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At LHC, EWK and new phenomena

have cross sections much smaller than

production of jets. Reconstructing and
identifying a muon (or electron) in the
event is a key element in separating
these rare phenomena from the
overwhelming QCD background
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There are at least 10 interaction lengths before the first
muon chamber and some 20 interaction lengths before the
last muon chambers. The hadrons produced in the pp
interaction are absorbed before the muon system.
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Drift tubes in the barrel region and Cathode strip
chambers in the endcaps provide “Tracks Stubs®™ (a
vector in space) . This information is supplemented by
Resistive Plate Chambers that provide precise time
information and coarse position measurement.
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CMS MAGNETIC FIELD
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Z2=-2,-1,0,1,2 according to the Barrel wheel concerned
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Propagatlon of a muon through CMS
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Muon momentum
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Stand alone muon : muon
chambers + beam spot

u
constraint, limited by
multiple scattering up to

very large momenta

Beam constraint is very
important

I\
LAY
‘‘‘‘‘‘

| AN
12Tmvs 2 Tm Al sk i (e

Tracker Track: ~ no material
effect but small lever arm R 5 .
and only 4 Tm bending. NN m Z+ Contar ctuiic

Z2=-2,-1,0,1,2 according to the Barrel wheel concerned
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Muon Tracks
2 OUTSIDE IN APPROACH

¢ Build a track on the muon system

¢ Match it with a track built independently on the tracker
* In very few cases (<1%) there is no match

¢ Inside out approach

¢ Take a tracker track and extrapolate it to the muon
system searching for hits

¢ Useful for low momentum muons that stop inside the
muon spectrometer

@ MOST MUONS ARE FOUND BY BOTH
METHODS

Islamabad
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Muons in CMS

¢ Muons are not color charged under the QCD SU(3)
interaction, and can be produced only through
electroweak processes, including also electroweak-
mediated decays of hadrons.

¢ The relevant sources of muons at LHC are:

¢ in-flight decay of light hadrons produce through strong
interaction (1, K)

¥ semi-leptonic decays of hadrons with heavy quarks (bottom,
charm) produced through strong interactions

¢ prompt production through electroweak gauge bosons (W, Z/
v*), or similar processes with tau leptons followed by T—pvv™
decays

¢ chain decays of top quarks (t—-Wb—uv'b)

Islamabad
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pT threshold (GeVic)
3 456 810 20 3040 60

Ag/dpt (pb/B GeV)
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At 50 GeV ~ 10 Hz from b and 10 Hz from W
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0-bias trigger data

CMS, \s=7TeV, L=047nb "'
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Soft Muon = inside-out with some quality requirement
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Tight Muon = outside-in with some quality requirement

Muon source Soft Muons [%] | Tight Muons [%]
beauty 4.4 22.2
charm 8.3 21.9
light flavour 79.0 55.7
hadron punch-through 54 0.2
duplicate 29 <0.01
prompt <0.1 <0.1
Islamabad
18/11/14

qigi.rolandi@cern.ch [l
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hadrons decays



Muon trigger data

Tight Muons

1

10°
10°
10°

Islamabad
18/11/14

10

lllllllllllllllllll]lll]lll]lll[lII

& CMS.\Ns=7TeVL=31pb"’

I llllml LILBLLL

-+ Data

[] punch-through
B 'ight

1 charm

1 bt(c cascade)
Bl W (+Jets)
Bl Z (+Jets)

1 others

W/Z Jacobian peak

‘*"m Nl .0
100 120 140 160_180 200
o (GeV/c)

Inefficiencies due to muon system geometry

)
C -
O 35 cMsSNs=7TevL=3fpb'
: -
— -
= 30—
S .
; 25:_ ‘..'O'
20—
15—
10—

Single muon trigger

Punch through ~ 0.1%

qigi.rolandi@cern.ch [l

1 others

—s— Dala
[] punch-through
B 'ight

1 charm

1 bt(c cascade)
Bl W (+Jets)
B Z (+Jets)

llllllllllllllllllllllllIllllll

A 15 -1-05 ONO5 1 1.5 2

M

13 /33



Separation of muon sources

¢ Muons from light hadrons

¢ Their decay point is uniformly distributed and the
track may have a kink (more for kaons than for
pions)
 Track chi?
¢ Muons from hadrons
¢ they do not come from the primary vertex
» Impact parameter
¢ Muons from hadrons

¢ They come in jets and muons from hadron
decays are often accompanied by other tracks

e |solation

Islamabad
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Muons from heavy and light flavors decays
are often inside a jet of particles from quark
fragmentation or hadron decay . This is not
the case for V decays, that decay directly to
muons.

