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e Let’s pick where we left off yesterday...
e Muonhs!
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The power of muon identification!
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At the LHC, wuons are clean
and “easy” (compared to other par&ictes)
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dimuon mass [GeV]
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Thin-gap chambers (T&C)

| ] Cathode strip chambers (CSC)

* Use a toroidal field (about 0.5T)
* Precision chambers
> Monitored Drift Tubes in barrel and endcaps
3 layers for |n|<2.0, 2 layers for 2.0 < |n| < 2.7,
resolution of 35 um per chamber
> Cathode Strip Chambers :
1 layer (inner) for 2.0 < |n| < 2.7,
resolution in precise coordinate of 40 um per station
* Trigger chambers
- Resistive Plate Chambers in barrel (Jn| < 1.05),
1.5 ns of time resolution
~ Thin Gap Chambers in endcaps (1.05 < |n| < 2.7)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

* Inside solenoid (2T)
* Pixels, SemiConductor Tracker,
Transition Tradiation Tracker
* Cover |n| < 2.5 region, except TRT (|n| < 2)

I ————

: End-cap semiconductor tracker
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Forward muon chambers (CSC)

cathode stri mhambe rs
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Central muon chambers (DT)

drift tubes
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hadron calorimeter

ECAL

calorimeter

Trigger muon chambers (RPC) Tracker

istive plate chamber:
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W
\{ Segment3/chi2=1.84/T0=-3.94
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Tracker |, Standalone 1 and Global p

inside-out . outside-in
| | | | | | | |
0om im 2m im 4m 5m Gm fm
Key:
Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
“““ Photon

Silicon
Tracker

3 Electromagnetic
i }|! ]]] Calorimeter

Hadran Superconducting
Calorimeter Solenoid

Iron return yoke Intersparsed
with Muon chambers

Transverse slice
through CMS

. i .
O Barndy, CERM, Felborcpay 2004
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QATLAS
EXPERIMENT

2010-07-18, 11:05 CEST
Run 158224, Event 3533152
Punch Through Candidate

Muon Hits Missing Transverse Energy
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GATLAS
EXPERIMENT

2010-07-18, 11:05 CEST
Run 156224, Event 3533152
Punch Through Candidate

Muon Hits

All muons - Data 2010
Combined muons - Data 2010

o All muons - Pythia MC09
Combined muons - Pythia MC09

Missing Transverse Energy

2 3 4 5 6 7 8 9 10

P: [GeV]

LPC
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We now have a complete list of identified individual

particles
© e Y, U 7, KL% PU-1
o This List of particles describes the entire event
e all debector hits are used; redundamcv exptoé?:ed;

o umwsigdauersy avoided; double counting of enerqgy

avol
® Some of these particles can be identified as prompt

o we discussed eleckromns, photons, muons
o pile-up can be removed from isolation consideration

Next, we will use the above list of particles to
identify composite or unstable particles

o hadronic decays of T-lepton, quark/gluon jets, b-jets, t-

Jets, and v's

More tomorrow!
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n Basic tau-decay sig

(‘I

® ew ® pw

v ® rv+nn0
® 3nv ® 3mrv+nn0
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pg Basic tau-decay sig

e Massive, (relatively) long lived

(‘I

® e ® uw

v ® rv+nn0
® 3nv ® 3mrv+nn0
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e Massive, (relatively) long lived

o m(T) = 1.7 GeV

® evw ® pw

v ® rv+nn0
® 3nv ® 3mrv+nn0
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Basic tau-decay sigr
Massive, (relatively) long lived
o m(T) = 1.7 GeV
© T = ¥7 Um
leptonic decays: 35%
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Basic tau-decay sigr

Massive, (relatively) long lived
o m(T) = 1.7 GeV

© T = ¥7 Um
leptonic decays: 35%

¢ eleckron: 17.6%

Slide: 12 oFf 34 2. Cavanacigh, HCPSS 2012

Date:

14.0%-2012

Ares

® e

nv
® 3nv

2 Fermilab
U I c ;Jtng:ircsai‘tgoof lllinois

® pw

® rv+nn0
® 3mrv+nn0

LPC

LHC Physics Center




e Massive,

e m(T) =
© T = ¥7 Um
e leptonic decays: 35%

¢ eleckron: 17.6%

e Ao,
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(relatively) long lived
17 GeV

