
DIRAC note 2008-04Investigation of systemati
 errors for analysiswith DC and S
FiV.V.Yazkov (SINP, Mos
ow)Mar
h 11, 2008Abstra
tMain sour
es of systemati
 errors are investigated for mode of analysis whi
h uses
oordinate information from DC and S
Fi. Estimation of systemati
 error values arepresented.Introdu
tionThe ina

ura
y of ba
kground event des
ription (\Coulomb" pairs mainly) and also simulateddistributions of \atomi
" pairs leads to o

urren
e of systemati
 errors at 
al
ulation of atombreakup probability Pbr and therefore systemati
 errors of A2� lifetime measurement.Main sour
es of systemati
 errors are:1. An admixture of non-identi�ed K+K� and pp pairs.2. Finite size of produ
tion region. Cross se
tion of atom produ
tion is 
al
ulated in ap-proximation of point-like sour
es of pions. However there are 
orre
tion due to �nite sizeof produ
tion region and strong intera
tion in the �nal state [1℄.3. The error in an estimation of multiple s
attering for dete
tors and elements of the DIRACsetup.4. Finite double-tra
k resolution of �ber dete
tor.5. Presen
e of hits from ba
kground parti
les in S
Fi and IH.6. A

ura
y of trigger system simulation.7. Corre
tion on a width of re
onstru
ted � hyperon whi
h is used for 
alibration of thesetup resolution. The error of laboratory momentum re
onstru
tion is in
reased by 10%for simulated events. It provides the same width of re
onstru
ted �-peak for experimentaland simulated data.
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1 Admixture of non-identi�ed K+K� and pp pairsThreshold Cherenkov 
ounters and muon dete
tors of setup DIRAC [2℄ allow to ex
lude anadmixture of the pairs, 
onsisting of ele
trons, positrons, or muons. All hadron pairs are
onsidered to be �+��. The most dangerous admixture is an admixture of pairs whi
h 
onsistof two oppositely 
harged parti
les of equal mass. At the 
ondition of the DIRAC experimentthis is mainlyK+K� for whole momentum range, and pp pairs with lab momentum of parti
lesmore than 1.8 GeV/
. Protons (antiprotons) with PLab < 1:8 GeV/
 are reje
ted by 
ut on thedi�eren
e of times measured by VH and upstream dete
tors.Non-identi�ed K+K� and pp are analyzed in assumption that they are pions. From Lorentztransformation it is known that in this 
ase transverse 
omponents of relative momentum inpair CMS QX , QY are measured 
orre
tly but longitudinal 
omponent QL is underestimated byfa
tor � m�=mK (m�=mp). As result these pairs also form peak due to Coulomb intera
tionsin a �nal state for parti
les with small relative momentum Q but width of this peak other, thanfor �+��. It leads to error in des
ription of \Coulomb" pair ba
kground whi
h following to anerror in number of \atomi
" pairs and breakup probability value.Estimation of pp was done in [3℄, using time-of-
ight measurement by upstream dete
-tors (S
Fi and IH) and downstream dete
tor (VH). Admixture of K+K� pairs was simulatedwith FRITIOF 6.0 [3℄. This simulation has been veri�ed by experimental measurement withtime-of-
ight method for two momenta of pairs: 2.90 GeV/
 [4℄ and 4.80 GeV/
 [5℄. Thesemeasurements allow to normalize simulated lab momentum distribution of K+K� pairs. Ra-tio of this distribution to lab momentum distribution of �+�� pairs is presented in Fig 1a.Distribution of �+�� pairs is shown for 
omparison in Fig 1b.Analysis with admixture K+K� and pp is taken as basi
. Di�eren
e of breakup proba-bilities, obtained with and without admixture of non-pion pairs in simulated distribution of\Coulomb" pair, has been multiplied by relative error of admixture fra
tion measurements.From [3℄, [4℄, [5℄ this 
oeÆ
ient is estimated to be 0.25.2 Finite size of parti
le produ
tion regionFor analysis, Coulomb 
orrelation fun
tion has been des
ribed by equation for point-like sour
e:AC(Q) = 2�m��=Q1� exp(�2�m��=Q) ; (1)where m� is a mass of 
harged �-meson, Q is a relative momentum in 
enter of pair masssystem, � is a �ne stru
ture 
onstant. Work [1℄ des
ribes in
uen
e of e�e
ts of �nite size ofparti
le produ
tion region, and strong intera
tion in a �nal state of pair of 
harged parti
les.Resulting 
orrelation fun
tion di�ers from Eq. 2 by multipli
ative 
orre
tion fun
tion FFSz(Q)whi
h is presented in Fig 2 (solid line). Alternative 
orre
tion fun
tion has been obtained in[6℄. In Fig 2 it is shown by dashed line.Di�eren
e of breakup probabilities 
al
ulated with modi�ed 
orrelation fun
tion [1, 6℄ and
orrelation fun
tion (2) de�nes a maximal estimation of systemati
 error �FSzsyst .
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Figure 1: a) Ratio of distribution over total lab momentum of K+K� pairs to the same distri-bution of �+�� pairs; b) distribution of �+�� pairs over total lab momentum3 A

