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Abstract. The expected numbers of events of several backgrounds eriexgnt are estimated

from Monte Carlo experiments. In the analysis we take intwoaat an integrated luminosity of

Monte Carlo experiments. The expected number of eventa/salto construct the distribution of

probabilities of number of events which in real experimemlyrbe observed (in accordance with
formulae in [1]). The formulae allow to take into accounttistical uncertainty of corresponding
Monte Carlo experiment. The influence of systematics isrdeteed by additional Monte Carlo

experiments with expected number of events.
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INTRODUCTION

Often in experiments the signal and background events Ih&vsame signature. In this
case the number of background events can be estimated frditioadl measurements
and/or Monte Carlo calculations. It implies uncertainagsociated with the estimation.
The incorporation of uncertainties to calculations of etpd backgrounds in experi-
ment is an actual task.

We propose a method to estimate the probability that backgtfuctuates above the
expected value of signal plus background. A short desonptif the method follows.
The expected number of events of each background is estirfrate Monte Carlo ex-
periments. In the analysis we take into account the intedraiminosities of Monte
Carlo experiments. The expected number of events allowstaarion of the distribu-
tion of probabilities of the number of events which in a regde&iment may be observed
(in accordance with formulae in papers [1]). These formtd&e into account statistical
uncertainty of the corresponding Monte Carlo experiment TBe influence of system-
atics is determined by additional Monte Carlo experimentk the expected number
of events. The result is the distribution of probabilitiesobservek background events
p(background in experiment = k), k=0,1,.... To estimate the significance of the ex-
cess of the expected sum of signal and background eventg abevaumber of pure
background events, we use the significaBge[3, 4] (Zy in astrophysics notation [5]).

In the remainder of the paper, the process of treatment tiétital and systematit

1 The notion of systematic uncertainties is used in high gnphysics and astrophysics widely (see, for
example, ref. [6]). The recommendation INC-1 by the Work@rgup on the Statement of Uncertainties
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FIGURE 1. The probabilities of expected number of background evénts:

uncertainties in the estimation of backgrounds for one efrtiodels of the experiment
for searching of single top quark production [8] is presdnte

THE METHOD

The procedure contains several steps.

1. For each backgrourdi, i = tt,tW,W + jets,Wc, QCD, etc. we take into account
the systematic uncertainties by performing Monte Carlaeexpents. These uncer-
tainties reflect the inaccuracy in the knowledgeNgf - the expected number of
events of background(see an approach of incorporating systematic uncertaintie
into an upper limit in paper [9]). The outcome of Monte Cangeriments is the
set of probabilities tha¥l, arise due to systematic uncertainty from one of numbers
...,Np —1,Np, Ny, +1,... which we can consider as true value of expected number
of background events, i.e. we change the constant Bdjut the distribution of
possible values with different probabilities (see, Fig.1)

2. The second step is the inclusion of statistical uncestguhich relates to the given
integrated luminosity) and, correspondingly, the fordogsof the probabilities to
seek background events in experiment. These probabilitiesailated for each
value..., Ny —1,Ny,Np +1,... by the formula [1]:

p(background in experiment = k|Mp, m) = C,'\‘,lerkW,

(1)

(Bureau International des Poids et Mesures) [7] about cayeB (type B uncertainty) is internally
inconsistent. The using of statistical formulae for notisti@al evaluation, as seems, is not correct.

2 We consider different uncorrelated sources of backgrowrdtsh can imitate the production of single
top quark: production of pair of top quarks associated production ¥f-boson with heavy quark, hadron
jets or W/Z boson, QCD (Quantum ChromoDynamics) produatibhigh-energy quarks or gluons and
so on (see, [3]).
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FIGURE 2. The expected probabilities of number of background evet{tsft) and QCD (right).

wherek = 0,1,... is the possible number of background events in a real experi-
ment, Ny is a possible expected number of background events in reariexent
(---,Ng —L,Np, Ny +1,...), Mp = m- Ny is the expected number of background
events from Monte Carlo experiment with integrated lumityoghich is equal to
(Mp+k)!

