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1 IntrodutionThis memo provides a desription of the reo tree output by the methodEventSRListModule::Ana. Eah stage of reonstrution (e.g. trak formation) anhave its own set of trees being written out ontaining information about that pakageand upstream of it, and for many uses, suh as analyses of osmi muons, this issuÆient. However, for more ompliated events, suh as beam indued events in thenear detetor, a more omplex tree struture omplex is warranted, and this is therole of the CandEventSR reonstrution tree.The �le output by EventSRListModule::Ana ontaining the reonstrution tree isalled eventsr.root. This ROOT �le ontains a single Tree with name reo.Information about CandStrip, CandSlie, CandTrak, CandShower, and CandEventobjets is ontained within the reo tree. A desription of these objets and of theMINOS reonstrution an be found in [1℄.Throughout this memo there will be referenes to ROOT trees and their usage. Somebasi knowledge of these trees by the user is assumed. For information on ROOTtrees (and ROOT in general), the ROOT Users Guide is a good referene (availablevia http://root.ern.h).Note that as of the time that revision 2.00 of this note was being written, Sue Kasaharawas in the proess of onverting the funtionality found in the CandEventSR treeinto the pakage CandNtupleSR. Eventually the ode in EventSRListModule::Anawill beome obsolete and users should use the new CandNtupleSR pakage whenavailable.2 DesriptionThe reo tree is an example of a tree ontaining an objet. In this ase, the objetbeing written is of lass TTreeSR (ode for all of the lasses assoiated with thereonstrution tree is ontained in the CandEventSR pakage). An examination ofTTReeSR.h showslass TTreeSR : publi TObjet{ ...EventSRHeader evthdr;CosmiRayInfoSR rhdr;VetoShieldInfoSR vetohdr;DmxStatusTree dmxstatus;TClonesArray *vetostp; // veto strip1



TClonesArray *stp; // stripTClonesArray *sl; // slieTClonesArray *trk; // trakTClonesArray *shw; // showerTClonesArray *evt; // eventTClonesArray *m; //-> Monte Carlo truthTClonesArray *flsdgt; //-> Monte Carlo digit truth};There is one objet of lass EventSRHeader, one objet of lass CosmiRayInfoSR,one objet of lass VetoShieldInfoSR, one objet of lass DmxStatusTree, and severalTClonesArray objets. The use of TClonesArray allows for multiple objets per treeentry, where there is a one to one relationship between a tree entry and a snarl. Stripobjets obviously require an array, as there are multiple strips in a snarl. Most fardetetor snarls orrespond to a single physis events, whih means that the typialfar detetor snarl will have only a single trak or single shower. However, this is notalways the ase, for example osmi ray multiple muon events, or a �� harged urrentinteration with muon and pion traks. In the near detetor this situation is evenmore ompliated, where a near detetor snarl an ontain many physis events.2.1 EventSRHeaderThe lass EventSRHeader ontains information about eah snarl:lass EventSRHeader : publi TObjet{ ...Int_t run;Short_t subrun;Short_t runtype;Int_t snarl;UInt_t trigsr;UInt_t errorode;Double_t trigtime;UInt_t ndigit;UInt_t nstrip;UShort_t nslie;UShort_t ntrak;UShort_t nshower;UShort_t nevent; 2



