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As evident from Table 8, the ATLAS ECAL has been designed with both
excellent lateral and longitudinal granularity, with samplings in depths optimized
for energy loss corrections (presampler) and for shower-pointing accuracy together
with y /7" and electron/jet separation (strips). In contrast, the CMS EM crystal
calorimeter has no longitudinal segmentation but a fine lateral granularity over most
of the n-coverage, and much better intrinsic resolution (see Section 4.2 for more

ATAS/CMS #5325 f& 9v
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TABLE 8 Main parameters of the ATLAS and CMS electromagnetic calorimeters

ATLAS CMS
Technology Lead/LAr 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 2mm
Strips/ ~4.3 X, ~4,0 Xy 3 Xy
Si-preshower
Main sampling ~16 X, ~20 X, 26 X, 25 X,
Back ~2 X, ~2 X,
Noise per cluster 250 MeV 250 MeV 200 MeV 600 MeV
Intrinsic Barrel End caps Barrel End caps
resolution
Stochastic terma  10% 10to 12% 3% 5.5%
Local constant 0.2% 0.35% 0.5% 0.5%
term b
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TABLE 9 Main parameters of the ATLAS and CMS hadronic calorimeters

ATLAS

CMS

Technology
Barrel/Ext. barrel
End caps
Forward

Channels
Barrel/Ext. barrel
End caps
Forward

Granularity (An x A¢)
Barrel/Ext. barrel
End caps
Forward

Samplings (An x A¢)
Barrel/Ext. barrel
End caps
Forward

Abs. lengths (min.-max.)
Barrel/Ext. barrel

End caps
Forward

14 mm iron/3 mm scint.

25-50 mm copper/8.5 mm LAr

Copper (front) - Tungsten

(back)/0.25-0.50 mm LAr

9852
5632
3524

0.1 x0.1t100.2x0.1
0.1 x0.1100.2x0.2
0.2x0.2

w AW

9.7-13.0

9.7-12.5
9.5-10.5

50 mm brass/3.7 mm scint.
78 mm brass/3.7 mm scint.
Steel/0.6 mm quartz

2592
2592
1728

0.087 x 0.087
0.087 x 0.087 t0 0.18 x 0.175
0.175 x 0.175

B

7.2-11.0

10-14 (with coil/HO)
9.0-10.0

9.8
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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%/E S55%/VE ~ 15%/INE 85%INE — 100%/E — 70%/VE
Constant term 1.3% 2.3% 5.8% < 1% 8.0%
Noise Small 3.2GeV 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.

ATAS/CMS #5325 f& 9v
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1. Resolution: The “golden” decay of the Standard Model Higgs boson into
four muons, H — ZZ — 4, requires the ability to reconstruct the momen-
tum and thus the mass of a narrow two-muon state with a precision of 1%. At
the upper end of the spectrum, both experiments aim at a 10% momentum
resolution for 1 TeV muons. B4y R

2. Widerapidity coverage: Almost two-thirds of the decays of an intermediate-
mass Higgs boson to four muons have at least one muon in the region
In| > 1.4. A hermetic system, which measures muons to |n| ~ 2.5, is the
best compromise. wilER B &6 E

3. Identification inside dense environments, e.g., hadronic jets or regions with
high backgrounds. 457 F B 5

4. Trigger: The ability to measure the momenta of muons online on a stand-
alone basis, i.e., without reference to any other detector subsystem, and

to select events with muons above 5-10 GeV momentum is of paramount
importance. i %

ATAS/CMS #5325 f& 9v
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* ATLAS ZFRRNIZFLIBXE . TR HZ MERNZE R
Monitored Drift Tube chamber (MDT), Cathode-Strip Chambers (CSC),
Resistive Plate Chambers (RPC), Thin Gap Chambers (TGC)

anl ¥ EML t

TGC(M2)

I=IwlelsolaYyQ

+ + + -2
10 12 14 " 8 om

Chamber resolution (RMS) in

Type | Function z/R 0 time

MDT | tracking 35 um (z) - -
CSC | tracking | 40um (R) 5 mm 7 ns
RPC trigger 10 mm (z) I0mm | 1.5ns
TGC trigger | 2-6mm (R) | 3-7mm | 4ns
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+ EBRERARMERESME (R/ZH Lk, 93/7) , 15-BREAKZ
(BE1250f0K, MEE3080V) WEkHE E~E BT

Table 6.2: Main MDT chamber parameters.

