D@ note 6314
\ersion 1.2

Muon Momentum Oversmearing Update for Run llbl and Run IIb2 Data Taking Epochs
and Run IIb2 Monte Carlo

O. Brandt?, D. Hedir?, L. Feng and A.S. Santds

1Fermi National Accelerator Laboratory, Batavia, lllinois 60510, USA
2Géttingen University, Germany
3Northern lllinois University, USA
4SPRACE / Instituto de Fisica Tedrica, Universidade Estadual Paulista,Paéito, Brazil

(Dated: February 29, 2012)

This is a muon momentum oversmearing study for Run lIb1 and Runddib2 taking epochs and Run 11b2
Monte Carlo. The method consists of oversmearing the transverse mamef muons from//y — p* ™
andZ,v* — pTp~ resonances and getting parameters frog® dit when comparing dimuon invariant mass
distributions of data and Monte Carlo events. This work is a complementesfqus studies which analized
other data taking epochs and Monte Carlo versions. Thus results fésere goes under the same method,
including selection cuts and computation of statistical and systematic untiegaia well.
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. INTRODUCTION

The lastest updated studies ([1—-3]) on the muon momentursmearing were performed for the following data taking dysoc
and Monte Carlo versions:

e DJ Note 6031:

— Run b1 data / Run IIb1 MC (p20.09);
— Run 11b2 data / Run IIb1 MC (p20.09);
— Run llb1+11b2 data / Run lIb1 MC (p20.09).

e D@ Note 6190:

— Run 11b2+11b3 data / Run lIb1 MC (p20.09);
— Run 11b2 data / Run IIb2 MC (p20.15);

— Run IIb3 data / Run l1b2 MC (p20.15);

— Run IIb2+1Ib3 data / Run IIb2 MC (p20.15);
— Run lla data/ Run Illa MC (p18.13);

e DJ Note 6312:

— Run 1Ib3 data / Run 11b3 MC (p20.17)
— Run 11b3+11b4 data / Run 11b3 MC (p20.17)

A remaining study is for Run IIb1+lIb2 data taking epoch anchiRb2 MC (p20.15), and has been documented in this Note.

The latest improvement in the muon-oversmearing methodiisew in detail in the D@ Note 6031[1], being the same varsio
used here, as well as the same way to compute systematidaintes. This method use¥+ — u*p~ andZ,v* — utp~
MC events produced byyTHIA andALPGEN respectively. Both data and MC ROOT-files for this round obmoversmearing
study (Run llb1+11b2 data / Run 1Ib2 MC) are the same onestettfor D@ Note 6190 2], with exception of Run b1 data,
which had to be created.

In order to help readers going through this document, thexerere informations about data and Monte Carlo events (sec-
tion[ll), as well as about the muon-oversmearing methodi(=edl).



3

In section1V, results from muon-oversmearing studies arergby MC events oversmeared with onlySingle-Gaussian
since Run 11b2 MC needs very little oversmearing. In sedifdmuon-resolution parameters (computed using generatexhm
momenta at parton level MC instead of fully simulated MC) gireen by bothSingleand Double-Gaussianthe latter being a
more reasonable fit to get a better agreement between datd@nd

Muon-oversmearing studies based on the newest data tagowhs and MC versions, such as Run I1lIb3+IIb4 data and Run
[Ib3 MC have been performed and are detailed in [3].

1. DATA AND MONTE CARLO EVENTS

The selections cuts applied to data and MC events refer to2maining number of /¢ — pTp~ andZ,v* — ptpu~
events are listed in tablgs 1 ddd 2 for data and MC respegtivel

Data Epoch| Run Number Remaining Events
I/ = p |2y = p T
Runllbl {151,817 - 215,670 812,295 42,095
Run 11b2 |234,207 - 251,282 4,127,858 191,101

Table 1. Remaining /¢ — ptp~ andZ,~v* — utp~ data events after selection cuts concerning reference [2].

I/ =t |2y =t

D@release for Run [Ib2 MC p20.15.04 p20.15.00
CAF version p21.24.00 p21.24.00
Version of CSG dataset definitior] 1 1
Remaining Events 15,744 722,156

Table 2. Remaining/ /v — ptu~ andZ,v* — u*p~ Monte Carlo events after selection cuts concerning reference [2].

Events correspondent tB/¢) PYTHIA Monte Carlo were created with Request IDs listed in tAblee®ld4 shows the complete
list of Request IDs used to create~* — u™p~ Monte Carlo events.

MC version J /¢ Monte Carlo Request IDs
Run Ib 2 65872, 65873, 65874, 100772, 100773, 100774, 100775
100776, 100777, 100778, 100779, 100780, 100781, 110993

Table 3. Request IDs correspondent/ta) PYTHIA Monte Carlo.

lll.  TYPE OF TRACKS AND EVENTS

The transverse momentum of the muon is more accuratelyidedavhen its track curvature have a reasonable numberof hit

in the SMT and CFT. The muon-oversmearing parameters magptelifferent values depend on these hits. Such parameters
are computed for three different type of dimuon events:

e Type 1 both muons have hits in the SMT and are in the central redign-| < 1.6);
e Type 2 both muons have hits in the SMT and only one muon|hasgr| < 1.6;

¢ Type 3 only one muon has hits in the SMT.

