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Introduction
 Suppose we have ‘discovered’ a resonance in a channel

where we were looking for the Higgs. How do we prove that it
is actually the Higgs?

 leading questions concerning a SM candidate:
  The observed number of signal events, compared with our

expectations

Observed branching ratios, for ex. ZZ* relative to W+W-

Width of the Higgs’ invariant-mass peak

 JP assignment For this study we
concentrate on this question
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Resonance JPC determination

  We focus on the “Golden channel” for spin, parity and CP
analysis:

  Focus on the angular distributions of the Z-decay leptons
and Z bosons, comparing the compatibilities of different
resonance hypotheses

  We do not use observables like the number of observed
events, or the kinematics of the ‘Higgs-like’ (HLL)
resonance (pT and η distributions) for model discrimination

    - rather assume that there is some number of observed
signal events and use them to discriminate between
hypotheses.
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HLL discovery

  Although there is a fairly large
irreducible background from ZZ
production, this can be statistically
“subtracted” using a fit+weighting
scheme called sPlots

  Hence, for discriminating between
different JPC hypotheses we use a
signal-only sample and quantify the
expected power of discrimination as
a function of the number of these
observed signal events
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Monte Carlo Simulation
  Generate events corresponding to model’s analytic differential

cross section (production and decay angles)

  Take HLL pT and η from PDF for SM 0+ case for all signals

  Boost leptons to lab frame, apply pT-- and η-dependent resolution
smearing to lepton kinematics (momenta magnitude and direction)

  Apply phase space and detector acceptance requirements to
leptons (for cases shown here, four muons):

  Build numerical PDF’s for different hypotheses with events
passing selection
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Phase-space sculpting

Phase space
requirements

(especially on lepton
pT) significantly
change PDFs of

observables
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Phase-space sculpting

Phase space requirements
(especially on lepton pT)

introduces new correlations
between observables

Here, we generated events with  
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Example: 0+ vs. 0-

  Consider the case when we are trying to distinguish between
0+ vs. 0- resonances:

VS
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Example: 0+ vs. 0-

At generator level (before
acceptance cuts)

VS
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Example: 0+ vs. 0-

  Statistical approach - Neyman-Pearson hypothesis test:
 Each ‘experiment’ corresponds to some number of observed

signal events,
 Each event,     ,  corresponds to a set of observables,
 Construct likelihoods for the two different hypotheses based on

the multidimensional PDF’s          and

 Construct a test-statistic based on those likelihoods
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Example: 0+ vs. 0-

NP simple hypothesis test
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0+ vs. Spin 1 hypotheses
0+ vs. pure vector 0+ vs. pure axial vector
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0+ vs. Spin 1 hypotheses

0+ vs. pure vector

Analytically integrating over production
angles     before generating events

results in incorrect numerical PDF’s for
cases where the differential cross-

sections for angles     and     are
correlated



Christopher Rogan - Moriond EWK 2010 15

0++ vs. Spin 2++

0++ vs. 2++ (ex. KK graviton)
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Summary of “pure cases” discrimination

Number of signal events
required for the mean expected
significance for rejecting       in
favor of        (assuming       is

true) to exceed
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SM Higgs vs. general spin 1
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SM Higgs vs. general spin 1

Median expected
significance for
differentiating

between 0+ and
general J=1 case
should exceed 5σ

with

for
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Spin 1 parameter estimation

But precision
measurements of
Spin 1 Lagrangian

parameters will
take many more
observed events
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Conclusions
  Looking at the decay and production angles of leptons in the

.                              final state results in the possibility of characterizing the spin
and quantum numbers of the HLL resonance

 Phase space acceptance (especially pT requirements) can significantly alter the
expected PDF’s in the HLL decay and production angles of the HLL resonance

  At, or around, the time of discovery it may be possible to conclusively exclude
certain possibilities for JPC interpretations of the HLL resonance, in favor of others

  Asymptotically, using the full physics run of the LHC, it should be possible to
explore very detailed properties of such a resonance

  There are many additional cases not discussed in this talk in the full paper (one of
the most fascinating being the signatures for a composite scalar):

http://arxiv.org/abs/1001.5300
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EXTRA SLIDES
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HLL discovery

Adding angular information to likelihood can
improve discovery potential of the HLL resonance

(here for SM Higgs)
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CP-violating scalar
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CP-violating scalar
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C-violating scalar
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CP- vs. C- violating scalar
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CP- vs. C-violating scalar
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Composite scalar
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Composite scalar
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Composite vs. CP-violating scalar
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Composite scalar
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Reconstruction level 1D projections
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Reconstruction level 1D projections
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Reconstruction level 1D projections
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Phase-space sculpting
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Example: 0+ vs. 0-

At reconstruction level (with phase space acceptance cuts applied)
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Example: 0+ vs. 0-

Neyman-Pearson (NP) simple hypothesis test Risk of the 1st type:

Risk of the 2nd type:

Power of the test:
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Example: 0+ vs. 0-

Neyman-Pearson simple hypothesis test
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Example: 0+ vs. 0-

 The ‘data’ value of the test statistic,                corresponds to a
p-value defined as:

 The p-value can be interpreted as a significance at some
number of ‘sigma’ as:

 So, instead of discussing ‘alphas’ and ‘betas’ we can discuss
the properties of the expected distribution of



Christopher Rogan - Moriond EWK 2010 45

Example: 0+ vs. 0-

NP simple hypothesis test

Can quantify the relative importance
of different variables and

correlations:


