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Background: 

This report is meant to update and supersede the similarly written research report from last fall. 

Last fall I wrote the code for the offline, stand-alone event display. It was capable of reading a data file and interpreting and displaying the given tracks. It did so by plotting the four detector hits for each event. Two of those hits were designated as an incoming track and the other two as an outgoing track. A line representing the muon’s path was then drawn and extended through the two hits. If our reconstruction algorithm worked properly, any deviation between the two tracks could be interpreted as Coulomb scattering inside the active region of the station. 

This spring I upgraded the display to an online version fully integrated within the AMORE data processing framework. As an online display, the capabilities and usefulness of the display increase greatly. It now has access to arbitrarily sized batches of data immediately after they are processed. One batch gets processed and then sent to the display; then the next batch gets processed and sent to the display and so on. The data processor and the user interface, however, are separate processes that run concurrently. In other words, the speed of our analysis is not retarded by the user interface.

The display is not truly “live”, since a number of hours may pass between the time the data is received by the station and the time it is processed by our computers (After the raw data is received it must be filtered before it can be properly processed). It is, however, “real-time”, in the sense that the display is updated immediately after the signals are processed and analyzed. 

The display itself looks and works much the same as it did last fall. The principal difference is that it is updated to present more detailed monitoring information. That currently includes a track count that shows 1) the number of events received in the most recent cycle, 2) the number of those events passing through a given target volume, 3) the number of complete events received during the entire run, and 4) the number of incomplete events that were discarded.
The script is still written in C++, but it relies heavily on the ROOT and AMORE libraries, and its logical structure is based off AMORE’s publisher/subscriber paradigm. The code has been cleaned up, and the formatting is more easily controlled through a configuration file.  
The tomography station is located on Florida Tech’s campus and is operated by Dr. Hohlmann’s research group. It is presently configured with two detectors on top, two on bottom and two more along each end of the Y axis. Both ends of the X axis remain open. The display is drawn to simulate this design. 
Implementation: 

The header and source code for this program can be found in the appendix of this report.
Application: 

Perhaps the root of all problems in our research is visualization. We are dealing with subatomic particles moving at relativistic speeds and by the time their passage is detected and translated into an understandable form it is several times removed from its original raw electrical signal. Our challenge then is to approach and solve abstract problems in a generally roundabout manner. To do so requires a thorough understanding of all variables, and the ability to visualize such scenarios allows us to test the sanity of our approach. The more thorough our visualization capabilities, the more efficiently our project will run.
It is this void that our new user interface helps fill. The direct application of the 2d event display is primarily qualitative in nature, but its real-time monitoring capabilities allow for quantitative analysis. 
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Difficulties:

Note: This section is technical and deals with the 2d event display. It is reprinted from the fall research report.
If you look at this program´s code, the longest and most tedious portion is fitting and extending each line. The ROOT TGraph object easily draws a line between two points. To extend that line (via a best fit, for more than two detectors), a TF1 object must be instantiated and designated as a first degree polynomial. This allows the user to easily extend the line to an X minimum and an X maximum. However, much of this display relies upon solving for the X value at a given Y. Trying to account for all the contingencies that result is tedious and will be the biggest obstacle in updating this code to accommodate different detector design. In our station´s current format, the XZ display is necessarily distorted for all Y detector events. Since the Y dimension is ignored in the XZ display, the corresponding events are not anchored to a given line. Trying to account for this projection, resulted in code that was tediously hard coded.  In the future, if XZ detectors are added, the code should be easily copied and pasted to the YZ fit. 

When looking at the display, you should notice that the incoming events seem to rain down on the display. Even though some events surely come from below 90 degrees, the detectors do not discriminate which hit arrived first and thus we assume that the incoming track comes from above, rather than below. 

All normal events are now properly displayed, but occasionally, divergent events are improperly fit. By divergent events, I mean, those events whose incoming and outgoing tracks diverge. These are poorly reconstructed events – most likely – or ones that exhibit extreme, multiple scattering. The difficulty with these events is always in the XZ projection, in which at least one of the tracks originates from a side detector. Since the detector is in the YZ dimension – not the XZ --, the XZ projection is not anchored along the horizontal axis. To correct for this, fewer assumptions can be made in coding and more conditions must be tested. These tests are tedious and must be exhaustive in order to assign the proper locations for the x minimum and x maximum of each line. Depending on the direction of the event, one of the two exterior hits is marked as a maximum or minimum. Each track is then displayed as a line from that location to the x coordinate that appears at the corresponding coordinate of the interior hit from the second track of the same event. Whether the track is more vertical or horizontal (i.e. whether the slope is greater than or less than 1 or -1) determines whether the relevant coordinate is in the x or y dimension (note: When I refer to lower case x and y coordinates, I am referring to generalized coordinates for the horizontal and vertical axes. In the XZ projection that means X and Z coordinates. In the YZ projection that means Y and Z coordinates.). If a side track is deemed divergent, it is only graphed from hit to hit and is not extended to the opposite track.

I also had to account for some XZ side detector events whose tracks were misaligned. In these events, the x coordinate from the corresponding track where I wished to stop the current track lay between the two x coordinates from that track´s hits. This is a problem because the program is designed to graph a specific event from the first hit to the second. The information from that graph is then extrapolated through my fitting algorithm, and the line that appears in the display is drawn to extend in one of two directions. “Extending” is the key word, since the fit fails if the algorithm tells my program to contract the graph instead. To account for this, I do the same thing I did to the divergent events and draw the graph from hit to hit, without worrying about the fit. 
What´s Next:

The next step in this project will be to update the code to receive the information from the more general SRSTrack module, as opposed to the current SRSDetectorHit module. Doing so will give us all the information we have now plus POCA points, scattering angles, fit parameters, total residuals, and even incomplete tracks. Alongside the 2d track displays, we will be able to create POCA plots and more clearly monitor detector misalignment, track selection, and track composition. We could even produce an event display of partial, previously discarded events. In principal, this should be a straightforward process and will make the display and monitoring program even more useful.

The display could also be aesthetically upgraded. The colors used in the current version come from a basic but limited ROOT color palette. There is a much more extensive color wheel that could be adopted that is available within the ROOT TAttFill class. Doing so could make the display more aesthetically pleasing. 

It may also be possible to integrate much of our offline research into a common GUI, real-time processing platform. One example is Will Bittner’s VX4D program; another example is the Geant4 simulations. Both of these could be included in a more advanced version of our user interface. Doing so would make the display more dynamic and our research more approachable.

ROOT also contains an extensive library of widgets and GUI classes from which we could design such an all-inclusive user interface. One example of an advanced, simulation-based GUI taken from the ROOT website is shown below:
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Appendix:
Note: This code is part of our larger amoreSRS framework. To run this program, it must be included in that framework that can be found on file in our lab. 

