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Streszczenie

W ramach ¢wiczenia utworzono procedur¢ do analizy danych wykorzystujac oprogramo-
wanie wykorzystywane w eksperymencie CMS - CMSSW. Potwierdzono poprawnos$¢ proce-
dur numerujacych warstwy systemu RPC, oraz stworzono zbidér wykreséw zaleznoSci réznicy
kata ¢ wzgledem pedu poprzecznego mionu.

1 Cel ¢wiczenia

Cwiczenie polegato na stworzeniu procedury do analizy danych przy uzyciu srodowiska
CMSSW. Celem procedury byta analiza danych pochodzacych z symulacji przypadkéw z po-
jedynczym mionem. W pierwszej czgsci ¢wiczenia sprawdzona zostata poprawnos¢ procedury
sprawdzajacej dopasowanie punktow w ptaszczyznie (z,R) w ktérych mion zostawial sygnat,
do odpowiednich warstw systemu RPC detektora CMS. Nastgpnie wykonane zostaly wykresy
zaleznoSci roznic kata ¢ pomigdzy sygnatami w kolejnych warstwach, wzgledem pedu po-
przecznego mionu. Réznica A¢ liczona byta na trzy rézne sposoby:

e przedstawiajac kat ¢ w postaci zmiennoprzecinkowej,
e przyporzadkowujac katowi ¢ numer paska w danej warstwie RPC,

e symulujac odpalenie klastra paskow przy przejSciu mionu przez dang warstwe, i oblicza-
jac minimalne A¢ dla klastrow.

2 System RPC

System detektorow RPC (Resistive Plate Chambers) detektora CMS sktada si¢ z szeSciu
warstw w obszarze beczki i z trzech warstw w obszarach pokryw. Warstwy komér RPC sg po-
dzielone na paski, po 1152 paski w petnym kacie azymutalnym. System RPC jest podstawa
uktadu wyzwalania, pozwala na bardzo szybkie oszacowanie pgdu poprzecznego mionu po-
przez poréwnanie wzoru utworzonego przez kolejno odpalone segmenty z kombinacjami wzor-
cowymi, odpowiadajacymi kolejnym przedziatom pgdu. System RPC sigga do |n| < 2.1, catly
przedziatl 1 podzielony jest na 16 wiez.

3 Sprawdzenie procedury numerujacej warstwy

W ramach ¢wiczenia sprawdzona zostala poprawnos$¢ procedury numerujacej warstwy za-
rowno z punktu widzenia nadlatujacego mionu, jak i osobno dla obszaru beczki i pokryw. Pro-
cedura jako argument bierze wartoS¢ pseudopospiesznoSci 17 odpowiadajacej segmentowi w
ktérym mion dat sygnal, a zwraca numer warstwy. Wykresy sprawdzajace poprawnos¢ tych
procedur przedstawiono na rysunkach 11 2.
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Rysunek 1: Wykres przedstawiajacy punkty w ptaszczyznie (z,R) w ktérych zarejestrowano sygnaty od
mionéw wraz z odpowiadajacymi im kolejnymi warstwami z punktu wiedzenia nadlatujacego mionu.
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Rysunek 2: Wykres przedstawiajacy punkty w ptaszczyznie (z,R) w ktérych zarejestrowano sygnaty od
mionéw wraz z odpowiadajacymi im warstwami osobno w obszarze beczki osobno w obszarze pokryw..



4 Wykresy zaleznosSci A¢ od pedu poprzecznego mionu.
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Wykresy zaleznosci A¢;, od pedu poprzecznego mionu dla wiez numer 0
do 12, przedstawiajac ¢ w postaci zmiennoprzecinkowe;.
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Wykresy zaleznosci A¢;s od pedu poprzecznego mionu dla wiez numer O do 7, przedstawiajac ¢ w
postaci zmiennoprzecinkowe;.
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Wykresy zaleznosci A@y» od pedu poprzecznego mionu dla wiez numer
0 do 12, symulujac odpalenie klastra paskéw i liczac minimalna réznice
pomigdzy klastrami.
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Wykresy zaleznosci A@y3 od pedu poprzecznego mionu dla wiez numer
0 do 12, symulujac odpalenie klastra paskéw i liczac minimalna réznice
pomigdzy klastrami.
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5 Dodatek: Wykresy korelacji A@,; i A¢s;
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Wykresy zaleznoSci A¢p; od A¢s; dla wiez numer O do 12, przedstawia-
jac ¢ w postaci zmiennoprzecinkowej w radianach.

