The ROC curve, 2013/01/17

The ROC (Receiver Operating Characteristic) curve is a common way
in physics to evaluate a selection cut discrimination performance. By
comparing ROC curves of different cuts it is possible to choose a
selection cut rather than another one. A ROC curve is usually
obtained by plotting background rejection versus selection efficiency
while varying a cut on a specific observable.

Background rejection is defined as the number of background events
that are discarded (not selected) by a given cut divided by the
number of events in the background sample.

Selection efficiency is defined as the number of signal events that are
selected by a given cut divided by the number of events in the signal
sample.

Both background rejection and selection efficiency values vary in the
range [0,1].

The best ROC curve is the one with the higher background rejection
at a given selection efficiency.
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The ROC curve, 2013/01/17

Background rejection versus Signal efficiency
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Goals of this work

The aim of this exercise is to find out which is the best selection
variable out of two given observables in order to select a signal
sample with 90% efficiency.

Background informations: you will work on a set of events coming out from a
PAMELA experiment simulation. The given file
/home/mocchiut/pamela/data/pamelasimu.root

contains the TTree pamcalotree, storing data with the PamCalo class,
header file: /home/mocchiut/pamela/PamCalo/inc/PamCalo.h
so library:
/home/mocchiut/pamela/PamCalo/lib/Linux/1libPamCalo.so.

The ROOT file contains about 5.700.000 events: protons, electrons and
positrons mixed together in an energy range from 10 to 300 GeV.

Positrons to electrons ratio in this file is about 0.1 . Electrons to protons ratio
in this file is about 0.007 .

In this contest, consider only the energy range [18-20] GeV and the two
selection variables “noint” and “qt = gtrack/qtot”. Signal events are
represented by electrons, background events are represented by
protons. e
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Exercise 1

Create an executable compiled program which reads the input file
/home/mocchiut/pamela/data/pamelasimu.root

and gives as output a new ROOT file containing a TTree with three variables (a TBranch for each one):

. plD
. noint
° qt

where qt is defined as gtrack/qtot.
Save into the new file events which satisfy ALL the following three conditions:

1. events are simulated protons or electrons (hint: if ( pID==0 || pID ==1)... );

2. the event energy is between 18 and 20 GeV (hint: pay attention to the sign of “energy”! use “fabs”
function);

3. events for which the so-called energy-momentum-match is between 50 and 500 MIP/GeV (hint:

fabs (pc->gtot/pc->energy) > 50. && fabs(pc->gtot/pc->energy) < 500. , where
pc is an object of the class PamCalo).
Hints:
+ to compile, remember to add also the compilation flags:
-I/home/mocchiut/pamela/PamCalo/inc -L/home/mocchiut/pamela/PamCalo/lib/Linux/ -1PamCalo
* to run, remember to export LD_LIBRARY_PATH:
export LD LIBRARY PATH=/home/mocchiut/pamela/PamCalo/lib/Linux/:SLD LIBRARY PATH

+ the output file should have a size of 465K, if you have quota problem you can write the output on the linux
temporary directory “/tmp/”.
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Exercise 2

Create a ROOT-CINT script which reads the output file of exercise 1 (should be similar to this one:
/home/mocchiut/scripts/EM output exl.root , use this file if you are not able to complete or run
exercise 1) and gives as output on the screen and on the disk (pdf format) the ROC curves for the “noint” and
“qt”variables.

Hints:
» Use TGraphErrors to plot the curves, use 11 point for each curve.

* To get each ROC curve you need a nested loop: in the main loop you change at any iteration the selection
cut; for each selection cut of the main loop you must loop over all the events of the file to count the total
number of protons (hint: if ( pID== ) bkgsample++; ), the number of protons that are NOT selected
(hint: if ( pID==0 && noint > nointUpperCut ) bkgnotsel++; ), the total number of electrons
(hint: if (pID == 1) sigsample++;) and the total number of selected electrons (hint: if ( pID==
&& noint <= nointUpperCut ) sigsel++; ) where the counters (bkgsample, bkgnotsel,
. . .) are integer variables set to zero at each iteration of the main loop.

