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First attempt to fit:

| Inclusive J/ynr invariant mass spectrum |
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To describe the radiative tail we can use as usual a single-sided Crystal Ball:

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

| Inclusive J/ynn invariant mass |

Candidates/5MeV/c2
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meanCB2 = 3.686038 + 0.000065

mgX = 3.8692 +0.0013 ====== -
nSigPsi = 11816 + 311

nSigX = 574 + 147

sigmaCB2 = 0.003927 + 0.000062

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

wgX = 0.0047 +0.0014
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Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

e X(3872) (6PC) = 0%t )

First observed by CHOI 03 in B — Kn™ 7™ J/4(1S) decays as a
narrow peak in the invariant mass distribution of the 7 7~ J/1(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/rn~ and J/ip —
,u+ &, which unambiguously gives the JPC =1+t assignment
under the assumption that the 7T and J/¢ 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
N S T 3871.69+ 0.17 OUR AVERAGE




- - - #include <TROOT.h:
This is the RooFit code #inolude <TFile.to>
include <TH1.h=
(test.C) to execute the #include <TF1.ho
- - #include <TF2.h=
3 fItS II1 a Sequence: #include <TFormula.h=
#include <TStyle.h=
#include <TCanvas.h=
#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","nyStyle");
FEPPEEIIIEIIEIIE24444/-—-inizio main /2477 to execute: L test.C + main)
/#void main(TString date, TString extens) {

void main{) {

gROOT-=SetStyle("Plain");

g5ty le->SetCanvasColor(@);

g5ty le->SetOptStat{18);

i

//gRO0T-=SetSty le("mySty le" );

//mySty le->SetFrameBorderMode(d); mySty le-=SetCanvasBorderMode(d);
Z/mySty le-=SetPadBorderMode(@); mySty le->SetPadColor(8);

Z/mySty le->SetStatColor (8); myStyle->SetFillColor{@);

//mySty le->SetStatBorderSty le(1);

s

TCanvas* myC = new TCanvas("myC","Plots",760,700);
myC->SetFrameFilColor(@);

//myC->cd{1)->SetBottomMargin{@.41); myC-zcd(1)-=SetTopMargin(@.65) ;

74
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4 -
TFile f1("./esane-dec2614.root","READ"); <& external file
THID *hist = (TH1D*)f1.Get("PsiPrime_Mass_cut6");

4

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

RooDatoHist jpsipipi_mass{hist-zGetName(),hist->GetTitle(),RooArgSet (x),RooFit: :Import (*hist, KFALSE));
i
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First fit:

s

RooPlot* xframe = x.frame{Title{""));

xframe-=SetTitle("Inclusive J/#psidpidpi invariont moss spectrum”);
xframe-=SetTit leOffset (1.32,"y");

xframe-=Set¥Tit le{"Candidates/SMeV/cr{2}" );

xframe-=SetTit leOffset(1.26,"x");
xframe->SetXTitle("n(J/#psidpidpi)");

s

ipsipipi_mass.plotOn(xframe);

déxframe-=Draw(); /7 to have immediately a first look to the histogram content
s

char *title[128]; jpsipipi_moss-=SetTitle(*title); title ="";

s
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a4

/¢ signal

RooRealVar mg{"mg","Gaoussion's mean",3.685, 3.675, 3.695);
RooRealVar wg{"wg","Gaoussion's width",8.81, 6.901, 0.05);
RooGaussian myGauss{"myGauss" ,"Gauss{x,mg,wq, )" ,,ng,wa);

I

/¢ background

RooRealVar c@{"ca","ist coeff",d.3,-1060000,1060000);

RooRealVar c1{"c1","2nd coeff",-A.1,-160000,160000);

RooChebychev cheby{"cheby" ,"Chebyshev" ,x,RooArgList{c@,c1));

a4

/¢//RooRealVar c2{"c2","3rd coeff",1.,-100000,100008);
/¢//RooRealVar c3("c3","4th coeff",0.5,-1000,1000);
////RooChebychey cheby("cheby" ,"Chebyshev" ,x ,RooArgList{ch,cl,c2,c3));
s

/7 total pdf : f¥*gauss + (1-f y¥cheby

//RooRealVar fsig{"fsig","signhal fraction",d.02,0.0,8.7);

a4

RooRealVar nSig("nSig","Number of signal cands", 4e+5, 1.,1e+7);
RooRealVar nBkg("nBkg","Mumber of bkg componet", 126e+3, 1., 1le+8);
RooAddPdf* totalPdf = new RooAddPdf ("totalPdf","totalPdf" ,RooArglist{myGauss,cheby),RooArglist{nSig,nBkg));