Cathode tube

isolant (Noryl)

e

crimp wire-fixation

precision wire-locator

+ NEREAEISHK, RAERENE.
fRES TR TTEERT150 Hz/cm?,

ATAS/CMS IF =L/

Parameter Design value
Tube material Al

Outer tube diameter 29.970 mm

Tube wall thickness 0.4 mm

Wire material gold-plated W/Re (97/3)
Wire diameter 50 pm

Gas mixture Ar/CO2/H;0 (93/7/< 1000 ppm)
Gas pressure 3 bar (absolute)
Gas gain 2 x 10*

Wire potential 3080V
Maximum drift time ~ 700 ns
Average resolution per tube ~ 80 um

BESATARRERET
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CSC \

s 2.0 < |n| < 2.7, Fik

<l

© ZHIPLEERNZIRIZEHT
Table 6.6: Operating parameters of the CSC’s.

Parameter Value
Operating voltage 1900 V
Anode wire diameter 30 um
Gas gain 6 x 10*
Gas mixture Ar/CO; (80/20)
Total ionisation (normal track) | 90 ion pairs

- FEMA:
- WRILEDHE, (B 40 HK
— B FERRE/NTF40ns, BfE 45 #E7ns
— BRI, INEE, NARFRERR
— ¥R TTE 1000 Hz/cm?
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WwE Inl <1.05, %

. PATRARILY MR TESM, EHTHNEEEERS R,

FARBRERKE, IE271.5ns,

Table 6.10: RPC parameters and performance.

Parameter Design value
E-field in gap 4.9 kV/mm
Gas gap 2 mm
Gas mixture CyHyFy/1so-C4H1o/SFg (94.7/5/0.3)
Readout pitch of 1) and ¢-strips 23-35 mm
Detection efficiency per layer >98.5%
Efficiency including spacers and frames >97%
Intrinsic time jitter <1.5ns
Jitter including strip propagation time <10 ns
Local rate capability ~1 kHz/cm®
Streamer probability <1%

ATAS/CMS #
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TGC WE1.05 < |n| < 2.4, %

« ZZIFLEE, Z-[BiRERE (1.4 ZX) /WNF2EE (1.8%XK)
V\] ?E: IﬁE _L'lex l_] “ / il 3)( 1 05) () Graphite laye\\ Pidw{ smp—{>—>f\_
. A4 HER~4 ns, \

+HV 1.8 mm

1 lune—  +H +H +H o a Lur +H » . :_: I |>
| | |1 | ) 50{:1 wire \ 14 mmf_‘
\

E ; ‘l_ 1 '|‘| E‘\ :
Here I E: . 'E Hor ol Ei .
Hl . E 3 . E == =
.EHI II;:EﬁleI;: §1 Hot II
E B Ej 1.6 mm G-10
B 5 .. B Table 6.12: Main TGC operational parameters.
AL AN AR AL AL .
== == =\= == == Parameter Design value
whor - ubor - wbee \-G10-/ whee - N
1 ot el 1y el Gas gap 28 +0.10 mm
Figure 6.32: Cross-section of a TGC triplet and doublet module. The triplet has three wire layers Wfl'e pftCh 1.8+ 0.05
but only two strip layers. The dimensions of the gas gaps are enlarged with respect to the other Wire diameter 50 um
elements. Wire potential 2900 £ 100V
Operating plateau | 200V
Gas mixture COy/n-pentane (55/45)
Gas amplification | 3x10°
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TABLE 11 Main parameters of the ATLAS and CMS muon chambers

ATLAS CMS
Drift Tubes MDTs DTs
-Coverage Inl <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<|nl<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
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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

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 || & 0 3 16
-Bending power (BL, in T- m) at |p| & 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 = 100GeVand n ~ 0 2.6% (3.1%) 1.2% (9%)
-p = 100 GeV and n ~ 2 2.1% (3.1%) 1.7% (18%)
-p = 1000 GeVandn ~ 0 10.4% (10.5%) 4.5% (13%)
-p = 1000 GeV and n ~ 2 4.4% (4.6%) 7.0% (35%)

ATAS/CMS #5325 f& 9v
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Higgs Boson Discovery
2012

Higgs to 4u candidate event

@ATLAS
EXPERIMENT

http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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| Run Number: 160958, Event Number: 9038972
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