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Bir Cozumleme Orinedi
olarale Higqs Bozonu

o Higqs Bozonu ATLAS ve CMS dedektorleri tarafimdan
iesfedildi, my ¥ 126 GeV

o Biz burada ogrendiklerimizle Higgs MC olaylarm
inceleyebilir miyiz?

o Nasil bir bozunma?
o ‘vaat ve ardalan MC oia3 urekimi
o Renzebmwe

o Cozumleme, deJerlendirme



Nasil bir bozunma?

Bozunma urunlerinden
baslaytp kesif

3&90&&1&1’ miyiz?

smvat ardalain
pp—rH->Z2 =>41 pp—>4l



Hedef ve Aletler

| © CompHep, MadGraph

) Otaj urektini

simjai ‘
pp—rH—>LZ =>41 | o Pythia
o Partown j&§murt¢, hacirontafma
', o Delphes/Geant
ardalan
pp—>4l

o Dedelktor simatas:jov\u

o Ko ot

o Veri incelenmest
vi



Sinyal ve Ardalan (.roock)
dosvai.&rc

o Styal ve ardalan (.root) dosjatart ayri ayr
urebtildi

o Ancak gergek bir dedektsr verisi incelerken
sinyal ve ardalan ayrmt yole

o Ru 36.},1&@.»\ biz de ki dasvavt b&ri.eg&irip Ehﬁetivetim

o Sownra sadece sinyal dos‘jo\sma balkariz

[fizikci@hpfbu tokat]$ hadd all.root sig.root bg.root

hadd Target file: all.root

hadd Source file 1: sig.root

Warning in <TClass::TClass>: no dictionary for class LHEFEvent is available

Warming in <TClass::TClass>: no dictionary for class Event is available s s :

Warning in <TClass::TClass>: no dictionary for class GenParticle is available [lelkC l@hpbe tOKat]$ 15 '1 rt

Warning in <TClass::TClass>: no dictionary for class SortableObject is available tota'l 250900

Warning in <TClass::TClass>: no dictionary for class Track is available

Warning in <TClass::TClass>: no dictionary for class Tower is available -rw-r--r-- 1 fizikci users 16414487 Nov 14 17:23 sig.root

Warning in <TClass::TClass>: no dictionary for class Muon is available

Warning in <TClass::TClass>: no dictionary for class Jet is available -rw-r--r-- 1 fizikci users 112042557 Nov 14 17:24 bg.root
Warning in <TClass::TClass>: no dictionary for class Electron is available _ P Pea .

Warning in <TClass::TClass>: no dictionary for class Photon is available rw-r r 1 fiZikCi users 128447487 NOV 14 17 24 811 . root
Warming in <TClass::TClass>: no dictionary for class MissingET is available

Warning in <TClass::TClass>: no dictionary for class ScalarHT is available

hadd Source file 2: bg.root

hadd Target path: all.root:/




gé&—z.éi,mteme - Root ile
tLhe bamg

o Dosyayl yikleyelim, igerigine balkalm

[fizikci@hpfbu tokat]$ root -1 all.root
o root -l all.root root [0]

Attaching file all.root as fileO...
root [1] new TBrowser
° new TBTONSET (class TBrowser*)(@x86al818

o Delphes ajacmm iginde neler var? e

o Dallar

o Ya pmmm
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Goziimleme - dosya (C Q)
uretme

Root ile bir gézamw_me tskeelekt japaitm

root [1] Delphes->MakeClass("hpfbu all")

KOMM’,& 50\&"’“’\0& 2% z_od_‘m Info in <TTreePlayer::MakeClass>: Files: hpfbu_all.h and hpfbu_all.C generated f
& j | rom TTree: Delphes

(Int_t)0

o Delphes—>MakeClass("hpfbu_all”) &8

2 yehi dosya tretilmis oldu
o hpfbu_all.C ve hptbu_allh

Yeni dosyalara bir 9oz atalim

o emacs hpfbu_all.C

o Lless hpfbu_allh

10



gé&.z.éi,mteme - C dc}s'jQStMtM

olumlert

v amacs@hpfbu

File Edit Options Buffers Tools C++ Help
o

5B B X = ® 5 BEQE =
METHOD1 :
fChain->SetBranchStatus("**,0); // disable all branches LO &l V’ &0
fchain tBranchStatus(*"branchname*,1); activate branchname o reh e r
METHOD2: replace line
fChain->GetEntry(jentry); read all branches
by b_branchname->GetEntry(1entry); read only this branch

1f (fchain == 0) return; o HEJSEOST’QM

‘ o Pencere

nentries = fChain->GetEntriesFast();
s =0, nb = 0; o

ng64 t jentry=0; jentry<nentries;jentry++) {
Long64_t 1entry = LoadTree(jentry);
1f (1entry < 0) break;
nb = fChain->GetEntry(jentry); nbytes += nb; d TO\V\'MLQMO\V\LQT“