/i

iy

totalPdf -=f itTo(jpsipipi_mass,Extended(kTRUE));

totalPdf -=p lotOn{xframe ,RooF it ::LineColor (kRed));

totalPdf -=plotOn{xframe ,RooF it : :Components{RooArgSet {myGauss)), LineColor{kGreen));
totalPdf -=p lotOn{xframe ,RooF it : :Components{cheby ),RooF it ::LineSty le(kDashed));

7 plot full fit again to make correct pulls

totalPdf -=p lotOn{xframe ,RooFit : :LineColor (kRed));

Z/totalPdf —=paramOn{xframe);

totalPdf -=paramOn(xframe, Parameters(RooArgSet(mg,wg,nSig)), Layout(d.45,0.9,8.9));
'y



Rapresentation /e
of 1st fit: RooPlot *framePull = x.frame{"");
- framePul -=addObject ({TObject* yxframe-=pul IHist(},"p" );

framePul l->SetTitle("");
framePul l->SetLabeSize(d.655,"y" );
framePul l->SetTit leSize(0.885,"y" );
framePul l->SetTit leOffset(8.35,"y");
framePul l-=Set¥Title("Pulls bin-by-bin");
framePul l->SetLabeSize{d.855,"x" );
framePul l->SetXTitle(" ");
framePul l-=SetMinimum(-6.);
framePul l-=SetMaximum{6.);
4
myC-=Divide(8,2);
myC-=cd{2);
gPad->SetPad{@.,d.,1.,0.3);
AframePul l->SetTit leOffset{1.25,"y");
AfframePul l->SetTitleSize(d.1,"y");
gSty le-=SetlLabelSize(B.086,"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(3.6,8.,4.,8.);
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{ );
s
myC-=SaveAs{" ./psiprime_gauss_cheby2.png" );
Z/myC-=Update{);
delete myC;
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4

- TCanvas* myCl = new TCanvas("myC1","Plots",708,760);
Second flt: myCl-=SetFrameFillColor(8);
Iz
RooPlot* xframel = x.frame{"");
xframel->SetTit le("Inclusive J/#psidpi#pi invariant mass spectrum");
xframel-=SetTit leOffset(1.32,"y");
xframel->SetlLabelSize(0.635,"y" );
xframel-=SetTitleSize(0.637,"y" );
xframel-=Set¥Tit le("Candidates/SMeV/cA{2}" );
A A - xframel->SetTit leOffset(1.26,"x" );
[ Inclusive J/ynr invariant mass spectrum | hleeipatiitedtheis A
jpsipipi_mass.plotOn{xframel);
Iz
meanCB = 3.686040 + 0.000064 // alternative (6)
RooRealVar meanCB("meanCB", "meanCB", 3.685, 3.675, 3.695);
nSig1 - 11861 + 278 RooRealVar sigmaCB("sigmaCB", "sigmaCB", @.0842222, 0.0004, @.065);
RooRealVar alpha("alpha","alpha", 1.8, 6.00001, 10606.);
sigmacB - 0_003918 + 0-000059 SjoReuWur ncB({"nCB","nCB", 1.0, 0.6061, 10000.);
[ RooCBShape myCB{"myCB", "myCB", x, meanCB, sigmaCB, alpha, nCB);
174
RooRealVar nSigl{"nSigl","Number of signal cands", le+4, 180.,1e+7);
RooRealVar nBkgl("nBkgl","Number of bkg componet", 2e+5, 186@., le+d);
RooAddPdf* totalPdfl = new RooAddPdf ("totalPdf1","totalPdf1",RooArglist{myCE,cheby),RooArgList(nSigl,nBkgl));
174
totalPdfl-=f itTo(ipsipipi_nass,Extended(kTRUE));
totalPdfl-=plotOn{xframel,RooFit::LineColor{kRed});
totalPdfi-zplotOn(xframel RooF it : :Components(RooArgSet (myCB)), LineColor(kGreen));
totalPdfi-zplotOn(xframel RooF it : :Components(cheby),RooF it : :LineSty le(kDashed));
/¢ plot full fit again to make correct pulls
totalPdfi-zplotOn(xframel,RooFit::LineColor{kRed));
//totalPdf1-sparamOn(xframel); // non mettere proprio le stime dei parametri restituite dal fit
totalPdf1-zparanOn{xframel, Parameters(RooArgSet(meanCB,sigmaCB,nSigl)), Layout(d.45,0.9,8.9));

