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Jet input Jet constituent input at various luminosities

Fractional resolution for jets with different inputs
Compare different inputs at various luminosities
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Topo-tower
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Jets built from topo-clusters and topo-towers show very similar stability with respect to luminosity
This coincides with what I showed several months ago in only a single pT bin without numerical
inversion

Tower jets continue to show the sensitivity to higher luminosity environment that we expect
without noise suppression
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Jet input Angular resolution studies at 2 × 1033cm−2s−1

Angular resolution in events with pile-up
Di-jet spectrum with 2× 1033cm−2s−1, 25ns bunch spacing
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Angular resolution is identical between topo-cluster and topo-tower jets
Angular resolution is degraded for standard calo-tower jets
Both true, even at this “high” luminosity
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Jet input Single event display

Single J2 event with pile-up at 2 × 1033cm−2s−1

Event #179 in valid1.105011.J2_pythia_jetjet.recon.ESD.e344_s479_d140_r576
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_̈ Completely different picture
depending on jet input
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Jet input Cluster properties at various luminosities

Cluster properties: multiplicity vs. NPV
Di-jet spectrum at various luminosities and bunch spacing
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Many more clusters as the instantaneous luminosity increases, both in central region and
forward region

Forward region more dramatic

Large cluster splitting may be difficult to model, especially in this kind of busy environment
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Jet input Cluster properties at various luminosities

Cluster properties: cluster pT vs. NPV
Di-jet spectrum at various luminosities and bunch spacing
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These clusters are all very low pT

Factor 1/3 the pT of clusters in events without pileup

Although very small, the average cluster pT is still growing even in the central region as a
function of NPV .
More particles are contributing to a single cluster
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Jet input Cluster properties at various luminosities

Cluster properties: average longitudinal moment vs. NPV
Di-jet spectrum at various luminosities and bunch spacing
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Smaller clusters, whose size changes as a function of the instantaneous luminosity for all
average luminosities

Increase of 20% between lowest and highest vertex multiplicity

The cluster growth is clearly a larger effect in the forward region than central
Still present, but very subtle, in central region
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Jet input Cluster properties at various luminosities

Cluster properties: average longitudinal moment vs. NPV

(hadronic clusters)
Di-jet spectrum at various luminosities and bunch spacing
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The growth of clusters is more pronounced for hadronic clusters than for all clusters
combined

Cluster size grows by about 40% between lowest and highest vertex multiplicity

Again, this effect seems to be confined to the forward region, including the HEC and FCAL
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Jet input Topo-tower vs. topo-jets

Topo-tower & topo jets in J2 events without pile-up
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Jet input Topo-tower vs. topo-jets

Topo-tower & topo jets in J2 events at 2 × 1033cm−2s−1
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Conclusions

Summary and conclusions
Summary

Topo-tower and topo-cluster energy and angular resolution are nearly
identical, even in high luminosity environments

Noise suppression makes a very big difference

Standard towers (i.e. no noise suppression) clearly show large sensitivities
to pile-up and require the use of a non-physics “resummation” tool in
order to use as jet input
Topological cluster properties (size, shape) are affected by the presence of
multiple interactions, many small, low pT clusters appear
Clusters in the central region are least affected by pile-up

Conclusions

Noise suppression is essential
When compared on the same footing, jets built from towers and clusters
show similar resolution (energy and angular)
Size and shape properties of clusters are most affected by pile-up in the
forward regions, relatively flat in the central region
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Backup slides

Additional material
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Backup slides

Cluster properties: isolation fraction vs. NPV
Di-jet spectrum at various luminosities and bunch spacing
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Backup slides

Cluster properties: cluster pT
Di-jet spectrum at various luminosities and bunch spacing
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Backup slides

Cluster properties: cluster Ncells
Di-jet spectrum at various luminosities and bunch spacing
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Backup slides

Cluster properties: average Ncells vs ET per cluster
Di-jet spectrum at various luminosities and bunch spacing
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Backup slides

Cluster properties: average second long. moment vs. NPV
Di-jet spectrum at various luminosities and bunch spacing

Number of reconstructed vertices
0 2 4 6 8 10 12 14

]2
 a

cr
os

s 
fli

gh
t l

in
e 

[m
m

2
C

lu
st

er
 s

iz
e

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400
No pile-up

, 450ns3210
, 75ns3310

, 25ns332x10

Full η range

Number of reconstructed vertices
0 2 4 6 8 10 12 14

]2
 a

cr
os

s 
fli

gh
t l

in
e 

[m
m

2
C

lu
st

er
 s

iz
e

1600

1800

2000

2200

2400

2600

2800

3000

3200

3400 No pile-up
, 450ns3210
, 75ns3310

, 25ns332x10

Clusters within |η| ≤ 0.5

D.W. Miller (Stanford, SLAC) Input to jet reconstruction: towers, clusters and topo-towers June 24, 2009 17 / 21



Backup slides

Cluster properties: average Ncells vs. NPV
Di-jet spectrum at various luminosities and bunch spacing
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Figure 5.26: Schematic of the transition region between the barrel and end-cap cryostats, where
additional scintillator elements are installed to provide corrections for energy lost in inactive ma-
terial (not shown), such as the liquid-argon cryostats and the inner-detector services. The plug
tile calorimeter is fully integrated into the extended barrel tile calorimeter. The gap and cryostat
scintillators are read out together with the other tile-calorimeter channels (see text).

these cryostat scintillators had to be removed on each side for the routing of the signals from the
minimum-bias scintillators. They will be reinserted for operations at full luminosity.

