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Bounding the Width Using the Off-shell Cross 
Section

(CW, Campbell, Ellis 11)

(Kauer, Passarino 12)

(Caola, Melinikov 13) 

(CW, Campbell, Ellis 13) 

In the resonance region the “on-
shell” cross section is dominated 
by the width.
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Bounding the Width Using the Off-shell Cross 
Section

(CW, Campbell, Ellis 11)

(Kauer, Passarino 12)

(Caola, Melinikov 13) 

(CW, Campbell, Ellis 13) 

Away from the resonance 
region, the “off-shell” cross 
section does not depend on 
the width. 

�off

i!X!f

⇠ g2
i

g2
f

gi gf

1

(s�M2
X) + i�XMX



���2

Bounding the Width Using the Off-shell Cross 
Section

(CW, Campbell, Ellis 11)

(Kauer, Passarino 12)

(Caola, Melinikov 13) 
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The ratio of these cross sections is

therefore dependent on the width 
and independent of the couplings. ⇣
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Applications to the Higgs 
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We know the on-shell cross section 
very well, can use NNLO rate etc.  

Off-shell we know only at LO (incl intf) 
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What about K-factors ? 

Personally, I think that a central (dynamic) scale should be 
chosen such that, 

This is in some ways equivalent to including a NNLO K-factor (at 
least in the on-shell regime). 

Then in the off-shell region we use the same form of scale, i.e. 

�on
LO(µNNLO) ⇠ �on

NNLO(µNNLO)

�off
LO (µNNLO)

But use the usual LO scale variation as an indicator of 
uncertainty (i.e an envelope of {1/2, 2}) 
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Systematics of the MEM 
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over all longitudinally equivalent boosts. Each weight is thus obtained from a fixed order matrix
element, and an integration over the longitudinal degrees of freedom associated with the production
through two colliding partons. Explicitly, at LO the weights are defined as follows,

PLO(φ) =
1

σLO

∑

i,j

∫

dx1dx2 δ(x1x2s−Q2)fi(x1)fj(x2)σ̂ij(x1, x2,φ) (45)

In this equation σ̂ij is the LO parton cross section, evaluated at the phase space point φ, defined
for incoming partons of flavour i and j, which are occur in the proton with probability fi,j given
by the parton distribution functions. Q2 represents the overall center of mass energy of the event
that is kept invariant under the longitudinal integration. In this equation we have assumed that
the leptons are well-measured in order to reduce the computational load. Lifting this assumption is
straightforward and we believe that the results presented here serve as a well-motivated and useful
starting point for future studies.

5.1. The Kinematic Discriminant

For each event we compute three weights, corresponding to different hypotheses:

Pqq : qq initiated background.

Pgg : gg initiated pieces, including Higgs signal, box diagrams and interference.

PH : gg initiated Higgs signal squared.

The kinematic discriminant DS is then computed from these according to,

DS = log

(

PH

Pgg + Pqq

)

(46)

Note that, since Pgg contains both the effect of the Higgs diagram squared and the interference
term between the signal and background it is possible that PH > Pgg so that DS > 0. We have
chosen PH in the numerator (compared to Pgg) since Pgg will favor events which either have a large
continuum or Higgs probability. To constrain the Higgs width we primarily seek off-shell Higgs
events, and our discriminant is thus constructed to reflect this.

The samples of events that we use for our study are generated as follows. For the background qq
events we use POWHEG [15] to produce NLO events matched to the PYTHIA [41] parton shower.
We will use the term qq background to refer to all non gg-initiated backgrounds, even though this
sample contains some fraction of gq initiated events that enter at NLO. Events from the Higgs
signal, gg background and interference terms are generated using the results of this paper, using
the same PYTHIA interface to produce showered events. We then perform a basic simulation of
detector effects by performing Gaussian smearing of the pT of each of the leptons, with a width
of 0.5 GeV. After this we require exactly four leptons that pass cuts based on the CMS selection
criteria presented in the previous section. For efficiency of generation we have raised the minimum
invariant mass of the off-shell lepton pair to 20 GeV and, for simplicity, have fixed |ηℓ| < 2.4 for
all leptons.

We begin by validating the discriminant on our gg initiated samples. Samples are generated
using the prescription and cuts described above, for two different values of the total Higgs width:
ΓH → ξ4ΓH with ξ4 = 1, 10. In order to understand the behaviour of the discriminant on the

19

MEM discriminant 

Is not sensitive to scale since 

PX ⇠ |MX |2

�X

In fact for fixed scale choice 
dependence on         drops out. ↵S

Therefore systematics are the 
same as the usual analysis, i.e. 
normalization of gluon induced 
samples versus qqb. 