ura
y of multiple s
attering in dete
tors and ele-ments of the DIRAC setupAn average values of multiple s
attering angle in dete
tors and aluminum membrane have beenmeasured with an a

ura
y 1% [7℄. Results of measurement have been introdu
ed to GEANT-DIRAC program [8℄.In 
ontrary to investigation of other systemati
 errors, an error, indu
ed by an a

ura
y ofmultiple s
attering, has been estimated using additional dedi
ated 
ode apart from ARIANE,GEANT-DIRAC and �nal �t pro
edure. This pro
edure is also partly used for systemati
 erroro

urs due to � 
orre
tion (see se
tion 7). This is simulation 
ode whi
h provide simple andfast simulation of \prompt" (sum of \atomi
", \Coulomb" and \a

idental under the peak ofreal"), \a

idental", \simulated Coulomb", \simulated atomi
" and \simulated non-Coulomb"3
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Figure 2: Corre
tion fun
tions for Coulomb 
orrelation fun
tion indu
ed by �nite size of parti
leprodu
tion region, and strong intera
tion in a �nal statepairs. Initially events are generated uniformly over QX , QY and QL.For \Coulomb" pairs Coulomb 
orrelation fun
tion is introdu
ed by 
omparison of Coulombweight (Eq. 2) with uniform random number in interval [0:; 100:℄. If weight is higher then eventis a

epted. At the next step initial values of QX , QY and QL are varied with multiple s
atteringin the target (Moliere algorithm) and resolution of DIRAC setup for Q-proje
tions:Qi = Q0i + �tagQi + �Qi(Ptotal) � n(0:; 1:); (2)here Q0i is initial value of i-th proje
tion of Q (i = X; Y; L), �tagQi is variation of Qi in matterof target, �Qi(Ptotal) is a resolution of the setup for Qi-proje
tion as fun
tion of total labmomentum of �+�� pair, n(0.,1.) is a random value distributed a

ording normal distribution.Values of �Qi(Ptotal) have been estimated by ARIANE global tra
k �t pro
edure, taking intoa

ount resolution of dete
tors and multiple s
attering in the dete
tors, membranes (not in the4



target) and air. In Fig. 3 dependen
ies of �Qi on total pair momentum are presented.Simulated \experimental" distribution is �tted by a mixture of \simulated" \atomi
",\Coulomb" and \non-Coulomb" pairs with �t pro
edure whi
h uses for analysis of true ex-perimental data with ba
kground simulated by GEANT-DIRAC.If the same sample of resolution and target des
ription is used both for simulation of \ex-perimental" and \simulated" data then analysis 
orresponds to situation when ba
kgrounddes
ribed ideally. If resolution (or multiple s
attering in the target) for \simulated" eventsdi�er from parameters used for simulation of \experimental" then systemati
 shift of breakupprobability o

urs. Comparison of two values allows to obtain an estimation of systemati
error.For investigation of in
uen
e of multiple s
attering angle, �Qi have been 
al
ulated withmeasured values of average angle of multiple s
attering and with angles multiplied by 1.05 and1.10 for di�erent s
atterers. Simulation of \experimental" data has been performed, using only�Qi obtained with measured values of average multiple s
attering. Simulation of \simulated"data have been used both measured and varied angles of multiple s
attering. Di�eren
e ofbreakup probabilities allows to estimate sensitivity of result to a