The muon-oversmearing parameters are also computed eongjdhree different type of muon track qualities (as define
in [4]): Medium LooseandNew MediumWhen, for example, Bediumtrack quality is selected, it is placed as a central value,

while LooseandNew Mediuntrack qualities are used as sources of systematic undéetairiThe other source of systematic
uncertainties are described in [2].



Z Monte Carlo Request IDs
Subprocess Mass range (in GeV Request IDs
Z,v* 4+ 0lp — ptu~ +0lp 15—75 114295, 114296, 114297, 114298, 114299, 114300
75— 130 114141, 114142, 114143, 114144, 114145, 114146
130 — 250 114328
250 — 1960 114348
Z,y* 4+ 1p — ptp~ +1lp 15—75 114301, 114302, 114303
75—130 114147, 114148, 114149
130 — 250 114329
250 — 1960 114349
Zy*+2p — ptp +2lp 15—75 114304, 114305, 114306
75—130 114150, 114151, 114152
130 — 250 114330
250 — 1960 114350
Z,4*+3lp— ptu +3lp 15—75 114307, 114308, 114309
75—130 114153, 114154, 114155
130 — 250 114331, 119124
250 — 1960 114351

Table 4. Request IDs correspondentt@aLPGEN Monte Carlo of Run IIb2 version.

IV. MUON-OVERSMEARING PARAMETERS

Through the muon-oversmearing method, it is possible tosorear the muon transverse momentum using either a Single-
Gaussian — taking care of corrections aroufid) and Z resonances only — or a Double-Gaussian — expanding carecti
over higher dimuon invariant mass ranges.

In summary, both methods used to oversmear the muon trasesrermentum have 2 main parameters to be computed from
the x? fit in the dimuon invariant mass between data and MOs sensitive to geometrical effects, whilg is sensitive to
dead matterial of the detector. Generally, when it is fodnet 0.001 GeV~!, it is an indication that the analyzed MC version
describes data rather well. Table 5 shows the muon-overamgaarameters for Run IIb1+11b2 data and Run 11b2 MC using a
Single-Gaussian. Thus, in principle, very little oversnirggis necessary for this set of data and MC.

Since Run lIb1+IIb2 data taking epoch and Run IIb2 MC doesreqtiire to apply much oversmering to Monte Carlo,
only a Single-Gaussian has been used to compute paramiet@isng at figurd L, one could say there is no need to apply an
oversmearing. Indeeg? /n.d. f. values on tablgl6 clealy shows a better data/MC agreementghra Single-Gaussian for Types
1 and 3. In case of Type 22 /n.d.f. values from non-oversmeared MC are lower than those oraeddlo Single-Gaussian. It
is becaused and B parameters are determined using béth) — ™ andZ,v* — ptp invariant mass distributions, but
only Z,v* — u*u~ distribution is used to compute thé /n.d.f. values. However, such values from Single-Gaussian are all
about 1, being all acceptable.

Track Selection| Type| A (x1073) B (x1072) Scale(x1072)

1
Medium

0.83 £0.07£0.17
0.28 £0.50 £0.28
2.04 £0.27£0.39

1.13+£0.11 £ 0.42
0.93£0.71£0.93
2.13£0.74 £ 0.62

0.27 +£0.04 £0.14
0.59 £ 0.11 £ 0.59

—0.27+£0.13 £0.27

Loose

0.80 £ 0.09 £ 0.06
0.28 £0.29 £0.28
2.28 £0.25£0.38

1.43+£0.18 £ 0.21
1.18 £0.62 +£0.73
1.71+£0.31£1.09

0.29+0.04 £0.13
0.54 £ 0.73 £ 0.54

—0.27 £ 0.13 £ 0.27

New Medium

W NRFPIWNPRPRPWDN

0.83 £0.06 £0.11
0.28 £0.22£0.28
2.20+£0.18£0.25

1.38 £0.23 £ 0.37
1.33+0.82+1.24
14£04+£14

0.28 £0.04 £0.16
0.46 £0.11 £0.46

—0.16 £0.13£0.16

Table 5. Allmuon-oversmearingparameters for Run IIb1+IIb2 data taking epoch and Run IIb2 MCgSingle-Gaussian. Three different
types of dimuon events is showed for three different track quality ofmeudhe first uncertainty is statistical and the second is systematic one.

The third parameter in tablé 5 isScalefactor applied to the muon transverse momentum to correctlifference in theZ
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peak between data and Monte Carlo. All statistical and syatie uncertainties related to such muon-oversmearingnpiars
are listed in detail in AppendixIA.

Type 1 Type 2 Type 3

Track Selection|ns-MC|DG| SG |ns-MC|DG| SG |ns-MC|DG| SG
Medium 1.20 | —(1.13] 0.49 | — |1.07| 1.21 | — |1.02
Loose 219 |—|1.64 0.71 | —|0.99 1.40 | — |1.24

New Medium | 1.97 | — [1.28| 0.61 | — (1.13 1.32 | — [1.11

Table 6. Oversmearing-parametes:/n.d. f. values from comparison between data and MC dimuon invariant masialisns in case of
non-oversmeared MC (ns-MC) and oversmeared MC via Doubles$sa(DG) and Single-Gaussian (SG).
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Figure 1. Data and reconstructed M&/y* — p*u~ invariant mass distribution (figures on the top) gidata — MC) /o (figures on
the botton) for the 3 type of tracks in caseRyin [Ib1+11b2 data taking epoch / Run IIb2 MC andMedium track quality Data (dots) is
compared with non-oversmeared MC (blue lines) and oversmearedd/&lngle-Gaussian (green lines).

