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The ATLAS detector expected perfomance]

EM Calorimeters: o/E = 10%/JE ® 0.7%
excellent e/y identification Precision Muon Spectrometer: o/pi = 10% @ 1 TeV
good energy resolution (e.g. for H = yy) fast trigger response
good momentum resolution
(e.g. A/Z = pp, H = 4)

.T,' ! = e N\
‘H \ ), Jv > ’rﬁ'. ‘\ Hadron Calorimeter:
A I | .,M 0/E =~ 50%/\JE ® 3%
W\ [.LF ﬁ\ > good jet resolution

\ 1;-

good missing Er resolution
(e.g.H— TT)

Inner Detector:
Si Pixel & strips; TRT
o/pt=5-10%pt @ 0.001
good impact parameter res., i.e.
o(do) = 15 upm @ 20 GeV

Magnets: (e.g. H — bb)

Solenoid (inner detector): 2 T
Toroid (muon spectrometer): 0.5 T

Marco Delmastro Experimental Particle Physics



Th o C M S d etector [expected perfomance]

Inner Detector: Hadron Calorimeter:
o/pt=5-10"% pt @ 0.001 o/E = 100%/JE @ 5%
EM Calorimeters: [vs. ATLAS o/pt=5 - 10" pt @ 0.001] " [vs. ATLAS: o/E = 50%/,\JE ® 3%)]

o/E ~ 3%/,JE ® 0.5%

[ vs. ATLAS: o/E = 10%/JE ® 0.7%)]
TRACKER Muon Spectormeter

CRYSTAL FCAL o/pt=10% @ 1 TeV
[VvS.. ATLAS: o/pi=10% @ 1 TeV]

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

FORWARD

Magnet: CALORIMETER

Solenoid: 4 T
HCAL

MUON CHAMBERS
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The ATLAS detector

Muon
Spectrometer
Hadronic
Calorimeter
¢ The dashed tracks
are invisible to
the detector
Electromagnetic
Calorimeter . lectror
Solenoid magnet i S ase
Transition T
Radiation ess
Tracking € Tracker
Pixel/SCT
dotechr EXPERIMENT

hnp.//uﬂns.ch
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The CMS detector

I | 1 | | | 1 |
om im m im 4am 5m 6m m
Key:
Muon
Electron

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

Silicon
Tracker

|

Electromagnetic
Calorimeter

Hadron
Calorimeter

Superconducting
Solenoid

Transverse slice
through CMS
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Main Design Parameters Comparison

TABLE 2 Main design parameters of the ATLAS and CMS detectors

Parameter ATLAS CMS
Total weight (tons) 7000 12,500
Overall diameter (m) 22 15
Overall length (m) 46 20
Magnetic field for tracking (T) 2 4

Solid angle for precision measurements (A¢ x An) 27 x35.0 27 x 5.0
Solid angle for energy measurements (A¢ x An) 2 x 9.6 2w x 9.6
Total cost (million Swiss francs) 550 550

Marco Delmastro
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ATLAS vs. CMS
s s

Magnetic field 2T solenoid + toroid 4T solenoid + return yoke
(0.5T barrel; | T end-cap)
Tracker Si pixels and strips + TRT Si pixels and strips
o/pr=5x 104 p;+ 0.0l o/pr= 1.5 x 10 p;+ 0.005
EM calorimeter LAr + Pb PbWO, crystals
o/ E = 10%/VE & 0.007 o/ E = 2-6%/VE © 0.005
Hadronic calorimeter Scint. + Fe / LAr + Cu (10 A) Scint. + Cu (5.8 A + catcher)
o/ E = 50%/VE @ 0.03 GeV o/ E = 100%/VE © 0.05 GeV
Muon spectrometer o/pr= 2% @ 50 GeV — olpr= 1% @ 50 GeV -
10% @ | TeV (ID + MS) 5% @ | TeV (ID + MS)
Trigger L1 + Rol-based HLT (L2 + EF) L1 + HLT (L2 + L3)
o,/ my (H=>vy) 1.2 GeV @ my, = 120 GeV 0.7 GeV @ my = 120 GeV