6 Dodatek: Kod procedury analizujacej dane

#includ
#includ
#includ
#includ
#includ
#includ
#includ

#includ
#includ

e "FWCore/Framework/interface /EDAnalyzer.h"

e "FWCore/Framework/interface /Event.h"

e "FWCore/Framework/interface/EventSetup.h"

e "DataFormats/Common/interface/Handle.h"

e "FWCore/Framework/interface /ESHandle.h"

e "FWCore/ParameterSet/interface/ParameterSet.h"

e "FWCore/MessageLogger/interface/MessageLogger.h"

e "SimDataFormats/TrackingHit/interface/PSimHitContainer.h"
e "SimDataFormats/TrackingHit/interface/PSimHit.h"
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#include "Geometry/CommonDetUnit/interface/GeomDet.h"

#include "DataFormats/MuonDetld/interface /RPCDetld.h"

#include "DataFormats/RPCRecHit/interface/RPCRecHitCollection.h"
#include "DataFormats/Detld/interface/DetldCollection.h"
#include "DataFormats/TrackReco/interface/HitPattern.h"

#include "Geometry/RPCGeometry/interface /RPCGeometry.h"

#include "TrackingTools/Records/interface/TrackingComponentsRecord.
#include "Geometry/RPCGeometry/interface /RPCRoll.h"

#include "FWCore/Framework/interface /MakerMacros.h"
#include "Utilities.cc"
#include "RPCDetldUtil.h"

#include "TProfile.h"
#include "THID.h"
#include "TH2D.h"
#include "TFile.h"
#include <string >
#include <sstream>
#include <cmath>

#include "DataFormats/Math/interface/deltaPhi.h"
#include "SimDataFormats/Track/interface/SimTrack.h"
#include "SimDataFormats/Track/interface/SimTrackContainer.h"

using namespace std;
template <class T> T sqr( T t) {return txt;}

class Cwiczenie : public edm:: EDAnalyzer {
public:
explicit Cwiczenie(const edm:: ParameterSet& conf);
~Cwiczenie () ;
virtual void beginJob ();
virtual void analyze(const edm:: Event&, const edm:: EventSetup&);
virtual void endJob () ;
private:
edm:: ParameterSet theConfig;
unsigned int theEventCount;
L1PtScale theL1PtScale;
L1RpcEtaScale theLl1RpcEtaScale;
TFilex theFile;
TH2D* hZR;
TH2Dx+ hPhi ;
TH2Dx hDeltaPhi;
TH2D+ hDeltaPhiAll;
TH2D hLayersTest[6];
TH2D hBarrelLayer [6];
TH2D hEndcapLayer[3];
typedef std::map<string , TH2D x> HistoMap;
HistoMap theDeltaPhi;
HistoMap theCorrelations;

}s

Cwiczenie :: Cwiczenie (const edm:: ParameterSet& conf)
theConfig(conf), theEventCount(0)
{
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}

edm:: Loglnfo ("Cwiczenie")<<" _CIORXX";

Cwiczenie ::~Cwiczenie ()

{

}

//delete theAnalysis;
edm:: Loglnfo ("Cwiczenie")<<" _DTOR";

void Cwiczenie :: beginJob ()