Figure[2 shows theZ, v* — u* ™ invariant mass comparing data and MC considering all 3 typeunn track qualities.
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Figure 2. Data and reconstructed MiJ~* — p ™ invariant mass distribution (figures on the top) ditlita — MC) /o (figures on the
botton) for the 3 type of tracks via Single-Gaussian in caseunf 11b1+IIb2 data taking epoch / Run [Ib2 MC . Data (dots) is compared with
non-oversmeared MC (dashed lines) and oversmearead MC (fud) JitakingMedium track Loose trackandNew Medium trackjualities.



V. MUON-RESOLUTION PARAMETERS

Muon-oversmearing parameters are obtained when data ipazech with recontructed Monte Carlo. That is, Monte Carlo
events are passed through the detector recontruction. vesmiution parameters, on the other hand, are a product &o
comparison with MC at parton level (when no detector reqoistibn is applied) being objects of interest for analysigcl use
muon transfer functions. Tablek 7 ddd 8 list the muon-réisoiyparameters when a Double-Gaussian and a Single-Galms
applied respectively.

From figured B t¢15, it is reasonable using a smeared MonteCgf/n.d.f. values on tabl€]9 shows a better data/MC
agreement when using a Double-Gaussian.

As seen in the sectidn1V, the muon-oversmearing only reguir Single-Gaussian as the Monte Carlo did a reasonable job
in reproducing the data including the SMT and CFT inefficieacHowever, there are still non-Gaussian tails in the naome
resolution and a Double-Gaussian reproduces these laiteis so the best to use to determine the momentum resaolution

Track Selection| Type| A (x107%) B (x1072) C(x1072) D (x107%) Scale(x1072)

Medium

1

2.06 £0.03 £0.18
2.54+0.14+0.31
3.66 £0.20 £ 0.33

2.24+0.07£0.21
2.00 £ 0.61 £ 0.89
23£07+1.2

89+14+6.5
79+£21£5.0
26+£28+26

51+£02£18
T7TE38L£77
124+10+9

0.39£0.39£0.20
0.82+£0.11 £ 0.82
0.1+£0.1+0.1

Loose

2.144+0.02 +£0.11
2.54 +0.15 +0.42
3.82+£0.11£0.43

2.40 £ 0.06 £0.16
2.64+£0.42£0.54
2.50 £0.33 £ 0.63

6.5+03+1.7
6.1+15+4.9
8.0+28£7.7

69+01+1.3
16 £10+ 16
8+14£8

0.43£0.04£0.10
0.76 £0.11 £0.76
0.50 +£0.13 £ 0.50

New Medium

W NPFPIWNERPWN

2.22+£0.07£0.21
2.78 £0.13 £ 0.61
3.98 £0.19 £0.52

2.40+0.13+£0.24
1.8+0.2+£1.8
3.10 £ 0.50 £0.72

4.7+£05+27
43+£14+38
4.7+£3.0+£4.7

75+05+14
13+12+13
0.2+19.0+£0.2

0.44+£0.04£0.10
0.52+0.11 £ 0.52
0.02£0.13£0.2

Table 7. Allmuon-resolution parameters for Run IIb1+IIb2 data taking epoch and Run 1Ib2 MCguBiauble-Gaussian. Three different
types of dimuon events is showed for three different track quality ofmaudhe first uncertainty is statistical and the second is systematic one.

Track Selection

Type

A (x1073)

B (x1072)

Scale(x1072)

Medium

1

2.30£0.06 £0.11
2.624+0.09£0.31
3.66 £0.10 £0.30

2.244+0.07£0.29
2.24 4+ 0.26 £ 0.59
3.3+06+1.6

0.47 +£0.04 £0.17
0.85+£0.11£0.85
0.23£0.13£0.23

Loose

2.30+0.01 £0.11
2.62+0.12+£0.24
3.98 £0.12 £ 0.47

2.48£0.06 £0.16
2.24 +£0.47+£0.89
2.90 £0.27 £ 0.40

0.51+£0.04 £0.16
0.82+0.11 £ 0.83
0.31 £0.14 £0.31

New Medium

WNPRPWNPRPWDN

2.30£0.02£0.14
2.78+0.11 £ 0.44
3.98 £0.12 £0.47

2.40 £0.09 £0.16
20+£04+16
3.10 £ 0.38 £ 0.60

0.50 £0.04 £0.16
0.57£0.11 £0.57
0.1+0.1+0.1

Table 8. Allmuon-resolution parameters for Run IIb1+IIb2 data taking epoch and Run 11b2 MCguSingle-Gaussian. Three different types
of dimuon events is showed for three different track quality of muohe first uncertainty is statistical and the second is systematic one.

All statistical and systematic uncertainties related ® fiuon-resolution paramters in tablés 7 Bhd 8 are listedtailde
AppendixB.