ura
y of multiple s
atteringdes
ription. Table 1 presents relative 
hange �Wbr=Wbr indu
ed by the average angle variationfor di�erent s
atterers. At simulation the breakup probability is de�ned to be 0.45. Multiples
attering in X- and Y-planes of S
Fi varies simultaneously be
ause of there is one measurementfor both this planes [7℄. Presented data show linearity of dependen
e of systemati
 breakupprobability error on angle of multiple s
attering for variation up to 10%.4 Finite double-tra
k resolution of �ber dete
torIf at the level of �ber dete
tor a distan
e between parti
les of a pair is 
omparable with stepof the �ber dete
tor (0,43 mm) [2℄, the dete
tor produ
e a signal only in one 
olumn with ahigh probability. On the other hand, only one hit in the �ber dete
tor 
ould be dete
ted ifthe signal from the se
ond parti
le is not registered due to an ineÆ
ien
y of the �ber dete
tor.In this 
ase true distan
e between parti
les 
ould be big (
riterion on the 
oordinate of tra
kat the target allows to have maximal possible distan
e up to 2 
m for su
h 
ase). Thereforeessential error o

urs in measurement of a di�eren
e of 
oordinates of parti
les and an openangle of pair.For an ex
eption of su
h 
ases S
intillation Ionization Hodos
ope (IH) is used. IH 
onsistsof 4 planes (2 in X- and 2 in Y-proje
tions) [2℄. In Fig 4 distribution of experimental eventsover a di�eren
e of 
olumn numbers in the X-plane of the �ber dete
tor, asso
iated with tra
ksof positively and negatively 
harged parti
les, is presented. Peak in the 
enter and two deepson ea
h side are 
aused by diÆ
ulty of dete
tion of 
lose parti
les pairs. For pairs of theparti
les having only one hit in the �ber dete
tor ("single-hit events"), the 
riterion on doubleamplitude in 
orresponding 
hannels of X-planes of IH is applied. The similar 
riterion is usedfor a Y-plane of the �ber dete
tor.Simulated distribution of ba
kground events should to reprodu
e both relative height of the
entral peak in distribution (Fig 4), and a ratio between events whi
h have two parti
les reallypassed through one 
olumn and given double amplitude (Fig 5b) in IH, and events whi
h haveonly one parti
le passed through hit 
olumn and 
aused amplitude higher then threshold due5



Table 1: Change of breakup probability due to in
reasing of average angle of multiple s
at-tering in di�erent s
atterers. Analysis has been done with F (QX ; QY < 4 MeV/
), Q(QT < 4 MeV/
), and QL (QT < 4 MeV/
) and with 2-dimensional distribution QL; QT .Binning is des
ribed in Table 2S
atterer Average �WbrWbrangle F Q QL v1 v2 v3 v4 v5 v6% % % % % % % % %Ni 1.05 4.350 5.521 0.676 3.066 2.621 1.211 2.912 2.501 1.193Ni 1.10 8.904 11.304 1.491 5.811 4.978 2.423 5.532 4.766 2.399MSGC 1.05 0.805 1.067 -0.013 0.684 0.522 0.213 0.673 0.523 0.238MSGC 1.10 1.605 2.129 -0.007 1.343 1.022 0.430 1.321 1.025 0.478SCFIX(Y) 1.05 0.257 0.332 0.017 0.193 0.147 0.060 0.191 0.149 0.068DeDx 1.10 0.291 0.376 0.023 0.230 0.177 0.079 0.227 0.179 0.088Al 1.05 2.249 1.813 3.974 2.957 3.112 3.517 2.785 2.923 3.271Al 1.10 4.442 3.588 7.873 5.795 6.103 6.940 5.450 5.722 6.443Other 1.05 0.881 0.761 1.441 1.147 1.186 1.293 1.082 1.116 1.207Other 1.10 1.798 1.534 2.894 2.313 2.389 2.606 2.184 2.251 2.433to �nite amplitude resolution of IH (Fig 5a).Fig 5d shows experimental and simulated distributions over amplitude of one plane of IH forevents from 
entral peak of distribution over 
olumn number di�eren
e in the X-plane of �berdete
tor after applying double amplitude 
riterion (Fig 4). Su
h distribution before doubleamplitude 
ut is shown in Fig 5
. Value of a threshold for simulated events is 
hosen to providethe same ratio of double parti
le to single parti
le events whi
h �t double amplitude 
riterion.So admixture of wrongly measured events is su
h as for experimental data. However, a fra
tionof reje
ted events and, as result, relative height of the 
entral peak in distribution on a di�eren
eof �ber dete
tor 
olumn numbers are di�erent from experimental ones. It is 
aused by diÆ
ultyof adequate simulation of pro
esses in ionization hodos
ope. To provide 
orre
t des
ription ofexperiment with simulated data, the weight fa
tor for simulated events from the 
entral peakis introdu
ed. This version of the �ber dete
tor response des
ription is used as basi
.The alternative version assumes 
riterion on double amplitude whi
h provides relative heightof the 
entral peak the same as at experimental distribution without taking into a