]
s
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framePul l1->Setlabe [Size(B.055,"y" );
! | T T framePul 11->SetTitleSize(8.885,"y" );
5 3.8 3.85 3.9 3.95 4 framePul 11->SetTit le0f fset(8.35,"y");
I framePul 11-=Set¥Title("Pulls bin-by-bin");
framePul l1->Setlabe [Size(B.055,"x" );
framePul l1-=SetxTitle(" ");

7
2000 & HEEIIEEII000100000000000000
- pam—
- RooPlot *framePulll = x.frame("");
1000 — ﬁ framePul |1->addObject ((TObject* xf ranel->pul IHist(),"p");
- Vi framePul 11-=SetTitle("");
-
36

gPad-=SetPad(@.,0.,1.,0.3);

framePul l1-=Draw();

TLine* lineplusl = new TLine{3.6,3.,4.,3.);
TLine* lineminusl = new TLine(3.6,-3.,4.,-3.);
TLine* linezerol = new TLine(3.6,0.,4.,0.);
lineplusi->SetlineStyle(2);
lineplusi-=SetlineColor{2);
lineplusi-=Draw("same" );
lineminusl-=SetLineStyle(2);
lineminusl-=SetLineColor(2);
lineminusl-=Draw{"same" );
linezerol-=SetlineStyle(2);
linezerol-=SetLineColor{4);
linezerol-=Draw("same" );

c framePul l1->SetMinimum{-6.);
a framePul l1->SetMaximum{6.);
= 124

.9 nyCl-=Divide(d,2);

c nyCl-=cd(2);

a 24

@

3

Q.

7
myCl-scd{1);
gPad->SetPad(6.,0.3,1.,1.);
xframel-=Draw();

S

7
myCl->Savess("./psiprime_cb_cheby2.png"};



Third fit:
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24

gROOT-»SetSty le("Plain” );

g5ty le-=SetCanvasColor(@);

g5ty le->SetOptStat(18);

4

TCanvas* myC2 = new TCanvas("myC2","Plots",700,700);
myC2->SetFrameFillColor(@);

4

RooPlot¥ xframez = x.frame(Title(""));

xfromez-=SetTit le("Inclusive J/#psidpidpl invariont mass");
xfrome2-=SetTit le0f fset(1.32,"y");

xframe2-=Setlabe 5ize(0.835,"y" );

xframe2->SetTitleSize(d.037,"y" );

xframe2->3et¥Tit le("Candidates/SMeV/cA{2}" );
xframez->SetTit leOf fset(1.26,"x");

xframe2-=SetXTit le("n(I/Hpsidpidpi)");

jpsipipi_mass.plotOn{xframe2};

124

/¢ signal

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

RooRealVar wgk("wgX","Gaussian's width",0.005, 6.602, 8.015);

//wgk . setConstant (KTRUE ) ;

RooGaussian myGaussX({"myGaussX" ,"GaussK{(x,mgx,wgx )" ,x,max ,wak);

Z/mg¥ .setConstant (kTRUE );

4

//RooRealVar meanCB2("meanCB2", "meanCB2", 3.685, 3.675, 3.695);
//RooRealVar sigmaCB2("signaCB2", "sigmaCB2", ©.004, 0.8001, ©.85);
//RooRealVar alphaz("alpha2","alpha2", 1.8, 0.00001, 10008.);
//RooRealVar nCB2("nCB2","nCB2", 1.0, 0.6001, 10000.);

14

RooRealVar meanCB2("meanCB2", "meanCB2", 3.686038, 3.68, 3.692);
RooRealVar sigmaCB2("signaCB2", "sigmaCB2", ©.863919, 0.001, 9.85);
RooRealVar alphaz{"alpha2","alpha2", 1.41, 6.61, 18.);

RooRealVar nCB2{"nCB2","nCB2", 1.64, 8.1, 168.);

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

//signaCB2 .setConstant (KTRUE);

//alpha2 .setConstant (KTRUE);

//nCB2.setConstant (kTRUE);

4

RooCBShape myCB2("myCB2", "myCB2", x, meanCBZ2, sigmaCB2, alpha2, nCB2);
4

RooRealYar nSigPsi("nSigPsi","Number of signal psi conds", 11858, 10000.,15000.); //start from previous plot to help
FELEEREEPEELPEEEEEIEPEIEE4 24740474777 /S1gPsT .setConstant (KTRUE);
/