A good discriminating variable is the energy
contained in a cone of angle R=V(A@2+An?)
centered around the muon.

Ap |
. R=04

Islamabad 15133
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Measurement of efficiency via T&P

¢ How well do we identify a muon 7

¢ Efficiency = Probability of a muon to be identified
as such

¢ Can be computed with MonteCarlo but this is

affected by the systematic errors of the
simulation

¢ Can be computed exploiting the shape of a

resonance , this is called Tag and Probe
method



Consider a resonance decaying into two muons

TAG Make invariant mass of a well identified muon (TAG) with
Probe
a) All tracks identified as muon b) All tracks NOT identified as muons
“§ 140 CMS PrefiminaryJa =7 TeV, L =60 nb' °'§ 900F S Preiminary\G =7 TeV, L= 60 no'
3 passing probee 1 & 800 failing probes
8 g 700
° S 800
g 2 506k
@ % 400
300
200
100
3 31 32 33 34 35 g
dimuon mass (GeV/cz) 8 29 3 31 32 33 34 35
dimuon mass (GeV/c?)
Measure the AREAS (A, B) under the two peaks
Efficiency = A/(A+B)
Islamabad 18/33
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Muon |ldentification Efficiencies

L Ill] L 1 L) llll-
e e TS 0
e .
.D -
o B
<12 .
-+ Data 7
<f = Simulstion | -
:| CMsS, «.n-v]
-yl |

. 3 4567 10 20 30

muon p. (GeVIc)

"l

i _
B I -
Tosf = -
g [ A .
0.6F* -
g 0.4 :
[ 12<hhi<24 |7
- +M -
0.2- = Simulation | -
[ CMsS, sli'-?TcV]
N 1 2.2 22 .l

01 2 345 10 2030
muon p. (GeVIc)

Islamabad

18/11/14

:

PF muon effici

.I | L llll | L UII-
- Uw.ul:ﬂ’a"_._
. ]
08 -
osf ’
0.4f 4
Inl<1.2 ]
- Data
°2F = Simulation |
| CMS, \5-7va
|
0 3 4567 10 20 :!)
muon p, (GeVIc)
1_—- W
og + _
[ N ]
08" -
0_4.: _.
[ 12<inj<24 | |
I - Data
021 = Simulation | -
: CMS, ‘5-7TCV
. s 3 |
01 2 345 10 20:!)

muon p, (GeVIc)

i i.rolandi@cern.ch"%"

) -] | 1 "l'l | | LI "'-
1._ -
§ C ‘Ms—&-&a——n—
[3} R o5 .
% osf| ° 4
 — - - -
é | o i
0.6 -
‘.S [| = l
- o4 ° .
[ | <12 1
-1 B ——Dala
02| o Siundation |
:* CMS, i-?TQV]
el
0 4567 10 20 30

muon p, (GeVIc)

12<hj<24
~+-Dala
~E5- Sidution
CMs, i-?'l’ov ]

&
§
Q
® 08
5
E 06
=
=
02
0

1 2 345

10 20 30
muon p, (GeVIc)

19 /33



Isolation and pileup
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reduced , since particles produced in the pileup vertices may enter

In presence of multiple interaction the efficiency of the isolation is
randomly in the isolation cone.
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Isolation and pileup

- tracker relative isolation ((> pT(TRK))/pT) < 0.1 (cone
AR=0.3)
Uses only charged particles from the primary vertex

- combined relative PF isolation (> ET(chHad from PV)
+> ET(neutHad)+) ET(photons))/pT < 0.12 with dBeta
correction for pile up (cone AR =0.4).

