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1 Introdu
tionThe new multi target installation widenes the possibilities to obtain physi
sresults in the Dira
 experiment. In this note we aim to study a parti
ular wayto 
al
ulate the time 
orrelated ba
kground getting rid of the 
ontaminationfrom atomi
 pairs with relative momentum Q < 2MeV=
. In order to do thiswe will need to make a hypothesis on the lifetime value. We will analyze whi
his the systemati
 error that this 
hoi
e produ
es and how it 
ompares to theestimated statisti
al error.2 Some De�nitions and Some RelationsLet us start by de�ning some basi
 magnitudes for Dira
's experimental pro
e-dure:� NS = Dete
ted prompt 1 pairs sample with the single layer target.� NM = Dete
ted prompt pairs sample with the multi-layer target.� NB = Ba
kground pairs 2.� NC = Coulomb pairs.� NNC = Non-Coulomb pairs.� nAS = Broken atoms in the single-layer target.� nAM = Broken atoms in the multi-layer target.1A prompt event is an event with time di�eren
e �0:5ns < �t < 0:5ns between the twoparti
les of the pair.2In other notes or presentations also 
alled free pairs (Nfree).1



� NA = Created atoms.These magnitudes are not all independent. In parti
ular the following rela-tions hold:� The number of ba
kground pairs (Coulomb and Non-Coulomb) is the samein the two targets.� NB = NC +NNC .� The number of 
reated atoms is the same in the two targets.� The number of broken atoms di�ers and is given by:nAS = PSNA; (1)for the single-layer target and:nAM = PMNA; (2)for the multi-layer target, where PS and PM are the breakup probabilitiesof pionium in the single and multi layer targets, respe
tively.Finally, the number of dete
ted prompt events with the single and the multilayer targets are de�ned as: NS = NB + nAS ; (3)NM = NB + nAM ; (4)whi
h, making use of (1) and (2), 
an be transformed into:NS = NB + PSNA; (5)NM = NB + PMNA; (6)that is a system of linear equations relating the number of atoms and ba
k-ground pairs with the dire
t measurement of single and multi layer targetprompt events 3.3This relation, expressed for integrated samples of prompt events, 
an be also applied, dueto its linearity, to distributions:dNSdQ = dNBdQ + PS dNAdQ ; (7)dNMdQ = dNBdQ + PM dNAdQ : (8)
2



3 The Ba
kground EstimationThe equations (5) (6) 
an be inverted to give:NB = PSNM � PMNSPS � PM (9)NA = NS �NMPS � PM (10)in parti
ular we are interested in (9) whi
h allows us to obtain NB as a fun
tionof the dire
t measurements of NS and NM 4.We know that PS and PM depend on the lifetime, as we 
an see in Figure 1,but we ignore their true value. However, we 
an take some test values PS0 andPM0 and 
ompute the error to the real value. As an example we have used:PS0 = PS(� = 3 � 10�15s) = 0:454;PM0 = PM (� = 3 � 10�15s) = 0:231;and hen
e we want to study whetherNB0 = PS0 NM � PM0 NSPS0 � PM0 (11)is a good estimate of NB .4 The Systemati
 ErrorThe systemati
 error we would made in estimating the NB value with (11) isgiven by: NB �NB0 = (NS �NM ) � PS0 PM � PM0 PS(PS � PM )(PS0 � PM0 )� : (12)We 
an perform a quantitative 
al
ulation of this systemati
 error if we assumeNNC � 0 5. Taking into a

ount that NA = kNC we have (NC = NB):NB �NB0NB = kPM0 PS0 � PMPSPS0 � PM0whi
h 
an be 
al
ulated for any value of � . The result of this 
al
ulation is shownin Figure 2 where we 
an see that, if the absolute ratio of the real lifetime tothe test value is less than 20% the systemati
 error is less than 2%.4The relation 
an be equivalently expressed as:NB = NS � PSPS � PM (NS �NM );or NB = NM � PMPS � PM (NS �NM ):5Non Coulomb pairs are 2% of the ba
kground in the Q < 2MeV=
 region.3
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Figure 1: Breakup probability dependen
e on lifetime for the single layer target,the multi layer target.5 The Statisti
al ErrorThe statisti
al error in the 
al
ulation of ba
kground with equation (9) is givenby: �NB = p(PS)2(�NM )2 + (PM )2(�NS )2PS � PM (13)where �NS and �NM are the standard deviations of NS and NM . Noti
e thatPM < PS , in parti
ular, around � = 3 � 10�15s PM � PS=2. This means thatthe statisti
s in the multi-layer target 
ontributes larger to the statisti
al error.If we 
onsider �NS = pNS and �NM = pNM equation (13) be
omes:�NB = p(PS)2NM + (PM )2NSPS � PM (14)whi
h in parti
ular, if we assume NNC � 0 gives us:�NBNB = 1pNB p(PS)2 + (PM )2 + kPSPM (PS + PM )PS � PM : (15)6 Two CasesWe have analyzed two parti
ular 
ases in the F < 2 region 6:6The region with atomi
 pairs 
ontamination.4
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Figure 2: Computation of the systemati
 and statisti
al errors in the ba
kgrounddetermination.� NC = 15000, a

umulated statisti
 of the single layer target 2001.� NC = 5500, a

umulated statisti
 of the multi-target layer 2002.We have used k = 0:69 for the k fa
tor. The results 
an be seen in Table 1 andin Figure 2. Errors Stat. Sys. Sys.� (3 � 10�15s) (2:4 � 10�15s) (3:6 � 10�15s)NC = 15000 2:0% 1:9% �1:7%NC = 5500 3:4% 1:9% �1:7%Table 1: Statisti
al and systemati
 errors in the estimation of the ba
kgroundNC of these two samples by assuming a lifetime of 3 � 10�15s.
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