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From Mirriam-Webster dictionary:

.

Trigger concept by an example: a photo camera

.

.

something that acts like a mechanical trigger
in initiating a process or reaction

click the bottom to open the bolt and let the _ e '
sensors operate ——> The trigger starts the photo process
take the photo only when you think the

subjects are ready

focus the image ———> First identify the interesting event

only if there is enough light for your lenses (or

add a flash light) ——> Ensure the sensitivity to a parameter
only if your hand is not shaking

—> Ensure a good synchronization
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Introduction to the trigger world (and words...)

In HEP the trigger helps in
identifying the interesting
process, usually called “event”

At the collider experiments, we
have bunches of particles
crossing at regular intervals and
interactions occur during the
bunch crossings (BCs)

? Trigger must select the bunch
crossing of interest for physics
studies, containing the
interesting interaction

A Eventis the recorded
information from a given
bunch-crossing
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colliders BC length collision rate

LEP 22 us 45 kHz Maximum acceptable rate
— ~100 Hz

Tevatron 396-132 ns 2.5-7.6 MHz

LHC 25ns 40 MHz

Even at lower luminosity colliders, the rate of the

interactions is not affordable by any data taking system
2 Don’t worry, not any interaction is interesting for our
studies, most of them can be rejected
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trigger requirements in HEP, i.e. what we

wahnt from the trigger?

Robustness of the selection is required, since discarded
events are lost forever (reliable)

Strong background rejection

High efficiency for benchmark physics processes

72 Not always both requirements can be realized:
compromise between number of processors working in
parallel and fastness of the algorithms - to make it
affordable
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L Bateground telection

Background rejection reduces the rate to match the DAQ
capabilities (instrumental or physics background)

?2 Astrong link between the trigger and the DAQ system is required
2 The output rate is limited by the offline computing budget and

storage capacity. Only a small fraction of production rate can be
used in the analysis

Sometimes backgrounds have rates much larger than the signal

72 Need to identify characteristics which can suppress the
background

72 Need to demonstrate solid understanding of background rate and
shapes

Crucial for hadron colliders physics...
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A trigger challenge: hadron collider

experiments

physics
A Background discrimination crucial

Production cross-sections span over many
orders of magnitude (10 Tevatron, 12-13 LHC) |
? Collision rate dominated by non interesting 10’

Total non-diffractive pp cross section at LHC
Vs=14 TeV is ~ 70 mb

Huge range of cross-sections and production
rates (example with design L)

Beauty (0.7 mb) — 103 Hz
W/Z (200/60 nb) —100 Hz
Top (0.8 nb) — 10 Hz

Higgs - 150 GeV (30 pb) — 0.1 Hz

F.Pastore - Trigger Introduction

o(nb)

10!

10" |

>

107

107

01/02/10 ISOTDAQ school - Ankara

10° g

el |
Ujet(ﬂr >1[]u:3~ev’, i

Ui
ALV

i

eret L

Vol
UnggE {A-fH_].:J“GCVJI :

[ i

110°

[
=
I

342 1
10"em™s

100 1000
J5(GeV)

—_
=
T

— —
[ =
II\-J =
-1
Eventss™ for [

—
=
IS

—
=
-3



Multiple interactions per collision

e+e- colliders: very small interaction rate (small cross-section), one event generally

contains one single interaction (LEP-HERA)

pp colliders: each bunch crossing contains more than one interaction

7 Added to the interaction of interest, there are a number of “underlying events”, often called

minimum bias events (selected by any unbias trigger)

7 Additional interactions add superimposed information on the detectors, resulting in bigger

and more complicated event (pile-up).