There are several locations around the circumference of the calorimeter, in which the standard
gap instrumentation is not possible, for example the region opposite the support feet for the barrel
cryostat [112]. In these locations, the plug calorimeter is reduced further in its length. In the
location of the exit of the barrel cryogenic line, no plug calorimeter can be accommodated and it is
replaced entirely by scintillators. Finally, the inner support of the end-cap cryostat sits on the tile
calorimeter at its inner radius. In these regions, the tile-calorimeter modules themselves are cut to
provide the support surface on which the cryostat support jacks sit. The gap scintillators are also
missing in this region.

5.6 Calorimeter readout electronics, calibration and services

5.6.1 Readout electronics

5.6.1.1 Overview

This section describes the on-detector (front-end) and off-detector (back-end) electronics of the
ATLAS calorimetry. The major tasks required of the readout electronics are to provide the first-
level (L1) trigger system with the energy deposited in trigger towers of size ∆η ×∆φ = 0.1×0.1
and to measure, for L1-triggered beam crossings, the energy deposit in each calorimeter cell to the

– 137 –
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Figure 5.12: Segmentation in depth and η of the tile-calorimeter modules in the central (left)
and extended (right) barrels. The bottom of the picture corresponds to the inner radius of the tile
calorimeter. The tile calorimeter is symmetric about the interaction point at the origin.

Figure 5.13: Glued fibre bundle in girder insertion tube (left) and fibre routing (right) for tile-
calorimeter module.

shown in figure 5.13. These tubes are then fixed into the girder plastic rings mentioned above, to
obtain a precise match to the position of the photomultipliers. The tubes and fibres are then cut
and polished inside the girder to give the optical interface to the PMT. This interface requires that
these fibres be physically present at the time of module instrumentation. However, the gap and
crack scintillators described in section 5.5 are mounted only following calorimeter assembly in the
cavern. An optical connector is used, therefore, to couple the light from their readout fibres to the
already glued and polished optical fibres which penetrate the girder.

Quality-control checks have been made at several moments during the instrumentation pro-
cess: during fibre bundling and routing, during fibre gluing, cutting and polishing, during tile-fibre
optical coupling when the tile was excited by either a blue LED or a 137Cs γ-source. Tile-fibre pairs
with a response below 75% of the average response of the tile row for the cell under consideration
were repaired in most cases (typically by re-insertion of the plastic channel to improve tile-fibre
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Figure 5.19: Schematic diagram showing the
three FCal modules located in the end-cap
cryostat. The material in front of the FCal and
the shielding plug behind it are also shown.
The black regions are structural parts of the
cryostat. The diagram has a larger vertical
scale for clarity.

Figure 5.20: Electrode structure of FCal1 with
the matrix of copper plates and the copper tubes
and rods with the LAr gap for the electrodes.
The Molière radius, RM, is represented by the
solid disk.

copper tube separated by a precision, radiation-hard plastic fibre wound around the rod. The ar-
rangement of electrodes and the effective Molière radius for the modules can be seen in figure 5.20.
Mechanical integrity is achieved by a set of four tie-rods which are bolted through the structure.
The electrode tubes are swaged at the signal end to provide a good electrical contact.

The hadronic modules FCal2 and FCal3 are optimised for a high absorption length. This
is achieved by maximising the amount of tungsten in the modules. These modules consist of
two copper end-plates, each 2.35 cm thick, which are spanned by electrode structures, similar to
the ones used in FCal1, except for the use of tungsten rods instead of copper rods. Swaging of
the copper tubes to the end-plates is used to provide rigidity for the overall structure and good
electrical contact. The space between the end-plates and the tubes is filled with small tungsten
slugs, as shown in figure 5.21. The inner and outer radii of the absorber structure formed by the
rods, tubes and slugs are enclosed in copper shells.

Signals are read out from the side of FCal1 nearer to the interaction point and from the
sides of FCal2 and FCal3 farther from the interaction point. This arrangement keeps the cables
and connectors away from the region of maximum radiation damage which is near the back of
FCal1. Readout electrodes are hard-wired together with small interconnect boards on the faces
of the modules in groups of four, six and nine for FCal1, FCal2 and FCal3 respectively. The
signals are then routed using miniature polyimide co-axial cables along the periphery of the FCal
modules to summing boards which are mounted on the back of the HEC calorimeter. The summing
boards are equipped with transmission-line transformers which sum four inputs. High voltage
(see table 5.1) is also distributed on the summing boards via a set of current-limiting resistors, as
shown in figure 5.22 for the specific case of FCal1. The signal summings at the inner and outer
radii of the modules are in general different due to geometric constraints and higher counting rates
at the inner radius [122].
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Backup slides

Information related to LAr design for high luminosity
Marco Delmastro’s thesis:
http://cdsweb.cern.ch/record/953119/files/thesis-2003-033.pdf

LAr ECAL Team tutorial this summer.
http://indico.cern.ch/conferenceDisplay.py?confId=35889

The reference for LAr
“Signal processing considerations for liquid ionization calorimeters in a high rate environment”
NIM A: Volume 338, Issues 2-3, 15 January 1994, Pages 467-497

Comparison between the estimated noise from CaloNoiseTool and the real noise from the
pileup overlay with release 12

ATL-LARG-PUB-2007-011

Wiki for calorimeter digitization:
https://twiki.cern.ch/twiki/bin/view/Atlas/CaloDigitization

Some related posts to the Pileup Hypernews Forum
https://hypernews.cern.ch/HyperNews/Atlas/get/pileUp/61/3/1/2/1.html

https://hypernews.cern.ch/HyperNews/Atlas/get/pileUp/47/1/1.html

https://hypernews.cern.ch/HyperNews/Atlas/get/pileUp/46/1.html
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