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Outline
• The Higgs boson: production and decays

• Higgs decays in the QCD medium: are modifications to be 
expected?

• Thermal width of the Higgs boson and the Operator 
Product Expansion (OPE)

• Comparison with diagrammatic approach
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The Higgs boson

• Total width (theory) ΓH≈4 MeV (exp. ΓH<130 MeV) . Very 
different from the top quark

11. Status of Higgs boson physics 11

Table 11.2: The SM Higgs boson production cross sections for mH = 125GeV
in pp collisions (pp̄ collisions at

!
s = 1.96TeV for the Tevatron), as a function of

the center of mass energy,
!

s. The predictions for the LHC energies are taken from
Refs. [40–43], the ones for the Tevatron energy are from Ref. [45]. The predictions
for the ggF channel at the LHC include the latest N3LO results leading to reduced
theoretical uncertainties by a factor around 2 compared to the N2LO results.
!

s (TeV) Production cross section (in pb) for mH = 125GeV

ggF VBF WH ZH tt̄H total

1.96 0.95+17%
!17% 0.065+8%

!7% 0.13+8%
!8% 0.079+8%

!8% 0.004+10%
!10% 1.23

7 16.9+5%
!5% 1.24+2%

!2% 0.58+3%
!3% 0.34+4%

!4% 0.09+8%
!14% 19.1

8 21.4+5%
!5% 1.60+2%

!2% 0.70+3%
!3% 0.42+5%

!5% 0.13+8%
!13% 24.2

13 48.6+5%
!5% 3.78+2%

!2% 1.37+2%
!2% 0.88+5%

!5% 0.50+9%
!13% 55.1

14 54.7+5%
!5% 4.28+2%

!2% 1.51+2%
!2% 0.99+5%

!5% 0.60+9%
!13% 62.1

experimental uncertainties on the determination of SM parameters involved in the
calculations can be found in Refs. [40–43]. These references also contain state-of-the-art
discussions on the impact of PDF uncertainties, QCD scale uncertainties and uncertainties
due to di!erent procedures for including higher-order corrections matched to parton
shower simulations as well as uncertainties due to hadronization and parton-shower
events.
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Figure 11.2: (Left) The SM Higgs boson production cross sections as a function
of the center of mass energy,

!
s, for pp collisions [44]. The VBF process is

indicated here as qqH. The theoretical uncertainties are indicated as bands.
(Right) The branching ratios for the main decays of the SM Higgs boson near
mH = 125GeV [42, 43]. The theoretical uncertainties are indicated as bands.
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The Higgs boson in HICs
• The LHC does not have the luminosity to see Higgses in HICs

• This will be different at the FCC 
 
 
 

• Claim: Higgs production and decay unaffected by medium, while 
background is ⇒ increased significance in the bbbar channel!

Berger Gao Jueid Zhang PRL122 (2018)
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5.5 TeV. In Table I we show cross sections for Higgs bo-
son production in di↵erent channels for PbPb collisions
at the LHC, HE-LHC, and FCC-hh [17] or SPPC [5], withp
sNN =5.5, 11, and 39.4 TeV respectively. We calculate

the partonic cross sections with MCFM [18, 19] to next-
to-leading order in QCD for vector boson fusion (VBF)
and next-to-next-to-leading order (NNLO) for gluon fu-
sion (GF) and for associated production. The cross sec-
tions for production in gluon fusion agree well with those
shown in Ref. [14] apart from di↵erences due to scale
choices. The centrality factors are similar for the three
energies and are not applied in Table I. For comparison,
cross sections for production in pp collisions are also listed
in Table I.

TABLE I. Cross sections for Higgs boson production from
di↵erent processes in PbPb collisions and proton-proton col-
lisions at

p
sNN = 5.5, 11, and 39.4 TeV, respectively. The

nCTEQ15 PDFs [20] and CT14 PDFs [21] are used for the
PbPb and pp-collisions, respectively.

process
PbPb(pp) in nb(pb)

5.5 TeV 11 TeV 39.4 TeV

GF 480(10.2) 1556(35.2) 9580(235)

VBF 15.3(0.316) 65.6(1.40) 421(10.02)

ZH 10.2(0.230) 28.1(0.687) 147(3.97)

W
+
H 8.38(0.162) 21.8(0.716) 94.2(3.19)

W
�
H 9.22(0.143) 23.4(0.435) 99.5(2.34)

We focus on decays of the Higgs boson to bottom
quarks for which the associated production with a Z bo-
son and its subsequent leptonic decay gives the strongest
sensitivity [22, 23], albeit with a relatively small cross
section. The dominant backgrounds in this case are Z

plus bottom-quark pair production and top-quark pair
production with leptonic decays. Bottom quarks from
decays of the Higgs boson form two energetic jets that
can be detected with various b-tagging algorithms [24].
On the other hand, in the environment of heavy-ion col-
lision, b-jets from the backgrounds will lose energy from
interactions in the QGP [13]. Owing to the dead-cone
e↵ect of QCD radiation [25], it has been argued that a
primary b-quark will lose less energy than light quarks
when traversing QGP, but experimental measurements
have shown similar level of nuclear suppression for inclu-
sive jets and b-jets, and similar distortion of transverse
momentum balance [24, 26] of dijets from jet quenching.
The fraction of energy lost from a primary b-quark jet
is thus believed to be comparable to that from a light
quark, at least for jets with high transverse momentum.
There are also theoretical studies supporting the simi-
larity of quenching of jets initiated by b-quark and light
quarks [27–29].
Jet Quenching Models. We base our quantitative
estimates on simplified phenomenological models of jet

quenching since a full Monte Carlo generator with jet
quenching is not available for the processes of interest 1.
Di↵erences among the three models provide a measure
of the uncertainties in our results. The average loss of

FIG. 1. The impact of di↵erent models on jet observables is
shown taking as an example, production of a Z boson plus a
single jet. Distribution of the ratio of transverse momenta in
Z + jet production in PbPb collisions. Left: comparison of
predictions from Jewel2.0 and the folded results with various
models, for centrality class 0-10% and only quark final states
included; right: comparison of the folded results with CMS
measurement for centrality class 0-30%.

transverse momentum for a jet traversing the QGP com-
pared to the vacuum is parametrized with a convenient
form

h�pTi = apT + b ln(pT/GeV) + c. (2)

The parameters depend on the center of mass energy,
the collision centrality, and also the jet reconstruction
scheme. In the following we use the anti-kT [33] algo-
rithm with R = 0.3. The choice of small jet cone size is
typical for heavy-ion collision in order to minimize e↵ects
of fluctuations due to underlying events. We choose three
representative models for quark jets in PbPb collisions
with a centrality class of 0�10%, i.e., with strong quench-
ing a = 0, b = 2 GeV, c = 12 GeV, medium quenching
a = 0.15, b = c = 0, and mild quenching a = b = 0,
c = 10 GeV. These choices correspond to a loss of trans-
verse momentum of 21, 15, and 10 GeV respectively, for
a jet with pT = 100 GeV in vacuum. The model with
medium quenching was used previously in a study of top-
quark pair production in heavy-ion collisions [12] except

1 Such generators exist for QCD jets production, prompt pho-
ton production and electroweak boson plus a single jet produc-
tion [30–32].

4

and the Z boson. We apply the strong quenching model
on the two backgrounds and the signal is vacuum-like.
The backgrounds tend to peak in the region of smaller x
since both of the b-jets lose a fraction of their energies.
In Fig. 2, we also show the result for the extreme case
in which the b-jets in the signal process are also strongly
quenched. In this case, besides the shift of the peak, the
signal normalization is also reduced since more b-jets fall
below the pT threshold. Not shown here, we find that
the transverse momentum of the (sub)leading-jet shows
similar separation power.

