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Why Muon identification?
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Why Muon identification?
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» Out-of-the-box Global and Tracker Muon pion/kaon fake rates

Pion fake rale vs P1 GLOBAL MUONS

Pion fake rale vs P1 TRACKER MUONS
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Global Muons at 100 GeV/c

> Pion Fake rate: 3% (total) 1% (decay)
P Kaon Fake rate: 5% (total) 1% (decay)

LR o

Tracker Muons at 100 GeV/c

P Pion Fake rate: 3% (total) 0.75% (decay)
> Kaon Fake rate: 3% (total) 0.75% (decay)

Riccardo Bellan — https://indico.cern.ch/event/210563/


https://indico.cern.ch/event/210563/

. . . 5/ 62
Tools available for identification

Handles for Global Muon ID fake rejection

> Inner track information:
> hits in pixel tracker
> hits in strip tracker
> quality of the track fit (x®/ndof)
> kink in track?
> impact parameters
» Calorimeter based information:
> energy deposition in ECAL and HCAL (compatible with MIP?)
» Muon system information:
> hits and segments in muon system
> penetration depth in muon system
» Stand-Alone muon quality

» Global Fit information: fit quality (x?/ndof)




Why Muon identification?
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Kaons vs Muons

» Quality of Global Muon fit ::
x?/ndof < 10

... but long tails ...

> Inner track :: d,, < 0.2cm

... room for optimization

» Inner track :: nnis > 11

...could be made as function of n
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Why Muon identification?

S TTm—— JeTTTT e e Cuts used:
- » Global Muon fit: x?/ndof < 10
: > Inner track :: di, < 0.2cm
e = VR » Inner track :: npjs > 11
't
o ‘; » Results:
EE w) af | | » Muon ID efficiency high
- e i » Kaon Fake Rate reduced
Eﬁ WWAMWWWWMW ::;wmh{ ﬁlh N‘nw’wuﬂu’lﬂwﬁ.Mww with factor 10

N I o B B o~ 0.3% vs 3% (before) at 100 GeV/c

Riccardo Bellan — https://indico.cern.ch/event/210563/
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Why Muon identification?

» Reduce fakes from punch-through further by removing muons whose
global fit ends in the first station of the muon detector

- if (abs(z) < 660 && r> 400 && r < 480 ) keepMuon = false;
- If (abs(z) > 600 && abs(z) < 650 && r < 300 ) keepMuon = false;

- If (abs(z) > 680 && abs(z) < 730 && r <480 ) keepMuon = false;
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» Rejecting these muons results in a ~20% reduction in fake rate at very
little cost in efficiency

» Notice many global fits for real muons end in the first layer of the
endcap muon system. This problem is fixed in CMSSW 2_2_X

Riccardo Bellan — https://indico.cern.ch/event/210563/
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Muon Identification

Soft Muon ID :: [muons from b-decays]

» Tracker Muon Arbitrated (TMA)

» TMOneStationTight: Tracker track
matched with at least one muon segment
in both X and Y coordinates (< 30)

number of strip tracker hits > 5
number of pixel tracker hits > 1
X2 /ndof of inner track Fit < 1.8

vvyyvyy

inner track transverse impact parameter
dyy < 3cm

v

inner track longitudinal impact parameter
|d;] < 30cm

ngh Pt Muon ID :: [high pr muons]

»  pr and inner track defined by TuneP
> Tight ID without PF ID & x?/ndof < 10
> Apr/pr < 0.3

L 9/62
- 4 definitions

Tlght Muon ID :: [muons from W,Z]

P muon reconstructed as Global Muon

P muon identified as Particle Flow Muon
> x?/ndof of Global Muon Fit < 10
>

at least 1 muon chamber hit included in
the Global Fit

muon segments in at least 2 stations

vy

inner track transverse impact parameter
dy, < 0.2cm

P inner track longitudinal impact parameter
|dz| < 0.5cm

P number of pixel tracker hits > 0
P number of strip tracker hits > 5

Loose Muon ID ::

> PF Muon
» TMA OR Global Muon

[multiple muons]
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Particle Flow Muon Identification

* The starting point for PF muon selection is “standard” global
and tracker muons.

* In this respect, it is similar to many other selections, e.g., those adopted by the
EWK and top PAGs (but there are plans to include standalone muons as well).
* The main novelty is the two-step selection applied to non-
isolated muon candidates:

Isnlatmn Tight Selection Loose Selection

»
i Particle Flow
Reco Muon

PF Muon

* If the muon is reconstructed as global and isolated (scalar sum of p; and
E;in a cone of AR < 0.3 smaller than 0.1-p;#), no extra cuts are applied.

* If itis not, it has two chances to be selected:
* Before PF algorithm is run, if it passes the tight selection.

» After PF algorithm is run, if its p is not compatible with the £
assigned by the PF algorithm, and if it passes the loose selection.

Therefore, the PF muon selection is designed to improve identification of
non-isolated muons in jets, which in turn improves jet and MET resolution.

Slava Valuev — https://indico.cern.ch/event/110072/
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Particle Flow Muon Identification

PF jet resolution and muon identification efficiency for Global,
“Tight” (VBTF-like) and PF muons in p-enriched QCD MC events,
for events with muons with p;#¢> 50 GeV:

® T T 5-1 “‘\""I‘A"'\"“\H"\H'P
S Simulated Data — Particle Flow S 4 o : v ; b J
a3 Muon Enriched  { Tight ] j L - ]
10° f Global B =
No Muon ID 4
The lower the Global muons out- 1
muon-id g, the of-the-box contain
bigger fraction @ some mis-identified
hadrons, leading to 1
of neutral formation of fake ]
energy lost y's and neutral 5 Global Selection
hadrons in PF = Particle-Flow Selection
o Tight Selection 4
1 H RN TR N T i G‘ L L | | |
-1-0.8-06-04-02 0 02040608 1 -3 -2 -1 0 1 2 3
(et rec—p et gen) /p Jet. gen Genm

For muons in jets, PF muons have a higher efficiency than VBTF-
like muons at a similar fake rate (the latter needs to be confirmed
on data).