SRSEventDisplay.h

/**************************************************************************

 * Copyright(c) 2007-2009, ALICE Experiment at CERN, All rights reserved. *

 * See cxx source for full Copyright notice                               *

 **************************************************************************/

#ifndef AMORE_SRSEVENTDISPLAY_H

#define AMORE_SRSEVENTDISPLAY_H

#include <map>

#include <list>

#include <vector>

#include <iostream>

#include <fstream>

#include <string>

#include <sstream>

#include <fstream>

#include <algorithm>

#include <VisualModule.h>

#include "TNtuple.h"

#include "TList.h"

#include <TROOT.h>

#include <TColor.h>

#include <TStyle.h>

#include <TSystem.h>

#include <TRootEmbeddedCanvas.h>

#include <TGNumberEntry.h>

#include <TGTextView.h>

#include <RQ_OBJECT.h>

#include <TGTab.h>

#include <TGraph.h>

#include <TAxis.h>

#include <TPaveText.h>

#include <TPave.h>

#include <TPad.h>

#include <unistd.h>

#include "TObject.h"

#include <TCanvas.h>

#include "TH1F.h"

#include "TH2F.h"

#include "TF1.h"

#include "TFile.h"

#include "TString.h"

#include "TObjArray.h"

#include "TObjString.h"

#include "SRSMapping.h"

#include "SRSDQM.h"

#include "../common/SRSDetectorHit.h"

#include "../common/SRSCommon.h" // Absolute path necessary to allow usage of ACLiC

using namespace std;

namespace amore {

  namespace SRS {

    namespace ui {

/**

@author Mike Phipps

*/

      class SRSEventDisplay : public amore::ui::VisualModule, public amore::SRS::common::SRSCommon { 


RQ_OBJECT("SRSEventDisplay");

      public:


SRSEventDisplay();


~SRSEventDisplay();


virtual void Construct();


virtual void Update();


virtual void SubscribeMonitorObjects() {;}


virtual void Process() {;}


virtual void StartOfCycle() {;}


virtual void EndOfCycle() {;}


virtual void StartOfRun() {;}


virtual void EndOfRun() {;}


virtual void StartOfSession() {;}


virtual void EndOfSession() {;}


void SlotSelectedTab(Int_t id);


virtual bool StartAuto();


virtual bool InitAuto();

      protected:


void Update1();


void MySubscribe(); 


void RootDisplaySetup() ;


void ClearDisplayParameters() ;

        void SetGlobals();


Bool_t SetDisplayParameters() ;

        void SetCanvas1(TGraph**);

        void SetCanvas2(int,Int_t,Int_t,Int_t);

        void SetCanvas3(TGraph**);

        void SetTarget();

        void SortHits(TList*) ;

        bool Cut(TGraph**,TGraph**,TGraph**,TGraph**);

        void SetFit(TGraph**, bool&, bool&, string , TF1**, bool&, TGraph**, string);


TGTab* fTab;


TRootEmbeddedCanvas* fEC;


TGNumberEntryField* fNEF[20];


TGTextView* fTextView[20];

        Double_t x1[2], y1[2], y2[2], z1[2], z2[2], z3[3], z4[4], zs1[2], zs2[2], yR1[2], yR2[2], yL1[2], yL2[2], xT[2], xT2[2], xT3[2], yT[2], yT2[2], yT3[2], zT[2], zT2[2], zT3[2];

        Int_t nHits;

        Int_t nEvents;


size_t fCycle;


int fSelectedTab;

        //TString fthFlux;

        //TString fexpFlux;

        //TString ftCandidates;

        TString fCreateTarget;

        Int_t fTXYMax;

        Int_t fTXYMin;

        Int_t fTZMax;

        Int_t fTZMin;

        Int_t fCanSizeX;

        Int_t fCanSizeY;

        // TString fDisplayFile;

        Int_t fInColor;  // default: 2

        Int_t fOutColor; // default: 4

        Int_t fCanColor; // default: 1

        Int_t fDetColor; // default: 0

        Int_t fTarColor; // default: 3

        Int_t fTxtColor; // default: 0


ClassDef(SRSEventDisplay, 1);

      };

    };

  };

};

#endif

SRSEventDisplay.cxx
#include "SRSEventDisplay.h"

  bool UDgreater ( double elem1, double elem2) {

    return elem1 > elem2;

  }

// Cut coordinates

#define XYMIN -150

#define XYMAX 150

#define ZMAX 150

#define ZMIN -150

ClassImp(amore::SRS::ui::SRSEventDisplay);

namespace amore {

  namespace SRS {

    namespace ui {

      using amore::subscriber::Subscribe;

      using amore::subscriber::Unsubscribe;

      SRSEventDisplay::SRSEventDisplay() {

        SetGlobals();

        SetDisplayParameters();

      }

      SRSEventDisplay::~SRSEventDisplay() {

        Unsubscribe() ;

        ClearDisplayParameters();

      }

      Bool_t SRSEventDisplay::SetDisplayParameters() {


ClearDisplayParameters() ;

 
//const char * displayCfgFilename = TString(");

        //cout << "SRSEventDisplay::SetDisplayParameters()->Loading Display from " << displayCfgFilename << endl;


ifstream filestream ("/home/AmoreUser/configFileDirSRSNew/amoreSRSEventDisplay.cfg") ;


if(!filestream.is_open()) {


  printf("SRSEventDisplay::SetDisplayParameters() ==> CAN'T OPEN THE FILE  \n")  ;


  return kFALSE ;


}


TString line ;


while (line.ReadLine(filestream)) {


  line.Remove(TString::kLeading, ' ');     // strip leading spaces


  if (line.BeginsWith("#")) continue;      // and skip comments


  TObjArray * tokens = line.Tokenize(","); // Create an array of tokens separated by "," in the line; lines without "," are skipped


  TIter myiter(tokens);                    // iterator on the tokens array


  while (TObjString * st = (TObjString*) myiter.Next()) {


    TString s = st->GetString().Remove(TString::kLeading, ' ' );


    s.Remove(TString::kTrailing, ' ' );

            //if (s == "NEVENTS") fnEventsDis = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            //if (s == "THFLUX") fthFlux = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' );

            //if (s == "EXPFLUX") fexpFlux = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' );

            //if (s == "TCANDIDATES") ftCandidates = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' );

            if (s == "CREATETARGET") fCreateTarget = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' );

            if (s == "TARGETXYMAX") fTXYMax = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "TARGETXYMIN") fTXYMin = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "TARGETZMAX") fTZMax = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "TARGETZMIN") fTZMin = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            //if (s == "DISPLAYFILE") fDisplayFile = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' );

            if (s == "INCOLOR") fInColor = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "OUTCOLOR") fOutColor = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "CANVASCOLOR") fCanColor = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "DETECTORCOLOR") fDetColor = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "TARGETCOLOR") fTarColor = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "TEXTCOLOR") fTxtColor = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "CANSIZEX") fCanSizeX = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

            if (s == "CANSIZEY") fCanSizeY = ((TObjString*) myiter.Next())->GetString().Remove(TString::kLeading, ' ' ).Atoi();

          }

          tokens->Delete();
  


}


return kTRUE ;

      } 

      void SRSEventDisplay::ClearDisplayParameters() {

      }

      void SRSEventDisplay::SetGlobals() {

        // if each track has two hits, nHits = 2. 

        nHits = 2;

        // Coordinates for each detector

        x1[0] = -153.0;

        x1[1] = 150.0;                                                                                                        

        y1[0] = -122.0;

        y1[1] = 178.0;

        y2[0] = -205.0;

        y2[1] = 95.0;

        z1[0] = 228.75;

        z1[1] = 228.75;

        z2[0] = 153.25;

        z2[1] = 153.25;

        z3[0] = -153.25;

        z3[1] = -153.25;

        z4[0] = -228.75;

        z4[1] = -228.75;

        zs1[0] = 194.45;

        zs1[1] = -105.55; 

        zs2[0] = 105.55;

        zs2[1] = -194.45;

        yR1[0] = 143.1;

        yR1[1] = 143.1;

        yR2[0] = 218.1;

        yR2[1] = 218.1;

        yL1[0] = -143.1;

        yL1[1] = -143.1;

        yL2[0] = -218.1;

        yL2[1] = -218.1;

        // Coordinates for the target box

        xT[0] = fTXYMin; 

        xT[1] = fTXYMax;

        yT[0] = fTXYMin;

        yT[1] = fTXYMax;

        zT[0] = fTZMax;

        zT[1] = fTZMin;

   
xT2[0] = fTXYMin;

   
xT2[1] = fTXYMin;

   
xT3[0] = fTXYMax;

   
xT3[1] = fTXYMax;

   
yT2[0] = fTXYMin;

   
yT2[1] = fTXYMin;

   
yT3[0] = fTXYMax;

   
yT3[1] = fTXYMax;

   
zT2[0] = fTZMax;

   
zT2[1] = fTZMax;

   
zT3[0] = fTZMin;

   
zT3[1] = fTZMin;

      }

      void SRSEventDisplay::Construct() { // The custom GUI is constructed here. gRootFrame is the container of the custom widgets.


