
Full-traking resolution in DIRACwith 2001 dataB. Adeva, A. Romero, O. V�azquez DoeIGFAE, University of Santiago de Compostela, Spain
AbstratThe purpose of this note is to make a omplete evaluation of reonstrutioneÆieny and resolution of the Full-Traking method in DIRAC. This is the onlymethod that uses the upstream arm of the spetrometer as suh. The 10 upstreamdetetors aount for a sizable amount of radiation length and the bakgroundonditions are extremely high in all of them. Monte Carlo simulation is used toevaluate in detail the ritial distributions for the lifetime measurement, namelyQX , QY , QT and QL. Conditions of 2001 spetrometer data were hosen for thisanalysis.
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1 IntrodutionThe general harateristis of the full-traking reonstrution were desribedin referene [1℄, where its global performane with real data was evaluated. Ba-sially, it relies on the utilisation of the upstream arm of DIRAC spetrometer[2℄, by means of an independent pattern reognition of partile traks, whihare mathed with drift hamber traks with given harge sign and (zeroth-order) momentum. By introduing additional hits from 4 MSGC planes losestto the interation point, it ould not be otherwise (for details of mathematialtreatment see referenes [3℄ and [4℄) that this method provides the best res-olution in lambda mass and the best resolution in transverse momentum [5℄,[6℄, as ompared to other drastially inomplete approahes [7℄.Apart from the above-mentioned obvious merits, the real advantage of theupstream arm relies on its apability for maximal redution of detetor bak-grounds and deays. This point is essential for determination of pionium life-time with a high intensity proton beam, beause when the atom signal ismapped into the (QT ; QL) plane, bakground will be reeted into unertaintyin QT , and therefore into systemati error. Dropping the QT projetion fromthe analysis would result, on the other hand, in redued (statistial) preisionwith respet to the 2D �t.Of ourse, an analysis based upon QL measurement only would be a perfetlyonsistent alternative, but then the DIRAC upstream arm beomes itself a se-rious limitation to QL resolution, unless traking detetors are fully exploited.
2 Overview of reonstrutionA omplete desription of the traking method priniples an be found in [1℄.We shall review here only those aspets that are new (with respet to ARIANE304-26 version) or speially relevant for the present study. MSGC lusters arede�ned as a ontinuous string of mirostrip (200 �m pith) ADC signals abovethreshold. We all X=X' the MSGC planes with mirostrips vertial and tiltedby 5o, respetively. Likewise Y=Y' for horizontal planes.Upstream traks are built when they have at least two hits in eah projetion,among the sets (X, X', SFD-X) and (Y, Y', SFD-Y), and they are mathedwith bakward-extrapolated drift hamber traks. Mathing requires spaeand time oinidene between upstream and downstream traks. Good timingwith TOF ounters is ahieved by means of SFD TDC's.2



Pattern reognition of traks is ahieved by searhing hits in MSGC and SFDdetetors that are ompatible with having a ommon origin at the beam in-tersetion with the target foil. Momentum-dependent spae windows are openfor this purpose, based upon diagonal elements of detetor multiple satteringmatrix [1℄. In order to minimise the e�et of MSGC bakground, strit (2�)uts are used to de�ne the searh spot. The alibrated mean entral positionof the beam at the target plane is used in this proedure (insigni�ant withMonte Carlo). Beam position is also used as a �t onstraint for traks withonly 4 hits.We say there is double ionisation in one trak when at least one of the twointerseted slabs of IH shows alibrated pulse [8℄ above threshold (140-170ounts), in a given projetion (X or Y). Null pulses are exluded from thetest.For well separated pairs, where one of the traks has only two hits in oneprojetion and the other shows double ionisation, a signal in time from IHdetetor is further required in the former to validate the pair.When both traks share the same SFD hit, additional MSGC signals lose tothe trak are searhed for, and inorporated to either one of the two traks.Wide MSGC lusters (strip multipliity larger than 3) that are found in thisproedure, are subsequently broken into two, before they get assoiated to thetraks. Double ionisation is required for this lose-pair on�guration, before itis aepted.The above analysis for lose-angle pairs still allows that unbroken MSGClusters are shared by both traks. In this ase, lusters are split into two,under the assumption that they were produed by two partiles. Splitting takesplae then by means of a simple algorithm that takes the RMS of the strip-pulse distribution as most likely distane. In the ase of one-strip lusters,it is neessary to add two small pulses at adjaent mirostrips, in order toompensate partially for the e�et of pedestal substration.Trak pairs are �nally re-�tted with a ommon vertex position. Calibratedmean entral position of the beam is used as a onstraint for traks with only4 hits. In the �nal re-�t, only MSGC information is used, in order minimisethe e�et of multiple sattering and SFD ross-talk.3 Overview of Monte Carlo simulationFor both Coulomb and pionium pairs, the standard generator is used [9℄,[10℄.Bu�er �les (whih ontain GEANT-DIRAC [11℄ output) were reated after3



