
UNCERTAINTIES AND DISCOVERY POTENTIAL IN PLANNED
EXPERIMENTS

S. Bityukov
Institutefor High Energy Physics,ProtvinoMoscow Region,Russia
N. Krasnikov
Institutefor NuclearResearchRAS,Moscow, Russia

Abstract
Wedescribeamethodfor estimationof thediscoverypotentialonnew physics
in plannedexperiments.Applicationof thetestof equal-probabilityallows to
estimatetheexclusionlimits on new physics.We alsoestimatethe influence
of systematicuncertaintyrelatedto nonexact knowledgeof signalandback-
groundcrosssectionson thediscovery probabilityof new physicsin planned
experiments.An accountof suchsystematicsis very importantin thesearch
for supersymmetryat LHC.

1 INTR ODUCTION

Oneof thecommongoalsin theforthcomingexperimentsis thesearchfor new phenomena.In estima-
tion of the discovery potentialof the plannedexperimentsthe backgroundcrosssection(for example,
theStandardModel crosssection)is calculatedand,for thegiven integratedluminosity

�
, theaverage

numberof backgroundeventsis ���������
	 � . Supposetheexistenceof anew physicsleadsto additional
nonzerosignalcrosssection��� with thesamesignatureasfor thebackgroundcrosssectionthatresults
in thepredictionof theadditionalaveragenumberof signalevents ���������	 �

for the integratedlumi-
nosity

�
. The total averagenumberof theeventsis ��������������������������������	 �

. So,asa result
of new physicsexistence,we expectanexcessof theaveragenumberof events.Theprobabilityof the
realizationof � eventsin experimentis describedby Poissondistribution [1, 2]� � �"!$#��"� #&%�"')( *�+-,

(1)

In the reporttheapproachto determinationof the “significance”of predictedsignalon new physicsin
concernto the predictedbackgroundis considered.This approachis basedon the analysisof uncer-
tainty [3, 4], which will take placeunderthe future hypothesestestingaboutthe existenceof a new
phenomenonin Nature.Weconsiderasimplestatisticalhypothesis.0/ : new physics is present in Nature
(i.e. #1�����2�3��� ) againstasimplealternative hypothesis.54 : new physics is absent ( #1����� ). Thevalue
of uncertaintyis definedby thechoosingof thecritical value ��/ , i.e. by TypeI error 6 andTypeII error7

. Detaileddescriptionof thegiveninvestigationcanbefoundin ref. [5].

2 “SIGNIFICANCE” IN PLANNED EXPERIMENT .

In themostof proposalsof theexperimentsthefollowing “significances”areusedfor testingthepossi-
bility to discover new physics:

(a) “significance” 8
49� ���: ��� [6, 7],

(b) “significance” 8<;=� ���: ���>�?��� [8],

(c) “significance” @A	B8
4C;D�E@&� : ���
�?����F : ���G� [9, 3].
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As shown [4, 10] the“significance” @	H8
4C; moreproperin plannedexperiments.Note,all these“signifi-
cances”assumea50%acceptancefor positive decisionaboutnew physicsobservation.

If we definethe“signal significance”accordingto ref. [11] as“effective significance”IJ: @LK MON� (QPSR �GF P ;QT @S�VU P � NWXHY %LZ � �\[�!]���^�$_ (2)

where��/ is thecritical valuefor hypothesestesting,thesystem7 � NW% Y % Z]` 4 � � �"!]���]�ba�c (3)

J Fd6e� NW% Y %LZ ` 4 � � �"!]���>�?���]� (4)

allows us to constructdependences��� versus ��� on given value of Type II error
7 afc and given

acceptance
J Fg6 . If ch�i@ ,kjml 	 JHn *�o

( Iqp l
, i.e. thevalue ��/ has

l � deviationfrom averagebackground��� ), thecorrespondingacceptancemaybenamedthe probability of discovery; if c�� n , nmn&Jsr �\ItpvuS� ,
theacceptanceis the probability of strong evidence, and,if cw� n , n @ j �\IOpx@S� , theacceptanceis the
probability of weak evidence.