100 ' :
& ‘Tevatron E_ =2 TeV
W I .
u / u g
p u ~ u p ‘;; I -l:h:—hu*_}- =
3 L I 2 10 § E <n>=10.5
o, 3 1.
/ g LT <n>=5
T il P
E 1 & A 3 i
i P ‘ : ]
4
>
m i
10 3
Luminosity cm? s
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Trigger interaction rate

o LHC  vs=14TeV L=10"ecm’s” D | T

R=p- fro=0in-L o — T T T T 771 1
o iastic WP [IVi impa =301 10 "
L = instant. luminosity ST | T
. Mb ot — e 410 ™
fgc = rate of bunch crossings SN , T W
U = average pp interactions/ BC )i i Jun
. max LV1 putput . . &

ub k =44 1 1:10
"'o"z i E T --ékHz !;10 ”
LHC: 6 ,,==~ 70 mb, design L=10%* cm? 51 Pt ma T o ———— {0
nb !__....._....5.._.._._ﬂ_..__.._..__.____ — __.__,___!; -!‘;10'

. Average 25 interactions per BC

7 Event characteristics vary with luminosity, due to TR
changes in pile-up, so it's not a simple events pb
rescaling but events with different number of muons, || He
clusters,... must be managed
b -
50 100 200 500 1000 2000 w00

jet E; or particle mass (GeV)
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Multi-purpose experiments: the trigger must satisfy a broad
physics program

e

.
e
e

Main discovery channel (Higgs @LHC, top @Tevatron), with a
precision EW program

Search for new phenomena

Tests of perturbative QCD

B physics

Pile-up can be generated from data coming from nearby bunch-
crossings, if the BC period is shorter than the detector acquisition
time:

7

e

Detectors response must be faster than the BC period
More slow responses are allowed with peak finder algorithms
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For a physics process, cross-section is not dependent on luminosity
The trigger cross-section can change with Luminosity

R=loc = A+BL+CL?2+DL3

High purity triggers typically have C~¥D~0. Extra powers of L due to:

2 Overlapping objects from different interactions, more combinations
of objects (fakes)

2 Worst resolution due to extra occupancy

Random Inelastic
Interactions simulated in the
CDF drift chamber (COT)

Luminosity ~ 3E31 Luminosity ~ 4E32
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Goal of the trigger is to maximize the collection of data

for physics process of interest
72 Aim for high efficiency !

& trigger= Ngood(accepted)/Ngood(Produced)

? One source of inefficiency is trigger dead-time!
Due to fluctuations, the incoming rate is higher than the
processing one -> valid interactions are rejected due to
system busy
Buffering incoming data could reduce dead-time

2 But dead-time always incurred if
<incoming rate> > 1/<processing time> !
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Use of multi-level triggers

To obtain high efficiency with large background rejection,
trigger selection is organized in multiple levels

L1 = fast (~few us) with limited information, hardware based
L2 = moderately fast (~10s to ms), hardware/software
L3 = Commercial processor(s)

71 First-level: Rapid rejection of high-rate backgrounds without

incurring (much) dead-time = Fast custom electronics LHC experiments

used

2  Needs high efficiency, but rejection power can be EXp No of Levels
comparatively modest ATLAS 3

71 High-level triggers: High overall rejection power to reduce CMS 2

output to mass storage to affordable rate = oneor

more Levels: LHCDb 3

7 Progressive reduction in rate after each stage of selection ALICE 4
allows use of more and more complex algorithms at affordable
cost

7 Final stages of selection, running on computer farms, can use
comparatively very complex (and hence slow) algorithms

13
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The bulk of the selected events are those useful for
the physics analysis, but the trigger must also

ensure rates for CDF L2 rate during a run
7 Instrumental and physics background studies ¥ |
7 Detector and trigger efficiency measurement from

data

?  Calibrations, tagging, energy scales

Back-up triggers

7 Back-up is misleading.... These measurements are :
necessary for most of the analysis 1508

7 Some large rate back-up triggers can be pre-scaled :

scalei- change

o . S e ,

Pre-scaled triggers 17:00 " 20:00 23:00 02:00 0800 08100 'n:n‘fm
72 Onlyafraction N of the events satisfying the
relevant criteria is recorded, where N is a parameter
called pre-scale factor. This is useful for collecting
samples of high-rate triggers without swamping the
DAQ system
The pre-scale factor can change accordingly with the
desired statistics and the system availability
Since trigger rate can change with Luminosity,
dynamic pre-scales are sometimes used (reduce the
pre-scales as Luminosity falls)
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Dynamic Prescale System