//printf("SRSUI3::Construct() = > let's build the display\n") ;


//=== Class in which TGTab are created


fTab = new TGTab(amore::ui::gRootFrame);


amore::ui::gRootFrame->AddFrame(fTab);


TQObject::Connect(fTab, "Selected(Int_t)", "amore::SRS::ui::SRSEventDisplay", this, "SlotSelectedTab(Int_t)");


TGCompositeFrame* tempFrame=fTab->AddTab("SRSEventDisplay");


fEC=new TRootEmbeddedCanvas("fEC0", tempFrame, fCanSizeX,fCanSizeY);


tempFrame->AddFrame(fEC);


fEC->GetCanvas()->Divide(3);

        fEC->GetCanvas()->SetFillColor(fCanColor);

       // RootDisplaySetup() ;


amore::ui::gRootFrame->MapSubwindows();


amore::ui::gRootFrame->Resize();


amore::ui::gRootFrame->MapWindow();


amore::ui::gRootFrame->MapSubwindows() ;


amore::ui::gRootFrame->Resize() ;


amore::ui::gRootFrame->MapWindow() ; 


SlotSelectedTab(0) ; // To select initial subscriptions/display


//printf("SRSUI3::Construct() = > Exit Construct \n") ;

      }

      void SRSEventDisplay::SlotSelectedTab(Int_t id) {


switch(id) {


case 0:


  MySubscribe();


  fSelectedTab = 0;


  break;


case 1:

          MySubscribe();


  fSelectedTab = 1;


  break;


}

      }

      //=== Subscribe

      void SRSEventDisplay::MySubscribe() {


Unsubscribe() ;


std::ostringstream stringStream;


std::ostringstream stringStream2;


gROOT->Reset() ;


gStyle->Reset() ;


gStyle->SetPalette(1) ;


//TString listName ("tracks");

        TString listName ("DQM");


stringStream.str("\r") ;


stringStream << "SRS01/" << listName ; // "SRS01/"


Subscribe(stringStream.str().c_str()) ;


stringStream.str("\r") ;

      }

      //=== Update

      void SRSEventDisplay::Update() { 

       if (fSelectedTab == 0) Update1() ;


if (fSelectedTab == 1) Update1() ;

      }

      void SRSEventDisplay::Update1() { 

        TF1 *fit_out_y = new TF1("P1","pol1"); // Function to fit outgoing tracks for the offset configuration (yz).

        TF1 *fit_out_x = new TF1("P1","pol1"); // Function to fit outgoing tracks for the standard configuration (xz)

  
TF1 *fit_in_y = new TF1("P1","pol1"); // Function to fit incoming tracks for the offset configuration.  

 
TF1 *fit_in_x = new TF1("P1","pol1"); // Function to fit incoming tracks for the standard configuration

  
TGraph *xz_detector1 = new TGraph (2,x1,z1); 

  
TGraph *yz_detector1 = new TGraph (2,y1,z1); 

        TVirtualPad * c = fEC->GetCanvas();

  
bool XZ;

  
bool incoming;

  
bool my_cut=1;

        bool flip = 0;

        Int_t nCut = 0;

  
string inType;

  
string outType;

  
int side = 0;

        string detector;

        vector<string> detName;

        int hitIt;


ostringstream stringStream ;

        ostringstream stringStream2 ;

        stringstream ss;


gROOT->Reset() ;

        gStyle->Reset() ;


gStyle->SetPalette(1);

  
SetCanvas1( &xz_detector1);

  
SetCanvas3( &yz_detector1);

        c->cd(2);

        char title1[30];

        sprintf(title1, "Muon Tomography Station");

        char title2[30];

        sprintf(title2, "Event Display");

        TPaveText *TitlePave = new TPaveText(.10,.88,.90,.97);

        TitlePave->AddText(title1);

        TitlePave->AddText(title2);

        TitlePave->SetFillColor(fCanColor);

        TitlePave->SetTextColor(fTxtColor);

        TitlePave->SetTextFont(12);

        TitlePave->SetTextSize(.08);

        TitlePave->Draw();

        c->cd(2)->SetFillColor(fCanColor);

        c->cd(2)->Update();


stringStream.str("\r") ;

        //TString listName ("tracks");

        TString listName ("DQM");


stringStream << "SRS01/" << listName ; // "SRS01/"


amore::core::MonitorObjectTObject* DQM_obj = gSubscriber->At<amore::core::MOTObj>(stringStream.str().c_str()) ;

        if (DQM_obj == 0x0) return;

        SRSDQM * dqm = (SRSDQM *) DQM_obj->Object();

        TList * track_list = dqm->GetListOfTracks();

        //TList * track_list = (TList*) DQM_obj->Object();

  
TGraph *xz_in; 

  
TGraph *xz_out;

  
TGraph *yz_in;

  
TGraph *yz_out;

  
double x_in[nHits];

  
double x_out[nHits];

  
double y_in[nHits];

  
double y_out[nHits];

  
double z_in[nHits];

  
double z_out[nHits];

        SRSMapping * my_mapping = SRSMapping::GetInstance();

        int event_count = 0;


c->Update() ;

        TIter trackIter(track_list);

        while (TList * HitList = (TList *) trackIter()) {

          ++event_count;

          cout << "Event #: " << event_count << endl;

          SortHits(HitList);

          TIter hitsListIter(HitList);

  
  hitIt= 0;

          while (SRSDetectorHit *detHit = (SRSDetectorHit *) hitsListIter()) {

    
    if (hitIt < nHits) {

             x_in[hitIt] = detHit->GetXGlobal();

      
      y_in[hitIt] = detHit->GetYGlobal();

      
      z_in[hitIt] = detHit->GetZGlobal();

              cout << "x_in" <<x_in[hitIt] << endl;

              cout << "y_in" <<y_in[hitIt] << endl;

              cout << "z_in" << z_in[hitIt] << endl;

    
    }

            else {

             x_out[hitIt-2] = detHit->GetXGlobal();

      
      y_out[hitIt-2] = detHit->GetYGlobal();

      
      z_out[hitIt-2] = detHit->GetZGlobal();

              cout << "x_out" << x_out[hitIt-2] << endl;

              cout << "y_out" << y_out[hitIt-2] << endl;

              cout << "z_out" << z_out[hitIt-2] << endl;               

    
    }

            ss.str(string());

            ss.clear();

            cout << "detName1: " << detHit->GetDetectorName() << endl;

/*

            ss << 

            ss >> detector;

            detName.push_back(detector);

            ss.str("");

            ss.str(string());

            ss.clear();

            cout << "detName2: " << detName[hitIt] << endl;

            cout << "hitIt: " << hitIt << endl;*/

            ss << detHit->GetStationName();

            // For now we assume that the first two hits are incoming and last two are outgoing

            //cout << "StationName " << my_mapping->GetStationNameFromDetectorName(detHit->GetDetectorName()) << endl;

            //cout << "StationName " <<  << endl;

            if (hitIt < nHits) ss >> inType; // NHITS = 2

            else ss >> outType;

            ++hitIt;

