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ATLAS Muon Spectrometer

Large Hadron Collider (LHC)

m 27.6 km accelerator

m p + p collisions at 14 TeV
(also Pb + Pb @ 5.5 TeV)
m 4 experiments
m 2 general purpose: ATLAS, CMS
m B-physics: LHC-b
m Heavy ions: ALICE
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ATLAS Muon Spectrometer

A Toroidal LHC ApparatuS (ATLAS)

Length ~45 m , Weight ~7000 tonnes

Muon Detectors  giectromagnetic Calorimeters

Solenoid

Height ~22m

Barrel Toroid Inner Detector

Hadronic Calorimeters

Forward Calorimeters

Inner Detector: (Silicon pixels +
strips +TRT->particle ID (e/10) )
B=2T. olp, ~ 10% p, ] 1%
(e.g. H > bb)

End Cap Toroid

Muon system: (precision
chambers + triggers in air core
toroids B=0.5T mean value) ,
0o/pT ~ 10 % at 1 TeV standalone
(e.g. HAD> py, H2>4p)

Shielding

Electromagnetic Calorimeters: (Pb liquid argon)

O/E ~ 10%E [ 0.7%. Uniform longitudinal segmentation
Provides: e/y identification, energy and angular resolution,
Vijet . y /10 separation (e.g. H-» py)

Hadronic Calorimeters: (Fe scint Cu-liquid argon)
O/E ~ 50%NE O 3%
Jet, Ey,;, performance (e.g. H - TT, H— bb)

Energy-scale: e/y~0.1%, u~0.1%, Jets~1%

m Inner Detector (ID), Calorimeters, Muon Spectrometer (MS)
m Solenoidal (ID) and toroidal (MS) magnets

m 108 readout channels
m More than 2k physicists
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ATLAS Muon Spectrometer

Muons in LHC

m Muons are the only particles that can traverse large quantity of material
(calorimeters)

m Present in several physical processes (clean signature)

m Usually low branching ratios

H(130 GeV) — ZZ* — 4y
Z—utu

N

i
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m Excellent reconstruction efficiency and
A(300 GeV) — ptp~ momentum resolution over wide range

m Very low fake rates
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ATLAS Muon Spectrometer

ATLAS Muon Spectrometer

m Trigger and precision chambers in
air core toroids

m Independent trigger system and
momentum measurement

® Muons bent in the polar
direction

m 4 different chamber technologies

m 16 sectors, 3 stations, ~ 2k
chambers, 10% channels, 103 m?2

m Optical alignment aiming 30 um
precision

dift tube),
layers

Small chambers

@ \
=7 Axial optical lines
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ATLAS Muon Spectrometer

ATLAS Muon Spectrometer - muon measurement

m Hit position defined by tube and drift radius
= Momentum determined by sagitta measurement (s)
m 2nd coordinates measured in trigger chambers (not shown)

@ 800F

outer chamber

drift time (ns)

~== 500
IJ 400F

Goal: opr = 10% @ 1 TeV 100f

Sagitta ~ 500},”77 0 2 4 6 8 10 12 14
Spatial resolution ~ 40um r (mm)
%align = \/(50 pm)? — (40 um)?

middle chamber

" inner chamber
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ATLAS Muon Spectrometer

ATLAS Muon Spectrometer - muon measurement

Combined muons Tagged muons MS

Stand-alone muons

. Calo
[ \ ] -
N Taking into
0 = O 0] IS 0 account E-loss
g1
?0, <11 .
g e = Stand-alone
m Standalone muons: not seen by Inner Detector o - Combined ,
m MS coverage (|n| < 2.7) exceeds ID £
(Inl < 2.5) 1 !
m Combined muons: measured by Inner Detector L
and Muon Spectrometer e T el

m Improved momentum measurement

pre 5 | | | [
m Efficiency around 95% ] sERRassEsALEELassn Ny
m Very low fake rates ~ 103 /event G og
m Tagged muons: by MS or calorimeter L E
m Low-pt muons do not reach outer stations o+ SETEET 4
m Regions without 3 stations s
K
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ATLAS Muon Spectrometer

ATLAS Muon Spectrometer - muon measurement

Stand-alone muons

Combined muons Tagged muons MS

. Calo
[ \ ID
N Taking into
O 1= O == O account E-loss
5 FTTTTTTTr ey
m Standalone muon?: not see)n by Inner Detector 3 1?§ﬂ§my-§-,§ W:
m MS coverage (|n| < 2.7) exceeds ID £0 9~ : ="
(Inl < 2.5) Luosi ; p,=100 GeVt F
m Combined muons: measured by Inner Detector Tt T i
and Muon Spectrometer 0.7 ; E
m Improved momentum measurement 0.65 El
m Efficiency around 95% osij ;4
m Very low fake rates ~ 1073 /event 7 -Stand-alone i
. . 0.4 o Combined 3
m Tagged muons: by MS or calorimeter 4l 1
= Low-pt muons do not reach outer stations 03555 1 T Iy

m Regions without 3 stations

=
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ATLAS Muon Spectrometer

ATLAS Muon Spectrometer - muon measurement

Stand-alone muons

Combined muons Tagged muons MS

i Calo
[ \ ID
Y Taking into
O == O I ) account E-loss
> LR L L L N B
m Standalone muons: not seen by Inner Detector 51 T
O = %
m MS coverage (|n| < 2.7) exceeds ID 0.9 %,

