
Last time: EM/HAD Showers and Calorimetry

Today’s Lecture: 1) Calorimeter resolution
2) Triggering and Data

Acquisition









Example: CMS
At low E, σ(Ε)/E~1/E, 
dominated by noise, 
pile-up etc

At high E, σ(Ε)/E~1/E1/2, 
dominated by `intrinsic’
statistical sampling error

c.f. trackers, σ(pt)/pt α pt

NB! Calorimeter resolution improves with increasing energy
Tracking resolution deteriorates with increasing energy
… the two types of detector are often complementary!



From signals in detector, find interesting events and permanently store

Triggering and Data Acquisition



- Some Definitions



Trigger Requirements and Goals

Triggers must  …..

• Be as fast as possible - cf drift times in tracking detectors ~ms 
• Recognise good physics events with high efficiency
• Have well known efficiency (60 +/- 1 better than 90 +/- 5)
• Remove backgrounds, especially beam induced
• Select interesting from uninteresting physics (at hadron colliders)

LEP
σtot~30nb
Low bunch crossing rate
Low beam induced background
All physics events interesting
Take all physics (about 1 Hz)

LHC
σtot~30mb
High bunch crossing rate
High beam induced background
High pt interactions interesting
Physics rate ~109 Hz
Take 1 physics event in 107





`Before’
readout

`After’
readout

Most experiments adopt a multi-level approach to triggering,
with decisions based on more and more information (so better 
and better rejection) at successive levels.



`Deadtime’ is when detector is busy doing something like readout,
so is insensitive to further collisions. At LEP, the (level 1) trigger
is deadtime free – deadtime only when the detector is being read out.



If (level 1) trigger is to stay deadtime free, need to cope with data from
multiple bunch crossings simultaneously …… use `pipelining’



Principle of Pipelining

• Keep data from several bunch crossings while trigger has time to 
make decision. `Rewind’ to correct bunch crossing for readout. 
• No deadtime until we decide to read out the full event.

t



Example first level trigger – crude but fast reconstruction to look
for regions of possible activity … LHCb calorimeter just looks for 
the highest pT particle using a sliding window and compares with

a tunable threshold 



Trigger Thresholds

Usually triggering is a compromise between low thresholds 
(to optimise physics studies) and high thresholds (to
keep background / physics rates under control)

e.g. suppose we want to 
trigger on a light Higgs (120 
GeV) through decays bbbar
jets at 60 GeV each ….. 
… Huge rates! Very hard!

In fact level 1 jet thresholds 
>~ 100 GeV!



An example tracking trigger (H1 Fast Track Trigger):
Often only a subset of available information used for 
first level trigger to speed up the processing …

… nonetheless, only possible with very powerful electronics!



Fast Electronics - ASICs and FPGAs
“Application Specific Integrated Curcuit (ASIC)” and
“Field Programmable Gate Arrays” (FPGA)” technology
Development partly (but not only) driven by particle physics. 

(Bill
Haynes)



Slide shown at an H1 meeting Circa 1995(!)
(Bill
Haynes)



H1 Fast Track Trigger First Level

Front end
Module of
H1 Fast
Track Trigger
…. operates 
with a mixture
of hard-wired
electronics and
programmable
chips (FPGAs).



Need >1 trigger to be sensitive to the same physics:
Combination removes sensitivity to noise in a single trigger 
Use one trigger to evaluate efficiency of the other



Typically, events are only triggered if more than 1 subdetector
sees them. This hugely suppressed `random’ background such as 

noise in the detector or electronics of a single detector
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