ount a ratioof single and double parti
le events, satisfying to 
riterion. The di�eren
e of probabilities ofthe ionization re
eived with an alternative and basi
 variants is 
onsidered as the maximum6



Table 2: Versions of QT binning for analysis data with 2-dimensional distribution QL; QT .Criterion QX < 4; QY < 4 is shown as 4'. QL binning is 0.5 MeV/
 for all versionsVariable QT binningMeV/
v1 0-1, 1-2, 2-3, 3-4v2 0-2, 2-3, 3-4v3 0-3, 3-4v4 0-1, 1-2, 2-3, 3-4, 4-4'v5 0-2, 2-3, 3-4, 4-4'v6 0-3, 3-4, 4-4'
estimation of systemati
 error �1�hitsyst .5 Ba
kground parti
lesUpstream dete
tors of the setup DIRAC are working at high intensity 
ux of parti
les. There-fore there is probability that pair of parti
les 
ould be a

ompanied by one or more ba
kgroundparti
les. In some 
ases presen
e of ba
kground parti
les lead to misidenti�
ation of dete
torsignals from parti
les of investigated pair whi
h 
auses trigger signal.The probability of su
h error is proportional to multipli
ity of ba
kground parti
les. InFig 6a an experimental distribution over multipli
ity of hits in X-plane of �ber dete
tor is shownby solid line (the minimum value is 2, be
ause program sele
ted events whi
h have di�erenthits for parti
le of trigger pair). Dashed line presents simulated multipli
ity distribution whi
h
orrespond to average intensity of a proton beam in a spill. This distribution is also shown inFig 6b separately.It is seen, that simulated distribution has the same average value but a shape is di�erent. Itis 
aused by variation of proton beam intensity during the spill. The analysis of data has shownpossibility of the des
ription of the shape and average value of distribution over multipli
ity witha mixture of 61% of events simulated at half of average intensity and 39% of events at doubleintensity. Total distribution on multipli
ity is shown in Fig 6
 by solid line. For 
omparison anexperimental distribution is shown by dashed line.The di�eren
e of the breakup probability values obtained with multipli
ity of ba
kgroundparti
les for average value of intensity and with a mixture of 2 intensities has been assumed asthe maximum estimation of systemati
 error �bgsyst.
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6 EÆ
ien
y of the triggerExperiment DIRAC uses the multilevel trigger whi
h essentially redu
es volume of data re
orded[9℄. The trigger sele
ts events, satisfying to 
riteria:jQX j < 4MeV=
 ; (3)jQY j < 4MeV=
 ; (4)jQLj < 30MeV=
 : (5)Fig 7 presents simulated eÆ
ien
y of trigger as fun
tion of QX , QY and QL.It is seen that eÆ
ien
y of the trigger is not uniform in the spe
i�ed area. Presen
e of deadtimes and of imposed signals in the trigger ele
troni
 s
heme indu
es essential diÆ
ulties insimulation of trigger system response. In Q-region area where eÆ
ien
y varies, it 
an 
ausedi�eren
e of the form experimental and simulated distributions of ba
kground events. Tode
rease negative e�e
ts the 
riterion on QL at �nal analysis has been 
hanged to:jQLj < 15MeV=
 : (6)The deep in distribution on QX is o

