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Triggering on electrons and photons
with CMS at the LHC
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calorimeters and muon systems. Custom
implemented at L1 while the second stage (HLT)
partially the event with full sub-detector readout usir

STEEL RETURN YOKE
~13000 tonnes

N
o

T
@

=
(%)
T

[
=
-

Peak luminosity (10°> cm™2s™")

SoLENom e 4 { computers. - |
10 o 1 Niobium-titanium coil ' . & = SRR - E
8 o a A O carrying ~18000 A ’w / FORWARD — — —— — .

~‘ CALORIMETER e |

I o | MEE—JIl  Bunch crossing 40 MHz

A e 9% . HADRON CALORIMETER (HCAL) ~2K channeis - p—— = . s :

0 Loy i fmeaddvror  desres | soosrck @i | Total weight : 14000 tonnes Brass + plastic scintillator , MUON CHAMBERS o — > O
Mar Apr May Jun Jul Aug Sep Oct Overall diameter :15.0m ~7K channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
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Per regional RCT crate:

* 4 highest isolated E.M objects

« 4 highest non-iso E.M objects
- 4 isolated E.M objects * 4 highest central, forward, 7 jet
* 4 non-iso E.M objects
* 4 central, forward, t jet

CMS Electromagnetic Calorimeter (ECAL) 1is optimized to

H : reconstruct the energy of electrons and photons in Higgs events.
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I EM Obijects: Based It is made of scintillating crystals (26 X,) organized in a compact
on the sum of 2 towers and hermetic structure. It has a 0.5% constant term, it is highly

segmented , radiation tolerant and equipped with fast electronics.

0.0175 1 Sliding window centered on all
n— ECAL/HCAL trigger tower pairs

///4,1 Candidate Energy: Ecal Trigger p— Barrel (EB . v 4 ¥ % \ - \*
T 36/ Super Modules s el \ --
= 7 (61200 crystals)

Max E, of 4 . mg
Neighbors Primitives

Hit + Max
E: > Threshold

Trigger Decision it | poto e o Y " Endcap (EE) 4 “Dees”
must be made v v e e vl om v » (14648icrystals)

&

within 3.2 us G A\ 7 .

1y

Pb/Si preshower

Mo Trigger Tower (TT)

i El0eiMiles | 5x35 crystalsinEB @ e L I e e N o -
The 25 crystals transverse energies are summed into a trigger primitive (TP) in the Front End | |
boards (3072 total) and sent to the TCC boards (108 total) for further processing. Pairs of trigger | @ Crystal PbWO4 + APD (Avalanche photo-diode) | o B
primitives are combined by the RCT to form Isolated or Non-Isolated Level-1 EM objects. VPT are used in the endcaps (Vaccum photo-triode) | | |

OFFLINE IDENTIFICATION ~ ONLINE REMOVAL
« Strip Fine Grain Veto Bit » (sFGVB)
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Triggering on electron signal: Anomalous signals: particles passing through Barrel APDs | > EM shower energy : ~80% in 1 xtal | |
Electrons in CMS are  can cause direct ionization resulting in the generation of a > Spike : single crystal

reconstructed using the ECAL and large anomalous signal in a single crystal, so called "spike". =
the Tracker information. However

only ECAL information is used at
the level-1 trigger. As an electron
can spread its energy due to

Timing cut
—>no decay constant of scintillation light (~10ns)
. —>spike pulses appear earlier than shower pulses
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i - L1 BANDWIDTH OPTIMIZED FOR PHYSICS:

a .t 2 Threshold (GeV) 12 | 15 20 30
Rate reduction 34 43 | 6.0 9.6
EG15 EB EE Factor of 10 rate reduction of sum ET triggers (HT)
efficiency] GeV | GeV ]
Measuring the electron trigger efficiency using L L ; y L1 SInGIGECTS < Run = 173692 Bit = 51
2011 data recorded at CMS (3.4 fb") L1 Electron trigger efficiency (15 GeV threshold) 30% 15.8 18.0 . -
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Probe: ElectronID&lsolation cuts O rd 100 GeV 2500
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1072 at ECAL level due to
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ET [GeV] hardware failure or noise: Trigger rate under control over 18 hours of running!

Instantaneous luminosity: 2.1x10%3cm2s""

0.2% in the Barrel .
: . - . Deadtime < 2%, L1 Rate = 33kHz
Excellent triggering efficiency 1.3% in the Endcaps Efficiency: 98.6%

performance in 2011 Total lumi: 83pb- (Fill 2040)
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