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Higher-order corrections

QCD corrections are very significant for Higgs and top production

Soft-gluon corrections are important

and they approximate exact results very well

We calculate/resum these soft corrections at NNLL accuracy

for the double-differential cross section

Finite-order expansions

Approximate NNLO (aNNLO) and N3LO (aN3LO) predictions

for cross sections and differential distributions
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Soft-gluon corrections

partonic processes

f1(p1) + f2 (p2) → t(pt) + X

define

s = (p1 + p2)2, t = (p1 − pt)2, u = (p2 − pt)2

and s4 = s+ t+ u−
∑

m2

At partonic threshold s4 → 0

Soft corrections

[

lnk(s4/m
2
t )

s4

]

+

For the order αn
s corrections k ≤ 2n− 1

Resum these soft corrections for the double-differential cross section

At NNLL accuracy we need two-loop soft anomalous dimensions
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Soft-gluon Resummation

moments of the partonic cross section with moment variable N :

σ̂(N) =
∫

(ds4/s) e−Ns4/sσ̂(s4)

factorized expression for the cross section in 4− ǫ dimensions

σf1f2→tX(N, ǫ) = Hf1f2→tX
IL (αs(µR)) Sf1f2→tX

LI

(

mt

NµF
, αs(µR)

)

×
∏

Jin (N,µF , ǫ)
∏

Jout (N,µF , ǫ)

Hf1f2→tX
IL is hard function and Sf1f2→tX

LI is soft function

SLI satisfies the renormalization group equation

(

µ
∂

∂µ
+ β(gs)

∂

∂gs

)

SLI = −(Γ†
S)LKSKI − SLK(ΓS)KI

Soft anomalous dimension ΓS controls the evolution of the soft function

which gives the exponentiation of logarithms of N

N. Kidonakis, ICNFP2018, Crete, Greece, July 2018 4



tH− production
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Born cross section for bg → tH−
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b tan
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t cot
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tanβ = v2/v1 ratio of vevs of two Higgs doublets

Γbg→tH−
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tH− production

Total cross sections at aNNLO
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tH− production

Total cross sections at aN3LO
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tH− production

Top-quark pT and rapidity distributions
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H−W+ production

b̄
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H−W+ production

Charged-Higgs pT and rapidity distributions
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Single-top t-channel production
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t-channel production at aNNLO
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Top pT distributions in t-channel production at the LHC

0 50 100 150 200 250 300
p

T
  top (GeV)

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

1/
σ 

 d
σ/

dp
T
 (

G
eV

-1
)

aNNLO
+ ATLAS

t-channel normalized top p
T
 distribution at LHC      S

1/2
=8 TeV

0 50 100 150 200 250 300
p

T
  antitop (GeV)

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

1/
σ 

 d
σ/

dp
T
 (

G
eV

-1
)

aNNLO
+ ATLAS

t-channel normalized antitop p
T
 distribution at LHC       S

1/2
=8 TeV

0 50 100 150 200 250
p

T
  top (GeV)

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

1/
σ 

 d
σ/

dp
T
 (

G
eV

-1
)

aNNLO
+ CMS

t-channel normalized top p
T
 distribution at LHC     S

1/2
=8 TeV

0 50 100 150 200 250 300
p

T
 (GeV)

0.000

0.005

0.010

0.015

1/
σ 

 d
σ/

dp
T
 (

G
eV

-1
)

aNNLO
+ CMS

t-channel normalized top+antitop p
T
 distribution at LHC    S

1/2
=13 TeV

N. Kidonakis, ICNFP2018, Crete, Greece, July 2018 13



Single-top s-channel production
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s-channel production at aNNLO
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Associated tW production
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tW production at aN3LO
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Top quark pT and rapidity distributions in tW production
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tZ production via anomalous couplings
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Top-antitop pair production
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Top-antitop pair production
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Top pT distributions in tt̄ production
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Top rapidity distributions in tt̄ production
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Summary

• cross sections and distributions for Higgs and top production

• soft-gluon corrections

• tH− and H−W+ production at aNNLO and beyond

• t-channel and s-channel single top at aNNLO

• tW production at aN3LO

• tZ production via anomalous couplings

• tt̄ production at aN3LO

• excellent agreement with collider data

• high-order corrections are very significant
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