DigitPulseHeightSR ph;PlaneInfoSR planeall; // all digitsPlaneInfoSR plane; // digits above threshold (nominally 3 pe)// PlaneInfoSR plane requires 4 onseutive hit planesDateInfoSR date;};The �rst group of variables ontain information identifying the snarl and are �lledfrom the lasses RawDaqHeader and RawDaqSnarlHeader, exept for trigtime,whih is alulated from the data itself if FilterDigitListModule has been run. Theseond group of variables show how many of eah andidate objets are in the snarl.The last group holds information about the total pulse height in the snarl(DigitPulseHeightSR), plane information (PlaneInfoSR), and date information(DateInfoSR). DigitPulseHeightSR has the struturelass DigitPulseHeightSR : publi TObjet{ ...Float_t raw;Float_t siglin;Float_t sigor;Float_t pe;};where raw gives the pulse height in raw ADC ounts, siglin returns pulse heightorreted for nonlinearities, sigor returns a normalized strip response pulse height,and pe gives the pulse height in photoeletrons. The summation is done over allCandDigit objets assoiated with the snarl.There are two PlaneInfoSR objets, planeall and plane, whih ontain informationabout the beginning and ending planes as well as the total number of hit planes.This information exists both irrespetive of the plane view, and for the U and Vviews separately. The �rst objet, planeall, examines all CandDigit objets. Thismeans that an upstream aidental hit an ause the beginning plane in planeallto be upstream of the atual physis event. An attempt is made to �lter out suhaidental hits when alulating the plane information. This is done by �nding themost upstream plane whih is part of a set of 4 ontiguous planes, with eah ofthe planes having at least 3 photoeletrons. This plane is de�ned to be plane.beg(similarly for plane.end). The total number of hit planes (without any pulse heightrequirement) between plane.beg and plane.end is then stored in plane.n.Lastly, DateInfoSR holds information about the date of the snarl. All variables inthis lass are self explanatory, perhaps with the exeption of the variable ut. This3



variable represents the universal time (in seonds) and is �lled from the methodVldTimeStamp::GetSe().2.2 CosmiRayInfoSRThis lass holds information that is partiularly useful for doing analysis of osmiray muons:lass CosmiRayInfoSR : publi TObjet{ ...Float_t zenith;Float_t azimuth;Float_t ra;Float_t rahourangle;Float_t de;Double_t juliandate;Float_t losiderialtime;};These quantities are de�ned for reonstruted traks only. For the ase in whih thereis more than one trak per snarl, these values are alulated for the last reonstrutedtrak. When no traks are reonstruted, these values are unde�ned.The zenith and azimuth angles (in units of degrees) are de�ned from trak diretionosines at the vertex. The azimuth is de�ned to be the true azimuthal angle; detetornorth as de�ned by the longitudinal axis of the far detetor is o�set by 26.4234474Æwith respet to true north. Note that these quantities are de�ned purely in terms ofthe far detetor.The other member variables desribe time in astronomy terms, ra being theright asension, rahourangle the right asension hour angle, de the delination,juliandate the julian date, and losiderialtime the loal siderial time. TheSoudan mine sits at a longitude of -92.241389Æ (92-14'-31.23" W) and a latitudeof 47.819722Æ (47-49'-13.29" N).2.3 VetoShieldInfoSRThe far detetor has a on�guration of sintillator modules above and to the sides ofthe detetor to identify muons whih enter the detetor. This veto shield is urrentlyset up as a prototype, and it is more than likely that the permanent on�guration4



will be di�erent than the one that presently exists. Some of the member variables ofthis lass may therefore need to be hanged in the future.The lass VetoShieldInfoSR ontains summary information about digits in the vetoshield:lass VetoShieldInfoSR : publi TObjet{ ...UInt_t ndigit[3℄;UInt_t nplank[3℄;Int_t ad[3℄;Float_t dx[3℄;Int_t dxvetostp[3℄;Float_t dos; // normal diretion osine to shieldFloat_t projx;Float_t projy;Float_t projz;Bool_t ishit;}Contiguous sintillator strips in the veto shield are grouped together and are readout by a single PMT pixel. We refer to these sets (mostly of 8 sintillator strips) asplanks.Most of the member variables are self explanatory. The reonstruted trak (if itexists) is projeted to the veto shield; the spatial residuals between the projeted trakposition and the losest shield hits are alulated and stored in dx. The vetostp indexof the veto shield digit whose spatial residual is smallest is represented by dxvetostp.The three elements of the arrays ndigit, nplank, ad, dx, and dxvetostp representearly, in time, and late shield digits, where the timing is determined relative to thetrak vertex time (if a trak exists), and is orreted for time walk and optial �berpropagation delay. Early digits are nominally onsidered to be those whih ome atleast 50 ns before the trak vertex; late digits are nominally onsidered to be thosewhih ome at least 150 ns after the trak vertex.The projeted trak angle is alulated relative to the part of the veto shield whihis interepted, and the diretion osine relative to the shield is found and stored indos. The spatial oordinates of the projeted trak position are stored in projx,projy, and projz. Finally, the boolean ishit is true if the projeted trak intereptsthe veto shield.
5



