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TABLE 1 For a variety of physics processes expected to be the most abundantly

produced at the LHC, expected numbers of events recorded by ATLAS and CMS for
an integrated luminosity of 1 fb~! per experiment

Physics process Number of events per 1 fb!
QCD jets with E7 > 150 GeV 10° (for 10% of trigger bandwidth)
W — pv 7.0 x 10°

Z— pup 1.1 x 10°

tt—>efpn+ X 1.6 x 10°

Gluino-gluino production (of mass 10% to 10°

approximately 1 TeV)
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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 Anp) 27 x50 2m x5.0
Solid angle for energy measurements (A¢ x An) 2 x9.6 2m x9.6
Total cost (million Swiss francs) 550 550
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TABLE 3 Main parameters of the CMS and ATLAS magnet systems

CMS ATLAS
Barrel End-cap

Parameter Solenoid  Solenoid toroid toroids
Inner diameter 59m 24 m 9.4 m 1.7m
Outer diameter 6.5m 2.6m 20.1 m 10.7 m
Axial length 129 m 53m 253 m 5.0m
Number of coils 1 1 8 8
Number of turns percoil 2168 1173 120 116
Conductor size (mm?) 64 x 22 30x4.25 57x12 41 x 12
Bending power 4T-m 2T -m 3T -m 6T-m
Current 19.5 kA 7.7TkA 20.5 kA 20.0 kA
Stored energy 2700 MJ 38 MJ 1080 MJ 206 MJ
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The higher field strength and uniformity of the CMS solenoid provide better
momentum resolution and better uniformity over the full n-coverage for the

inner tracker (see Section 3). CMS 5253, ﬁ]?&g%}djﬁﬁ}?ﬁi
The position of the ATLAS solenoid just in front of the barrel ECAL lim-
its to some extent the energy resolution in the region 1.2 < |n| < 1.5 (see

Section 4). ATLAS Bz B R RRr e B HL R R Re B R

. The position of the CMS solenoid outside the calorimeter limits the number

of interaction lengths available to absorb hadronic showers in the region

Inl <1(see Sectiond).  CMS HiHh T EBERINE, RHEERKE

. The muon spectrometer system in ATLAS provides an independent and

high-accuracy measurement of muons over the full n-coverage required by
the physics. This requires, however, an alignment system with specifications
an order of magnitude more stringent (few tens of micrometers) than those
of the CMS muon spectrometer (see Section 5). In addition, the magnetic
field in the ATLAS muon spectrometer must be known to an accuracy of
a few tens of Gauss over a volume of nearly 20,000 m>. The software
implications of these requirements are nontrivial (size of map in memory,

access time). ATLAS 37 U MVNE, BEEXRE

. The muon spectrometer system in CMS has limited stand-alone measure-

ment capabilities, and this affects the triggering capabilities for the lumi-

nosities envisaged for the LHC upgrade. M@?ﬁw\lﬂ 28 fih @ﬁ fR
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. To provide enough bandwidth and computing resources, within financial

constraints, to minimize the dead time at any luminosity while maintaining
the maximum possible efficiency for the discovery signals. The current goal
is a total dead time of less than a few (1-2) percent. Most of this dead time
is currently planned to occur in the Lvl-1 trigger.

. To be robust, i.e., provide an operational efficiency that does not depend

significantly on the noise and other conditions in the detector or on changes
with time of the calibration and detector alignment constants.

. To provide the possibility of validating and of computing the overall selec-

tion efficiencies using the data only, with as little reference to simulation
as possible. This implies usage of multiple trigger requirements with over-
lapping thresholds.

. To uniquely identify the bunch crossing that gave rise to the trigger.
. To allow for the readout, processing, and storage of events needed for

calibration purposes.
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What is different in the two experiments is the number of physical entities
used for the HLT: ATLAS has designed an explicit Lvl-2 farm that provides an
intermediate rejection after the Lvl-1 trigger and before the events are directed to
the second farm for the Lvl-3 selection. CMS is based on a single farm running a
single program that provides the full selection.