generator uts QT < 8 MeV/ and jQLj < 24 MeV/. A simpli�ed pre-seletion pass is done, whih performs the essential funtions of the standardpre-seletion used with real data [12℄, partiularly the veto on large (> 6MeV/) QX or QY estimated values, in the presene of SFD bakground.Average radiation length of upstream detetors , whih orrelates with reso-lution performane, has been the subjet of variations at the level of 10-15%with respet to standard GEANT-DIRAC values. For the sake of onrete-ness, the hoie made in this work orresponds to the values optimised in [5℄with real data. Lower values would of ourse mean better resolution, in alltransverse momentum quantities whih will be evaluated. A full disussion ofthis important parameter will be done elsewhere.Upstream detetor digitisations for SFD and IH are used from standard GEANT-DIRAC as provided by ARIANE 304-26 version, with options that are indi-ated in eah ase. For MSGC, some improvements were made with respetto 304-26, speially onerning bakground simulation. A desription of thelatter, as well as results showing the simulation quality for 2001 data, an befound in referene [13℄.It is also in note [13℄ that optimum values of SFD eÆieny parameters (PSCthreshold, amplitude of double-pulse suppression) were preisely determinedfrom real data, overing the full 2001 period with Ni target. SFD and IHbakground, as well as SFD ross-talk, have been reently inorporated toARIANE [14℄. The orresponding ux parameter (see ARIANE FFREAD dat-aards) has been set to 2.85, whih �ts reasonably well the average SFD hitmultipliities.Conerning MSGC eÆieny, the simulation parameters (in the range 0.86-0.92) were also ross-heked with real data. whih show slightly better per-formane. The limit of full eÆieny will also be disussed, for this and theother detetors.4 Resolution studyIn order to illustrate the general performane of the full traking proedure,we made a detailed omparison between the input enter-of-mass momentumomponents and the reonstruted output. Input is de�ned as the Qi values forGEANT �+�� pairs that emerge from the target foil 1 . These are onsideredas true values for the reonstrution proedure, and we denote them by Qgeni1 tehnially it is ahieved by a GEANT ut at 1.15 m away from the target foilposition. 4



(generator pairs). As for the index i is onerned , we will disuss here thequantities QX , QY , jQX j, jQY j, QT = qQ2X +Q2Y and jQLj, as most represen-tative. Only the last four are atually measurable by the experiment, beausethe harge sign beomes random at small opening angles, due to multiple sat-tering. Nevertheless we also inlude the �rst two, for the sake of illustration oftraking properties. In any ase, let us mention that the alignment proeduresinlude the harge onjugation symmetry as a onstraint, and that the preisedetermination of pionium lifetime does not require any measurement of theharge sign.It is required that the generated event passes the trigger and that the drifthambers produe one positive and one negative trak, with standard �2 uts.The ensemble of these pairs (P0) is onsidered as the referene normalisation,for overall eÆieny studies. Generi distributions ofQgeni in P0 will be denotedby G0 in the following.A subset P1 � P0 is de�ned by reonstruted pairs. For every mathed pair(between downstream and upstream arms) there will be a reonstruted (mea-sured) value Qrei and a generator (true) value Qgeni . In the next setion weanalyse the di�erene jQgeni j � jQrei j (whih we all resolution), as well asthe orrelation between Qgeni and Qrei , for atom pairs and for Coulomb pairsseparately. We will be alling, generially, G1 and R1 the distributions of Qgeniand Qrei , respetively, for pairs that belong to P1.The following results are presented after a ut QgenT > 6 MeV/ , where thegenerator value QgenT is de�ned past the target foil.4.1 Atom pairsIn �gure 1 the reonstruted QX distribution (R1) is shown for atom pairs, andit is ompared with generator (true) values G1. The e�ets of statistial biasand eÆieny, on the one hand, and distortion aused by the measurement,on the other hand, an be reasonably deoupled by showing the ratios G1=G0and R1=G1, separately, whih is done in �gure 2 (top).Figures 3 and 4 show exatly the same histograms as �gures 1 and 2, butapplied to QY . Aording to these results, the following general features ofQX;Y reonstrution for atom pairs an be extrated:a) there is a small overall ineÆieny (less than 3%). It is attributed to double-pulse broadning in IH, ineÆieny of SFD and MSGC detetors and tomultiple sattering tails. The entral region of QX shows a small additionaldepletion of 2-3%, whih depends on the atual double ionisation ut used.5