Slava Valuev — https://indico.cern.ch/event/110072/
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Particle Flow Muon Identification

What is a PF Muon

Basic Idea: provide Muon ID including recovery of muons in jet-like environment to
improve jet and met resolution

PF Muon ID proceed in two steps:

-

Without use of PF Information, accept any of:
#GlobalMuon with detBased CombRellso<0.1
#GlobalMuon with Tight Selection
[ similar to the Tight Muon Selection
includes alse Global Muons without Tracker Muon but with good Stand Alone Muon ]
#TrackerMuon with Tight Selection
L [ using TM2DCompatibilityTight Selector (+other criteria) |

J
s N
Accept either of the following, only if a muon is associated in PF to a charged hadron

candidate with small energy deposit in calorimeters
aGlobalMuon with Loose Selection

[ includes also Global Muons without Tracker Muon but with good Stand Alone Muoen]
#TrackerMuon with Loose Selection

[using TMLastStationAngTight selector (+other criteria)]

A

Cristina Botta — https://indico.cern.ch/event/185274/
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Muon ldentification :: Overview

& . . g I 1 e n StandAlone
Muons

——— Charged Hadron (eg, Pion)
~ = = - Neutral Hadren fe.g. Neutron)
----- Photon

Tracker

®
tracks ™ @ %»)\)\))

Silicon

A Electromagnetic
1 Calorimeter
Supercanducting

Hadron
Carorimeter Solenoid

Global
Muons

ron return yoke interspersed
Transverse slice WAth Mon chambers
thiough CMS

" Loose muons: Particle identified as a muon by the Particle-Flow event
reconstruction. Combine information from all the CMS subdetectors (including
calorimeters) to reconstruct individual particles per event. Used tracker and
muon system hits.

= Soft muon: a tracker track matched to at least one CSC or DT stub, to collect
muons down to lower p; values in the endcaps (e.g. for J/W)

= Tight muon: a good quality track from a combined fit of the hits in the tracker
and muon system, requiring signal in at least two muon stations to improve
purity (global muon). Used e.g. for W, Z analyses

Alicia Calderon — 14th ICATPP Conference Como 2013
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Muon Identification :: Kinematics

= Soft muons = Tight muons
=  Minimum bias trigger = Single Mu trigger (p;> 15 GeV)

- 79% Muons from Light hadrons — 65% Muons from Heavy flavour

{decay in flight of mand K ) ( , ¢c-hadron, t) 8
5 CMS, VE=7TeV, L=04Trnb ' “:’ T T T T T T T T

P T T T e e s ¢ CMSNE=7 TeVL=31pb"" E%i‘r?dn-mmugn
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- Good agreement data and simulation

Alicia Calderon — 14th ICATPP Conference Como 2013
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Muon ldentification :: Kinematics :: Soft Muon

* Data: Collected with Minimum Bias trigger with at least 1 vertex

* Simulation: Minimum Bias separated according to their origin

— 13% Muons from Heavy flavour — 5% Hadron punch - through
( , T

= 79% Muons from Light flavour - 3%

( decay in flight of m and K )
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Muon ldentification :: Kinematics :: Tight Muon

* Data: Collected with single muon trigger (p; > 15 GeV)
= Simulation:

— 21% Prompt Muon from W — 4.7% Prompt Muon from Z

— 0.1% Top — 0.7% Quarkonia

— 65% Muons from Heavy flavour — <1% Hadron punch - through
( . ,T)

— 8% Muons from Light flavour — <0.00%

( decay in flight of mand K)
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Muon ldentification :: Kinematics :: Tight Muon
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Muon ldentification :: Kinematics :: Tight Muon
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Muon Isolation :: Intro

® Muon isolation is an important tool used in physics analyses
+ Powerful to discriminate against QCD (muons in jets)
= Default CMS isolation based on particle flow:
Sum of all particle candidates in a cone (Ad? + ip
An?)2 < 0.4: i :
(2 charged hadrons + % neutral hadrons + % el
photons) [ p* :-
= Pile-up (PU) effect is manifested by appearance
of multiple Primary Vertices in an event:

C,
Oy, &

‘ ."phn‘,ﬁ-l

" leads to isolation inefficiency as the %
probability of "random” energy deposits from 1 1eq
other interactions to occur around the muon hadrons
of interest

" Reduce PU effect:
= Charged hadrons are constrained to the primary interaction vertex (PV)

= Neutral components are corrected using known relation between energy from
neutral hadrons and charge hadrons from non primary vertexes

Alicia Calderon — 14th ICATPP Conference Como 2013
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Particle Flow Muon Identification

Particle-based alternative to the traditional detector-
based isolation:
clusters and tracks Particles

HCAL
Clusters

H

noutral |

ECAL
Clusfers

¢ Instead of using Z(p;tacks + E;ECAL+ E[HCAL), relies upon
Z(p_l_charged_l_ ETV+ ETneutraI)

¢ Avoids double-counting of energy deposited in the
calorimeters by charged tracks.