Simulated H-> 4p
event at LHC

with and without min.
bias events

Signature=one or more parameters to use for discrimination, able to select
“events” of potential interest for your studies

The signature can be the amplitude of a signal passing a given threshold or a
more complex quantity given by software calculation
?  First use intuitive criteria: fast and reliable

Eventually combine more signals together following a certain trigger logic,
giving redundancy.

F.Pastore - Trigger Introduction 01/02/10 ISOTDAQ school - Ankara 15



—_— calorlmetgr
vertexing/tracking EM ronic

muon

=-In(tan(6/2
n=-In(tan(6/2)) hoton
pseudorapidity
electron
muon
u,d,s,gluon-jet é
(light flavor jet)
b c-jet
(heavy flavor jet)
neutrino

Trigger selection in HEP is based on single/double particle signatures
72  Muon tracks, energy deposits in the calorimeters, tracks in the silicon detectors
Usually detectors are segmented in a number of trigger regions in eta-phi

The final trigger response is one of the logical combinations (AND, OR) of all
or part of the inputs
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Trigger criteria at colliders

At collider experiments we apply thresholds on transverse Energy (E;) or
transverse momentum (p;): component of energy or momentum
orthogonal to the beam axis

Initial p;=0and E,,, <E =E.,

2 beams™

Shower shapes and isolation criteria are also used to separate single
leptons from jets

In addition we use global variables, such as total-energy, missing energy
(for neutrino identification), back-to-back tracks, etc...

At LHC

? The bulk of the cross-sections for Standard Model processes are the
presence of high-p; particles

72 In contrast most of the particles producing minimum-bias interactions
are soft (pT ~ 1 GeV)

?2 Large missing ET can be sign of new physics 2 E

F.Pastore - Trigger Introduction 01/02/10 ISOTDAQ school - Ankara 17



e, v, T, jets, k.S, 2E;

2 Various combinations of cluster sums and isolation

criteria
Level-1

? Dedicated processors apply the algorithms, using
programmable E;thresholds

? Peakfinder for BC identification

72 Sliding-window technique to find clusters

High-Level trigger

TileCal and LAr signals af frigger

2 More topological variables and tracking information
for electrons from Inner Detectors

Tower clustering at L2
Jet algorithms at L3 (Event Filter) =
7 Isolation criteria can be imposed to control the rate ol
(reducing jet background at low energies (=) Hadronic
thresholds) Vi cicomagnac

Trigger towers ;Jr,- xAp=0.1x0.1)
1 EI .

Isolation < e.m.

@ Vertical Sums

I

Level-1 clustering algorithm Horzoial Sums P—
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De-cluster/Rol region: < Inner & outer
E local lllallml.lmm isolation thresholds
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Trigger objects example: BaBar

Golden event in the BaBar Detector

For some precise measurements, the e+e- collision producing a B and an anti-B
crucial performance parameter can /\
be not the efficiency, but the Golden B (for CP violation)

N’agging B

systematic error in determining the
efficiency

Babar trigger objects:

2 charged tracks in the drift chamber,
with different p; cuts: long track
(0.18GeV), short track (0.12 GeV

?  E-m calorimeter clusters with
different E; cuts (minimum is 0.12
GeV efficient for mip muons)