(In] < 2.5) p,=100 GeVf

m Combined muons: measured by Inner Detector
and Muon Spectrometer

m Improved momentum measurement 0.6

13

(NENI EREEE SRR FNNTE FRREE FREEE .

m Efficiency around 95% 08 Al ;
m Very low fake rates ~ 103 /event ’ * Stand-alone
. 04 2 Combined
m Tagged muons: by MS or calorimeter :
m Low-pt muons do not reach outer stations o.oo“““““““““‘““““
m Regions without 3 stations lull
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ATLAS Muon Spectrometer i on analysis

Summary

ATLAS Muon Spectrometer - muon energy loss and isolation

m Isolation is related to detector activity around a given particle
m One of the main features used to separate signal and backgrounds in SM analysis,
Higgs searches and beyond
m Used to separate muons from W,Z and inside (b,c)

HEHBEHEEEE|
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ATLAS Muon Spectrometer

ATLAS Muon Spectrometer - muon energy loss and isolation

m Muons also loose energy in the calorimeters (impact on momentum resolution)
m Studying optimizations to better describe E-loss and consequently isolation

m Minimum number of cells to consider for E-loss
m Size of the region around the muon that maximizes S/B

T

“2— Calorimeter material
conter

Extrapolated Tragk
Extrapolated Track

Cane opening point inn and
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Higgs to 4-lepton analysis

Outline

Higgs to 4-lepton analysis
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Higgs to 4-lepton analysis

Higgs boson

m Search for the Higgs boson is the main objective of ATLAS and LHC
m Constrains by direct (> 114.4 GeV - LEP) and indirect
searches (< 180 GeV - LEP / Tevatron) (95% CL)
= But we have to look all over!
m Many production / decay modes, but in particular H — ZZ

m One the highest branching ratios
m H — ZZ — 4-leptons (e, p) is the so called “golden channel”

. 1
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Higgs to 4-lepton analysis

Higgs to Z7Z

We see a peak! But is it the (SM) Higgs?

m Apart from Higgs mass, SM predicts width, spin, parity, couplings...
m ZZ is suitable for measuring Higgs properties

m Mass with good precision
m Width for high masses
m Spin and parity, high statistics needed

HoZ'Z- ERED)
My= 150 GeV '
asf . * 1 02f q

B 22 > GRIEE)
My =280 Gev
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Higgs to 4-lepton analysis

Higgs to 4-leptons

S T T T
3 20F mmH_zz+a
Why “golden channel’? S 16F Wiz
§ 14 Tt
g 14F
w B
m Clear peak over smooth background e
m Significant discovery potential for 8E
oF
my > 130 GeV o
m Precise mass measurement [ — = E
Bl TS B I P P | | 5|
100 110 120 130 140 150 160 170 180 190 200
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Higgs to 4-lepton analysis

Higgs to 4-leptons

“ ' S  F T T T T T
golden channel? 3 OF Muzza ATLAS
w18 7z P

S F L=301" 3

m Clear peak over smooth background z iiz o I E
§ b 3

. . pr . - 2 E =

m Significant discovery potential for YonE E
my > 130 GeV e 3

m Precise mass measurement SE E
a4 =

2F — =

L E

T S D T T =1 |
0 110 120 130 140 150 160 170 180 190 200
However... M) [GeV]

m Very low b.r. for Z — Il (3% each)

m Low cross section when WW becomes
on-shell (160 GeV)

m Soft leptons for low mpy (Z off-shell)

—— Higgs - 130 GeV'

Cross section (fb)

Process Cross-section

H — 41 (120 - 200 GeV) 1.6 - 155 fb

zzM— 4l 57.2 fb

Zbb— 41 + X 812 fb

tt— 4l + X 6064 fb L T O S
fon, Uiy :rrs iy, ety g,

4-leptons with p > 5 GeV and |n| < 2.5
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Higgs to 4-lepton analysis

Higgs to 4-leptons

However...

