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Single Top Preselection McGill

The Matrix Element analysis technique is one of several multivariate techniques applied after a
common DZero single top preselection. See talks by M. Pangilinan, J. BackusMayes and J.
Benitez. The preselection requires:

Missing E7 > 15 GeV

One isolated lepton:
one isolated e with p; > 15 GeV and |n9¢t| < 1.1
or one isolated p with p; > 18 GeV and |p?¢t| < 2.0
Two or three jets, one or two of which are b-tagged:
leading jet p; > 25 GeV and |[n?¢t| < 3.4
second leading jet p: > 20 GeV and |n?°t| < 2.5
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Matrix Element Discriminant = McGill

The Matrix Element technique can be thought of as a “reverse Monte Carlo generator”. It uses only
the measured p* of the reconstructed objects and maps back to a probability density function (via
the “transfer function”) which is determined by the matrix element.

The Matrix Element Discriminant is defined to be:

_ Ps (%)
Pg(Z)+Pp(T)

The differential cross section is calculated from:

— — do sS.11 7] — = —
do(Z) =3, ; | dy [fi(QLQz)CZQI x f;(q2,Q%)dga x Td’—gj(y) x W (&, ) X @parton(y)]

The total cross section, for normalizing the probability density function, is:

o=, [didj [d"% 2t O s W (@, ) x @cuts(x)]
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The Differential Cross Section McGill

X @Parton (g)

do(Z) = J dydqidaz

is a sum of initial parton flavors in the hard scatter collision.

OGS is an integration over the matrix element phase space.

IS the parton distribution function for parton ¢ carrying momentum g,evaluated at
the factorization scale Q2.

Ly EnYisTl is the differential cross section for the hard scatter collision. This quantity is
proportional to the square of the leading order matrix element as given by:

doy, s = (27)% ‘./\/l|2d<19n (g)
44/(a142)% —m32m3

is called the transfer function, which represents the conditional probability of the
observed state in the detector (x) given the original partons (y) (Monte Carlo).

SN TN represents the parton level cuts applied in order to avoid singularities in the
matrix element evaluation.

The b-tag information is also used.
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Matrix Element Processes = McGill

Two Jets Signal: | Py (Z)

Two Jets Background:
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ME Discriminant (tb) in Simulation McGill

tb Discriminant Efficiency
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The one-dimensional ¢tb discriminant for tb and Wbb Monte Carlo simulation (top left), the tb
efficiency versus the Wbb efficiency as the discriminant cut is varied (top right), and similar for
tt — ¢+jets Monte Carlo simulation (bottom left and right).
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ME Discriminants in a Data Control Sample = McGill

tb Discriminant - Ht < 175: e+p w/ =2 Jets and Tags Combined
KS: 1
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The tb and tgb ME discriminants in a “soft W +jets” control sample defined by the standard single
top preselection plus Hy = ZHE;}MSSﬂew |Er| < 175 GeV. — p.8/1z




Ensemble Tests McGill

ME analysis
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The linear response of the ME analysis method for seven ensemble test sets: three sets with
Standard Model single top content and four sets with non-Standard Model content.
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ME Discriminant Plots in Data = McGill

tb Discriminant : e+ w/ =2 Jets and Tags Combined tb Discriminant : e+ w/ =2 Jets and Tags Combined
KS: 0.978
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The tb and tgb ME discriminants in the full ~ 1 fo—! data sample for both e and ;. channels with
two jets and > 0 b-tags. — p.10/1:



Expected and Measured Cross Sections = McGill

The uncertainty on the measured cross section is 32 % without including systematic
uncertainties, and 35 % including systematic uncertainties. The result is statistics-driven.

Expected posterior probability density plot (left) and measured posterior probability density
plot (right) for the combination of all channels and including systematic uncertainties:

Posterior Density: e+ w/ 2+3 Jets and >=1 Tag Posterior Density: e+ w/ 2+3 Jets and >=1 Tag
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The expected and measured cross sections (with systematics):

Expected: 3.07 2 pb || Measured: 4.67]% pb

The significance of this result is 2.9c¢.

— p.11/1:



Conclusion = McGill

DZero has found evidence for single top quark production at the Tevatron.

The Matrix Element method is one of several multivariate techniques useful for discriminating
signal from background in the single top analysis.

Method Cross Section [pb] | Significance
Matrix Element 4618 2.90
Bayesian NN 50+ 1.9 2.40
Decision Tree 4.0+1.4 3.40

Including more background probability density functions (¢t — ¢-+jets, tt — ¢¢) would
Improve the discrimination between background and signal.
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