2.4 ShieldStripSRThe TClonesArray *vetostp is an array of shield strip objets, where a shield stripis de�ned to be a hit plank (see the previous setion for de�nition of a plank) witheither one or two digits. The struture of ShieldStripSR islass ShieldStripSR : publi TObjet{ ...Int_t pln;Int_t plank;Float_t x;Float_t y;Float_t z[2℄;Int_t ndigit;Int_t ad[2℄; // 0 = south, 1 = northDouble_t time[2℄; // 0 = south, 1 = northDouble_t timeraw[2℄; // 0 = south, 1 = northFloat_t wlspigtail[2℄;Float_t learlen[2℄;}The pln variable represents the plane number as de�ned by the Plex pakage. Theplank is the strip number as de�ned by the Plex pakage of the �rst PlexStripEndId.The spatial position of the shield strip is found in x, y, and z, where the last variableontains the upstream and downstream ends of the shield sintillator strip.The timing variables time and timeraw give the 3D fully orreted and raw times,where the event trigger time has been subtrated o�. The 3D time orretioninludes a pulse height dependent time walk orretion and orretions for optial�ber propagation delays. The south end is index 0, the north end is index 1.2.5 StripSRTTreeThe TClonesArray *stp ontains information about CandStrip objets, with eahelement of *stp orresponding to a single CandStrip objet. The struture ofStripSRTTree islass StripSRTTree : publi TObjet{ ... 6



Int_t index;UShort_t strip;Float_t tpos;UShort_t plane;Float_t z;Char_t planeview;DigitPulseHeightSR ph0; // 0 = east, 1 = westDigitPulseHeightSR ph1; // 0 = east, 1 = westUShort_t ndigit;Float_t time0; // 0 = east, 1 = westFloat_t time1; // 0 = east, 1 = westInt_t pmtindex0; // 0 = east, 1 = westInt_t pmtindex1; // 0 = east, 1 = west};All of these variables should be self explanatory. The 0 and 1 ags for ph, time, andpmtindex refer to the east and west read out ends (for the near detetor, only one ofthese will be sensible).The objet *stp, being a TClonesArray, an be aessed using onventional a C stylearray index. For example, to print the transverse position, z position, and pulseheight (in photoeletrons) for the 5th strip for snarl 69:reo->San("stp[4℄.tpos:stp[4℄.z:stp[4℄.ph.pe","evthdr.snarl==69");To draw the transverse versus longitudinal positions for all strips in snarl 69:reo->Draw("stp[℄.tpos:stp[℄.z","evthdr.snarl==69");The square brakets without any index tells ROOT to loop over all valid entries of thearray. Alternatively, omitting the square brakets altogether means the same thing:reo->Draw("stp.tpos:stp.z","evthdr.snarl==69");The result is shown in Fig. 1.One word of warning: beause writing out information about eah CandStrip objetan require a relatively large amount of disk spae, there is an option in theEventSRListModule pakage to turn this o�. If suh is the ase, reo->Print()will show the existene of the *stp array, but there will be no entries in it.7
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Figure 1: tpos vs z for all CandStrip objets2.6 SlieSRTTreeA snarl may ontain multiple physis events, partiularly true in the ase of neardetetor beam indued events. One of the �rst reonstrution tasks involves theformation of CandSlie objets. Suh objets are formed by separating CandStripobjets based on timing and/or spatial information.For far detetor events, where a snarl ontains a single physis event, there will beexatly one CandSlie objet per snarl. This means that all CandStrip objets foundin the snarl are also in the CandSlie, and vie versa. So while the use of CandSlieis of primary bene�t to near detetor beam events, some aspets of how to assoiateelements of the *stp array with a partiular higher level reonstrution objet (inthis ase a CandSlie) will be disussed here and may be bene�ial to all users.The SlieSRTTree lass has the following members:lass SlieSRTTree : publi TObjet{ UShort_t index;Int_t ndigit;Int_t nstrip;Int_t *stp; //[nstrip℄ 8



