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Triggering on electron signal: Electrons in CMS are reconstructed
using the ECAL and Tracker information. As an electron can
spread its energy due to bremsstrahlung, the cluster is extended
in phi (supercluster). However only ECAL information is used at
the level-1 trigger. The transverse energies of 25 crystals are
summed to form a trigger primitive in the Front End board and
sent to the Level-1. During Run 1, pairs of trigger primitives are
combined to form Isolated or Non-Isolated Level-1 EM objects.

The CMS trigger system is organized in 2 stages
to achieve a reduction of the input data rate of the
order of 105. The L1 trigger decision is based on
coarsely segmented data from the calorimeters
and muon systems. Custom made hardware is
implemented at L1 while the second stage (HLT)
reconstructs partially the event with full subdetector readout using a farm of computers.

CMS Electromagnetic Calorimeter (ECAL) is optimized to
reconstruct the energy of electrons and photons in Higgs events. It
is made of scintillating crystals (26 X0) organized in a compact and
hermetic structure. It has a 0.5% constant term, it is highly
segmented, radiation tolerant and equipped with fast electronics.

Triggering on tau lepton and jet signals: Both the
ECAL and HCAL information are used at the level-1
trigger to build tau and jet candidates. The
transverse energies of all 16TT in a given region
(4x4) are summed. During Run 1, the jet ET was
calculated as the sum of all 9 regions around the
maximum one (pink) and tau leptons were identified
using vetoes in the central region. The isolation of
tau leptons was evaluated from the amount of energy
deposited in the 8 surrounding regions
Why a new triggering architecture? Given the expected luminosity and Pile-UP (PU)
conditions, severe degradations of the physics acceptance are expected due to increased
threshold (for example: EG (18 GeV) gives 6kHz @ 0.4x1034 and 40kHz @ 1.1x1034 PU<50>)

The ELECTRON FINDER: The dynamic clustering allows the
recovery of energy lost due to bremsstrahlung in regions with
high material budget (between Barrel/Endcap). The energy
resolution is improved up to 30% and the position resolution by a
factor 4 with respect to Run 1. The pile-up corrected isolation and
shape veto give a factor 2 rate reduction

Overall structure:
-All calorimeter data flow within one FPGA
-10 BX(25ns) depth pipeline
-Allow extra flexibility for the algorithms

The TAU LEPTON FINDER: tau leptons candidates are built using
the EG clustering algorithm but summing ECAL+HCAL energies.
Given the nature of the tau hadronic decay, multiple clusters are
produced and merged (15% of taus are merged clusters). Pile-up
corrected isolation and shape veto are implemented. Energy
resolution is similar to Run1 but using only 10% of the calorimeter
information, a factor 4 improvement on position resolution is
achieved and the trigger efficiency reaches a 100% (depending on
isolation working point selected).
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The JET FINDER: a 9x9 TT (ECAL+HCAL) sliding window is implemented
centered on a local maxima. Jet ET = sum of all 81 TT ET and the position is
given by the central TT.
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The local maximum ET trigger tower (in green) and the
inequality mask used to avoid self veto and double counting
of energy deposits. The Pile-up energy is estimated looking at
3x9 areas (pink) around the jet. Performance (rate&efficiency)
are significantly improved with respect to Run 1 (studied on
ttbar events)
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The new trigger architecture is based on
recent microTCA standard from Vadatech
Custom made AMC boards for layer 1&2
implementing Virtex-7 Xilinx FPGAs
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