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Outline

* In the tutorial of today you will learn:

e Part Ill:
* how to measure of the W mass from lepton p; spectrum
* how the "template" Monte Carlo method works
* how to estimate systematic uncertainties

» we will start using the electron energy calibration of yesterday
 you have to think how a good selection of W events should be
set up
* the electron p; shows a Jacobian peak at M,,/2
« what is the effect of the W p;? how can you suppress it?
 one can determine M,, from the "half-maximum" value

 you will use MC templates with different W mass values

 then a calibration curve is created and a "data" measurement
done

« eventually you should look at possible systematics from the W p;
estimated with the Z decay events
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#include

"math.h"

double ElecCalib(double e raw, double pt, double eta, double phi,
double drjet)

{

J{ useable
ff e raw =
rf pt
’f eta
’r phi

Ff etiso
Ff eoverp

double eti=o,

variables

E/p

raw energy
transverse momentuam
peeudorapidity
azimuthal angle
transverse energy

double

EQVETD,

ff drijet = minimal delta R of jets

double energy = €_raw;

double mZ = 91.2;

i energy calibration

if ( fabs(eta) < 0.5 ) energy = e _raw mZ,/ 89,26 mZ/ 92,40 mZ, 82,07 mZ,/21.67 mZ, 91.47;
else if ( fabs(eta) <« 1.0 ) energy = e _raw mZ/88.13 mZ/91.68 mZ/91.63 mZ,/91.32 mZ/91.37:
else if ( fabs(eta) « 1.5 ) energy = e _raw mZ/86.45 mZ/ 90,2 mZ/90.97 mZ,/91.09 mZ/91.15;
else if ( fabs(eta) < 2.0 ) energy = e_raw mZ /83 .85 mZ/B8.12 mZ/89.8 mZ/90.57 mZ/S90.89;
else if ( fabs(eta) < 2.5 ) energy = & _raw mZ,/80.39 mZ/86.49 mZ, 89,40 mZ,/20.50 mZ,/ 90.86;
ffOAf | fabs(eta) ) energy = e _raw * mZ/mObserved;

S else if | fab=(eta) ) energy = e_raw * mZ/mObserved;

£

TeETUrn energy;
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Solutions of part

- Meel

TMath::Abs(el_eta)<0.5 Enirics 15495

¥2 1 ndf 261.5/171

Prob 1.022e-05

- TMath::Abs{el_sta}<0.5 Slgnal 2946 + 32.1

Mass 91.31+0.05

TMath::Abs{el_sta)>0.5 8& TMath::Abs{el_eta)<1.0 Resol. 3625 + 0053

NBg 0.5705 + 0.2085

TMath::Abs{el_eta)>1.0 && TMath::Abs{el_eta)<1.5 Bg1 45.81 i 2.07

- TMath::Abs{el_sta)>1.5 &8 TMath::Abs{el_eta}<2.0 Bgz -93.94 +1.72

Bg3 64.69 +1.13

TMath::Abs{al_sta)>2.0 &8 TMath::Abs(el_ata)<2.5 Bg4 '1 4.53 i 056
0.0<n<0.5
200 0.5<n<1.0
1.0<n<1.5
150 1.5<n<2.0
2.0<n<2.5

5 iterations

100

50

BhCL

T
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Solutions of part Il

el_pt {njet<2 && el_pt<60} Eniries 57631
PythiaWenu790-WenuNtuple.root RMS 3.514
— 2 | ndf 654.2 / 50
4000 L p0 34.05+0.09
_ p1 8.569 + 0.451
: p2 491.8 + 27.0
3300 e
3000 :_ p6 2.307 £ 0.097
2500;_ MC template
- with MW=79 GeV
2000 :
1500~ 42.43 +I- 0.
1000 |
500
T 30 40 50 60

el _pt
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Solutions of part Il

el_pt {njet<2 && el_pt<60} Entries rieme 315244
ATLASDATA-Wenu-calib.root Mean 33.04
- 2 | ndf 753.6 /1 50
7000 ” rion
— p2 559.1+ 30.9
- .'33 1.11151112191'32
6000 L p6 2.832+0.151
5000
= "data" sample
4000 —
3000 43.55 +I- 0,
2000
1000
0 :|
30 40 50 60

20

el _pt
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Solutions of part Il

Linear fit x2 I ndf 0.3711/3
Constant -7.238 + 0.4533
_ Slope 2.032+0.0106
81
80.5
g -
(4v) 80_—
= i
79.5_—
- calibration curve
79_—
H— | | | | | | | | | | | | | | | | | | |

I|
42.6 428 43 43.2 43.4 43.6
Half Maximum

1 ‘ |
42.4
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Solutions of part Il
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# Linear Fit using W-AZ mass and the half maximum of the jacobian peak
s

s

H#include "TGraphErrors.h"
Hinclude "TCanvas.h"
H#include “TFi.h"

Hinclude "THath.h"
Hinclude "TAxis.h"

oid linear fit(Double_t HMdata=-1>
£
Ad ============ put in hEl‘E fit pal\ameter =================