DigitPulseHeightSR ph;PlaneInfoSR plane;};The integer array *stp in SlieSRTTree is an index over the *stp array in TTreeSR.In the far detetor where a snarl is equivalent to a CandSlie, the *stp array inSlieSRTTree ontains all indies from 0 up to nstrip-1. Thus if one exeuted theommandreo->Draw("sl.stp","","",1,0);one would see a histogram from 0 to nstrip-1 with all entries being �lled (the 1 nearthe end tells ROOT to onsider only one entry, the 0 means begin with entry 0).As *sl itself is an array (of StripSRTTree's), and sl.*stp is also an array of(integers), what is atually being drawn by the ommand above? We have notspei�ed any array indies. What ROOT does in this ase is to �rst loop over allelements of *sl, and for eah element (of type StripSRTTree) loop over all elementsof sl.*stp.If one wanted to plot only those strip indies for the 4th CandSlie:reo->Draw("sl[3℄.stp","","",1,0);Alternatively, the following ommand is equivalent:reo->Draw("sl.stp[3℄","","",1,0);This ommand seems like it should draw the *stp array index for the 3rd CandStripin eah CandSlie (looping over CandSlie), but in atuality it loops over all *stpelements of the 3rd CandSlie objet. ROOT apparently does not are where thesquare brakets are loated, instead assigning the square brakets by order found. Inthis ase the �rst square braket ([3℄) orresponds to the �rst array (sl), makingthe two expressions above equivalent.If one wanted to draw the *stp array index for the 3rd CandStrip in eah CandSlie,one would doreo->Draw("sl[℄.stp[3℄","","",1,0);9



The presene of the �rst pair of square brakets ensures that the [3℄ orresponds tothe seond array in this expression (in this ase, sl.stp). Alternatively, one an doreo->Draw("sl.stp[℄[3℄","","",1,0);One an now use this index to plot information assoiated with StripSRTTree. Forexample, to plot the transverse versus longitudinal positions for all CandStrip objetsin the �rst CandSlie:reo->Draw("stp[sl[0℄.stp℄.tpos:stp[sl[0℄.stp℄.z");More examples of the use of stp indies are given in the next setion.One thing to note about CandSlie objets is that while it is true that all CandStripobjets are found in a CandSlie (at least for the far detetor), it is not true thatall CandDigits are found in a CandStrip. Whether a CandDigit is to be inluded ina CandStrip depends on the algorithm. One possible reason why a CandDigit maynot be inluded a CandStrip (and therefore a CandSlie) is beause it is agged as arosstalk digitization. The user is referred to the spei� algorithms and pakages ifinterested.2.7 TrakSRTTreeThe TClonesArray *trk ontains elements of type TrakSRTTree. Eah element of*trk orresponds to a single 3D trak. The struture of TrakSRTTree shown below:lass TrakSRTTree : publi TObjet{ ...UShort_t index;Int_t ndigit;Int_t nstrip;Int_t *stp; //[nstrip℄Float_t *stpu; //[nstrip℄Float_t *stpv; //[nstrip℄Float_t *stpx; //[nstrip℄Float_t *stpy; //[nstrip℄Float_t *stpz; //[nstrip℄Float_t *stpt0; //[nstrip℄Float_t *stpt1; //[nstrip℄ 10