urred due to partial loss of "one-hit events". Thise�e
t is taken into a

ount by the pro
edure des
ribed in se
tion 4. Analysis of data has beenperformed without simulation of trigger response and with trigger response. The di�eren
eof breakup probabilities in this two 
ases is assumed to be the maximum estimation of thesystemati
 error 
aused by non-adequate des
ription of trigger system �trigsyst.7 Corre
tion with � hyperonIn [10℄ re
onstru
ted width of � hyperon mass from experimental data is 
ompared to simulatedone. It is shown that experimental peak is wider. This di�eren
e 
ould be 
orre
ted withintrodu
ing addition error �AddPLab in lab momentum measurement for simulated data:�AddPLab = 0:0011PLab ; (7)here PLab is lab momentum of simulated parti
le.Additional error leads to 
hange of simulated distributions of \Coulomb" and \atomi
"pairs. As result breakup probability 
hanges by some value �W�br. These 
orre
tions are listedin Table 3.Analysis of reasons whi
h indu
e dis
repan
y of � peak in experimental and simulateddata has been done. It is found that GEANT-DIRAC program does not take into a

ount
arbon 
overing of 
athode in drift 
hambers and wires in in
lined drift planes (2 planes perarm). Analysis with pro
edure des
ribed in se
tion 3 has shown that this reason explains19% of e�e
t. The reason of remained error is not known now. There is hypothesis that it isdes
ription of magneti
 �eld [10℄. But it is not proved yet. Therefore it is reasonable to thinkthat experimentally found but non-explained 
orre
tion indu
es systemati
 error whi
h 
ouldbe 
al
ulated as: 8



Table 3: Corre
tion of breakup probability with � for analysis with di�erent variables. For2-dimensional analysis with QL; QT binning is des
ribed in Table 2Variable QT binning �W�brMeV/
F QX < 4; QY < 4 0.0234Q QT < 4 0.0189QL QT < 4 0.0415QL QT < 3 0.0429QL; QT v1 0.0303QL; QT v2 0.0319QL; QT v3 0.0365QL; QT v4 0.0286QL; QT v5 0.0300QL; QT v6 0.0338
��syst = 1� 0:19p12 �W�br ; (8)here fa
tor (1 � 0:19) = 0:81 des
ribes non-explained part of 
orre
tion, denominator p12o

urs due to assumption that possible value of 
orre
tion is uniformly distributed in a range[0:5; 1:5℄ of 
al
ulated value.8 Results of analysisTables 4,5 present estimation of systemati
 errors for analysis with di�erent variables. Errorsindu
ed by an admixture of non-identi�ed K+K� and pp pairs and by a 
orre
tion with �hyperon are 
al
ulated as it is des
ribed in se
tions 1 and 7. For errors indu
ed by �nitedouble-tra
k resolution of �ber dete
tor, by ba
kground parti
les and by eÆ
ien
y of the trigger,estimations of maximal errors are divided by p12 in the same assumption as in se
tion 7. Errorfrom �nite size of parti
le produ
tion region is assumed to be equal to maximal value be
auseit is pure theoreti
al is not used as 
orre
tion.Error indu
ed by multiple s
attering is 
al
ulated in assumptions that errors for di�erents
atterers are independent and errors of average angle of multiple s
attering for all s
atterers,ex
luding aluminum membrane and \Other" (mainly air and mylar), equals to be 1% [7℄.Error for aluminum membrane is 1.8% whi
h is 
ombination of a