- dBeta: Correction to the neutral component of the
combined isolation, taking into account the charged
particles in the cone of interest but with particles not
originating from the primary vertex, and the average of
neutral to charged particles as measured in jets

Uses charged particles from the pileup vertices to compute the
amount of energy to subtract inside the cone

Islamabad

18/11/14 21133




0.9

0.8

Islamabad
18/11/14

CMS preliminary Run2012A+B  ¥s=8 TeV

0.7F

0.6F

—+— DatalMC

IIII!IIII
-
=
O

0.5

([T T[T P ||||||_
CombReIIso PF dB<0 12 I

—T"1""1'"'{"}"'1"'i"'i"'i"'i"'['"i"i""1'"i"'I'"i"'1""i'"i"]""1"'i"'i"'i"'I"'i"'i"i""1"'I'"i"'i"'i'"i'"l"'i"i""n"'i"T_

T T I

2 -15 -1 -05 0 05 1 15 2

N

1.2

1.1

0.9

0.8

0.7

0.6

0.5

CMS prehmmary Run2012A+B \s=8 Tev

| CombReIIso PF dB<0. 12 I

LT LT T T Ty L T T LT LT LT e T T T T T T T T T T TPt SO PP PO

.........................................................................................................................................................

........................................................................................................................................................

w 1.2

1.1
1
0.9
0.8

0.7

CMS preliminary

Run2012A+B \/s=8 TeV

0.6

0.5

..... |n(u)|<21 —+-MC
: | - DatalMC

10 20 30
Number of vertices

Igl.rolanaiwcern.cn %

22 /33



Muon Momentum Scale

¢ The precision on the muon momentum
depends on how well the tracker is aligned

¢ Distortions in the alignment can produce bias

¢ This can be tested reconstructing the mass
of the Z boson

Z poak position [GeVic®)
g EgE8bennb
IH*

<2 145 4 L5 0 05 1 15 2
muon n
Islamabad
18/11/14 23 /33




Use cosmic rays to measure high energy muons

R(q/pr) =
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Di-Muon Trigger

> 7 trigger paths
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Single Muon Trigger
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Electroweak
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H--> 4 leptons Largest sensitivity with muons
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CMS, 19.7 fb" at 8 TeV

eH-->tau tau p Th Most sensitive channel
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Mu and Precision EVWK data

http://arxiv.org/pdf/1407.3792v1

. w/o Higes dats adding mu=125 * 2 GeV to the EWK fit:
Thad with Higgs data
A% - gives x 2/ Ndf=17.95/ 14, Prob =20.9%
A - was before:  16.85/ 13, Prob = 20.6%

Ay R (M. Grunewald)

R Improved Mw prediction
sin’ 67" in the EW Fit

Electroweak Fit

Measured value

fitter

Aal(;)d package

—3 —2 —1 +1 +2

80340 80350 80360 80370 80380 80390 80400 80410 MW ( M eV)

Islamabad

18/11/14 i i.rolandi@cern.ch'-.'z:-'@ 33 /33


http://arxiv.org/pdf/1407.3792v1

Mu and Precision EVWK data

http://arxiv.org/pdf/1407.3792v1

. w/o Higes data adding mu=125 * 2 GeV to the EWK fit:
Thad with Higgs data
A% - gives x 2/ Ndf=17.95/ 14, Prob =20.9%
e _was before:  16.85/ 13, Prob = 20.6%
A - (M Grunewald)
-46 ..--;a ) e - Lo d s S e o . _ =
' NEXT MUON JOB in CMS
"  Precise Measurement of the W mass ?
R T = T Improved vV w"predlctlon
sin’ 67" In the EW Fit
Mw
I'w .
[z L Electroweak Fit
Mz
- Measured value
pal® | ey
-3 —2 —1 +1 +2
80340 80350 80360 80370 80380 80390 80400 80410 MW ( M eV)
Islamabad

18/11/14 i i.rolandi@cern.ch'-.':‘;'@ 33 /33


http://arxiv.org/pdf/1407.3792v1