ATLAS CMS

HLT: KM HPCHE i LR
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TABLE 14 Efficiency for triggering on fiducial electrons and

muons in ATLAS and CMS
Object ATLAS CMS
Electrons ET > 25 GeV ET > 29 GeV
-Lvl-1 efficiency 95% 95%
-HLT efficiency 80% 17%
Muons Py > 20 GeV Py > 19 GeV
-Lvl-1 efficiency 95% 95%
-HLT efficiency 90% 86%

The efficiencies quoted at the HLT do not correspond to the same purity (thus, the
difference between the two experiments). The thresholds quoted correspond to the
parameters used for physics studies by the two experiments. The actual values used
will, of course, be determined from early data.
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Construction of the ATLAS detector

17



RN 3% 21 f7 i [a] A SE ] ~24F

TABLE 15 Main construction milestones for the ATLAS and CMS detectors

ATLAS CMS
Detector system TDR Actual TDR Actual
Pixels 06/03  03/07 03/05 12/07
Silicon microstrips (barrel) 12/02  07/05 03/04 10/06
Silicon microstrips (end caps) 12/02  06/06 03/04 10/06
Transition radiation tracker 03/04 12/05

Electromagnetic calorimeter (barrel) 06/03 07/04 12/03 03/07
Electromagnetic calorimeter (end caps) 01/04  09/05 06/04  03/08

Hadronic calorimeter 12/02  02/04 12/03 12/04
Muon chambers 12/04 12/05 12/03  06/06
Solenoid magnet 01/02  09/01 03/03 12/05
Barrel toroid magnet 06/02  06/05
End-cap toroid magnet 12/03 11/06

Shown are the milestone dates for the delivery of major components to CERN, as planned in the Technical
Design Reports (TDR), and the actual or future planned delivery of milestones.

ATAS/CMS 45112 fai A 18



ATLAS {38

A _xm“x“ : s . ]




e

LRI As RSt

ATAS/CMS R 25 fai/r

20



BRI

o TR SIRMEEAER, R E S CRRAARS) 5 BT
HIAFETE, iy AL T DUR e 28 7 AU i

( ¢ m Py = PeosA = 03BR
o R-OVHNEMINE (FRTXT AR

B PT (GGV) t
Rm) =035  »

o R-zFHII A

ATAS/CMS R 2L fi A 21



3
4 Sagitta S =1Ys — Y1+ Y2 0s = \/;&y ~ 0y
?\ 9
2 0 OR
p p
R—_*  anqg £ %20
03B " 5 TR
8 = R(1—cosa)
2 2
a” L”
s~ R— = L* R L? 6
A1 I AN R R AR T
« EHTHRTEIEp
. RETHIHRE B op _ ﬁ(gy _p_ ®p 5
© RIETRIBKEZ L2 L 0.3BL

«  IEHTNES PR by
PRI 28 L T 4 R

ATAS/CMS R 25 fai/r

22



o

RN g8 R B

. Robust and redundant pattern recognition, providing efficient and precise

Cayr

measurements of the trajectories of all charged particles with transverse
momentum above 1 GeV within the geometrical acceptance. AR RS 7)1

High-level triggering capabilities for electrons, muons, 7 leptons, and b

jets. HLT#h &

. Precise measurements of secondary vertices and of impact parameters for

efficient identification of heavy flavors (b jets and exclusive B-hadron de-

cays in particular). yRZB TR R E R & ERTTLIFIC

Identification of electrons through matching of tracks to clusters in the
ECAL, matching of reconstructed track momentum to reconstructed energy
in the ECAL, and the use of specific technologies (transition radiation in
the ATLAS TRT). H 755

. Identification and measurements of hadronic decays of T leptons in both

one-prong and three-prong decay topologies. Tauiz TE7)