ura
y of multiple s
atteringmeasurement for aluminum alloy and a

ura
y of thi
kness measurement. Error for \Other" isassumed to be 2%. 9



Table 4: Systemati
 errors of breakup probability obtained with analysis for 1-dimensionaldistribution F Q QL QLQX;Y < 4 QT < 4 QT < 4 QT < 3% % % %Multiple s
attering 0.56 0.60 0.70 0.73Heavy parti
les admixture 0.17 0.17 0.79 0.55Finite size e�e
ts +0:00�0:62 +0:00�0:60 +0:00�0:43 +0:00�0:39Double tra
k resolution 0.33 0.41 0.03 0.05Ba
kground parti
les 0.12 0.07 0.14 0.01Trigger simulation 0.10 0.11 0.07 0.08Corre
tion 0.64 0.49 1.27 1.34All systemati
 +0:9�1:1 +0:9�1:1 +1:7�1:7 +1:6�1:7Referen
es[1℄ R. Ledni
ky, DIRAC note 2004-06 (nu
l-th/0501065).[2℄ B. Adeva, et al., Nu
l. Instr. Meth. A515 (2003) 467.[3℄ O.E. Gort
hakov, V.V. Yazkov, DIRAC note 2005-01(http://dira
.web.
ern.
h/DIRAC/i notes.html)[4℄ B. Adeva, et al., DIRAC note 2006-05(http://dira
.web.
ern.
h/DIRAC/i notes.html)[5℄ B. Adeva, et al., DIRAC note 2007-02(http://dira
.web.
ern.
h/DIRAC/i notes.html)[6℄ PHD Thesis of J. Smolik[7℄ A. Dudarev, et al., DIRAC note 2005-02(http://dira
.web.
ern.
h/DIRAC/i notes.html)[8℄ O. Gort
hakov, DIRAC note 2007-04(http://dira
.web.
ern.
h/DIRAC/i notes.html)[9℄ L. Afanasyev et al., Nu
l. Instr. Meth. A491 (2002) 376. [hep-ex/0202045℄[10℄ O. Gort
hakov, DIRAC note 2007-17(http://dira
.web.
ern.
h/DIRAC/i notes.html)10



Table 5: Systemati
 errors of breakup probability obtained with analysis for 2-dimensionaldistribution (see Table 2)Error v1 v2 v3 v4 v5 v6% % % % % %Multiple s
attering 0.59 0.60 0.63 0.56 0.56 0.58Heavy parti
les admix. 0.00 0.04 0.29 0.05 0.01 0.21Finite size e�e
ts +0:00�0:55 +0:00�0:56 +0:00�0:55 +0:00�0:59 +0:00�0:60 +0:00�0:62Double tra
k resolution 0.27 0.15 0.05 0.27 0.15 0.05Ba
kground parti
les 0.11 0.07 0.02 0.12 0.08 0.04Trigger simulation 0.12 0.12 0.06 0.13 0.13 0.07Corre
tion 0.78 0.84 1.08 0.75 0.81 1.01All systemati
 +1:0�1:2 +1:1�1:2 +1:3�1:4 +1:0�1:2 +1:0�1:2 +1:2�1:3
A Report on 17 November 2006On 17 November 2006 report \Systemati
 errors for analysis with DC and SFD and with DConly" was presented at the DIRAC Collaboration meeting. Slides for this report are presentedin this appendix. Figures from slides are started from number 8.Some results are obsolete now. For example systemati
 error, indu
ed by multiple s
attering,was 
al
ulated in assumption that error of measurement is 
orrelated for all s
atterers. Error inaluminum membrane was underestimated (1% instead of 1.8%). Di�erent 
orrelation fun
tionwas used for �nite size e�e
ts. There was not estimation of error due to � 
orre
tion.But this report proved using 3-parametri
 �t with simulated \atomi
", \Coulomb" and\non-Coulomb" pairs. Be
ause this method provides better statisti
al a

ura
y and 
ompatiblesystemati
 errors relatively to \2-parametri
" �t whi
h uses mixture of simulated \Coulomb"and \non-Coulomb" pairs in region where \atomi
" pairs absent, following with extrapolationof ba
kground des
ription to the region of \atomi
" pairs.Also there was 
omparison of errors for versions of analysis with DC and S
Fi and with DConly.
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Fra
tion of single parti
le events among 1-hit SFD events and fra
tion of doubletra
k events whi
h �t 
riterion on double amplitude in IH planes.Plane Data Single A

epted double% %1 Exp 11.03 88.821 MC 11.02 98.142 Exp 12.22 89.892 MC 12.31 98.593 Exp 9.36 89.243 MC 9.30 98.194 Exp 9.82 88.854 MC 9.81 97.53
Weight 
oeÆ
ients for simulated 1-hit SFD events.Proje
tion From amplitude AdditionalanalysisX 0.830 0.8468Y 0.831 0.9259
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). F (QX < 4; QY < 4 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %A

