
Higgs Γ from off-shell H-> ZZ:	

signal/background interference K-factor

BACKGROUND ONLY KNOWN AT LO 	

•NLO is already 2-loop, with 3rd generation running 
in the loop 	


•Unless some breakthrough, not to be expected soon

CAN ESTIMATE CORRECTIONS USING SOFT GLUON 
APPROXIMATION	


•Approximation should work well in the high invariant 
mass region	


•Studied in the gg->WW case 	

•Result depends on color flow -> same result for ZZ

[Bonvini, et al PRD88 (2013)]



Signal/background interference K-factors: 
estimates from soft approximation

!
•Uncertainty on the approximation estimated at the 
O(10%) level (at high invariant mass)	
!

•SAME K-FACTOR OF THE (GLUON-INDUCED) SIGNAL

AVOIDING THIS ISSUE IN THE ANALYSIS:	

Present exclusion limits as a function of 

the (unknown) K-factor



qq->WW k-factors

Figure 1: Four-lepton invariant mass (left panel) and transverse momentum (right panel), as pre-
dicted by aMC@NLO(solid black), aMC@LO(solid blue), and at the (parton-level) NLO (dashed
red) and LO (dashed magenta). The middle insets show the aMC@NLO scale (dashed red) and
PDF (black solid) fractional uncertainties, and the lower insets the ratio of the two leptonic channels,
eq. (3.5). See the text for details.

These have very different behaviours w.r.t. the extra radiation provided by the parton

shower, with the former being (almost) completely insensitive to it, and the latter (almost)

maximally sensitive to it. In fact, the predictions for the invariant mass are basically

independent of the shower, with NLO (LO) being equal to aMC@NLO (aMC@LO) over

the whole range considered. The NLO corrections amount largely to an overall rescaling,

with a very minimal tendency to harden the spectrum. The four-lepton pT , on the other

hand, is a well known example of an observable whose distribution at the parton-level LO

is a delta function (in this case, at pT = 0). Radiation, be it through either showering or

hard emission provided by real matrix elements in the NLO computation, fills the phase

space with radically different characteristics, aMC@LO being meaningful at small pT and

NLO parton level at large pT – aMC@NLO correctly interpolates between the two. The

different behaviours under extra radiation of the two observables shown in fig. 1 is reflected

in the scale uncertainty: while in the case of the invariant mass the band becomes very

marginally wider towards large M(e+e−µ+µ−) values, the corresponding effect is dramatic

in the case of the transverse momentum. This is easy to understand from the purely

perturbative point of view, and is due to the fact that, in spite of being O(αS) for any

pT > 0, the transverse momentum in this range is effectively an LO observable (the NLO

effects being confined to pT = 0). The matching with shower blurs this picture, and in

particular it gives rise to the counterintuitive result where the scale dependence increases,

rather than decreasing, when moving towards large pT [18]. Finally, the lower insets of

fig. 1 display the ratio defined in eq. (3.5) which, in agreement with the results of table 2,

is equal to one half in the whole kinematic ranges considered. The only exception is the

small invariant mass region, where off-resonance effects become relevant.
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[Frederix et al, JHEP 1202 (2012)]

•Corrections to m4l are to 
good accuracy a global K-
factor	


!
•Look for instance at

[Frederix et al, JHEP 1202 (2012)]

[Melia et al, JHEP 1111 (2011)]