1t (Cut(ientry) < 0) continue:

dolduracagiz

‘ o Doldurdullarimizi
C;deire.t:eéiz

11



Gozumleme - baleal v
neler var!

o hptbu_all.C dosyasma bazi eklemeler yapalim

/. / ‘\,,' ~3
'/ 1T (Cut(ientrg@d< O) continue;

e X

nunult->Flll(Muoﬁ;5;
jetmult->F1ll(Jet );
elemult->F1l1(Electron_);

phmult->F11l(Photon_);

Declerations
THIF *mumult, *jetmult, *elemult, *phmult; ‘

/ Definitions
mumult= new THIF("mumult", "Muon multiplicity", 10, -0.5, 9.5);
Jetmult = new THI:(‘J—tmult“, "Jet wu]tlplla:ty‘, 10, -0.5, 9.5);
elemult =

new TH1IF(*elemult", "Electron multiplicaty*, 4, -0.5, 3.5);

'/ end of event 100?
phmult = new THIF("phmult*®, *Photon multiplicity", 4, -0.5, 3.5);

->cd(1); mumult->Drawl();
->cd(2); jetmult->Draw();
->cd(3); elemult->Draw();
->cd(4); phmult->Draw();

f A.lf:'il)A'ﬁ
TCanvas *cl = new TCanvas("multiplicity_plots*,*cl*, 150, 10, 450, 450);
cl->Divide(2,2);
cl->Drawl);

o Galigtiralim sonuca baleal i

root [@] .L hpfbu_all.C

root [1] hpfbu all incele
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClags»:
arning <TClass::T i&

v
Efe Edet View Optons Toolks

Jot mudrpbcity

arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
root [2] incele->Loop

Elecron multiphoity Photon multiphoty
1 T




géaé@mieme - mwuon ozellikleri

) hp{bumaLL.C dasva\sma\ ba;‘-m eklemeler yapalim

// Variables
TLorentzVector muon[S];

/ Declerations
THIF *mumult, *jetmult, *elemult, *phmult;
TH1F *mupt, *mueta, *muphi, *mucharge;

mupt = new THIF("mupt", "Muon p {T}*", 350, 0., 350);
mueta = new TH1F("mueta", *"Muon #eta", SO, -S., S.):

muphr = new TH1F("muph1", *Muon #phi*, S0, -S5., 5.);
mucharge = new TH1F("mucharge®, "Muon charge", S, -2., 2.);

phmult->F1ll(Photon_);

for (int 1=0; 1<Muon_; 1++ ){

// windows
TCanvas =cl1 = new TCanvas("multiplicity plots","cl1", 150, 10, 450, 450);

ci-:givi?§52,2); muon[1].SetPtEtaPhiM(Muon_PT[1], Muon_Etal1], Muon_Phi[1], 0.106);
c1->Draw(); mupt->F1ll(muon(1].Pt());

->F : -
. TCanvas =c2 = new TCanvas("muon_plots","c2", 150, 10, 450, 450); :ﬁgﬁf_>F:{}§::22{:}_Eﬁft;;.

" c2->Divide(2,2);

mucharge->F111(Muon_cCharge(1]);

} // end of event loop

_ cl->cd(1); mumult->Draw();
} end of event loop cl->cd(2); jetmult->Draw();
cl->cd(3); elemult->Draw();

o Muown ozellilelerunt géz.etim c1->cd(4); phmult->Draw();

c2->cd(1); mupt->Draw();
: mueta->Draw();
o ; muphi->Draw();
; : < c2->cd(4); mucharge->Draw();
o Galistiralim, bakalim .

root [0] .L hpfbu_all.C T/ Se—p -F

root [1] hpfbu all incele
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:

arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
arning <TClass::TClass>:
root [2] incele->Loop

13



géz.é;i,mieme - 4 mnuonlu
oiaviarda Higqs olabilir mi?

e 4 muoh deﬁigmez. kutlesine h&ztrtajaitm

/¢ Variables A mucharge = new THIF("mucharge", "Muon charge", 5, -2., Z%);
TLorentzVector muon[5]; 9 '
TLorentzVector Mdm;

invmass = new THIF("invmass","M {inv}", 250, 0, 500);

// Declerations o - |
TH1F *mumult, : .“'} | L ik g ' emul‘t, *phmult; TCan\.r;.as. *c3 = new :'3""‘-"-35("lrW_mass_plots" i3, 150, 10, 450, 450)’ V
TH1F *mupt, ! S *muphi, *mucharge; c3->Divide(1,1); 4
TH1F *1nvmass; o

10X

<]

o Hesaplayp gizdirelim B

[ invmass ¢ |

1f ( Muon_ != 4) continue; ntes g
MAm=muon [0]+muon[1]+muon[2]+muon[3]; RMS 84

invmass->F1 11 (M4m.M());

c3->cd(1l); invmass-=Draw();

14



géz.é;i,mieme - 4 mnuonlu
oiaviarda Higqs olabilir mi?

gStyle->SetOptStat(111111f];
c3->cd(1); 1nvmass->Draw();

iInvmass
Entries 4158
Mean 234.8
RMS 84.77 | &
Underflow 0 S’
Overflow 125 |




géaamieme - 4 mnuonlu
otaviarda Higqs olabilir mi?