* G.Aad et al (ATLAS Collaboration). J. Instrum. 3. s08003 (2008)
e S.Chatrchysn (CMS Collaboration), J. Instrum. 3. s08004 (2008)

Marco Delmastro Experimental Particle Physics



ATLAS

Marco Delmastro

Invested much in three
superconducting toroid
magnets and a set of precise
muon chambers

“This system provides a stand-alone
muon momentum measurement’’

Transition detector in the
tracking system (electron vs.
pions)

Sampling calorimeter

Mediocre energy resolution,
longitudinal segmentation, fine
lateral segmentation

Good HAD calorimeter

Experimental Particle Physics

CMS

Invested in highest possible
magnetic field (4T)

Inner tracker consisting of all
silicon detectors

Homogeneous EM
Calorimeter

Excellent energy resolution, no
longitudinal segmentation, coarse
lateral segmentation

Mediocre HAD calorimeter
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Magnet systems

® ATLAS

v

Marco Delmastro

Driven by the goal to achieve
a high-precision stand-alone
momentum measurement of
muons “achieved using an
arrangement of a small-radius
thin-walled solenoid integrated
into the cryostat of the barrel
ECAL, surrounded by a system
of three large air-core toroids,
situated outside the ATLAS
calorimeter systems, and
generating the magnetic field for
the muon spectrometer.”

Experimental Particle Physics

* CMS
v" A single magnet with “a high

magnetic field in the tracker
volume for all precision
momentum measurements, and
a high enough return flux in the
iron outside the magnet to
provide a muon trigger and a
second muon momentum
measurement.”



ATLAS magnets

aaaaaaaaaaaaaa



CMS magnet

Marco Delmastro
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Magnet systems
TABLE 3

Main parameters of the CMS and ATLAS magnet systems

CMS ATLAS

Barrel End-cap
Parameter Solenoid  Solenoid toroid toroids
Inner diameter S59m 2.4 m 94 m 1.7 m
Outer diameter 6.5 m 2.6 m 20.1 m 10.7 m
Axial length 129 m 5.3m 253 m 5.0m
Number of coils I | 8 8
Number of turns per coil 2168 1173 120 116
Conductor size (mm?) 64x22  30x425 57x12  41x12
Bending power 4T-m 2T-m 3T-m 6T-m
Current 19.5 kA 7.7 kKA 20.5 kA 20.0 kKA
Stored energy 2700 M1J 38 MlJ 1080 MJ 206 M1J

Marco Delmastro

Experimental Particle Physics
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Inner tracking systems

Marco Delmastro

TABLE 4 Main parameters of the ATLAS and CMS tracking systems (see Table 6 for

details of the pixel systems)
Parameter ATLAS CMS
Dimensions (cm)
-radius of outermost measurement 101-107 107-110
-radius of innermost measurement 5.0 4.4
-total active length 560 540
Magnetic field B (T) 2 4
BR? (T - m?) 20t02.3 461t04.8
Total power on detector (kW) 70 60
Total weight in tracker volume (kg) ~4500 ~3700
Total material (X/X,)
-at n &~ 0 (minimum material) 03 04
-at n &~ 1.7 (maximum material) 1.2 1.5
-at n & 2.5 (edge of acceptance) 0.5 0.8
Total material (A/A( at max) 0.35 042
Silicon microstrip detectors
-number of hits per track 8 14
-radius of innermost meas. (cm) 30 20
-total active area of silicon (m?) 60 200
-wafer thickness (microns) 280 320/500
-total number of channels 6.2 x 10° 9.6 x 10°
-cell size (um in R¢ x cm in z/R) 80 x 12 80/120 x 10
-cell size (um in R¢ x cm in z/R) and 120/180 x 25
Straw drift tubes (ATLAS only)
-number of hits per track (|n| < 1.8) 35
-total number of channels 350,000

-cell size (mm in R¢ X cm in z)

4 x 70 (barrel)
4 x 40 (end caps)

Experimental Particle Physics
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Pixel detectors