ATAS/CMS 45112 fai A 23



AR % B AR P e

TABLE 7 Main performance characteristics of the ATLAS and CMS trackers

ATLAS CMS
Reconstruction efficiency for muons with p; = 1 GeV 96.8% 97.0%
Reconstruction efficiency for pions with pr = 1 GeV 84.0% 80.0%
Reconstruction efficiency for electrons with py = 5 GeV 90.0% 85.0%
Momentum resolution at py = 1 GeVandn ~ 0 1.3% 0.7%
Momentum resolution at py = 1 GeV and n = 2.5 2.0% 2.0%
Momentum resolution at py = 100 GeV and n = 0 3.8% 1.5%
Momentum resolution at py = 100 GeV and n = 2.5 11% 7%
Transverse i.p. resolution at pr = 1 GeV and n & 0 (um) 79 90
Transverse i.p. resolution at py = 1 GeV and n & 2.5 (um) 200 220
Transverse i.p. resolution at py = 1000 GeV and n =~ 0 (um) 11 9
Transverse i.p. resolution at p; = 1000 GeV and n & 2.5 (um) 11 11
Longitudinal i.p. resolution at pr = 1 GeV and n ~ 0 (um) 150 125
Longitudinal i.p. resolution at pr = 1 GeV and n =~ 2.5 (um) 900 1060
Longitudinal i.p. resolution at p, = 1000 GeV and n =~ 0 (um) 90 2242
Longitudinal i.p. resolution at pr = 1000 GeV and n = 2.5 (um) 190 70
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ATLAS / CMS PIXEL

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° 66 106
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 (pum) 250 285
Total number of modules 1744 (288 in disks) 1440 (672 in disks)
Barrel layer radii (cm) 21,89 12.3 44,73, 10.2
Disk layer min. to max. radii (cm) 8910 15.0 6.0to 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 at L = 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¢ (um) ~10 ~10
Resolution in z/R (um) ~100 ~20

ATAS/CMS 45112 fai A 28
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Table 3. Summary of the ATLAS pixel front-end chips designed and fabricated as described in the text. The

chips contain two (2M), three (3M) or six (6M) metal layers as indicated.

Chip Year Cellsize Col x Row Transis- Technology References
[um?] tors
Beer & Pastis 1996 50x436 12x63 I AMS 0.8um BiCMOS, 2M [6. Pl
M72b 1997 50x536 12x64 — HP 0.8um CMOS, 2M [B]
Marebo 1997 50x397 12x63 0.1M DMILL 0.8um BiCMOS, 2M [m,
FE-B 1998 50x400  18x160 08M HPO0.8um CMOS, 3M [E—]
FE-A/C 1998 50x400  18x160 08M AMS0.8um BiCMOS, 2M [B,
FE-DI1 1999 50x400  18x160 08M DMILL 0.8um BiCMOS, 2M [EI
FE-D2 2000 50x400  18x160 08M DMILL 0.8um BiCMOS,2M -
FE-I1 2002 50x400  18x160 25M DSM0.25um CMOS, 6M [E[]
FE-12/12.1 2003 50x400  18x160 35M DSM 0.25um CMOS, 6M [E]
FE-I3 2003 50x400  18x160 35M DSM0.25um CMOS, 6M [. .]
o ZORTZHEBPUREERE, HA LA Z 0 6] 5 2 ik
JeL 0 4 R
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e Pitch ranges from 80-210um

* Constant width/pitch (— constant strip capacitance)

* Readout strip and guard ring geometries optimised to increase breakdown voltage
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TABLE 5 Evolution of the amount of material expected in the ATLAS and CMS trackers
from 1994 to 2006

ATLAS CMS
Date n=0 n~ 1.7 n=0 n ~ 1.7
1994 (Technical Proposals) 0.20 0.70 0.15 0.60
1997 (Technical Design Reports) 0.25 1.50 0.25 0.85
2006 (End of construction) 0.35 1.35 0.35 1.50

ORI, RS AR SR s S P
VG R

« RMESITaRisiTar, RECSBMEMS TR E: 8175, WU
A SRR e i, HERGMAET.
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