Second lesson W

Hypothesis testing and how to deal with a fine structure

e Historical example : the tea taster

e Generalization and definitions

e Practical example : counting events

e The confidence levels

e Neyman-Pearson theorem

e Simple and composite hypotheses testing
o Goodness-of-fit testing

e example : Observation of a fine structure
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The tea taster (1) 7777
a R

A person claims that he (or she) can recognize, simply tasting a cup of tea, if
malk has been poured first or not. 8 cups are given to him (her) and he (she) is
asked to designate the 4 cups where milk has been poured first. The person
recognizes correctly 3 cups (out of 4). Yes or no, does he oun the claimed

talent ¢

It’s clearly a decision process, which should be built in order to give a false
answer with a low probability.

e The candidate selects 4 cups out of 8. He has ( i ) = 70 ways to make

his choice. Among these 70, only one corresponds to the 4 “good” cups.

¢ An ordinary (without any particular talent) man would have :
— 1 chance out of 70 for giving the good choice
— 16 chances out of 70 (4 x 4) to give 3 good cups.
— 36 chances out of 70 (6 x 6) to give 2, ete.
9 .
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The tea taster (2) P77
~N

¢ One has to choose the hypothesis we want to test (Hg). One should be
able to compute all probabilities under this hypothesis. There is no real
choice here. Hy; = no special talent !

e An alternative hypothesis (H;) is needed also. It’s not necessary to be able
to compute probabilities under that hypothesis (dissymmetry). Here, H; is
simply the negation of Hjy.

e All possible outcomes of the experiment (tea tasting) are separated into 2
categories, C' and €' : we put in C' the observed result and all (more
extreme) which suggest that H; may be true.

P(C|H1) > P(C|Ho) = p. = 17/70 = 0.24

e Finally, we apply a decision rule :
— if p, is judged too low, one rejects Hy
— if p. is sufficiently large, one cannot exclude Hy

o7
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Generalisation W

Check and decide if ONE hypothesis better explains the data than another
hypothesis (or any other hypothesis).
The two hypotheses are traditionally called :
Hp : the null hypothesis, and
H, : the alternative hypothesis.

and we want to test Hy against H; (dissymmetry).
As always, we know P(data|H), not necessarily P(datalH;).

If W is the space of all possible data, we must find a critical region w inside W
in which we reject Hyp, thus including all possible data that suggest that Hy
may be wrong.

In practice, the determination of a multidimensional critical region may be
difficult, so one often chooses a single test statistic (X ) instead.

\¢ o
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Errors of first and second kinds

Usually one adjusts the size of the criti-
cal region so as to obtain a desired level
of significance «a, defined as the proba-
bility of X falling in w when Hj is true

P(X € wlHy) = o

Note that F can be calculated only if
P(datalH,) is known.

The usefulness of a test depends on its
ability to discriminate against the alter-
native hypothesis Hy. The measure of
this usefulness is the power of the test,
defined as the probability 1 — 3 of X
falling into the critical region when H,
is true.
P(X e w

%

H,) =1 — 3 or equivalently :

PXeW —-w

Hy)=p

Hy TRUE H; TRUE
{ Acceptance | Contamination
X ¢&w good Error of the
ACCEPT .
second kind
Ho Prob=1—a Prob =3
X & w . Lc-s? i REJeCt{;OH
REJECT r.ror o_ the goo
1 first kind
0 Prob = a Prob=1—-

J
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Separation of two classes w77
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Simple and Composite Hypotheses 277!

o )

When the hypotheses Hy and Hy are completely specified, i.e. with no free
parameters, they are called simple hyvpotheses.

The theory of hypothesis testing for these simple hypotheses is well known and
holds for any size of samples. It is the domain of applicability of the
Neyman-Pearson theorem.

When a hypothesis contains one or more free parameters, it is a composite
hypothesis, for which there is only an asymptotic theory. Unfortunately, most
of the interesting problems involve composite hypotheses.

e P
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Ezxample : signal search with background

-

w777

We have a counting experiment, and we observe N events, while the

expectations are in mean b background events and s signal events (if the
expected signal is there). The possible observations (random variable n) follow

a Poisson with parameters b or s + b depending on the hypotheses.

The Poisson’s law is :

L(n|X) = A" exp (—A)/n!
Thus :

L(n|b) = b" exp (—b)/n!

under the hypothesis “background
only”, and

L(nls+b)=(s+b)"exp(—(s+0b))/n!

under the hypothesis “signal 4+ back-
ground”

\.

