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Cambridge Dictionary

trigger
noun - Uk @) rges us @) 1ol

trigger noun (GUN Pﬁ(RT}

Q [C] a part of a gun that causes the gun to fire when pressed:

it's not claar wha actually pulled the trigoer

+ Thesaurus: synonyms and related words

trigger noun (START)

o [ C usually singular | an event or situation, etc. that causes something to
start:

There ara fears that the Incident may be a frigger for mora violence in the canital.

© speciauzep psychology [ C usually singular | Something that causes someone

to feel upset and frightened because they are made to remember
something bad that has happened in the past:

A friggeris something that sels off a fashback fransporiing the parson back to the
fraumatic avent.
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Trigger in HEP

trigger
noun - Uk @) rges us @) 1ol

trigger noun (GUN Pﬁ(RT}

o [C] a part of a gun that causes the gun to fire when pressed:

it's not claar wha actually pulled the trigoer

+ Thesaurus: synonyms and related words

trigger noun (START)

o [ C usually singular | an event or situation, etc. that causes something to
start:

In particle physics, a trigger is a system that uses criteria to rapidly decide which
events in a particle detector to keep (i.e. to start storing the event data) when
only a small fraction of the total can be recorded.

fraumalic svent.
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Particle Physics Experiments

Different experiments have very different trigger
requirements:
" Fixed target

— No trigger : Geiger, photo-emulsions, cloud/bubble
chambers

— Trigger: electronic detectors

= Colliders
— Electronic detectors

= Cosmic




Lectures

= ~ 4 |ectures

— Introduction
 Generic detector
* NA57 example

— Collider: LHC — ALICE example

— Fixed target experiment:
* NA62

Lectures:
http://epweb2.ph.bham.ac.uk/user/lietava/triggerlectures/index.html
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Content

= Particle experiments

= Why we need trigger
— Bubble chamber
— Interaction rate (LHC)
— How much data ?

= What to trigger on ?

= How to trigger ?

= Comparison
— Atlas/CMS/LHCb/Alice




Why Trigger et all ?

= Bubble chambers operated
for many years and
generated several Nobel
Prizes, yet are not suitable

for triggers at all
* How did they do it?

Brookhaven 80" Hydrogen Bubble Chamber
(Courtesy of National Museum of American

History)

Discovery of Omega (1964)

Intro




Why Trigger et all ?

= Bubble chambers operated
for many years and
generated several Nobel
Prizes, yet are not suitable

for triggers at all
* How did they do it?

Brookhaven 80" Hydrogen Bubble Chamber
(Courtesy of National Museum of American

History)

Discovery of Omega (1964)

Taking photographs !
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Outcome

Without any triggering (except in the sense of
cycling the chamber in a way which
synchronizes with the beam extraction) a
bubble chamber gives you, on average, about 1
interaction per second.

Assuming 50% down time (a bit pessimistic)
gives about 300k events per week.

Satisfactory for minimum bias (“total cross
section”) studies

— Higher interaction and readout rates needed =>
electronic experiments



LHC Interaction Rate: Machine x Physics

Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x102 eV)
Luminosity 10* cm? s

Bunch Crossing rate 40 MHz

Proton

Collisions = 107 - 10°Hz

fXnxN?
S

f —revolution frequency
n — number of bunches
N — number of protons in bunch
S — bunch transverse cross section

Intro 10



Why trigger: how much data ?

DATA

STORAGE

Data per year V =R X v X T Xn
Event size v~2MB

Time (10 months)T = 2.6 X 10°s
Number of experiments n = 4

V = 10%3Bytes/year

Intro
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Why trigger: how much money?

Data per year V =R Xv X T Xn

V = 10%3Bytes/year ~ world data storage
Google cost c = 4GBP/ 1TB /month

Cost per year C =V X ¢ x 12 =5 % 1012GBP
CERN budget: 10°CHF

Expenses by Scientific and Non-Scientific Programmes

Infrastructure and
services

2023 numbers

12



hy trigger: how much data can we effort?