b) the measurement of QX;Y reprodues the true spetrum (G1) rather losely.There is however a small widening due to the entangled e�et of detetorbakgrounds and detetor ineÆieny (SFD, MSGC,IH).Correlation between QgenX versus QreX is shown in �gure 7 (top), for atom pairs.We see that besides the orret same-sign orrelation, there is an orthogonalone due to harge onfusion originated from multiple sattering in the overallspetrometer. This harge onfusion is irrelevant for the lifetime measurement,whih is based upon QT analysis. In addition, we see small horizontal andvertial lines. The former is due to atom pairs whih have lost a SFD hit dueto detetor ineÆieny. The vertial one originates mostly from bakgroundhits in SFD (apart from a very small omponent due to large-angle Coulombsatters) that ause arti�ial opening of the atom pair. In both ases, whatis seen in the plot orresponds to the remainder of what the MSGC detetorould not resolve, due to its own ineÆieny. A limited number of eventshas been run to produe this plot, in order to appreiate more learly theproportion of vertial and horizontal lines.Figures 5 and 6 (top) are strutured in the same way as �gures 1 and 2, butnow applied to the transverse momentum QT , for atom pairs. The general fea-tures previously disussed for QX;Y ertainly apply for QT too. The resolutionfuntion R1=G1 for atom pairs (�gure 6, top) now shows a depletion at smallQT values, with a orresponding enhanement at the distribution tail. Thise�et is essentially due to MSGC bakground hits. Event-by-event resolutionfor atom pairs, de�ned by jQgeni j�jQrei j, is analysed in �gure 8 (top) for jQX j,jQY j, and QT . It an be desribed by a gaussian �t with some tails, whih aredi�erent on the positive and negative sides. These tails are evaluated as thefration of events measured with j�Qij > 2 MeV/, in eah ase. Results,together with the � values from the gaussian �t, are given in table 1The resolution tails observed in �gure 8 are asymmetri in all ases, due tothe distint e�et of detetor (SFD and MSGC) bakgrounds (left side), whihopen up the pair, and ineÆieny (right side), with the opposite trend. Thee�et of ineÆieny is more severe for Coulomb pairs than it is for atom pairs,beause of the larger transverse momentum span of the former.Speial attention has been devoted to the tail of reonstruted QT distribu-tion for atom pairs, due to the fat that lifetime analysis will require a utQT < 4 MeV/ (maximum allowed by unbiased pre-seletion proedure). Thefrational integral for QT > 4 MeV/ is given in table 3 for reonstrutedatoms, together with the fration obtained under the same ut for generatorvalues, whih also ontribute to this region due to multiple sattering in thetarget foil. The di�erene between the previous two quantities (indiated inthe last olumn of table 3) evaluates the fration of lost pairs after QT > 4MeV/ ut. Results are also indiated for an interesting 5 MeV/ ut.6