          }

          detName.clear();

          cout << "inType: " << inType << endl;

          cout << "outType: " << outType << endl;

    
  yz_in = new TGraph(nHits, y_in, z_in);

    
  yz_out = new TGraph(nHits, y_out, z_out);

    
  xz_in = new TGraph(nHits, x_in, z_in);

    
  xz_out = new TGraph(nHits, x_out, z_out);
 

    
  // CutType is set in the Configuration File. Valid options are "NONE", "SIDE" or "TOP/BOTTOM"

      
  if (fCreateTarget.CompareTo("YES", TString::kIgnoreCase) == 0) {

      
    my_cut = Cut(&yz_in,&yz_out,&xz_in,&xz_out);  // show all Events that make the Cut

          } 

          else my_cut = 1;

            //if (inType == "TOP" && outType == "BOTTOM") my_cut = 0; // Only show side Events

            //if (inType == "LEFT" || outType == "RIGHT") my_cut = 0; // Only show top/bottom Events

          cout << "my_cut = " << my_cut << endl;

    
  if (my_cut == 1) {

      
    if (fCreateTarget.CompareTo("YES", TString::kIgnoreCase) == 0) nCut++;

            c->cd(3);

      
    yz_in->SetLineColor(fInColor);

      
    yz_in->SetMarkerStyle(20);

      
    yz_in->SetMarkerSize(.8);

      
    yz_in->SetMarkerColor(0);

      
    yz_in->Draw("P");

      
    yz_out->SetLineColor(fOutColor);

      
    yz_out->SetMarkerStyle(20);

      
    yz_out->SetMarkerSize(.8);

      
    yz_out->SetMarkerColor(0);

      
    yz_out->Draw("P");

      
    c->cd(1);

      
    xz_in->SetLineColor(fInColor);

      
    xz_in->SetMarkerStyle(20);

      
    xz_in->SetMarkerSize(.8);

      
    xz_in->SetMarkerColor(0);

       
    xz_in->Draw("P");

      
    xz_out->SetLineColor(fOutColor);

      
    xz_out->SetMarkerStyle(20);

      
    xz_out->SetMarkerSize(.8);

      
    xz_out->SetMarkerColor(0);

      
    xz_out->Draw("P");

      
    c->cd(3); 

      
    XZ = 0;

      
    incoming = 1;

      
    SetFit(&yz_in,XZ,incoming,inType,&fit_in_y,flip, &yz_out,outType);

      
    incoming = 0;

      
    SetFit(&yz_out,XZ,incoming,outType,&fit_out_y,flip, &yz_in,inType); 

      
    c->cd(1);

      
    XZ = 1;

      
    incoming = 1; 

      
    SetFit(&xz_in,XZ,incoming,inType,&fit_in_x,flip,&xz_out,outType);

      
    incoming = 0;

      
    SetFit(&xz_out,XZ,incoming,outType,&fit_out_x,flip,&xz_in,inType);

      
    //if (inType == "LEFT" || inType == "RIGHT" || outType == "LEFT" || outType == "RIGHT") ++side;

          }               

   
}

        SetCanvas2(nCut,event_count,dqm->GetTotalCount(),dqm->GetFullCount());

  
//char title[30];

  
SetTarget();

    
//sprintf(title, "%d Events -- %d Intersect Target", nEvents, nCut); 

    
c->cd(1);

    
//xz_detector1->SetTitle(title);

    
gPad->RedrawAxis(); 

    
c->cd(3);

    
//yz_detector1->SetTitle(title); 

    
gPad->RedrawAxis(); // try h1->Draw("sameaxis") -- left and upper axes not redrawn

        c->Update();

      }

      void SRSEventDisplay::SortHits(TList *cur_event ) {

        map<double,SRSDetectorHit *> hitFromZPos;

        vector<double> zPos;

        TIter hitIter(cur_event);

        while(SRSDetectorHit * hit = (SRSDetectorHit *) hitIter()){

          double z = (double) hit->GetZGlobal();

          hitFromZPos[z] = hit;

          zPos.push_back(z);

        }

        sort(zPos.begin(), zPos.end(), UDgreater);

        cur_event->Clear();

        vector<double>::const_iterator zIter;

        for (zIter = zPos.begin(); zIter != zPos.end(); zIter++){

          cur_event->Add(hitFromZPos[(*zIter)]);

        }

        //std::cout << "HitList size " << fHitList.size() << std::endl;

      }

      void SRSEventDisplay::RootDisplaySetup() { 

      }

      void SRSEventDisplay::SetCanvas1(TGraph **xz_detector1) {


TVirtualPad * c1 = fEC->GetCanvas()->cd(1);

        //fEC->GetCanvas()->cd(1);

        c1->SetTickx(2);

        c1->SetTicky(2);

        c1->SetFillColor(fCanColor); // = SetPadColor(1)

  
// These objects become the detector lines on the XZ display.

  
TGraph *xz_detector2 = new TGraph (2,x1,z2);

  
TGraph *xz_detector3 = new TGraph (2,x1,z3);

  
TGraph *xz_detector4 = new TGraph (2,x1,z4);

  
TAxis *x_axis = (*xz_detector1)->GetXaxis();

  
TAxis *z1_axis = (*xz_detector1)->GetYaxis();

  
x_axis->SetLimits(-250.,250.);

  
x_axis->CenterTitle(1);

  
x_axis->SetLabelColor(fTxtColor);

        x_axis->SetAxisColor(fTxtColor);

        x_axis->SetTitleColor(fTxtColor);

        x_axis->SetTitleSize(0.045);

        x_axis->SetTitleOffset(1);

  
z1_axis->SetLabelColor(fTxtColor);

        z1_axis->SetAxisColor(fTxtColor);

  
z1_axis->CenterTitle(1);

        z1_axis->SetTitleColor(fTxtColor);

        z1_axis->SetTitleSize(0.045);

        z1_axis->SetTitleOffset(1);

  
(*xz_detector1)->GetHistogram()->SetMaximum(300.);

  
(*xz_detector1)->GetHistogram()->SetMinimum(-300.);

  
(*xz_detector1)->GetHistogram()->SetTitle("XZ Projection; X Axis(mm); Z Axis (mm)"); 

        (*xz_detector1)->GetHistogram()->SetTitleFont(10,"XY");

  
(*xz_detector1)->SetLineStyle(2);

  
xz_detector2->SetLineStyle(2);

  
xz_detector3->SetLineStyle(2);

  
xz_detector4->SetLineStyle(2); 

  
(*xz_detector1)->SetLineColor(fDetColor);

  
xz_detector2->SetLineColor(fDetColor);

  
xz_detector3->SetLineColor(fDetColor);

  
xz_detector4->SetLineColor(fDetColor);

  
(*xz_detector1)->Draw("AC");

  
xz_detector2->Draw("CP");

  
xz_detector3->Draw("CP");

  
xz_detector4->Draw("CP");

  
gPad->Update();

  
TPaveText *t3 = (TPaveText*)c1->FindObject("title");

  
t3->SetFillColor(fCanColor);

  
t3->SetTextColor(fTxtColor);

        t3->SetTextFont(12);

        t3->SetTextSize(.06);

        t3->SetX1NDC(.30);

        t3->SetX2NDC(.70);

        t3->SetY1NDC(.99);

        t3->SetY2NDC(.95);

        t3->Draw();

  
c1->Update();

      }

      void SRSEventDisplay::SetCanvas2(int nCut, Int_t event_count, Int_t total_count, Int_t full_count) {

  
fEC->GetCanvas()->cd(2);

  
char EventNum[50];

  
//char SideNum[50];

  
char CutNum[50];

        char TotNum[50];

        char ComNum[50];

  
sprintf(EventNum, "Events detected in this cycle: %d", event_count);

  
//sprintf(SideNum, "Total side events intersecting the target: %d", side);

  
sprintf(CutNum, "Events intersecting the target: %d", nCut);

        sprintf(ComNum, "Complete events processed: %d", full_count);

        sprintf(TotNum, "Total events processed: %d", total_count);

  
TPaveText *Pave1 = new TPaveText(.05,.5,.95,.75, "L");

  
Pave1->AddText(EventNum);

  
//Pave1->AddText(SideNum);

  
Pave1->AddText(CutNum);

        Pave1->AddText(ComNum);

        Pave1->AddText(TotNum);

  
Pave1->SetFillColor(fCanColor);

  
Pave1->SetTextColor(fTxtColor);

  
Pave1->SetTextSize(.05);

  
Pave1->SetTextFont(11);

  
Pave1->Draw();

      }

      void SRSEventDisplay::SetCanvas3(TGraph **yz_detector1) {

  
TVirtualPad * c3 = fEC->GetCanvas()->cd(3);  

        c3->SetTickx(2);

        c3->SetTicky(2);

        c3->SetFillColor(fCanColor); // = SetPadColor(1)

  
// These objects become the detector lines on the YZ display.

