Exercise/Lesson #6

Scientific Data Analysis Lab course

Alexis Pompili - UniBA




First attempt to fit:

| Inclusive J/yrr invariant mass spectrum |

mg = 3.685897 + 0.000071
F nSig = 10584 + 160
wg = 0.004222 + 0.000071
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To describe the radiative tail we can use a single-sided Crystal Ball:

Inclusive J/ymn invariant mass spectrum
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However, the fit doesn’t look satisfactory enough...

Inclusive J/ynn invariant mass spectrum
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Finally we can introduce an additional signal (simple gaussian) :

| Inclusive J/ynr invariant mass |
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meanCB2 = 3.686038 + 0.000065

nSigPsi= 11816 + 311
T nSigX = 574 + 147
sigmaCB2 = 0.003927 + 0.000062

wgX = 0.0047 +0.0014
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mgX = 3.8692 + 0.0013 ====== ====2| This mass estimate

hints, considering
the final state, that
it must a X(3872) :

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

X(3872) 6(UPC) = ottt

First observed by CHOI 03 in B — K= n™ J/4(1S) decays as a
narrow peak in the invariant mass distribution of the ™ ™ J/3(15)
final state. Isovector hypothesis excluded by AUBERT 05B and
CHOI 11.

AAlJ 13Q perform a full five-dimensional amplitude analysis of
the angular correlations between the decay products in BT —
X(3872)K™ decays, where X(3872) — J/um T n~ and J/) —
#+ K, which unambiguously gives the JPC =1t+ assignment
under the assumption that the 7tr and J/v are in an S-wave.
AAIlJ 15A0 extend this analysis with more data to limit D-wave
contributions to < 4% at 95% CL.

See our note on “Developments in Heavy Quarkonium Spec-
troscopy” .

X(3872) MASS FROM J/X MODE

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

3871.69+ 0.17 OUR AVERAGE
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This is the RooFit code
(test.C) to execute the
3 fits in a sequence:
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#include <TROOT.h=
#include <TFile.h=
#include <TH1.h=
#include <TF1l.h=
#include <TF2.h=
#include <TFormula.h=
#include <TStyle.h=
#include <TCanvas.hx=
#include <TProfile.h=
#include <TString.h=
#include <TLine.h=
#include <TPad.h=
#include <TMath.h=
#include <TLatex.h=
#include <TLegend.hx
#include <iostream=
#include <TColor.h=
#include "TAxis.h"

using namespace RooFit;

TStyle *myStyle= new TStyle{"myStyle","myStyle");
FEEPEEEEEEPEPEAAIEA P ——=nizio main /4777 to execute: L test.C + main()
//void main(TString date, TString extens) {

void main{) {
4
gROOT-=SetSty le("Plain");
g5ty le-=SetCanvasColor(8);
g5ty le-=SetOptStat{18);
/
//QRO0T-=SetSty le("nySty le" );
//mySty le->SetFrameBorderMode(@); mySty le-=SetCanvasBorderMode(d);
//mySty le-=SetPadBorderMode(@); myStyle-=SetPadColor{@);
//mySty le-=3etStatColor{@); myStyle-=SetFillColor{@);
//mySty le->SetStatBorderSty le(1);
4
TCanvas* myC = new TCanvas("myC","Plots",788,7068);
myC-=SetFrameFil1Color(@);
/fmyC-cd{1)-=SetBottomMargin{@.41); myC-»cd(1)-=SetTopMargin{@.65) ;

4

N R R A A A i

4 -
TFile f1("./esane-dec2614.root","READ"); <& external file
THID *hist = (TH1D¥)f1.Get("PsiPrime_Mass_cuté");

4

RooRealVar x{"x","x",3.6,4.8);