Search for topology

72 number of objects, optionally
requiring separation cuts in phi or
matching between tracks and
clusters
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Computer reconstruction of a "golden event" in the BABAR Detector. An electron and positron have annihilated at the center of the vertex detector (orange) in this cross-sectional view, producing a B and an anti-B meson. One of them decays into a pair of muons and a pair of pions (gold tracks), while the other (the "tagging" B) decays into a kaon and three pions. (Photo Courtesy of Stanford Linear Accelerator Center)


CDF single top event
" missing Energy Signal characterization:

g )
t->Wb ~ 100% - ?  1high p; lepton, in general isolated
—— 7 Large MET from the high energy
— i — neutrino
1M1 ‘ ' 1 2  2jets, 1 of whichis a b-jets

Trigger objects at L1
A Central tracking (XFT p;>1.5GeV)
- X‘ 2  Calorimeter

Muon {
Electron (Cal +XFT)
Photon (Cal)

Jet (EM+HAD)

Missing Et, SumE;

Muon (Muon + XFT)

b Jet

igger objects at L2:
L1 information
SVT (displaced track, d,)
Jet cluster
Isolated cluster
Calorimeter ShowerMax

ANV NN
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Tevatron provides collisions at a rate of ~1.7MHzÿ Event size ~ 1/4 MB ÿ actual CDF output to tape 20MB/s Trigger rejects 99.995% of crossings !Select events of interest, but : ? sInel ~ 50mb? For example stop ~ 7pb ? That is a ~1/1010 factor !!!
At Tevatron top quarks are primarly produced in pairs, sigma (pp->tt at 175 GeV) = 6.7 pb  , 1/10^10 collisions


Trigger objects example: CDF

petectot Elements CDF single top event
CAL COT | oLMueNf YR L ‘ Signal characterization:
¥ i |- ?  1high p; lepton, in general isolated
XFT MUON e 7 Lar%e_ MET from the high energy
: neutrino
1 7 2 jets, 1 of which is a b-jets
XTRP
Vi ' Ty Trigger objects at L1
- T -~ A Central tracking (XFT p;>1.5GeV)
CAL TRACK | | MuON 7 Calorimeter

: ' Electron (Cal +XFT)
Y v Photon (Cal)
GLOBAL |. Jet (EM+HAD)
LEVEL 1 Missing Et, SumE;
Muon (Muon + XFT)

L2

CAL vl
1 YV Y

GLOBAL -
LEVEL2 [ TSICLK I._

igger objects at L2:
L1 information
SVT (displaced track, d,)
Jet cluster
Isolated cluster
Calorimeter ShowerMax

7
7
y |
Tr
7
7
y |
7
7
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Tevatron provides collisions at a rate of ~1.7MHzÿ Event size ~ 1/4 MB ÿ actual CDF output to tape 20MB/s Trigger rejects 99.995% of crossings !Select events of interest, but : ? sInel ~ 50mb? For example stop ~ 7pb ? That is a ~1/1010 factor !!!



Trigger efficiency

Trigger design must ensure

* high efficiency

* no bias, providing the widest physics program

Efficiency should be precisely known, since it enters in the
calculation of the cross-sections

« The orthogonality of the trigger requirements allows good

cross-calibration of the efficiency

BR( Signal )= S = Nie)

candidates

a-€

“O g, 'J'Ldr

total

o E — " E

total £

Tracking ) Reco ELI-Tﬂg "€ L2-Trig " E L3-Trig ) vertex "€ analysis

Acceptable error on ae can be around 10%
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The turn-on curves

Since pT resolution is finite, and worst at level-1 (coarse

granularity, dp;/p;~1%), the efficiency is a function of the real p
2 For example some particles can be under threshold, failing the
trigger, because their p; is underestimated

| oG non curve”
g /f The trigger efficiency as a
g f-f"I | function of the true p,,
o | measured with the offline
!1 X - | reconstruction (resolution
el | order of 0.1%), is described
| e ™ by the turn-on curves
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Trigger efficiency dependency