[(E ]

Les 1 lois de POISSON, de param. 10 et 15

~N

=
¥
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h-

2
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We observe N = 16 W
4 N

Las Iloiz de POISSON, de paraam. 10 et 15

test Hy = background

il ” pe=P(n > N|b) =4.9%
i b =10 -

_ . s Definition :

- . ) - P = 1—GL5

s | : Convention (physies) :

: discovery = rejection Hy

woooo _ if p. < 5.7 %107

(b o discovery)

Pl iy : , H;y cannot be rejected here.

N E
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We observe N = 16 M7<

Les I lois de POISSON, de param. 10 &t 15

b test Hy = s + b
pe = P(n < N|s+b) = 66.3%

il b =10
- sb=15 Definition :
s ‘ Pe = OLS—I—E-'
sl Convention (statistics) :
no signal = Hj rejection
ol if p. < 5. x 102
miF (95% confidence level limit)
j i " G f SOOI S | Hy cannot be rejected here.

o/
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The confidence levels 277!
/- e 1-CLj measures the \
Les 2 lois de POISSON, de param. 10 et 15 non-compatibility
with the “b” hypothesis.

e CL,,p measures the
non-compatibility
with the “s+b” hypothesis

e The notion of CL, is not stan-
dard statistics

Prab demasis
(-]
|

1-CL; # o

0.1587 lo

0.0228 20

0.00135 3o

31510°° | 4o

R 285107 [ 5o
(unilateral)

e 7
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A few remarks (stat)

e A test thus consists in a definition of two hypotheses, a choice of a
test-statistics (as discriminant as possible), and the fixing of a threshold «

(falses rejections).

e A large window (from N = 8 to N = 25) of possible observations lead to a
situation such that neither the b hypothesis, nor the s + b hypothesis can
be rejected ! (consequence of the dissymmetry) This is due to the fact that

the standard deviation of the Poisson’ law is v/A.

e Within a given test-statistic and identical analyses, an improvement can

arise only from an increase in luminosity, ie b AND s + b.

I
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The Neyman-Pearson Theorem 7?77

e When the hypotheses are chosen, and « fixed, we have still to find the
“best” test-statistic. This is based on the discrimination power : we have
to choose the test-statistic which minimizes [ or (equivalently) maximizes
the power 1 — .

e Neyman-Pearson theorem In the case of simple hypothesis against simple
hypothesis, with the same probability model (eg Poisson in both H, there
is a test which is Uniformly (whatever the value of a) Most Powerful. This
test-statistic is the ratio of the likelihood functions under the two
hypotheses.

B
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Likelihood ratio W

e Take again our example : recall
L(n|b) = b" exp (—b)/n!

L(n|ls+b)=(s+b)"exp(—(s+b))/n!
Thus :
Q=L(nls+b)/L(nb)=(1+s/b)" xe
—2InQ = 2s — 2nIn(1 + s/b)

Note that @ or —21n () have the same monotony behaviour than n.
They have the same properties as statistics are concerned. n. is thus the
optimal test-statistic in this case,

o Asymptotic property of the likelihood ratio : under some conditions
concerning the regularity of the hypotheses pdfs, —21n ) behaves
asymptotically as a v? with 1 degree of freedom under the numerator
hypothesis.

7
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A few remarks (physics) W

-

s

Up to now, we have treated b and s as exactly known. In fact, they are
nuisance parameters, since they are estimated through our simulations.

It is relatively easy (at least conceptually) to take into account the errors
on b and s by convoluting these errors with the Poisson’ laws.

If the estimators of b and s are pretty precise, only a small degradation of
the results will be observed.

If the errors are rather big (and/or if some badly controlled systematics
play a role) that’s no more true ! It is very important to estimate b and s
as precisely as possible.

P
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Towards the test used for Higgs search at LEP 777

4 )

e First step : a counting experiment (we just have seen that !)

e A simple counting is not optimal per se since all kept events have somehow
the same weight, which means that the “last cut”, the one which decides is
an event is a “candidate” or not, has potentially an enormous impact on
the final decision.

e Indeed, we have much more information about the events than just a “vyes
or no’ counting. In most of the cases, we can use a bi-dim. info, eg

— a reconstructed mass

— a global variable summarizing the info for that event (ANN output or
similar)

R J

Pierre Lutz Fundamentals in Statistice (page 12) Cours FAPPS




Towards the test used for Higgs search at LEP (2) W

4 A

e We can thus estimate the background b; and the expected signal s; in every
point of the plane, and then write again the likelihoods and their ratio :.