RooDataHist jpsipipi_mass{hist-=GetName(),hist->GetTitle(),RooArgSet(x),RooFit: :Import (*hist, KFALSE));
s
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First flt: RooPlot* xframe = x.frame{Title(""));
xframe-=SetTit le("Inclusive J/4psidpidpi invariant mass spectrum");
xframe-=SetTit le0ffset{1.32,"y");
xframe-=Set¥Tit le("Candidates/BMeV/cr{2)" );
xframe-=SetTit leOffset(1.26,"x");
xfroame-=SetXTit le("m{J/Hpsidpidpi)");
s
jpsipipi_mass.plotOn(xframe);
séxframe-=Draw(); // to have immediotely a first look to the histogram content
e
char *title[128]; jpsipipi_mass-=SetTitle(*title); title ="";
e
FEEEEEEEEEEEELLLLLLEEEEEEEEEEiiiiddddddsdddsssd FIT
£’
/7 signal
RooRealVar mg{"mg","Gaussian's meon",3.685, 3.675, 3.695);
RooRealVar wg{"wg","Gaussian's width",0.081, 6.601, 0.05);
RooGaussian myGauss("myGauss" ,"Gauss(x,mg,wg, )" ,x,ng,wq);
A
/¢ background
RooRealVar cA("ca","1st coeff",0.3,-100000,100000);
RooRealVar ci("cl","2nd coeff",-0.1,-100060,100600);
RooChebychey cheby("cheby" ,"Chebyshev" ,x ,RooArgList{cA,c1));
i
////RooRealVar c2{"c2","3rd coeff",1.,-100600,106000);
////RooRealVar c3("c3","4th coeff",0.5,-1000,1000);
/#7¢/RooChebychey cheby("cheby" ,"Chebyshev" ,x,RooArgList{c@,cl,c2,c3));
e
/7 total pdf : f¥gauss + (1-f y¥cheby
//RooRealVar fsig{"fsig","signal fraction",d.62,0.8,0.7);
e
RooRealVar nSig{"nSig","Number of signal cands", 4e+5, 1.,1e+7);
RooRealVar nBkg{"nBkg","Number of bkg componet", 1208e+3, 1., le+8);
RooAddPdf* totalPdf = new RooAddPdf ("totalPdf","totalPdf" ,RooArgList(myGauss,cheby),RooArglist{nSig,nBkg));
£’
e
totalPdf-=fitTo(jpsipipi_mass,Extended(kTRUE));
totalPdf -=plotOn(xframe,RooFit::LineColor (kRed));
totalPdf ->plotOn{xframe,RooF it : :Components{RooArgSet (myGauss)), LineColor{kGreen));
totalPdf -=plotOn(xframe,RooF it : :Components{cheby),RooFit::LineSty le{kDashed));
/7 plot full fit again to moke correct pulls
totalPdf ->plotOn(xframe,RooFit::LineColor(kRed));
Z/total Pdf —=paramOn{xframe ) ;
totalPdf -=paramOn{xframe, Parameters{RooArgSet{mg,wg,nSig)), Layout{d.45,0.9,0.9));
e
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Rapresentation
of 1st fit:

i

RooPlot *framePull = x.frame{"");

framePul l-=addObject ((TObject* xframe-=pul Hist{},"p" );
framePul l->SetTitle("");

framePul l->SetLabelSize(8.055,"y" );
framePul l->SetTit leSize(0.835,"y");
framePul l->SetTit le0ffset{B.35,"y");
framePul l->Set¥Tit le("Pulls bin-by-bin");
framePul l->SetLabelSize(8.055,"x" );
framePul l-=SetXTitle(" ");

framePul l-=SetMinimum{-6.);

framePul l-=SetMaximum (6. );

i

myC-=Divide{d,2);

myC->cd{2);

gPad->SetPad{@.,0.,1.,08.3);
déframePul l-=SetTit leOffset(1.25,"y");
AframePul l->SetTit leSize(d.1,"y");

gSty le-=SetlLabelSize(0.06,"Y" );

gSty le-=SetTit le¥Size(0.03);

framePul l-=Draw();

TLine* lineplus = new TLine(3.6,3.,4.,3.);
TLine* lineminus = new TLine(3.6,-3.,4.,-3.);
TLine* linezero = new TLine{3.6,08.,4.,0.);
lineplus-=SetLineStyle(2);
lineplus-=SetLineColor(2);

linep lus—=Draw("same" };
lineminus-=SetLineStyle{2);
lineminus-=SetLineColor{2);
Lineminus-=Draw{"same" };
linezero-=SetLineStyle(2);
linezero-=SetLineColor{4);
linezero-=Draw("same" );

myC-=cd{1);

gPad->SetPad(@. ,8.3,1.,1.);
xframe-=Draw{);