Float_t *stpph0sigmap; //[nstrip℄Float_t *stpph0mip; //[nstrip℄Float_t *stpph0gev; //[nstrip℄Float_t *stpph1sigmap; //[nstrip℄Float_t *stpph1mip; //[nstrip℄Float_t *stpph1gev; //[nstrip℄Float_t *stpds; //[nstrip℄Float_t *stpattn00; //[nstrip℄Float_t *stpattn10; //[nstrip℄Float_t *stptal0t0; //[nstrip℄Float_t *stptal1t0; //[nstrip℄Bool_t *stpfit; //[nstrip℄Bool_t *stpfithi2; //[nstrip℄Bool_t *stpfitprehi2; //[nstrip℄Bool_t *stpfitqp; //[nstrip℄DigitStripPulseHeightSR ph;TrakPlaneInfoSR plane;VertexInfoSR vtx;VertexInfoSR end;VertexInfoSR lin; // linear fitFiduialInfoSR fidvtx;FiduialInfoSR fidend;FiduialInfoSR fidall;TrakTimeInfoSR time;Float_t ds;Float_t range;Float_t putime;MomentumInfoSR momentum;FitTrakInfoSR fit;};Note the presene of the CandStrip array *stp. Eah TrakSRTTree objet hasmultiple arrays, all with the same index. Eah array that begins with stp indiatesthat it is an array over CandStrip objets or information assoiated with strips.As an example of using the *stp index, we examine a multiple muon event in the fardetetor. Figure 2 shows the transverse versus longitudinal positions of the hit strips.The two traks (one in red, one in blue) are learly visible. The hollow irles indiateCandStrip objets that were not inluded as part of any trak. The ommands usedto generate this plot are as follows:[1℄ reo->SetMarkerStyle(24);[2℄ reo->Draw("stp.tpos:stp.z","","",1,0);[3℄ reo->SetMarkerStyle(20); 11
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Figure 2: tpos vs z for CandTrak objets[4℄ reo->SetMarkerColor(2);[5℄ reo->Draw("stp[trk[0℄.stp℄.tpos:stp[trk[0℄.stp℄.z","","same",1,0);[6℄ reo->SetMarkerColor(4);[7℄ reo->Draw("stp[trk[1℄.stp℄.tpos:stp[trk[1℄.stp℄.z","","same",1,0);Line [2℄ draws the strip positions for all CandStrip objets. Lines [5℄ and [7℄ drawthe positions only for those CandStrip objets found in traks. If we had wanted todraw the strip positions for strips in any traks, we ould have donereo->Draw("stp[trk.stp℄.tpos:stp[trk.stp℄.z","","",1,0);In addition to aessing StripSRTTree information through the *stp index, there isstrip assoiated information whih is spei� to eah CandTrak objet. For example,given a 3D trak, we an then alulate the 3D position at eah hit plane (*stpu,*stpv, *stpx, *stpy).For larity, we use as an example the �rst trak (in red) shown in Fig. 2.[1℄ reo->San("trk[0℄.stp[9℄","","",1,0)************************ 12



