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AbstratThis note desribes the method used in DIRAC to perform:a) pattern reognition of partile traks using 11 detetors upstream the magnet.b) mathing with drift hamber traks to determine the �rst order orretion topion momentum.) reonstrution of the longitudinal and transverse omponents of Q-vetor inthe enter-of-mass frame, as well as their preision errors.Beause resolution in Q-vetor omponents is ultimately limited by multiple sat-tering in the target foil and detetor materials, speial e�ort has been devoted toa preise mathematial desription of partile orrelations thereby indued, and toevent-by-event ovariane matrix alulation.The results obtained allow idential resolution for prompt and aidental pairs inthe analysis. Some unambiguous resolution and performane heks have been doneusing real data from the spetrometer.
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1 IntrodutionThe method desribed here is essentially present in the ARIANE reonstru-tion pakage sine 2000, in what onerns the independent reognition of trakelements upstream the magnet. A more reent upgrade has been introduedin relation with the handling of multiple sattering, whih beomes of ritialimportane.In fat, the method used is already desribed oneptually in referene [1℄, onlythe atual implementation with real stereo angles, and other setup parameters,remained to be done.Preliminary studies presented within the experiment using Monte Carlo sim-ulation, have learly indiated that a better resolution in QX and QY is ob-tained, by a fator of 2.5, with respet to other existing methods using only lim-ited experimental information. Apart from the resolution problem, the methodhas the additional advantage that the opious bakground hits present in up-stream detetors, due to the high beam intensity, an be unambiguously re-dued by seletion of only those that show a well de�ned probability to belongto a partile trak. Moreover, the redundany of partile trakers before themagnet allows to irumvent possible systemati e�ets in detetor response,that might be extremely diÆult to simulate by Monte Carlo.
2 Pattern ReognitionA program has been developed to perform standalone pattern reognition ofstereo traks in upstream detetors pointing to the beam intersetion with thetarget.An essential ingredient of this traker is the use of the stereo angles X 0 (+5o)and Y 0 (�5o) of GEM/MSGC detetor, and of the U-plane (45o) of sintil-lation �bre detetor (SFD), installed in 2002. A seond key feature is theutilisation of the time markers provided by the TDC hannels of SFD. Due tothe intrinsi bandwidth limitation of the pipelined GEM/MSGC eletronis(built in 1997), this detetor atually reeives pileup signals during a largertime interval (approximately 240ns) than the standard oinidene gate of theexperiment. Therefore one of the tasks of the pattern reognition is to providea onsistent timing for eah trak. This time mark will be mathed later withthat provided by the TOF ounters, assoiated with drift hamber traks.The pattern reognition has two steps:2



� identi�ation of X and Y segments (hit pairs) in eah projetion separately,pointing towards the estimated beam intersetion with the target. Singlehits with no orrespondane are also aepted as segments, with a slopede�ned by the interation point� assoiation of X and Y segments to form a stereo trak, when a orrespond-ing hit is found in the extrapolation to one of the tilted planes X 0,Y 0 , orU .In order to minimise noise ontributions while keeping eÆieny lose to max-imum, the searh windows at one � in partile extrapolation (interpolation)from detetor i to detetor j 1 with i < j (i > j), are alulated rather au-rately during the previous two steps. A 3� ut is then applied at eah ombi-nation tried. The alulation of the searh window reeives ontributions fromtwo soures in quadrature : multiple sattering and angle subtended by thebeam spot at detetor i. For i < j, the former is determined by the expression:�r2MS = VMS(i; i)�zi+1 � zizi � zT �2 + jVMS(j; j)� VMS(i; i)jwhere VMS(i; i) are the diagonal elements of the matter omponent of ovari-ane matrix de�ned in next setion, and zT is the Z-oordinate of the target.For a given beam spot size sB, the unertainty it auses in the extrapolationfrom detetor i to j is given by: �rB = sB ��� zi�zjzi�zT ���.In order to de�ne a trak, a minimum of 4 hits is required among the 6detetors (7 detetors, from 2002 onwards). In Fig. 1 we show the distributionof the number of traks found per event by the pattern reognition, as well asthe hit multipliity per trak.3 Trak FittingOne identi�ed, the hits that belong to the trak are �tted to a straight-linehypothesis A in order to determine the two slopes (x0 and y0) and interepts(x0 and y0) of the partile trajetory at a given longitudinal oordinate z0:A = 0BBBBBBBB�x0x0y0y0
1CCCCCCCCA1 we assume detetor numbers in inreasing order from the interation point3
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The 4 � 4 ovariane matrix of the previous �t for A is also determined, aswell as the �2 and �t probability.Due to the relatively small pion momenta, a �tting proedure has been de-velopped that takes proper aount of Coulomb multiple sattering in theovariane matrix, inluding detetor-to-detetor orrelations implied by par-tile propagation. Full preision with this method an only be ahieved onethe partile momentum has been determined, and this will only happen atlate stages of the ARIANE reonstrution, after mathing with drift hambertraks has been ahieved.In pratie, an average partile momentum is used in a �rst iteration, whihis later updated in suessive re-�ts. The proedure we shall desribe is im-plemented in general form, in order to ope with i = 1; N detetors loated at4