Slava Valuev — https://indico.cern.ch/event/110072/
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Particle Flow Muon Identification

Signal-enriched (W = pv) sample: My(“Tight” muons with p; > 15 GeV; MET) > 60 GeV.
MC-predicted purity is 97%.

Background-enriched (QCD) sample: Ad(“Tight” muons with p;> 15 GeV; MET) < 1.5 rad.
In PF-based isolation, charged hadrons are required to originate from the primary vertex.

Efficiency vs background rejection for relative combined isolation. Optimal cone sizes
used (AR < 0.3 for detector-hbased and < 0.4 for PF-based). Efficiencies are corrected for
background contamination.

CMS Preliminary CMS Preliminary
> T T T T > 1 T T T T
g [ i 2 [ s
@ <t} |
e s | )
.95 Spos|
= 3 = L
= - = t
T 0 9 F —&— Sub-detector based -T- 0 9 —_ —&— Sub-detector based
=z T —=— Particle based =z r —=— Pparticle based
0.85|- Events with | oss| Events with M. Bachtis,
1 vertex ] > 1 vertex TJ. Kim
0.8l Lo b T T s el 0 [
0 0.05 0.1 0.15 0.2 0.25 0.3 80 0.05 0.1 0.15 0.2 0.25 03
Non prompt muon Efficiency Non prompt muon Efficiency

Slava Valuev — https://indico.cern.ch/event/110072/
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PU-corrections :: Effective Area correction

325 °p W
4 [ charged particles o
. . H . o
Effective Area correction {zo| eUtral particles
ch had neutr had ¥ E
+ Er + Er L
PFRellso — 2=ne PUPT+ 2" DY o
epton -
Pr [
10
r Inl <1, p, > 20GeV
»  Estimate mean PU contribution in isolation cone of the 5[
lepton: ;
P Calculate FASTJET energy density for each jet: p ] s s 50
# vertices
P Median of p for each event is chosen
P Effective area A is ratio of slopes p/uncorrected iso
¥ B3
neutr had+~y neutr had+~ ‘; ijF isolation g
Z Er = max Z Er —p- Aur, 0 =gﬁ;PF isolation, Pu-correc::go
15
corr uncorr Yo o
r o
t o
F <° hi<1,p,>20Gev
. 10— ©
» cumbersome computations E
P> A calculated for different 7 intervals [
. s
P> Acr not determined event-by-event, but averaged over 3
data taking period
y [




PU-corrections :: A correction
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Charged particles can be identified to originate from a PU vertex, but
this cannot be done for v and neutral hadrons

A correction

> Estimate: > pi" had £ 4 Sopu Er

» Open same cone in PU-vertex and collect
ch had

charged energy from PU: 35

Lepton

Primary vertex PU vertex

P Neutral energy = half of charged energy

»  This estimate is A ~ % f)huhad pr

CMS preliminary, L = 1.6 fb*

0.9
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0.

%

PF energy fraction

4 -3 -2

s =8 TeV
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n

ch had
no PU PT 1 max

(Eneutr had Er + Z'y Er — AB,O)

PFRellso =

lepton
Pt
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PU-corrections :: the future

In the upcoming LHC runs, identifying pileup will become
one of the biggest challenges
CMS currently has some handles on pileup and jets

Charged Hadron Subtraction - removing particle flow constituents
which are identified to not be from the primary vertex

Downfall: removes only charged particles, what about the neutrals?
makes a hard cut on imperfect vertexing information

Pileup Jet ID - uses shape variables and tracking information, identifies low pT
jets that originate from clustered energy due to several PU vertices

Downfall: does not address pileup in real jets
Area subtraction - subtracts a median energy density proportional to jet area

Downfall: currently does not correct for jet mass/shapes, “average”
corrections wash out jet resolutions/local features

Nahn Viet Tran & Phillip Coleman Harris — work in progress
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PU-corrections :: the future

Can we use the full event information to get a per particle
probability of the likelihood a particle is from pileup or not?

A few helpful new ideas from the theory community:
Jet cleansing: uses the fraction of tracks from the leading vertex (LV)
and pileup vertices (PU) in a subjet to modify the subjet pT
idea: use charged particle information to tell you something about
the neutrals

Jets without jets: looks at an event at particle level without
clustering and computes event quantities by weighting each particle

idea: per particle weights to compute jet and event quantities, can
combine weights with experimental info (e.g. vertex x? and

timing information)

Nahn Viet Tran & Phillip Coleman Harris — work in progress
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PU-corrections :: the future

more likely from leading vertex

[]=

. charged from leading vertex
O charged from pileup

D neutral

Nahn Viet Tran & Phillip Coleman Harris — work in progress
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Cosmic Ray Muon Rejection
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P hence not reconstructed
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Figure 25: Distributions of variables used for identification of cosmic-ray muons, shown for P muon time at vtx
collision and cosmic-ray muon data samples described in the text, and for Z+Drell-Yan MC > At |
samples: (a) muon transverse impact parameter with respect to the nominal beam-spot po- muon legs

sition; (b) log,o(7t — &) (see text); (c) muon timing; (d) timing difference between upper and -
lower muon legs.

Cosmic muons pointing to the vertex can be identified by searching for a tracker track
back-to-back with the Reco muon: (a — 7) < 1
Remaining contribution of in-time Cosmic muons could be estimated from out-of-time cosmics
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Muon Performance
Measurements

» How to measure
properties of the
Muon object in an
unbiassed way?