* Row * trk[0℄.st ************************** 0 * 77 *************************(Int_t)1[2℄ reo->San("stp[77℄.tpos:stp[77℄.planeview","","",1,0)************************************* Row * stp[77℄.t * stp[77℄.p ************************************** 0 * 1.3804974 * 2 *************************************(Int_t)1[3℄ reo->San("trk[0℄.stpu[9℄:stp[trk[0℄.stp[9℄℄.tpos","","",1,0)************************************* Row * trk[0℄.st * stp[trk[0 ************************************** 0 * 1.3812383 * 1.3804974 *************************************Line [1℄ shows that the CandStrip whih orresponds to element 9 in trk[0℄orresponds to element 77 in the TClonesArray *stp. From line [2℄ we see thatthe transverse position is 1.38 m and that it is a u-view strip (planeview == 2).Thus we an ompare trk[0℄.stpu[9℄ with stp[77℄.tpos and we see that they areabout the same (they are not exatly equal beause 3D positions found by traks takea pulse height weighted average of strips in a plane). More illustrative is that insteadof referring to stp[77℄.tpos, we an use instead stp[trk[0℄.stp[9℄℄.tpos"; thismakes it simple to ombine the additional strip information found in TrakSRTTreewith strip information found in StripSRTTree by using the same index.It was found that older versions of ROOT may not orretly handle indies andmultiple expressions (suh as in line [3℄ above). In partiular, if one replaes theSan with a Draw method in line [3℄, it may be seen that the resultant plot isinorret. This has been �xed in newer versions of ROOT (beginning with 3.03/09).There are several strip assoiated variables in TrakSRTTree. The previous disussionused *stpu as an example. A listing and desription of all available variables is foundin Table 1.There are several other objets in TrakSRTTree. The variable plane is of lassTrakPlaneInfoSR and ontains information about the number of hit planes in thetrak and the begin and end planes, both summed over all plane views and separately.Note that the begin plane here is not neessarily the upstream plane, as timinginformation is used to determine the start of the trak. The variable ntrklike is thenumber of hit planes in the trak whih are relatively lean (free from the preseneof additional hits). 13



Name Desriptionstp index over TClonesArray *stpstpu, stpv, u, v, x, y, z positions at hit planestpx, stpy, stpzstpt0, stpt1 3D times for east and west ends, orreted forpropagation delaysstpph0sigmap, strip pulse height for east and west ends, orretedstpph1sigmap for �ber attenuationstpph0mip, tpph1mip strip pulse height for east and west ends, in MIP unitsstpph0gev, stpph1gev strip pulse height for east and west ends, in GeV unitsstpds trak path length from trak endstpattn00, stpattn10 C0 for east and west ends from mapper resultsstptal0t0, stptal1t0 T0 o�sets for east and west endsstp�t 1 if this hit strip was used in �nal trak �tstp�thi2 �nal �2 at this stripstp�tprehi2 pre �2 at this strip from Kalman �lterstp�tqp harge over momentum at this strip from �tTable 1: TrakSRTTree *stp variable desriptionsThere are three variables of lass VertexInfoSR: vtx, end, and lin. The �rst andseond variables ontain information at the begin and end trak positions, while thelast holds information from a linear �t to the trak hit positions. The struture ofVertexInfoSR islass VertexInfoSR : publi TObjet{ ...Float_t u;Float_t v;Float_t x;Float_t y;Float_t z;Float_t t;Int_t plane;Float_t eu;Float_t ev;Float_t ex;Float_t ey;Float_t dosu;Float_t dosv;Float_t dosx;Float_t dosy;Float_t dosz; 14



Float_t edosu;Float_t edosv;Float_t edosx;Float_t edosy;Float_t edosz;};VertexInfoSR variables whih begin with the letter 'e' are the unertainties from thetrak �t.The lass FiduialInfoSR ontains information about �duial ontainment:lass FiduialInfoSR : publi TObjet{ ...Float_t dr;Float_t dz;Float_t trae;Float_t traez;Int_t nplane; // number of planes extrapolated to beg/end hit planesInt_t nplaneu; // number of planes extrapolated to beg/end hit planesInt_t nplanev; // number of planes extrapolated to beg/end hit planes};The member variables {\tt dr} is the minimum transverse distane to thedetetor edge (a positive value indiates ontainment within the detetor);{\tt dz} is the minimum longitudinal distane to the detetor edge (notethat the validity of this variable depends on Plex and UgliGeometry knowingwhere the ative detetor ends).The two variables {\tt trae} and {\tt traez} represent the path length(in meters) between the trak vertex or end and the detetor edge. Ifa magneti trak fitting pakage has been inluded in the reonstrution,these represent the swum values in the magneti field.There are some ases in whih the traker does not pik up all hits alongthe trak, for example when some planes are not properly demuxed. Byanalyzing the longitudinal energy distribution one may make a guess as towhere the trak end points atually are. Some traking pakages willattempt to swim or projet the trak from its two points where it stoppedtraking to the trak ends based on longitudinal energy distributions.The number of planes over whih a projetion is performed is storedin {\tt nplane}, and in {\tt nplaneu} and {\tt nplanev} for the $u$ and15