Z-oordinates zi and measuring at arbitrary stereo angles �i. This geometrialinformation for upstream detetors is enoded by the matrix:
H = 0BBBBBBBBBBBB�

os �1 z1 os �1 sin �1 z1 sin �1os �2 z2 os �2 sin �2 z2 sin �2� � � �� � � �os �N zN os �N sin �N zN sin �N
1CCCCCCCCCCCCAThe N measurements ti for i = 1; N are stored in the vertial array T in loaloordinates of the orresponding detetor. The �2 to be minimised is thengiven by the expression:�2 = (T �HA)T (Vdet + VMS)�1(T �HA)where V = Vdet + VMS is the N � N detetor ovariane matrix. Vdet is thediagonal matrix whih desribes intrinsi detetor resolutions squared in eahdetetor plane: Vdet = diag ��21 ; �22; : : : ; �2N�and VMS is the non-diagonal orrelation matrix that desribes the random par-tile propagation through the detetors and passive materials due to Coulombmultiple sattering. We assume N thin detetors i = 1; N numbered in as-ending order from the interation point, M1 thin layers before detetor 1 andM2 layers loated after detetor N . The total number is satterers is thereforeM = N +M1 +M2.The VMS matrix enodes the information of the matter distribution seen bythe partile whih is observed by detetors i and j, and has traversed materialthiknesses sk of average radiation length X0k eah, loated at oordinates zk.For i � j it is given by:VMS(i; j) = i�1Xk=1�M1 �20k(zi � zk)(zj � zk)os2(�i � �j) (1)The sum extends over all material planes k seen by the partile from theinteration point up to the preeeding plane to detetor i. The average multiple5



sattering angle �0k in eah layer depends on the partile momentum p (andveloity �) aording to the expression:�0k = 13:6MeVp� s skX0k �1 + 0:038 ln� skX0k��This matrix is symmetrised by onstrution: VMS(j; i) = VMS(i; j) 8 i � j.The relative orientation �i� �j between detetor planes i; j determines properorrelation between their respetive measurements.Note that, whereas VMS is de�ned only for (ative) detetors i; j, the sumin (1) runs over all material planes k present in the setup, whether they areinstrumented detetors or no. In partiular, the target and vauum hambermembrane thiknesses are inluded.The minimum �2 �t A is obtained by matrix inversion :A = �HT (Vdet + VMS)�1H��1 �HT (Vdet + VMS)�1T�where V (A) = �HT (Vdet + VMS)�1H��1 is the 4� 4 ovariane matrix for themeasurement of A.Calulations are performed in double preision using standard CERNLIB rou-tines for matrix manipulation. Aording to individual detetor eÆienies, itis possible that a given detetor does not show any hit along the trak. It isto be noted that whereas unhit detetors i do not ontribute diretly to thealulation of �2 (V �1(i; j) = V �1(j; i) = 0 8j with V = Vdet + VMS), they doontribute to the orrelation matrix of the ative ones.The previous �t is intended to provide the best measurement of the partiletrajetory at the proton interation point with the target. However, maximumresolution in the momentum determination requires the measurement be op-timised at the magnet entrane, when used as input for the transfer funtionof the DIRAC dipole magnet. For this purpose, a alulation ~VMS for i � j isperformed in the following way, at the appropriate level of ARIANE program:~VMS(i; j) = M+M2Xk=j+1 �20k(zi � zk)(zj � zk)os2(�i � �j) (2)where k now runs over material planes loated after detetor j. As omparedto VMS, the matrix ~VMS atually desribes the partile propagation over theM layers in reverse order, as if it propagated bakward in time.6
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The values used for �xi and �yi are funtions of momentum, given by parametri-sations of the form A + B=p in eah ase. The oeÆients A and B were de-termined by �tting the dependene of the sigma values (gaussian �t) of theobserved distanes between drift hamber and upstream traks, for X and Y8