* Inside the main loop and after the loop over the events you should calculate the background rejection value
(hint: bkgnotsel/bkgsample , pay attention to integer numbers, you will need casting!) and the signal
efficiency (hint: sigsel/sigsample ) for that selection cut and save these two values into two arrays of
floats (of 11 elements) that will be used to create the TGraphErrors objects. As errors use the square root of
the number of events that pass the selection (hint: sgrt (bkgnotsel)/bkgsample and
sqrt (sigsel) /sigsample ) to be saved in other two arrays of floats.

* For the “noint” variable use as selection cut formula this one: Float t nointUpperCut = 10. - j;
where j is the main loop iterator that goes from 0 to 10 included. Signal events are selected if noint is lower
equal than nointUpperCut .

* For the “qt” variable select signal events for which qt is greater than gtLowerCut and lower than
gtUpperCut, where Float t gtUpperCut = 0.55 + j * 0.03; and
Float t gtLowerCut = 0.55 -3*0.03;

» Use different symbols and colors for the two ROC curves. Adding a legend could be nice (look for TLegend

in the reference manual, there are examples of how to plot legends). INEN

Emiliano Mocchiutti, INFN Trieste Programmazione C++ per la Fisica Universita degli Studi di Trieste, 2012 L_/ 5



Exercise 3

Change the ROOT-CINT script of exercise 2 adding a fit of the
ROC curves. Print out on the screen the value of the two
functions at 90% efficiency.

Which variable gives the best background rejection at 90%
signal efficiency?

Hints:
*Use the following formula for fitting: “ [0]1+[1]/ (x-[21) ".
Set the fitting range between 0. and 1.

-Set the initial parameter to (2.,1.,2.) in both cases.
Set fitting options to “MER”.
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Preparing the output

* create a directory named with the following format: Yourlnitials_ C++2012
(for example in my case it would be: EM_C++2012)

put inside this directory ALL the files you want me to correct and look at.

» ALL files names format (but Makefile, if any) must be like:
Yourlnitials_something.extension

(for example in my case | would create files: EM_main.cpp, EM_myscript.C,
EM_OutputHistogram1.pdf, etc. etc. )

 create a README text file (named like EM_README.txt), inside the file write:
— your name and surname
— a list of the files you are submitting
— in details how to compile and run the programs
—any other comment and answer to question(s) rised in the exercise

description
* create a compressed tarfile containing the directory:
bash> 1s
EM C++2012
bash> tar zcf EM C++2012.tar.gz EM C++2012/
 copy the tarzipped file on the USB key | will circulate m;?
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Timing and rules

* You have four hours time to do your work.

* You can search the web, look at manuals,
look at any note you wrote during the course,
etc.

* We will discuss what you have written at the
oral examination on YYYY/MM/DD, until that
(if needed) you can change and improve your
programs. In that case prepare an electronic
version we can look at during the oral
examination, we will compare it to the one
handed Iin today and we will discuss any
change and/or correction.
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Solution exercise 1

» source code: examination hints.pdf

» source code: slides 2 121012.pdf page
30 (main), 31 and following (commenting
etc.)

°* source code: mainTemplate.cpp
(handling input parameters)

*how to compile: slides 7 121123.pdf
page 28
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Solution exercise 1

A Emiliano Mocchiutti, 1770142013

A Thiz program reads the input file "pamelasimu,root”, selects electrons and protons in the
A energy range 18-20 GeV oapplying an energysmomentum match, zaves az output a BOOT file
A with pll, noint and gt=qtrack.gqtot wariables

iy

#include <iostream:

#include <cmaths

#include <TFile.h>

#include <TTree. h>

#include <FamCalo, b

uzing namespace std:

iy
A main function, open files, loop over events, zave file
iy

void copyl TString inputFile=

, TString outputFile="prova,root")q

A Open the input file uzing the PamCalo class
TFile *file = TFilez:0pentinputFile, "READ" )¢
TTree *tree = [TTree*)file—>Get("pancalotres")?
PamCalo *pc = new PamCalaf):
tree—rSetBranchiddress("FanCalo"  &pc)

A Open the output file

TFile *autfile = TFile::0penioutputFile, "RECREATE" 3¢

outfile->ed():

TTree *outtree = new TTree("zelectedtree","PamCalo copy of some variables"):
Int_t pID = 02

outtree—Branch("pI0",&pID, "pID 1" )+

FN
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Solution exercise 1

outtree—>Branch("noint" &noint, "noint 1" )
Float_t gt = 0,
outtree—:Branch("qt" &gt "qgt/F" )+

A loop over ewents

for [ Int_t i=0: i<tree—:GetEntries(): i++) {
if iglo0on == 0 ) cout << " get entry " <1 L "t
tree—rGetEntryli):

/¢ reset wariable, this iz _needed_ for gt since it could be undefined (or previous walue)
A when gtot is zero,

noint = 0

qt = 0.+

plll = pc->pll:
A

/¢ event selection, fabslenergy) iz used since the sign of the energy represents the
A charge of the particle
A
if { fabs{pc—renerqul »= 18, && fabs{poc—renergy) <= 20,
&k (pID == 0 |l pID == 1)
?% fabz{pc-rqtot/pc—renergy) » B0, && fabs(pc—iqtot/pc—renergy) < SO0,
tioint = poc—rnoint:
if § poc—igtot » 0, ) gt = po-»qtrack/pc—rqtot:
outtree—>Fill(}:
T
T
file-»Clozel):
outfile=red( )t
outtree=riritel ) :
outfile->Close():



Solution exercise 1

A function uzed to print on STOOUT the help
oy
void usagel )
cout << " - - - e - - e - ———=n"t
cout << "Thiz program calculates the area of a trapezium given minor baszisz, major baziz and heighthn":
cout << "“nUSAGE:Nn":
cout << "——inputFile filename,root "3
cout << "——outputFile filename,root "3
cout << "--help, -h  print thiz help "3
cout << " - - - e -

I

oy

A main, check arguments and call main function

¢ the program acceptz az inputs the input filename string

A and the output filename ztring

iy

int mainfint arge, char *arge[ 14
A default waluez for input and output filenames
TString inputFile = “Shomesmocchiut/panel afdatalpamel asinu, root"
TString outputFile = "EM_output,root":

A

A check for command line arguments
A

if{argee1)q

if{ lstremplarge[1], "-h") || lstremplarge[l], "--help") M
uzagel )
return 0 47 exit normally, if help iz invoked the uzer iz supposed not to run the program,

¥



Solution exercise 1

for {int i = 1: i { argc* 1++}{
A - - -
if {lstrcmp(argu[l] ——1nputF1le"}}{
if (++i »= argc) return 12
inputFile = argwlil:
cout << "= input filename szet to " << inputFile,Datal) < " sn":
) continue:
if {lstremplargeli], "——outputFile"))q
if (++i »= argc) return 12
outputFile = argulil:
cout << "= output filename set to " << outputFile,Datal) << " “n":
continue:
¥
e
elsed
) cout << "WARMIMNG: unidentified input parameter, Ignored, “n":
T
telsed
usagel ):
return O
T
1
A call the copy function
copyl inputFile,outputFile):

return O
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Solution exercise 2

* how to use CINT scripts:
slides 8 121130.pdf page 22

*how read a file: slides 8 121130.pdf
page 27

» TGraphErrors: slides 9 121207.pdf page
35

* fitting: slides 9 121207.pdf page 42



Solution exercise 2

A Emiliano Mocchiutti, 1770172013

A thiz script read a file with a tree called "selectedtres"
¢ which containg three variables (pID, noint and gt},