» Reco & Selection
Efficiency

» Fake Rates

» Momentum Scale and
Resolution

u]
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I

i
it
)
»
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Resonances used as a source of pure muons

Events / GeV
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Resonances used as a source of pure muons
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Measuring Muon Efficiencies

» Resonances reconstructed as pairs with:
> a tightly identified leg: tag-muon
> a loosely identified leg: probe-muon
» Tightly identified tag and the constraints
on tag-and-probe pair ensure origin of the
probe to be a real muon
» Efficiency to pass certain selection criteria
is measured on probe-muons:

> pass critera = passing probes
> fail criteria = failing probes

> Same (signal + background) lineshape is fit
separately to passing and failing probes

> Efficiency is calculated as the ratio of the
signal yields in above fits

> Efficiency is relative to the loose
probe-identification:
> ¢(X) = e(X|Tracking)

» Procedure is repeated in bins of
probe-variables (pr, 7, Mvtx, -..)

30 / 62

All Probes
o

o
Tag-muon Mass (GeV/c?)

Tag-muon Mass (GeV/c*)

Failing Probes
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Tracking Efficiency

Efficiency factorization for Muons
¢ = ¢(Tracking)-(RECO+1D|Tracking) -¢(ISO|RECO+ID)-¢(TRIG|ISO)

» How well can the tracker i F=
Tracking Efficiency (2011)

reconstruct tracks?
P> Use Tag & Probe technique % T - %

to estimate how often an & 1.000[, 1 1000k ]

inner track of a muon is not 2 }Pﬁ":\ (e g :md'{ Qe e g +

reconstructed w 0.905 ) ti’ w 0.905- + {
» Tag :: Tight Muon i
» Probe :: Stand-Alone Muon 0.9901- ] 0.80p 7
P Check whether an inner [ ] [

track is associated to the 0985 ] 0985 =

Simulation 4 Simulation
Stand-Alone Muon (PrObe) 0.980] CMS Preliminary, N5 =7 TeV 0.980[ CMS Preliminary, \s =7 TeV
. " Il Il Love L " I L Il L L L L

> Fortunately very high 3505005 T 2476 8 01214 16 18 20

Tracking efficiency muonn N(primary vertices)

v
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Muon ID Efficiency :: 7 TeV

Soft Muon Tight Muon

g 2 4 9 3 Data at 7 TeV
g I T g & ]
08 o e .. 1 BosL ° ]
§ ifpsifit  Zfit 5 = )fpsifit Zfit ]
E os[|* 4 E o6} J
£ [ £ - ] = Muon
D oaf 1 F o4} ] identification
[y Inl<12 . <12 ] .
#S: | o a P b reach > 95% in
02 Barre 4 02f| . Barrel b
= Smulaton a = Simuaion_| the plateau
L ) CMS, J§=7TeV CMS, VE=7TeV .
i 1
034567 10 20 30 0 O™ 436790 20 20 100 region
muon p, (GeV/c) muon p, (GeV/c)
> [T —— B i B T
gt s 1 4 = Agreement data/
LA 1B o 3
- & i MC at the level
o 1 ©osf E
T % g F ] of few % for p; >
2 oeE™ ] Boef @ : 5 GeV
= I 1 E il ]
[=] r 1 [=]
D 04 1 Foar b
r 12<mi<24 |] - 12<hmi<24
L e Data P -+ Data 1
02f Endcap =2 4 02 Endcap| 5 n
[ CMS, J5=7TeV ] - CMS, J5=7 TeV ]
ok 3 ‘ ™% 3450 200 100
T 2 345 10 2030 _ . 100
muon p, (GeVic) muon p, (GeV/c)
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Muon ID Efficiency :: 8 TeV

11 CMS preliminary Run2012A+8 5=8 ToV CMS preliminary Run2012A+B Ws=8 ToV
v 11 w 120
Loose Muon 3 Loose Muon
105 B3 | I
1 =aefrEm.
"I.._L RE-E S-S S 0.9F
0.95 08
p; > 20 GeV -4 Data 9-7; + Data
0.9] MC D.GE 1.2 <|mim)l <2, 4 Mc
4 Data/MG E 4 DataMc
0.85 L L 0.5 oy
-2 -1 0 1 2 102
p, [GeV]
v 12 CMS preliminary Run2012848  Ns=8 ToV v 12 CMS preliminary Run2012A+8 V58 TaV.
1 Tight Muon " Tight Muon
L s aa= = 1
o T e | ﬂm**,F,,% T
0.9 By 0.9
0.8 0.8
07 P, > 20 GeV' ~+-Data 0.7 4 Data
0.6 - MC 0. 1.2 <|niudl <i2, SmMe
. 4 Data/iMC 4+ Data/MC
D.u.2.‘.‘1.‘..0‘.”%”.&. 0.5 e
n % p[Gev]
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From Z mass
resonance

= Muon
identification
reach > 95%
in the plateau
region

= Agreement
data/MC at
the level of
1-2%
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Muon ISO Efficiency

CMS preliminary Run2012  #=B TV CMS preliminary Run20i2 (=B TeV

w1.2p w12
I I CombRellso PF dB <0.2 CombRellso PF dB <0.2
147 From Z mass
£ resonance
[ e S A SN S
09"
= r P . . .
o8 o8 NS Relatived isolation
F F lower dependence
D'Tg p, hd0GeY 4 Data ] “‘75 s 4 Data \:\ with pT
06F +Me 1 el M +Ne E
E % DataMC E 4 Data/MC
050 vl 0.5F i
-6 -1 05 0 05 1 15 2
1 T p,[GeV]
CMS preliminary Run2012 5=8 Tav
w2
[ combReliso PF dB <0.2
11 ® Muon isolation reach > 95% in the
; plateau region
[ e S S
= Agreement data/MC at the level of
0.9 o
1-2%
08 ™ = After neutral components are
07E s Ly o corrected usjng the charged hadrons
06 Inwl<z 4 NE E from non-primary vertices inside the
) “+ DataMc isolation cone, almost independent of
0.5 i PU
1] 5 10 15 20 25 30 35

