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Abstract

We describea methodfor estimationof the discovery potentialon new physics
in plannedexperiments.Application of the testof equal-probabilityallows to

estimatethe exclusionlimits on new physics. We alsoestimatethe influence
of systematiauncertaintyrelatedto nonexact knowledge of signalandback-
groundcrosssectionson the discovery probability of new physicsin planned
experiments.An accountof suchsystematicss very importantin the search
for supersymmetrat LHC.

1 INTRODUCTION

Oneof the commongoalsin the forthcomingexperimentss the searchfor new phenomenaln estima-
tion of the discovery potentialof the plannedexperimentsthe backgroundcrosssection(for example,
the StandardModel crosssection)is calculatedand,for the given integratedluminosity L, the average
numberof backgroundventsis n, = o3 - L. Supposéahe existenceof anew physicsleadsto additional
nonzerosignalcrosssections, with the samesignatureasfor the backgrounccrosssectionthatresults
in the predictionof the additionalaveragenumberof signaleventsns = o, - L for theintegratedlumi-

nosity L. Thetotal averagenumberof the eventsis < n >= ng; + ny = (05 + 0p) - L. So,asaresult
of new physicsexistence we expectan excessof the averagenumberof events. The probability of the
realizationof n eventsin experimentis describedy Poissordistribution [1, 2]

Flns ) = “e 1)

In the reportthe approachto determinatiorof the “significance”of predictedsignalon new physicsin
concernto the predictedbackgrounds considered.This approachis basedon the analysisof uncer
tainty [3, 4], which will take placeunderthe future hypothesedestingaboutthe existenceof a new
phenomenoim Nature.We considerasimplestatisticalhypothesisH: new physicsis present in Nature
(i.e. A = ns + np) againstsimplealternatve hypothesidi; : new physicsisabsent (A = n;). Thevalue
of uncertaintyis definedby the choosingof thecritical valuenyg, i.e. by Typel errora andTypell error
B. Detaileddescriptionof the giveninvestigationcanbefoundin ref. [5].

2 “SIGNIFICANCE” IN PLANNED EXPERIMENT .

In the mostof proposalf the experimentghe following “significances’areusedfor testingthe possi-
bility to discorer new physics:

n
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(a) “significance”S; N [6, 7],

(b) “significance”S, =

—5 18],
Noerid
(c) “significance”2 - S12 = 2(v/ns + np — /1) [9, 3].
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As shavn [4, 10] the“significance”2 - S12 moreproperin plannedexperimentsNote,all these‘signifi-
cances’assume50%acceptancéor positive decisionaboutnewn physicsobseration.

If we definethe “signal significance”accordingo ref. [11] as“effective significance’s

— —z*/2)dx = k;nyp), 2
m/ cap(—a?/2)dz kgof( ) )
whereny is thecritical valuefor hypothesesgesting,the system
(e ¢]
B= > flmm) <A 3)
n=nop+1
[e o]
l—a= Y f(nns+m) 4)
n=ngp+1

allows us to constructdependences; versusn; on given value of Type Il error 3 < A andgiven
acceptanceé —a. If A = 2.85-1077 (s > 5, i.e. thevaluen, has5o deviationfrom averagebackground
np), the correspondin@cceptancenay be namedthe probability of discovery; if A = 0.0014 (s > 3),

the acceptancés the probability of strong evidence, and,if A = 0.028 (s > 2), theacceptancés the

probability of weak evidence.

For the estimationof “effective significance”swith givenacceptancé — o approximatdormulae
canbeused:

s =81 —k(a), 1+ (5)
Ty

or

322-512—k(a). (6)
wherek(a): k(0.5) = 0; k(0.25) = 0.66; k£(0.1) = 1.28; £(0.05) = 1.64 (for instance;Tah28.1[1]).

3 EXCLUSION LIMITS [3,4]

It is importantto know therangein which a plannedexperimentcanexcludepresencef signalat given
confidencdevel (1 — ¢). It meanghatwe will have uncertaintyin future hypothesesestingaboutnon-
obsenrationof signalwhich equalgo or lessthane. In refs.[12 13] differentmethoddo derive exclusion
limits in prospecire studieshave beensuggested.

We proposeo usetherelative uncertainty

_atf
2—(a+pP) (7)

which will take placeunderhypothesedesting Hy versusH;. This relative uncertaintys in caseof
applyingthe equal-probabilitytest[4] is a minimal relatve value of the numberof wrong decisionsn
thefuturehypothesesestingfor Poissordistributions. It is theuncertaintyin theobserability of thenew
phenomenonNotethatl — & (therelatve numberof correctdecisions)naybe considereagsa distance
betweentwo distributions (the measureof distinguishabilityof two Poissonprocessesin frequentist
sense.

k=
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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 sensitvity factor This
uncertaintyhasstatisticalpropertiesvhich canbe measurear estimated.

We considerhereforthcomingexperimentsto searchfor new physics. In this casewe musttake
into accountthe systematiaincertaintywhich have theoreticalorigin without ary statisticalproperties.
For example,two loop correctiondor mostreactionsat presenarenotknown. It meanghatwe canonly
estimatahe scaleof influenceof backgroundincertaintyonthe obserability of signal,i.e. we canpoint
theadmissibldevel of uncertaityin theoreticalcalculationdor givenexperimentproposal.

