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discovery is just the beginning — need to
understand properties of any new resonance

* model-independent approach to extraction of resonance
spin, parity, and couplings

 explore Higgs properties using decay kinematics

 angular analysis of decay products

« complimentary approach to measurement of Higgs
branching ratios

« MELA approach

 Matrix Element Likelihood Analysis — a flexible likelihood
approach

.4, UV',*6:-).9%U"# W&)6&,U',*6:-).UH2-0&D;,*)*5&X5,.<;-)*5X&2-&X.2&D;;. X&QQ(
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Gao et al., PRD81,075022(2010) ; CMS PAS HIG-2011/027 (212q)
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brief review of phenomenology and helicity
amplitude formalism

practical applications and tools
« MC generator details

« MELA analysis — a technical implementation
of likelihood approach

preliminary results: discovery significance and
hypothesis separation

outlook
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¥ examples include Z’, KK gluons, RS graviton, etc.
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¥ write down general amplitude, extract helicity amplitude
parameterized by dimensionless couplings

‘Q5Q8ZVJICTAVE

A 22) =@ 05000500 + (5a)(0510] K s G151 of

;Q5QEZVICOWR

1 A(X ! ZZ):'!lel e c1 CI1C12)tu' @u't#qq %t & § + Ca Cht Gp ty

c7t
‘ + G Gy tre )@ m2 '$%Qfoe/°@# &l s ‘f*an;zm(!" w60 + isoe OP 6 0h)




# .G;*.&)*:D,.)16

#,.&36&12*6)0;-&.<;&Z[NN[ _7&7)*,4&6.,.;&
— more information in four—body final state
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Events / (0.08 )

¥ A MC program developed to simulate production and decay
of X with spin—zero, —one, or —two

¥ |ncludes all spin correlations and all possible couplings

¥ |nputs are general dimensionless couplings — calculates
matrix elements

¥ Both gg and gqg production

¥ Qutput in LHE format; e.g. can interface to Pythia for
hadronization

¥ All code publicly available: www.pha.jhu.edu/spin
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angular variables can be used to improve signal sensitivity

over background and to distinguish between various signal

hypotheses
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consider 2 epochs based on available statistics and channel
resolution: hypothesis testing and parameter fitting

¥ </(2.<,6)6&.;6.)*5 &H).<&42H;-&6.,.)6.)16&9&%;,-;-&.;-D&9&.2&
0)6.)*53)6<&7?;.H;;*&0)77;-;*.&D20;46

¥ (,-D;.;-&7)..)*5 &H).<&D2-;&6.,.)6.)16&9&42*5;-&.;-D&9&.2&;m.-,1
123(4)*56&0)-;1.4/

in both cases, a multivariate model for both signal and
background are necessary
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| model and use

t approach: use 8—dimensiona
kelihood ratios
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¥ Model takes as inputs directly spin—0 couplings ar,ao,as
¥ N.B. production angles 6*,0t are uncorrelated and flat
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background model templated in bins of m 4
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Build a discriminant using signal and background models

condense 8—d model into | ) 1
2—d model {mu , LD} for LD(my,ma, | my) = |1+

discriminant approach | Puig(ma, ma, | mai)
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To separate two hypotheses, we build a discriminant using two
different signal models
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using the MELA 2—d PDFs, look at expected improvement
over simple 1—-d {mw only} approach

Yields for expected number of events at 20 fb9T&@ 8 TeV
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For 20 fb9T of data, also use MELA discriminant to separate
SM (0") from pseudoscalar (09) signal hypothesis

compute estimator S = 2 In (Lr/Lt) as test statistic

2 In(L /L)
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