4
myC-=SaveAds{"./psiprime_gauss_cheby2.png" );
AémyC-=Update();

delete myC;
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FEELELELELPEPEP 00000080808 EE 774747470 777¢777¢777777 NEW FIT
124

Sheu TCanvas* myCl = new TCanvas{"myC1","Plots",700,700);

Second flt. yC1->SetFraneFi | 1Color (8);

I

RooP lot* xframel = x.frame("");

xframel->SetTitle("Inclusive J/#psi#pidpi invariant mass spectrum");

xframel->SetTit leOffset(1.32,"y");

xframel->SetlabelSize(d.035,"y");

xframel-=SetTitleSize(d.637,"y");

xframel-=Set¥Tit le("Candidates/SMeV/cA{2}" );

xframel-=SetTit leOffset(1.26,"x");

| Inclusive J/ynr invariant mass spectrum | Xfranel->SetXTit Le("n(d/#ps idpidpi)");
Jpsipipi_mass.plotOn(xframel);

I

- // alternative (CB)
meanCB - 3'686040 * 0'000064 RooRealYar meanCB("meanCB", "meanCB", 3.685, 3.675, 3.695);

A - RooRealVar sigmaCB("signaCB", "sigmaCB", 9.9642222, 0.0004, 0.0905);
nSIg1 = 11861 * 278 RooRealVar alpha("alpha","alpha", 1.0, 0.00061, 10600.);

sigmaca = 0-003918 + 0.000059 530}?80["/01’ nCB("nCB","nCE", 1.0, 9.0601, 10000.);

i RooCBShape myCB({"myCB", "myCB", x, meanCB, sigmaCB, alpha, nCB);

14

RooRealVar nSigl{"nSigl","Number of signal cands", le+4, 108.,1e+7);

RooRealVar nBkal("nBkgl","Number of bkg componet", 2e+5, 1088., le+d);

RooAddPdf* totalPdfl = new RooAddPdf ("totalPdf1","totalPdf1",RooArglist(myCB,cheby),RooArglist(nSigl,nBkal));
I

totalPdf1-=f itTo(jpsipipi_mass,Extended(KTRUE));

totalPdf1-=plotOn{xframel,RooFit::LineColor (kRed));

totalPdfi1-=plotOn{xframel, RooFit :Components(RooArgSet(myCB)), LineColor(kGreen)),
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/¢ plot full fit again to make correct pulls
totalPdf1-=plotOn{xframel,RooFit::LineColor (kRed));
//totalPdfi-=paranOn(xframel); // non mettere proprio le stime dei parametri restituite dal fit
totalPdf1-=paranOn{xframel, Parameters{RoosrgSet(meanCB,signaCB,nSigl)), Layout(d.45,0.9,0.9));
T4

4 I iiidididiideideidedies
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1000 RooPlot *framePulll = x.frame("");

framePul |1->addObject {(TObject* )xframel-=pul IHist{),"p" );
framePul l1->SetTitle("");

LRI B R R AR framePul |1->3etLabe |Size(@.655,"y" );

45 3.9 3.95 4 framePul |1->3etTit leSize(8.085,"y" );
I
1
]
1
1

6I

wo

frumePulli—>SetTitleUffset(B.35 RAH
m(J/ynm) framePul [1->3et¥Title("Pulls bin-by-bin");
framePul l1->Setlabe |Size(d.0855,"x" );
framePul l1-=SetkTitle(" ");

* framePul l1->SetMininum{-6.);

framePul l1-=SetMaximum(6.);

""""""""" %"f""""”""""""”"""""' T 124
21— } }iﬂ H { i nyCl-=Divide(,2);
st TR et 4 T
2 ;* } H? %H gPad->SetPad{@.,8.,1.,8.3);
- framePul [1-=Draw();
TLine* lineplusl = new TLine(3.6,3.,4.,3.);
TLine* lineminusl = new TLine(3.6,-3.,4.,-3.);
TLine* linezerol = new TLine(3.6,08.,4.,0.);
lineplusi-=SetLineStyle(2);
lineplusl-=SetLineColor(2);
lineplusl-=Draw("same" };
lineminusl->SetLineSty le{2);
lineminusi-=SetLineColor{2);
lineminusl-=Draw("same" );
linezerol-»SetLineStyle(2);
linezerol-=SetLineColor (4);
== |inezerol-zDraw("sane" );
s
myCl-=cd(1);
gPad->SetPad{@.,8.3,1.,1.);
xframel-=Draw();