The design of a trigger system and the implementation of the selection
algorithms must minimize the trigger efficiency dependency on p; (E;)
and on geometrical acceptance (like n and ¢)

L1 Thresholds chosen so that efficiency is 95% of its maximum value

ATLAS: e10 trigger efficiency as a function of E; and 1| (from Monte Carlo)

T T AR A g -
: P 2 S AEAAEA A ey 1 ?ﬂfﬂﬁQ
i 7 . 8 r i
S ogf ‘1 g L1 effective threphold S osf i %
5| ‘:f\(%% efficient) - 5 | _
£ 08 I L1 A 2 paf oLt _
: T o Li+l2 - [ al1+l2 i
0.4l LAH s L1+L2+EF 07F +L1+L2+EF ]
I 1 ] -
[ : ATLAS | B ATLAS ]
0.2 . 0 . 0.6 -
-
"] L i L E"-- | i L | ]
W5 16 15 2 25 30 35 40 . 05 [ 15 2 25
E, (GeV) il
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Trigger behavior, and thus the 3 SR S
analysis sample, can change quickly ¢y 7t ]
due to important changes in pe R W -

amE E nast
Fimat 0N (Probssi ) %) E sSinat 12579 (Probe18.30 %)
z D ete Cto r :': j plateau &) BT . 0.0044 : :?: _ it (A) 0.9730 .0.004

A Trigger hardware o
?A Trigger algorithms

" [ [E]

? Trigger definition 2T s

",,_e ——t——y u: ‘} Ay—e
The analysis must keep track of all o BT s s paann
these changes f (SRR AN P A o N i WO
multi-dimensional study of the ;_; e N -
efficiency: €(py, n, ¢, run#) e ey
? Fit the turn-on curves for = S = ——

E  plabess (A] 08807 «0.0047

different bins of n, &, e Jrrastegospnd
2 Actually fit the 1/p;dependency . T o
since the resolution is gaussianin  _ S

L/pr s
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Trigger efficiency measurement (1)

Basic idea: compare two cases in which the trigger selection is or is not
applied

For this purpose we use back-up triggers called pass-through
2 Do not apply the selection and calculate the denominator

For HLT it’s easily done using pass-through
72 Eff(L2MU10)= events passing LZMU10

TS s g B P AS TR

Level-1 trigger gives the biggest contribution to inefficiency because of

the worst resolution

72 We don’t know the absolute denominator

?2 At the collider experiments can be measured with experimental
technique called “Tag-and-Probe”
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At colliders, “Tag and Probe” method is used where possible

(mainly lepton triggers)

? Clean signal sample (Z, J/y to leptons)
? Select track that triggered the event (Tag)
?2 Find the other offline track (Probe)
? Apply trigger selection on Probe e
Mner |racsar
Probe Mucn | O Muon Spectrometer
i The nvariant mass
V. s \ e
_ / e \ Z-Boson mass.
/ , ‘\ I_ £ Test if thare is

- correspending frack
in the MS.

Tag Muon
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To get the turn-on curve we bin the “probe” leptons by p; (E;)
? Crucialis the study of the step region, in which efficiency changes very quickly

The systematic uncertainties of the method are compared with Monte Carlo
results, to understand possible bias coming from the sample used for the tag-
and-probe method

—
&)
E =
e -
5 0.8
&
l-.-
0.6 Tag & Probe
HE & L]
B & Lisp
0.4 = Li+l2+EF
B MIC gan.
"'J'E-_“""""‘i""!""“'7 Etzﬁ_z
i [ Li+L24EF
L i i 1l v s i 4 | iiq "
% 10 20 30 a0 50 80

p{GeV)
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A balance between physics interest and

system bandwidth...

High efficiency
Low dead-time

Lower thresholds would be desirable, but the physics coverage must be
balanced against considerations of the offline computing cost

How accommodate broad
physics program?