_Ii"qlu'
—2InQ =28;0t —2 Y _In(1 + 5:/b;)

i—1

where N is the number of observed events.
Or we can bin the 2-dim plane :

where NN; is the number of observed events in the bin 1.
e A precise estimation of b; and s; becomes mandatory.
e Each event comes thus with a weight In(1 + s;/b;).

e E

Pierre Lutz

Fundamentals in Statistics (page 13) Cours FAPPS



Likelihood Ratio Test o777

This is the extension of the Neyman-Pearson Test to composite
hypotheses. Unfortunately, its properties are known only asymptotically.

Let the observations X have a distribution f(X|8), depending on
parameters, 8 = (61,0,,...). Then the likelihood function is

=

L(X|8) = [TF(xi6).

i=1

In general, let the total O-space be denoted #, and let v be some subspace
of @, then any test of parametric hypotheses (of the same family) can be
stated as

Hy:0 cv
Hi:8c60—v



Likelihood Ratio Test (cont.) W

We can then define the maximum likelihood ratio,

a test statistic for Hp:
lga::-: L(X|6)
L c

max L(X|8)
Oeo

A

If Hy and H; were simple hypotheses, A would reduce to the
Neyman-Pearson test statistic, giving the UMP test. For composite
hypotheses, we can say only that A is always a function of the sufficient

statistic for the problem, and produces workable tests with good
properties, at least for large sets of observations.



Likelihood Ratio Test (cont.) W

The importance of the maximum likelihood ratio comes from the fact that
asymptotically:

if Hy imposes r constraints on the s + r parameters in Hp and Hj, then

—21In A is distributed as \*(r) under Ho

This means we can read off the confidence level o from a table of 2.
However, the bad news is that this is only true asymptotically,

and there is no good way to know how good the approximation is
except to do a Monte Carlo calculation.



Likelihood Ratio Test - Example P77

Problem: Find the ratio X of two complex decay amplitudes:

A(reaction 1)
A(reaction 2)

X =

In the general case, X may be any complex number, but there exist three
different theories which predict the following for X:

» A: If Theory A is valid, X =0.
» B: If Theory B is valid, X is real and Im(X) = 0.
» C: If Theory C is valid, X is purely imaginary and non-zero.

We decide that the value of X is interesting only in so far as it could
distinguish between the hypotheses A, B, C or the general case.
Therefore, we are doing hypothesis testing, not parameter estimation.

Hypothesis A is simple,

Hypothesis B is composite, including hypothesis A as a special case.
Hypothesis C is also composite, and separate from A and B.

The alternative to all these is that Re (X) and Im (X) are both non-zero,



Likelihood Ratio Test - Example w777

The contours of the log-likelihood function In L(X) near its maximum.

X = d is the point where In L is maximal.

X = b is the maximum of In L when Im(X) = 0.
X = c is the maximum of In L when Re(X) = 0.

Im(X)

InL =InL(f) -2

. =
. 0 Re(X)
d

\ InL =InL(f)—1/2 /




Likelihood Ratio Test - Example e

The maximum likelihood ratio for hypothesis A versus the general case is

L(0
)‘.3 — @ .
If hypothesis A is true, —21In A,
is distributed asymptotically as a )(2(2), and this give the usual test for
Theory A.
To test Theory B, the m.|. ratio for hypothesis B versus the general case is
L(b)

)152@.

If B is true, —2In Ay is distributed asymptotically as a f(l). Finally,
Theory C can be tested in the same way, using L(c) in place of L(b).



Goodness-of-Fit Testing (GOF) W

As in hypothesis testing, we are again concerned with the test of
a null hypothesis Hy with a test statistic T,

In a critical region w,, at a significance level a.

Unlike the previous situations, however, the alternative hypothesis,

Hy is now the set of all possible alternatives to Hp.

Thus H;i cannot be formulated, the risk of second kind, (3, is unknown,
and the power of the test is undefined.

Since it is in general impossible to know whether one test is more powerful
than another, the theoretical basis for goodness-of-fit (GOF) testing is
much less satisfactory than the basis for classical hypothesis testing.

Nevertheless, GOF testing is quantitatively the most successful area of

statistics. In particular, Pearson's venerable Chi-square test is the most
heavily used method in all of statistics.