RooRealVar nSigk("nSigk","Number of signal ¥ cands", 550, 35@., 15008.);
//n3igk.setConstant (kTRUE);

124

£24747747/RookddPdf* totalSig2 = new RooAddPdf ("totalSig2","totalSig2" ,RooAralist(myCBZ ,myGaussi),Roorglist{nSiagPsi,nSigk));
//RooAddPdf totalSig2("totalSig2","totalSig2" ,RooArglist{myCBZ ,myGaussi),RooArglist{nSiaPsi,nSigk));
124

//RooRealVar nSig2("nSig2","Number of total sig component", 2e+5, 1808., 1e+7);
RooRealVar nBkg2("nBka2","Number of bka component", 2e+5, 1068., 1e+8);

//RooAddPdf* totalPdf2 = new RooAddPdf ("totalPdf2","totalPdf2" ,RooArglist{totalSig2,cheby),RooArglist(nSig2,nBkg2));
RooAddPdf* totalPdf2 = new RooAddPdf {"totalPdf2","totalPdf2" ,RooArgList (myCB2Z,myGaussk,cheby),RooArglist{nSigPsi,nSigk,nBkg2));
/¢ one shot fit !

4

g5ty le-=SetLineWidth{(1); // cambia nulla

g5ty le-=SetFuncidth(1);

/

totalPdf2->f itTo(jpsipipi_mass,Extended(KTRUE));
totalPdf2->plotOn{xframe2 ,RooF it : :LineColor (kRed),RooFit::LineWidth{1));

/7 by default LineWidth is 3 pixels (somehow thick, while 1 is too subtle)
totalPdf2->plotOn{xframe2 ,RooF it : :Components(RooArgSet (myGaussX)), LineColor(kGreen),RooFit::LineWidth(2));
totalPdf2-=plotOn{xframe2 ,RooF it : :Components(RooArgSet (myCB2)), LineColor(kGreen),RooFit::LineWidth(2));
totalPdf2-=plotOn{xframe2 ,RooF it : :Components(cheby ) ,RooF it : :LineSty le(kDashed ) ,RooFit::LineWidth(2));

/¢ plot full fit again to make correct pulls
totalPdf2-=plotOn{xframe2 ,RooF it ::LineColor{kRed),RooFit::LineWidth(2));

totalPdf 2-=paranOn{xframe2, Parameters(RooArgSet(meanCB2,signaCB2,nSigPsi,mgX,wgX,nSiagx)), Layout(B.45,0.9,0.9));



e
- RooPlot *framePull2 = x.frame("");
Representatlon framePul [2-addObject { (TObject* dxframe2-=pul Hist(),"p" );
= framePul [2->8etTitle(""); // elimina titolo
Of 3rd flt' framePul 12->SetLabe |Size(B.655,"y" );

framePul 12-=SetTit leSize{(d.885,"y"); /¢ ingrandisce ma sposta anche verso sinistra
framePul 12-=SetTit leOf fset(B.35,"y"); // risposta a destra
framePul 12->Set¥Tit le("Pulls bin-by-bin");
framePul 12->SetLabe |Size(B.655,"x" );
framePul l2-=SetXTitle(" "); //framePul 12-=SetXTitle{"n{d/#psidpi#pid"); // pleonastico
framePul 12-=SetMininum{-6.);
framePul 12-=SetMaximum{6.);
e
myC2-=Divide(d,2);
myC2-=cd(2);
s
gPad->SetPad{@.,0.,1.,0.3);
framePul 12-=Draw{ );
e
TLine* lineplus2 = new TLine(3.6,3.,4.,3.);
TLine* lineminus2 = new TLine(3.6,-3.,4.,-3.);
TLine* linezero2 = new TLine(3.6,8.,4.,8.);
lineplus2-=SetLineStyle{2);
lineplus2-=SetLineColor (2);
Linep lus2-=Draw{"same" );
lineminus2->SetLineStyle(2);
lineminus2-=SetLineColor{2);
Lineminus2-=Draw("same" };
linezeroz-=SetLineSty le(2);
linezeroz-=SetLineColor(4);
linezero2-=Draw("same" );
e
myC2->cd(1);
gPad->SetPad{@.,0.3,1.,1.);
xframe2-=Draw(};
e
myC2->Saveds{"./psiprime_cb_cheby2_x3872.png" );
AmyC2->Clear ();
delete myC2;
e
i dddiiddddiiiddddtidddds
e
fl.Close();
fl.Delete();
e
gROOT->Reset();
gROOT-=Clear();
e