And cope with increasing
luminosity?
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A trigger menu is the list of our selection

criteria =
Each item on the menu is a trigger path

A trigger path includes a set of cut-
parameters or instructions particular
from each trigger level (L1+L2+L3..)

MEATBALLS..._....
SAUSAGE. PEPPERS &

An event is stored if one or more trigger
chain criteria are met

Printing by Menu Magazine. Tel. 215-240-1582 « www.menusforless.com
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How to do a trigger menu

A well done trigger menu is crucial for the physics program

A Multiple triggers serve the same analysis with different
samples (going from the most inclusive to the most
exclusive)
Ideally, will keep some events from all processes (to
provide physics breadth and control samples)

A Triggers for monitoring and calibration purpose have also
to be foreseen, mostly to measure instrumental and
physics background

Efficiency measurement is ensured by the redundancy of
selections, listed in the trigger menus

The list must be sufficiently flexible to face possible
variations of the environment (detectors, machine
luminosity) and the physics program

First look at the components......
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Rates allocation on trigger signatures

v'Target is the final allowed bandwidth (~*200 Hz @ LHC)

v'Trigger rate allocation on each trigger item based on
v'Physics goals (plus calibration, monitoring samples)
v'Required efficiency and background rejection
v'Bandwidth consumed

Trigger rates are calculated from large samples of simulated data, including

large cross-section backgrounds (minimum-bias and QCD)

? Large samples of background events are required (7 million non-diffractive
events @ 70mb used as minimum-bias sample for 1031 cm st menu)

Pl gy
vet | G
pr_inf GPr
A Given by convolution, over a given ET/pT range, of the estimated
efficiency with the cross sections representing the main trigger source

Large uncertainties due to detector response and jet cross-sections
2 To be tuned with (early) data
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7 millions non-diffractive events @ 70mb used as minimum bias sample for 1031 cm-2 s-1 menu
Enhanced minimum bias sample used for higher luminosities : ?
Calculation verified with counting methods on minimum-bias events 
 



Expected ATLAS trigger rates @ LHC start-up

| 10 0

Muon trigger Calorimeter trigger
Selection based on muon spectrometer only Single e/y L1 rates at start-up
Largest source of muons are from b/c quarks
and /K in-flight decay o) F - ARSERGEAHEE SR AR SR DR ERE A RS 3
— -
2 v ATLAS
EF single muon trigger rate at start-up o ”I:E-,.H
= ":r’nc_u E |
& 1~ 1 - — e "O0g,
i = L ¥ Charm E ‘i'; MWoge.. N
IR S —— X Beay o e, P0a0ng,
© b “*;%@Erk o T Open = non-isolated ~ “*#++
- e " Total | Closed = isolated
1:5 g
10.1;5 o ‘ =85 10 15 20 25 30 35
2p . . . .
10 For E/p and jet calibration, the trigger has ta
10“"5 o : guarantee SM channels as W, J/y, Drell-Yan,
3 4 5 6 78910 20 30 40 direct-y production

Muon P, threshold (GeV)
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ATLAS trigger menu at start-up L=1031 cm= s?

Level-1

?  low p;thresholds and loose selection criteria
(adding pre-scales to control rates)

72  deploy high thresholds and multi-objects
triggers for validation (to be used as back-up
triggers)

HLT: running in pass-through mode for

offline validation or with low thresholds

As LHC luminosity reaches the design,
complex signatures and higher p; thresholds
will be necessary to reach the physics goals

v/ Start-up trigger Menu contains ~130 Level-1 items
and ~180 HLT selection chains
v e/B and muon triggers are unprescaled, except