GOF Testing: From the test statistic to the P-value.

Goodness-of-fit tests compare the experimental data with their
p.d.f. under the null hypothesis Hp, leading to the statement:

If Hy were true and the experiment were repeated many times,
one would obtain data as far away (or further) from Hy as the
observed data with probability P.

The quantity P is then called the P-value of the test for this data set and
hypothesis. A small value of P is taken as evidence against Hp, which the
physicist calls a bad fit.



From the test statistic to the P-value. W

It is clear from the above that in order to construct a GOF test we need:
1. A test statistic, that is a function of the data and of Hy, which is a
measure of the “distance” between the data and the hypothesis, and

2. A way to calculate the probability of exceeding the observed value of

the test statistic for Hp. That is, a function to map the value of the
test statistic into a P-value.

If the data X are discrete and our test statistic is t = t(X) which takes on
the value to = t(Xp) for the data Xp, the P-value would be given by:

Px =Y P(X|Ho).
X:t>1p

where the sum is taken over all values of X for which t(X) > to.



Example: Test of Poisson counting rate o

Example of discrete counting data:
We have recorded 12 counts in one hour, and we wish to know if this is

compatible with the theory which predicts 1 = 17.3 counts per hour.

The obvious test statistic is the absolute difference |N — p|, and assuming
that the probability of n decays is given by the Poisson distribution, we
can calculate the P-value by taking the sum in the previous slide.

12 00
T e 17317.3" e 17:317.3"
Pu= ), —— =X —— tX
n:|n—p|>5.3 n=1 n=23

Evaluating the above P-value, we get P1» = 0.229.

The interpretation is that the observation is not significantly different from
the expected value, since one should observe a number of counts at least

as far from the expected value about 23% of the time.



Distribution-free Tests P07

When the data are continuous, the sum becomes an integral:

sz[ P(X|Ho), (1)
JX =1

and this now becomes so complicated to compute that one tries to avoid

using this form. Instead, one looks for a test statistic such that the
distribution of t is known independently of Hj.

Such a test is called a distribution-free test. We consider only
distribution-free tests, such that the P-value does not depend on the
details of the hypothesis Hp, but only on the value of t, and possibly one
or two integers such as the number of events, the number of bins in a
histogram, or the number of constraints in a fit.

Then the mapping from t to P-value can be calculated once for all and
published in tables, of which the well-known y? tables are an example.



Pearson's Chi-square Test 7T

The obvious way to measure the distance between the data and the
hypothesis Hy is to

1. Determine the expectation of the data under the hypothesis Hp .

2. Find the metric in the space of the data to measure the distance of
the data from its expectation under Hp .

When the data consists of measurements Y = Y7, Ya...., Yk of quantities
which, under Hy are equal to f = f1, f5.. .., f with covariance matrix .V,
the distance between the data and Hp is clearly:

T=(Y-H)T V7 (Y-f)

This is just the Pearson test statistic usually called chi-square,
because it is distributed as x?(k) under Hp if the measurements Y are
Gaussian-distributed. That means the P-value may be found from a table

of x%(k), or by calling PROB(T k).



Pearson’'s Chi-square test for histograms i

Karl Pearson made use of the asymptotic Normality of a multinomial p.d.f.
in order to find the (asymptotic) distribution of:

T=(m-Np)T V' (n- Np)

where V' is the covariance matrix of the observations (bin contents) n and
N is the total number of events in the histogram.

In the usual case where the bins are independent, we have

ni — N, u
Nz( pi) Z_;

This is the usual y? goodness-of-fit test for histograms. The distribution
of T is generally accepted as close enough to x?(k — 1) when all the
expected numbers of events per bin (/Np;) are greater than 5. Cochran
relaxes this restriction, claiming the approximation to be good if not more
than 20% of the bins have expectations between 1 and.5.

2




Tests on Unbinned Data A7

By combining events into histogram bins (called data classes in the
statistical literature), some information is lost: the position of each event
inside the bin. The loss of information may be negligible if the bin width is

small compared with the experimental resolution, but in general one must
expect tests on binned data to be inferior to tests on individual events.

Unfortunately, the requirement of distribution-free tests restricts the choice
of tests for unbinned data, and we will consider only those based on the
order statistics (or empirical distribution function). Moreover, this class is

limited to data depending on only one random variable, and to hypotheses
Hg which do not depend on parameters 6 to be estimated from the data.