{

std :: cout << "Creating_file " << theConfig.getParameter<std :: string >("
fileName").c_str() << ".root" << std::endl;

string filename = "output_" + theConfig.getParameter<std :: string >("
fileName") + ".root";
theFile = new TFile(filename.c_str(),"recreate");

hZR = new TH2D("hZR",6"hZR" ,400,0,1200,400,0,800);
hPhi = new TH2D("hPhi" ,"hPhi" ,theL1PtScale.nPtBins ,theL1PtScale.ptBins
,1152,-576,576);
std :: stringstream tmps;
std :: stringstream tmps2;
std :: stringstream tmps3;
for(int i = 0; i<6; i++)
{
tmps << "hLayer_" << i+1;
tmps2 << "hBarrelLayer_" << i+1;
tmps3 << "hEndcapLayer_" << i+1;
hLayersTest[i] = TH2D(tmps.str ().c_str (), tmps.str().c_str ()
,400,0,1200,400,0,800);
hBarrelLayer[i] = TH2D(tmps2.str ().c_str(), tmps2.str().c_str ()
,400,0,1200,400,0,800);
if (i<3) hEndcapLayer[i] = TH2D(tmps3.str().c_str (), tmps3.str().c_str
() ,400,0,1200,400,0,800);
tmps. str(std::string ());
tmps2.str(std::string());
tmps3.str(std::string());

"

}
char delta_phi04[19] = "121314152334353656";
char delta_phi5[19] = "142434454612131556";
char delta_phi67[15] = "14243445121315";

char delta_phi8[13]= "121314424323";
char delta_phi912[7]= "121323";

string tmp, tmp2, tmp3, tmp4;

double delta_phi_bins[26]; for(int i=0;i<26;i++) delta_phi_bins[i] = -5 +
i
for(int i_tower = 0; i_tower<l13; i_tower++)
{

for(int j = 0; j<9; j++)
{
stringstream ts;
ts << i_tower << "_";
if (i_tower <5) ts << delta_phi04[2%xj] << delta_phiO4[2xj+1];
else if(i_tower==5) ts << delta_phi5[2%j] << delta_phi5S[2xj+1];
else if(i_tower==6 || i_tower ==7)
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{

if(j<7) ts << delta_phi67[2xj] << delta_phi67[2xj+1];
else continue;

}

else if(i_tower==8)

{

if(j<6) ts << delta_phi8[2x]j] << delta_phi8[2xj+1];
else continue;

}

else if(i_tower >8)

{

if (j<3) ts << delta_phi912[2x%j] << delta_phi912[2%xj+1];
else continue;

}

tmp = ts.str();

tmp2 = "hDeltaPhi_F_tower_" + tmp;

tmp3 = "hDeltaPhi_I_tower_" + tmp;

tmp4 = "hDeltaPhi_I_cluster_tower_" + tmp;

theDeltaPhi[tmp2] = new TH2D(tmp2.c_str () ,tmp2.c_str (),
theL1PtScale.nPtBins —2, theL1PtScale.ptBins+2,75,—5%xTMath:: Pi
()/576,20«xTMath:: Pi()/576);

theDeltaPhi[tmp3] = new TH2D(tmp3.c_str () ,tmp3.c_str (),
theL1PtScale.nPtBins —2, theL1PtScale.ptBins+2,25,
delta_phi_bins);

theDeltaPhi[tmp4] = new TH2D(tmp4.c_str () ,tmp4.c_str (),
theL1PtScale.nPtBins —2, theL1PtScale.ptBins+2,25,
delta_phi_bins);

std :: cout << "Booking_histo:_ " << tmp2 << std:: endl;
}
}
string tmp5;
for(int i_tower = 0; i_tower<13; i_tower++)
{

for (int i_pt = 0; i_pt < 5; i_pt++)
{
stringstream ts2;
ts2 << i_tower << "_";
if(i_pt == 0) ts2 << "5";

if(i_pt == 1) ts2 << "10";
if(i_pt == 2) ts2 << "20";
if(i_pt == 3) ts2 << "40";
if(i_pt == 4) ts2 << "40+";
tmpS = "hCorrelations_" + ts2.str();

if (i_tower <5) theCorrelations[ts2.str ()] = new TH2D(tmp5.c_str (),
tmp5.c_str(),30,—-0.1,0.025,30,—-0.1,0.025);

else if(i_tower > 4 && i_tower < 8) theCorrelations|[ts2.str ()] =
new TH2D(tmpS.c_str () ,tmpS5.c_str () ,30,—-0.08,0.025,30,—-0.1,0.1)