oordinates separately. �x1 (�x2) means that the funtion �x is evaluatedat trak momentum p = p1 (p2), and the same for �y.Time uts are applied for eah trak assoiation prior to the �2 test, in order toensure onsistent time between orresponding upstream (tup) and downstream(td) traks: jtup� tdj < �t, both for real and aidental pairs. Whereas td isde�ned by the TOF ounters, tup is determined by the average of SFD TDChits present. Cuts are also hosen aording to the observed time-di�erenedistributions.It is lear that appliation of suh time uts produes a suppresion of thelow-momentum proton bakground. The remainder of this bakground in theaidental pairs an be studied following the method introdued in referene[2℄, sine also IH hits are inorporated to the trak.The di�erenes between extrapolated oordinates from both sides of the mag-net are shown in �gure 4 for both X and Y. Figure 4 also shows the ob-served time di�erenes between drift hamber traks (determined by vertialhodosopes) and upstream traks (determined by SFD). Figure 5 is the theirmomentum dependene aording to the parametrisations used.Mathing eÆieny, de�ned as the fration of drift hamber traks that foundorrespondane with upstream detetors, is illustrated in Fig. 6 both for singletraks and for trak pairs.Cases in whih the opposite-harge pair of drift hamber traks an only beassoiated with a single (unresolved) upstream trak, suÆiently lose to both,are speially retained by the mathing proedure. A double ionisation testwill be applied to the trak, based upon the observed pulses in IonisationHodosope layers. In suh on�guration the time uts are relaxed, in order tomake aeptane for (unresolved) real and aidental pairs as lose as possible.5 Beam onstraint and vertex �tOne the trak originally found by the pattern-reognition has been mathedwith a drift hamber trak, its harge sign will be determined. Moreover,the magnitude of its momentum is improved with respet to the �rst-orderapproximation based upon the average beam position. For this purpose, thebakward �t is used (see setion 3), together with the magnet transfer funtion.Knowledge of momentum will then allow a better desription of multiple sat-tering in the ovariane matrix, so a new trak �t is performed. In addition, ageneral proedure is implemented to re-assign the original hits that belong to9
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Table 1Results of sigma values from gaussian �ts to x1 � x2 and y1 � y2 using the beam-onstrained �t, for prompt and aidental pairs separately. Indiated errors are sta-tistial only. Prompt Aidentalx1 � x2 1754 � 18 �m 1884 � 14 �my1 � y2 1870 � 20 �m 2082 � 16 �m6 Alignment proedureHigh preision in relative pion momentum omponents in the two-partileenter-or-mass frame (QL, QX , QY ) an only be ahieved after proper align-ment between detetor elements of the upstream detetors, the beam, and thedrift hambers. In partiular, a good desription of trak probabilities, multi-ple sattering orrelations, and intrinsi detetor resolutions requires this as a�rst step.The alignment program an be arried out almost entirely using properlyseleted upstream traks. The following 18 parameters have been determinedas output of the alibration proedure:� 7 o�sets of individual detetor planes in the diretion perpendiular to theorresponding strips or �bres (position of the �rst strip).� 7 Euler rotations of eah detetor plane about the Z-axis (preision tuningof the �i angles).� mean position in X and Y of the beam enter, with respet to the upstreamdetetors.� overall Euler rotations about the Z and Y axis of uptream detetors as awhole with respet to drift hambers.The �rst two items have been determined in a standard way, by droppingindividual detetor hits from the �t, and studying their observed residuals.An iterative proedure is then de�ned.The third item (beamspot position) has been obtained by making a gaussian�t to the (unonstrained) intersetion of �tted traks with the target plane.The values are shown in table 2 for run 4745 in 2002, as illustration.Not inluded in the previous list are the mean values of the interation pointin X and Y oordinates, the former being used to determine the �rst-ordermomentum hypothesis. These parameters depend on the relative alignment ofthe drift hambers with respet to the beam, and they an be determined in-dependently of upstream detetors by assuming harge onjugation invariane14



Table 2Measured positions of the beam enter, as seen by the upstream traks in run 4745.Partile dispersion with respet to it is also shown, from the �tted sigma values.Errors shown are statistial only. X YMean 1645 � 10 �m -1759 � 17 �mSigma 1989 � 12 �m 2531 � 10 �m
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