FIG. 3. Distributions of the invariant mass of the pair of
b-jets after all selections, similar to Fig. 2.

To establish the discovery potential of the signal we
demand events with x > 0.75, and pT > 60 GeV for the
leading-jet at LHC and HE-LHC and for the subleading-
jet at FCC-hh. The invariant-mass distribution of the
two b-jets Mbb̄ is shown in Fig. 3 after all selections. The
dominant background is Zbb̄, and the signal exhibits a
clear peak near the Higgs boson mass. The large width
of the signal reflects the e↵ects of jet energy smearing. In
Fig. 3 we also display the signal distribution for the case
of strong quenching. It shows a much weaker peak at
lower mass. Comparison of FCC-hh to LHC shows that
the background to signal ratio increases for Zbb̄ owing to
the higher energy and decreases for tt̄ as a result of the
cut on subleading-jet.

We use the log-likelihood ratio q0 [44] as a test-statistic
to calculate the expected significance of the signal based
on theMbb̄ distribution, as a function of the integrated lu-
minosity of the collision program. The results are shown
in Fig. 4 and in Table II. For the LHC, a 5(3)� dis-
covery(evidence) requires a total ion luminosity of about
16(5.9) pb�1 in PbPb collisions, larger than the pro-
jected LHC luminosity [45]. The numbers are 8.0(2.9)
pb�1 for PbPb collisions at FCC-hh. The significance

FIG. 4. Expected significance of the Higgs boson signal as
a function of ion luminosity for PbPb collisions at LHC, HE-
LHC, and FCC-hh. Results for the case of a quenched signal
are also shown for comparison.

if the signal is also quenched are much lower than the
nominal case shown in Fig. 4. The results for alterna-
tive quenching models and for no quenching of the back-
grounds are summarized in Table II. The improvement
in signal-background discrimination from jet quenching
is clear. We expect the sensitivity can be further im-
proved for example by using multi-variate analysis and
by including Z decays into neutrinos and WH produc-
tion as demonstrated in Ref. [22]. Taken together they
may bring down the needed luminosity by a factor of
two. Nevertheless, with a much lower luminosity one can
manage to study Higgs boson production in the dipho-
ton channel [14, 15], including its interaction with the
medium [46].

TABLE II. Ion luminosity required to reach 5� significance
for the signal for di↵erent models of jet quenching and col-
lision energies. Numbers in parenthesis correspond to a 3�
evidence.

lumi.(pb�1) strong medium mild vacuum

LHC 16(5.9) 27(9.8) 26(9.3) 48(17)

HE-LHC 11(4.0) 20(7.2) 20(7.2) 34(12)

FCC-hh 8.0(2.9) 13(4.7) 14(5.0) 22(8.0)

Summary. The long lifetime of the Higgs boson relative
to the typical time scale of the QGP makes it plausible
that the strong decay products of Higgs bosons produced
in heavy ion collisions escape the QGP medium unaf-
fected. On the other hand, QCD backgrounds will be
attenuated by jet quenching. These features open the
possibility of enhanced ratios of signal to backgrounds.
We demonstrated these ideas with the specific example of
associated ZH production in PbPb collisions at various

5σ treshold luminosity



The Higgs boson in HICs
• The LHC does not have the luminosity to see Higgses in HICs

• This will be different at the FCC 
 
 
 

• Claim: Higgs production and decay unaffected by medium, while 
background is ⇒ increased significance!

• Are we sure about this? Calculations of Hp1→p2p3 (ex. Hg→gg) 
cross sections folded over thermal partons seem to show a large 

D’Enterria Loizides (2018)
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5.5 TeV. In Table I we show cross sections for Higgs bo-
son production in di↵erent channels for PbPb collisions
at the LHC, HE-LHC, and FCC-hh [17] or SPPC [5], withp
sNN =5.5, 11, and 39.4 TeV respectively. We calculate

the partonic cross sections with MCFM [18, 19] to next-
to-leading order in QCD for vector boson fusion (VBF)
and next-to-next-to-leading order (NNLO) for gluon fu-
sion (GF) and for associated production. The cross sec-
tions for production in gluon fusion agree well with those
shown in Ref. [14] apart from di↵erences due to scale
choices. The centrality factors are similar for the three
energies and are not applied in Table I. For comparison,
cross sections for production in pp collisions are also listed
in Table I.

TABLE I. Cross sections for Higgs boson production from
di↵erent processes in PbPb collisions and proton-proton col-
lisions at

p
sNN = 5.5, 11, and 39.4 TeV, respectively. The

nCTEQ15 PDFs [20] and CT14 PDFs [21] are used for the
PbPb and pp-collisions, respectively.

process
PbPb(pp) in nb(pb)

5.5 TeV 11 TeV 39.4 TeV

GF 480(10.2) 1556(35.2) 9580(235)

VBF 15.3(0.316) 65.6(1.40) 421(10.02)

ZH 10.2(0.230) 28.1(0.687) 147(3.97)

W
+
H 8.38(0.162) 21.8(0.716) 94.2(3.19)

W
�
H 9.22(0.143) 23.4(0.435) 99.5(2.34)

We focus on decays of the Higgs boson to bottom
quarks for which the associated production with a Z bo-
son and its subsequent leptonic decay gives the strongest
sensitivity [22, 23], albeit with a relatively small cross
section. The dominant backgrounds in this case are Z

plus bottom-quark pair production and top-quark pair
production with leptonic decays. Bottom quarks from
decays of the Higgs boson form two energetic jets that
can be detected with various b-tagging algorithms [24].
On the other hand, in the environment of heavy-ion col-
lision, b-jets from the backgrounds will lose energy from
interactions in the QGP [13]. Owing to the dead-cone
e↵ect of QCD radiation [25], it has been argued that a
primary b-quark will lose less energy than light quarks
when traversing QGP, but experimental measurements
have shown similar level of nuclear suppression for inclu-
sive jets and b-jets, and similar distortion of transverse
momentum balance [24, 26] of dijets from jet quenching.
The fraction of energy lost from a primary b-quark jet
is thus believed to be comparable to that from a light
quark, at least for jets with high transverse momentum.
There are also theoretical studies supporting the simi-
larity of quenching of jets initiated by b-quark and light
quarks [27–29].
Jet Quenching Models. We base our quantitative
estimates on simplified phenomenological models of jet

quenching since a full Monte Carlo generator with jet
quenching is not available for the processes of interest 1.
Di↵erences among the three models provide a measure
of the uncertainties in our results. The average loss of

FIG. 1. The impact of di↵erent models on jet observables is
shown taking as an example, production of a Z boson plus a
single jet. Distribution of the ratio of transverse momenta in
Z + jet production in PbPb collisions. Left: comparison of
predictions from Jewel2.0 and the folded results with various
models, for centrality class 0-10% and only quark final states
included; right: comparison of the folded results with CMS
measurement for centrality class 0-30%.

transverse momentum for a jet traversing the QGP com-
pared to the vacuum is parametrized with a convenient
form

h�pTi = apT + b ln(pT/GeV) + c. (2)

The parameters depend on the center of mass energy,
the collision centrality, and also the jet reconstruction
scheme. In the following we use the anti-kT [33] algo-
rithm with R = 0.3. The choice of small jet cone size is
typical for heavy-ion collision in order to minimize e↵ects
of fluctuations due to underlying events. We choose three
representative models for quark jets in PbPb collisions
with a centrality class of 0�10%, i.e., with strong quench-
ing a = 0, b = 2 GeV, c = 12 GeV, medium quenching
a = 0.15, b = c = 0, and mild quenching a = b = 0,
c = 10 GeV. These choices correspond to a loss of trans-
verse momentum of 21, 15, and 10 GeV respectively, for
a jet with pT = 100 GeV in vacuum. The model with
medium quenching was used previously in a study of top-
quark pair production in heavy-ion collisions [12] except

1 Such generators exist for QCD jets production, prompt pho-
ton production and electroweak boson plus a single jet produc-
tion [30–32].