$v$ views separately.There are3 member objets of TrakSRTTree of lass FiduialInfoSR: {\tt fidvtx},{\tt fidend}, and {\tt fidall}. The first two represent ontainmentinformation at the vertex and end positions of the trak. The last,{\tt fidall}, ontains information about the distane of losest approahover all 3D points on the trak, with the transverse and longitudinalinformation alulated independently. So, for example, given a trakwhih enters the far detetor through the first plane at the oil hole,bends out and grazes the transverse edge of the detetor, and then bendsbak in and stops near the oil hole, {\tt fidall.dz} and {\tt fidall.dr} wouldboth be 0, while amongst {\tt fidvtx.dz}, {\tt fidvtx.dr}, {\tt fidend.dz}, and{\tt fidend.dr} only the first would be 0.The member variable {\tt time} of lass TrakTimeInfoSR holds timinginformation for a partiular trak:\begin{verbatim}lass TrakTimeInfoSR : publi TObjet{ ...UShort_t ndigit;Float_t hi2;Float_t u0;Float_t u1;Float_t v0;Float_t v1;Float_t dtds; // 1/betaFloat_t dtds;Float_t t0;Float_t du; // differene between timing based position and spatial positionFloat_t dv; // differene between timing based position and spatial position};The variable ndigit represents the number of digitizations used in determining thetrak diretion from timing. Not all digitizations are neessarily used, as some maydigit times may be outliers, or some digits may not represent the earliest time of aphototube (only the time of the �rst signal above threshold of a multianode phototubeis reorded, at least for the far detetor). The variable hi2 represents the �2 of a�t done in the trak diretion determination. The four variables u0, u1, v0, and v1hold the mean values of the fully alibrated and propagation delay orreted times16



for the separate plane views and separate strip ends (in the ase of double ended readout). The veloity of the trak is measured by omparing the orreted times to thetravel distane; the absolute value of the inverse of the trak veloity (normalized tothe speed of light) is then alulated and stored in dtds. From the time �t whihdetermines 1/�, we have the unnormalized slope dtds and the o�set t0.For planes in the far detetor whih have digits at both ends, the spatial position alongthe sintillator strip is alulated based on the timing di�erene; this is ompared tothe atual position based on strip loations in the opposite view, the di�erene (inmeters) is then stored in du and dv.The total path length of the trak in the detetor is given by ds, and the amount ofmaterial that the trak traversed is given by range (in g/m2). The momentum of thetrak from range is alulated and stored in the range variable in momentum of lassMomentumInfoSR. Note that this value for the momentum from range is alulatedin the same way regardless of whether or not a trak stops in the detetor. If magnetitrak �tting has been done, the momentum from urvature in the magneti �eld aswell as the unertainty from the �t are available through the variables momentum.qpand momentum.eqp.The total amount of time spent in the traking pakage whih produed the traks inthis tree is alulated and stored in putime.Finally, additional information from the trak �tting is stored in the lassFitTrakInfoSR:lass FitTrakInfoSR : publi TObjet{ ...Bool_t pass;Float_t hi2;Int_t ndof;Int_t niterate;Int_t nswimfail;Float_t putime; // exeution time in seonds}Note that some of these variables are urrently defined only for theCandFitTrakSR pakage.\subsetion{ShowerSRTTree}Reonstruted shower information is ontained in the lassShowerSRTTree, whose struture is 17