Number of vertices
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Muon TRG Efficiency
= Trigger efficiencies can be absolute (probes: tracker tracks) or
relative (to an offline selection, probes: tight or soft muons)

From Z ma:
Efficiencies relative to tight muons resonance
CMS Preliminary 2012, Vs =8 TeV CMS Praliminary 2012, ys=8TeV
P e T T T 7 > E T
Q £ : 7 Q E
5 L s e = E s
Q F 4 (=] F
& 0050 - : & 0850~
E E B S ——— E E
. T i = O DG b =
g el E ‘:" = 3
o ™ = H S 0855 g
8 oa HLT_ IsoMu24 | oaf. HLT_Mu40
076 = [ — R E
[ — Il <09 & 0rf Inl<0.9 =
E —4- Data (20120} 9 E ;| Data (2012D) E
DESE e —& Simulation = 085 4 S|mulat|:|n 7
C i I = it L =
Q 1 ] Q 11= LI — ' ; | T T
B X | R T e e e e e ] et S i
s} 30 40 50 BOTD 10 2¢10° 3e10* O 40 s0 60 7080 107 2¢10% 3:10‘
Muon p, [GeVic] Muon p, [GeVic]

= Differences are corrected with proper scale factors
from data/MC ratios
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Double Muon Trigger :: Problem
2011

» A Double Muon Trigger selects two muons independently
» MUO-10-04 studies show uncorrelated Leg efficiencies for dR > 0.5 (on J/W¥)

2012

» Double Muon Trigger contaminated by two muons
coming from different PV (increasing with PU)

» Trigger Rate reduction obtained by requiring the
z-coordinate of the Point of Closest Approach
(PCA) of the two Muons: dz < 0.2cm

> Rate Red. of 40% at a price of ~ 1 — 3% Eff. loss
w

dZ filter applied to HLT_Mul7_Mu8 and HLT _Mul7_TkMu8 J

> Suboptimal dZ filter due to suboptimal (muon) tracking in HLT, causing worse
tails in dz resolution and thus a lower efficiency of the dz filter (~ 10% for
HLT.Mul7-Mu8, ~ 5% for HLT_Mul7.TkMu8)

» runs 190456 - 199608 :: dZ filter suboptimal, then fixed during 2012C and good
for runs 199698 — 208357 — overall Scale Factor provided




Double Muon Trigger ::

mu2

Muon Leg Efficiencies (best Z mass)

LT MUTTTHANS MuTLeg Effcency

oven

ro=al

vy

L H\ s
mul

L = Double Mu: lower th

H = Double Mu: higher th

S = Single Mu

dz
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Method

Component Method
> Efficiency of (H-.L OR S):

e(H-L||S)=s1+s — s [Y+G]
+zi2(hih + hhy — hihy)  [B+G]
—z12(s1h + hs — s1%) [G]

> Efficiency of (H_L):

E(H,L) = 212(h1/2 + lhhy — h1h2) [B+G]

dZ Filter Efficiency

T T T T
e

S ——
RN o, L
520 08 0 T N N s e

st T MTTRUS_TMuBLag Eftclency

%02 04 05 08 1 12 14 15 18 2 22 24 1

, TR TTONT!
[ I I R R R T ]

Muon 1|1

oon ki () it




Run2012ABCD

Mut7._t Mue Eff £ STAT
se Muon ID

Mul7Mu8 Eff
AR < 0.1

CMS Preliminary, {s = 8 TeV, 18.774 fb"
Run2012ABCD: 190456 < runs < 208357

20<p, (1) <= GeVic
10.<p, (1) <20 GeVie

[DATA][Loose ID][£STAT]
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Mu17_MUB Eff = STAT  CMS Preliminary, /5 = 8 TeV, 18.774 f”
Loose Muon 1D Run2012ABCD: 190456 < runs < 208357

20<p (1) < = GeVic
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Mu17_Mu Eff £ STAT CMS Preliminary, {§ = 8 TeV, 18774 1b"  20.<p (1) <= GeVic Mut7_MuB Eff £ STAT CMS Preliminary, /5 =8 TeV, 18.774 15" 20 <p,(u,) <= GeVic
Loose Muon 1D Run2012ABCD: 190456 < runs < 208357 20 < py(1.) <<= GeVic LooseMuon 1D Run2012ABCD: 190456 < runs < 208357 20 < p(u) <= GeVic
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Run2012ABCD

10 < pr(p1) < 20 GeV/c

20 < pr(p1) < oo GeV/e
[

Mu17_ TkMuB Eff + STAT
se Muon ID

AR < 0.1

CMS Preliminary, {s = 8 TeV, 18.774 fb"
Run2012ABCD: 190456 < runs < 208357

Mul7TkMu8 Eff

20<p, (1) <= GeVic
10.<p, (1) <20 GeVie

Mu17_TkMuB Eff + STAT
Loose Muon ID

AR < 0.3

CMS Preliminary, {5 =8 TeV, 18.774 16"
Run2012ABCD: 190456 < runs < 208357

20<p (1) < = GeVic
10<p,(1) <20 Gevie

Mu17_TkMuB Eff + STAT
Loose Muon ID
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20<p ) < GeVie

