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One of two general purpose detectors
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pr Scaling

CMS Experiment at LHC, CERN

Systematic uncertainty for high e e e
transverse momentum measurement R

(PT)
From cosmic ray studies

5% scale uncertainty at 1000 GeV
dimuon mass

Believe from weak mode in detector

The effect of p; scaling on Drell-
Yan yield for high masses has not —
been studied for 13 TeV data runs

Photograph: Tadel, Matevz , Date: 11/11/2014



Drell-Yan

Drell-Yan process, no final state radiation Drell-Yan process, with final state radiation



The Study

Goals Procedure

Simulate Drell-Yan background at 13 Initial Generation

TeV for high minimum masses
J Primary Analysis

Parameterize the resulting uncertainty in

event yield Fit of Analysis
Shifted Shifted Uncertainty
unceI:tTainty mass number of in number

entries of entries



Monte Carlo Generation with PYTHIA 8

Named for Greek oracle, Pythia

Event generator called within CMS Framework
Python configuration file

PYTHIA Fragment for Drell-Yan
‘WeakZ0:gmZmode = 0’
‘WeakSingleBoson:ffbar2gmz = on’
‘23:0nMode = off’
‘23:.onlfAny = 13’

‘PhaseSpace:mHatMin = ' (set in command line)

https://upload.wikimedia.org/wikipedia/commons/thumb/3/32/
Themis_Aigeus_Antikensammlung_Berlin_F2538_n2.jpg/220px-
Themis_Aigeus_Antikensammlung_Berlin_F2538 n2.jpg



entries per bin

Initial Analysis

Z boson mass, with and without final state radiation

EDAnalyzer
1035_ —no FSR analyzer skeleton in CMS framework
- Accesses data without changing it
102 —FSR C++ plugins in Python script

Selects for particles using
“GenParticleCollection” handle

10 Finds muons and muon parameters: 7, ¢,

E P, etc.

1__ | ]_J_ [ Modified to only accept final state muons
S R ORI 1 .]l ._ Outputs simpler data file for more in-depth
B ® ” . By analysis



ROOT 6 Analysis

Used ROOT TTree:MakeClass() to scale p;
1.0 £0.05(~7/1000 ) scaling factor on p+

Reconstructed Dimuon Mass
M2 =vV2PIT1 PIT2 (cosh(dl —1d2 ) —cos (@l —gd2 )
ROOT Class macros

DimuonClass.C, DimuonClass.h,
runDimuonClass.C,

Merge and fit macro

me rg ere I d Iﬁ:' C https://upload.wikimedia.org/wikipedia/commons/thumb/7/7f/
ROOT_Logo.png/297px-ROOT_Logo.png



Equation for invariant mass
M2 =V2plT1 pdT2 (cosh(pdl —7d2 ) —cos(@dl —gd2 )
77, pseudorapidity
7=—In(tan(4/2))




Results

P of first muon, 800 minimum dimuon mass

100,000 event files — true P,

—— P, scaled-up 5%

800 GeV min dimuon mass

—— P, scaled-down 5%

entires per bin
B
g
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entries per GeV

entries per GeV

Boson Mass, min mass 800 GeV
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relative difference

Relative Difference, 5% at 1000 GeV Scaling

0.24 — SR
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0.22—
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u |
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Uncertainty in the yield!



relative difference

relldiff =|(entrieslscaled >M)—(entriesltrue =M) /(
entresitrue =M) |

Relative Difference, 5% at 1000 GeV Scaling
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Conclusions

Modeled effects of p; scaling on invariant mass of dimuon production at 13 TeV
PYTHIA 8 event generation

300,000 events

Analysis in CMSSW and ROOT

Quadratic parameterization of uncertainty as a function of minimum dimuon mass
uncertaintylyield =6.90x107-3 +5.03x107-5 mimin +2.52x107-8 mimin T2
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