UNCERTAINTIES AND DISCOVERY POTENTIAL IN PLANNED EXPERIMENTS

S. Bityukov Institute for High Energy Physics, Protvino Moscow Region, Russia N. Krasnikov Institute for Nuclear Research RAS, Moscow, Russia

Abstract We describe a method for estimation of the discovery potential on new physics in planned experiments. Application of the test of equal-probability allows to estimate the exclusion limits on new physics. We also estimate the influence of systematic uncertainty related to nonexact knowledge of signal and background cross sections on the discovery probability of new physics in planned experiments. An account of such systematics is very important in the search for supersymmetry at LHC.

1 INTRODUCTION One of the common goals in the forthcoming experiments is the search for new phenomena. In estimation of the discovery potential of the planned experiments the background cross section (for example, the Standard Model cross section) is calculated and, for the given integrated luminosity L, the average number of background events is n_b = σ_b · L. Suppose the existence of a new physics leads to additional nonzero signal cross section σ_s with the same signature as for the background cross section that results in the prediction of the additional average number of signal events n_s = σ_s · L for the integrated luminosity L. The total average number of the events is < n >= n_s + n_b = (σ_s + σ_b) · L. So, as a result of new physics existence, we expect an excess of the average number of events. The probability of the realization of n events in experiment is described by Poisson distribution [1, 2] f(n; λ) = λ^n n! e^{−λ}. (1) In the report the approach to determination of the “significance” of predicted signal on new physics in concern to the predicted background is considered. This approach is based on the analysis of uncertainty [3, 4], which will take place under the future hypotheses testing about the existence of a new phenomenon in Nature. We consider a simple statistical hypothesis H_0: new physics is present in Nature (i.e. λ = n_s + n_b) against a simple alternative hypothesis H_1: new physics is absent (λ = n_b). The value of uncertainty is defined by the choosing of the critical value n_0, i.e. by Type I error α and Type II error β. Detailed description of the given investigation can be found in ref. [5].

2 “SIGNIFICANCE” IN PLANNED EXPERIMENT.

In the most of proposals of the experiments the following “significances” are used for testing the possibility to discover new physics:

(a) “significance” S_1 = n_s √ n_b [6, 7],

(b) “significance” S_2 = n_s √ n_s + n_b

[8],

(c) “significance” 2 · S_{12} = 2( √ n_s + n_b − √ n_b) [9, 3].

As shown [4, 10] the “significance” 2 · S_{12} more proper in planned experiments. Note, all these “significances” assume a 50% acceptance for positive decision about new physics observation.

If we define the “signal significance” according to ref. [11] as “effective significance” s 1 √ 2π ∫_∞ s exp(−x^2/2)dx = ∞∑ k=n_0 f(k; n_b), (2)

where n_0 is the critical value for hypotheses testing, the system β = ∞∑ n=n_0+1

f(n; n_b) ≤ Δ (3)

1 − α = ∞∑ n=n_0+1

f(n; n_s + n_b) (4)

allows us to construct dependences n_s versus n_b on given value of Type II error β ≤ Δ and given acceptance 1−α. If Δ = 2.85·10^{−7} (s ≥ 5, i.e. the value n_0 has 5σ deviation from average background n_b), the corresponding acceptance may be named the probability of discovery; if Δ = 0.0014 (s ≥ 3), the acceptance is the probability of strong evidence, and, if Δ = 0.028 (s ≥ 2), the acceptance is the probability of weak evidence.

For the estimation of “effective significance” s with given acceptance 1 − α approximate formulae can be used:

s = S_1 − k(α) √ 1 + n_s n_b (5) or s = 2 · S_{12} − k(α). (6)

where k(α): k(0.5) = 0; k(0.25) = 0.66; k(0.1) = 1.28; k(0.05) = 1.64 (for instance, Tab.28.1 [1]).

3 EXCLUSION LIMITS [3, 4] It is important to know the range in which a planned experiment can exclude presence of signal at given confidence level (1 − ϵ). It means that we will have uncertainty in future hypotheses testing about nonobservation of signal which equals to or less than ϵ. In refs.[12, 13] different methods to derive exclusion limits in prospective studies have been suggested.

We propose to use the relative uncertainty

κ̃ = α + β 2 − (α + β) (7) which will take place under hypotheses testing H_0 versus H_1. This relative uncertainty κ̃ in case of applying the equal-probability test [4] is a minimal relative value of the number of wrong decisions in the future hypotheses testing for Poisson distributions. It is the uncertainty in the observability of the new phenomenon. Note that 1 − κ̃ (the relative number of correct decisions) may be considered as a distance between two distributions (the measure of distinguishability of two Poisson processes) in frequentist sense.

4 AN ACCOUNT OF SYSTEMATIC UNCERTAINTY RELATED TO NONEXACT KNOWL- EDGE OF BACKGROUND AND SIGNAL CROSS SECTIONS [3] In ref. [14], for instance, the systematic uncertainty is the uncertainty in the sensitivity factor. This uncertainty has statistical properties which can be measured or estimated.