File Edit View Options Tools Help

M

nv

Entries 4158

Mean 234.8
RMS 84.77

FP“?ZZ“?Q-L

100 150 200 250 300 350 400 450
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géz.é;i,mieme - 4 mnuonlu
oiaviarda Higqs olabilir mi?

1t ( (Muon_cCharge[0]*Muon_Charge[l] < 0) && (Muon_Charge[2]*Muon_Charge[3] < 0) ) {

Mzl = muon[0]+muon[1]; Mz2 = muon[2]+muon[3];

if ( (Mz1.m() < 110) && (Mzl.M() = 70) && (Mz2.M() < 110) && (Mz2.M() = 70) ) continue;
1
1f ( (Muon_charge[0]*Muon_Charge[2] < 0) && (Muon_Charge[1]*Muon_cCharge[3] < 0) ) {

Mzl = muon[@]+muon[2]; Mz2 = muon[1l]+muon[3];

1t ( (Mz1.M() < 110) && (Mz1l.M() = 70) && (Mz2.M() < 110) && (Mz2.M() = 70) ) continue;
}
1t ( (Muon_cCharge[0]*Muon_Charge[3] < 0) && (Muon_Charge[l]*Muon_Charge[2] < 0) ) { )

Mzl = muon[O]+muon[3]; Mz2 = muon[1l]+muon[2]; // Variables

it ( (Mmz1.m() < 110) && (Mz1l.M() = 70) && (Mz2.M() < 110) && (Mz2.M() = 70) ) continue; TLorentzVector muon[S];
1 TLorentzVector Mdm;

TLorentzVector Mzl; TLorentzVector Mz2Z;

1T ( Muon_ '= 4) continue;
Mam=muon [O]+muon[1]+muon[2]+muon[3];
invmass->F111(Mdm.M());

Edit View Options Tools

invmass

Entries 1071
Mean 169.2
RMS 90.8

iy | rnp] )
300 350 400




géz.é;i,mieme - 4 mnuonlu
oiaviarda Higqs olabilir mi?

1t ( Muon_ !'= 4) continue; // Variables

. Mam=muon[0]+muon[1]+muon[2]+muon[3]; TLorentzvector muon(Sl;

( (M4m-M() < 110) ) continue; TLorentzVector Mzl; TlLorentzVector Mz2;
invmass->F111(M4m.M());

Entries 729
Mean 207.2
RMS 88.83

250 300 350 400

1%



gaz.i;i,mteme - ik

TF1 *total = new TF1("totnal", "poll(0)+gaus(2)",110,140);

total-=>SetFillcColor(4);
total->SetlLinewidth(2);
total->SetParameters(-3.5,0.3,30,125,3.5);

total->SetParLimits(2, 26, 34);
total->SetParLimits(3, 124, 126); ‘

total-=SetParLimts(4, 2.5, 4.5);
invmass->F1t(total, "wR");

Double t par[5];
total->GetParameters(&par[0]);
Edit View Options Tools
TF1 *signal = new TF1("signal", "gaus",110,140);
signal-=>SetParameters(&par[2]); i :
signal->SetLineColor(4);

signal->Draw("same"); lI\Eﬂntries 207722
ean :

Double t sig = (signal-=Integral(120,130)/2); RMS 88.83

std: rcout =< "S-ig = << Slg << Std::endl;

u.|.|.J|J..|J.L|.|Uuu.|J e o g

400
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Invmass

Entries 729
Mean 1394
RMS 15.79
Underflow 0
Overflow 32

TF1 *total = new TF1l("totnal", "poll(0)+gaus(2)",110,140);
total->SetFi1llColor(4);

total->SetLinewidth(2);
total->SetParameters(-3.5,0.3,30,125,3.5);
//total->SetParLimits(2, 26, 34);

//total->SetParLimits(3, 124, 126);
//total->SetParLimits(4, 2.5, 4.5);
1invmass->F1t(total,"wR");

Double t par[5];
total->GetParameters(&par([0]);

TF1 *signal = new TF1("signal", "gaus",110,140);

signal->SetParameters(&par[2]);
signal->SetLineColor(4);
signal->Draw("same");