TABLE 6 Main parameters of the ATLAS and CMS pixel systems

ATLAS CMS

Number of hits per track 3 3
Total number of channels 80 10° 66 10°
Pixel size (um in R¢ x um in z/R) 50 x 400 100 x 150
Lorentz angle (degrees), initial to end 12to 4 26to 8
Tilt in R¢ (degrees) 20 (only barrel) 20 (only end cap)
Total active area of silicon (m?) 1.7 (n" /n) 1.0 (n"/n)
Sensor thickness (um) 250 285
Total number of modules 1744 (288 in disks) 1440 (672 in disks)
Barrel layer radii (cm) 5.1,8.9,12.3 44,7.3,10.2
Disk layer min. to max. radii (cm) 8.9to 15.0 6.0 to 15.0
Disk positions in z (cm) 49.5, 58.0, 65.0 34.5, 46.5
Signal-to-noise ratio for minimum ionizing 120 130

particles (day 1)
Total fluence atL = 10* (n,,/cm?/year) 3 x 10" 3 x 10"

at radius of 4-5 cm (innermost layer)
Signal-to-noise ratio (after 10" n,, /cm?) 80 80
Resolution in R¢ (1um) ~10 ~10
Resolution in z/R (um) ~100 ~20

Experimental Particle Physics
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Inner tracking systems

* ATLAS * CMS
v" Solenoidal field: 2 T v Solenoidal filed: 4T
v Silicon (strips and pixels) + TRT v Full silicon strip and pixel detectors
* high granularity and resolution close * high resolution
to interaction region * high granularity 481'11g1e ,
113 . ”» . .. Oul‘er b ~Slded
* “continuous” tracking at large radii arre)

Iay Crg

rR=1082 mm

TRT

TRT<
LR =554 mm

(R =514 mm 24

R =443 mm
SCT

A

R =371 mm

(R=200mm[ g% B

R=122.5 mm

Pixels { R = 88.5 mm
R =50.5 mm
R=0mm

Marco Delmastro Experimental Particle Physics



Main performance of tracking systems

ATLAS CMS
Reconstruction efficiency for muons with pr = 1 GeV 96.8% 97 .0%
Reconstruction efficiency for pions with pr = | GeV 84.0% 80.0%
Reconstruction efficiency for electrons with pr = 5 GeV 90.0% 85.0%
Momentum resolution at pr = 1 GeV and n = 0 1.3% 0.7%
Momentum resolution at pr = |1 GeV and n = 2.5 2.0% 2.0%
Momentum resolution at pr = 100 GeV and n = 0 3.8% 1.5%
Momentum resolution at pr = 100 GeV and n = 2.5 11% 7%
Transverse 1.p. resolution at pr = 1 GeV and n &= 0 (um) 75 90
Transverse 1.p. resolution at pr = 1 GeVand n =~ 2.5 (1um) 200 220
Transverse 1.p. resolution at pr = 1000 GeV and n = 0 (um) 11 9
Transverse 1.p. resolution at pr = 1000 GeV and n &= 2.5 (ium) 11 11
Longitudinal 1.p. resolution at pr = 1 GeV and n = 0 (pum) 150 125
Longitudinal i.p. resolution at pr = 1 GeV and n = 2.5 (um) 900 1060

® Momentum resolution on average superior in CMS

® Similar vertexing and b-tagging performances are similar

® Impact of material and B-field already visible on efficiencies

Marco Delmastro Experimental Particle Physics
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Amount of material in inner trackers

% af Moo ATLAS 1.4 . CMS
E m Beam Pipe 1| " T .
12 [llscT 1.2 | m Sensitive i) )
. Electronics || \
-_.p"‘e' . { | ™ Support "
[ Beam Pipe w Cooling 1.75{
, m Cable

Outside |

§ 0.8

0.6

0.4

0.2

3 % 05 1 15 2 28
Inl N

® Active sensors and mechanics account each only for ~10% of material budget
® Need to bring ~70 kW power into tracker and to remove similar amount of heat
v" Very distributed set of heat sources and power-hungry electronics inside volume

v Complex layout of services, most of which are difficult to properly implement in
detector simulation (calorimeter calibration!)