Higgs decays to partons
• The Higgs couples to quarks (directly) 

 
 
and gluons (via top loop mostly) 
 
 
in the heavy top limit (Mt≫MH, more effective than one would 
expect) Inami Kubota Okada (1983)

• The decay widths are given by the spectral functions of the O
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Thermal width of the Higgs boson in hot QCD matter
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Following Caron-Huot and combining results for the thermal dependence of spectral functions at
large time-like momenta, we write an explicit expression for the thermal width of the Higgs boson

to O(!s) for T ! MH . It is an O

!

!s

"

T
MH

#4
$

correction for H " gg and H " qq̄. We also

compile corresponding results for the thermal width of the Z-boson, and we recall which generic
structures of the field theory, accessible via the operator product expansion, fix the T

M
-dependence

of the decay of heavy particles.

I. INTRODUCTION

In this paper we derive the thermal correction !!H

of the width of the Higgs boson to first order in the
strong coupling constant "s and for temperatures T of
the QCD plasma that are parametrically lower than the
Higgs mass, MH ! T . We do so since we could not
find an explicit expression for !!H in the literature when
discussing the (im)possibility of observing thermal cor-
rections to Higgs branching ratios at future multi-TeV
heavy ion collider experiments [1–3]. As we explain be-
low, !!H can be obtained essentially from combining lim-
iting cases of several spectral functions whose derivation
has been described in detail [4–6]. We believe this to be
known to a small group of experts in thermal field theory,
and the novelty of the present work thus resides mainly
in making this expert knowledge explicit.
For thermal corrections to the Higgs width in a QCD

plasma, the branching into final states without color
charge (such as H " ZZ " 4 l) is clearly unimpor-
tant. The decay processes relevant for the following are
therefore determined by the electroweak interaction of
the Higgs to quarks,

LHq = #S
H

v
, S $ mq#̄q#q , (1)

and by the corresponding coupling of the Higgs to glu-
ons. Here, v %= 246 GeV denotes the Higgs vacuum ex-
pectation value. The dominant contribution to H " gg
proceeds via a top quark loop. We work in the limit
mt ! MH in which this interaction is given by the Higgs
e"ective field theory Lagrangian [7]

Le!
Hg = #CHg

H

v
OHg , (2)

OHg $ #
1

4
F a
µ!F

a µ! , (3)

CHg =
"s

3$
+O("2

s ) . (4)

For a particle that does not carry charges of the plasma
and that couples to currents J , the decay widths can be

!Electronic address: jacopo.ghiglieri@cern.ch
†Electronic address: urs.wiedemann@cern.ch

expressed in terms of the corresponding spectral func-
tions

%J(K) $

!

d4x eiK·X &[J(X), J(0)]' , (5)

where Kµ = (k0,&k) in the rest frame of the QCD plasma.
The metric is mostly minus. In particular, the partial
decay widths of the Higgs boson relevant for our study
are given by

!H"qq̄ =
1

v2
1

2k0
%S(K) , (6)

!H"gg =
"2
s

(3$)2v2
1

2k0
%OHg(K) , (7)

where 1
2k0

is the usual kinematical flux factor and the

factors 1
v2 ,

"2

s

(3#)2 v2 denote the squares of the couplings
of the Higgs boson to the corresponding currents. The
widths (6), (7) are thus first order in the electroweak
couplings, but the spectral functions %J are all orders in
"s.
The calculation of thermal corrections to !H"qq̄ ,

!H"gg then amounts to determining thermal corrections
!%S(K) and !%OHg(K) to the vacuum spectral functions
%vacS (K2) and %vacOHg

(K2). Lorentz invariance of the vac-
uum implies that the latter can depend only on the scalar
K2 = Kµ Kµ. In contrast, any finite temperature system
singles out a rest frame, and the thermal corrections !%S
and !%OHg can therefore depend separately on k0 and

k $ |&k|. In the present paper, we focus on the case of
a Higgs boson at rest in the plasma, except for a short
discussion of boosted Higgs bosons in section II C.
In a QCD plasma, the vacuum branchings H " g g

and H " q q̄ are modified already to zeroth order in
"s, since emission of each final state gluon or final state
quark of momentum kg/q is enhanced by a thermal Bose-
Einstein (1 + fB(kg)) or suppressed by a Fermi-Dirac
(1# fF (kq)) distribution factor, respectively. However,
the partons emerging from this two-body decay carry
momenta kq/g = MH

2 much above the thermal scale.
As a consequence, the e"ects of stimulated emission for
the decay into gluons and of Pauli-blocking for the de-
cay into quarks are negligible. To zeroth order in "s,
thermal corrections to !H"gg and !H"qq̄ are kinemati-



Higgs decays to partons
• The decay widths are given by the spectral functions of the O 
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Following Caron-Huot and combining results for the thermal dependence of spectral functions at
large time-like momenta, we write an explicit expression for the thermal width of the Higgs boson

to O(!s) for T ! MH . It is an O

!

!s

"

T
MH

#4
$

correction for H " gg and H " qq̄. We also

compile corresponding results for the thermal width of the Z-boson, and we recall which generic
structures of the field theory, accessible via the operator product expansion, fix the T

M
-dependence

of the decay of heavy particles.

I. INTRODUCTION

In this paper we derive the thermal correction !!H

of the width of the Higgs boson to first order in the
strong coupling constant "s and for temperatures T of
the QCD plasma that are parametrically lower than the
Higgs mass, MH ! T . We do so since we could not
find an explicit expression for !!H in the literature when
discussing the (im)possibility of observing thermal cor-
rections to Higgs branching ratios at future multi-TeV
heavy ion collider experiments [1–3]. As we explain be-
low, !!H can be obtained essentially from combining lim-
iting cases of several spectral functions whose derivation
has been described in detail [4–6]. We believe this to be
known to a small group of experts in thermal field theory,
and the novelty of the present work thus resides mainly
in making this expert knowledge explicit.
For thermal corrections to the Higgs width in a QCD

plasma, the branching into final states without color
charge (such as H " ZZ " 4 l) is clearly unimpor-
tant. The decay processes relevant for the following are
therefore determined by the electroweak interaction of
the Higgs to quarks,

LHq = #S
H

v
, S $ mq#̄q#q , (1)

and by the corresponding coupling of the Higgs to glu-
ons. Here, v %= 246 GeV denotes the Higgs vacuum ex-
pectation value. The dominant contribution to H " gg
proceeds via a top quark loop. We work in the limit
mt ! MH in which this interaction is given by the Higgs
e"ective field theory Lagrangian [7]

Le!
Hg = #CHg

H

v
OHg , (2)

OHg $ #
1

4
F a
µ!F

a µ! , (3)

CHg =
"s

3$
+O("2

s ) . (4)

For a particle that does not carry charges of the plasma
and that couples to currents J , the decay widths can be

!Electronic address: jacopo.ghiglieri@cern.ch
†Electronic address: urs.wiedemann@cern.ch

expressed in terms of the corresponding spectral func-
tions

%J(K) $

!

d4x eiK·X &[J(X), J(0)]' , (5)

where Kµ = (k0,&k) in the rest frame of the QCD plasma.
The metric is mostly minus. In particular, the partial
decay widths of the Higgs boson relevant for our study
are given by