Type 1
DG | SG
0.87|2.84
0.91/6.11
1.235.46

Type 2
DG | SG
1.02/1.81
1.113.25
1.02/2.04

Type 3
DG | SG
1.07/1.32
0.96/1.66
0.951.13

Track Selection
Medium
Loose
New Medium

Table 9.x?/n.d.f. values from comparison between data and MC dimuon invariant massualistns using resolution-parameters.
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Figure 3. Data and generated M&@y* — u* ™ invariant mass distribution (figures on the top) dithta — M C) /o (figures on the botton)
for the 3 type of tracks in case Bfun IIb1+IIb2 data taking epoch / Run IIb2 MC andMedium track quality Data (dots) is compared with
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VI. CONCLUSION

The muon momentum oversmearing study for Run IIb1+11b2 ¢eitang epochs and Run 1Ib2 Monte Carlo (version p20.15)
has observed a need of oversmearing transverse momentunoasito well model Monte Carlo. Muon-oversmearing parame-
ters are given by a Single-Gaussian only, since Run I1b2 Mfires very little oversmearing.

Muon-resolution parameters are computed by Double andeési@gussian. Monte Carlo events smeared by Double-Gaussia
clearly results in a better data/MC agreement.
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Appendix A: Statistical and Systematic Uncertainties for Muon-Owersmearing Parameters

All statistical and systematic uncertainties for the mwerrsmearing parameters are showed bellow consideririgozsecof
the 3 different type of muon track qualitiellédium LooseandNew Mediumas a central value.

1. Medium Track Selection

Tabled 1D anf11 show statistical and systematic unceadsifar the muon-oversmearing parameters, in case of Tyge 1,
and 3, wherMediumtrack quality is used as a central value.

Single Gaussian
Statistical Uncertainty | AA (x1073)| AB(x1072)
Data.J /v 0 0
— Monte CarloJ /v 0.0280 0.088
§ DataZ 0.0450 0.051
= Monte CarloZ 0.0380 0.044
Total errors + 0.0652 +0.111
Data.J /v 0 0
«~| Monte CarloJ/+y 0.2560 0.495
§ DataZ 0.3270 0.382
= Monte CarloZ 0.2810 0.336
Total errors + 0.5014 + 0.710
DataJ/v 0.0170 0.058
o | Monte CarloJ/+ 0.1630 0.582
g DataZ 0.1790 0.402
= Monte CarloZ 0.1260 0.218
Total errors + 0.2734 +0.743

Table 10. Statistical uncertainties correspondemhtmn-oversmearingparameters for Run IIb1+11b2 data taking epoch and Run 1Ib2 MC

using Single-Gaussian, consideriMgdium Trackas selection of reference. Uncertainties are showed for the threeediftypes of dimuon
events.
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Single Gaussian
Systematics A(x1073)|B(x107%)|Scale(x10™2)
Reference 0.8250 1.125 0.2725
Loose muon 0.6750 1.525 0.3092
New medium track 0.7650 1.175 0.2364
— | Tight Z pr cut (25 GeV) | 0.8250 1.125 0.2389
§ Tight J/+ pr cut (3.5 GeV) 0.8250 1.125 —
= J /4 scale — — 0.3988
Largerx? range 0.7650 1.225 0.2725
Loose track 0.8250 1.125 0.2725
Total errors 4+ 0.1723 + 0.415 + 0.1404
Reference 0.2750 0.925 0.5859
Loose muon 0.1750 1.225 0.4431
New medium track 0.1750 0.075 0.5085
| Tight Z pr cut (25 GeV) | 0.5750 1.175 0.5765
§ Tight J/4 pr cut (3.5 GeV)  0.3250 1.175 —
= J /4 scale — — 1.3280
Largery? range 0.0750 0.325 0.6117
Loose track 0.2750 0.925 0.5859
Total errors + 0.2750 + 0.925 + 0.5859
Reference 2.0400 2.130 —0.2721
Loose muon 1.9600 2.130 0.0010
New medium track 2.2800 2.430 0.3233
o | Tight Z pr cut (25 GeV) | 1.9600 2.130 —0.3224
é’ Tight J/+ pr cut (3.5 GeV) 1.9600 2.670 —
= J /4 scale — — 0.3885
Largery? range 1.7600 2.070 —0.2804
Loose track 2.0400 2.130 —0.2721
Total errors +0.3939 | +0.620 +0.2721

Table 11. Systematic uncertainties correspondention-oversmearingparameters for Run llb1+1Ib2 data taking epoch and Run 11b2 MC
using Single-Gaussian, consideriMgdium Trackas selection of reference. Uncertainties are showed for the threeediftypes of dimuon
events.



12

2. Loose Track Selection

Tabled 1P an@13 show statistical and systematic uncegsiftr the muon-oversmearing parameters, in case of Tyge 1,
and 3, wherLoosetrack quality is used as a central value.

Single Gaussian
Statistical Uncertainty | AA (x10™3)|AB(x1072)
Data.J/v 0.0020 0.003
—| Monte CarloJ/+ 0.0550 0.141
§ DataZ 0.0590 0.074
= Monte CarloZ 0.0500 0.070
Total errors + 0.0949 +0.175
Data.J /v 0 0
«~ | Monte CarloJ/v 0.1670 0.457
§ DataZ 0.1770 0.321
= Monte CarloZ 0.1540 0.275
Total errors + 0.2879 + 0.623
Data.J/v 0 0.004
o | Monte CarloJ/v 0.0930 0.292
§ DataZ 0.2040 0.089
= Monte CarloZ 0.1100 0.056
Total errors + 0.2497 + 0.310

Table 12. Statistical uncertainties correspondemhtmn-oversmearingparameters for Run llb1+l1b2 data taking epoch and Run IIb2 MC

using Single-Gaussian, consideribgose Trackas selection of reference. Uncertainties are showed for the threeediffigpes of dimuon
events.