  
TGraph *yz_detector2 = new TGraph (2,y1,z2);

  
TGraph *yz_detector3 = new TGraph (2,y2,z3);

  
TGraph *yz_detector4 = new TGraph (2,y2,z4);

  
TGraph *yz_detector1L = new TGraph (2,yL1,zs1);

  
TGraph *yz_detector2L = new TGraph (2,yL2,zs1);

  
TGraph *yz_detector1R = new TGraph (2,yR1,zs2);

  
TGraph *yz_detector2R = new TGraph (2,yR2,zs2);

  
TAxis *y_axis = (*yz_detector1)->GetXaxis();

  
TAxis *z2_axis = (*yz_detector1)->GetYaxis();

  
y_axis->SetLimits(-250,250);

  
y_axis->CenterTitle(1);

  
y_axis->SetLabelColor(fTxtColor);

        y_axis->SetAxisColor(fTxtColor);

        y_axis->SetTitleColor(fTxtColor);

        y_axis->SetTitleSize(0.045);

        y_axis->SetTitleOffset(1);

  
z2_axis->SetLabelColor(fTxtColor);

        z2_axis->SetAxisColor(fTxtColor);

  
z2_axis->CenterTitle(1);

        z2_axis->SetTitleColor(fTxtColor);

        z2_axis->SetTitleSize(0.045);

        z2_axis->SetTitleOffset(1);

  
(*yz_detector1)->GetHistogram()->SetMaximum(300.);

  
(*yz_detector1)->GetHistogram()->SetMinimum(-300.);

 
(*yz_detector1)->GetHistogram()->SetTitle("YZ Projection; Y Axis(mm); Z Axis (mm)");  

        (*yz_detector1)->GetHistogram()->SetTitleFont(10,"XY");

  
(*yz_detector1)->SetLineStyle(2);

  
yz_detector2->SetLineStyle(2);

  
yz_detector3->SetLineStyle(2);

  
yz_detector4->SetLineStyle(2);

  
yz_detector1L->SetLineStyle(2);

  
yz_detector2L->SetLineStyle(2);

  
yz_detector1R->SetLineStyle(2);

  
yz_detector2R->SetLineStyle(2);

  
(*yz_detector1)->SetLineColor(fDetColor);

  
yz_detector2->SetLineColor(fDetColor);

  
yz_detector3->SetLineColor(fDetColor);

  
yz_detector4->SetLineColor(fDetColor);

  
yz_detector1L->SetLineColor(fDetColor);

  
yz_detector2L->SetLineColor(fDetColor);

  
yz_detector1R->SetLineColor(fDetColor);

  
yz_detector2R->SetLineColor(fDetColor);

  
(*yz_detector1)->Draw("AC");

  
yz_detector2->Draw("CP");

  
yz_detector3->Draw("CP");

  
yz_detector4->Draw("CP");

  
yz_detector1L->Draw("CP");

  
yz_detector2L->Draw("CP");

  
yz_detector1R->Draw("CP");

  
yz_detector2R->Draw("CP");

  
gPad->Update();

  
TPaveText *t4 = (TPaveText*)c3->FindObject("title");

  
t4->SetFillColor(fCanColor);

  
t4->SetTextColor(fTxtColor);

        t4->SetTextFont(12);

        t4->SetTextSize(.06);

        t4->SetX1NDC(.30);

        t4->SetX2NDC(.70);

        t4->SetY1NDC(.99);

        t4->SetY2NDC(.95);

        t4->Draw();

  
c3->Update();

      }

void SRSEventDisplay::SetTarget() {

  
fEC->GetCanvas()->cd(1);   

  
// These four lines come together to form the box on the XZ display

  
TGraph *XZtargetTop = new TGraph (2,xT,zT2); 

  
TGraph *XZtargetLeft = new TGraph (2,xT2,zT);

  
TGraph *XZtargetRight = new TGraph (2,xT3,zT);

 
TGraph *XZtargetBottom = new TGraph (2,xT,zT3);

  
XZtargetTop->SetLineStyle(2);

  
XZtargetLeft->SetLineStyle(2);

 
XZtargetRight->SetLineStyle(2);

 
XZtargetBottom->SetLineStyle(2);

 
XZtargetTop->SetLineColor(fTarColor);

  
XZtargetRight->SetLineColor(fTarColor);

  
XZtargetLeft->SetLineColor(fTarColor);

  
XZtargetBottom->SetLineColor(fTarColor);

  
XZtargetTop->SetLineWidth(3);

  
XZtargetRight->SetLineWidth(3);

  
XZtargetLeft->SetLineWidth(3);

  
XZtargetBottom->SetLineWidth(3);

  
XZtargetTop->Draw("CP");

  
XZtargetLeft->Draw("CP");

  
XZtargetRight->Draw("CP");

  
XZtargetBottom->Draw("CP");

  
gPad->Update();

  
fEC->GetCanvas()->cd(3);   

  
// These four lines come together to form the box on the YZ display

  
TGraph *YZtargetTop = new TGraph (2,yT,zT2); 

  
TGraph *YZtargetLeft = new TGraph (2,yT2,zT);

  
TGraph *YZtargetRight = new TGraph (2,yT3,zT);

  
TGraph *YZtargetBottom = new TGraph (2,yT,zT3);

  
YZtargetTop->SetLineStyle(2);

  
YZtargetLeft->SetLineStyle(2);

  
YZtargetRight->SetLineStyle(2);

  
YZtargetBottom->SetLineStyle(2);

 
YZtargetTop->SetLineColor(fTarColor);

 
YZtargetRight->SetLineColor(fTarColor);

 
YZtargetLeft->SetLineColor(fTarColor);

 
YZtargetBottom->SetLineColor(fTarColor);

 
YZtargetTop->SetLineWidth(3);

 
YZtargetRight->SetLineWidth(3);

  
YZtargetLeft->SetLineWidth(3);

  
YZtargetBottom->SetLineWidth(3);

  
YZtargetTop->Draw("CP");

  
YZtargetLeft->Draw("CP");

  
YZtargetRight->Draw("CP");

  
YZtargetBottom->Draw("CP");

  
gPad->Update();

      }

      bool SRSEventDisplay::Cut(TGraph **track1,TGraph **track2,TGraph **track3,TGraph **track4) {

   
// One event is composed of four tracks (incoming/outgoing XZ and incoming/outgoing YZ). Therefore, each track must be defined and then tested for the cut conditions.

   
bool keep_event = 0;

  
double m,m2,m3,m4,b,b2,b3,b4;

   
Double_t *x = (*track1)->GetX();

   
Double_t *y = (*track1)->GetY();

   
Double_t *x2 = (*track2)->GetX(); 

  
Double_t *y2 = (*track2)->GetY(); 

   
Double_t *x3 = (*track3)->GetX(); 

   
Double_t *y3 = (*track3)->GetY(); 

   
Double_t *x4 = (*track4)->GetX(); 

   
Double_t *y4 = (*track4)->GetY();  


/*

   
There are four sets of conditional if-statements. The first one defines the YZ Incoming track. The second defines the YZ Outgoing track. The third defines the XZ Incoming track, and the 
  fourth defines the XZ Outgoing track. Within each set there are three conditional statements. The first is the general condition that solves for the slope and y intercept of the given 
track. The second and third are for very rare boundary cases in which we encounter a perfectly vertical or a perfectly horizontal muon. 


