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- In the tutorial of today you will learn:

- Part I:
 how to use the ATLAS event display

- we will look first at Z bosons produced in simulated pp

collisions which decay to a pair of electrons
pp — Z+X — et+e- +X

 how to extract information from the display to calculate
kinematic variables

- you will compare measurements of the mass of Z boson,
with different detectors, the calorimeter and the tracking
detector

- use ROOQT for the calculation

- Part Il
* determine the Z boson mass in an uncalibrated data set
- your task is to improve the calibration of the electron energy
- you learn how to use ROOQOT for histograms and fitting

- This afternoon: Part Ill:
- measurement of the W mass from lepton pT spectrum
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- you may set a higher cut on the track pT (it is now at 1 GeV)
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Solutions part |

- Z mass event #3
- calorimeter
- tracker

- Z mass event #7
- calorimeter
- tracker

- Z mass event #9
- calorimeter
- tracker

mee = 119.991 GeV
mee = 83.7935 GeV

mee = 86.0215 GeV
mee = 68.5353 GeV

mee = 87.4466 GeV
mee = 34.5958 GeV
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el_eoverp e+ and e- separate htemp
Entries 116253
[ Mean 1.1
- RMS  0.1579
20001 —— el_eoverp
40001 -~ pos_eoverp
3000—
2000
1000
- | I |
0 0.5 1 1.5 2

el_eoverp

track momentum calibration slightly too low (see calorimeter calibration later)
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el_eoverp e+ and e- combined htemp
Entries 116253
u Mean 1.1
E RMS 0.1579
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- 1 .
005 2
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- for njet==0 — pT spectrum peaks at MZ/2 ~ 45 GeV
- for njet>0 — pT spectrum peaks at lower masses

reason:
- additional jets balance their pT against Z momentum
- Zhas pT =0 — ideal "Jacobian peak" approximation is not valid
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Figure 5.2: Feynman diagrams for the production of Z boson together with
0,1,2.3 jets (from [25, p.120])
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TMath::Sqrt(pow(el_energy+pos_energy,2)-pow(el_px+pos_px,2)-pow(el_py+pos_py,2)-pow(el_pz+pos_pz,2)) ht emp
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)-pow(el_py+pos_py,2)-pow(el_pz+pos_pz,2))
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TMath::Sqrt{pow(el_energy+pos_energy,2)-pow(el_px+pos_px,2)-pow(el_py+pos_py.2)-pow(el_pz+pos_pz,2)) h t e m p

50X103 Entries 116253
40
30
20
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(el_py+pos_py,2)-pow(el_pz+pos_pz,2))
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[\

finclude “math.h"™

double ElecCalib{double e_wraw, double pt,. double eta,. double phi.
double etiso,. double eoverp, double drjetd

3
s useahle variables
A4 B_Praw T PAaw eneprgy
oA pt = transverse momentum
s eta = pseudorapidity
oy phi = azimuthal angle
A4 etiso = transverse energy
s eoverp = Ep
A4 drjet = minimal delta R of jets

double energy = e_rau;
doubhle mZ = 91.2;

l..ul'/ EE Energy calihratiun eSS EE S EEEEEEEEEE=

e_raw * miés/m0bzerved;
e_raw ¥ miLs/mObhserved;

A0 if ¢ fabsc<eta? < 1.5 » energy
A7 else if ¢ fabhsd{eta) > 2.8 » energy

return energys;

H
ElecCalib.C lines 1-28-28 C(ENDD
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A A

File Edit Optionsz Buffers Tools C++ Hel

= g_raw;
= 91.2;
if { Fabhsd{eta) < B.5% > energy = e_raw * nZ/87_.26 * mZ /22480 = mZ/72_07 = nZ/71.67 =* mZ/21.47;
elze if ( fahsdeta>» < 1.8 > energy = e_raw * nZ-B88.13 = mZ-91.68 = mZ-71.63 = nZ-91.32 = nZ-91.37;
else if { fabs<eta? < 1.5 > energy = e_raw * nZs/86.45 * mZ 28.29 = nZ/20.97 * nZ-91.87 * mZ- 91.15;
elszse if ( fabsdeta) < 2.8 > energy = e_raw * nZs/83.95 =* mZs88.12 = mZ/87_.86 = mnZ-78.57 = mZ/70_.89;
elze if ( fahsdeta> < 2.5 > energy = e_raw * nZ- -B0.39 =* mZ- /86.49 = nZ-89.48 =* nZ-978.50 = nZ-90.86;

return energy;
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—PA
e e = e~ oimam