13

Single Gaussian
Systematics A(x1073)|B(x107%)|Scale(x10™2)
Reference 0.7950 1.425 0.2941
Loose muon 0.7350 1.475 0.2740
New medium track 0.7950 1.225 0.2596
— | Tight Z pr cut (25 GeV) | 0.7950 1.375 0.2815
§ Tight J/+ pr cut (3.5 GeV) 0.7950 1.425 —
= J /4 scale — — 0.4190
Largerx? range 0.7950 1.425 0.2993
Medium track 0.7950 1.425 0.2941
Total errors 4+ 0.0600 | +0.212 + 0.1318
Reference 0.2750 1.175 0.5427
Loose muon 0.5250 0.725 0.5417
New medium track 0.8750 0.625 0.4628
| Tight Z pr cut (25 GeV) | 0.0250 1.025 0.4826
§ Tight J/4 pr cut (3.5 GeV) 0.2750 1.175 —
= J /4 scale — — 1.1929
Largery? range 0.2250 1.175 0.4126
Medium track 0.2750 1.175 0.5427
Total errors +0.2750 | +0.726 + 0.5427
Reference 2.2800 1.710 —0.2678
Loose muon 2.0400 2.790 —0.3512
New medium track 2.0800 1.830 0.1679
o | Tight Z pr cut (25 GeV) | 2.3200 1.710 —0.4315
é’ Tight J/+ pr cut (3.5 GeV) 2.0800 1.830 —
= J /4 scale — — 0.7111
Largery? range 2.3200 1.710 —0.2529
Medium track 2.2800 1.710 —0.2678
Total errors +0.3752 | +1.093 + 0.2678

Table 13. Systematic uncertainties correspondention-oversmearingparameters for Run llb1+1Ib2 data taking epoch and Run 11b2 MC
using Single-Gaussian, consideribgose Traclkas selection of reference. Uncertainties are showed for the threeediffigpes of dimuon
events.
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3. New Medium Track Selection

TabledI# an@15 show statistical and systematic uncegsiftr the muon-oversmearing parameters, in case of Tyge 1,
and 3, wherNew Mediuntrack quality is used as a central value.

Single Gaussian
Statistical Uncertainty | AA (x10™3)|AB(x1072)
Data.J/v 0 0.072
—| Monte CarloJ/+ 0.0340 0.170
§ DataZ 0.0370 0.096
= Monte CarloZ 0.0320 0.090
Total errors + 0.0595 +0.227
DataJ/w 0.0090 0.093
«~| Monte CarloJ /%y 0.1020 0.511
§ DataZ 0.1520 0.457
= Monte CarloZ 0.1240 0.442
Total errors + 0.2212 + 0.821
Data.J/v 0.0270 0.022
o | Monte CarloJ/v 0.0760 0.331
§ DataZ 0.1390 0.136
= Monte CarloZ 0.0780 0.073
Total errors + 0.1786 + 0.366

Table 14. Statistical uncertainties correspondemhtmn-oversmearingparameters for Run llb1+l1b2 data taking epoch and Run IIb2 MC

using Single-Gaussian, consideriNgw Medium Traclas selection of reference. Uncertainties are showed for the threeediffiypes of
dimuon events.



15

Single Gaussian
Systematics A(x1073)|B(x107%)|Scale(x10™2)
Reference 0.8250 1.375 0.2779
Loose muon 0.7350 1.425 0.2779
Medium track 0.7650 1.075 0.2414
| TightZ pr cut (25 GeV) | 0.8250 1.475 0.2761
§ Tight J/+ pr cut (3.5 GeV) 0.8250 1.475 —
= J /4 scale — — 0.4380
Largerx? range 0.8550 1.225 0.2829
Loose track 0.8250 1.375 0.2779
Total errors +0.1122 + 0.367 + 0.1642
Reference 0.2750 1.325 0.4565
Loose muon 0.2250 1.275 0.5115
Medium track 0.5750 0.975 0.4590
«| Tight Z pr cut (25 GeV) | 0.5750 1.125 0.4753
‘§ Tight J/+ pr cut (3.5 GeV) 0.3750 0.175 —
= J /4 scale — — 0.9013
Largery? range 0.3750 1.075 0.3993
Loose track 0.2750 1.325 0.4565
Total errors +0.2750 | +1.244 + 0.4522
Reference 2.2000 1.350 —0.1664
Loose muon 2.0800 2.190 —0.0066
Medium track 2.0400 1.710 0.2389
o | Tight Z pr cut (25 GeV) |  2.0800 1.410 —0.5052
é’ Tight J/+ pr cut (3.5 GeV) 2.1200 3.150 —
= J /4 scale — — 0.6521
Largery? range 2.2400 1.290 —0.1103
Loose track 2.2000 1.350 —0.1664
Total errors +0.2497 | +1.350 + 0.1664

Table 15. Systematic uncertainties correspondention-oversmearingparameters for Run llb1+1Ib2 data taking epoch and Run 11b2 MC
using Single-Gaussian, consideriNgw Medium Traclas selection of reference. Uncertainties are showed for the threeediffypes of
dimuon events.
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Appendix B: Statistical and Systematic Uncertainties for Muon-Reolution Parameters

All statistical and systematic uncertainties for the mueselution parameters are showed bellow considering eaelofthe
3 different type of muon track qualitieMgdium LooseandNew Mediurhas a central value.