*/

  
if (y[1] != y[0] && x[1] != x[0]) {

    
  m = (y[1]-y[0]) / (x[1] - x[0]);

    
  b = (y[0] - m*(x[0]));

  
}

  
else if (y[1] == y[0]) {

    
  m = 99999999;

     
  b = (y[0] - m*(x[0]));

  
}

  
else if (x[1] == x[0]) { 

    
  m = .0001;

    
  b = (y[0] - m*(x[0]));

  
} 

  
if (y2[1] != y2[0] && x2[1] != x2[0]) {  

    
  m2 = (y2[1]-y2[0]) / (x2[1] - x2[0]);

    
  b2 = (y2[0] - m2*(x2[0]));

  
}

  
else if (y2[1] == y2[0]) {

    
  m2 = 99999999;

    
  b2 = (y2[0] - m2*(x2[0]));

  
}

  
else if (x2[1] == x2[0]) {

    
  m2 = .0001;

    
  b2 = (y2[0] - m2*(x2[0]));

  
} 

  
if (y3[1] != y3[0] && x3[1] != x3[0]) {

    
  m3 = (y3[1]-y3[0]) / (x3[1] - x3[0]);

    
  b3 = (y3[0] - m3*(x3[0]));

  
}

  
else if (y3[1] == y3[0]) {

    
  m3 = 99999999;

    
  b3 = (y3[0] - m3*(x3[0]));

  
}

  
else if (x3[1] == x3[0]) { 

    
  m3 = .0001;

    
  b3 = (y3[0] - m3*(x3[0]));

  
} 

  
if (y4[1] != y4[0] && x4[1] != x4[0]) {    

    
  m4 = (y4[1]-y4[0]) / (x4[1] - x4[0]);

    
  b4 = (y4[0] - m4*(x4[0]));

  
}

  
else if (y4[1] == y4[0]) { 

    
  m4 = 99999999;

    
  b4 = (y4[0] - m4*(x4[0]));

  
}

  
else if (x4[1] == x4[0]) { 

    
  m4 = .0001;

    
  b4 = (y4[0] - m4*(x4[0]));

  
} 


/*

  
Cut defined as a box. Track 1 is YZ incoming. Track 2 is YZ outgoing. Track 3 is XZ incoming. Track 4 is XZ outgoing.


*/

  
if (((ZMIN-b)/m > XYMIN && (ZMIN-b)/m < XYMAX) || ((ZMAX-b)/m > XYMIN && (ZMAX-b)/m < XYMAX) || ((XYMIN * m) + b < ZMAX && (XYMIN * m) + b > ZMIN) || ((XYMAX * m) + b < ZMAX && (XYMAX * m) + b > ZMIN));

  
else return keep_event;

  
if (((ZMIN-b2)/m2 > XYMIN && (ZMIN-b2)/m2 < XYMAX) || ((ZMAX-b2)/m2 > XYMIN && (ZMAX-b2)/m2 < XYMAX) || ((XYMIN * m2) + b2 < ZMAX && (XYMIN * m2) + b2 > ZMIN) || ((XYMAX * m2) + b2 < ZMAX && (XYMAX * m2) + b2 > ZMIN));

  
else return keep_event;

  
if (((ZMIN-b3)/m3 > XYMIN && (ZMIN-b3)/m3 < XYMAX) || ((ZMAX-b3)/m3 > XYMIN && (ZMAX-b3)/m3 < XYMAX) || ((XYMIN * m3) + b3 < ZMAX && (XYMIN * m3) + b3 > ZMIN) || ((XYMAX * m3) + b3 < ZMAX && (XYMAX * m3) + b3 > ZMIN));

  
else return keep_event;

  
if (((ZMIN-b4)/m4 > XYMIN && (ZMIN-b4)/m4 < XYMAX) || ((ZMAX-b4)/m4 > XYMIN && (ZMAX-b4)/m4 < XYMAX) || ((XYMIN * m4) + b4 < ZMAX && (XYMIN * m4) + b4 > ZMIN) || ((XYMAX * m4) + b4 < ZMAX && (XYMAX * m4) + b4 > ZMIN))  { 

    
  keep_event = 1;

    
  return keep_event;

  
}

  
else return keep_event;

      }

void SRSEventDisplay::SetFit(TGraph **track, bool &xz, bool &in, string type, TF1 **fit, bool &flip, TGraph **track2, string type2) {


/*

   
A fit is defined by two TGraphs: one incoming and one outgoing. Even though both tracks are needed, only one track is fit in each function call. Furthermore, the XZ and YZ displays are set separately, although both call this same function. For every event, then, this function must be called four times.


*/

  
double xmin = 0;

  
double xmax = 0; 

  
// Arbitrary Y intercepts are set outside the scope of the display. These are used to define the end point of each track.  

  
int ArbMaxYInt = 400;                                                                                           

  
int ArbMinYInt = -400;

  
// Each track must be set to never cross opposite detectors. MaxYInt and MinYInt are set for this purpose                                                                                   

  
double MaxYInt = 153;      

  
double MinYInt = -153;

  
double m,b;

  
// This ROOT function returns an array of points from a TGraph

  
Double_t *x = (*track)->GetX(); 

 
 Double_t *y = (*track)->GetY(); 

  
Double_t *x2 = (*track2)->GetX();

  
Double_t *y2 = (*track2)->GetY();


/* best fit function for 3 detectors: Used in old station configuration, not this one. 

   
m = (3*((x[0] * y[0]) + (x[1] * y[1]) + (x[2] * y[2])) - ((x[0] + x[1] + x[2]) * (y[0] + y[1] + y[2]))) / (3*(pow(x[0],2) + pow(x[1],2) + pow(x[2],2)) - pow((x[0]+x[1]+x[2]),2));

   
b = ((y[0]+y[1]+y[2]) - m*(x[0]+x[1]+x[2])) / 3;


*/

  
// The first if-statement is the general condition that sets the slope and y intercept for a given track. The other two are very exceptional boundary cases

  
if (y[1] != y[0] && x[1] != x[0]) {

    
  m = (y[1]-y[0]) / (x[1] - x[0]);

    
  b = (y[0] - m*(x[0]));

  
}

  
else if (y[1] == y[0]) {

    
  m = 99999999;

    
  b = (y[0] - m*(x[0]));

  
}

  
else if (x[1] == x[0]) {

    
  m = .0001;

    
  b = (y[0] - m*(x[0]));

  
} 

  
// Incoming track from top detector (majority) or outgoing from top detector (smallest minority)

  
if (type == "TOP") { 

    
// negative slope from top detector means track can only intersect bottom or right detector                                                                                                                                   

          if (m < 0) {

      
    if (xz == 0) {

              xmin = (ArbMaxYInt-b)/m;

              xmax = (MinYInt-b)/m;

              // If the interior top hit occurs to the right of the interior right detector, the cut off is the x coordinate at the top of the right detector

              if (x[1] > 143) {

               xmax = (105.55-b)/m;

              }

              // The default side detector cutoff for YZ graph

              else if (xmax > 143) xmax = 143; 