Double_t sig = (signal->Integral(120,130)/2);
std::icout << "sig = " << siff] << std::endl;

FCN=86.083 FROM MIGRAD STATUS=CONVERGED 217 CALLS 218 TOTAL

EDM=2.0457e-

EXT PARAMETER

NO. NAME VALUE
-1.61784e+01
1.88371e-01
3.15003e+01
1.25562e+02
-2.10766e+00

09 STRATEGY= 1 ERROR MATRIX ACCURATE
STEP FIRST
ERROR SIZE DERIVATIVE
4.29406e+00 1.21779e-03 -3.49552e-05
3.38466e-02 9.64528e-06 -4.00374e-03
9.45848e-01 3.33401e-03 -1.07442e-05
7.11401e-02 3.15443e-04 8.96618e-04
8.54098e-02 2.71374e-04 1.66704e-04

20



Q&&z.i;i.mteme - ik

dit View Options Tools
TF1 *total = new TF1("totnal", "poll(0)+gaus(2)",110,140);
total->SetFillcColor(4);
Entries 729 total->SetLinewidth(2);
Mean 138.2 total->SetParameters(-3.5,0.3,30,125,3.5);
RMS 14.82 total->SetParLimits(2, 26, 34);
total->SetParLimits(3, 124, 126);
total-=>SetParLimits(4, 2.5, 4.5);
invmass->F1t(total,"wR");

Double_t par([5];
total->GetParameters(&par[0]);

TF1 *signal = new TF1("signal", "gaus",110,140);
signal->SetParameters(&par[2]);
signal->SetLineColor(4);

signal-=Draw("same");

Double t sig = (signal-=Integral(120,130)/2);
std::icout << "sig = " << sig << std::endl;

FCN=103.026 FROM MIGRAD STATUS=CONVERGED 244 CALLS 245 TOTAL
EDM=4.60901e-10 STRATEGY= 1 ERROR MATRIX ACCURATE

EXT PARAMETER STEP FIRST

NO.  NAME VALUE ERROR SIZE DERIVATIVE
-1.81929e+01 .32138e+00  1.33100e-03 2.09861le-05
1.98639e-01 .41390e-02 1.05419e-05 2.86492e-03
2.97775e+01 .07764e-01 8.37752e-04 -4.55264e-05
1.25510e+02 .82099e-02  4.40554e-04  2.59870e-04
2.50000e+00 .29169e-02 B8.01377e-04** at limit **

1l



(;’éz.ii,mleme - ‘Si;njai. dasvast le
mvasiama

o Baslangigta hem sinyal hem ardalain
Lg@.r@.v\ dos e L"\‘?Qiﬁn«\ej@. learar verm&g&uf

o Eimdi; lse sadece s&mvai Lgeren dos:jaja
balesale

o ‘Sav»f& 9 dan burava kadar olan
Saa&mtemevi sadece st\vaL dasvam Lgin
yapsak ne qorurdik?

RR



gazamteme - vaat c&osvam le
M’cvastama

[v]

File Edit View Options Tools

v

File Edit View Options Tools

invmass

Entries 729 Entries
Mean 138.2 Mean
RMS 14.82 RMS

FCN=103.026 FROM MIGRAD STATUS=CONVERGED 244 CALLS 245 TOTAL
EDM=4.60901e-10 STRATEGY= 1 ERROR MATRIX ACCURATE

EXT PARAMETER STEP FIRST

NO.  NAME VALUE ERROR SIZE DERIVATIVE
-1.81929e+01  4.32138e+00  1.33100e-03 2.09861e-05
1.98639e-01  3.41390e-02 1.05419e-05 2.86492e-03
2.97775e+01  8.07764e-01 8.37752e-04 -4.55264e-05
1.25510e+02  7.82099e-02  4.40554e-04 2.59870e-04
2.50000e+00  1.29169e-02 B8.01377e-04** at limit **

R3



géz.éiml.eme - B&rwas SOTW

Grauss parametrelerinin Limitlerint degigtirmelk sonucu nasil
ebiciler?

Gauss yerine bafl-m bir {anwsajon lmiiamsajdm sonug hasil
dedigirdi?

Uyguladigmaiz tirpanlarm ardalan ve sinyal tzerine ebieist
nedir? Baghka &trpantar kullanaralk aynt sohuca umgmaw
mumicun olur mu?

Bk bu sorularm cevaplarmi odevi ¢ozerken
degerlendirmenizi istiyorum:

ATLAS Higgs sinyalini nasi qozlemledi?
hitps://twikicern.ch/twiki/pub/AtlasPublic/HiggsPublicResulks//41-
FixedScale-NoMuProf2.qif
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https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults//4l-FixedScale-NoMuProf2.gif

