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Calorimeter

A calorimeter consists of:

Dense absorber material to fully absorb incident
particles

Active material to produce an output signal
proportional to the input energy
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absorber (i.e. Pb)

for example:

* Pb (ATLAS EMB,EMEC)

» Copper (ATLAS HEC)

* Tungsten (ATLAS FCal)

* Depleted Uranium (ZEUS)
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active layer

for example:
« Scintillator (light output)

* Liquid argon (ionization)
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B |n(EO / EC) As we go to higher and higher

energies, calorimetry becomes a
max |n(2) more critical part of a detector
(relative to tracking)

For comparison:

Tracking chambers: for same resolution O p/ p required detector size
(for same magnetic field) scales with \/E
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44 m long
22 m high
7000 tons
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Secondary proton ionization 31.6 ay of neutral pions ° 7y )

and dec

Electromagnetic cascade 21.0

Nuclear binding energy plus neutrino energy 20.6 Some processes do not lead to an
Secondary charged pion ionization 8.2 observable signal (e_g_ neutrinos)
Neutrons with E > 10 MeV 4.9

Neutrons with E < 10 MeV 3.9

Residual nuclear excitation energy 3.7 A calorimeter’s response to
Z>1ionization 2 electromagnetic particles differs
Primary proton ionization 2.3 from it’s response to hadronic
Other T 1.4

‘ particles

Average fractional energy deposition for 10 GeV
protons in an Fe-LAr sampling calorimeter

e/h # 1 (for non-compensating calorimeters)

Peter Krieger, University of Toronto WRNPPC 2004 10



Requirements are dictated by

resolution required for desired
signal (e.g. Higgs discovery )

Aspect driven by experimental conditions
- Radiation tolerance - choice of technology

* Collision frequency - speed of response

Practical aspects

Liquid krypton would yield improved
e Cost 3 resolution, but is more expensive and
requires higher purity than liquid argon

 Ease of construction
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noise term

————3 constant term

|—> sampling term

- Choice of absorber - depth of detector (X, 4,) - electronic noise
» Choice of active material . detector non-uniformities - signal pileup
* Thickness of sampling layers . cracks

----- » dead material .......

Typically most important in Dominates at high energy Dominates at low energy
10-100 GeV energy range
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LEP direct search limit > 114 GeV
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Current experimental evidence points to a low mass Hlggs
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Higgs Branching Ratio as a Function of Higgs Mass

Process Events/sec | Event/year
W —ev 15nb 15 108
Z—>ee 1.5nb 1.5 10’
tt 800pb 0.8 10’
bb 500ub 10° 10%
gg(M; =1TeV) 1pb 107 10*
L H,,(M=0.8TeV) | 1pb 10°° 10*
A QCDjets 100nb | 102 10°
10 7 p; >200GeV

In favoured low mass region decay is
almost entirely to bb

3
10 L M | . ) S L L L L L
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M,, [GeV]

QCD background to H° »bb too large.
Need to look for cleaner search channel

Favoured discovery channel for a light mass Higgs is H ° > vy
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Electromagnetic Energy Resolution

stringent constraint on
electromagnetic calorimetry
ATLAS

L dt=100fb™
(no K-factors)
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»Small signal on significant background.
The better the signal resolution, the better
the signal to noise ratio
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Require good energy resolution AND good
position resolution
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Total mass ~ 4000 tons
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Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr EM end-cap (EMEC)

LAr EM barrel
LAr forward calorimeter (FCAL)
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Tile Galorimeter Gonstruction

AR /

» Iron cutting
» sub-module assembly
» tile manufacturing

> tile insertion
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One TileGal Barrel Module
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TileGal Modules Before Assembly
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Flnal assembly of TlleCaI detector is done in the ATLAS Cavern 3‘ 1
"N N R BN, A
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ATLAS Electromagnetic Barrel Galorimeter

Liquid argon chosen for radiation hardness and speed

In| < 1.475
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Readout segmentation of accordian electrodes (in n)
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Installation of EMB Half-Barrel Module
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EMB Half-Barrel Wheel on Insertion Stand
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electrode folding
outer wheel
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Gonstruction of 1/8 Sector of EMEG
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Inner and outer wheels visible
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Endcap G EMEG Installed and Gabled
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Inter-Wheel gap
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Composed of 2 wheels per end, 32 modules per wheel
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HEC Module
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OD of SS Spacer
Polyimide Foll

Copper Pad
Polyimide Foll
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HEGC Module Assembly into HEG Wheel
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Rotation of HEG Wheel to Vertical (HEC Rotator)
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HEGC Storage and Insertion into Endeap Gryostat

e

ol

g

Peter Krieger, University of Toronto WRNPPC 2004



Endcap G Hadronic Endcap Galorimeter Installed and Gabled
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Novel detector design — tubular electrodes in an absorber matrix

* one copper module (copper electrodes, copper absorber)
» two hadronic modules (tungsten electrodes, tungsten absorber)

» one uninstrumented brass plug (prevents punch through to muon system)
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5.25 mm ID

Copper Tube

Copper Rod %

475 mm O

0 Beamwc

: 18 copper plates

* FCal1 matrix

: tungsten slugs

* FCal2 matrix

: tungsten slugs

e FCal3 matrix
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Insertion of FCal1 electrode tube
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FGal2/3 Structure and Assembly

Endplate and inner absorber assembly

During matrix stacking (tubes and slugs)
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Matrix Stacking of Hadronic FGal Module
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Liquid Argon Gap
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First Integrated FCal ready for delivery to ATLAS

Final assembly of the second FCal will begin this spring. Modules are completed
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Endcap Cryostat o

Forward Calorimeter
Su ube - =
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FCal electron resolution

: | : | : : | : . From the 2003 FCal
S s T ---------- Testbeam
| e | b c | :
O/E Q@ —= @ — i
JE a=(3.7620.06)%,

b=(24.520.84) vGeV %,

c=(145.5+1.6) GeV%

Exceeds design goal
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