            }

            else if (xz == 1) {

             xmin = (ArbMaxYInt-b)/m;

             xmax = (MinYInt-b)/m;

             if (type2 == "LEFT" || type2 == "RIGHT") xmax = (y2[0]-b)/m;

             // Arbitrary side cutoff for XZ graph

             if (xmax > 153) xmax = 153; 

            }  

          }

          // positive slope from top detectors means track can only intersect left or bottom detectors. 

          else if (m > 0) { 

            if (xz == 0) {

              xmax = (ArbMaxYInt-b)/m;

              xmin = (MinYInt-b)/m;

              // if the fit crosses the right side detectors, then it must be cut at that point

              if ((105.55-b)/m > 143) xmin = (105.55-b)/m; 

              if (xmin < -143) xmin = -143;

            }

            if (xz == 1) {

              xmax = (ArbMaxYInt-b)/m;

              xmin = (MinYInt-b)/m;

              if (type2 == "RIGHT" || type2 == "LEFT") xmin = (y2[0]-b)/m; 

              if (xmin < -153) xmin = -153;

            }

          }

        }                

        else if (type == "BOTTOM") {                                                                                                                  

          if (m < 0) {

            if (xz == 0) {                                                                                                 

              xmax = (ArbMinYInt-b)/m;

              xmin = (MaxYInt-b)/m;

              if (x[0] < -143 || x[1] < -143)  {

                // Bottom fit shouldn't cross the side detectors.

                if (x[0] > ((-105.55-b)/m)) xmin = (-105.55-b)/m; 

                // Only exception is if a bottom hit occurs to the left of the interior left detector

                else xmin = -218.1; 

              }

              // We don't want the fitted lines to cross the side detectors

              else if (xmin < -143) xmin = -143; 

            }

            if (xz == 1) {

              xmax = (ArbMinYInt-b)/m;

              xmin = (MaxYInt-b)/m;

              if (type2 == "LEFT" || type2 == "RIGHT") {

                xmin = (y2[1]-b)/m;

              } 

              if (xmin < -153) xmin = -153;

            } 

          }

          else if (m > 0) {

            if (xz == 0) { 

              xmin = (ArbMinYInt-b)/m;

              xmax = (MaxYInt-b)/m;

              if (x[0] < -143 || x[1] < -143)  {

                // bottom fit shouldn't cross the side detectors, so if it does, cut the fit just before the bottom of the side detector

                if (x[0] > ((-105.55-b)/m)) xmax = (-105.55-b)/m; 

              }

              if (xmax > 143) xmax = 143;

            }

            if (xz == 1) {

              xmin = (ArbMinYInt-b)/m;

              xmax = (MaxYInt-b)/m;

              if (type2 == "RIGHT" || type2 == "LEFT") xmax = (y2[1]-b)/m;  

              if (xmax > 153) xmax = 153;

            }

          }

        } 

/*

For LEFT or RIGHT events in the XZ display, hits are not achored, since their corresponding detector is not shown in this projection. This makes the algorithm more complex because we 

cannot assume a track should be extended in a standard direction. Instead, we have to compare track one and track two and extend each track so that they converge, if possible. 
  
Some events, however, will be divergent. This is a result of misreconstruction or extreme multiple scattering. In either case, our fit algorithm will fail if this contingency isn't 

coded. The XZ side events ocassionally cause another subtle problem when the x position of the corresponding track lies between the two x coordinates from the original 


track. The problem is that an event is graphed from hit one to hit two and and then extended in one of the two directions, but if the algorithm demands us to contract the 
event instead, 
the fit will fail. This is also the root of the divergence problem. In the divergence cases, the fit doesn't just restrict the event, it erases it altogether and attempts 
to turn back in the opposite direction. Both cause fitfailures and are accounted for by not running the fit algorithm on these events and instead just graphing that event from hit one to hit 
two.

*/ 

        else if (type == "LEFT") {                                                                                

          if (m < 0) { 

            if (xz == 0) {

              xmin = (ArbMaxYInt-b)/m; 

              xmax = (MinYInt-b)/m;

              // Limit is set just before top detector so that the fit line only crosses 2 detectors

              if (xz == 0 && xmax > 143) xmax = 143; 

            } 

            else if (xz == 1 && type2 == "TOP") { 

              xmin = (y2[1]-b)/m;

              xmax = x[0];

              // Divergence

              if (y[0] > y[1]) xmin = x[1];

              // Contraction

              else if (xmin > x[1]) xmin = x[1];

            }

            else if (xz == 1 && type2 == "BOTTOM") {

              xmin = x[0];

              xmax = (y2[0]-b)/m;

              // Divergence

              if (y[0] < y[1]) xmax = x[1];

              // Contraction

              else if (xmax < x[1]) xmax = x[1];

            }

            else if (xz == 1 && type2 == "RIGHT") { 

              // if m is greater than 1 or less than -1, then you have to compare the y values

              if (m < -1) { 

                if (y[0] < y2[0]) {

                  xmin = (y2[0]-b)/m;

                  xmax = x[0];

                  if (xmin > xmax) {

                    // Divergence

                    xmax = x[1]; xmin = x[0];

                  }

                  // Contraction

                  else if (xmin > x[1]) xmin = x[1];

                }

                else if (y[0] > y2[0]) {

                  xmax = (y2[0]-b)/m;

                  xmin = x[0];

                  if (xmin > xmax) {

                    // Divergence

                    xmin = x[1]; xmax = x[0];

                  }

                  // Contraction

                  else if (xmax < x[1]) xmax = x[1];

                }

              }

              else if (m >= -1) {

                if (x[0] > x2[0]) {

                  xmax = x[0];

                  xmin = (y2[0]-b)/m;

                  if (xmin > xmax) { 

                    // Divergence

                    xmax = x[1]; xmin = x[0];

                  }

                  // Contraction

                  else if (xmin > x[1]) xmin = x[1];

                }

                else if (x[0] < x2[0]) {

                  xmin = x[0];

                  xmax = (y2[0]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmin = x[1]; xmax = x[0];} 

                  // Contraction

                  else if (xmax < x[1]) xmax = x[1];

                }

              }

            }

          }

          else if (m > 0) {

            if (xz == 0) {

              xmin = (ArbMinYInt-b)/m;

              xmax = (MaxYInt-b)/m;

              // Stop fit line at right side detector

              if (xmax > 143) xmax = 143; 

              // Stop fit line at left edge of upper detectors

              if (y[1] > MaxYInt) xmax = -122; 

            }

            else if (xz == 1 && type2 == "TOP") {

              xmin = x[0];

              xmax = (y2[1]-b)/m;

              // Divergence

              if (x[0] > x[1]) xmax = x[1]; 

              // Contraction

              else if (xmax < x[1]) xmax = x[1];

            }

            else if (xz == 1 && type2 == "BOTTOM") {

              xmin = (y2[0]-b)/m;

              xmax = x[0];

              // Divergence

              if (x[0] < x[1]) xmin = x[1];

              // Contraction

          else if (xmin > x[1]) xmin = x[1];

        }

        else if (xz == 1 && type2 == "RIGHT") {

          // if m is greater than 1, then you have to compare the y value     

          if (m > 1) {

            if (y[0] < y2[0]) {

              xmin = x[0];

              xmax = (y2[0]-b)/m;

              // Divergence

              if (xmin > xmax) {xmin = x[1]; xmax = x[0];}

              // Contraction

              else if (xmax < x[1]) xmax = x[1];         

            }

            else if (y[0] > y2[0]) {

              xmax = x[0];

              xmin = (y2[0]-b)/m; 

              // Divergence

              if (xmin > xmax) {

                xmax = x[1]; 

                xmin = x[0];