F.Pastore - Trigger Introduction

Object

| L1 (Hz) | L2 (Hz) | EF (Hz) |

Single-electro 5580 176 273
Multi-electron 6490 41.1 6.9
Multi-photons common 2.0 < 0.1
Single-photons | common | 33.4 0.1
Multi-Jets 23] T8 T
Single-Jets 244 244 24.4
Multi-Fjets 27 27 27
Single-Fjets 3.7 3.1 3.7
Multi-bjets common 12.9 2.6
Single-bjets common 11.6 11.6
Multi-taus 465 14.5 12.4
Single-taus 148 329 223
Multi-muons 5.8 23
Single-muons <$ 204 21.8
Missing Ey / 31. 38
Total Ev 6.3 6.3 1
Total Jet Ev 1.6 1.6 1.6
BPhysics common 25 13
Muti-Object 5890 134 48
Minimum Bias 1000 10 10
Total 12000 620 197
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Trigger strategy @ colliders

Inclusive triggers designed to collect the signal

samples (mostly un-prescaled)

A High-p; e/u/y (pr>20 GeV), jets (p>100 GeV)

2 Multi-object events: e-e, e-l, Y-y, e-t, e-y, U-y, etc...
to further reduce the rate

Back-up triggers designed to spot problems,

provide control samples (often pre-scaled)

A Jets (p>8, 20, 50, 70 GeV)

? Inclusive leptons (p;> 4, 8 GeV)

2 Lepton + jet
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Inclusive High-p; Central Electron Trigger Path

71 Levell
A EM Cluster E; > 8 GeV To efficiently collect
A Ro Track p; > 8 GeV W 4 i e WAL L4 224
7 Level 2 Wy, Zy, W’, Z’, etc...
A EM Cluster E; > 16 GeV
A Matched Track p;> 8 GeV Only one of these analysis
? Hadronic/ EM energy < 0.125 needs to measure trigger
7 Level 3 efficiency, the others can

benefit from one (use
A EM Cluster E; > 18 GeV Standard Model Z,W)

A Matched Track p; > 9 GeV
2 Shower profile consistent with e-
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dibosons


Back-up trigger example: from CDF

Back-up Triggers for central Electron 18 GeV path:
7 W_NOTRACK - Factorize efficiency into

A L1:EMET >8 GeV && MET > 15 GeV all the ff9mp°“]?“ts= o
A L2:EMET > 16 GeV && MET > 15 GeV E‘KA 'i‘r’]'e:t‘;y dg{;:;?ne%”
A  13:EMET > 25 GeV && MET > 25 GeV P

separately

7 NO_L2 - separate contributions

A L1:EMET > 8 GeV && r Track p; > 8 GeV from all the trigger

2 L2: AUTO_ACCEPT levels

A L3:EMET > 18 GeV && Track p; >9 GeV

& & shower profile consistent with e- * Use resolution at L2/L3 to

2 NO L3 improvcle puriITy o

A L1:EMET > 8 GeV && rd Track p; > 8 GeV Lﬂneﬁﬁrs;ngir:; o

A L2:EMET > 8 GeV && Track p; > 8 GeV && threshold

Energy at Shower Max > 3 GeV
2 L3: AUTO_ACCEPT
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Inclusive, Redundant Inputs are helpful

7 L1_EM8 _PT8 feeds

7
7

Inclusive high-p; central electron paths
Di-lepton paths (ee, ep, eT)

2 Several back-up triggers

7

15 separate L3 trigger paths in total

7 A ttbar cross section analysis uses

N NN

F.Pastore - Trigger Introduction

Inclusive high-p; central e paths
Inclusive high-p; forward e paths
MET + jet paths

Muon paths

Trigger menus must be

Inclusive:
Reduce the overhead for
the program analysis

Redundant:

if there is a problem in
one detector or in one
trigger input, the physics
is not affected (less
efficiently, but still the
measurement is possible)
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Concluding remarks

The trigger strategy is a trade-off between physics
requirements and affordable systems and
technologies

Here we just reviewed the main trigger
requirements coming from physics

? High efficiency — low dead-time

2 Perfect knowledge of the trigger selection on signal
and background

? Flexibility and redundancy
In the next section we will see how to implement
such a system, still satisfying these requirements
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