Pulls bin-by-bin
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myCl-=SaveAs("./psiprime_cb_cheby2.png");



Third fit:
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N il it dadids
FEELLELELELELEEEL P70 0008880847274 707077787777777¢77 NEW FIT
L i i di L

/e

gROOT-=SetSty le("Plain");

g5ty le-=SetCanvasColor{(8);

g5ty le-=SetOptStat (16);

I

TCanvas* myC2 = new TCanvas{"myC2","Plots",76@,708);
myC2-=SetFrameFillColor{8);

I

RooPlot* xframe2 = x.frame(Title(""));

xframe2->SetTitle("Inclusive J/#psidpidpi invariont mass");
xframe2->3etTit leOffset(1.32,"y");

xframe2->SetLabeSize(8.835,"y" );

xframe2->SetTitleSize(8.837,"y" );

xframe2->3et¥Tit le("Candidates/SMeV/cr{2}" );

xfrome2->SetTit leOffset{1.26,"x");
xframe2->SetXTit le("n{J #psidpidpi)");

jpsipipi_mass.plotOn(xframe2);

/e

/¢ signal

RooRealVar mgX("mgX","Gaussian's mean" ,3.868, 3.85, 3.88);

RooRealVar wgk("wgk","Gaussian's width",0.005, 0.902, 0.615);

//wgX .setConstant (KTRUE );

RooGaussian myGaussk("myGaussk" , "GaussX(x,mgx,wgx )" ,x,mgx ,wax);

Z/ngX .setConstant (KTRUE );

14

//RooRealVar meanCB2("meanCB2", "meanCB2", 3.685, 3.675, 3.695);
//RooRealVar signaCB2("signaCB2", "sigmaCB2", @.004, 0.9601, @.85);
//RooRealVar alpha2("alpha2","alpha2", 1.6, 0.06061, 16000.);
//RooRealVar nCB2("nCB2","nCB2", 1.0, 0.9601, 16000.);

14

RooRealVar meanCB2("meanCB2", "meanCB2", 3.686838, 3.68, 3.692);
RooRealVar sigmaCB2("signaCB2", “sigmaCB2", ©.003919, A.601, 0.05);
RooRealVar alpha2("alpha2","alpha2", 1.41, 8.61, 18.);

RooRealVar nCB2{"nCB2","nCB2", 1.64, 8.1, 10.);

/¢ start fixing the CB parameters from previous fit and release them later {leave just # candidates free)
//meanCB2.setConstant (KTRUE);

//s1gmaCB2 .setConstant (kTRUE);

//alpha2.setConstant (KTRUE);

//nCB2.setConstant (KTRUE);

14

RooCBShape myCB2("myCB2", "myCB2", x, meanCB2, sigmaCB2, alpha2, nCB2);
14

RooRealVar nSigPsi("nSigPsi","Number of signal psi conds", 11858, 10606.,15808.); //start from previous plot to help
FELEELEELLIIEEIEIEEIIEEIAIE44444777 /S P31 csetlonstant (KTRUE);
14

RooRealVar nSigk("nSigk","Number of signal X cands", 550, 35@., 1508.);
/#nSigx.setConstant (KTRUE);

I

24744777 /RookddPdf* totalSig2 = new RooAddPdf ("totalSig2","totalSig2" ,RooArglist{myCB2 ,myGaussk),Roosrglist(nSigPsi,nSigk));
//RooAddPdf totalSig2("totalSig2","totalSig2" ,RooArglist{myCB2 ,myGaussk),Roosrglist(nSigPsi,nSigk));
/e

//RooRealVar n$ig2{"nSig2","Number of total sig component", 2e+5, 10008., 1e+7);
RooRealVar nBkg2("nBka2","Number of bkg component", 2e+5, 1008., le+8);

//RooAddPdf* totalPdf2 = new RooAddPdf ("totalPdf2","totalPdf2" ,RooArglist(totalSig2,cheby),RooArglist(nSiag2,nBkag2));
RooAddPdf* totalPdf2 = new RooAddPdf ("totalPdf2","totalPdf2" ,RooArgList(myCB2,myGaussX ,cheby),RooAralist(nSigPsi,nSiaX,nBka2));
/¢ one shot fit !