!H"qq̄ =
1

v2
1

2k0
%S(K) , (6)

!H"gg =
"2
s

(3$)2v2
1

2k0
%OHg(K) , (7)

where 1
2k0

is the usual kinematical flux factor and the

factors 1
v2 ,

"2

s

(3#)2 v2 denote the squares of the couplings
of the Higgs boson to the corresponding currents. The
widths (6), (7) are thus first order in the electroweak
couplings, but the spectral functions %J are all orders in
"s.
The calculation of thermal corrections to !H"qq̄ ,

!H"gg then amounts to determining thermal corrections
!%S(K) and !%OHg(K) to the vacuum spectral functions
%vacS (K2) and %vacOHg

(K2). Lorentz invariance of the vac-
uum implies that the latter can depend only on the scalar
K2 = Kµ Kµ. In contrast, any finite temperature system
singles out a rest frame, and the thermal corrections !%S
and !%OHg can therefore depend separately on k0 and

k $ |&k|. In the present paper, we focus on the case of
a Higgs boson at rest in the plasma, except for a short
discussion of boosted Higgs bosons in section II C.
In a QCD plasma, the vacuum branchings H " g g

and H " q q̄ are modified already to zeroth order in
"s, since emission of each final state gluon or final state
quark of momentum kg/q is enhanced by a thermal Bose-
Einstein (1 + fB(kg)) or suppressed by a Fermi-Dirac
(1# fF (kq)) distribution factor, respectively. However,
the partons emerging from this two-body decay carry
momenta kq/g = MH

2 much above the thermal scale.
As a consequence, the e"ects of stimulated emission for
the decay into gluons and of Pauli-blocking for the de-
cay into quarks are negligible. To zeroth order in "s,
thermal corrections to !H"gg and !H"qq̄ are kinemati-

Oq ⌘ mq ̄q q
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Figure 1: The graphs contributing to the 2-point correlators up to 2-loop order. The wiggly lines

denote gluons; the small dots the operators ! or " (cf. eq. (2.1)); and the grey blob the 1-loop gauge

field self-energy. “Disconnected” contractions only arise at higher orders.

reduce the functions G̃!(P ), G̃"(P ) to sums over various types of integrals. We strongly

advocate taking this step in Euclidean signature, whereby the Feynman rules are elementary

(no excessive i’s or doublings of degrees of freedom appear), and by using bare parameters,

whereby counterterm vertices are avoided. An additional strength of the imaginary-time

formalism is that in terms of physical processes, all “real” and “virtual” corrections related

to each other are automatically captured by a single Matsubara sum-integral. Before carrying

out the contractions, it is helpful to make use of translational invariance in order to write

G̃!(P ) =

!

X
e!iP ·X! !(X) !(0) "T =

!

X
e!iP ·(X!Y )! !(X) !(Y ) "T

=
1
"

Y

#!

X
e!iP ·X!(X)

!

Y
eiP ·Y !(Y )

$

T
, (3.1)

so that the full analysis can be carried out in momentum space (the factor
"

Y = #V =

#$pn=0(2%)
d$(d)(p = 0), with d = D # 1, cancels out because of momentum conservation).

3.2. Scalarization

In the next step, the goal is to “scalarize” the sum-integrals, i.e. to turn them into ones that

also appear in scalar field theories. This can be achieved by contracting Lorentz indices (using

$µµ = D) and carrying out Dirac traces (with rules following from {&µ, &#} = 2$µ# 4 ! 4; in the

case of chiral fermions the usual issues with &5 need to be faced and we have nothing to add on

this topic). Subsequently, substitutions of sum-integration variables, completions of squares

(e.g. Q ·R = 1
2 [Q

2 +R2 # (Q#R)2]), and identities following from partial integrations with

respect to spatial momenta, can be employed in order to remove as many scalar products as

possible from the numerators. The goal is to express the result in terms of a minimal number

5

K
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Higgs decays to partons
• The decay widths are given by the spectral functions of the O 

 
 
 

• In vacuum the spfs can only be a function of K2=M2. By 
dimensional analysis ρOg∝M4, ρOg∝mq2MH2
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v2
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2k0
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Following Caron-Huot and combining results for the thermal dependence of spectral functions at
large time-like momenta, we write an explicit expression for the thermal width of the Higgs boson

to O(!s) for T ! MH . It is an O

!

!s

"

T
MH

#4
$

correction for H " gg and H " qq̄. We also

compile corresponding results for the thermal width of the Z-boson, and we recall which generic
structures of the field theory, accessible via the operator product expansion, fix the T

M
-dependence

of the decay of heavy particles.

I. INTRODUCTION

In this paper we derive the thermal correction !!H

of the width of the Higgs boson to first order in the
strong coupling constant "s and for temperatures T of
the QCD plasma that are parametrically lower than the
Higgs mass, MH ! T . We do so since we could not
find an explicit expression for !!H in the literature when
discussing the (im)possibility of observing thermal cor-
rections to Higgs branching ratios at future multi-TeV
heavy ion collider experiments [1–3]. As we explain be-
low, !!H can be obtained essentially from combining lim-
iting cases of several spectral functions whose derivation
has been described in detail [4–6]. We believe this to be
known to a small group of experts in thermal field theory,
and the novelty of the present work thus resides mainly
in making this expert knowledge explicit.
For thermal corrections to the Higgs width in a QCD

plasma, the branching into final states without color
charge (such as H " ZZ " 4 l) is clearly unimpor-
tant. The decay processes relevant for the following are
therefore determined by the electroweak interaction of
the Higgs to quarks,

LHq = #S
H

v
, S $ mq#̄q#q , (1)

and by the corresponding coupling of the Higgs to glu-
ons. Here, v %= 246 GeV denotes the Higgs vacuum ex-
pectation value. The dominant contribution to H " gg
proceeds via a top quark loop. We work in the limit
mt ! MH in which this interaction is given by the Higgs
e"ective field theory Lagrangian [7]

Le!
Hg = #CHg

H

v
OHg , (2)

OHg $ #
1

4
F a
µ!F

a µ! , (3)

CHg =
"s

3$
+O("2

s ) . (4)

For a particle that does not carry charges of the plasma
and that couples to currents J , the decay widths can be

!Electronic address: jacopo.ghiglieri@cern.ch
†Electronic address: urs.wiedemann@cern.ch

expressed in terms of the corresponding spectral func-
tions

%J(K) $

!

d4x eiK·X &[J(X), J(0)]' , (5)

where Kµ = (k0,&k) in the rest frame of the QCD plasma.
The metric is mostly minus. In particular, the partial
decay widths of the Higgs boson relevant for our study
are given by

!H"qq̄ =
1

v2
1

2k0
%S(K) , (6)

!H"gg =
"2
s

(3$)2v2
1

2k0
%OHg(K) , (7)

where 1
2k0

is the usual kinematical flux factor and the

factors 1
v2 ,

"2

s

(3#)2 v2 denote the squares of the couplings
of the Higgs boson to the corresponding currents. The
widths (6), (7) are thus first order in the electroweak
couplings, but the spectral functions %J are all orders in
"s.
The calculation of thermal corrections to !H"qq̄ ,

!H"gg then amounts to determining thermal corrections
!%S(K) and !%OHg(K) to the vacuum spectral functions
%vacS (K2) and %vacOHg

(K2). Lorentz invariance of the vac-
uum implies that the latter can depend only on the scalar
K2 = Kµ Kµ. In contrast, any finite temperature system
singles out a rest frame, and the thermal corrections !%S
and !%OHg can therefore depend separately on k0 and

k $ |&k|. In the present paper, we focus on the case of
a Higgs boson at rest in the plasma, except for a short
discussion of boosted Higgs bosons in section II C.
In a QCD plasma, the vacuum branchings H " g g

and H " q q̄ are modified already to zeroth order in
"s, since emission of each final state gluon or final state
quark of momentum kg/q is enhanced by a thermal Bose-
Einstein (1 + fB(kg)) or suppressed by a Fermi-Dirac
(1# fF (kq)) distribution factor, respectively. However,
the partons emerging from this two-body decay carry
momenta kq/g = MH

2 much above the thermal scale.
As a consequence, the e"ects of stimulated emission for
the decay into gluons and of Pauli-blocking for the de-
cay into quarks are negligible. To zeroth order in "s,
thermal corrections to !H"gg and !H"qq̄ are kinemati-

Oq ⌘ mq ̄q q
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3

fermionic terms are suppressed by additional powers of
m2

q/K
2 which render them negligible for our problem.