\begin{verbatim}lass ShowerSRTTree : publi TObjet{ ...UShort_t index;Int_t ndigit;Int_t nstrip;Int_t *stp; //[nstrip℄DigitStripPulseHeightSR ph;PlaneInfoSR plane;VertexInfoSR vtx;};Currently this lass is not as developed as TrakSRTTree. All of the membervariables of ShowerSRTTree are also found in TrakSRTTree, and will therefore notbe desribed here.2.8 EventSRTTreeReonstruted showers and traks are assoiated together based on proximity in spaeas well as time to form andidate events. In general a reonstruted andidate eventmay ontain any number of traks and showers (by onstrution an event will ontainat least one trak or shower). Muh of the information that users would want aboutreonstruted events are atually ontained in the traks and showers that make upthe events, and so perhaps the most useful information ontained in EventSRTTreeare indies over reonstruted traks and showers.The TObjArray *evt is an array of reonstruted events of lass EventSRTTree:lass EventSRTTree : publi TObjet{ ...UShort_t index;Int_t ndigit;Int_t nstrip;Int_t *stp; //[nstrip℄Int_t ntrak;Int_t *trk; //[ntrak℄;Int_t nshower;Int_t *shw; //[nshower℄;DigitStripPulseHeightSR ph; 18



PlaneInfoSR plane;VertexInfoSR vtx;VertexInfoSR end;};The index *stp is an index over the StripSRTTree array *stp in the top level lassTTreeSR. Note that an event may ontain strips whih are not in any trak or showeronstituting the event. Also, the index evt[i℄.stp[℄ does not double ount strips,whereas it is possible for either index evt[i℄.trk[℄.stp[℄ or evt[i℄.shw[℄.stp[℄to ount the same strip twie (if, for example, an event ontains two traks whihshare the same strip).The indies *trk and *shw work in the same way as the index *stp. For example, todraw the momentum from range for all traks whih belong to the �rst reonstrutedevent for snarl i:reo->Draw("trk[evt[0℄.trk℄.momentum.range","evthdr.snarl==i");2.9 MCTruthSRSummary truth information for monte arlo events are stored in the MCTruthSRlass whih has the branh name m:lass MCTruthSR : publi TObjet{ ...Float_t vtxx;Float_t vtxy;Float_t vtxz;Int_t inu;Int_t inunoos;Int_t itg;Int_t iboson;Int_t iresonane;Int_t iation;Float_t a;Float_t z;Float_t sigma;Float_t p4neu[4℄;Float_t p4neunoos[4℄; 19



Float_t p4tgt[4℄;Float_t p4shw[4℄;Float_t p4mu1[4℄;Float_t p4mu2[4℄;Float_t p4el1[4℄;Float_t p4el2[4℄;Float_t p4tau[4℄;Float_t x;Float_t y;Float_t q2;Float_t w2;Float_t emfra;}Currently these are �lled in only for the �rst NeuVtx and NeuKin objets (from theREROOT Classes pakage). These variables are taken straight from those lasses, sointerested parties an �nd the de�nition in these two lasses.2.10 FLSDigitSRDigit truth information for monte arlo events an be found in the flsdgt branhwhih is of the lass FLSDigitSR:lass FLSDigitSR : publi TObjet{ ...Int_t Plane;Int_t Strip;Float_t TPos;Float_t RawA;Float_t RawB;Float_t CorrA;Float_t CorrB;Float_t CorrSum;Float_t TDCA;Float_t TDCB;Int_t TubePixelA;Int_t TubePixelB;Float_t SignalPEA;Float_t SignalPEB;Float_t InitialTDCA;Float_t InitialTDCB; 20



Float_t SumETrue;Float_t AveDistTrueA;Float_t AveDistTrueB;Int_t HitBits;}These variables are lifted diretly from the FLSDigit lass in REROOT Classes.Note that the default behavior is to not write out this branh. Users who wishto have this branh written out should set the parameter WriteFLSDigit to 1 inEventSRListModule.Referenes[1℄ NuMI-NOTE-COMP-916 A Desription of the MINOS Reonstrution Frame-work
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