1. Medium Track Selection

Tabled 16 anfl 17 show statistical and systematic uncegsiftr the muon-resolution parameters, in case of Type an@,
3, whenMediumtrack quality is used as a central value.

Double Gaussian Single Gaussian
Statistical Uncertainty | AA(x1073) | AB(x1072)|AC(x10"?)| AD(x10 3)|| AA(x103)| AB(x10~?)
DataJ/v 0 0.007 — — 0 0
— Monte CarloJ /¥ 0 0.053 — — 0.0270 0.064
§ Dataz 0.0220 0.035 1.12 0.2 0.0370 0.011
= Monte CarloZ 0.0130 0.030 0.85 0.1 0.0340 0.010
Total errors + 0.0255 + 0.071 + 1.41 +0.2 + 0.0570 + 0.066
Data.J/v 0.0050 0.045 — — 0 0
N Monte CarloJ /4 0.0880 0.361 — — 0.0500 0.191
§ Dataz 0.0800 0.346 1.33 1.6 0.0550 0.131
= Monte CarloZ 0.0780 0.342 1.61 3.4 0.0470 0.115
Total errors +0.1423 + 0.608 +2.09 +3.8 4+ 0.0879 + 0.259
Data.J/v 0.0510 0.250 — — 0 0
m| Monte CarloJ/+ 0.1010 0.424 — — 0.0720 0.504
§ DataZ 0.1300 0.319 2.29 7.3 0.0620 0.244
= Monte CarloZ 0.1080 0.301 1.68 7.2 0.0220 0.140
Total errors =+ 0.2033 + 0.659 +2.84 +10.3 4+ 0.0975 + 0.577

Table 16. Statistical uncertainties correspondemitimn-resolution parameters for Run IIb1+l1b2 data taking epoch and Run 11b2 MCgusin

Double-Gaussian and Single-Gaussian, considéviadium Trackas selection of reference. Uncertainties are showed for the threeediffe
types of dimuon events.
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Double Gaussian

Single Gaussian

Systematics A(x1073)|B(x1072)|C(x1072)|D(x10"3)|Scale(x1072)||A(x1072)|B(x 10~ ?)|Scale(x10~?)
Reference 2.0600 2.240 8.85 5.1 0.3933 2.3000 2.240 0.4742
Loose muon 2.0600 2.400 7.35 5.7 0.4687 2.2200 2.400 0.5323
New medium track 2.1400 2.320 11.55 5.1 0.4150 2.3000 2.480 0.4633
< | Tight Z pr cut (25 GeV) | 2.0600 2.160 8.85 5.1 0.2583 2.2200 2.240 0.3242
§ Tight J/4 pr cut (3.5 GeV)  2.0600 2.320 — — — 2.3000 2.240 —
= J /4 scale — — — — 0.5110 — — 0.5136
Largerx? range 2.2200 2.240 3.15 6.9 0.4224 2.3000 2.240 0.4403
Loose track 2.0600 2.240 8.85 5.1 0.3933 2.3000 2.240 0.4742
Total errors +0.1788 | +0.211 +6.48 +1.8 +0.1977 +0.1131 | +0.288 +0.1694
Reference 2.5400 2.000 7.90 7.7 0.8240 2.6200 2.240 0.8529
Loose muon 2.7000 2.240 9.90 4.7 0.9658 2.7000 2.480 0.9056
New medium track 2.6200 2.400 9.70 7.2 0.8800 2.7800 2.080 0.8083
«| TightZ pr cut (25 GeV) | 2.3000 2.720 4.90 21.7 —0.1854 2.3800 2.720 —0.3148
§ Tight J /% pr cut (3.5 GeV)  2.5400 2.240 — — — 2.6200 2.160 —
= J /4 scale — — — — 0.9112 — — 0.8081
Largery? range 2.6200 2.000 4.90 9.7 0.8775 2.7000 2.080 0.8959
Loose track 2.5400 2.000 7.90 7.7 0.8240 2.6200 2.240 0.8529
Total errors +0.3098 | =4 0.890 +5.02 +7.7 + 0.8240 +0.3098 | =+ 0.587 +0.8529
Reference 3.6600 2.300 2.55 12.2 0.0834 3.6600 3.300 0.2280
Loose muon 3.6600 2.900 8.25 6.2 0.3391 3.8200 2.700 0.3476
New medium track 3.9000 2.500 4.95 15.7 0.5128 3.9000 2.700 0.4138
o | Tight Z pr cut (25 GeV) |  3.8200 2.500 2.55 12.2 —0.8545 3.6600 2.500 —0.7123
é’ Tight J/+ pr cut (3.5 GeV)  3.6600 2.300 — — — 3.6600 2.700 —
= J /4 scale — — — — 0.5617 — — 0.5550
Largery? range 3.5000 3.300 12.15 6.7 0.1602 3.7400 2.300 0.2127
Loose track 3.6600 2.300 2.55 12.2 0.0834 3.6600 3.300 0.2280
Total errors +0.3298 | 4 1.200 +2.55 +8.8 +0.0834 +0.2993 | =+ 1.649 +0.2280

Table 17. Systematic uncertainties correspondemtiton-resolution parameters for Run lIb1+l1b2 data taking epoch and Run IIb2 MCgusin
Double-Gaussian and Single-Gaussian, considéviadium Trackas selection of reference. Uncertainties are showed for the threeediffe
types of dimuon events.
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2. Loose Track Selection

Tabled 18 and 19 show statistical and systematic uncegsifur the muon-resolution parameters, in case of Typeah@ 3,
whenlLoosetrack quality is used as a central value.