From the result for !vac! (K2) in Ref. [4], one thus finds

!vacOHg
(K2) =

(2")2

b20 #
2
s

!

!vac! (K2) +O

!

m2
q

K2

""

=
dA(K2)2

32"
+O(#s) +O

!

m2
q

K2

"

, (9)

where dA = N2
c ! 1 is the dimension of the adjoint rep-

resentation.
The leading (dimension-four) thermal correction to !!

was derived in the same Ref. [4] up to an unknown coef-
ficient in front of the trace anomaly that has been deter-
mined in Ref. [5, 6]. Accounting again for the fact that

$!!(K) and $!OHg(K) di!er by the prefactor b2
0
"2

s

(2#)2 , these
results translate into

$!OHg(K) =
2#s

3

KµK$

K2

#

2CFT
µ$
f ! (nfTF+

3

2
b0)T

µ$
g

$

!"T µ
µ , (10)

where T µ$
g and T µ$

f denote the traceless parts of the glu-
onic and fermionic contributions to T µ$, respectively, and
CF = (N2

c !1)/(2Nc) is the quadratic Casimir of the fun-
damental representation. The temperature dependence
of $!OHg (K) thus enters via the temperature dependence
of the energy-momentum tensor.

1. Vacuum width from spectral function

Before turning to a discussion of the thermal correc-
tions, we check the consistency of our starting point by
determining the corresponding partial width in vacuum.
Plugging eq. (9) into (7), we find

"vac
H!gg =

#2
sM

3
H

72"3v2
+O(#3

s ) , (11)

which agrees with the expression in the literature [7].
This argument can be extended to next-to-leading or-

der (NLO). Higher order corrections to the Wilson coef-
ficient CHg can be found in [7, 21–24]

CHg =
#s

3"

%

1 +

&

5

4
CA !

3

4
CF

'

#s

"

(

. (12)

The vacuum pure glue part of the bulk channel spectral
function !! at NLO can be found e.g. in Ref. [25]. Mul-

tiplying this with the prefactor b2
0
"2

s

(2#)2 of eq. (8) yields

!vac,NLO
OHg

(K2) = !vacOHg
(K2)

&

1 +
#sNc

4"

73

3

'

. (13)

Combining these expressions, one finds for the NLO cor-
rection to "vac

H!gg

"vac,NLO
H!gg(g) ,H!gqq̄ (14)

= "vac
H!gg

%

1 +
#s

4"

&

2 (5Nc ! 3CF ) +Nc
73

3

'

(

.

This is consistent with the NLO correction factor for the
pure glue part,

)

1 + 95
4

"s

#

*

[7, 26]. Eq. (13) contains to
O(#s) also a logarithmic term that can be traced back to
the RG evolution of the LO result and that is consistent
with [7, 26]. Indeed, we are following here essentially the
logic of Ref. [7]. Our reason for repeating this result is
that we take in the following thermal corrections to (13)
from published results in which also the vacuum contri-
bution to the spectral function is given. The rederivation
of (11) and (14) thus serves as a check that these thermal
corrections are used with proper normalization.

2. Thermal corrections to H ! gg

Paralleling the discussion in section IIA 1, we obtain
the thermal correction to "vac

H!gg from the thermal con-
tribution to the quark and gluon condensates that appear
in the OPE of the bulk channel spectral function eq. (10),

$"H!gg =
#3
s

81"2v2k0
3k20 + k2

M2
H

+

,2CF

&

-

q"udsc

"T 00
fq #

'

!

&

11

2
CA ! nfTF

'

"T 00
g #

$

+O(#4
s ) . (15)

Here, we have used that in an isotropic medium, the
traceless operators T µ$

f,g satisfy T ij
f,g = 1

3$
ij T 00

f,g and

T oj
f,g = 0. The resulting prefactor (3k20 + k2) breaks

Lorentz invariance since the QCD plasma specifies a ther-
mal rest frame.
In close analogy to the NLO vacuum correction (14)

to "vac
H!gg , also the O(#s) thermal correction $"H!gg

contains contributions with a gqq̄-vertex. On the one
hand, these are the processes gH $ qq̄ and H $ gqq̄
with a thermal gluon and a hard quark-antiquark pair,
which give rise to the term % nfTF "T 00

g # in (15). On the
other hand, there are the processes qH $ qg and H $
gqq̄ with a thermal quark which contribute to the term
proportional to "T 00

fq #. In addition, the virtual quark-loop

correction to H $ gg is also proportional to "T 00
fq #.

The physical picture behind obtaining (15) from the
trivial insertion of (10) into (7) is that the hierarchy
MH & T allows for a separation of short and long
distance physics. The Higgs gluon coupling CHg de-
scribes physics which takes place on length and time
scales much shorter than 1/T and which is therefore not
a!ected by the presence of the QCD plasma. The long-
distance physics is given by the OPE of the bulk chan-
nel spectral function whose temperature dependence is

4

parametrized by the thermal expectation values of the
quark and gluon condensates, !T 00

fq " and !T 00
g ", respec-

tively. To leading order in !s, these are given by the free
(Stefan-Boltzmann) limits

!T 00
g " =

"2T 4

15
dA , (16)

!T 00
fq "
!

!

!

mq=0
=

7"2T 4

60
dF , (17)

where dA = N2
c # 1 and dF = Nc are the dimensions

of the adjoint and the fundamental representation, re-
spectively. If a quark has mass mq ! T one would need
the explicit evaluation of the massive Stefan-Boltzmann
integral instead of (17), while for mb $ T , !T 00

fb " is expo-
nentially suppressed. The sum

"

q!udsc in (15) thus goes
over the flavors that can be thermally excited. To arrive
at a more compact expression, one may approximate this
sum by an e!ective number nT

f of approximately mass-

less flavors, using 3 < nT
f < 4 for temperatures well above

the strange quark mass and well below the bottom charm
mass. For the number of flavors entering the leading co-
e"cient b0 of the #-function, we use nfTF = 5

2 in (15).
With this input, we obtain

$#H"gg = ##vac
H"gg!s

T 4

M4
H

112 "3

45

#

8# nT
f

$

,

for H-decay in the plasma rest frame . (18)

B. H ! q̄ q

The decay of the Higgs boson into a qq̄ pair proceeds
via coupling to the scalar operator S. Formq % MH , the
leading order vacuum contribution to the corresponding
spectral function %S is

%vacS (K2) =
dFnfm2

qK
2

4"
, (19)

and its leading (dimension-four) thermal correction
reads [4]

$%S(K) =
8!sm2

q

3K2

KµK!

K2

%

13

2
CFT

µ!
f # nfTFT

µ!
g

&

#
9!sm2

qCF

K2
S . (20)

Inserting the vacuum contribution (19) into (6), we re-
produce for each mass state (nf = 1) the LO vacuum
branching ratio

#vac
H"qq̄ =

dFm2
qMH

8"v2
, (21)

which agrees with the literature [27]. (Full accounting of
the massive kinematics amounts to a multiplicative factor
(1# 4m2

q/M
2
H)3/2.)