When data are combined into histograms, more tests are available, but
they may be valid only for a large number of events per bin.

Such considerations seriously limit the use of goodness-of-fit tests in many
dimensions.



Order statistics A

Given N independent observations Xj..... Xy of the random variable X,
let us reorder the observations in ascending order, so that

X{,-} < X{E] <,..., < X{N} (this is always permissible since the
observations are independent). The ordered observations X;) are called
the order statistics. Their cumulative distribution is called the empirical
distribution function or EDF.

(0 X{X{I}
SN(X):{ i/n for X{;}EX{X“_l_l}: i=1,..., N-1.
1 Xy < X

Note that Sy(X) always increases in steps of equal height, Nt



Order statistics

1

w7

Example of two
cumulative distribu-
tions, Sy(X) and
Tn(X)

For these two data
sets, the maximum
distance Sy — Ty
occurs at X = X,,,.

We shall consider dif-

ferent norms on the
difference
Sn(X) — F(X)

as test statistics.



Smirnov - Crameér - von Mises test Py 77T

Consider the statistic
W2 — / [Sw(X) — FOOIRF(X)dX

where f(X) is the p.d.f. corresponding to the hypothesis Hy, F(X) is the
cumulative distribution, and Sy(X) is defined as above, which gives

] EdF{X)

.l+1
w2 = / F2(X)dF (X +Z/

+ [1 — F(X)]?dF(X)
Xn

- s 2T}

i=1

using the properties F(—o0) =0, F(+x) = 1.



Smirnov - Crameér - von Mises test Py 77T

The Smirnov-Cramér-von Mises test statistic W2 has mean and variance

E(W?) — —/ (1—F _ﬁ
V(W?) = E(W)— [EWA)P =

Smirnov has calculated the critical values of NW/?2

Test size «v | Critical value of NW?
0.10 0.347
0.05 0.461
0.01 0.743
0.001 1.168

It has been shown that, to the accuracy of this table, the asymptotic limit
is reached when N = 3



Smirnov - Cramér - von Mises test N~

When Hg is composite, W? is not in general distribution-free. When X is
many-dimensional, the test also fails, unless the components are

independent. However, one can form a test to compare two distributions,

F(X) and G(X). Let the number of observations be N and M,
respectively, and let the hypothesis be Hp: F(X) = G(X). Then the test
statistic Is

> NF(X) + MG(X)
2 __ - 2
Then the quantity N
WE
M+ N

has the critical values shown in the table above.



Kolmogorov test w077

The test statistic is now the maximum deviation of the observed
distribution Sp(X) from the distribution F(X) expected under Hy. This is
defined either as

Dy = max |Sy(X) — F(X)|  forall X
or as
Dif = max {£[Sn(X) — F(X)]} forall X,

when one is considering only one-sided tests. |t can be shown that the
limiting distribution of VNDy is

lim P(V'NDy > z) —QZ “Lexp(—2r°z?%)

N
— 00 Pt

and that of xf_DN 5

Nlim P(x/ﬁDif > z) = exp(—2z°).



Kolmogorov Test 77T

Alternatively, the probability statement above can be restated as
2

lim P2N(Dy)? <2z]=1—e %% .

N —oa

Thus 4N(D$)2 have a x?(2) distribution.
The limiting distributions are considered valid for N =~ 80.

We give some critical values of vV NDp.

Test size o | Critical value of /NDy

0.01 1.63
0.05 1.36
0.10 1.22

0.20 1.07




Two-Sample Kolmogorov Test o

The equivalent statistic for comparing two distributions Sy(X) and Sy (X)
IS

Dyn = max |Sy(X) — Sy(X)|  forall X

or, for one-sided tests

Dfm = max {£[Sy(X) — Spy(X)]}  forall X.

Then \/MN /(M + N)Dpyp has the limiting distribution of v/NDpy
and \/MN /(M + N)Dy;y have the limiting distribution of v’ﬁ[)fj.




Kolmogorov Test P77

Finally, one may invert the probability statement about Dy to set up a
confidence belt for F(X). The statement

P{Dy = max |Sy(X) — F(X)| > d,} = a
defines d, as the a-point of Dy. If follows that
P{SN(X) = da < F(X) < Sn(X) + da} =1—a.

Therefore, setting up a belt +d,, about (Sy(X), the probability that F(X)
is entirely within the belt is 1 — « (similarly d,, can be used to set up
one-sided bounds). One can thus compute the number of observations
necessary to obtain F(X) to any accuracy. Suppose for example that one
wants F(X) to precision 0.05 with probability 0.99, then one needs

N = (1.628/0.05)? ~ 1000 observations.