We consider here forthcoming experiments to search for new physics. In this case we must take into account the systematic uncertainty which have theoretical origin without any statistical properties. For example, two loop corrections for most reactions at present are not known. It means that we can only estimate the scale of influence of background uncertainty on the observability of signal, i.e. we can point the admissible level of uncertaity in theoretical calculations for given experiment proposal.

Suppose uncertainty in the calculation of exact background cross section is determined by parameter δ, i.e. the exact cross section lies in the interval (σ_b, σ_b(1 + δ)) and the exact value of average number of background events lies in the interval (n_b, n_b(1 + δ)). Let us suppose n_b ≫ n_s. In this instance the discovery potential is the most sensitive to the systematic uncertainties. As we know nothing about possible values of average number of background events, we consider the worst case. Taking into account formulae (3) and (4) we have the formulae^1 β = ∞∑ n=n_0+1

f(n; n_b(1 + δ)) ≤ Δ (8)

1 − α = ∞∑ n=n_0+1

f(n; n_b + n_s) (9)

5 CONCLUSIONS In this paper we have described a method to estimate the discovery potential and exclusion limits on new physics in planned experiments where only the average number of background n_b and signal events n_s is known. The “effective significance” s of signal for given probability of observation is discussed. We also estimate the influence of systematic uncertainty related to nonexact knowledge of signal and background cross sections on the probability to discover new physics in planned experiments. An account of such kind of systematics is very essential in the search for supersymmetry and leads to an essential decrease in the probability to discover new physics in future experiments. The texts of programs can be found in http://home.cern.ch/bityukov.

ACKNOWLEDGEMENTS We are grateful to Fred James, V.A.Matveev and V.F.Obraztsov for the interest and useful comments. S.B. thanks Bob Cousins, George Kahrimanis, James Linnemann, Louis Lyons, Tony Vaiciulis, Alex Read, Byron Roy and Pekka Sinervo for very useful discussions. S.B. would like to thank James Stirling, Mike Whalley and Linda Wilkinson for having organized this interesting Conference which is the wonderful opportunity for ideas exchange. This work has been supported by CERN-INTAS 99-0377. The work of S.B. is also supported by CERN-INTAS 00-0440.

References [1] Particle Data Group, D.E. Groom et al., Eur.Phys.J. C15 (2000) 1 (Section 28).

[2] W.T.Eadie, D.Drijard, F.E.James, M.Roos, and B.Sadoulet, Statistical Methods in Experimental Physics, North Holland, Amsterdam, 1971.

1Formulae (8,9) realize the worst case when the background cross section σ_b(1 + δ) is the maximal one, but we think that both the signal and the background cross sections are minimal

[3] S.I.Bityukov and N.V.Krasnikov, New physics discovery potential in future experiments, Modern Physics Letters A13(1998)3235.

[4] S.I.Bityukov and N.V.Krasnikov, On observability of signal over background, Proceedings of Workshop on Confidence limits, YR, CERN-2000-005, 17-18 Jan., 2000, pp. 219-235 by James, F ed., Lyons, L ed., Perrin, Y ed.; S.I.Bityukov and N.V.Krasnikov, On the observability of a signal above background, Nucl.Instr.&Meth. A452 (2000) 518.

[5] S.I. Bityukov, N.V. Krasnikov, Uncertainties and Discovery Potential in Planned Experiments, e- Print: hep-ph/0204326, 2002.

[6] The Compact Muon Solenoid. Technical Proposal, CERN/LHCC 94-38, 1994.

[7] ATLAS Detector and Physics Performance, TDR, CERN/LHCC/99-15, p.467, CERN, May, 1999.

[8] See as an example:

D.Denegri, L.Rurua and N.Stepanov, Detection of Sleptons in CMS, Mass Reach, CMS Note CMS TN/96-059, October 1996.

S.Abdullin, Search for SUSY at LHC: Discovery and Inclusive Studies, Presented at International Europhysics Conference on High Energy Physics, Jerusalem, Israel, August 19-26, 1997, CMS Conference Report 97/019, November 1997.

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

H.Baer, M.Bisset, C.Kao and X.Tata, Observability of γγ decays of Higgs bosons from supersymmetry at hadron supercolliders, Phys.Rev., D46, 1992, p.1067.

[10] S.I.Bityukov and N.V.Krasnikov, Some problems of statistical analysis in experiment proposals, Proceedings of CHEP’01 International Conference on Computing in High Energy and Nuclear Physics, September 3-7, 2001, Beijing, P.R. China, Ed. H.S. Chen, Science Press, Beijing New York, p.134. http://www.ihep.ac.cn/∼chep01/

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

[12] J.J.Hernandez, S.Navas and P.Rebecchi, Estimating exclusion limits in prospective studies of searches, Nucl.Instr.&Meth. A 378, 1996, p.301.

[13] T.Tabarelli de Fatis and A.Tonazzo, Expectation values of exclusion limits in future experiments (Comment), Nucl.Instr.&Meth. A403, 1998, p.151.

[14] R.D. Cousins and V.L. Highland, Incorporating systematic uncertainties into an upper limit, Nucl.Instr.&Meth. A320 (1992) 331-335.