Having checked in this way the consistency of the nor-
malization of %S and (6), one can proceed to determining
in the same way the thermal correction to #vac

H"qq̄ from
$%S(K) in eq. (20). In general, the evaluation of the
operator (20) in the QCD plasma requires the LO ther-
mal (Stefan-Boltzmann) expectation value of the chiral
condensate

!S" = 4dFm
2
q

'

d3p

(2")3
nF (Ep)

Ep
, (22)

which becomes 1
6dFm

2
qT

2 for mq % T . However, for the
thermal corrections to H & bb̄ at temperature T % mb,
the contributions !S" and !T 00

f " in (20) are exponentially
suppressed by the quark mass, and

$#H"bb̄ = #
4!sTFm2

b

v2k0

3k20 + k2

9M4
H

!T 00
g "+ . . . , (23)

where the dots stand for O (exp [#mb/T ]) terms. Insert-
ing the LO expression (16) for the gluon condensate, we
find (for T % mb)

$#H"bb̄ = ##vac
H"bb̄!s

T 4

M4
H

128 "3

135
,

for H-decay in the plasma rest frame . (24)

For temperatures T " O(mb) or for the calculation of
the partial thermal width into lighter quarks, the contri-
butions !S" and !T 00

f " in (20) need to be included. In
general, the thermal corrections stemming from the cou-
pling to lighter quarks are reduced by a factor m2

q/m
2
b

compared to (24). For all partial decay widths into qq̄-

pairs, the thermal correction is an O
(

!s
T 4

M4
H

)

correction

to the vacuum width.

C. Thermal corrections to spectral functions:
range of validity

Here, we shortly recall the derivation of thermal cor-
rections to %J(K) in the OPE approach [4], and we
comment on its range of validity. The starting point
is the Euclidean current-current correlator GE(q) =
*

d4x e#iq.x!J(x)J(0)", where we set q = (0, 0, 0, qE) for
simplicity. The dispersion relation GE(qE) = P (qE) +
* +$

#$
d"

2#("#iqE)%J(&) relates GE to the spectral function

%J , with P (qE) a polynomial in qE . As explained in de-
tail in Ref. [4], this dispersion relation implies that the
asymptotic expansion of %J (K) for large time-like K can
be obtained from matching term-by-term to the operator
product expansion of GE(qE) for large space-like qE ,

GE(qE) '
+

n

!On"
cn

qdn
E

()

%J(k0) '
+

n

!On"2Im

%

cn
(#ik0)dn

&

. (25)

+O(↵s)
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Figure 1: The graphs contributing to the 2-point correlators up to 2-loop order. The wiggly lines
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 Thermal corrections to the width
• This formalism remains valid at finite temperature 

 
 
 

• Now the spfs can be a function of k0 and k. Naively then 
 
 
 

• Kinematics forces p,q≥MH/2≫T (= if Higgs at rest in the plasma).  
Then the thermal modifications are exponentially suppressed

�H!qq̄ =
1

v2
1

2k0
⇢Oq (K) �H!gg =

↵2
s

(3⇡)2v2
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2k0
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Following Caron-Huot and combining results for the thermal dependence of spectral functions at
large time-like momenta, we write an explicit expression for the thermal width of the Higgs boson

to O(!s) for T ! MH . It is an O

!

!s

"

T
MH

#4
$

correction for H " gg and H " qq̄. We also

compile corresponding results for the thermal width of the Z-boson, and we recall which generic
structures of the field theory, accessible via the operator product expansion, fix the T

M
-dependence

of the decay of heavy particles.

I. INTRODUCTION

In this paper we derive the thermal correction !!H

of the width of the Higgs boson to first order in the
strong coupling constant "s and for temperatures T of
the QCD plasma that are parametrically lower than the
Higgs mass, MH ! T . We do so since we could not
find an explicit expression for !!H in the literature when
discussing the (im)possibility of observing thermal cor-
rections to Higgs branching ratios at future multi-TeV
heavy ion collider experiments [1–3]. As we explain be-
low, !!H can be obtained essentially from combining lim-
iting cases of several spectral functions whose derivation
has been described in detail [4–6]. We believe this to be
known to a small group of experts in thermal field theory,
and the novelty of the present work thus resides mainly
in making this expert knowledge explicit.
For thermal corrections to the Higgs width in a QCD

plasma, the branching into final states without color
charge (such as H " ZZ " 4 l) is clearly unimpor-
tant. The decay processes relevant for the following are
therefore determined by the electroweak interaction of
the Higgs to quarks,

LHq = #S
H

v
, S $ mq#̄q#q , (1)

and by the corresponding coupling of the Higgs to glu-
ons. Here, v %= 246 GeV denotes the Higgs vacuum ex-
pectation value. The dominant contribution to H " gg
proceeds via a top quark loop. We work in the limit
mt ! MH in which this interaction is given by the Higgs
e"ective field theory Lagrangian [7]

Le!
Hg = #CHg

H

v
OHg , (2)

OHg $ #
1

4
F a
µ!F

a µ! , (3)

CHg =
"s

3$
+O("2

s ) . (4)

For a particle that does not carry charges of the plasma
and that couples to currents J , the decay widths can be

!Electronic address: jacopo.ghiglieri@cern.ch
†Electronic address: urs.wiedemann@cern.ch

expressed in terms of the corresponding spectral func-
tions

%J(K) $

!

d4x eiK·X &[J(X), J(0)]' , (5)

where Kµ = (k0,&k) in the rest frame of the QCD plasma.
The metric is mostly minus. In particular, the partial
decay widths of the Higgs boson relevant for our study
are given by

!H"qq̄ =
1

v2
1

2k0
%S(K) , (6)

!H"gg =
"2
s

(3$)2v2
1

2k0
%OHg(K) , (7)

where 1
2k0

is the usual kinematical flux factor and the

factors 1
v2 ,

"2

s

(3#)2 v2 denote the squares of the couplings
of the Higgs boson to the corresponding currents. The
widths (6), (7) are thus first order in the electroweak
couplings, but the spectral functions %J are all orders in
"s.
The calculation of thermal corrections to !H"qq̄ ,

!H"gg then amounts to determining thermal corrections
!%S(K) and !%OHg(K) to the vacuum spectral functions
%vacS (K2) and %vacOHg

(K2). Lorentz invariance of the vac-
uum implies that the latter can depend only on the scalar
K2 = Kµ Kµ. In contrast, any finite temperature system
singles out a rest frame, and the thermal corrections !%S
and !%OHg can therefore depend separately on k0 and

k $ |&k|. In the present paper, we focus on the case of
a Higgs boson at rest in the plasma, except for a short
discussion of boosted Higgs bosons in section II C.
In a QCD plasma, the vacuum branchings H " g g

and H " q q̄ are modified already to zeroth order in
"s, since emission of each final state gluon or final state
quark of momentum kg/q is enhanced by a thermal Bose-
Einstein (1 + fB(kg)) or suppressed by a Fermi-Dirac
(1# fF (kq)) distribution factor, respectively. However,
the partons emerging from this two-body decay carry
momenta kq/g = MH

2 much above the thermal scale.
As a consequence, the e"ects of stimulated emission for
the decay into gluons and of Pauli-blocking for the de-
cay into quarks are negligible. To zeroth order in "s,
thermal corrections to !H"gg and !H"qq̄ are kinemati-

Oq ⌘ mq ̄q q
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Og ⌘ �
1

4
F a
µ⌫F

aµ⌫
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Figure 1: The graphs contributing to the 2-point correlators up to 2-loop order. The wiggly lines

denote gluons; the small dots the operators ! or " (cf. eq. (2.1)); and the grey blob the 1-loop gauge

field self-energy. “Disconnected” contractions only arise at higher orders.

reduce the functions G̃!(P ), G̃"(P ) to sums over various types of integrals. We strongly

advocate taking this step in Euclidean signature, whereby the Feynman rules are elementary

(no excessive i’s or doublings of degrees of freedom appear), and by using bare parameters,

whereby counterterm vertices are avoided. An additional strength of the imaginary-time

formalism is that in terms of physical processes, all “real” and “virtual” corrections related

to each other are automatically captured by a single Matsubara sum-integral. Before carrying

out the contractions, it is helpful to make use of translational invariance in order to write

G̃!(P ) =

!