CERN Data Centre passes the 200- |
petabyte mllestone | |

)ata Centre (Image: Robert Hradil, Monika Majer/ProStudio22.ch)

On 29 June 2017, the CERN DC passed the milestone of 200 petabytes of data
permanently archived in its tape libraries. Where do these data come from? Particles 13



General schema

Data
Acquisition
System

Trigger

Data storage
Signals o

Trigger

System oo Analysis o

14



General schema

Data
Acquisition
System
Software Trigger

Trigger
Signals

Decision Data storage
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What to choose ?

proton - (anti)proton cross sections

4

events / sec for £ = 10> cm™s

109 E * LR R . LT AL N 5 Y E
10" F Tevatron  LHC. 7
Process Production Rate ok / ]
104 cm-2s-1 i e I
inelastic ~1 GHz - | / ]
bbbar 5 MHz [ owE > E20) 1 i
F il e S
Z H'I'V 15 HZ 10° %_Gje'(ETjet>1oo Ge\zl) ;
ttbar 10 Hz 10" £ Z :
Z 0.5 Hz w0 b gl
H(125) SM 0.4 Hz i =
B) —» nutp~ 107 Hz {c” |

10° [ M,=125GeV < Oy

105 ;_ Over

10-70-1 l I‘: ‘110
E (TeV)
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What to choose ?

ATLAS/CMS
— Higgs

— New physics
LHCb

— Rare decays
— CP violation

ALICE
— QCD

Intro

o (nb)

10° ¢
10°
10’
10°
10° |
10* |
10° |
10°
10" L
10° |
10"
102 [
10°
10° f_ {cggH
10° [ M,=125 GeV < oy,
10-6 : GVBF

107

proton - (anti)proton cross sections

[ wus2012
1

Gtot

o-top
o-ZZ

Tevatron

0.1

4

events / sec for £ = 10> cm™s



What to choose ?

ATLAS/CMS
— Higgs
— New physics

LHCb

— Rare decays (b,c)
— CP violation
ALICE

— QCD

Intro

o (nb)

proton - (anti)proton cross sections

10° ¢ T T 10°
10' ;- Ctot : : 10°
10 | Tevatron LHC: 10’
10° ' ' 10°
10° 10°
10* 10*
10° 10°
10 10°
10’ 10’
1 T0

1q’ 10"
1q° 107
1q° 10°
1q° 10
1q° 10°
1q° E 10°]
1q° oL - 107

0.1 1 10

33 -2 -1
107" cm”s

events / sec for
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What to choose ?

ATLAS/CMS

— Higgs
— New physics

LHCb

— Rare decays (b,c)

— CP violation

ALICE
— QCD

Intro

s (nb)

proton - (anti)proton cross sections
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What to choose ?

= ATL AS / CM S proton - (anti)proton cross sections

10° £ ————r —

B nggS ::: - T j—t-—:—*j—l_HC‘
— New physics -
= LHCb . 0

E jet
o, (E.* > E/20)

— Rare decays (b,c)

2 ol o vl 1 1 L1l

33 -2 -1
107" cm”s

_
o]
< 10k B
° ° (o)
— CP violation o w{bq (€5 100 Gev)
10" |

= ALICE
— QCD/ QGP

3 o
= ggH

10'5 ;_ MH=125 GeV{ SwH
i o}

10° £

[ wus2012
1

al o el 0 sl 0 s aaad o el 0 aaal 0 aaad 0 sl 3 1

events / sec for
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How to choose ?

Tracking Electromagnetic Hadron Muon A detector cross-secti T ficle pathe

charnber calorimeter calorimeter chamber

Beam Pi
photons g
B Trackin
i Chambegr
f;' Bl Magnet Coil
o
E-M
I'|>'I X muons - Calorimeter
g Hadron
‘Jtt, p Calorimeter
B Magnetized
Iron
n Il Muon
_— Chambers

Innermost Layer... » ...Outermost Layer

|dentify different particles produced:
= Photons: Electromagnetic calo (ECAL)
= Electrons: Tracker+ECAL

= Hadrons:
— Charged: tracker+ECAL+Hadron Calo (HCAL)
— Neutral: HCAL

=  Muons: tracker+ECAL+HCAL+muon chambers
=  Neutrino: none

Intro




Triggering detectors

Triggering detectors

— Fast trigger signals
* Every triggering detector has full readout also

— Small amount of data

— Segmented enough

Technologies:
— Calorimeters: ECAL, HCAL
— Scintillators

— Gas detectors:

Resistive Plate Chambers (RPC)
Thin Gap Chambers (MWPC)
Drift tubes

Cathode strip chambers

Gas Electron Multiplier (GEM)

Intro
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Trigger selection

Combining information vetexigivacking “EM " Hadlome " muon
from detector elements Th;,,
and different detectors: —
= |solated Photon i
= |solated Electron a1l
= |solated Muon ki
= Jet
—Tjet

— Heavy flavour jet
= Missing energy

Intro 23




Trigger selection

Combining information veroxngiracking EM * ¥ edine — muon
from detector elements Th;m
and different detectors: -
= |solated Photon e rovor o) IR
= |solated Electron ey 1e2C ! B
= |solated Muon el
= Jet = Multiplicity
—T jet - 1,2,3,4 jets
— Heavy flavour jet = Topological trigger
= Missing energy MET ~ 2 photons with Higgs mass

Intro 24




Trigger menu

= Physics triggers
— Most of the bandwidth
= Additional triggers (downscaled)

— Needed in Analysis
* Efficiency
* Background

— Calibration triggers
— Monitoring triggers

25



ALICE Trigger Menu

Trigger menu 2017 for pp 13 TeV

Interaction rate ~150 kHz (V0and), ~190 kHz (inelastic)

e Mornitoring

. Nt | - CENTlivetime 40%
CEIDIMCTIE[DIGL | CENTINOTRD] CENTNOTRD livetime 54%
CE[DIMCTIE[DUL  E/DcallO>2.5GeV+Lljet>20Gev  CENT[NOTRD] MUFAST livetime  88%

_ L1r busy from TRD inspection ~4%

CPHI7 PHOS LO > 4 GeV CENT[NOTRD] 11 Hz

CMSL7 single muon low-pt (0.5 GeV/c), ds~6% MUFAST . o
CMSH7 Single muon high-pt (4 GeV/c) MUFAST sson Efficien cy
z
CMLL7 Dimuon like-sign low-pt (0.5 GeV/c), ds~10% MUFAST
CMSLT Dimuaon unlike-sign low-pt (1 GeV/c) MUFAST
C[E| DIMC7M[SH|UL] E/Dcal & dimuon US, E/Dcal & single muon high-pt ALLNOTRD 2 He
C[E|DIMC7MSL E/Dcal & single muon low-pt, ds ~10% ALLNOTRD
CMUPG Forward UPC MUFAST 10 Hz
- Total read-out rate of TPC ~400 Hz &
Intro
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ATLAS Trigger Menu

Priority List for >300 Hz|'

Chain I . Muon
EF xe60.verytight.noMu SUSY/Exatics B e/gamma
EF.j100.a4tc EFFS_ht400 SUSsY . Tau
EF.4j45_adtc_EFFS SUSY/SM

EF_5130_adtc_EFFS B Jets
EF_j240.a10tc_EFFS Exotics/SM B b-jets
EF tau29_ loosel xs45 loose_noMu 3L1J10 Higgs — ¥ h l
EF_b10medium._4j30_adtc EFFS Top/Higgs . B P ys cS
EF 2mud _BmumuX A ) . MET

EF 2mud_Jpsimumu B-physics . MinBiaS
EF _mudmut_DiMu

EF mudmut _DiMu DY20 SM

EF_2MUL1.123j30HV_allMs Exotics

EF mu20i.medium 5x10% prep.

EF mul18MG_medium lM

EF_mu18_medium Y any

EF_e60_loose {Exotics}

EF mul5/18/22 njX7? SUSY/??

EF g22 hiptrt? Exotics

EF 215 medium_xedO_noMu EUSYIEXD“CS

EF_j)55_adtc EFFS5_ xebb medium noMu_dphi2j30xell ATLAS

EF_e10mediummu6_topomedium Higgs Trigger rates per signature at 1033

EF tau20 medium el5 medium Higgs

EF xef60_tight noMu susy

EF_e10 medium_mu6 Higgs/SUSY

EF_12j30_Trackless _HV_L1MU& Exolics . . . )
| Total extra rate | 6500 | 600 | 100 | Peakat3x10” |

Intro 27




Trigger Efficiency

number of events with selection

Efficiency = : '
17 Y= umber of events without selection
Rejection Fact .
ejection Factor = —
J Efficiency