Marco Delmastro Experimental Particle Physics






Electromagnetic calorimeter

* ATLAS

v" EM calorimeter is outside inner
solenoidal field

* More material in front, energy
losses, photon conversions

v" Sampling calorimeter
* Liquid argon + Pb
* Worse energy resolution

* High granularity and segmentation
(eta, phi, longitudinally)
— better PID and rejection

— position measurement for photons

v Electrical signals v

* High stability in calibration and
radiation resistant

Marco Delmastro Experimental Particle Physics

* CMS

v" EM calorimeter is bathed in
magnetic field

* Shower shape distortion

v"Homogenous calorimeter

* PbWOA4 crystal calorimeter
* Higher intrinsic resolution

* Poorer segmentation

Light signals

Crystal light response vary
with radiation, calibration vs.
time complicated

22



ATLAS electromagnetic calorimeter

LAr hadronic
end-cap (HEC)

v W 3
% E\hl N N X _;
lm i S & N 3
’: "
%-ku/f -
-

LAr eleciromagnetic
end-cap (EMEC)
LAr electromagnetic Y7 -G
barrel (EMB) LY/ 1T
LAr forward (FCal) :
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CMS electromagnetic calorimeter

24

Experimental Particle Physics

Marco Delmastro



Electromagnetic calorimeters

TABLE 8 Main parameters of the ATLAS and CMS electromagnetic calorimeters

Marco Delmastro

http:/ /www.annualreviews.org ATLAS CMS
Technology Lead/LLAr accordion PbWO, scintillating crystals
Channels Barrel End caps Barrel End caps
110,208 63,744 61,200 14,648
Granularity An x A¢ An x A¢
Presampler 0.025 x 0.1 0.025 x 0.1
Strips/ 0.003 x 0.1 0.003 x 0.1to 32 x 32 Si-strips
Si-preshower 0.006 x 0.1 per 4 crystals
Main sampling 0.025 x 0.025 0.025 x 0.025 0.017 x 0.017 0.018 x 0.003 to
0.088 x 0.015
Back 0.05 x 0.025 0.05 x 0.025
Depth Barrel End caps Barrel End caps
Presampler (LAr) 10 mm 2 X 2 mm
Strips/ ~4.3 X, ~4.0 X, 3 Xp
Si-preshower
Main sampling ~16 X, ~20 X, 26 X, 25 X,
Back ~2 Xy ~2 X,
Noise per cluster 250 MeV 250 MeV 200 MeV 600 MeV
Intrinsic Barrel End caps Barrel End caps
resolution
Stochasticterma  10% 10 to 12% 3% 5.5%
Local constant 0.2% 0.35% 0.5% 0.5%

term b

Experimental Particle Physics
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Electromagnetic calorimeters
* CMS

‘ Cells in Layer 3
AdXBN = 0.0245%0.05
o
An=gq,

Trigger
ATOWer
¢ = 0'0982

~

Square cellsin
Layer 2

r;&//&/;"
NS ,‘ 1
¢ = 0.0245

375 ) \*l
SMmy/g - An - f
A< o g, Mmm "= 0.025
[}
Strip cellsin Layer 1
~“—Cellsin PS
AnxA¢p = 0.025x0.1
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Performance of electromagnetic calorimeters

Marco Delmastro

Energy resolution (%)

Energy resolution (%)
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ATLAS hadronic calorimeters

Tile barrel Tile extended barrel

— e

LAr hadronic
end-cap (HEC)

LAr electromagnetic o /¢
end-cap (EMECQ) : :

LAr electromagnetic
barrel

Marco Delmastro Experimental Particle Physics 29



CMS hadronic calorimeter
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Hadronic calorimeters

TABLE 10 Main performance parameters of the different hadronic calorimeter components
of the ATLAS and CMS detectors, as measured in test beams using charged pions in both
stand-alone and combined mode with the ECAL

ATLAS
Barrel LAr/Tile End-cap LAr CMS
Tile Combined HEC Combined Had. barrel Combined

