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Motivations

• The e+e− Higgs factory is an ideal place to test the property of Higgs
Boson in Standard Model and to seek the hint of new physics.

• Three next-generation e+e− colliders have been proposed to serve as
Higgs factory: International Linear Collider (ILC), Future Circular
Collider (FCC-ee), and Circular Electron-Positron Collider (CEPC).

• CEPC can measure production cross section for σ(ZH) to very high
precision.

• Knowing the NLO electroweak correction (a few percent) to
e+e− → HZ is not sufficient to meet experimental precision.

• NNLO corrections to e+e− → HZ should be considered, which
include O(α2) and O(ααs). The latter is obviously dominant, so we
will calculate it.
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• Various Higgs production mechanism at lepton colliders.

As is seen, the Higgsstrahlung
process e+e− → HZ is dominant in
e+e− colliders at low energy. Its
contribution is much more important
than that of WW and ZZ fusion
mechanism.
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Previous NLO work on e+e− → HZ at O(α)

The O(α) corrections to e+e− → HZ have been calculated independently
by three groups:

• J. Fleischer and F. Jegerlehner,
Nucl. Phys. B 216 (1983) 469.

• B. A. Kniehl, Z. Phys. C 55
(1992) 605.

• A. Denner, J. Kublbeck, R.
Mertig and M. Bohm, Z. Phys.
C 56 (1992) 261.
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Typical higher order Feynman diagrams to Higgsstrahlung

LO QED corr.

γZ
+

eeH vertex Box

eeZ vertex self−energy V ZH vertex

γ
H

Z

W

W

W

νe

Z

Z

γ,Z Z γ, ZZ

+

+

+
νe

W

W

Z

Z

e−

e+

图: LO diagram for e+e− → HZ, together with some representative higher-order
diagrams.
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=

=

=

γ, Z Z

W l, q q δmq

tW t δmt

νe

W

W

W

νe

νe

Z

γ, Z

Z

Z

H

e−

e+

+ + +

+ + + +

+ + + +

Representative diagrams for the radiative corrections to the renormalized
eeZ vertex, γ/Z self-energy, and ZZH/γZH vertex, through O(ααs).

The cross represents the quark mass counterterm in QCD, cap denotes the
electroweak counterterm in on-shell scheme.

At O(ααs) 2-loop level, there are totally 47 master integrals.
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Techniques

We renormalize the UV divergences with on-mass-shell scheme. Related
references:
• A. Sirlin, Phys. Rev. D 22, 971 (1980).
• A. Denner, Fortsch. Phys. 41, 307 (1993).

The top quark mass appears in internal top quark propagators and the Htt̄
Yukawa vertex, which is renormalized in on-shell scheme as:

δmt = −mtΓ(1 + ϵ)

(
4πµ2

m2
t

)ϵ
CF

4

αs

π

3− 2ϵ

ϵ(1− 2ϵ)
.
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Related counterterms at O(ααs):
δZe, δM2

Z , δM2
W , δM2

H , δZZZ , δZγZ and δZH

We adopt the so-called α(0) scheme where α(0) = 1/137.035999. The
charge renormalization constant Ze(defined by e0 = Zee) in α(0) scheme
is expressed as:

δZe

∣∣∣
α(0)

=
1

2
Πγγ(0)− sW

cW

ΣγZ
T (0)

M2
Z

=
1

2
∆α

(5)
had

(
M2

Z

)
+

1

2
ReΠγγ(5)

(
M2

Z

)
+

1

2
Πγγ

rem(0)− sW
cW

ΣγZ
T (0)

M2
Z

,

where ∆α
(5)
had(M

2
Z) = 0.02771 represents the non-perturbative hadronic

contributions to the running effect of the electroweak coupling and
Π

γγ(5)
rem (0) is the remaining possible photon vacuum polarizations from

other charged SM particles.

Qingfeng SUN (USTC) O (ααs) corrections to e+e− → HZ 2016/11/30 13 / 23



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Numeric Results in α(0) scheme

The (un)polarized Higgsstrahlung cross sections at √s = 240 GeV, 250
GeV and 500 GeV. We enumerate the NLO weak corrections, together with

the NNLO electroweak-QCD O(ααs) corrections.
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From α(0) to α(M 2
Z) scheme

Replacements:
δZe

∣∣∣∣
α(M2

Z)

= δZe

∣∣∣∣
α(0)

− 1

2
∆α(M2

Z).

α(M2
Z) = α(0)

[
1 + ∆α(M2

Z)
∣∣
fermionic + . . .

]
=

α(0)

1−∆α(M2
Z)

∣∣
fermionic

.

with α(0) = 1/137.035999
α(M2

Z) = 1/128.933

∆α(M2
Z)

∣∣
fermionic = ∆α

(5)
had(M

2
Z) + ∆α(M2

Z)
∣∣
lepton = 0.05913.

The ∆α(M2
Z)

∣∣
fermionic above represents the fermionic contribution to the

running effect of the α.
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Numeric Results in α(M 2
Z) scheme

LO NLO NNLO
240 GeV 252.07 228.67 231.56

250 GeV 252.04 227.97 230.87

500 GeV 60.12 54.04 54.44

表: Numeric Results in α(M2
Z) scheme at various energy.
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220 225 230 235 240 245 250
GeV

50

100

150

200

σ(fb)

LO

NLO

NNLO

Total cross section with the center-of-mass energy ranging from
threshold(216.28 GeV) to 250 GeV. The maximum of the cross section is

around 244∼245 GeV
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Polarized differential cross sections:

-1.0 -0.5 0.0 0.5 1.0
0

20

40

60

80

100

cosθ

d
σ

/

d
c
o
s
θ
(f
b
)

图: Differential polarized cross sections for Higgsstrahlung at √s = 240 GeV at
various level of perturbative accuracy. The green band indicates the QCD
uncertainty due to varying the renormalization scale from MZ to √

s.
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Unpolarized differential cross sections:

LO

NLO Weak

NNLO Mixed EW+QCD

-1.0 -0.5 0.0 0.5 1.0
95

100

105

110

115
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125

cosθ

d
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/

d
c
o
s
θ
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b
)

图: Differential unpolarized cross sections for Higgsstrahlung at √s = 240 GeV at
various level of perturbative accuracy. The green band indicates the QCD
uncertainty due to varying the renormalization scale from MZ to √

s.
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Summary and outlook I

• We revisit the O(α) NLO correction with modern accuately measured
parameters and and find the NLO correction is about 3.1% at 240
GeV.

• We calculate the O(ααs) NNLO corrections and find the NNLO
corrections sizable, about 1.1% at 240 GeV, well above the projected
experimental sub-percent accuracy for the σ(ZH) measurement.

• To meet such an exquisite experimental precision, it might even be
relevant to further address the two-loop O(α2) NNLO corrections or
even the three-loop O(αα2

s) NNNLO corrections.
• The ISR(Initial State Radiation) effects have to be considered

carefully to meet the experimental requirements.
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Summary and outlook II

• More detailed error estimation
From the updated data of review of particle physics:
MW = 80.385± 0.015
Mt = 173.21± 0.51± 0.71
MH = 125.09± 0.21± 0.11
∆α

(5)
had(M

2
Z) = 0.02764± 0.00013

etc...
the uncertainty of the mass of Higgs boson will affect theoretical
prediction because its mass will appear in the two-body phase space
factor.
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Thanks for your attention!
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