else if(i_tower == 8) theCorrelations[ts2.str ()] = new TH2D(tmp5.
c_str () ,tmp5.c_str(),30,-0.08,0.025,30,—-0.1,0.2);

else if(i_tower > 8 &% i_tower < 12) theCorrelations[ts2.str ()] =
new TH2D(tmpS.c_str () ,tmpS.c_str ()
,30,—-0.06,0.025,30,—-0.1,0.2);

else if(i_tower == 12) theCorrelations[ts2.str ()] = new TH2D(tmp5
.c_str () ,tmpS.c_str(),30,-0.06,0.025,30,—-0.1,0.1);

std :: cout << "Booking_histo: " << ts2.str() << std::endl;

ts2.str(std::string());
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void Cwiczenie :: endJob () {

int

}

std :: cout << "Saving_file ...
hZR—>Write () ;

hPhi—>Write () ;

std ::map<string , TH2D *x>::iterator iter;

<< std::endl;

for(iter = theDeltaPhi.begin(); iter != theDeltaPhi.end(); iter++)

{
iter —>second —>Write () ;

}

for(iter = theCorrelations.begin(); iter != theCorrelations.end(); iter
++)

{
iter —>second —>Write () ;

}

for(int i = 0; i<6; i++) hLayersTest[i]. Write () ;
for(int i = 0; i<6; i++) hBarrelLayer[i]. Write () ;
for(int i = 0; i<3; i++) hEndcapLayer[i]. Write () ;
theFile —>Close () ;

deltaCluster (pair<int ,int>pl, pair<int ,int>p2)

int delta = —1;
pair<int ,int> gpl;
pair<int ,int> gp2;
//checking if the pairs are sorted
if(pl.first < pl.second) gpl = pl;
else
{
gpl.first = pl.second;
gpl.second = pl.first;

}
if (p2.first < p2.second) gp2 = p2;
else
{
gp2.first = p2.second;
gp2.second = p2.first;
}

//gpl gp2 are now good (sorted) pairs

if (gp2.first >= gpl.first && gp2.first <= gpl.second)
delta = 0;

else if(gp2.first > gpl.first && gp2.first > gpl.second)
delta = gpl.second — gp2.first;

else if(gp2.second >= gpl.first && gp2.second <= gpl.second)
delta = 0;

else if(gp2.second < gpl.first && gp2.second < gpl.second)
delta = gpl.first — gp2.second;

return delta;

void deltaPhiFill (std::map<std::string ,TH2D«>& DeltaPhi, std::map<std::

string ,double>& f, std::map<std::string ,int>& i, std::map<std::string,
std :: pair<int ,int>>& ic, double pt, int charge, char xx, char yy, int
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}

tower) // fill histogram for deltaphi_xy

stringstream key;
key << xx;
string x = key.str();
key.str(std::string());
key << yy;
string y = key.str();
key.str(std::string());
key << tower << "_";
if (f.find(key.str()+x) != f.end() && f.find(key.str()+y) != f.end())
{
DeltaPhi["hDeltaPhi_F_tower_"+key. str ()+x+y]—>Fill (pt,chargex
deltaPhi(f[key.str ()+y],f[key.str ()+x]));
std :: cout << "Filling_histo: " << "hDeltaPhi_F_tower_"+key. str () +x+y
<< std ::endl;
}
if (i.find(key.str()+x) != i.end() && i.find(key.str()+y) != i.end())
{
DeltaPhi["hDeltaPhi_I_tower_"+key. str ()+x+y]—>Fill (pt,charge*(i[
key.str ()+y] — i[key.str()+x]));
}
if (ic.find(key.str ()+x) != ic.end() && ic.find(key.str()+y) != ic.end
0)
{
DeltaPhi["hDeltaPhi_I_cluster_tower_"+key. str ()+x+y]—>Fill (pt,
chargex(deltaCluster (ic[key.str ()+y],ic[key.str ()+x])));

void Cwiczenie :: analyze (

{

const edm:: Event& ev, const edm:: EventSetup& es)

edm:: Handle< edm:: PSimHitContainer > simHits;

ev.getByLabel ("g4SimHits" ,"MuonRPCHits" ,simHits) ;

edm:: Handle< edm:: SimTrackContainer> simTk;

ev.getByLabel ("g4SimHits" ,simTk) ;

std :: vector <SimTrack> mySimTracks = *(simTk.product());

double pt = —1000;

double eta = —1000;

int charge = 0;

for (std :: vector<SimTrack >:: const_iterator it=mySimTracks.begin();it<
mySimTracks.end () ;it++)