Loose Muon ID
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Fake Rate Measurement

* Fraction of events in which hadron tracks
are identified as soft/loose/tight muon is
computed using pure samples of charged
hadrons (K, i, p) from resonances, as ¢,

A

L e B
. CMS Preliminary
[ 2011/2012 Data
OF Vs=78Tev

Slgnal Yield:
(3.26-0.01) x 10°

— Signal+Background

Candidates / 7 MeV]
-
o
T

A, K,, BY, reconstructed from their decay E TRt
tracks. Ry 121: E

= Measure the probability that a hadron woosp E
s ops 0.4F -

track is identified as muons: ool E

= for protons, this is the punch-through 0t saes et L tueese 56

probability

= for 1i/K, this is the sum of decay in flight
and punch-through probabilities

K3 Candidate Mass [GeV/c?]

= Important proper background subtraction
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Pion misidentification from K2 — 77~

pT > 4GeV, K transverse flight length
Lxy<4cm (decay within the beam pipe)

KL= m'm

_oose Muon Mis-identification Prob.

KZ Candidate Mass [GeV/c?)

1 mis ID (loose u ): 2.1610.03 x 103
m mis ID (tight pu ): 1.3410.02 x 103

><1O3
< g Ty !
D F CMS Frellmlnary Signal Vield:
E 4 2011/2012 Data IQT:_U;Z 0.00) % 10
% 35 VE=usTev E
2 £ —Signal+Background |
% aF —Background Only |
= 7 mislD
S 25 Loose E .
< o 3 8
@ E 1 o
E 1.5 &
1 4 8
r 1 £
0.5 5
. 2
0 0.44 0.46 048 05 052 054 056 §
c
=]
=3
=
=
o
=
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selection

455 cms Preliminary E
40 20112012Dsta Me 4

3 s=T/8 TeV —Data 4
5 E
3 Loose Muon 4
25 E
2L —— ]
1.5 . E
1 =
0.5 1

nfl e
-3
4k T g
"L CMS Preliminary me ]
AF 20112012 Data 3
F {3=T@Tev ~Data
3.5F E
IS E
25k Tight Muon
2f ]
1.5:—-— —;
E 5
0.5 e
EL.. [ | Ll [

0 L T L o
Pion pT[Gthc]
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Pion misidentification from K2 — 777~ selection

Pion p; >4 GeV

O — A
> E - i = L - ]
) E CMS Preliminary . 3 = 25 CMS Preliminary . X 3
E 45 20112012 Data s'g'(';'.,zlzlzjos)x1os 1 E I 201172012 Data s'g?;;‘:;':_‘omms ]
% 35K ys =7/8 TeV 3 > [ Vs=7/8Tev ]
% E —Signal+Background ] % 2 —Signal+Background —|
b 3F —BackgroundOnly | 2 L —Background Only |
< F xmisID E E [ 7©misID ]
S 25 LOOSE E 150 TIGHT B
K £ 1 L ]
= 2 4 = F 1
3 E i 3 1= A
£ 150 1TE 0 ]
w E ] u L ]

1= = 5 1

£ ] 0.5 !
045;— —; r ]
0re=ete--e. T 918-0-10re-S+e] 0" S S o i T T T ot i i
0.44 0.46 0. 48 0 5 0.52 0.54 0.56 0.44 0.46 0.48 0.5 0.52 0.54 0.56

Kg Candidate Mass [GeV/c?] Kg Candidate Mass [GeV/c?]

x misID (Loose p) : 2.16 £ 0.03 x 103 x misID (Tight p) : 1.34 1 0.02 x 103
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B — J/WK selection

3

- CMS preliminary 2012
50—¥s=8TeV
L=20fb" i

* Datasets from a Double Muon Trigger
selecting displaced J/y -> p+u—

+ Clean selection of the B->J/yK decay
channel

¢ Muon pair from the J/ decay
matched to the trigger objects firing
the event to remove any residual bias
from the trigger. 20

* Ktrack p; >4 GeV

» Signal fit with a Gaussian, background
with an exponential plus two
Gaussians for the structures on the

ol Lo
low mass sideband 2.9 5 5152 53 54 55 56 57
JIyK mass [GeV]

e data

40

signal + background
signal

—  — background

30

events / 0.02 GeV

10
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Kaon misidentification from B — J/WK selection

Kaon p; >4 GeV

> 400p ey s, 400 E ey
() f CMS preliminary 2012 K misID R | CMS preliminary 2012 K misID b
O 350 s=8Tev LOOSE ~ () 350-1s=8TeV TIGHT E
8 fL=20 fo! R [L=20fb" 1
S 300 o dm < Ss00- o auta E
= r signal + background = r — signal + background |
i2) 250 signal 1 n 250 signal 4
QC) E — — background ] < [ — - — background |
£ 200F - S o200 E
o ] E 1
1501 4y 4 ' E 150 -
¢ 3 L ]
100 . 100 =
A 1

501 I g 50—

O
©

il Ll il TR RS R i . ‘.H P
2.9 5 5‘.1 52 53 54 515 5!6 517 5 5‘,1 52 53 5,‘4 515 5.8 517
JiyK mass [GeV] JAyK mass [GeV]

‘ K misID (Loose p) : 0.51 + 0.05 % K misID (Tight p ) : 0.22 * 0.02 %
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Muon Momentum Scale

» At medium pT two different approaches:

* MusScleFit (Muon momentum Scale Calibration Fit): absolute
measurement of momentum scale and resolution by using a
reference model of the generated 7 lineshape convoluted witfy a
gaussian function.