Supposeincertaintyin thecalculationof exactbackgrounatrosssectionis determinedy parame-
terd, i.e. theexactcrosssectionliesin theintenal (o3, 05 (1+ )) andtheexactvalueof averagenumber
of backgroundeventslies in theintenal (ny, np(1 + 6)). Let ussupposer, > n,. In thisinstancethe
discovery potentialis the mostsensitve to the systematiaincertaintiesAs we knowv nothingaboutpos-
sible valuesof averagenumberof backgroundevents,we considerthe worst case.Takinginto account
formulae(3) and(4) we have theformulae!

B= > flnim(1+0) <A 8
n=nop+1
l-a= Z f(n;np + nyg) 9)
n=ngo+1

5 CONCLUSIONS

In this papemwe have describedh methodto estimatehediscorery potentialandexclusionlimits on new
physicsin plannedexperimentsvhereonly theaveragenumberof backgroundh;, andsignaleventsn is
known. The*“effective significance”s of signalfor givenprobabilityof obserationis discussedWe also
estimataheinfluenceof systematiaincertaintyrelatedio noneactknowledgeof signalandbackground
crosssectionson the probability to discover new physicsin plannedexperiments.An accountof such
kind of systematicss very essentialn the searchfor supersymmetnandleadsto anessentiatlecrease
in the probability to discover new physicsin future experiments.Thetexts of programscanbefoundin
http://home.cem.ch/bityukov.

ACKNOWLEDGEMENTS

We are gratefulto Fred James\V.A.Matveer andV.F.Obraztsg for the interestand usefulcomments.
S.B. thanksBob Cousins,Geoge Kahrimanis,Jamed.innemann,Louis Lyons, Tony Vaiciulis, Alex

Read,Byron Roy andPekkaSineno for very usefuldiscussions.S.B. would like to thank JamesStir-

ling, Mike Whalley andLinda Wilkinson for having organizedthis interestingConferencewhich is the
wonderfulopportunityfor ideasexchange. This work hasbeensupportedoy CERN-INTAS 99-0377.
Thework of S.B.is alsosupportedoy CERN-INTAS 00-0440.

References
[1] ParticleDataGroup,D.E. Groometal., Eur.Phys.JC15(2000)1 (Section28).
[2] W.T.Eadie,D.Drijard, F.E.JamesM.Roos, and B.Sadoulet Satistical Methods in Experimental
Physics, North Holland, Amsterdam 1971.

'Formulae(8,9) realizethe worst casewhenthe backgroundtrosssectiono; (1 + 8) is the maximalone, but we think that
boththesignalandthe backgroundtrosssectionsaareminimal

79



[3]

[4]

[5]

[6]
[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

S.1.Bityukov andN.V.Krasnilov, New physics discovery potential in future experiments, Modern
Physicd ettersA13(1998)3235.

S.1.Bityukov and N.V.Krasnilov, On observability of signal over background, Proceedingsof
Workshopon Confidencdimits, YR, CERN-2000-00517-18Jan.,2000,pp. 219-235by JamesF
ed.,Lyons,L ed.,Perrin,Y ed.; S.I.Bityukov andN.V.Krasnilkov, On the observability of a signal
above background, Nucl.Instt&Meth. A452 (2000)518.

S.1. Bityukov, N.V. Krasnikov, Uncertainties and Discovery Potential in Planned Experiments, e-
Print: hep-ph/02043262002.

The Compact Muon Solenoid. TechnicalProposalCERN/LHCC94-38,1994.
ATLAS DetectorandPhysicsPerformance] DR, CERN/LHCC/99-15p.467,CERN, May, 1999.

Seeasanexample:

D.Dengri, L.RuruaandN.Stepang, Detection of Septonsin CMS, Mass Reach, CMS Note CMS
TN/96-059,0ctober1996.

S.Abdullin, Search for SUSY at LHC: Discovery and Inclusive Sudies, Presentedt International
EurophysicsConferenceon High Enegy Physics,Jerusalem]|srael, August19-26, 1997, CMS
ConferencedReport97/019,Novemberl997.

N.Brown, Degenerate Higgs and Z Boson at LEP200, Z.Phys.,C49, 1991,p.657.

H.Baer M.Bisset,C.KaoandX.Tata,Observability of -y decays of Higgs bosons from supersym-
metry at hadron supercolliders, Phys.Rg., D46, 1992,p.1067.

S.1.Bityukov and N.V.Krasnilov, Some problems of statistical analysis in experiment proposals,
Proceedingf CHEP’01 InternationalConferenceon Computingin High Enegy and Nuclear
Physics,SeptembeB-7, 2001, Beijing, PR. China, Ed. H.S. Chen, SciencePress,Beijing New
York, p.134.http://wwwihep.ac.cntchep0l/

I.Narsky, Estimation of Upper Limits Using a Poisson Statistic, Nucl.Instrum.Meth A450 (2000)
444,

J.J.HernandezS.Navas and P.Rebecchi,Estimating exclusion limits in prospective studies of
searches, Nucl.Instrt&Meth. A 378 1996,p.301.

T.Tabarellide Fatis and A.Tonazzo,Expectation values of exclusion limits in future experiments
(Comment)Nucl.Instt&Meth. A403, 1998,p.151.

R.D. Cousinsand V.L. Highland, Incorporating systematic uncertainties into an upper limit,
Nucl.Instt&Meth. A320(1992)331-335.

80



