Upper limits and bands for an

interference search for Higgs bosons

Interference searches

>New phenomena can manifest
themselves as interference patterns

S-B interference
Model-dependent

Statistical treatment of interference

>Qbservable is mass of ¢ pair (sensitive to interference)
> Likelihood is quadratic in the parameter of interest (POI=\//7)

L =H9’(n V), v =puS+/ul+B
bins
> Interference template has negative bins
> Offset method: sum an offset histogram and subtract it as a

Theoretical background

>2HDM-based SM extensions predict a second Higgs doublet
>2HDM predicts one scalar H and one pseudo-scalar A
>2HDM+a predicts one scalar H and two pseudo-scalars A, a

> A heavy Higgs decaying to 7f would interfere with SM

>Parameters: SHDM

> VEV ratio (tan /) and masses === Exp.+10/20 « Signal Samples
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> sin @ = A-a mixing angle
> a is a DM mediator
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Variations on POI upper limits
>No contours:
>Widely used in ATLAS
> Upper limit on POI with Asimov dataset Ay, representing the No
fluctuation under the B-only hypothesis
>Ay is supposed to represent the dataset yielding a MLE of the POI
No far from its expected value under the B-only hypothesis
> Calculated by finding value of POI such that profile likelihood ratio
of B-only Asimov is N2, i.e. tﬂ(AO) = N?
>No bands:
>New recommended approach
> Interval of POI values with exclusion rate between ®(—N ) and
®(N) [Standard Gaussian CDF]
> Exclusion rate is the probability under the B-only hypothesis of
the POI being excluded at 95% CL
>Band edges calculated by using values of the test statistics yielding

P = rof<x |b- only) dx = D(=N)
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Toy model comparison of bands and
contours

>Band edges are the correct way to report upper limit variations

> Contours coincide with the band edges if the Poisson expectations
depend linearly on POI

> Define two toy models with two Poisson bins each:
>Linear model : vy =u+ b, v, =u+b,
>Quadratic model : v; = u”* + by, v, = p + b, (mimicking

interference)

>In the quadratic model, calculating A, by solving the equation

fM(Ao) = N? does not give the No variation on the MLE /i

> Limit contours do not approximate band edges
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