—— Higgs - 130 GeV
-2z
T zbb

I3

o

P

Cross section (fb)

m Very low b.r. for Z — 1l (3% each)

m Low cross section when WW becomes
on-shell (160 GeV)

m Soft leptons for low my (Z off-shell) 1

Process Cross-section

H — 41 (120 - 200 GeV) 1.6 - 155 fb O O Sy O
77— 4| 57.2 fb o Wangy o e
Zbb— 41 + X 812 fb

tt— 4l + X 6064 fb Leptons from bottom decays

4-leptons with p7 > 5 GeV and |n| < 2.5

m Are softer (pT)

AR= VAP + A8 m Are less isolated (track and calorimeter
isolation)
m Have a displaced vertex (impact
parameter (IP) )
lepton

m Do not form resonance (di-lepton mass)

Same effect on signal and ZZ!
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Higgs to 4-lepton analysis

2 01 LSS R RN AR RN RARRN RN ARARE
G i0.0Q ATLAS  __ \BF H(120)—t*t— up
soo08- Z(—up) +jets
He g 0.07 w (F(—pp) +Hets
<

9 ETTETTTEC 00 5
t WW, ZZ fusion :
g g fusion: t H®
92990900900 9

m VBF has a clear experimental signature: two forward
Jjets with high-p7 and high separation in n
m Used when gg-fusion is not feasible (H — 77)
or to reduce QCD backgrounds (H — WW)

m Advantages: can measure Higgs coupling to W,Z, etc.

m Drawback: relatively small fraction of the production
(=~ 20%)

Started to investigate feasibility of VBF analysis in H — 4l
channel

m Can be used to reduce “ireducible” ZZ bg 045180 1160 170 180 100 200" 210 220 230" 40
M(4l) (GeV)

Events/(2.5 GeV)
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Higgs to 4-lepton analysis

VBF analysis in H — 4l channel

. m Dealing with (very) low
Cross sections and expected events (30 fb—1) statistigcs (very)

Hi fb | —fusi VBF .
iggs GNLHO_) i gluon-fusion = Started with VBF H — 77

mass events  events

165 2.29 42 6 m Not efficient enough for
180 5.38 102 16 this analysis

200 20.53 397 66

m Studying optimizations on

300 13.32 261 #6 tagging and cuts for VBF jets

Do not have a good simulation for the moment, but it looks promising...
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Higgs to 4-lepton analysis

m Dealing with (very) low

ns and expected events (30 )

5 I T VBF statistics

ONLO ‘ gluon-tusion .

mass H — 4] events  events = Started with VBF H — 77
165 2.29 42 6 m Not efficient enough for
180 5.38 102 16 this analysis
200 20.53 397 66 . P
300 13.39 267 e m Studying optimizations on

tagging and cuts for VBF jets

Do not have a good simulation for the moment, but it looks promising...

Normalised

5458 VBF Higgs 45 VBF Higgs ! 5 VBF Higgs
=== ggf Higgs § =2 g Higgs =3 S g Higgs

i
15002000 z50qC 37

44 VBF Higgs 3 #4% VBF Higgs
S5 gof Higgs y 32 ggf Higgs
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Higgs to 4-lepton analysis

m Dealing with (very) low

oss sections and expected events (30 )

T 5 I T VBF statistics

iggs  oNLO (fb) gluon-fusion .

mass H — 4] events  events = Started with VBF H — 77
165 2.29 42 6 m Not efficient enough for
180 5.38 102 16 this analysis
200 20.53 397 66 . P
300 13.39 267 e m Studying optimizations on

tagging and cuts for VBF jets

Do not have a good simulation for the moment, but it looks promising...

N TE
s
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- n,xn, <0
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Efficiency for VBF H
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Higgs to 4-lepton analysis

VBF analysis in H — 4l channel

ns and expected events (30

onLo (fb)
H e d

gluon-fusion

mass 41 events  events
165 2.29 42 6
180 5.38 102 16
200 20.53 397 66
300 13.32 267 46

m Dealing with (very) low
statistics
m Started with VBF H — 77
m Not efficient enough for
this analysis
m Studying optimizations on
tagging and cuts for VBF jets

Do not have a good simulation for the moment, but it looks promising...

4-lepton invariant mass - no VBF cut

N
&

@
T T T T

Events / (2.5 GeV)
»
5
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Events / (2.5 GeV)

4-lepton invariant mass with VBF cut
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Summary
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Summary

Summary and future plans

m ATLAS Muon Spectrometer

m Very precise and complex system
m Muons give a clean signature for many physical processes
m Studying calorimetric isolation — used on Higgs searches, SM and BSM analyses

m Higgs boson and the 4-lepton channel

m H — ZZ can measure Higgs properties
m 4-leptons is the “golden channel” but not that easy
m Started VBF H — 4l analysis

Plans:

m Continue with H analysis on simulation

m Muon isolation with simulation and real data (collisions or cosmics )
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Muon trigger
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