A ROC curve iz calculated for noint and gt where background ewvents
A have pIll == 0 and =zignal ewents hawve plll ==

£

#include <ioztream:

#include <cmath

#include <TFile, k>

#include <TTree, h>

#include <FPamCalo,h:

vaid ROC(TString inputFile="prova,root" )4

A7 Open the input file and =et branch addresses
TFile *file = TFile::0OpentinputFile, "READ" )
TTree *tree = (TTree*)file-xGeti"selectedires" )
Int_t pIDl = 0
tree->SetBranchiddress("pI0" , &pI0):

Int_t noint = 0,3
tree—rSetBranchiddress( "noint" , &noint):

Float_t gt = 0,3
tree—>SetBranchAddress("qt" &gt} :

Af define arryas which will contain the output walues for ROC curves
Float_t bkarejno[11]:

Float_t =sigeffrol[l1l]:

Float_t errbkgrejno[11]:

Float_t errsigeffro[11]:

Float_t bkorejqt[11]:
Float_t sigeffgt[11]:
Float_t errbkgrejqt[11]:
Float_t errsigeffqt[11]:
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Solution exercise 2

A atart & loop over =selection cuts
for { Int_t j=0¢ j<ll: j++) 1

Af clear arrays for noink
bkgrejnolj] = 0.
sigeffrnolj] = 0,
errbkgrejnolj] =
errsigeffralj] =

r

+

r

|:|+
+r

|:|+
+r

£ define the noint selection cut as function of j, number "10" has been determined empirically
A events below nointUpperCut are szelected as signal

Float_t nointlUpperCut = 10, - (Float_t)j:

cout <€ " iteration j = " 49 j <4 " nointlpperCut iz " << nointUpperCut << "hwn":

£ clear arrays for gt
bkarejatlj] = 0,2
sigeffqt[j] = 0
errbkgrejgt[j]
errsigeffat[j]

-,
+
-,

I mn+ +

-
-
A define the gt selection cut az function of j, numbers "0,.55" and "0, 03" have been determined empirically
A events between gtlowerCut and gtlpperCut are selected as signal

Float_t qtlpperCut = 0,55 + j*0,05:

Float_t gqtLowerCut = 0,55 - §%0,03:

cout << " iteration j = " €€ j <4 " gtlowerCut iz " <4 gtlowerCut << " gtlpperCut is "<< gtUpperCut<< "sn":

/¢ zample counters]]
Int_t bkgsample = Of
Int_t sigsample = Of

A noint counters
Int_t bkgrotszelno = 0
Int_t zigzelno = 0

A gt counters
Int_t bkgnotzelqt = 0 IN;?
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Solution exercise 2

A7 loop over the eventz of the file
For [ Int_t i=0% i<tree->GetEntries(): i++) o

if (iF10000 == 0 ) cout << " get entry " <1 <8 "nte
tree—GetEntry(i):

A plll == 0 zelects background events
if { pID ==10 )i
A background sample events
blkgzample++:

A background events that do not pass the selection

if (hoint » nointUpperCut ) bkgnotselno++:

if {gt » gtUpperCut || gt <gtlLowerCut ) bkgnotselgqt++:
¥

A plll == 1 zelects =zignal events
if { pIll==1 )
A zignal sample events
sigzamplet+:

A zignal events that D0 pass the selection

ifi noint <= nointUpperCut ) sigselno++:
if{ gt <= gtlpperCut && gt »= qtLowerCut ) sigselgt++:

Emiliano Mocchiutti, INFN Trieste Programmazione C++ per la Fisica
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Solution exercise 2

A onoint:

/¢ calculate background rejection and error (Poissonian error iz used as rough approximation)
bkgrejnolj]l = (Float_tibkgnotselnod(Float_tibkgsample:
errbkgrejnolj] = sgrti{(Float_t)bkgnotselno)/(Float_t)bkgzample:

/¢ calculate signal efficiency and error (Poissonian error is used as rough approximation)
sigeffrolj] = (Float_t)sigselno/(Float_t)zigsample:
errzigeffrolj] = sgrtiiFloat_t)sigzelno)/(Float_t)sigzample:

A gty

/¢ calculate background rejection and error (Poissonian error iz used as rough approximation)
bkgrejqtlj] = (Float_tlibkgnotselqt/(Float_tibkgsample:
errbkarejgt[j] = sgrt{{Float_t)bkgnotselqt )/ (Float_t)bkosample?

