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The High Energy Limit
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High energy limit:
¢ All rapidity gaps large, all transverse momenta similar
¢ All outgoing invariant masses > all t—channel momenta
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Example: Higgs Boson Production With Jets

Weak Boson Fusion Gluon Fusion

e Known at NNLO, ~ 5% correction

[Cacciari, Dreyer, Karlberg, Salam, Zanderighi 2015; Cruz-Martinez, Gehrmann, Glover, Huss 2018]
* Probes couplings to W, Z bosons
¢ Widely separated jets, WBF cuts:

Yie = 2.8, mj, > 400 GeV
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Example: Higgs Boson Production With Jets

Weak Boson Fusion Gluon Fusion

e Known at LO for H + 2, 3 jets, m; — oo is off by ~ 2%
[Greiner, Hoche, Luisoni, Schonherr, Winter 2016]

* H+ 2,3 jets known at NLO for m; — oo. [Cullen et al. 2013]
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The High Energy Limit

FKL configurations (ragin, kuraev, Lipatov 1975-1977:

Increasing rapidity

e Maximum number of possible t-channel gluon exchanges
¢ Dominant contribution in high-energy limit

Non-FKL configurations:

Increasing rapidity

® Less possible t-channel gluon exchanges

¢ Exponentially suppressed at large rapidities
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The High Energy Limit

Scaling Behaviour
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[Andersen, Hapola, Maier, Smillie 2017]

6/19



High Energy Jets (HEJ) resummation

FKL Matrix element [Andersen, Del Duca, Smillie, White 2008-2010]
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High Energy Jets (HEJ) resummation

Forward or backward gluon emission:

o -

[Andersen, Hapola, Maier, Smillie 2017]

Forward or backward Higgs boson emission:

. =
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High Energy Jets (HEJ) approximation

Comparison to fixed order

do/dDyjyj, [Pb]
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High Energy Jets (HEJ) resummation

Matching to leading order
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[Andersen, Hapola, Heil, Maier, Smillie 2018]
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High Energy Jets (HEJ) resummation

Matching to parton shower [Andersen, Brooks, Lénnblad 2018]
Add extra soft and collinear radiation
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Results for Higgs+jets

[Andersen, Hapola, Heil, Maier, Smillie 2017-2018]
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Invariant mass distribution
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Jet multiplicity

NLO oal
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Higgs transverse momentum distribution
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Higgs transverse momentum distribution

Quark mass effects
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Jet veto efficiency

[Rainwater, Szalapski, Zeppenfeld 1996]
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Angular separation
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Angular correlation = CP properties of ggH coupling

18/19



Conclusion

¢ High Energy Jets (HEJ) provides all-order resummation for
large rapidity spans

¢ Relevant for Higgs + jets in gluon fusion:
Predictions differ significantly from NLO

e Other processes: W, Z/«v + jets
[Andersen, Hapola, Smillie 2012; Andersen, Medley, Smillie 2016]

Work in progress:

¢ Quark mass effects in Higgs + jets

¢ Fixed-order matching at and beyond LO

e Subleading corrections

¢ Combination with parton showers

e Further processes
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Backup



Comparison for IV + jets

[arXiv:1703.04362]
% 10 L.- Data Vs =8 TeV, 20.2 fb™* 3 S f ‘ —-— D‘a\ta E:‘s Tev, z‘ro.z fbt ‘ 7
o £ [ POWHEG+PYTHIA8 (QCD+EW)] 2 [] POWHEG+PYTHIA8 (QCD+EW)
3 L <-e--- POWHEG+PYTHIA8 (QCD) c ------ POWHEG+PYTHIA8 (QCD) 3
= : {23 SHERPA (QCD+EW) 3 1275 SHERPA (QCD+EW) 7
= SHERPA (QCD) = = SHERPA (QCD) 7
) HEJ (QCD) + POW+PY (EW) g HEJ (QCD) + POW+PY (EW)
3 138 F
] ] ]
.
10 4 10t E
| — B

[ ATLAS
I Wjjsignal region (MD>0.5 TeV) 1
207y b R

103 ATLAS
Wijj signal region (Mﬂ>0.5 TeV)

g ] \ \ s s

> E o

o [~ T = O O il

2 2

= i 05 ‘ ‘ ‘ -
5x10? 10° 3x10° 2 4 6 8

Dijet mass [GeV] Ay(, 1)



	Appendix