Electron/hadron 1.36 1.37 1.49

ratio
Stochastic term  45%/NE 55%/INE ~ T5%INE 85%/INE — 100%/NE ~— 70%IE
Constant term 1.3% 2.3% 5.8% < 1% 8.0%
Noise Small 3.2 GeV 1.2 GeV Small 1 GeV

The measured electron/hadron ratios are given separately for the hadronic stand-alone and combined calorimeters when
available, and the contributions (added quadratically except for the stand-alone ATLAS tile calorimeter) to the pion energy
resolution from the stochastic term, the local constant term, and the noise are also shown, when available from published
data.
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Hadronic absorption length
¢ ATLASs * CMS
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Performance of calorimeters: jets

T ndl 13
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Figure 20 For ATLAS (left) and CMS (right), expected relative precision on the measure-
ment of the energy of QCD jets reconstructed in the central region as a function of 1/+/E,
where E is the jet energy for ATLAS, and as a function of EM¢, where EXC is the jet
transverse energy for CMS.
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Performance of calorimeters: MET
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Figure 21 For ATLAS (left) and CMS (right), expected precision on the measurement of
the missing transverse energy as a function of the total transverse energy, X E;, measured
in the event.
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Muon spectrometers
° ATLAS

v" independent muon spectrometer
with excellent stand-alone
capabilities

Monitored Drift—Tube Chambhers

RPC
i

* CMS

v superior combined momentum
resolution in the central region;

v" limited stand-alone resolution and

trigger capabilities

* multiple scattering in the iron

1.2\ 1.04 RPQ ) 'e_ta=0.8

Drift Tubes

y
N 1.

,|\
N Y

NS _\_II_

'\\‘ .
™

T
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Muon spectrometers

TABLE 11 Main parameters of the ATLAS and CMS muon chambers

Marco Delmastro

ATLAS CMS
Drift Tubes MDTs DTs
-Coverage In| <2.0 nl<1.2
-Number of chambers 1170 250
-Number of channels 354,000 172,000

-Function

Cathode Strip Chambers
-Coverage
-Number of chambers
-Number of channels
-Function

Resistive Plate
Chambers
-Coverage
-Number of chambers
-Number of channels
-Function

Thin Gap Chambers
-Coverage
-Number of chambers
-Number of channels
-Function

Precision measurement

20< |y <2.7

32

31,000

Precision measurement

In| < 1.05

1112

374,000

Triggering, second coordinate

1.05<|n| <2.4

1578

322,000

Triggering, second coordinate

Precision measurement, triggering

12<|n| <24

468

500,000

Precision measurement, triggering

In| <2.1
912
160,000
Triggering

Experimental Particle Physics
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Muon spectrometers

TABLE 12 Main parameters of the ATLAS and CMS muon measurement systems as well as
a summary of the expected combined and stand-alone performance at two typical pseudorapidity

Marco Delmastro

values (averaged over azimuth)

Parameter ATLAS CMS
Pseudorapidity coverage
-Muon measurement In| < 2.7 In| <2.4
-Triggering In| < 2.4 In| <2.1
Dimensions (m)
-Innermost (outermost) radius 5.0 (10.0) 3.9(7.0)
-Innermost (outermost) disk (z-point) 7.0 (21-23) 6.0-7.0 (9-10)
Segments/superpoints per track for barrel (end caps) 3 (4) 4 (3-4)
Magnetic field B (T) 0.5 2
-Bending power (BL, in T- m) at |[n| =~ 0 3 16
-Bending power (BL, in T- m) at |n| &~ 2.5 8 6
Combined (stand-alone) momentum resolution at
-p = 10GeVand n =0 1.4% (3.9%) 0.8% (8%)
-p = 10GeVand n =~ 2 2.4% (6.4%) 2.0% (11%)
-p = 100 GeV and n =~ 0 2.6% (3.1%) 1.2% (9%)
-p = 100 GeV and n ~ 2 2.1% (3.1%) 1.7% (18%)
-p = 1000 GeV and n =~ 0 10.4% (10.5%) 4.5% (13%)
-p = 1000 GeV and n ~ 2 4.4% (4.6%) 7.0% (35%)
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