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The Higgs boson in the standard model with
a mass of 125 GeV [1] has a very low decay
width of 4 MeV. Thus the lifetime of 50 fm is
much larger than QCD time scale of 1 fm (say)
whereas the lifetime of the QGP created in rel-
ativistic heavy-ion collisions is 10 fm. Interac-
tion of Higgs with partons through coupling
with quarks and gluons in the QCD medium
which is the topic of discussion for Future Cir-
cular Collider [2], where non-negligible impact
of QCD medium may be faced by Higgs.

The particles in the standard model acquire
mass through the Higgs mechanism. Sponta-
neous symmetry breaking is the background
theory governing Higgs mechanism. Start-
ing from massless field of Lagrangian density
with a Mexican hat potential, given by Fig. 1,
the standard methodology of Higgs mecha-
nism provide a mass to the field, when system
choose one of the degenerate vacuum expecta-
tion value via spontaneous symmetry break-
ing.

When Higgs mechanism is applied in quan-
tum chromodynamics (QCD) sectors with a
vacuum expectation value v = 246 GeV for
building the current quark masses (mq), we
get an Yukawa type Higgs-Quark interaction
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FIG. 1: A sketch of Mexican Hat type potential
V (φ), having degenerate vacuums, one of which is
chosen during the spontaneous symmetry break-
ing in Higgs mechanism.

Lagrangian density,

LHqq̄ = −
mqHψqψ̄q

v
, (1)

from where H → qq̄ decay channel can be es-
timated. Using finite temperature field the-
ory, the Higgs self-energy for quark-anti-quark
loop diagram

Π(q) =

∫

d4q

(2π)4
L(k, q)DkDk−q (2)

where

L(k, q) =
(−imq

v

)2

Tr[(k/ +m)(k/ − q/+m)]

= −
4m2

q

v2

[

k2 −
q2

2
+m2

]

(3)
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FIG. 2: off-mass shell distribution of vacuum
widths for H → bb̄ and H → cc̄ decay channels.

and Dk , Dk−q are the scalar part of the quark
propagator, having vacuum and thermal com-
ponents. Collecting the vacuum part, we can
estimate the vacuum decay width

ΓVac(q0) =
1

q0
ImΠ(q0, ~q = 0)

=
m2

qq0

8πv2

[

1−
4m2

q

q20

]3/2

, (4)

which are plotted for c and b quarks in Fig. (2).
The off-shell distribution of H → bb̄ and
H → cc̄ starts from their respective thresh-
old 2mb and 2mc but for on-shell value, we
have to focus on q0 = mH = 125 GeV, which
gives roughly Γvac = 4 MeV, 0.4 MeV. Now
collecting thermal components of propagators,
we get the thermal correction,

δΓ = ImΠ(q0 ≈ mH , ~q, T ) =
m2

qmH

8πv2|~q|

[

1

−
4m2

q

m2
H

]

∫ ω+

ω−

dω
[ −1

eβω + 1
−

1

eβ(mH−ω) + 1

]

(5)

with ω±

k = 1
2

[

mH ± |~q|

√

1−
4m2

q

m2
H

]

. Numerical

values of δΓ is highly suppressed with respect
to ΓVac, asmH = 125 GeV is very much larger
than the temperature scale (even if we assume
maximum value T = 1 GeV for FCC).

In this context, J. Ghiglieri, U. A. Wiede-

mann [3] have found δΓ
ΓVac

≈
(

T
MH

)4

≈

10−8 via operator product expansion (OPE)
method, which is quite suitable for Higgs de-
cay limit mH >> T . Its background frame-
work can be found in the pioneering work by
Simon Caron Huot [4], who have used OPE [5]
techniques to study the asymptotic of differ-
ent spectral functions and stress tensors at fi-
nite temperature in the high-energy time-like
region q0 >> T .
There has also been a recent study by D.

dEnterria, C. Loizides [6], who have consid-
ered approximately µb scattering cross sec-
tion of Higgs-quark-gluon interaction, which
exhibit a non-negligible in-medium effect ofH ,
hopefully observed in FCC facilities.
The present calculation shows that stan-

dard thermal field theoretical calculation of
H → qq̄ decay channels almost face a neg-
ligible thermal correction. As an alterna-
tive methodology of present study, a non-
equilibrium effect of b and c quarks in Higgs
decay width is our proposed plan, whose inves-
tigation is in progress. Here, by introducing a
finite drag or diffusion in c or b quark propaga-
tors, we can get their non-equilibrium spectral
function, and then plug in to field theoreti-
cal calculation of Higgs diagram, we might get
some non-negligible in-medium effect of H .
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