The likelihood function is not a good test statistic P77

Unfortunately, the value of the likelihood does not make a good GOF test
statistic. This can be seen in different ways, but the first clue should come
when we judge whether the likelihood is a measure of the “distance”
between the data and the hypothesis.

At first glance, we might expect it to be a good measure, since we know
the maximum of the likelihood gives the best fit to the data.

But in m.l. estimation, we are using the likelihood for fixed data as a
function of the parameters in the hypothesis, whereas in GOF testing we
use the likelihood for a fixed hypothesis as a function of the data, which is
very different.



Observation of a fine structure 2?7

A B
The situation often arises that a new phenomenon A000 11
manifests itself as a relatively narrow signal super- |-
imposed on a smooth background. g 70008
e The first question is then: do the observations |5
suggest fine structure in the region AB 7 B B000F
o If yes, the next problem will be to estimate |8
parameters (size and position) of the signal. £ 5000
Hy = no structure, background only &
H, = s+ b if we can estimate s, 4000 -
otherwise, not Hy (GOF test) SUUTUU VU TR
110 120 130 140
m,, (GeV)

In both cases, we have to estimate b

9 o
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Observation of a fine structure (2) W

Let us describe the background by a function b( X, #) of the observations X and

unknown parameters . The estimates # and their covariance matrix V' can be
obtained by the methods of point estimation, excluding the region AB, to give

B
b,quf b(X,0)dX
A

and since 5‘4 g is a function of éT its variance is obtained by the nsual methods
of change of variable.

Let the number of observations in AB be n4p. The natural test statistic for
determining whether n 4 p is significantly different from b4 p is

L= (’-"1.-15 i BAB)?/V(’”AE = E‘AB)

Under the Hy hypothesis, E(nap) = V(nap) = bap, estimated by bap. Thus,
V(nap — b AB) == E;A B+ Erf,‘ p Since the covariance term is null (we excluded AB
when estimating ), and T =~ (nap — f}_.; B)? / {E}.; g4 Eri g ), which behaves
asymptotically as a y? with 1 dof under Hy. One often expresses T in terms of
Qfﬂﬂdﬂ-?‘d deviations d = V'T. _/
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(_ Observation of a fine structure (3) W
\

Until now, we have implicitly assumed the region AB to be selected
independently of the observations. However, if the choice of region AB is based
on the data, all the computation is no longer appropriate, since we did not
account for the probability of the occurence of a signal in any arbitrary place
of the full region. To illustrate this, consider signals which are only one bin
wide. Let p be the probability of exceeding d standard deviations in a given
bin. When no bin is specified in advance, the probability of exceeding d
standard deviations in at least one bin out of k& bins is obviously
g=1—(1— p)k =~ kp. For instance, in a histogram of 40 bins, a 3 standard
deviation effect in a given bin has the same significance as a 4 standard
deviation effect in any one (unspecified) bin.

The statistical significance is different whether the “signal” is expected at a
given place or not.

N P
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Suppose now that we have rejected the Hy hypothesis (no structure) and
accepted the idea that a signal is there. One can still estimate the size of the
signal by s = nap — EA g, but the variance of the estimate is no longer the
same, since we do not test the same hypothesis; our test is now : true physical
effect of size s and background by p in region AB. The variance of s is thus

Vinap —bap) = nap + ffig

\- /
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Which is the significance of an observation = = 178 events in a region
“signal-like”, when the expected backeround is b = 100 with a 10% error.

s/b0> 7.8 c (too) Many formulae |
s/(b+c, )05 74 c

Variance Hy (5.5 c

ATLAS and CMS should

Variance H; |4.7 o negotiate and use the same
method (CMS uses « Cousins »)

TDR ATLAS |550 otherwise ATLAS would need

Cousins 50 G less luminosity than CMS to

claim a discovery |

Profile Like. |B.0o



CONCLUSION

Should physicists be Do-it-yourself Statisticians?

Physicists should not be inventing new statistical methods.

However, if you can't find what you want, do the following:
1. Follow the procedures and rules of statistics
(example: don't integrate under likelihood functions.)
2. Verify the properties of your method (like coverage).

3. When you have a good idea of what you want to do, search the
statistics literature or ask the advice of a professional. If the method

is a good one, you will probably find that it already exists.
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