Double Gaussian Single Gaussian
Statistical Uncertainty | AA(x1073) | AB(x1072)|AC(x107%)|AD(x10"3) || AA(x10™3)| AB(x1072)
Data.J /v 0 0 — — 0 0
—| Monte CarloJ/+ 0 0.058 — — 0 0.055
§ DataZ 0.0170 0.013 0.27 0.1 0.0060 0.007
= Monte CarloZ 0.0110 0.012 0.15 0 0 0.003
Total errors 4 0.0202 + 0.061 +0.31 +0.1 + 0.0060 + 0.056
DataJ /v 0 0.028 — — 0 0
«~ | Monte CarloJ/+ 0.0810 0.295 — — 0.0710 0.365
§ DataZ 0.0950 0.215 0.96 7.0 0.0690 0.217
= Monte CarloZ 0.0880 0.202 1.15 7.3 0.0600 0.205
Total errors £ 0.1527 +0.419 + 1.50 +10.1 +0.1157 +0.472
DataJ/v 0 0 — — 0.0180 0.045
»| Monte CarloJ/+ 0.0480 0.277 — — 0.0630 0.205
§ Dataz 0.0920 0.153 2.20 10.2 0.0810 0.127
= Monte CarloZ 0.0440 0.083 1.70 10.1 0.0570 0.117
Total errors + 0.1127 + 0.328 +2.78 +14.4 + 0.1187 +0.272

Table 18. Statistical uncertainties correspondemtmn-resolution parameters for Run llb1+11b2 data taking epoch and Run IIb2 MCgusin

Double-Gaussian and Single-Gaussian, considdrouse Trackas selection of reference. Uncertainties are showed for the threeediffe
types of dimuon events.
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Double Gaussian

Single Gaussian

Systematics A(x1073)|B(x1072)|C(x1072)|D(x10"3)|Scale(x1072)||A(x1072)|B(x 10~ ?)|Scale(x10~?)
Reference 2.1400 2.400 6.45 6.9 0.4327 2.3000 2.480 0.5096
Loose muon 2.0600 2.400 5.55 5.7 0.4235 2.2200 2.400 0.5101
New medium track 2.0600 2.400 4.95 6.3 0.3919 2.2200 2.400 0.4724
| Tight Z pr cut (25 GeV) | 2.1400 2.400 6.45 6.9 0.3485 2.3000 2.400 0.3930
§ Tight J/4 pr cut (3.5 GeV)  2.1400 2.560 — — — 2.3000 2.560 —
= J /4 scale — — — — 0.4060 — — 0.4058
Largerx? range 2.1400 2.400 6.45 6.9 0.4327 2.3000 2.480 0.5077
Medium track 2.1400 2.400 6.45 6.9 0.4327 2.3000 2.480 0.5096
Total errors +0.1131 | £0.160 | +1.74 +1.3 +0.0978 +0.1131 | £0.160 +0.1603
Reference 2.5400 2.640 6.10 15.7 0.7566 2.6200 2.240 0.8246
Loose muon 2.3000 2.640 2.30 23.7 0.8118 2.4600 2.720 0.7674
New medium track 2.3000 2.720 3.50 34.7 0.7475 2.5400 2.640 0.7121
«| Tight Z pr cut (25 GeV) | 2.3000 2.400 7.70 30.2 —0.3517 2.4600 2.240 —0.2901
§ Tight J/v pr cut (3.5 GeV) 2.6200 2.160 — — — 2.6200 2.240 —
= J /4 scale — — — — 0.7717 — — 0.6645
Largery? range 2.5400 2.640 6.70 15.7 0.7566 2.6200 2.880 0.8252
Medium track 2.5400 2.640 6.10 15.7 0.7566 2.6200 2.240 0.8246
Total errors +0.4233 | £0542 | +4.91 +15.7 + 0.7566 +0.2400 | +0.894 +0.8246
Reference 3.8200 2.500 7.95 8.2 0.5028 3.9800 2.900 0.3127
Loose muon 3.5000 2.900 6.45 0.7 0.1134 3.7400 2.900 0.1793
New medium track 3.6600 2.100 14.85 3.2 0.4147 3.7400 2.500 0.4850
o | Tight Z pr cut (25 GeV) | 3.5800 2.700 4.95 25.2 —0.8529 3.6600 2.900 —0.8914
"é Tight J /4 pr cut (3.5 GeV)  3.8200 2.700 — — — 3.9800 2.900 —
= J /4 scale — — — — 0.5153 — — 0.4429
Largery? range 3.8200 2.500 7.95 8.2 0.4655 3.9800 2.900 0.3174
Medium track 3.8200 2.500 7.95 8.2 0.5028 3.9800 2.900 0.3127
Total errors +0.4308 | £0.632 | +7.67 + 8.2 + 0.5028 +0.4664 | =+ 0.400 +0.3127

Table 19. Systematic uncertainties correspondemtiton-resolution parameters for Run lIb1+l1b2 data taking epoch and Run IIb2 MCgusin
Double-Gaussian and Single-Gaussian, considdrowse Trackas selection of reference. Uncertainties are showed for the threeediffe
types of dimuon events.
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3. New Medium Track Selection

Tabled 2D anf 21 show statistical and systematic uncedsiftr the muon-resolution parameters, in case of Type an@,
3, whenNew Mediuntrack quality is used as a central value.