{
const SimTrack & track = x*it;
if (track.type() == 13 Il track.type() == —13)
{
if (track.type() > 0) charge = 1;
else charge = —1;
pt = track.momentum () .pt();
eta = track.momentum().eta();
break ;
}
}

edm:: ESHandle<RPCGeometry> rpcGeometry ;
es . get<MuonGeometryRecord >() . get (rpcGeometry) ;
std :: vector <RPCRoll*> rpcRolls = rpcGeometry —>rolls () ;

29



double r;
double z;
double phi;
int phi_strip;
double eta_det;
int layer;
int barrel_layer;
int endcap_layer;
int tower = —1;
int clustersize = —1;
const double aveCls = 1.7;
stringstream key;
typedef std::map<string , double> FMap;
typedef std::map<string , int> IMap;
typedef std::map<string , std::pair<int,int>> ICMap;
FMap PhiF;
IMap Phil;
ICMap PhilC;
for(int i = 1; i < 16; i++)
{
if (abs(eta) < theL1RpcEtaScale.etaBins[17])
{
tower = 0;
break;
1
if (abs(eta) > theL1RpcEtaScale.etaBins[i+16] && abs(eta) <
theL1RpcEtaScale.etaBins[i+17])

{
tower = 1;
break ;
}
}
std ::cout << "eta_=" << eta << " _tower_=_" << tower << std::endl;
for (edm:: PSimHitContainer:: const_iterator hitltr = simHits —>begin();
hitltr != simHits—>end(); ++hitltr) {

RPCDetld rpcDetld = hitltr —>detUnitld () ;

RPCDetldUtil rpcDetldUtil = RPCDetldUtil (rpcDetld);

if ( !(13 == abs(hitltr —>particleType()) ) ) continue;

GlobalPoint detPosition = rpcGeometry —>idToDet(rpcDetld)—>position () ;

GlobalPoint hitPosition = rpcGeometry —>idToDet(rpcDetld)—>toGlobal(
hitltr —>localPosition ());

r hitPosition . perp () ;

z hitPosition.z () ;

phi = hitPosition.phi();
eta_det = detPosition.eta();
phi_strip = —999;

hZR—>Fill (abs(z) ,r);

hPhi—>Fill (pt,phi);

layer = rpcDetldUtil.layer(eta_det);

barrel_layer = rpcDetldUtil.barrelLayer();

endcap_layer = rpcDetldUtil.endcapLayer();

if (layer<7 && layer > 0) hLayersTest[layer —1].Fill (abs(z),r);

if (barrel_layer > 0 && barrel_layer < 7 && abs(z) < 675) hBarrelLayer]|
barrel_layer —1].Fill (abs(z) ,r);
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if (endcap_layer > 0 && endcap_layer < 4 && abs(z) > 675) hEndcapLayer]|
endcap_layer —1]. Fill (abs(z) ,r);

std :: cout << "_ layer_=" << layer << std::endl;
std :: cout << "_pt_=_" << pt << std::endl;

std ::cout << "_charge_=_" << charge << std::endl;
if (layer < 1 Il tower < 0) continue;

noon

key << tower << << layer;

PhiF[key.str ()] = phi;
if (phi >= —TMath:: Pi() && phi <= TMath:: Pi())
{

}

phi_strip = static_cast<int>(ceil (phi*576/TMath::Pi()));

"

if (phi_strip < =576 Il phi_strip > 576) std::cout <<
<< std::endl;
Phil[key.str ()] = phi_strip;

phi_strip_error"

