
Very light Higgs at the (14 TeV) LHC

Rui Santos

With A. Belyaev, R. Guedes and S. Moretti

arXiv: 0912.2620 and 0912.4150 (PRD)

May 12



• Very light Higgs?

Outline

( )pp gg gq h jet jetτ τ+ −+ → + → +

• The signal

• The background

• Discussion

• Conclusions

?

• Why



Where does a very light Higgs comes from?

∑ LEP bound for a Higgs with SM-like couplings is 114.4 GeV

- Lightest Higgs coupling to Z small

- Take into account difference in BR

- Other Higgs out of reach

∑ Look for a process

S. Schael et al, EPJC47 (2006).

∑ Avoid the LEP bound – by extending the Higgs sector

- mediated by Yukawa couplings

- does not require knowledge about the Higgs potential

hVV 0.1g ≈



∑ Extend the scalar sector – add a singlet

Not good – all couplings to SM particles are reduced.

hVV hVVg sin   gχ→
hff hff
g sin   gχ→but

∑ add a doublet

hVV hVVg sin ( ) gβ α→ −

and 4 independent ways to couple the Higgs to the fermions

no FCNC



Constraints

∑ which 2HDM potential?

tanββββ > 1

∑ Vacuum stability and perturbative unitarity

∑

∑

∑



∑ Bounds on Higgs-gauge bosons coupling are now

∑ Dependence on the Higgs mass, tanββββ and αααα (and on Yukawa type) –
through the branching ratios

∑ We can choose a benchmark: Yukawa and Higgs mass independent

∑ All Higgs masses are allowed independent of all other parameters –
provided other neutral Higgs are heavy



Further extensions of the scalar sector

∑ 2HDM+nD (non participating in the mass generations process)

General coupling 
to gauge bosons

∑ 3HDM (D)

V. Barger et al, PRD79 (2009).



Could help solve discrepancies

The two-loop contribution can 
change sign

The one loop contribution 
does not change sign

Models I and III and are not 
affected but the leptonic
model moves the muon

anomalous magnetic moment in 
the right direction.



Why Higgs production via gluon fusion with H → τ+τ-?

∑ When the transverse momentum of the Higgs is small the two taus
are moving back to back.

∑ The resolution in the tau pair invariant mass will be poor and the 
signal difficult to extract.

∑ A high pT jet allows the reconstruction of the transverse momentum 
of the taus.

∑ Very light Higgs is not ruled out (reduced coupling to gauge bosons)

∑ BSM may enhance both production and decay

∑ Test Yukawa couplings

Why Higgs + jet with H → τ+τ-?

R. K. Ellis et al, NPB297 (1988).



Signal 

All other calculations of total cross sections for BSM models done 
with FeynArts/FormCalc/LoopTools.
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∑ Generic diagrams for gg →→→→ hg

∑ gq →→→→ hq also included (approx 20% of total cross section)

∑ qq →→→→ hg negligible 

Analysis done with CalcHep (and MadGraph) 



Signal and Background

Two scenarios

Backgrounds calculated with CalcHep (MadGraph) 

∑ both taus decay leptonically (ll) 

∑ one tau decays leptonically and the other hadronically (lj)

∑ probability of a jet faking a lepton 10-3

∑ tau reconstruction efficiency 0.3 î tau rejection factor against jets 
based on ATLAS study as a function of pT (from 10

-2 to 10-3)

ATLAS Coll., arXiv: 0901.0512.

CMS Coll., JPG34 (2007).



The analysis highlights



The QCD background

It is the missing energy cut of 30 GeV that eliminates most of the 
QCD background. Still, especially for lj, the final result depends on 

the fake rates chosen.



Reconstructed invariant 
mass distribution

Results for a 120 GeV SM Higgs boson

Looks promising – study beyond parton level is needed!



Results for a very light Higgs with SM couplings



The pure 2HDM(s)

In the case of pure 
2HDM, only the leptonic
model has an increased 

branching ratio to taus for 
large tanββββ.

Models I and II are SM-
like and Model III has an 
increased branching ratio 
only for small tanββββ.



2HDM(s) and 2HDM(s)+nD

Easily probed at the LHC -
models II and IV.

Even better in extensions with 
very week mixing.



The 2HDM(s)+nD

Adding more doublets increases the freedom in the parameter space.



The 3HDM(D)

A light Higgs from a 3HDM will 
not be easy to find except if 

In 3HDM moderate enhancement can happen while in 2HDM+(nD) a 
huge enhancement can be achieved in this limit.



Conclusions

∑ A more detailed study is needed.

∑ We have a big machine working – searching for a very light 
Higgs is mandatory!

∑ In pure 2HDMs, sin(ββββ-αααα) has to be small. This limit 
constrains Yukawa couplings but regions of the parameter space 
of models II and IV can be tested with less than 1 fb-1

∑ In 2HDM+nD and 3HDM there is more freedom. Large 
enhancement of production cross section. 

∑ Other extension can be studied with the same process

( )   looks promising!pp gg gq h jet jetτ τ+ −+ → + → +∑


