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Higgs at very high-pT

2

[Becker et. al.] 

→At very high pT all channels contribute significantly!

p
cut
? [GeV] VBF VH tt̄H

400 �17.80% �19.05% �6.95%

450 �19.43% �20.83% �7.75%

500 �21.05% �22.50% �8.49%

550 �22.34% �24.07% �9.11%

600 �23.73% �25.56% �9.91%

650 �25.03% �26.98% �10.67%

700 �26.29% �28.30% �11.37%

750 �27.35% �29.60% �11.94%

800 �28.42% �30.83% �12.51%

Table 7: Percentage decrease of the cross sections of Table 6 due to the inclusion of electro-weak
corrections as a function of the cut in p?.
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Figure 4: Cumulative cross section for the production of a Higgs boson as a function of the lowest
Higgs boson transverse momentum. The cross section due to the gluon-fusion (green), VBF (red),
vector boson associated (blue) and top-quark pair associated (magenta) production mode are shown
in absolute values (left) and relative size (right).

can be affected differently by new-physics effects. It is therefore desirable in experimental analyses
to avoid subtracting different Higgs production channels from the experimental measurement as a
way of assessing the gluon-fusion contribution. Such a subtraction can only be done under strong
theoretical assumptions. An unbiased way of reporting the experimental results necessarily involves
quoting the fiducial cross sections.

For the gluon fusion contribution, we compare the resulting predictions to those of Monte-Carlo
event generators in Table 5 and find good agreement within the quoted uncertainties. This implies
that one can safely use the predictions from the considered event generators with the associated
theoretical errors in the simulation of the boosted Higgs cross section. Additional values of the
gluon-fusion cross section are also reported in Appendix A up to scales of 1.25 TeV.

We stress that we did not account here for other sources of theoretical uncertainties (such as
the top mass scheme, PDF and couplings uncertainties, and EW corrections to the gluon-fusion
process), which must be included in the overall systematics. Therefore, further in-depth studies are
required for future precise determinations of the boosted Higgs cross section.
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Higgs at very high-pT

3

[HL/HE report ’19, 1902.00134] 

→At 27 TeV ttH starts dominating at very large Higgs-pT
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EW corrections
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[Buckley et. al., 2105.11399] 

→considerable impact of higher-order EW corrections

(N)NLO QCD (NN)LOxNLO EW
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→ large negative virtual EW Sudakov corrections (process dependent)
→ at high-pT: crucial to consider NLO EW corrections!

ttH 13tev LO

ttH 13tev NLOEW
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EW Sudakov logarithms at Q ⇠ TeV � MW

Soft/collinear logarithms from virtual EW bosons [Bauer, Becher, Ciafaloni,

Comelli, Denner, Fadin, Kühn, Lipatov, Manohar Martin, Melles, Penin, S.P., Smirnov, . . . ]
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2
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) large logarithms of IR type
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Universality and factorisation [Denner,S.P. ’01]
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Higgs + 2 jets
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[Buckley et. al., 2105.11399] 
> 2jet fiducial: at least two anti-kT jets with   

•ggF: H+2jets QCD 
•VBF: H+2jets EW 
•VH: V(->jj)H 
•ttH: tt(all hadronic)H 



 

Outlook

• extend range / update PDFs etc. 
• EW corrections/contributions for ggF 
• real weak boson radiation 
• refine EW corrections? (fiducial cuts)  
• define additional EW / QCD-EW uncertainties? 



 

BACKUP



  Numerically                             NLO EW ~ NNLO QCD  

1. Possible large (negative) enhancement due to soft/collinear logs from virtual EW gauge bosons: 
                           
 
 
 
 
 
 

[Ciafaloni, Comelli,’98; 
Lipatov, Fadin, Martin, Melles, '99; 
Kuehen, Penin, Smirnov, ’99;  
Denner, Pozzorini, '00]
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Figure 5: Transverse-momentum distribution for W -boson production at the LHC.
(a) LO distribution for pp→W+j and pp→W−j. (b) Relative NLO (dotted), NLL
(thin solid), NNLL (squares) and NNLO (thick solid) electroweak correction wrt. the
LO distribution for pp→W+j. (c) Relative NLO (dotted), NLL (thin solid), NNLL
(squares) and NNLO (thick solid) electroweak correction wrt. the LO distribution
for pp→W−j.
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Figure 5: Transverse-momentum distribution for W -boson production at the LHC.
(a) LO distribution for pp→W+j and pp→W−j. (b) Relative NLO (dotted), NLL
(thin solid), NNLL (squares) and NNLO (thick solid) electroweak correction wrt. the
LO distribution for pp→W+j. (c) Relative NLO (dotted), NLL (thin solid), NNLL
(squares) and NNLO (thick solid) electroweak correction wrt. the LO distribution
for pp→W−j.
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pp → W++j

[Kühn et. al.; 2007]
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EW Sudakov logarithms at Q ⇠ TeV � MW

Soft/collinear logarithms from virtual EW bosons [Bauer, Becher, Ciafaloni,

Comelli, Denner, Fadin, Kühn, Lipatov, Manohar Martin, Melles, Penin, S.P., Smirnov, . . . ]
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Universality and factorisation [Denner,S.P. ’01]
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➜ overall large effect in the tails of distributions: pT, minv, HT,… (relevant for BSM searches!) 

Relevance of EW higher-order corrections 

Universality and factorisation: [Denner, Pozzorini; ’01] 
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: top mass effects at NLO

   →convincing agreement of results based on numerical and expanded two-loop amplitudes 
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[JML, Kudashkin, Melnikov, Wever; ’18] 

• NLO corrections very similar as in HEFT: K~2 with remaining scale uncertainties ~20-25%
• hardly any shape dependence

• numerical integration of two-loop integrals  
based on SecDec	[Borowka et.al.]

• valid in all of the phase-space
[Jones, Kerner, Luisoni; ’18] 

• expansion of the two-loop integrals up  
to                           at the level of the DE                           
[Kudashkin, Melnikov, Wever; ‘17]

• valid at %-level for large pT
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