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Motivation
●Higgs discovery            SM Higgs?
●Higgs couplings measurements:
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Higgs Pair Production channels

As in single Higgs production:
●Gluon-gluon fusion 
●Vector boson fusion
●VHH associated production
●ttHH

LHC Higgs Cross Sections Working Group 
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Questions about HH

● How does the hierarchy of the channels change for 
HH at 14TeV? Is gluon fusion the dominant one?

● How does the cross section change with the centre of 
mass energy?

● How does the cross section depend on the value of 
the trilinear Higgs coupling?

● Do we have NLO predictions for all the channels?

● Do we have an efficient fully differential Monte Carlo 
implementation of the process?
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Before answering all of these questions:
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Let's focus on gluon-gluon fusion...

Before answering all of these questions:
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Focussing on gluon-gluon fusion...

● At LO...

How much does each diagram contribute?

Triangle

Total

Box
Significant 
cancellation 
between the 
two diagrams

Only loop 
induced 
channel
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HH in gluon-gluon fusion

Loop induced process: not yet automated in MC  
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How well does LET do?
●LET known to work very well for single Higgs

●Is this the case for HH?

●Differential distributions p
T
 and m

HH

Using MadGraph5  
implementation of 
LET and MadLoop
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How well does LET do?
●LET known to work very well for single Higgs

●Is this the case for HH?

●Differential distributions p
T
 and m

HH

Using MadGraph5  
implementation of 
LET and MadLoop

Low energy theory fails to 
reproduce kinematic distributions
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 Taking gluon fusion a step further?
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 Taking gluon fusion a step further?
K-factors for single Higgs: large
Expect similar behaviour from HH

Beyond 
current loop 
technology

e.g.

Need for NLO results

●What do we need to have the full NLO result?
● Real emissions: HHj one loop (not easy but doable)     
● Virtual corrections: Including 2-loop amplitudes
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NLO corrections 
●What did we have instead of the full NLO corrections?
●Corrections in the low energy theory: 
Dawson et al. hep-ph/9805244

●Improved by using the full loop results for the Born cross 
section and available in Hpair code (total cross section)
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How did we improve this?

● What we have done:
● Implementation of gluon fusion channel in aMC@NLO
● Use LET to generate events
● Reweigh on an event by event basis using the results of 

loop matrix elements, obtained from MadLoop for both 
Born and real emission kinematics

● When done consistently improves previous results, 
because of better description of real emission 
processes not included in previous results

mailto:aMC@NLO
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aMC@NLO results

mailto:aMC@NLO
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aMC@NLO results

Gluon gluon 
fusion dominates
σ~35fb at 14TeV
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aMC@NLO results

Gluon gluon 
fusion dominates
σ~35fb at 14TeV

All other channels obtained 
automatically with aMC@NLO
arXiv:1405.0301

mailto:aMC@NLO
mailto:aMC@NLO
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aMC@NLO results

Gluon gluon 
fusion dominates
σ~35fb at 14TeV

Small difference from 
single Higgs at 14 
TeV:
Vector boson 
associated 
production and ttHH 
hierarchy reversed

All other channels obtained 
automatically with aMC@NLO
arXiv:1405.0301

mailto:aMC@NLO
mailto:aMC@NLO
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Differential distributions

Including NLO and PS effects: best available predictions 
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Dependence on the trilinear Higgs 
coupling

Sensitivity of 
different 

channels to λ
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Conclusions and future plans

● Higgs pair production key to the measurement 
of triple Higgs coupling

● Presented results of an efficient MC 
implementation of the process at NLO provided 
in an automated way by aMC@NLO

● Results can now be used for phenomenological 
studies

● Extend to HH production in BSM scenarios like 
the 2HDM

mailto:aMC@NLO
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Thanks for your attention...
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ADDITIONAL SLIDES
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Gluon-gluon fusion
● What do these form factors mean? Why do we 

have 3? 
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scalar integrals 
●Main contribution comes from top quark loop (b-
quark contribution ~0.1%)
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Does the effective theory work?

Dawson et al 1206.6663

VS
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Does the effective theory work?

Dawson et al 1206.6663

10-20% difference in the total cross 
section at 14 TeV(depending on 
the scale choice)

VS
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Higgs pair plus 1,2 jets

Dolan et al. 1206.5001 Dolan et al. 1310.1084

How good or bad is the LET?
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BSM physics in HH

● Sensibility to BSM trilinear coupling 
(1206.5001,1210.8166,1311.2931)

● Other BSM contributions?
● Non SM Yukawa couplings (1205.5444, 1206.6663)
● ttHH interactions (1205.5444)
● Resonances from extra dimensions (1303.6636)
● Vector-like quarks (1009.4670, 1206.6663)
● THDM (1009.4670, 1210.8166)
● Light coloured scalars (1207.4496)
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● Vector-like quarks (1009.4670, 1206.6663)
● THDM (1009.4670, 1210.8166)
● Light coloured scalars (1207.4496)

RICH PHENOMENOLOGY
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Additional scalar with SM couplings
Toy model

Interference 
changing sign for 
different masses

M
H
=200GeV

M
H
=500GeV
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THDM 
Results for 2 THDM benchmark points (provided 
by David Lopez Val)

M
H
=350GeV

Results strongly depend on the 
modification of the light Higgs couplings 
and the suppression of heavy Higgs 
couplings

sin(b-a)=0.8 sin(b-a)=0.95
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Results from aMC@NLO? 
Total cross-section results

Significant decrease of scale and PDF uncertainties 
for the NLO results
All results apart from gluon fusion are completely 
automated

mailto:aMC@NLO
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What was available?
● Hpair: Fortran code by Spira 

●  Parton level full theory LO and approximate (LET) NLO 
results

● Total cross section
● MadGraph 5 

● Exact LO matrix elements for pair production
● Some information in:

– https://cp3.irmp.ucl.ac.be/projects/cp3admin/wiki/Use
rsPage/Physics/Exp/HHproduction
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