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Motivations

Higgs boson at the LHC [1602.00695][1610.07922][1802.00833]

Higgs production modes
ggH VVH WH ZH ttH Total

44.1+11%
−11% 3.78+2%

−2% 1.37+2%
−2% 0.88+5%

−5% 0.51+9%
−13% 50.6

Theoretical uncertainties
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Figure 2: Cummulative contributions to the total relative uncertainty as a function of the
collider energy. according to eqs. (26)-(28).

In combination we find

δσPP→H+X = δ(PDF+αS) + δ(theory) = +3.63pb
−4.72pb

(
+7.46%
−9.7%

)
. (39)

To derive the various sources of uncertainties we followed the prescriptions
outlined above. In fig. 2 we show how the relative size of the various sources
of uncertainty varies as a function of the hadron collider energy.

In comparison to the numerical cross section predictions derived in ref. [3]
we observe only minor changes. The difference arise solely due to the exact
computation of the N3LO QCD corrections in the heavy top quark effective
theory obtained in ref. [16]. The deviations are well within the uncertainty
that was associated with the truncation of the threshold expansion used for
the results of ref. [3]. This particular source of uncertainty is now removed.

Finally, we use iHixs to derive state of the art predictions for the gluon
fusion Higgs production cross section at different collider energies. We strictly
follow the recommendations of [3, 4]. Figure 3 shows the state-of-the art
predictions and uncertainty estimates for the inclusive cross section obtained
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Process

QCD-EW contributions [ph0404071][ph0407249][ph0610033]

Yukawa coupling αSαYt Electroweak coupling αSα
2v

Dominated by top quark

∼0.5% of σLO
QCD

Dominated by light quarks

+5.3% of σLO
QCD

LO NLO virtual NLO real

P → g P → g

P → g P → q
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Amplitudes

gg → Hg

Axial contributions from γ5

Loop of massless quarks: sum over complete generations removes explicit
γ5, axial contributions as rescaled couplings

f c1c2c3ϵµλ1
(p1) ϵ

ν
λ2
(p2) ϵ

ρ
λ3
(p3) [F1gµνp2ρ + F2gµρp2ν + F3gνρp2µ + F4p3µp1νp2ρ]

Fj = 4Aj(m
2
W ) +

2
cos4 θW

(
5
4
− 7

3
sin2 θW +

22
9

sin4 θW

)
Aj(m

2
Z )
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Amplitudes

qg → Hq

Axial contributions from γ5

Fclosed
j no γ5

Fopen
j ”polarized“ coupling

Fclosed
j = 4Aclosed

j (m2
W ) +

2
cos4 θW

(
5
4
− 7

3
sin2 θW +

22
9

sin4 θW

)
Aclosed

j (m2
Z )

Fopen
L,j =

2
cos4 θW

Q2
q sin

4 θWAopen
j (m2

Z )

Fopen
R,j = 1Aopen

j (m2
W ) +

2
cos4 θW

(
Tq − Qq sin

2 θW
)2
Aopen

j (m2
Z )
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Computational challenges

Solving MIs [Panzer,2014]

91 MIs
p1

p2 p3

p4 p1

p2 p3

p4 p1

p2 p3

p4

p1

p2 p3

p4 p1

p2 p3

p4 p1

p2 p3

p4

Linear reducibility
Integration over Feynman parameters

There exists an integration order for the kernel f0∫ +∞

0
dz1· · ·

∫ +∞

0
dzk f0

such that each integral is a hyperlog of the next integration variable

Integration over d logs: GPLs

No integration variables under square roots: no rationalization needed
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Computational challenges

Quasi-finite basis [Tarasov,1996][Lee,2010][von Manteuffel. . . ,2015]

2-loop MIs highly divergent: up to ϵ−4

Amplitude not too divergent:
ggHg ϵ0 qqHg ϵ−2

Quasi-finite basis

ID+2(a1, . . . , a7) =
16

s t u (D − 4) (D − 3)

∫
d̃Dk1 d̃Dk1

G (k1, k2, p1, p2, p3)

Da1
1 . . .Da7

7

UV finiteness: negative SDD by rising powers of (massive) propagators

IR finiteness: Gram determinant cures soft & collinear divergences

⇒
D = 6

+ + + + . . .
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Conlcusions

Conclusions & Outlook
Complete analytic results

LO NLO virtual NLO real

P → g P → g

P → g P → q

The road ahead
Full σ(α3

Sα
2)

PP→H+X evaluation σ
(α2

Sα
2+α3

Sα
2)

gg→H+X : [Becchetti. . . ,2020]

Top quark inclusion

New challenges
Expression optimization

Non-vanishing γ5 contributions
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Thank you for your attention

Marco Bonetti (RWTH TTK) NLO QCD-EW PP → H + j CERN 12.04.2022 9 / 9



Backup

BACKUP

Marco Bonetti (RWTH TTK) NLO QCD-EW PP → H + j CERN 12.04.2022 9 / 9



Backup

Simplifying the amplitude [Duhr. . . ,2019][Heller. . . ,2021]

1 Basis of algebraic prefactors
Partial fraction decomposition
Basis of algebraic prefactors

2 Linearly independent transcendental expressions
PSLQ reduction

3 Manipulation of GPLs
Symbol reduction
GPLs into logs, Li2, Li3
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A =
2y − x

y3 − x2y
G1 +

x − 1
y(y − x)

G2 +
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Basis of algebraic prefactors

2 Linearly independent transcendental expressions
PSLQ reduction
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Finite remainders

Reduced expressions

F1/Nc
qqHg From ∼ 1GiB to ∼ 1MiB

F1/Nc
qqHg From 5524 terms to 54

Transcendental weight drop

A+++
ggHg Drop from weight 4 to weight 3

FNc
qqHg , F

1/Nc
qqHg Drop from weight 5 to weight 4
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