* MuscleFit correcting the azimuthal modulation of the average
momentum scale, mainly related to residual imperfections of TRK
alignment (particularly visible in promt reco at 8 TeV)

* Rochester method (arXiv:1208.3710):

1) uses the mean 1/P; for muons from Z decays to determine the
momentum scale corrections in bins of charge, n and .

2) the corrections are tuned by using the average invariant mass Mz
from Z events in the same bins of charge n and .

* Both approaches gives almost equivalent results
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Muon Momentum Scale
= Relative difference between data and simulation extracted
from J/W, Y and Z decays after momentum corrections

= On momentum scale < 0.2 %

= On momentum resolution < 10% Data at 8 TeV

Data-MC Scale Data-MC resolution

CMS Prel minary {s=6BTeV,L=195Mm "' CMS Prel minary fs=8TeV,L=195M
IBEERERRLE [EEEENEERENEERN [N U I AEEEANRERENEARN

©
™

E 3 T Z W00Z4] | E = e Z W0024] 3
'CTJ 0.003 :_ ................................... : :: L’_H ?ggz _: -a 0‘3i O :: L’-H ?ggz {
B 0002 Demosiz| 1 8 oa: T moata 2
g L »Jre ) 16-20 | ] g E L 1620 | ]
= 0001 B E E
E : v I I v :
€ 0.000 [ = T oo g A ]
! C ‘ i A x ! L L J |
N ; 5 ! .
-0.001> - * 7 01 B 3

C T ] E ]

-0.002 - - 1 02~ -
-0.003 [} ] -0.3? *;
:lww ||\||\|\‘\l\l‘l\l\l\\\l‘\ll\: _0.4:|.wluw.l.u.\w.ul.u.\uul...w:

0 20 30 40 50 60 70 0 10 20 30 40 50 60 70

muon p_ (GeV

—~—

muon p_ (GeV)
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Analysis Examples
> W) & Z(up)
> Bs(pn)
> W) & Z'(pp)
> H(ZZ — 4p)

u]

o)

1

n
it
)
»
i)



CMS Experiment at LHC, CERN
Run 133875, Event 1228182

Lumi section: 16 = e
Sat Apr 24 2010, 09:08:46 CEST a8

Muon py = 38.7 GeVic
ME; =37.9 GeV.

My=753 GeVic?

o
o)
\\\_:-—_4¢

| CMS-PAS-SMP-12-011 |

\
|
1
|

= Single Mul5 trigger, Tight Muon
ID, PFisolation/pT < 0.12

CMS Preliminary

x10°
> F T T 3
& 187pb* atVs=8TeV |
o

> gl —— data -
2L Ewow
2 B vt 1
& . QcD ]
w 4 |
@ 8TeV -
2 .

M L ) b b 0t

I e e T L
5k e N
20 40 80 80 100

Fr [GeV]

CMS Preliminary

18.7 pb”" at Vs = 8 Tev

—
NNLO,

Woev

et - st =~ i

@ 8TeV [with MSTW2008 88% GL uncertainty]

12.04+£0.05,,+0.38, ,+ 0.53 . nb
e ——————————

T T
FEWZ+MSTW2008 prediction

12504 0.32 nb

Wy

1179+ 0.04,,, % 027, , £ 0.52,,, b

= Comparable experimental and
theory uncertainty: 2-3%
systematic and 4.4% luminosity

‘W—lv (combined)

uri

11.8840.03,,£0.23 £ 052, nb

0 5

Alicia Calderon — 14th ICATPP Conference Como 2013

I
10 15
a(pp—>WxBR(W-lv) [nb]

/ 62



Zeuu

CMS Experiment at LHC, CERN
CMS Run 136087 Event 39967482
|| Lumi section: 314
Mon May 24 2010, 15:31:58 CEST

Muon pr= 27.3, 205 GeV/c

\nv mass = 85.5 GeV/c? e e | | ] et
I_____I

) T |

=

= [ I S |
e —

e ————

= B

Ty

CMS-PAS-SMP-12-011 |

= Single Muls5 trigger, Tight Muon
ID, PFisolation/pT < 0.12

= Comparable experimental and
theory uncertainty: 2-3%
systematic and 4.4% luminosity
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Events / 1.0 GeVic?

CMS Preliminary
T

5

CMS Preliminary ~ / 62

—— data

Tl z-m

04

aeutgteu®s’

18,7 pb* at Vs =8 TeV

-
® 4
-]
-
L)
<
PRI R I AN A

hpobiphogd o b 8y

DR

oo
(=]

80

M(u'w) [Gevic?]

187 pb" at Vs =8 TeV

@ 8TeV

Z-ee
1.10+0.02,,, = 0.05,

et = OO0

T T T T T
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]

1.13+0.04 nb
+0.05 o

el nb

Zopp

1.13£0.01,, + 003, £0.05,,,

eyst

i

=l {combine

1124001, 4002, , +0.05,,nb

et

0.0

02 0.4 0.

I L I
8 0.8 1.0 1.2 14
a(pp—Z)=xBR(Z-ll) [nb]
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Bs(l.,l.!.l.) results | Phys.Rev.Lett.111 (2013) 101804

= Low pT special muon ID selection using MVA technique:

= Takes into account more variables to lower muon fake rates,
specially from kaons.