X
e!iP ·X! !(X) !(0) "T =

!

X
e!iP ·(X!Y )! !(X) !(Y ) "T

=
1
"

Y

#!

X
e!iP ·X!(X)

!

Y
eiP ·Y !(Y )

$

T
, (3.1)

so that the full analysis can be carried out in momentum space (the factor
"

Y = #V =

#$pn=0(2%)
d$(d)(p = 0), with d = D # 1, cancels out because of momentum conservation).

3.2. Scalarization

In the next step, the goal is to “scalarize” the sum-integrals, i.e. to turn them into ones that

also appear in scalar field theories. This can be achieved by contracting Lorentz indices (using

$µµ = D) and carrying out Dirac traces (with rules following from {&µ, &#} = 2$µ# 4 ! 4; in the

case of chiral fermions the usual issues with &5 need to be faced and we have nothing to add on

this topic). Subsequently, substitutions of sum-integration variables, completions of squares

(e.g. Q ·R = 1
2 [Q

2 +R2 # (Q#R)2]), and identities following from partial integrations with

respect to spatial momenta, can be employed in order to remove as many scalar products as

possible from the numerators. The goal is to express the result in terms of a minimal number
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Two-loop thermal spfs
• The good news is that no finite-temperature 

resummations are needed when K2≳T2. Long history for 
these types of calculations, dating back to thermal 
dilepton production 
Baier Pire Schiff (1988), Altherr Aurenche Becherrawy (1989) 
Gabellini Grandou Poizat (1990) (zero k) 
Laine (2013) (finite k)

• Even better news: so far we have been using MH≫T 
between the lines. What happens if we exploit it 
heavily? ⇒ OPE for spf asymptotics at K2≫T2  
Caron-Huot PRD79 (2009)



OPE at large K2

• QCD sum rules: in the deep space-like regime (Euclidean) 
-K2≫Λ2QCD the Euclidean two point function can be written 
as a series of local gauge-invariant operators (low-energy 
scale) times Wilson coefficients (high-energy scale): OPE 
 
 
Novikov Shifman Vainshtein Zakharov (1985)

• Caron-Huot (2009): this approach also works at large 
positive K2≫T2, thereby obtaining
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OPE at large K2

• Caron-Huot (2009): this approach also works at large 
positive K2≫T2, thereby obtaining 
 

• In general knowing asymptotics in one direction 
(Euclidean) does not translate into knowing it in any other 
direction. This works because

• Heuristically, in both cases, the locality of the operators is 
a consequence of the large scale separation between the 
short time of the high-energy processes and the long one 
of the low-energy processes
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Sum rules at large K2

• Caron-Huot (2009): this approach also works at large 
positive K2≫T2, thereby obtaining 
 

• In general knowing asymptotics in one direction 
(Euclidean) does not translate into knowing it in any other 
direction. This works because

• Mathematically, because ρJ(k0) admits an asymptotic 
expansion in inverse powers of k0, just like the Euclidean 
one
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Sum rules at large K2

• Caron-Huot (2009): this approach also works at large 
positive K2≫T2, thereby obtaining 
 

• What’s left to do: determination of the operators and 
Wilson coefficients (also in Caron-Huot (2009))

• What to expect: first gauge-invariant local operators in 
QCD are dimension 4. Wilson coefficients start at O(αs)
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Thermal Higgs width from sum rules
• What to expect: first gauge-invariant local operators in 

QCD are dimension 4. Wilson coefficients start at O(αs)

• These operators are the dimension-four quark and gluon 
condensates, e.g. 
 
 
traceless parts of the quark and gluon contributions to the 
stress-energy tensor, O(T4), gluonic trace part, O(αs2T4)

• At leading order
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Thermal Higgs width from sum rules
• The sum rule results are thus, for the Higgs at rest in the 

medium 
 
 

• At any realistic energy T/MH<0.01. These corrections are 
extremely tiny

• When the Higgs is not at rest, the expressions above get 
multiplied by 
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In practice, one proceeds as follows: First, ex-
pand the operator product J J in GE(q) up
to order 1/q2 in the Euclidean four-momentum
squared. This results in explicit expressions such

as G!
E(q) ! 4 b20!

2
s

!

qµq!
q2 "T µ"

g #+ 1
g2 "OHg#

"

for

the bulk viscous channel. Then take into ac-
count that the local operators in this expansion
are scale dependent, for instance, T µ"

g (qE) !

T µ"
g (µ0) + #s

3$ log
#

µ2

0

q2E

$ !

nfTFT µ"
g (µ0)$ 2nfT

µ"
f (µ0)

"

.

This renormalization group flow is of central impor-
tance, since the branch cuts of the analytically continued

logarithms log
#

µ2

0

(!iK)2

$

contribute to ImGE($iK) and

thus to "J at large time-like momenta. Without this RG
flow, the expansion of GE(q) would contain only powers
of the type 1/qn times local operators. The analytic
continuation of these 1/qn-terms to Minkowksi space
can only generate discontinuities on the light cone. The
only contribution to "J(K) at large time-like K thus
comes from these analytically continued logarithms.
The OPE of GE in (25) implements a physical scale

separation. For a highly energetic, short-distance probe
that tests distances of size 1/qE much smaller than any
other scale in the problem, 1/qE % 1/T , eq. (25) sys-
tematically expands in powers of that small scale times
local operators. For the corresponding spectral function
"J(K) to be valid, it is thus a necessary condition that

K2 = 4k+ k! = M2 & T 2 , (26)

where we have introduced the light-cone momenta k+ =
1
2 (k0 + k), k! = 1

2 (k0 $ k). In a thermal medium
and for a very massive probe, k+ & T is always sat-
isfied. However, to a boosted probe, the medium ap-
pears Lorentz-contracted, and the scale separation be-
tween the long-distance physics of the medium and the
short-distance physics of the probe becomes questionable
when the coherence length ! 1/k! of the probe becomes
comparable to the medium scale 1/T . One should there-
fore distinguish the following kinematic regimes:

1. k! & T : "J can be determined from OPE.

2. k! ! T : "J(K) cannot be determined from OPE,
but unresummed perturbative techniques such as
those used in Ref. [25, 28–30] apply for ‘hard’ mo-
menta k! ! O(T ).

3. k! % T : Resummed finite temperature perturba-
tion theory or non-perturbative methods would be
needed to determine "J (K) in this regime, as in
[31–33].

For the Higgs boson decay discussed in this section,
k! & T applies as long as the three-momentum k in the

medium satisfies k % M2

H
4 T . For temperature T ' 1 GeV

that may be reached in heavy ion collisions at present or
future colliders, the OPE and the results for the partial
thermal widths (15) and (23) of the Higgs boson that we

derived from it are thus valid over a transverse momen-
tum range that extends to multiples of the Higgs mass.
Over this range of validity of the OPE, thermal correc-

tions to !H are seen to increase by a factor 3k2

0
+k2

3M2

H
with

the Higgs three-momentum k. Finally, we note that the
unresummed perturbative calculations of spectral func-
tions of the kind being considered here for M ! T find
that the OPE regime sets in when M is approximately
an order of magnitude larger than T [25, 28–30]. As MH

is two orders of magnitude larger than the temperatures
of QCD plasmas, the applicability of the OPE expansion
is thus certain.