/¢ calculate signal efficiency and error (Poissonian error is used as rough approximation)
sigeffat[j] = (Float_t)sigselqt/(Float_t)zigsample:
errzigeffatlj] = sqrti{Float_t)sigselqt)/(Float_t)zigzample:
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Solution exercise 2

A create a new canvasz

TCatvaz *c = new TCanwas("c","", 800, 8007
c—»SetTicks():

c—Draw )

A create a 20 histogram az a background image

TH2D *histo = new THZD( "hista",":Signal efficiency:Background rejection”,.1000,0,,1,05,1000,0,,1,05);
hizto—»SetStats(0):

histo—>Drawi )

Af create the BOC curve for noint

TGraphErrars *ROC = new TGraphErrorsill,sigeffno,bkarejno.errsigeffno,errbkarejnod:
ROC->SetMarkerStyle(20)

ROC->Drawl "FSame" )2

df create the EOC curve for gt

TGraphErrars *ROCqt = new TGraphErrarsill,=zigeffqt,bkgrejqt.errsigeffat  errbkarejqtl:
ROCqt->SetMarkerStyle(20):

A zet red colors

ROCqt->SetMarkerColor(kRed) +

ROCqt->SetlineColor(kRed):

ROCqt—>Drawl "FSame" )

A7 add a legend

TLegend *legend = new TLegend{0,18,0,38,0,45,0,45,"" )+

legend->SetlineColor(l):

legend->5etFillCalor(0):

legend->AddEntrytROC, "noint", "P"):

legend->»AddEntrytROCqL, "gt", "P"):

legend->Tirawi ) S



Solution exercise 2-3

A fit the noint ROC

TF1 *funFit = new TFL{"furFit", "[0]+[11/0=-[2]0",0,, 1,02

furFit-»SetParameters(2, . 1,,2,0:

FurFit->SetlineColor(kBlack)+

ROC—Fit{"funFit","MER","same")*

cout << " Background rejection at 90¥ efficiency for noint is " << funFit->Eval(0,9) << "n":

s Fit the gt ROC

TF1 *funFitQT = mew TFL("funFitOT","[0]+[1]/(x-[210",0,,1,)2
FurFitQT->SetParameters(2, .1, 2,01

furFitOT->SetLineColor(kRed)

ROCqt—>»Fit("funFitOT","MER" . "zame" )

cout << " Background rejection at 90¥ efficiency for gt is " << funFitOT->Ewal(0,9) << "sn":

A zave the output pdf file
c—»SavefAs( "EM_histooutput , pdf" ) s
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Solution exercise 2-3
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Solution exercise, README

EMILIAMD MOCCHIUTTI

Attached files:
EM_main,cpp
EM_output, root
EM_script,C
EM_histooutput, pdf

Exercize 1%
The program must be compiled with:

g++ —Wall -0 EM_main EM_main,cpp -L/homesmocchiuti/pamela/PamCalodlibdLinux —-1PamCalo -I root-config ——incdir’

_ -I/homedmocchiutdpamel a/PamCalodine/ “root-config ——cflags —1dflags —libs’
and can be run with?

LEM_main ——outputFile EM_output,root

Exercize 2%

The szcript must be run with:
Froot

root[0] L EM_script,C
root[1] ROCE"EM_output,root")

Exercize 3%
Background rejection at 90 efficiency for noint iz O,677224
Background rejection at 90¥ efficiency for gt i=s 0,9857

The wariable that gives the best background rejection at 90¥ efficiency iz gt,



