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Motivation

• the era of precision Higgs physics has just 
begun!

➡ it is important to have reliable 
theoretical predictions

accurate 
determination of 
Higgs couplings

potential (small) 
signals of new physics



Motivation

• current status

                 theory                  experiment

• current precision
      30%

• end of Run 2 
(300 fb-1,13 TeV)
      10%

S. Dawson et al., Higgs WG report of the Snowmass 2013 
Community Planning Study

LO 10.1 25%
NLO 17.3 18%

NNLO 20.2 8%

N3LO ?     4%
S. Buelher et al., 

JHEP 1310, 096 (2010) 
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Gluon fusion Higgs 
production

• the main mechanism for Higgs production 
at the LHC is gluon fusion 



• at the partonic level, the cross section    
depends on just one parameter,

➡ perform a threshold expansion

Gluon fusion Higgs 
production

threshold

N3LO
soft-virtual

term real (soft) 
radiation

N3LO virtual 
 corrections 

to gg ! H



Gluon fusion Higgs 
production

• at LO, gluon-fusion Higgs production is 
mediated by one loop of heavy quarks

➡  N3LO        four loops! (   15000 diagrams)

• huge number of contributions from “real”
radiation (  100000 interference diagrams)

Baikov et al., Phys. Rev. Lett. 102, 
212002 (2009); Gehrmann et al., 
JHEP 1006, 094 (2010)

Gehrmann et al., JHEP 1201, 056 
(2012); Duhr et al., Phys. Lett. B 
727, 452 (2013); Li et al., JHEP 
1311, 080 (2013)

Anastasiou et al., JHEP 1312, 088 
(2013); Kilgore, Phys. Rev. D 89 
073008 (2014)

Anastasiou et al., JHEP
1307, 003 (2013)



Calculation: the 
virtual corrections

• for a light Higgs boson, the top quark can be 
integrated out 

➡ construct an heavy quark effective 
theory

➡ this approach allowed for the calculation 
of the N3LO Wilson coefficient

Chetyrkin et al., Nucl. Phys. B744, 21 (2006) 
Y. Schroder et al., JHEP 0601, 051 (2006)



• write the phase space integrals as loop 
integrals using reverse unitarity

Calculation: the 
real radiation

( (
unitarity methods

reverse unitarity

Bern, Dixon, Kosower, Nucl. Phys. B 513, 3 (1998) 
Britto, Cachazo, Feng, Nucl. Phys. B 725, 275 (2005)
Ossola, Papadopoulos, Pittau, Nucl. Phys. B 763, 147   
                                                                                         (2007) 

Anastasiou, Melnikov, Nucl. Phys. B 646, 220 (2002)
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Calculation: the 
real radiation

• apply the known techniques for loop 
integrals calculation:

➡ relate the integrals by integration by part 
identities

➡ solve them through the Laporta algorithm

➡ express all the integrals in terms of a 
“limited” number of master integrals

still    1000 integrals 
to compute!
⇠

Laporta, Int. J. Mod. Phys. A 15, 5087 (2000)

Chetyrkin, Tkachov, Nucl. Phys. B 192, 159 (1981) 
Tkachov, Phys. Lett. B 100, 65 (1981) 



Calculation: the 
real radiation

• automation is crucial!

• work at the leading order in the soft 
threshold expansion

➡ only the gluon-initiated processes 
contribute

➡ expand all integrals considering the 
momenta of the final states as soft

➡    50 master integrals⇠



Calculation: the 
real radiation

• the calculation of the master integrals 
themselves is nontrivial

➡ need to use a number of different 
techniques 

➡ develop new techniques from number 
theory as well

Anastasiou et al., JHEP 1312, 088 (2013)
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SOFT-VIRTUAL N3LO CROSS-
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Figure 3 – The gluon-fusion cross-section at 13 TeV at the LHC as a function of µ = µR = µF up to LO (black),
NLO (red), NNLO (green) and soft-virtual N3LO (blue). The N3LO SV approximation is modified with different
functions g(z).

to sub-leading terms at N3LO. Given the experience at lower orders we expect that only a few
sub-leading terms in the threshold expansion are required to obtain a significant improvement
to an approximation of the N3LO cross-section and consequently to the predictions for LHC
observables.

3 Conclusion

The rapidly increasing experimental precision of Higgs cross-section measurements raises an
urgent demand for the improvement of the theoretical prediction for the inclusive Higgs boson
cross-section at the LHC. With the recent publication of the first term in the threshold expansion
of the N3LO gluon-fusion QCD cross-section an important step in this direction was taken. In
this proceedings we have analysed the quality of the threshold expansion. We find that the
expansion is converging fast at lower orders in QCD perturbation theory and expect to find
similar behaviour at N3LO. We studied the uncertainty introduced due to the truncation of
the threshold expansion at NLO, NNLO and N3LO and conclude that at least several terms in
the expansion are necessary in order to infer reliable predictions for LHC measurements and
improve upon the current status. We conclude that the calculation of further terms in the
threshold expansion and even the full Higgs boson cross-section at N3LO is highly desirable.
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Conclusions and Outlook

• we computed the leading term in the soft 
expansion of the gluon-fusion Higgs 
production cross section at N3LO

• huge complexity (number of diagrams, 
master integrals to compute)

➡automation

➡development of new techniques



Conclusions and Outlook

• need to improve on the soft-virtual 
approximation

➡next terms in the soft expansion

➡eventually, “full” result? 