idental ba
kground0.5 27.9581.0 12.6981.5 8.3772.0 7.6862.5 8.1253.0 9.2833.5 10.6204.0 12.318 Simulated ba
kground0.5 12.07 3.414 -0.08 -1.17 -2.64 5.04 1.321.0 6.24 3.300 0.63 -1.15 -3.11 3.57 0.851.5 5.21 2.650 0.68 -1.28 -2.55 0.86 0.732.0 5.51 2.190 0.54 -1.41 -2.05 0.91 0.702.5 6.33 1.862 0.27 -1.55 -2.06 1.34 0.703.0 7.54 1.568 -0.17 -1.79 -1.97 1.34 0.673.5 8.94 1.334 -0.80 -2.08 -1.95 2.56 0.454.0 10.43 1.170 -1.81 -2.50 -1.89 2.71 0.57Fit with \atomi
 pair" signal23. 4.61 2.536 1.25 -1.02 -2.52 0.96 0.78
13



Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). Q (QX < 4; QY < 4 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %A

idental ba
kground0.5 22.8661.0 10.6731.5 8.1422.0 8.2822.5 9.2673.0 10.7923.5 12.633 Simulated ba
kground0.5 10.80 3.348 0.57 -1.20 -2.43 4.16 0.851.0 5.97 3.092 1.07 -1.28 -3.87 1.98 0.861.5 5.58 2.524 1.19 -1.45 -2.83 0.13 0.682.0 6.29 2.196 1.18 -1.65 -2.69 0.08 1.002.5 7.49 1.910 0.98 -2.01 -2.79 -0.89 0.683.0 9.10 1.678 0.63 -2.40 -2.54 -0.19 0.283.5 10.91 1.504 0.17 -2.95 -2.51 0.43 0.52Fit with \atomi
 pair" signal15. 4.94 2.718 1.43 -1.06 -3.18 0.51 0.89

14



Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). Q (QT < 4 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %A

idental ba
kground0.5 23.5281.0 11.3951.5 9.1722.0 9.7752.5 11.3083.0 13.4753.5 16.0394.0 19.064 Simulated ba
kground0.5 11.34 3.346 -0.23 -1.19 -2.26 4.27 1.091.0 6.83 3.066 0.13 -1.27 -3.66 2.06 1.111.5 6.86 2.476 0.03 -1.44 -2.61 0.25 1.012.0 8.07 2.116 -0.28 -1.63 -2.40 0.25 1.392.5 9.86 1.786 -0.91 -1.96 -2.38 -0.58 1.193.0 12.18 1.508 -1.65 -2.32 -2.05 0.15 0.943.5 14.79 1.278 -2.64 -2.81 -1.88 0.61 1.304.0 17.53 1.094 -3.55 -3.03 -1.75 0.81 1.92Fit with \atomi
 pair" signal15. 5.09 2.774 1.33 -0.84 -3.13 0.56 0.83
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). QL (QT < 4 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %A

idental ba
kground0.5 10.3861.0 10.6121.5 12.1322.0 14.036 Simulated ba
kground0.5 8.00 1.196 -5.07 -1.90 -0.86 1.43 0.611.0 9.11 0.920 -4.84 -2.18 -0.66 2.53 0.631.5 10.90 0.730 -5.03 -2.47 -1.07 2.61 0.642.0 12.56 0.692 -5.44 -2.81 -1.40 3.33 0.71Fit with \atomi
 pair" signal15. 7.05 1.176 -4.59 -1.49 -0.25 1.10 0.55
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). QL (QT < 3 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %A