Mp'k!
Then all distributions are summed with corresponding wesighhich are deter-
mined in the first step as probabilities. Note that this fdams applicable both for
m> 1 and form < 1. It allows Monte Carlo experiments to be taken into account
which give zero background under incomplete integratedrosity. The second
step is performed for each background. As an example, twkgoacnds {t and
QCD) are presented in Fig.2. Distributions in Fig.2 show the mary influence
of systematic uncertainties (step 1) and of statisticabuainty (step 2) for back-
ground fromtt production (left figure) and background fra@CD processes (right
figure).

mintegrated luminosities of a real experiment ﬂm+k is

. The third step is the integration of all backgrounds= tt,tW,W + jets, etc. Each

background is considered as independent from another baakg. For example,
the integration of the pair of probability distributions lmfckground 1 and back-
ground 2 can be written as

p(background in experiment = k|Np, +Np,) =

k
Zo p(background inexperiment = j|Np, ) - p(background in experiment =k— j|Np, ).
=

2)
The combined backgrounds without QCD (left figure) and witbmYright figure)
are presented in Fig.3. These figures show distributiongabgbilities to se&k
background events in the experiment from all backgroundegsses.
The final step is the determination of the significance eféRkcess of expected
number of signal plus background events above pure backgrale calculated
the probabilitye of the appearance of the number of background events abeve th
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FIGURE 3. The combined background without QCD (left) and combinedkbgemund with QCD
(right).

expected number of signal plus background events in rea@rarpnt, i.e. the right
tail above signal plus background in the distribution deieed in step 3 (see,
Fig.3). This probability was converted to the significagge

[ oax=¢ (3)

wheree = p(background in experiment = k),
k=expected signal +expected background

¢ (X) is the probability density of standard normal distributeomd € is the upper

tail of probability distribution from the sum of expectedsal and expected back-

ground.

NUMERICAL RESULTS

In the analysis we take into account the integrated lumiiessof Monte Carlo experi-
ments. For each background we determine the ratod integrated luminosities Monte
Carlo experiment and real experiment by using the data frabeT1.

In calculations with equation (1) we use the number of Mon&l&€events from
Table 2, namely, the valusg, in formula (1) is the valu&®Peted jn Table 2.

The influence of systematics (jets energy scale, missingp¥ease energy, etc.) is
determined by additional Monte Carlo experiments usingipected number of events.
We suppose that systematics have a normal distributiondTa The reason of the
using of this approach for the analysis is a relatively snméllience of systematics on
the value of significance in our case. In the table we presenttpact of the considered
systematic errors of instrumental origin on the final sébecefficiencies. In principle,
more complicated distributions for systematics are predumut in this analysis are not
used due to the small effect on the final result (see Table 4).



TABLE 1. The ratio of integrated luminosities Monte
Carlo experiment and real experiments (number of events
before applying of cuts).

| process | NP | NMC | m=NMC /NP |
tt 992 | 12324 12.42
VQQ 76 505 6.64
W+ jets 229 260 1.14
tw 79| 2589 32.77
Wc 60 432 7.20
WWwW 3 46 15.33
wz 5 186 37.20
Z+light partons 6 9 15
QCD 587 36 0.06

TABLE 2. The number of expected
events which survive a cut on Super Neu-
tral Network output greater than 0.75 for

200 pb L.

| process | Nexpedted (NMC ) |
tt 51 (635)
Whbj 6 (39)
WHjets 19 (21)
tw 6 (209)
wc 10 (72)
WwW 0+0.13(1)
wz 0-+0.04(9)
Z+light partons 0+1.1(0)
QCD 0+29 (0)

| Bkgd. total | 92(986) |

| t-channel Signal | 91(3081) |

TABLE 3. Systematics which are
taken into account for calculation of

significance.
Process || total systematics
tt 12.43%
Whbj 34.15%
W+ jets 14.11%
tw 8.42%
Wc 10.05%

The expected number of signal events for the given intedatainosity (200pb—1)
equals 91. The values of significan&g are presented in Table 4.
As it follows from Table 4, the precise knowledge of systensdbas a relatively small



TABLE 4. The dependence of the significar&e on
systematics and the integrated luminosity of the Monte
Carlo experiment. The third column shows the expected
significance if we multiply the total systematic uncer-
tainty by a factor of 1.5.

| Backgrounds || systematicy systematics*1.5
| All,exceptQCD || 572 | 5.00 |
| ALQCD m=0.06| 246 | 241 |
| AlLQCDmM=0.27|| 5.0 | 456 |

influence (in considered example) on the significance of taened experiment using
Neural Networks selection. The adequate statistics of thet®Carlo experiment has a
crucial influence on the expected significance of the reatexgent.

CONCLUSION

In many searches for small signals, a significant limitingfda is the relative size and
nature of systematic uncertainties on the measurementaigbaund processes. The
finite statistics of simulated samples which are used toigrreéde rates of different
classes of events also represents a particular challengeanthes for small signals.
It is therefore important to incorporate the statisticall agstematic uncertainties into
calculation of backgrounds.

We proposed a method for combined estimation of expectekbbagnds with statis-
tical and systematic uncertainties in planned experimiér.method has a clear proba-
bilistic interpretation. We also show the applicabilitytbe method for the planning of
experiment for searching of single top quark production.
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