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4 A naive model A

® You measure n events in the signal region and the unknown
background is b (nuisance parameter). Suppose your expectation

is 100+-20% (using MC or side band)

® The likelihood can be written as
L = Poiss(n| us +b)G(mgs10,1)
n=us+b; b=b,(1+¢0)
with b, =100,e =02
® The way to generate toy MCs, is to generate mg following a
Gaussian around O =0 with 0 =1 and n as a Poisson with
expectation U st+b, where b=b, yet keep the nuisance
parameter fixed and find its MLEs subject to the generated data

® When b, is unknown and measured from data, for s+b

experiments use b, — l;(,u,obs) for bg only use b, = l;(,u — 0.0bs)
dn the asym totic regime it does not matter
N,
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Generate Toy MCs A

Generate toy Monte Carlo experiments to construct the pdf of

9, under signal (with strength () and background only

A
A
—

f(q, ' u,0(u,o0bs)) and  f(q,10,60(0,0bs))

1>>

experiments

Here the é(,Lt,ObS)
and 2

6(0,0bs)

are the conditional MLEs based on the observed data. Also note, that
the nuisance parameters are tixed to their conditional MLEs for
generating the toy Monte Carlo, but are allowed to float in fits needed

to evaluate the test statistic.

In the asymptotic limit the distribution s 1,8

is independent of 6




~ 1-1. Construct the model (an Example)
=Y uLo,(1+e6 )[10+e6)+ Y LB 1+, [ (1+€;6,)

e [ is the nominal integrated luminosity,

e /. 1s the one parameter of interest, the signal strength,
e 07 is the effective cross section (in pb) for signal events in channel [,
® ¢; Is relative uncertainty on the efficiency of the channel [ ,

° [3;) is the nominal effective cross section (in pb) for background j,

. e? is the relative uncertainty on the effective cross section for background j,

e ¢;. 1s the relative change in the effective cross-section due to the ith systematic effect on
signal channel [, and

o egi is the relative change in the effective cross-section due to the i** systematic effect

on channel j.

The nuisance parameters are 8 = ( 'g’(] cSB)’ des,0p;,0;) and the § are constrained by the
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~ 1-2. Construct the model (an Example)
L(,u,ﬁ?(jeSB);Qs ,0 j ,0.)=Pois(nl ) N(ms I5€s)

X HPois(nj Iﬁ?)HN(mgﬁ. |5ﬁj)HN(m6,~ 10,)

jeSB j

The nuisance parameters are 8 = ( ;.)(j cSB)’ des,0p,,0;) and the § are constrained by the
normal distribution N (ms|d) = G(mg|0,1).

e 1 is the number of events in the signal region,

® Mg, My, , Mg, represent auxiliary measurements of the corresponding ¢ systematic un-
certainties. When generating toy I\"IOAl'lte Carlo experiments, the mg should fluctuate
around the value of & in 8(u, obs) or 6(0, obs). If they are not randomized, this corre-
sponds to a conditional ensemble in which the distribution of the test statistic departs
significantly from the asymptotic distributions. 6 is the vector of nuisance parameters
given below.

® nj(jesp) 1S the number of events measured in the control sample which is scaled by an
extrapolation coefficient 7 to estimate the number of events in the signal region. Since

1 CC 5

@tself has uncertainty, we standardize it by writing 7; jesp =1 + 65}.(53}.,
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4 Find p-value and upper limit A

® From the constructed distribution

£(G, 1 11,6(u1,0bs))
find the p-value of the observation

A
A
—

pa=]|  f@,116(u.0bs)dq,

q/.t ,obs

* Find (by iteration or any other way)

i, | Py, = 5%
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4 Median Sensitivity, Bands and PCL

® To find the median sensitivity, generate bg-only toy MCs.
® For each one find U ap*

® Draw the U ap distribution, find its median and the
1 and 2 sigma bands.

* To protect against downward fluctuations of the bg which allows to exclude
signals to which the experiment is not sensitive to, we recommend to use a

power of 16% and not allow the observed limit to go below the -1 0 band.
® Note, without the PCL the -2 O band extends to U up:O

® In terms of the yellow/green bands,
the observed data should not be hidden - if we have a downward

fluctuation, show it.

® But when it passes the power constraint, mark the power constraint solid
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and the downward fluctuation dotted so that the result we are using is clear.
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4 Illustration A
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To compare with TEVATRON we recommend to calculate the CLs upper limit

Py
1-p,

¢ Define the following ratio of p-values P, =

® (Generate bg—only experiments and find

pbzl_J‘

qu ,0bs

>

oo

f(q,10,6(0,0bs))dq,

* By scanning or iteration find ouup | p '.U =5 %
up

This is a very time consuming procedure.
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4 Validations

track them down.

* Asymptotic formulae exist for both

Gy = L(1,0)
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—21In

0

® Two codes, one independent and one with Roostats.

* Apply the asymptotic formulas to see if you get huge deviations, and

L(11.6) <0
L(0,6)
L(1.6) 0<ii<p
L(i1,6)

n>p

but as explained, in the asymptotic regime it does not matter.
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Check if distribution of

test statistic follows
asymptotic distribution
or
Compare results from
asymptotics and ToyMC
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valid don't know —p»

yes

Asymptotics are X2

95% threshold on q_pis 2.7

Wanttouse q_p
or ~q_HM

Note, the bands can also be
generated with asymptotic
formulae in recomendation.

qQu—>»

Can use
ProfileBands_gmu.C with
~Q_M choice=3
e ————
Y
Asymptotics are NOT x?2

95% threhsold on ~q_H is a function of p

Note, the bands can also be generated with
asymptotic formulae in recomendation.
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Asymptotic Formulae for gu

CLS—I—b
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a minute made: CL_,, vs CL, h
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Figure 2: jiyp+ Ny as a function of N (in units of o). Red is based on ps blue is based on p,
(CLs).

LCG meeting, Eilam Gross Thursday, February 10, 2011

/




Summary

ATLAS recommends to use the profile likelihood as a test statistic

Toy MCs should be generated (unless the asymptotic is completely
veritied)

Use toy MCs to derive the upper limit, the median and the error
bands.

Constrain the upper limit by a power of 16%, the limit cannot go
below the -1 sigma band generated by bg-only experiments

Do not hide results, show the full observed upper limit.

Use the asymptotic to Verify the sense of your results

Calculate also CLs (for the time being) to compare with TEVATRON

(can be easily done with asymptotic)

Validate with an independent code (for the time being)
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