Finally in �gure 9 we also show jQLj spetrum and in �gure 10 the orre-sponding ratios and resolution plots for atom pairs, following the same line asfor the previous disussion of other quantities.Table 1Gaussian resolution � and fration of events where jQgeni j � jQrei j is larger than 2MeV/, for atom pairs. Tails signs are distinguished.� (MeV/) Tail (+) (%) Tail (-) (%)jQX j 0.11 0.12 1.68jQY j 0.12 0.14 1.73QT 0.13 0.15 2.86QL 0.52 2.63 2.56Table 2Gaussian resolution � and fration of events where jQgeni j � jQrei j is larger than 2MeV/, for Coulomb pairs. Tails signs are distinguished.� (MeV/) Tail (+) (%) Tail (-) (%)jQX j 0.11 1.43 0.92jQY j 0.12 1.82 0.94QT 0.12 1.68 1.26QL 0.52 2.75 2.64Table 3Fration of atoms pairs reonstruted with two di�erent QT uts, the orrespondingfration for the original generator values, and the di�erene between the two.tail (%) generator (%) loss (%)QreT > 4 MeV/ 2.89 1.08 1.81QreT > 5 MeV/ 1.54 0.31 1.23
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Fig. 1. Comparison between generated QX spetrum G1 (red), and reonstrutedspetrum R1 (blak) for atom pairs (top), and for Coulomb pairs (bottom). See thetext for more detail.
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Fig. 2. Ratios G1=G0 (blak) and R1=G1 (red) for the lines shown in �gure 1 for QXof atom pairs (top). Corresponding ratios are also given for Coulomb pairs (bottom).See text for more details.
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Fig. 3. Comparison between generated values G1 (red), and reonstruted (R1) values(blak) of QY for atoms pairs (top), and for Coulomb pairs (bottom). See the textfor more detail.
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Fig. 4. Ratios G1=G0 (blak) and R1=G1 (red) for the lines shown in �gure 3 for QYof atom pairs (top). Corresponding ratios are also given for Coulomb pairs (bottom).See text for more details.
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Fig. 5. Comparison between generated QT spetrum G1 (red), and reonstrutedspetrum R1 (blak) for atom pairs (top), and for Coulonb pairs (bottom). See thetext for more detail.
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Fig. 6. Ratios G1=G0 (blak) and R1=G1 (red) for the lines shown in �gure 5 for QTof atom pairs (top). Corresponding ratios are also given for Coulomb pairs (bottom).

13



-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

-0.008 -0.006 -0.004 -0.002 0 0.002 0.004 0.006 0.008

QX Gen (GeV/c)

Q X R
ec

 (G
eV

/c)

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

-0.008 -0.006 -0.004 -0.002 0 0.002 0.004 0.006 0.008

QX Gen (GeV/c)

Q X R
ec

 (G
eV

/c)

Fig. 7. Correlation between generated and reonstruted QX for atoms pairs (top)and Coulomb pairs (bottom).

14



1

10

10 2

10 3

10 4

10 5

-0.005 0 0.005

QX (GeV/c)

# e
nt

rie
s

1

10

10 2

10 3

10 4

10 5

-0.005 0 0.005

QX (GeV/c)

# e
nt

rie
s

1

10

10 2

10 3

10 4

10 5

-0.005 0 0.005

QY (GeV/c)

# e
nt

rie
s

1

10

10 2

10 3

10 4

10 5

-0.005 0 0.005

QY (GeV/c)

# e
nt

rie
s

1

10

10 2

10 3

10 4

10 5

-0.005 0 0.005

QT (GeV/c)

# e
nt

rie
s

1

10

10 2

10 3

10 4

10 5

-0.005 0 0.005

QT (GeV/c)

# e
nt

rie
s

Fig. 8. Resolution de�ned as jQgeni j � jQrei j for jQX j (top) , jQY j (enter) and QT(bottom). Atoms pairs are shown at the left, and Coulomb pairs at the right handside.
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Fig. 11. QX spetrum of the reonstruted Coulomb pairs shown in �gure 1 (bottom)separated into 6 ategories aording to the number of hits in eah trak, namely :6-6 , 6-5 , 6-4 , 5-5 , 5-4 , 4-4.
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Fig. 12. QX spetrum of reonstruted atom pairs shown in �gure 1 (top) , separatedinto 6 ategories aording to the number of hits in eah trak, namely : 6-6, 6-5 ,6-4 , 5-5 , 5-4 , and 4-4.
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Fig. 13. Reonstruted QX (blak) along with generated G1 spetrum (red) for eventswith a single SFD hit shared by both traks (top), and for the remainder (bottom).Left hand side for atom pairs, right for Coulomb pairs.
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4.2 Coulomb pairsReonstrution of Coulomb pairs reveals suÆiently di�erent properties sothat they need be reported separately. Needless to say that the reonstrutionpakage must be exatly the same in both ases. However, the Qi span is muhwider than for atom pairs, and that implies spei� features that are presentedin �gures 1-10. We follow exatly the same exposure as previously done foratom pairs, and the results are presented at the bottom of eah �gure.If we now review the general properties previously observed for atom pairs inQX;Y reonstrution, we see that here too overall ineÆieny does not exeed5%. The resolution funtion de�ned by R1=G1 ratio has however a di�erentshape. A narrow enhanement is observed at small QX;Y , whih is atually thee�et of SFD ineÆieny. As a matter of fat, well separated trak pairs willbe reonstruted with a very small QX;Y when one of the SFD hits is lost, andthe MSGC is not able to reover the pair due to its own ineÆieny 2 . Thestrong bakground of single-to-double ionisation in IH detetor (at the level of40%), and the fat that most pairs atually ross the same IH slab (standardreonstrution ut is QT < 4 MeV/), makes the double ionisation ut ratherineÆient to avoid this on�guration. In QT = qQ2X +Q2Y spetrum this e�etprodues a smooth inrease towards QT=0.It is interesting to understand how the QX reonstrution performs for di�er-ent number of MSGC+SFD hits in eah trak separately. There are 6 ate-gories in total, namely 6-6, 6-5, 6-4, 5-5, 5-4 and 4-4. We show in �gure 11 thereonstruted QX spetrum in eah ategory, as ompared with the originalgenerator values, in eah ase. Like in the ase of atom pairs, very short dis-tanes an be resolved by the MSGC in all ategories, inluding 6-6. However,for the latter a bias exists against very small opening angles, due to the SFDdouble trak resolution. The exess at zero QX orresponds to the fake pairswith one SFD hit missing, disussed in previous paragraph.