17.6%

Ure S

® e

nv
® 3nv
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e Massive, (relatively) long lived
o m(T) = 1.7 GeV
© T = ¥7 Um

e leptonic decays: 35%
¢ electron: 17.5%
© Muoh: 17.6%

e hadronic decays: 65%

® evw ® pw
v ® rv+nn0
® 3nv ® 3mrv+nn0
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e Massive, (relatively) long lived
o m(T) = 1.7 GeV
© T = ¥7 Um

e leptonic decays: 35%
¢ electron: 17.5%
® MuoW: 17.6%

e hadronic decays: 65%

¢ single prong: 49%

® evw ® pw

v ® rv+nn0
® 3nv ® 3mrv+nn0
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at Chicago

e Massive, (relatively) long lived
o m(T) = 1.7 GeV
© T = ¥7 Um

e leptonic decays: 35%
¢ electron: 17.5%
© Muoh: 17.6%

e hadronic decays: 65%
¢ single prong: 49%
e 11% (O
© 3%% w* + e
o three prong: 16%
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e Massive, (relatively) long lived
o m(T) = 1.7 GeV
© T = ¥7 Um

e leptonic decays: 35%
¢ electron: 17.5%
© Muoh: 17.6%

e hadronic decays: 65%
¢ single prong: 49%
e 11% (o
o 3%¥% w* + e
o three prong: 16%
e lo% (S (Sl (o

o &% (S (ol (U A 1€ (g ®ewv O uw
_ _ o _ v ® rv+nn0
e Experimental inefficiencies and fakes ® 3nv ® 3mv+nmo
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e Massive, (relatively) long lived
o m(T) = 1.7 GeV
® T = ¥7 Um

e leptonic decays: 35%
¢ electron: 17.5%
© Muoh: 17.6%

e hadronic decays: 65%
¢ single prong: 49%
e 11% (o
o 3%¥% w* + e
o three prong: 16%
e lo% (S (Sl (o

A wt at wF + wr° ® ew ® pw
_ _ o _ v ® rv+nn0
e Experimental inefficiencies and fakes ® 3nv ® 3mv+nmo

® reati&v: 0,12,3,4 plons + ©O,12,3,4+ Faha&ov\s
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e Massive, (relatively) long lived
o m(T*) = 1.7 GeV

® T = ¥7 Um
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e leptonic decays: 35%
¢ electron: 17.5%
& NUOWN: 17.8%
e hadronic decays: 65%
¢ single prong: 49%
e 11% (o
© 3%% w* + e
o three prong: 16%
e lo% (S (Sl (o

A wt at wF + wr° ® ew ® pw
_ _ o _ v ® rv+nn0
e Experimental inefficiencies and fakes ® 3nv ® 3mv+nmo

® reati&v: 0,12,3,4 plons + ©O,12,3,4+ Faha&ov\s
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CMS Simulation, {s=7 TeV
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e MET is the transverse momentum vector sum over all
reconstructed particles:

Br =-— Z (pxi+pyj)

particles

e The list of reconstructed Earticles form a global event
description, provided by the PF Algorithm:

o | 1% ey, % Ko, F?E,Le-up par&ictes, ekc }
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e Depends on particle multiplicity in the event
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e Depends on particle multiplicity in the event

o inefficient particles create fake MET
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e Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET
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e Depends on particle multiplicity in the event

o inefficient particles create fake MET
o fake particles create fake MET

e Depends on particle momenta in the event
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e Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET
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g What does MET depend s Formilab

e Depends on particle multiplicity in the event
o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET

e A good (combined) measure of this is:
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at Chicago

g What does MET depend s Formilab

e Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET

e A good (combined) measure of this is:

¢ summed transverse momenta of event “SEr”:
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* ]
& | What does MET depe s rermilab,
e Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET

e A good (combined) measure of this is:

¢ summed transverse momenta of event “SEr”:

e more particles —» more JEr
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* ]
& | What does MET depe s rermilab,
e Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET

e A good (combined) measure of this is:

¢ summed transverse momenta of event “SEr”:
¢ wore par&ictes —» more FET

¢ more momenta—» more SEt
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* ]
& | What does MET depe s rermilab,
e Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET

e A good (combined) measure of this is:

¢ summed transverse momenta of event “SEr”:
¢ wore par&ictes —» more FET

¢ more momenta—» more SEt
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Depends on particle multiplicity in the event

o inefficient particles create fake MET

o fake particles create fake MET

e Depends on particle momenta in the event

o poorly measured particles create fake MET

e A good (combined) measure of this is:

¢ summed transverse momenta of event “SEr”
¢ wore par&ictes —» more FET

¢ more momenta—» more SEt

e Study performance of MET vs )Er
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yZ Missing Er Significai

e pr uncertainty measured for each & every particle
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R Missing Et SignificanCce s

e pr uncertainty measured for each & every particle

e Charged particles: track covariance makrix
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R Missing Et SignificanCce s

e pr uncertainty measured for each & every particle

e Charged particles: track covariance makrix

¢ Neukral Par&ic:tes: test beam data

Slide: 32 of 34 £ Cd\/dhddj/?) YOCPSS 2012 LPC

Dale: 14.0%5.2012 LHC Physics Center



. . . o o JE i
R Missing Er Signifi o Erermied

L W at Chicago

e pr uncertainty measured for each & every particle

o Charged Pm‘&ictes: track covariance makrix
¢ Neukral Par&ittes: test beam data

o Use error propagation over all particles
to find total significance that
observed MET is compatible with zero MET
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R Missing Et Signifi
.
e pr uncertainty measured for each & every particle

o Charged pm‘&ictes: track covariance makrix
¢ Neukral Parf:ic:tes: test beam data

o Use error propagation over all particles
to find total significance that
observed MET is compatible with zero MET

£@) ~exp (-5O7V @)
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Missing Et Signifi

pr uncertainty measured for each & every particle

o Charged pm‘&ictes: track covariance makrix
¢ Neukral Parf:ic:tes: test beam data

Use error propagation over all particles
to find total significance that
observed MET is compatible with zero MET

£@) ~exp (-5O7V @)
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pr uncertainty measured for each & every particle

o Charged pm‘&ictes: track covariance makrix
¢ Neukral Parf:ic:tes: test beam data

Use error propagation over all particles
to find total significance that
observed MET is compatible with zero MET

£@) ~exp (-5O7V @)
Sighificance
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e pr uncertainty measured for each & every particle

¢ Charged particles: track covariance matrix
e Neutral particles: test beam data

o Use error propagation over all particles
to find total significance that

observed MET is compatible with zero MET

1
£@) ~exp (-5O7V @)
&_5;7_ui43u\v\cc

| _ oy (LE=LE)
_ f © S=o9
N >
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e pr uncertainty measured for each & every particle = 3 [ AL

o Use error propagation over all particles
to find total significance that
observed MET is compatible with zero MET
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e pr uncertainty measured for each & every particle

o Use error propagation over all particles
to find total significance that
observed MET is compatible with zero MET

102

(0]
(@]
C
. . . . @ \s =7 TeV, CMS —MC PF
o Charged Pm‘&nctes: tracke covariance makrix £ 1°EL  Dijets, p_> 30 GeV S
c 4 T PF_ Gen
i=) 3 pb MCE, -E ]
e Neulral particles: test beam data 2 0 . Data B
C
>
; — Ideal 2
£
(0]
>
L

—_
o

—_

oo (307 ) ...

\V_S}?hl'*.’(‘\hcc 10 20 30 40 50 60 70 édwéo“‘gﬁ)o
LE=YF .
8—21n< (E=1 1))

S« -

-
e

o‘[ LI LLLI B AL B R L R R LU B R R

e
gy

\q

HTZJO Lj—T#'O

®* Zero true MET events should follow a flat P(X?) distribution
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Pr uncertainty measured for each & every particle SN LA

o Use error propagation over all particles

2
to find total significance that 10

(0]
(@]
C
. . . @ \s =7 TeV, CMS —MC
o Charged Pm‘&nc!.es: track covariance makrix £ 1°E\ Dijets, p > 30 Gev B E
S 3pb” CMCE -
e Neulral particles: test beam data = 100 . Data "
[
=}
; — Ideal 2
£
(0]
o

observed MET is compatible with zero MET

o‘[ LI LLLI B AL B R L R R LU B R R

10 E
- LTyl :
L@ ~exp (5@ TV @ I mw k H ‘
- .4‘ 10'1 ‘ ‘ \\“\‘ s ‘E; H\‘\\\\‘\\\\‘\\\\‘\ \‘\ |
Sl?h’ 1Can CcC 10 20 30 40 50 60 70 80 908100
\0 L(E=Y¢) PF
S=2In — 5 [T T T
S T E(e =0 S1600f- \s=7TeV,CMS : .
e f2) Duets P, > 30 GeV ]

~— qc) 1400 [~

>
W 1200

\T 1000 H

800
600 | =
- —MCE; ]
E #— O 400 |~ PF _Gen |
C - MCE" - ]
H O 200'— ETPFET -
C Datal‘ET :
* Zero true MET events should follow a flat P(X2?) dlstrlbutloﬁo“ R R RS A Y I E AY) 0.‘9‘,“2‘1
P(x?)

Slide: 32 oF 34 2. Cavanacigh, HCPSS 2012

Dale: 14.0%5.2012 LHC Physics Center



. . = Fermilab
% T U I University of Illinois

at Chicago

Pr uncertainty measured for each & every particle AL LA

o Use error propagation over all particles
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to find total significance that 10
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* Real true MET events (& badly reconstructed events) peak at zero P(X?)
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* Real true MET events (& badly reconstructed events) peak at zero P(X?)
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