Double Gaussian Single Gaussian
Statistical Uncertainty | AA(x1073) | AB(x1072)|AC(x107%)|AD(x10"3) || AA(x10™3)| AB(x1072)
Data.J /v 0.0200 0.019 — — 0 0.018
- Monte CarloJ /v 0.0390 0.110 — — 0.0110 0.074
§ DataZ 0.0400 0.039 0.31 0.3 0.0130 0.037
= Monte CarloZ 0.0400 0.039 0.40 0.4 0.0050 0.036
Total errors +0.0715 +0.125 +0.51 +0.5 + 0.0177 4 0.092
DataJ /v 0.0050 0 — — 0.0040 0.041
«~| Monte CarloJ/y 0.0670 0.179 — — 0.0630 0.262
§ DataZ 0.0830 0.081 1.01 9.0 0.0710 0.171
= Monte CarloZ 0.0750 0.057 0.97 8.7 0.0620 0.164
Total errors £ 0.1304 +0.204 +1.40 +12.5 +0.1134 =+ 0.356
DataJ/v 0.0240 0.061 — — 0 0
» | Monte CarloJ/v 0.0990 0.419 — — 0.0840 0.382
‘é DataZ 0.1200 0.184 2.53 14.1 0.0670 0.037
= Monte CarloZ 0.0990 0.179 1.69 12.8 0.0440 0
Total errors + 0.1859 + 0.496 + 3.04 +19.0 + 0.1161 + 0.384

Table 20. Statistical uncertainties correspondenitmn-resolution parameters for Run IIb1+11b2 data taking epoch and Run 1Ib2 MC

using Double-Gaussian and Single-Gaussian, considbigmgMedium Tracks selection of reference. Uncertainties are showed for the three
different types of dimuon events.
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Double Gaussian Single Gaussian
Systematics A(x1073)|B(x1072)|C(x1072)|D(x10"3)|Scale(x1072)||A(x1072)|B(x 10~ ?)|Scale(x10~?)
Reference 2.2200 2.400 4.65 7.5 0.4399 2.3000 2.400 0.5080
Loose muon 2.0600 2.400 2.85 6.9 0.4363 2.2200 2.400 0.4816
Medium track 2.1400 2.240 2.85 6.9 0.4192 2.2200 2.400 0.4756
< | TightZ pr cut (25 GeV) | 2.1400 2.400 5.55 6.3 0.3560 2.3000 2.400 0.4181
§ Tight J/4 pr cut (3.5 GeV)  2.1400 2.560 — — — 2.3000 2.560 —
= J /4 scale — — — — 0.3848 — — 0.3814
Largerx? range 2.2200 2.320 4.65 7.5 0.4437 2.3800 2.400 0.5080
Loose track 2.2200 2.400 4.65 7.5 0.4399 2.3000 2.400 0.5080
Total errors +0.2116 | 40.240 +2.70 +1.4 +0.1026 +0.1385 | +0.160 +0.1607
Reference 2.7800 1.840 4.30 13.2 0.5167 2.7800 2.000 0.5690
Loose muon 2.6200 2.480 2.10 28.7 0.9312 2.5400 2.880 0.8109
Medium track 2.3800 2.960 5.90 0.7 0.9069 2.7000 2.640 0.8780
« | Tight Z pr cut (25 GeV) | 2.6200 1.920 6.90 39.2 —0.2122 2.6200 1.920 —0.3257
§ Tight J/+ pr cut (3.5 GeV)  2.3800 3.120 — — — 2.4600 3.120 —
= J /4 scale — — — — 0.7856 — — 0.6737
Largery? range 2.7800 1.920 4.30 13.2 0.5424 2.7800 1.920 0.5423
Loose track 2.7800 1.840 4.30 13.2 0.5167 2.7800 2.000 0.5690
Total errors +0.6092 | +1.820 +3.76 +13.2 +0.5167 +0.4381 | +1.565 + 0.5690
Reference 3.9800 3.100 4.65 0.2 0.0197 3.9800 3.100 0.0905
Loose muon 3.7400 2.700 13.65 1.2 —0.1128 3.7400 2.700 —0.0668
Medium track 3.6600 3.100 13.65 1.2 0.3791 3.6600 3.100 0.3280
o | Tight Z pr cut (25 GeV) | 3.7400 2.700 13.65 2.2 —0.3579 3.7400 2.700 —0.3839
§ Tight J/+ pr cut (3.5 GeV)  3.8200 2.900 — — — 3.9000 2.900 —
= J /4 scale — — — — 0.2488 — — 0.1725
Largery? range 3.8200 2.700 3.75 10.7 0.0694 3.9800 3.100 0.0606
Loose track 3.9800 3.100 4.65 0.2 0.0197 3.9800 3.100 0.0905
Total errors +0.5184 | +0.721 +4.65 +0.2 +0.0197 +0.4732 | £0.600 + 0.0905

Table 21. Systematic uncertainties correspondemuon-resolution parameters for Run llb1+IIb2 data taking epoch and Run l1b2 MC
using Double-Gaussian and Single-Gaussian, considBigmgMedium Tracks selection of reference. Uncertainties are showed for the three
different types of dimuon events.
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