## numher of entries for fitting
const int n=5;
ssconst int n=@;

s HalfMaximum
Double_t xInl={42.46, 42.64, 42.98, 43.260, 43_.41%;
S#Douhle_t xI[nl={F;

s W and £ mass
Double_t yInl={?9.,. 79.5, 860., 88.5,. 81.23;
S#Douhle_t yInl={F;

¢ Error on HalfMaximum
Double_t exInl={B.1, B.1, B.1, 8.1, B.15;
S#Douhle_t ex[nl={;

7 Error on W mass iz set to B.1 Gel
Double_t eylnl; for <int i=B;i{n;++i) eylil=0.81;
// M

A make Canvas
TCanvas *cl = new TCanvas<{("cl1","linear fit",.200.10.600.488>;
cl—>cddi>;

s7 TGraphError

TGraphErrors =gy = new TGraphErrorsz (n.x.v.ex.eyr; /7 creates a graph with n points at positions x,.y with errorsz ex.el
s Title, Axdis and Markers

gr—>5etTitle<"Linear fit"2>;

gr—rGetRlaxis{>—>8etTitle("Half MHaximum'>;
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Solutions of part Il

el_pt {njet<2 && el_pt<60} hFemp
2000 f— — ATLAS DATA Z->ee systematics of e P
= electron pT
18005 MC Z->ee comparing Z MC
1600 = to Z "data"
1400 —
1200 ;—
1000
800 ;—
600
400 —
200 [
20 30 40 50 50"
el_pt
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Solutions of part Il

el_pt {njet<2 && el_pt<60} h_temp
2000 = systematics of [R*® %919
= electron pT
1800 — comparing Z MC
1600— to Z "data"
1400 ;_ calibration
1200 improves!
1000 ;—
800 -
600 ;—
400 ;— MC Z->ee -
200 :_ [ ATLAS DATA Z->ee (not calib.)
0 :| L | T I N !

N
o

30 40 50 60
el _pt

Arno Straesser - Standard Model Physics at LHC and ILC



Solutions of part Il
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ff Linear Fit using W/Z mass and the half maximum of the jacobian peak

£
£

#include
#include
#include
#include
#include

"TGraphErrors.h"
"TCanvas.h"
"TFl1.h"™
"TMath.h"
"TAxis.h"

wold linear fit (Double t© HMdata=-1)

{

======== put in here fit parameter

Ff number of entries for fitting
const int n=5;
ffoconst int n=0;

J/ HalfMaximum
Double t x[n]={42.46, 42.64, 42.90, 43.20, 43.41};
/fDouble t x[n]={};

S/ W and Z mass
Double t y[n]={79., 79.5, 80., 80.5, 81.};
/fDouble t y[nl={};

ff Error on HalfMaximum
Double t ex[n]={0.3, 0.3, 0.3, 0.3, 0.3};
//Double t ex[n]={};

f/f Error on W mass is set to 0.1 GeV
Doukble t ey[n]; for (int i=0;i<n;++1i) ey[i]=0.1:

£
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S make Canvas
TCanvas *cl = new TCanvas ("cl"™,"linear f£it"™,200,10,600,400)
cl->cdi():;

S IGraphError

TGraphErrors *gr = new TGraphErrors (n,X,v,eX,.ev): [/ creates a graph with n points at positions X,V with errors ex, ey
Sf Title, Axis and Markers

gr->5etTitle ("Linear f£it");

gr->GetXaxi=s()->5etTitle ("Half Maximum") ;

gr-»Get¥axis () ->3etTitle ("Haszz"):

gr-»GetXaxizs () ->CenterTitle ()

gr->»GEet¥Yaxis ()->CenterTitle():

gr->SetMarkerStyle (21);

gr->»>SetMarkerS5ize (0.5);

Sf Fit Function

TF1 *fit = mew TF1("fit", "poll™, O0.,10.): ff contructor of fit function (using a Polynomial of degree 1)
fit-»S5etParameter=s (0.0 ,1.0); Ff =tart wvalues of parameters of Poll (first: constant term, second: 1
fit-»S5etParNames ("Constant™, "Slope™) ; /f =et names of parameters

S/ it points using the fit function

gr—>Fit ("fit", "E");

gr—->Draw ("LE") ; S draw pointsTest, errors and the fitc
gr->Print () : S print results

S print fitted mass for given half maximum
if (HMdata!=-1) {
TF1 *fitfunc = gr->GetFunction ("fit"): Ff get fitted function from graph
Double t mass = fitfunc->Eval (HMdata): f/ evaluate your half maximum wvalue from the ATLAS dataset W->enu
// this returns the mass for this half maximum

cout << endl;

cout << " " < endl << endl;
cout << "for a half maximum of "™ << HMdata << "™ the fitted mass iz " << endl << endl;
cout << " —-=> " << mass << " g-= " << endl << endl;

cout << " " ¢ endl << endl;