III. CONCLUSIONS

For a Higgs boson at rest in a QGP of temperature
T % MH , explicit expressions for the thermal correc-
tions to the partial decay widths !vac

H"gg and !vac
H"qq̄

are given in eqs. (18) and (24). These corrections are

O

%

!s

!

T
MH

"4
&

times the vacuum branching ratios.

For a Higgs boson propagating with finite three-
momentum k through the QGP, the thermal width in-

creases with k like #!k=0 (
!

1 + 4
3

k2

M2

H

"

. This applies for

k! = 1
2 (k0 $ k) & T , a range of validity which includes

for temperatures T < 1 GeV even moderately relativistic
Higgs bosons in the QGP.

In general, the O
!

!s

'

T
M

(4
"

leading thermal cor-

rections to the decay width of neutral massive parti-
cles is caused by the absence of lower-dimension gauge-
invariant local operators in QCD. For the thermal width
of the Higgs, the T 4-dependence arises from the Stefan-
Boltzmann limits of the quark (17) and gluon (16) con-
densates that enter thermal corrections of the spectral
functions (10) and (20) of the bulk viscous and scalar
operator, respectively. Similarly, thermal corrections to

the width of the Z-boson are O

%

!s

!

T
MZ

"4
&

, since the

spectral functions of the vector and axial vector cur-
rents receive the dominant thermal corrections from the
same quark and gluon condensates, see Ref.[4] and Ap-
pendix B.

We note that the leading T -dependence can be larger in
theories with lower-dimension gauge-invariant local oper-
ators. In the heavy sterile neutrino case mentioned be-
fore, the zero-temperature decay into a Higgs scalar and

a SM lepton receives an O
!

$
'

T
M

(2
"

correction [17–19].

This is due to the dimension-two %†% condensate of the
Higgs field, with its self-coupling $.

JG Wiedemann PRD99 (2019)



Validity region
• A first  obvious condition is K2≫T2. From brute-force 

computations of similar spfs for all K2≳T2 the OPE works 
for  K2≳15T2 Laine Vepsäläinen Vuorinen Zhu (2010-13)

• The medium however requires that both k0+k and k0-k be 
much larger than T. As k0=(k2+M2)1/2, the first is trivially 
satisfied since K2≫T2. The latter corresponds to k≪M2/(2T)

• Three computational regimes

• Sum rules for k0-k≫T

• Unresummed perturbation theory for k0-k≳T

• Resummations (HTL, LPM) below that



Unresummed computations

• To learn a couple of things about these computations, and 
remind ourselves of how it is easy to get large unphysical, 
scheme-dependent results if virtual processes are neglected, 
let us look at the explicit computation of the spf of Og in the 
quenched limit for all K2≳T2 at k=0 in  
Laine Vuorinen Zhu JHEP1109 (2011)

• The motivation of that calculation was that more 
knowledge of the stress-energy spectral function (that is 
what Og is) is needed to have better control over lattice 
reconstruction of these spfs, whose IR limits determine the 
bulk and shear viscosity of the QGP



Unresummed computations

• Evaluate each cut (real or virtual) of the two-loop graphs in 
a scheme defined by adding an extra mass λ to one of the 
propagators. Technically very intricate evaluation.

• Upon summing all of the cuts a finite expression is 
recovered for λ→0. It is a set of one- and two-dimensional 
integrations to be carried out numerically 
Laine Vuorinen Zhu JHEP1109 (2011)

• For illustration, we undid their last step: we evaluated the 
real and virtual cuts separately in their scheme in the 
k0≫T≫λ limit, where integrations can be done analytically

(i)
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(v) (vi) (vii)

Figure 1: The graphs contributing to the 2-point correlators up to 2-loop order. The wiggly lines

denote gluons; the small dots the operators ! or " (cf. eq. (2.1)); and the grey blob the 1-loop gauge

field self-energy. “Disconnected” contractions only arise at higher orders.

reduce the functions G̃!(P ), G̃"(P ) to sums over various types of integrals. We strongly

advocate taking this step in Euclidean signature, whereby the Feynman rules are elementary

(no excessive i’s or doublings of degrees of freedom appear), and by using bare parameters,

whereby counterterm vertices are avoided. An additional strength of the imaginary-time

formalism is that in terms of physical processes, all “real” and “virtual” corrections related

to each other are automatically captured by a single Matsubara sum-integral. Before carrying

out the contractions, it is helpful to make use of translational invariance in order to write
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#$pn=0(2%)
d$(d)(p = 0), with d = D # 1, cancels out because of momentum conservation).

3.2. Scalarization

In the next step, the goal is to “scalarize” the sum-integrals, i.e. to turn them into ones that
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$µµ = D) and carrying out Dirac traces (with rules following from {&µ, &#} = 2$µ# 4 ! 4; in the

case of chiral fermions the usual issues with &5 need to be faced and we have nothing to add on

this topic). Subsequently, substitutions of sum-integration variables, completions of squares
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2 +R2 # (Q#R)2]), and identities following from partial integrations with

respect to spatial momenta, can be employed in order to remove as many scalar products as
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so that the full analysis can be carried out in momentum space (the factor
"

Y = #V =

#$pn=0(2%)
d$(d)(p = 0), with d = D # 1, cancels out because of momentum conservation).

3.2. Scalarization

In the next step, the goal is to “scalarize” the sum-integrals, i.e. to turn them into ones that

also appear in scalar field theories. This can be achieved by contracting Lorentz indices (using

$µµ = D) and carrying out Dirac traces (with rules following from {&µ, &#} = 2$µ# 4 ! 4; in the

case of chiral fermions the usual issues with &5 need to be faced and we have nothing to add on

this topic). Subsequently, substitutions of sum-integration variables, completions of squares

(e.g. Q ·R = 1
2 [Q

2 +R2 # (Q#R)2]), and identities following from partial integrations with

respect to spatial momenta, can be employed in order to remove as many scalar products as

possible from the numerators. The goal is to express the result in terms of a minimal number
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• Power-law and log divergences in λ

• Terms at order (k0)n, n>0, all cancel with the contributions of 
the H→ggg and virtual cuts 
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• Only one term survives to contribute to the full, scheme-
independent result
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• It is (T/MH)4 λ/T smaller than the leading, scheme-
dependent behaviour from a single cut/process
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Conclusions
• Thermal modifications to the partonic width of the Higgs 

boson  at temperatures much smaller than the mass are a 
tiny correction 
 
 
for non-relativistic to mildly relativistic Higgs bosons

• Is the signal/background ratio enhanced then?

Berger Gao Jueid Zhang PRL122 (2018)
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Conclusions
• Thermal modifications to the partonic width of the Higgs 

boson  at temperatures much smaller than the mass are a 
tiny correction 
 
 
for non-relativistic to mildly relativistic Higgs bosons

• The OPE (or EFTs) are an excellent tool for computations of 
deeply time-like spectral functions. They predict the leading 
thermal behaviour from considerations of gauge invariance 
and locality alone

• Explicit diagrammatic calculations are intricate

�� ⇠ �vac ⇥ ↵s ⇥
T 4

M4
H

⇥#⇥
✓
1 +

4k2

3M2
H

◆

<latexit sha1_base64="PPewIxI+04nQibCX3JmzsnkZwp8="></latexit>


