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ON THE STATISTICAL SIGNIFICANCE OF EXCESS EVENTS - REMARKS OF CAUTION
AND THE NEED FOR A STANDARD METHOD OF CALCULATION

R.Staubert
Astronomisches Institut der Universitdt Tiibingen, Tiibingen, Germany

ABSTRACT
Methods for calculating the statistical significance
of excess events and the interpretation of the
formally derived values are discussed. It is argued
that a simple formula for a conservative estimate
should generally be used in order to provide a common
understanding of quoted values.

1. Introduction. Substantial nonuniformity exists in the cosmic ray
Titerature with respect to how the statistical significance of features or
excess events is being calculated (e.g. point sources, spectral Tlines,
light curves). Consequently, there is no mutual understanding about what
the confidence in some result might really be when a number of 'standard
deviations' are being quoted. Some of the proposed procedures for
calculation need to be taken with caution. On the other hand, there is a
clear need for the adoption of a standard method to allow the reliable
intercomparison of quoted results and create a common understanding of the
associated confidence.

A number of methods and formulae have been proposed together with
sometimes extended mathematical derivation or justification (Ref. 1-4),
It has become clear however, that some of these methods need tobetaken with
caution.  On the other hand there is a very simple formula which is being
widely used by X-ray astronomers providing a common understanding.

2. Statistical Significance. An example for the statistical situation
which we like to discuss is given in Figure 1.

x. b Numbers of events x;are plotted versus bin
1 : number i=1....n, corresponding to
intervals of some physical variable (e.gq.
energy, phase, electric charge, time,
«es). In the example given there seem to
be ‘'excess events' in bins 1 and 2 as
compared to the ‘background' defined by
the other bins. The excess is
ON -& OFF,

when ON and OFF are the integrated counts
in channels 1 to 2 and in channels 3 to n,

]'2‘ —t—t—t—d—t—i—L—  respectively and &€ is the ratio of the
* t nl 1 corresponding number of bins, here
lon | of f 1 2/(n-2).

Fig. 1. Statistical example.
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2e What iz the ‘significance of the signal 7

2 two  guestions.

Tt is important to distinguiash bhetween the
: 5 one  out of two

They correspond tha
alternative hypotl
----- the null hypothe
yackground,

the hypothesis ML iz, that a btrue signal exists in
addition to background.
When a statement is made about a statistical sitwation, it
should be clear wunder which hypothesis this statement holds.

there really is  only

The firest of the btwo guestions may be answered by giving the
probability for a chance occurance of the observed excess Dy
I flugtuation  (under MO, Tt ds  of cowse

; the propse stabtistic (2.0 binomial
numbers of events). 1§ a low probability
serance of e events is found, it i
oncluded that  the presence of & ‘physical
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i wnits of standard ﬂHVJﬁLIDHW o (see Ref, C5,5,6,7); note
that in this  formu interpreted incorrectly).
Formual a may be also hved by using  the  more

complicated maximuanm 1ikelyhood ratio (&) . .
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A general criticism of the work of G5 and to some extent of
(1Y and (2 i given in (&Y. While it is very important, not
to overesstimate statistical significance, Ref. 3 does too
much, leading to an underestimate.

More recently, (%Y has contributed significantly to the
confusion by tryving to show that formula [1Y  is  dincorrect
and  shouwld be replaced by another complicated formula. The
main argument is that the new formula fits much better to
Monte Carlo simalations than  formula 1] does. The whole
discussion is misleading and swffers from the fact that no
distinction between HL and HO is made: while foroula [1L]
rafers to H1 the Monte Carlo simulations as well as the new
formula refer to HO, so their distributions are necessarily
different.

For the example given in Fig. 1 (with a unit of 1  for the
seale of counts k. the two gquestions can be answered as
follows: .

1. The probability (under HOD) for a chance ocowance of 14
events in bins 1 and 2 whith an average rate of & in two
bins ds G1l0-3, uwsing binomial statistic (note that
Foissonian statistic gives the somewhat larger probability
of S.ébh w100,

B IF one feels that the probability of 10-% is  low enough
to postulate the existence of a physical signal (H1), then
the significance of thissignal is

14 - (27101 16

= ]
Yia + zrio* 16

b = P, A standard deviations.

To put it in other words again we consider Figure &
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IF the signal ON - © OFF is compared to the standard
deviation of the background odOFF/mna gets an estimate for
the chance occurance under the null hypothesis HO.

If, on the other hand, ON -~ O(OFF iz compared to both the
standard deviations of the background and the signal, as is
done by formula [ under ML, one gets a different estimate.
Thie iz related to the probability that a second measurement
tundar ddentical conditions) will lead to a null result  (ON
€ & OFF). It is this estimate that shouwld be called
fsignificance of the detected signal ‘. :

Ae Final remarks

Values of significances in units of standard deviations are
wswally quoted when the detection of some signal is claimed.
Donseguently, a formula refering to HI  (existence of a
aignal) should be used.

Formula (17 has been widely adopted by X-ray astronomers
and  has  as such served successfully as a standard allowing
the reldable intercomparison oFf stated values of
significance. It is up to the individual from what level of
significance onward one starts to ‘believe’ in some reported
rasult. Ow personal  view is  that wsing Fformula [11 a
minimum significance of 7 standard deviations (better yet %)
should be reached.
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