2 note that 2�s(1��s)+(1� �s)2 = 0.19 for �s = 0.90 being the single plane MSGCeÆieny, and that two planes are required in this ase.22



5 ConlusionsThe full-trakingmethod for DIRAC has been evaluated in detail with GEANT-DIRAC Monte Carlo data. Simulation of SFD, IH and MSGC detetor bak-grounds and eÆienies is omplete, and bakground levels have been takenfrom previous works, using real data from 2001 runs, and they are ratheraurate.The results an be summarised as follows:� The traking is eÆient for atoms and Coulomb pairs (maximum 5% overallineÆieny) and the original QX;Y and QT spetra are well reonstrutedin shape.� resolution tails in all relevant transverse and longitudinal quantities havebeen determined, and they are all small (largest 3%).� in partiular, the loss of atom pairs after appliation of QT > 4 MeV/ utis less than 2%.Variation of detetors bakground and eÆienies within aeptable limits donot produe essential hanges of the performane parameters analysed in thisnote.The traking method provides exellent resolution and performane for indis-tint reonstrution of atom pairs and Coulomb pairs, and it is well suited foraurate determination of pionium lifetime.Referenes[1℄ DIRAC note 03-08: A Traking System for Upstream Detetors in DIRAC,B. Adeva, A. Romero and O. V�azquez Doe.[2℄ B. Adeva et al. DIRAC : A High Resolution Spetrometer for PioniumDetetion. NIM Nul. Instr. Meth. A515 (2003) 467-496.[3℄ M. Pentia, R. Muresan, A. G. Litvinenko, Nul. Inst. and Meth. A 369 (1996)101.[4℄ M. Pentia and S. Constantinesu, "Unertainties indued by multiple satteringin upstream detetors of the DIRAC setup", DIRAC Note 2001-04.[5℄ DIRAC note 04-06 : Experimental determination of momentum resolution inDIRAC using Lambda events, B. Adeva, A. Romero and O. V�azquez Doe.[6℄ B. Adeva et al., Detetion of �+�� atoms with the DIRAC spetrometer atCERN, J. Phys. G: Nul. Part. Phys. 30 (2004) 1929.23



[7℄ DIRAC note 02-01: The behaviour of the BASEL extended traking and thestandard ARIANE traking to A2� Monte Carlo data in the DIRAC experiment,C. Shutz, L. Tausher.[8℄ DIRAC note 2002-09 : New Ionization Hodosope: design and harateristis. V.Brekhovskikh, M. Jabitsky, A. Kuptsov, V. Lapshin, V. Rykalin, L. Tausher.[9℄ DIRAC note 04-02: DIRAC events generator, C. Santamarina.[10℄ C. Santamaria, M. Shuman, L.G. Afanasyev, T. Heim, A Monte-CarloCalulation of the Pionium Breakup Probability with Di�erent Sets of PioniumTarget Cross Setions, J. Phys. B. At. Mol. Opt. Phys. 36 4273 (2003),arXiv:physis/0306161 v1.[11℄ DIRAC note 98-08. The GEANT-DIRAC Simulation Program Version 2.5. P.Zrelov and V. Yazkov.http://zrelov.home.ern.h/zrelov/dira/montearlo/instrution/instrut26.html[12℄ http://dira.web.ern.h/DIRAC/pre-sel.html[13℄ DIRAC note 05-11: Study of SFD EÆieny using MSGC Detetor for 2001Data , B. Adeva, A. Romero and O. V�azquez Doe.[14℄ DIRAC note 04-03 : Dependene of breakup probability estimation on SCFibakground, V.V. Yazkov.
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