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

AP, -
L S )7 &4 c A Q ':_@ http://iktp.tu-dresden.de/~feli/IntroSchool/ElecCalib.C f_\f * '::" Google ’Ol

f Amo | CERN S Atlas ©/ Atomzeit , ROOT wd ArnoStraessner (2] hepex | | hepph [ NeueIKTP Seite () TU Dresden ({8 IKTP wd IKTP || Terascale | | insitu 3§ MMM || DPNC | UniGe | | Annuaire LAPP

Lesezeichen % 4| @ Indexof /.. @ Atlantisdo.. | | Both_cover..| | | Elcoverp... | B httbC x | | EiecCalib L..| ] ElecCalib.r.. | hitp:/.FitC | | MZcomp.. | || MZcomp.. | MZcb + -
Suchen: ,0 |
b || Ferien o
b |l Fun double ElecCalib (double e_raw, double pt, double eta, double phi,

b | |, Graduiertenkolleg double etiso, double eoverp, double drjet)
{

#include "math.h"

b ||\ Hauptseminar
b ) Info

b | Job

b ||y Languages

// useable wvariables
e raw = raw energy
pt transverse mMOmMEntum
eta paeudorapiditcy
b LArUpgrade phi azimuthal angle
b ) Meteo etiso LIAansSverse ENergy
b |\ Mountains eoverp = E/p
b |l Music drjet = minimal delta R of jets

b ) News

b |uly IEEE

b |y Physics

b ||} ROD production & ...
b || Sailing f/ ============ gnergy calibration
b ||| Sailing Cruise

bl Ski if fabs (eta) <

double energy = e_raw;
double mZ = 91.2;

0.5 ) energy = e _raw * mZ/83.26 mZ/82.
b | System else i fabs (eta) 1.0 ) energy = e _raw * mZ/88.13 * mZ/91.
b | TDAQ else i fabs (eta) 1.5 ) energy = e raw * mZ/86.45 mZ/390.
b L]\ Windoofs else i fabhs (eta) 2 ) energy = e raw * mZ/83.95 mZ/88.
b _L' faorhia s elze i fabs (eta) 2 ) energy = e_raw * mZ/80.39 mZ/86.

P |} UniDresden EhAE { fabs(eta) <« 1.5 ) energy e raw * mZ/mCbserved;
b |} ERASMUS // else if ( fabs(eta) > 2.0 ) energy = e_raw * mZ/mCbserved:
B |, HiggsVL
b |, RandD Vit
b luly BND
| MMM direct
'g.,' Google.de
':_.' Googlefr
'(-:l Google.ch
| UniGeAnalysisDiscu..
Ll ArnnSh
Fertig

return energy;

=
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Mee0

TMﬂth. -AbS(eI eta)<0-5 Entries 12495

— ¥2 [ ndf 263 /170

Prob 6.095e-06

Signal 2758+ 42.4

Mass 89.26 + 0.06

- TMath::Abs(el_eta)<0.5 Resol. 4.602+ 0.084

NBg 0.7981+ 1.2102

Bg1 -30.39 + 84.31

TMath::Abs(el_eta)=0.5 && TMath::Abs(el_eta)<1.0 Bg2 77.43+ 213.06

Bg3 -58.8+ 165.4

TMath::Abs{el_eta)>1.0 && TMath::Abs(el_eta)<1.5 Bgd 14.12£ 41.12
- TMath::Abs(el_eta)>1.5 && TMath::Abs(el_eta)<2.0
TMath::Abs(el_eta)>2.0 && TMath::Abs(el_eta)<2.5

% -J : = -—_Ed-\--"j———ﬁa-. A

120

100 110

Arno Straesser / A. Vest - Standard Model Electroweak Physics at the LHC 14



TECHNISCHE
@ UNIVERSITAT
DRESDEN

Solutions of part |l

.e Mee0
TMath::Abs(el_eta)<0.5 Enirics 15495
2 | ndf 261.5/171
Prob 1.022e-05
- TMath::Abs{el_eta}<0.5 Signal 2946 + 32.1
Mass 91.31+0.05
TMath::Abs{el_sta)>0.5 8& TMath::Abs{el_ata)<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 && TMath::Abs(el_eta)<2.0 Bgz -93.94 +1.72
- - Bg3 64.69 + 1.13
TMath::Abs{el_eta)>2.0 && TMath::Abs(el_eta)<2.5 Bg4 '1 4.53 i 0.56
- 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
- S iterations
100—
50—
- _ Loy ol [t h,
100 110 120
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Meel
Entries 116253
¥2 I ndf 947.9/172
Prob 0
Signal 2.2e+04+ 99
Mass 86.65+ 0.03
Resal. 5.461= 0.029
2400 NBg 0.4037 + 0.0125
Bg1 1960+ 8.6
Bg2 -5890= 11.4
22 00 Bg3 5823+ 7.1
Bgd -1801+ 3.8
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