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Topics

1) Learning to love the Error Matrix
2) Do’s and Dont’s with Likelihoods

3) Discovery and p-values



Some of the questions to be addressed

What is coverage, and do we really need it?

Should we insist on at least a 50 effect to claim
discovery?

How should p-values be combined?

If two different models both have respectable 2
probabllities, can we reject one in favour of other?

Are there different possibilities for quoting the
sensitivity of a search?

How do upper limits change as the number of
observed events becomes smaller than the
predicted background?

Combine 1 +10and 3+ 10to obtainaresultof6 +17?

What is the Punzi effect and how can it be
understood?



Books

Statistics for Nuclear and Particle Physicists
Cambridge University Press, 1986

Available from CUP

Errata in these lectures
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Learning to love the Error Matrix

 Introduction via 2-D Gaussian
« Understanding covariance
e Using the error matrix
Combining correlated measurements
e Estimating the error matrix




Gaussian or
Normal

14 Experimental errors

Fig, 1.5. The sclid curve is the Gaussian distribution of aqn (1. 14).
The distribution peaks at the mean g, and its width is characterised by
the parameter . The dashed curve is another Gaussian distribution
with the same values of g, but with ¢ twice as large as the solid curve.
Because the normalisation condition {1.15) ensures that the area under
the curves is the same, the height of the dashed curve is only half that
of the solid curve at their maxima, The scale on the x-axis refers (o

the solid curve.
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Relevant for Goodness of Fit
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Correlations

Basic issue:

For 1 parameter, quote value and error

For 2 (or more) parameters,
(e.g. gradient and intercept of straight line fit)
guote values + errors + correlations

Just as the concept of variance for single variable is more
general than Gaussian distribution, so correlation In
more variables does not require multi-dim Gaussian

But more simple to introduce concept this way

11



c ovAR IANLE (a,8) ot =GO
(a) (b)

- -
r.
y
%
r—
5
%\

12



& 0nssiom  wn  2-~ vanables

2
£ X
LFI.

{
Peo-Gma e ™
~tJza
N A
<+ correlst P ilEarL)
v

P(’fj)" 2T EE:J o

:Doubﬂ o ?(o_ﬁ,o) —{7 e “3 -,'JL..,,

'.V:-. -r'.a!_ - |

AN
e od (3¢ y X)
| nvevE” <

Diagonal E; = variances

Off-diagonal E; = covariances
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MoAE ConBIDE
SEVERAL CRIRS OF CoRACLATED MaMS.
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Example: Chi-sq Lecture
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ESTIMATING The ERLoA MATRX
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Conclusion

Error matrix formalism makes
ife easy when correlations are
relevant
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Next time: Likelihoods

e What it Is

« How It works: Resonance
e Error estimates

e Detailed example: Lifetime
e Several Parameters

e Extended maximum £

e D0O’s and Dont’s with £ 3k 3k 3% 3%

31