idental ba
kground0.5 9.8791.0 10.1191.5 11.3832.0 13.009 Simulated ba
kground0.5 7.76 1.482 -3.61 -1.91 -1.05 0.22 0.471.0 8.84 1.256 -3.29 -2.10 -1.01 1.05 0.511.5 10.41 1.072 -3.42 -2.34 -1.45 1.11 0.362.0 11.81 1.046 -3.65 -2.56 -1.69 1.61 0.36Fit with \atomi
 pair" signal15. 6.75 1.508 -3.26 -1.53 -0.40 -0.08 0.58
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). Analysis is done with 1-dimensional distribution over F , Qand QL. Fit uses simulated \atomi
 pair" signalVariable �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %F (QX < 4; QY < 4) 4.61 2.536 1.25 -1.02 -2.52 0.96 0.78Q (QX < 4; QY < 4) 4.94 2.718 1.43 -1.06 -3.18 0.51 0.89Q (QT < 4) 5.09 2.774 1.33 -0.84 -3.13 0.56 0.83QL (QT < 4) 7.05 1.176 -4.59 -1.49 -0.25 1.10 0.55QL (QT < 3) 6.75 1.508 -3.26 -1.53 -0.40 -0.08 0.58
Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m). Analysis is done with 2-dimensional distribution over QL andQT . Fit uses simulated \atomi
 pair" signalQT bins �stat �MS1%syst �K+K�syst �FSzsyst �1�hitsyst �bgsyst �trigsyst% % % % % % %0-1, 1-2, 2-3, 3-4 4.77 2.248 0.26 -1.24 -2.08 0.87 0.920-2, 2-3, 3-4 4.98 2.112 0.00 -0.89 -1.16 0.57 0.930-3, 3-4 5.89 1.590 -1.63 -1.08 -0.36 0.14 0.440-1, 1-2, 2-3, 3-4, 4-4' 4.62 2.218 0.42 -1.01 -2.04 0.96 0.990-2, 2-3, 3-4, 4-4' 4.81 2.094 0.18 -1.04 -1.17 0.65 1.000-3, 3-4, 4-4' 5.65 1.604 -1.33 -1.25 -0.40 0.29 0.56
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m) without upstream dete
tors.Q (QT < 6 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �trigsyst% % % % %A

idental ba
kground0.5 64.4411.0 24.6691.5 17.0042.0 14.1672.5 13.0703.0 12.8283.5 13.0224.0 13.456Simulated ba
kground0.5 37.28 5.038 -7.26 2.99 8.631.0 15.93 3.812 -6.98 3.67 7.001.5 11.43 4.094 -10.07 6.20 10.972.0 9.82 4.072 -13.95 9.41 13.532.5 9.37 4.084 -18.88 12.81 18.803.0 9.38 4.079 -39.46 26.92 39.643.5 9.63 3.944 -70.44 50.32 68.594.0 10.19 3.702 -78.66 62.28 73.14Fit with \atomi
 pair" signal15. 10.24 5.110 -21.41 15.94 20.15
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m) without upstream dete
tors.QL (QT < 8 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �trigsyst% % % % %A

idental ba
kground0.5 10.9591.0 10.8241.5 12.3652.0 14.374Simulated ba
kground0.5 8.17 1.336 -12.39 0.61 4.761.0 8.67 1.153 -13.38 1.32 5.451.5 10.36 0.942 -13.02 2.06 5.692.0 12.12 0.880 -13.93 3.12 6.21Fit with \atomi
 pair" signal15. 7.32 1.343 -12.31 -0.14 4.48
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m) without upstream dete
tors.QL (QT < 6 MeV/
)Cut �stat �MS1%syst �K+K�syst �FSzsyst �trigsyst% % % % %A

idental ba
kground0.5 10.3811.0 10.2881.5 11.7872.0 13.636Simulated ba
kground0.5 7.83 1.873 -8.29 -1.06 3.541.0 8.41 1.728 -8.45 -1.24 4.021.5 10.03 1.623 -8.16 -1.39 4.262.0 11.69 1.610 -8.51 -1.64 4.61Fit with \atomi
 pair" signal15. 6.97 1.896 -8.25 -0.85 3.26
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Simulated values of relative statisti
al and sistemati
 errors of break up probabilityfor Ni2001 (94 �m) without upstream dete
tors. Analysis is done with2-dimensional distribution over QL and QT . Fit uses simulated\atomi
 pair" signalQT bins �stat �MS1%syst �K+K�syst �FSzsyst �trigsyst% % % % %0-2, 2-4, 4-6, 6-8 6.11 2.679 -6.46 -3.68 4.670-4, 4-6, 6-8 6.17 2.584 -6.54 -3.75 4.520-6, 6-8 6.57 1.940 -8.02 -3.34 4.36
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