5

𝑛!5

)
𝑅𝑛𝑢

𝑛, (13)

where 𝑑1,2,3,5 are the scheme-dependent real constants given in table 1.

Schemes 𝑑1 𝑑2 𝑑3 𝑑5

MS 0.5 1.5 0 1.2
OS 1 0 1.623 0
SI 0.87 0 1.6 0

Table 1: The numerical values of the constants 𝑑1,2,3,5.

1 2 3 4 5 6 7 8 9
0.980

0.985

0.990

0.995

1.000

1.005

1.010

n

Γ
M

S

_
_
_
/Γ

O
S

APAP PBA

FOPT

μ=MH

μ= 1

3
MH

μ=3MH

μ=MH

μ= 1

3
MH

μ=3MH

(a)

1 2 3 4 5 6 7 8 9
0.980

0.985

0.990

0.995

1.000

1.005

1.010

n

Γ
M

S

_
_
_
/Γ

O
S

APAP PBA

RGSPT

μ=MH

μ= 1

3
MH

μ=3MH

μ=MH

μ= 1

3
MH

μ=3MH

(b)

Figure 1: The variation of ΓMS/ΓOS at RG scales 𝜇 = 1
3𝑀𝐻 , 𝑀𝐻 , and 3𝑀𝐻 in the 1(a) FOPT and 1(b)

RGSPT up to order 𝑛 = 9.

The higher-order behaviour of the ratio of the Higgs to gluons decay width in the MS and
OS schemes, as predicted by the APAP and PBA methods in the FOPT framework, is shown in
Fig. 1(a). The two formalisms exhibit very good agreement. The corresponding predictions in the
RGSPT framework, displayed in Fig. 1(b), likewise show consistent behaviour across the three RG
scales. As expected, the RGSPT expansions remain remarkably stable with respect to the RG scale
even at higher orders.
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5. Higgs to gluons decay width

Our final prediction of the Γ𝐻→𝑔𝑔 decay width at the order N5LO in the MS, SI and OS schemes
are given by 14 in the FOPT and by 15 in the RGSPT ,

ΓMS
N5LO = Γ0

(
1.837 ± 0.047𝛼𝑠 (𝑀𝑍 ) ,1% ± 0.0004𝑀𝑡

± 0.0066𝑀𝐻
± 0.0009P ± 0.007s

)
, (14)

ΓSI
N5LO = Γ0

(
1.837 ± 0.046𝛼𝑠 (𝑀𝑍 ) ,1% ± 0.0004𝑀𝑡

± 0.0066𝑀𝐻
± 0.0026P ± 0.007s

)
,

ΓOS
N5LO = Γ0

(
1.838 ± 0.047𝛼𝑠 (𝑀𝑍 ) ,1% ± 0.0004𝑀𝑡

± 0.0066𝑀𝐻
± 0.0023P ± 0.007s

)
,

ΓMS
RGSN5LO = Γ0

(
1.840 ± 0.047𝛼𝑠 (𝑀𝑍 ) ,1% ± 0.0005𝑀𝑡

± 0.0066𝑀𝐻
± 0.0002𝜇 ± 0.0007P

)
, (15)

ΓSI
RGSN5LO = Γ0

(
1.841 ± 0.047𝛼𝑠 (𝑀𝑍 ) ,1% ± 0.0005𝑀𝑡

± 0.0066𝑀𝐻
± 0.0002𝜇 ± 0.0018P

)
,

ΓOS
RGSN5LO = Γ0

(
1.842 ± 0.047𝛼𝑠 (𝑀𝑍 ) ,1% ± 0.0005𝑀𝑡

± 0.0066𝑀𝐻
± 0.0002𝜇 ± 0.0019P

)
.

Here, P stands for the uncertainty due to the PBA predictions, and 𝑠 denotes the uncertainty
due to the series expansion. The central value of the Γ𝐻→𝑔𝑔 decay width is evaluated at RG scale
𝜇 = 𝑀𝐻 .

We find that the sensitivity of the Γ𝐻→𝑔𝑔 decay width to the top-quark mass is extremely small:
a 4 GeV variation in 𝑀𝑡 leads to only a 0.02% change in the decay width in the MS, SI and OS
schemes. The dependence on the Higgs boson mass is likewise mild, contributing about 0.36% to
the uncertainty across these schemes. In contrast, the dominant source of uncertainty arises from
the strong coupling constant: a 1% variation in 𝛼𝑠 (𝑀2

𝑍
) induces a (2.5−2.6)% shift in the predicted

Γ𝐻→𝑔𝑔 decay width [17].

6. Conclusion

In this article we have examined the RG-scale and scheme dependence of the Γ𝐻→𝑔𝑔 decay
width using both the FOPT and the RGSPT. By resumming all the RG-accessible logarithms,
the RGSPT framework yields markedly improved stability and a substantial reduction in scale
dependence across the MS, SI and OS schemes [17]. We have also employed the APAP and PBA
methods to estimate higher-order effects, finding consistent and stable behaviour at N5LO. The
truncation error is significantly reduced from 0.6% at N4LO to 0.4% at N5LO [17]. The dominant
uncertainty remains due to𝛼𝑠 (𝑀2

𝑍
). These results enhance the precision of the theoretical prediction

for 𝐻 → 𝑔𝑔, relevant for future high-precision Higgs measurements.
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