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Higgs pair production at the LHC

Higgs pairs produced via gluon 
fusion

Two competing diagrams interfere 
greatly impacting the total cross 
section

Cross section evaluated and events 
generated:

Coded           and              vertex in 
Madgraph5

NNLO K-factors

Strong dependence on 
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Interference impact

Imaginary component for high 
invariant mass

Amplitude zero possible for

Location of amplitude zero 
dependent on 

May offer future test of 

Both           and              distributions 
reflect these features and impact the 
final cuts and hh search sensitivity
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The bb + diphoton channel

We explore the           channel

Other channels not considered include                      (low significance)

and                   (high multijet background)                    

Backgrounds considered:

Irreducible

Reducible

Apply appropriate tagging and mis-tagging rates

Kinematical cuts
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Multivariate Analysis

Improvement found with multivariate analysis

Define the Discriminant

Observables going into the discriminant (toggled to maximize significance)
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MVA vs. Cut-based Comparison

Significance defined as

less prone to downward bkg. fluct. 

Marked improvement for low signal 
cross section regions

When signal dominates, MVA offers 
little benefit over Cut-based approach 

Signal from large scalar coupling is 
possible even in 8 TeV data!
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Scalar Coupling Measurement: Matrix Element Fit

Once signal is detected, the scalar 
coupling measurements must be 
made

On simulated events, use hh matrix 
element to fit the scalar coupling via 
likelihood ratio

Background subtraction performed, 
serves to increase uncertainty in low 
           bins

SM coupling probed to 50% unc.

Marked sensitivity decrease in 
interference region (up to 60% 
uncertainty)

Large coupling deviations could be 
measured with 20% uncertainty
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Resonant production in the 2HDM

9
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Resonant production

Resonant production occurs through 
heavy Higgs sector

Dramatic increase in production rate 
for 

Adopt 2HDM-II and trade scalar 
couplings for masses

2HDM has additional complications:

Perturbative unitarity 

Bounded scalar potential

Direct searches for Heavy Higgs

Given LHC measurements on h, Vector 
bosons somewhat decoupled

Golden window where large 
expected:  
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Resonant production reach

Scalar coupling measurement of 
               possible in 2HDM, even near 
the decoupling limit

Discovery contours closely match 
                          near the decoupling 
limit

Beyond decoupling limit, scalar 
coupling increases as

Long term LHC Run-II data poised 
to probe significant portion of 
parameter space

Excellent reach for 
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Summary

Measuring scalar coupling is 
necessary to determine nature of 
the  Higgs sector

The           channel provides 
20-60% uncertainty measurement 
on              by end of LHC Run-II

SM coupling measured at 
the 40% level
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Summary

Measuring scalar coupling is 
necessary to determine nature of 
the  Higgs sector

The           channel provides 
20-60% uncertainty measurement 
on              by end of LHC Run-II

SM coupling measured at 
the 40% level

Resonant production in the 2HDM 
greatly improves picture, while 
providing a measurement of            

12

For more on the 2HDM scenario see Andrea Peterson’s talk Tuesday in G30 at 3:15
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