= Double muon triggers (low pT ) with a Bs mass window

requirement

Cat. BDT: 430 (4.8 o exp.) 1D BDT: 4.8 0 (4.7 0 exp.)
CMS-L=5f E=7Tev, L=20f" fE=8Tev CMS-L=5M"{E=7TeV,L=20f0" {s=8 TaV

50— —+ data 14 4 dala
[ — 1ull POF - —— full PDF
N Houn r Jasoue] - ST Vg
H [ 12 By

o] 4y LU o s | S L ] T Sritonc ey,

— ;?;‘hng bkg ° ——— paaking bkg

™
15
2

z
AR e
Z

Zz

=

SKS+B) Weighted Events / ( 0.04 GeV}
-
T
7z

5/(5+B) Weighted Events / ( 0.04 GeV)
@
g

T
o

7

e

R
o )
49 5 51 52 53 54 55 56 57 58 59 56 57 58 59
My (GeV) M (GEV)
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Searches with high p, muons

= Special re-fit algorithms for high-p; muon reconstruction and
momentum assighment:

= Take into account electromagnetic showering in the iron yoke that can alter
muon trajectory

= Single muon HLT_Mu40 trigger

W-prime2>uv @ 8 TeV

CHS, 3.7 1b", 2012, {5 < 8 eV Narrow resonances to 2p @ 8 TeV
= 0l _M;::m : pan - ; . . . I /X ) L
O] 10: B 1t +single top 9] —=— DATA
S o W P vz
T =Y o - £ 1, tw, ww, wz, 77,
2 10° = Diboson 9 o T ets
S w0k B Multijet B
LI>J 10¢ { Data -
10 W' pvM=13TeV |

— W v M=23TeV |

overflow bin

Tt w0 20 @ 10 20m
500 1000 1500 2000 2500 mu'y’) [GeV]
M; (GeV)
‘ Phys.Rev.D 87, 072005 (2013) 072005 | ‘ Phys. Lett. B 720 (2013) 63
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He ZZ 94. leptons |CM5-PA5-HIG-13-002

= Single muon and double muon triggers, Loose Muon ID
(Particle Flow)

= 4-lepton reconstructed mass in full mass range for the sum
of the 4e, 4y, and 2e2 channels

MS preliminary

* Data ys=7TeV:L= 51fb"
o 1 my, =126 Gev s=8Tev:L=196®" | Verygood control
=~ L1 zv, 2z of the Zz
“u L B z+x @ 7+8 TeV
S background
@ 20 ’
3 o(pp—ZZ)
: 1.0(stat.) + 0.7 (syst.) + 0.4 (lum.) pb.
or (Th.NLO 7.7 0.4 pb )
| 1' ‘ ! ‘ 1
L i | ]l | ]
el 100 200 400 800

Clean signal peak at ~126 GeV m,, [GeV]
above background
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H(ZZ — 4() :: Event Selection

M,
i
leptons
> pr(p) > 5GeV/e, nt < 2.4
pr(e) > 7GeV/e, n° < 2.5
> |5 < 4.0 IPF <04
. ,’/’//
signal I\
» Narrow resonance gim"’%m"“*%;“mm*: -
KCMSPre\lmlnsry 7TQVL 51"’ 8TeV,L=19.6f"
0(2 — 4GeV/c?) 2 SR S
’ 2 30k Wzx 4 g’
2 Ozz 1 32
background 5 Omerscer] §
] E H P
. e 1 0
» Z + X (reducible) 20 1
> Z + jets 151 E 2
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H(ZZ — 4¢) :: Building 4¢ candidates
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H(ZZ — 4¢l) :: Lepton Selection
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this is a big Challenge
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H(ZZ — 4() :: Loose Muon ID & ISO Efficiency
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H(ZZ — 4¢) :: 1SO & SIP

CMS Preliminary, 5 = 8 TeV, 19 fb"
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H(ZZ — 4() :: Lepton Resolution and Scale
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H(ZZ — 40) :: Precise Measurement of Z — 4/

CMS Preliminary Vs=7TeV,L=5.1fb" /s=8TeV,L=19.6fb"
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myy distribution
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Animation!



https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4l_animated.gif
https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4l_animated_slower.gif

CMS/

Summary

= The CMS muon reconstruction and trigger
has been studied on pp collisions at 7 TeV and 8 TeV.

= The agreement with the expectations from simulations is very-—

good, both in the overall picture and in the individual
performance measurements: efficiencies, resolutions, ...

= Identification efficiencies higher than 95% for selected pT
thresholds

= Mis—identification probabilities from hadrons:
= Order of per mille per K, i, p
= Momentum scale bias consistent with zero

= Relative resolution in the range of 1 to 2% (barrel) and 6%
(endcap)for muons below 100 GeV

= Very good performance on muons with the CMS detector:
= Allows incredible physics results with muons!

Alicia Calderon — 14th ICATPP Conference Como 2013
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Sources

P Riccardo Bellan — Muon intro at Quarkonia Workshop —
https://indico.cern.ch/event/60388/

» Slava Valuev — Muon Object in Particle Flow —
https://indico.cern.ch/event/110072/

P Cristina Botta — Muon Object developments — https://indico.cern.ch/event/185274/

» CMS-MUO-10-004 — Performance of CMS muon reconstruction in pp collision events at
V7 TeV — http://cds.cern.ch/record/1456510

» CMS-Note-2008-097 — Muon Reconstruction in CMS
» CMS-Note-2008-098 — Muon Identification in CMS

P Alicia Calderon — 14th ICATPP Conference Como 2013 —
http://cds.cern.ch/record/1609525


https://indico.cern.ch/event/60388/
https://indico.cern.ch/event/110072/
https://indico.cern.ch/event/185274/
http://cds.cern.ch/record/1456510
http://cds.cern.ch/record/1609525
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