/e

aStyle-=SetLineWidth{1); // cambia nulla

a5ty le->SetFuncWidth(1);

14

totalPdf2-=f itTo(jpsipipi_mass,Extended(KTRUE));

totalPdf2-=p lotOn{xframe2 ,RooFit::LineColor (kRed),RooF it ::LineWidth(1));

/¢ by default LineWidth is 3 pixels (somehow thick, while 1 is too subtle)

totalPdf2-=p lotOn{xframe2 ,RooF it : :Components{RooArgSet (myGaussX)), LineColor{kGreen),RooFit::LineWidth{2));
totalPdf2-=p lotOn{xframe2 ,RooF it : :Components{RooArgSet (myCB2)), LineColor(kGreen),Roofit::LineWidth(2));
totalPdf2-=p lotOn{xframe2 ,RooF it : :Components{cheby ) ,RooF it : :LineSty le(kDashed),RooF it : iLineWidth(2));

/¢ plot full fit again to moke correct pulls

totalPdf2->plotOn{xframe2,RooFit: :LineColor{kRed),RooF it ::LineWidth(2));

totalPdf 2-zparanOn{xframe2, Parameters{RooArgSet{meanCB2,signaCB2,nSigPsi,mgX,wax,nSigk)), Layout(d.45,0.9,0.9));



s
- RooPlot *framePull2 = x.frame("");
Rep resentation framePul |2-sadd0bject { (TObject* )xframe2-=pul IHist(),"p" )3
.. framePul 12-=SetTitle(""); // elimina titolo
Of 3rd flt' framePul |2->SetLabelSize(0.055,"y" );

framePul 12->SetTit leSize(d.885,"y"); /7 ingrandisce ma sposta anche verso sinistra
framePul 12->SetTit leOffset{(8.35,"y"); // risposta a destra
framePul 12->Set¥Title("Pulls bin-by-bin");
framePul l2->SetLabelSize(0.055,"x" );
framePul 12->SetXTitle(" "); //framePul l2->SetXTitle("n{J/#psidpidpi)"); // pleonastico
framePul 12->SetMininum(-6.);
framePul 12->SetMaxinum (6. );
s
myC2-=Divide{d,2);
myC2-»cd(2);
s
gPad->SetPad{@.,a.,1.,8.3);
framePul 12->Draw(};
s
TLine* lineplus2 = new TLine(3.6,3.,4.,3.);
TLine* lineminus2 = new TLine(3.6,-3.,4.,-3.);
TLine* linezero2 = new TLine(3.6,08.,4.,8.);
linep lus2-=SetLineSty le{2);
linep lus2-=SetLineColor{2);
linep lus2-=Draw("same" );
lineminus2-=SetLineSty le{2);
lineminus2-=SetLineColor(2);
lineminus2-=Draw("same" };
linezero2-=SetLineSty le{2);
linezero2-=SetLineColor{4);
linezeroz-=Draw{"same" );
s
myC2->cd(1);
gPad->SetPad(@. ,0.3,1.,1.);
xframe2-=0Draw();
s
myC2-=SaveAds{" ./psiprime_cb_cheby2_x3872.png" );
A/myC2-=Clear();
delete myC2;
s
S diddiiiddddiiididiiiddddiiididdiiidddds
s
fi.Close();
fi.Delete();
s
gROOT-=Reset{);
gROOT->C lear{);
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Details of the exercise (as of November 2022):

macro is test.C
input file is esame-dec2014 . root

Creates 2 or 3 png files

-rw-r-xr-—-. 1 pompili pompili 53824 Nov 11 88:81 csame-dec281

-rw-r-x-—-—. 1 pompili pompili 9665 Nov 11 11:88 test.C
drwxrwxr-x. 2 pompili pompili 4896 Nov 15 @8:28 Plots

[pompili@pompilic7 Plots]$ 1ls -tlr

total 68

-rw-rw-r-—. 1 pompili pompili 17976 Nov 11 11:80 p
-rw-rw-r-—. 1 pompili pompili 28314 Nov 11 11:00 p
-rw-rw-r—-—. 1 pompili pompili 18567 Nov 11 11:080 p

siprime_gauss_cheby2.png
siprime_cb_cheby2.png
siprime_cb_cheby2_x3872.png
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