For theestimationof “effectivesignificance”swith givenacceptance
J F56 approximateformulae

canbeused:

I��8
4�Fd[y�\6��{z J � ������ (5)

or I|�E@A	B8
4C;}Fd[y�\6�� , (6)

where [y�\6�� : [y� n ,kl ��� n
; [y� n , @ l �9� n ,k~m~

; [y� n , J ��� J , @ j
; [y� n , n l �9� J ,k~ r

(for instance,Tab.28.1[1]).

3 EXCLUSION LIMITS [3, 4]

It is importantto know therangein which aplannedexperimentcanexcludepresenceof signalat given
confidencelevel (

J F�� ). It meansthatwe will have uncertaintyin futurehypothesestestingaboutnon-
observationof signalwhichequalsto or lessthan � . In refs.[12, 13] differentmethodsto deriveexclusion
limits in prospective studieshave beensuggested.

Weproposeto usetherelative uncertainty�� � 6t� 7@�F��\6�� 7 � (7)

which will take placeunderhypothesestesting .0/ versus.54 . This relative uncertainty

�� in caseof
applyingtheequal-probabilitytest[4] is a minimal relative valueof thenumberof wrongdecisionsin
thefuturehypothesestestingfor Poissondistributions.It is theuncertaintyin theobservability of thenew
phenomenon.Notethat

J F
�� (therelative numberof correctdecisions)maybeconsideredasadistance

betweentwo distributions (the measureof distinguishabilityof two Poissonprocesses)in frequentist
sense.
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4 AN ACCOUNT OF SYSTEMATIC UNCERTAINTY RELATED TO NONEXACT KNOWL-
EDGE OF BACKGROUND AND SIGNAL CROSSSECTIONS [3]

In ref. [14], for instance,the systematicuncertaintyis the uncertaintyin the sensitivity factor. This
uncertaintyhasstatisticalpropertieswhichcanbemeasuredor estimated.

We considerhereforthcomingexperimentsto searchfor new physics.In this casewe musttake
into accountthesystematicuncertaintywhich have theoreticalorigin without any statisticalproperties.
For example,two loopcorrectionsfor mostreactionsatpresentarenotknown. It meansthatwecanonly
estimatethescaleof influenceof backgrounduncertaintyontheobservability of signal,i.e. wecanpoint
theadmissiblelevel of uncertaityin theoreticalcalculationsfor givenexperimentproposal.

Supposeuncertaintyin thecalculationof exactbackgroundcrosssectionis determinedby parame-
ter � , i.e. theexactcrosssectionlies in theinterval �����{_^���Q� J �3�L�]� andtheexactvalueof averagenumber
of backgroundeventslies in the interval � ���{_]���Q� J ���L�]� . Let ussuppose���=����� . In this instancethe
discovery potentialis themostsensitive to thesystematicuncertainties.As we know nothingaboutpos-
siblevaluesof averagenumberof backgroundevents,we considertheworstcase.Taking into account
formulae(3) and(4) we have theformulae17 � NW% Y %�Z ` 4 � � �"!]���H� J ���L�]�ba�c (8)

J Fd6e� NW% Y %LZ ` 4 � � �"!]�����?���$� (9)

5 CONCLUSIONS

In thispaperwehavedescribedamethodto estimatethediscoverypotentialandexclusionlimits onnew
physicsin plannedexperimentswhereonly theaveragenumberof background��� andsignalevents��� is
known. The“effectivesignificance”I of signalfor givenprobabilityof observationis discussed.Wealso
estimatetheinfluenceof systematicuncertaintyrelatedto nonexactknowledgeof signalandbackground
crosssectionson the probability to discover new physicsin plannedexperiments.An accountof such
kind of systematicsis very essentialin thesearchfor supersymmetryandleadsto anessentialdecrease
in theprobability to discover new physicsin futureexperiments.Thetexts of programscanbefoundin
http://home.cern.ch/bityukov.
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