              }

              // Contraction

              else if (xmin > x[1]) xmin = x[1];

            }

          }

          else if (m <= 1) {

            if (x[0] > x2[0]) {

              xmax = x[0];

              xmin = (y2[0]-b)/m;

              // Divergence

              if (xmin > xmax) {xmax = x[1]; xmin = x[0];} 

              // Contraction

              else if (xmin > x[1]) xmin = x[1];

                }

                else if (x[0] < x2[0]) {

                  xmin = x[0];

                  xmax = (y2[0]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmin = x[1]; xmax = x[0];}

                  // Contraction

                  else if (xmax < x[1]) xmax = x[1];

                }

              }

            }

          }

        }

        else if (type == "RIGHT") {       

          if (m < 0) {

            if (xz == 0) {

              xmax = (ArbMinYInt-b)/m;

              xmin = (MaxYInt-b)/m;

              if (xz == 0 && xmin < -143) xmin = -143;

            }    

            else if (xz == 1 && type2 == "TOP") {

              xmin = (y2[1]-b)/m;

              xmax = x[1];

              // Divergence

              if (y[1] > y[0]) xmin = x[0];

              // Contraction

              else if (xmin > x[0]) xmin = x[0];

            }

            else if (xz == 1 && type2 == "BOTTOM") {

              // For Right/Bottom events, the normal pattern in the txt file is broken and the right exterior detector (GEM 8) is listed first

              xmin = x[0]; 

              xmax = (y2[0]-b)/m;

              if (y[1] > y[0]) {

                // Divergence

                xmax = x[0];

                xmin = x[1];

              }

              // Contraction

              else if (xmax < x[1]) xmax = x[1];

            } 

            // Since the fit line is cut off at the closest hit from the corresponding track, this means that it gets cut at the interior left detector, ie y2[1] or x2[1]

            else if (xz == 1 && type2 == "LEFT") {  

              // if m is less than -1, then you have to compare the x values

              if (m < -1) { 

                // We have to determine if the fit line should go up or down; in this case, it goes up

                if (y[1] < y2[1]) { 

                  xmin = (y2[1]-b)/m;

                  xmax = x[1];

                  // Divergence

                  if (xmin > xmax) {xmax = x[0]; xmin = x[1];}

                  // Contraction

                  else if (xmin > x[0]) xmin = x[0];        

                }

                else if (y[1] > y2[1]) {

                  xmax = (y2[1]-b)/m;

                  xmin = x[1];

                  // Divergence

                  if (xmin > xmax) {xmin = x[0]; xmax = x[1];}

                  // Contraction

                  else if (xmax < x[0]) xmax = x[0];

                }

              }

              else if (m >= -1) {

                if (x[1] > x2[1]) {

                  xmax = x[1];

                  xmin = (y2[1]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmax = x[0]; xmin = x[1];} 

                  // Contraction

                  else if (xmin > x[0]) xmin = x[0];

                }

                else if (x[1] < x2[1]) {

                  xmin = x[1];

                  xmax = (y2[1]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmin = x[0]; xmax = x[1];}

                  // Contraction

                  else if (xmax < x[0]) xmax = x[0]; 

                }

              }

            }

          }

          else if (m > 0) {

            if (xz == 0) {

              xmax = (ArbMaxYInt-b)/m;

              xmin = (MinYInt-b)/m;

              if (xmin < -143) xmin = -143;

              // cut line at right edge of lower detectors

              if (y[1] < MinYInt) xmin = 105.55; 

            }

            else if (xz == 1 && type2 == "TOP") { 

              xmin = x[1];

              xmax = (y2[1]-b)/m;

              // Divergence

              if (y[1] > y[0]) xmax = x[0]; 

              // Contraction

              else if (xmax < x[0]) xmax = x[0];

            }

            else if (xz == 1 && type2 == "BOTTOM") {

              xmin = (y2[0]-b)/m;  

              // The right to bottom events record GEM8 first therefore, it's x[0], not x[1]

              xmax = x[0];

              // Divergence

              if (y[1] > y[0]) xmin = x[1];

              // Contraction

              else if (xmin > x[1]) xmin = x[1];

            }

            else if (xz == 1 && type2 == "LEFT") { 

              // if m is greater than 1, then you have to compare the y values

              if (m > 1) { 

                if (y[1] < y2[1]) {

                  xmin = x[1];

                  xmax = (y2[1]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmin = x[0]; xmax = x[1];}

                  // Contraction


          else if (xmax < x[0]) xmax = x[0];

                }

                else if (y[1] > y2[1]) {

                  xmax = x[1]; 

                  xmin = (y2[1]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmax = x[0]; xmin = x[1];}

                  // Contraction

                  else if (xmin > x[0]) xmin = x[0];

                }

              }

              else if (m <= 1) {

                if (x[1] > x2[1]) {

                  xmax = x[1];

                  xmin = (y2[1]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmax = x[0]; xmin = x[1];}

                  // Contraction

                  else if (xmin > x[0]) xmin = x[0]; 

                }

                else if (x[1] < x2[1]) {

                  xmin = x[1];

                  xmax = (y2[1]-b)/m;

                  // Divergence

                  if (xmin > xmax) {xmin = x[0]; xmax = x[1];}

                  // Contraction

                  else if (xmax < x[0]) xmax = x[0]; 

                }

              }

            }

          }

        }


/*

  
  Set fit functions for four possiblities: outgoing yz, outgoing xz, incoming yz, incoming xz. Note: the flip flag is activated when an incoming event originates from below the x axis (ie 

an incoming event is assumed to come from the positive Z direction). This program corrects for this in a superficial manner, by flipping the color of incoming and outgoing when a problem 

is 
encountered. The one exception is for Right/Bottom events, in which both tracks come from the -Z direction. In this case, the right track is called incoming and the bottom called 

outgoing. 


*/

        if (in == 0) {

          if (xz == 0) {

            (*fit)->SetRange(xmin,xmax);

            (*fit)->SetLineWidth(1);                                                                                                                        

            if (flip == 1) (*fit)->SetLineColor(fInColor);

            else (*fit)->SetLineColor(fOutColor);

            (*track)->Fit(*fit,"RQ");

          }

          else if (xz == 1) {

            (*fit)->SetRange(xmin,xmax);

            (*fit)->SetLineWidth(1);

            if (flip == 1) (*fit)->SetLineColor(fInColor);     

            else (*fit)->SetLineColor(fOutColor);

            (*track)->Fit(*fit,"RQ");

          }

        }

        else if (in == 1) {

          if (xz == 0) {

            (*fit)->SetRange(xmin,xmax);

            (*fit)->SetLineWidth(1);                                                                                                                 

            if (type == "RIGHT" && m < 0 && type2 != "BOTTOM") {

              (*fit)->SetLineColor(fOutColor);

              flip = 1;

            }

            else {

              (*fit)->SetLineColor(fInColor);

              flip = 0;

            }

            (*track)->Fit(*fit,"RQ");

          }

          else if (xz == 1) {

            (*fit)->SetRange(xmin,xmax);

            (*fit)->SetLineWidth(1);

            if (flip == 1) (*fit)->SetLineColor(fOutColor);

            else (*fit)->SetLineColor(fInColor);

            (*track)->Fit(*fit,"RQ");  

          }

        }

      } 

      bool SRSEventDisplay::StartAuto()  {

       // return true if the module should automatically Init and Start, false if we wait for

       // the user to click on the buttons. If we return true here, then InitAuto() isn't taken into account.

       return true;  // this is the default value

      }

      bool SRSEventDisplay::InitAuto()  {

        // return true if the module should automatically Init, false if we wait for

        // the user to click on the button. If StartAuto returns true, then this method is not taken into account.


return true; // this is the default value

      }

    }

  }

}