//cluster size:
double w = rand () /double (RAND MAX) ;
if (w< 1l.e—10) w = 1.e—10;

clustersize = static_cast<int>( —1l.xaveClsxlog(w)+1.);
if (phi_strip > —576 && phi_strip < 576 && clustersize > 0)
{
if (clustersize == 1) PhilC[key.str ()] = pair<int,int>(phi_strip,
phi_strip);

else if(clustersize%2 != 0) PhilC[key.str ()] = pair<int,int >(
phi_strip —(clustersize —1)/2,phi_strip+(clustersize —1)/2);
else if(clustersize%2 == 0)
{
if (rand () /double (RAND MAX) < 0.5)
PhilC[key.str ()] = pair<int ,int>(phi_strip—clustersize/2,
phi_strip+clustersize/2—1);
else
PhilC[key.str ()] = pair<int,int>(phi_strip—clustersize/2—1,
phi_strip+clustersize /2);
}
}
key.str(std::string());
}

key.str(std::string());

char delta_phi04[19] = "121314152334353656";
char delta_phi5[19] = "142434454612131556";
char delta_phi67[15] = "14243445121315";

char delta_phi8[13]= "121314424323";
char delta_phi912[7]= "121323";

for(int i = 0; i < 5; i++)
for(int j = 0; j<9; j++)
deltaPhiFill (theDeltaPhi ,PhiF, Phil , PhilC , pt,charge ,delta_phi04[2x
jl,delta_phiO4[2xj+1],1);
for(int i = 5; i < 6; i++)
for(int j = 0; j<9; j++)
deltaPhiFill (theDeltaPhi , PhiF, Phil , PhilC , pt,charge ,delta_phi5[2x]
],delta_phi5S[2%j+1],1);
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for(int i = 6; 1 < 8; i++)
for(int j = 0; j<7; j++)
deltaPhiFill (theDeltaPhi , PhiF, Phil , PhilC , pt,charge ,delta_phi67 [2x
jl,delta_phi67[2xj+1],1);
for(int i = 8; i < 9; i++)
for(int j = 0; j<6; j++)
deltaPhiFill (theDeltaPhi , PhiF , Phil , PhilC , pt,charge ,delta_phi8[2x]
],delta_phi8[2xj+1],1);
for(int i = 9; i < 13; i++)
for(int j = 0; j<3; j++)
deltaPhiFill (theDeltaPhi ,PhiF, Phil , PhilC , pt,charge , delta_phi912
[2%j],delta_phi912[2%j+1],1);

for(int i_tower = 0; i_tower<l13; i_tower++)
{
stringstream ckey;
stringstream xkey;
stringstream ykey;
ckey << i_tower << "_";
if(pt < 5) ckey << "5";
if(pt > 5 && pt < 10) ckey << "10";
if (pt > 10 && pt < 20) ckey << "20";
if (pt > 20 && pt < 40) ckey << "40";
if (pt > 40) ckey << "40+";
xkey << i_tower << "_";
ykey << i_tower << "_";
double binl = 0.0001;
if ( !(chargexdeltaPhi (PhiF[ykey.str ()+"1"],PhiF][
xkey.str ()+"2"]) < binl && chargexdeltaPhi (PhiF[
ykey.str ()+"1"],PhiF[xkey.str ()+"2"]) > —binl)
&& !(chargexdeltaPhi (PhiF[ykey.str ()+"2"],PhiF[
xkey.str ()+"3"]) < binl && chargexdeltaPhi (PhiF[
ykey.str ()+"2"],PhiF[xkey.str ()+"3"]) > —binl)
&& PhiF[ykey.str ()+"1"] != 0 && PhiF[ykey.str ()+
"2"] !'= 0 && PhiF[xkey.str ()+"3"] != 0)
theCorrelations [ckey. str ()]—>Fill (chargexdeltaPhi (PhiF[ykey.str ()+"1"
],PhiF[xkey.str ()+"2"]) ,chargexdeltaPhi (PhiF[ykey.str ()+"2"],PhiF[
xkey.str ()+"3"1));
ckey.str(std::string ());
xkey.str(std::string ());
ykey.str(std::string ());
}

DEFINE_FWK_MODULE( Cwiczenie) ;
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