Efficiency should be
precisely known

= The capability of the

selection depends on

resolution of quantity we

cuton

Efficiency can evolve
with time

Intro

1y _1'_ : oSt N
| PHOS-L0 >4 GeV
. EMCAL LO>2 GeV
'3 EMCAL L1>8.4 GeV

T , .=

: T T—— 13
Fit range (GeV) Trigger rejection _-
+ EMC-LO/MB 41<E=<300 B7.0x1.1 E

<
¢ EMC-L1/EMC-L0 125 <E =500 2225+40 .
» PHOSLOMS  60<E<240  (124:15K10°
B I I Y U P PN N P
0 5 10 15 20 25 30 35 a5 50
E (GeV)

g
:

ALICE Emcal Trigger rejection factor RF
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How to trigger ?

= Trigger system
— Electronic devices: ADC, Discriminator, FIFO
— BUSY and Dead time
— Derandomisation/Pipelines
— Collider mode
— Multilevel trigger

— High Level Trigger (HLT)

Intro




Simple Trigger/DAQ example

Tracking Electromagnetic Hadrol
charaber  calorimeter  calo nme er hamb

Detector: Calorimeter

Intro




Tracking Electromagnetic
calorimeter

Jus
charaber all calorimeter  chamber

Detector: Calorimeter

./

Simple Trigger/DAQ example

Analog Signal %

Analog to Digital Converter

Bl I

I s
———= Digital Signal

Intro
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Simple Trigger/DAQ example

Tracking Electromagnetic Hadrol
charaber  calorimeter  calo nme er hamb

Detector: Calorimeter

TRIGGER

DISCRIMINATOR

Intro




Simple Trigger/DAQ example

Tracking Electromagnetic Hadrol
charaber  calorimeter  calo nme er hamb

Detector: Calorimeter

TRIGGER

DISCRIMINATOR

Vel _ —~ _input_ _

Discriminator
output

CF e e

Intro




Simple Trigger/DAQ example

Tracking Electromagnetic Hadrol
charaber  calorimeter  calo nme er hamb

Detector: Calorimeter

TRIGGER

DISCRIMINATOR

Intro




Slmple Trigger/DAQ example

‘Tracking Electromagnetic Hadron
charaber  calorimeter calorimeter cham er

TRIGGER

DISCRIMINATOR

TRIGGER

Processing

Intro
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Slmple Trigger/DAQ example

Tracking Electrom ad
e% calorins agn cal t

Trigger Latency:
time taken to form and

distribute the trigger decision.

DISCRIMINATOR

TRIGGER

DELAY compensates for
Processing trigger Iatency.

Intro
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Slmple Trigger/DAQ example

“Tracking Electmmagn etic Hadron
charaber  calorimeter calorimeter hamb

TRIGGER

L

Processing

DISCRIMINATOR

DISCRIMINATOR

Coincidence reduces noise

Intro
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Coincidences

Given that the pulses we deal with are very short (typically
20-50 ns) the use of coincidences has a dramatic effect on
reducing background noise.

Conversely, the noise from an OR circuit can become very

large, and each element has to be monitored carefully.
The accidental coincidence rate for a pair of countersis given by

R, =2RR,r

acc

where R;, R, are the rates of the two counters, and 7, is the width of the

res

pulse.

EXAMPLE

Suppose we have two counters giving 25 ns pulses and with random rates
of 1000 Hz and 1500 Hz respectively (quite noisy).

The output of a coincidence would give

2x1000x1500x 25x10°° = 0.075 Hz

(note that this calculation assumes the counters can fire in a continuous space.
Although the same principle applies, a slightly different calculation is needed
when the counters can only fire at fixed times, as for example in a clocked collider
experiment.

Intro 38



Simple Trigger/DAQ example

charaber

calorime ter calorimets

To make ADC and
transfer digital data
needs some time.

¥

Processing

seciaert) System can NOT process
next event: System is

1
TRIGGER BUSY

What if trigger is
created when system is

BUSY ?

Intro
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Slmple Trigger/DAQ example

‘Tracking Electromagnetic Hadron
charaber  calorimeter calorimeter cham er

DISCRIMINATOR

Introduce BUSY logic

TRIGGER

Processing
BUSY

Intro 40




Simple Trigger/DAQ example

Tracking Electromagne!
charaber  calorimeter calorimeter  chamber

Dead Time:
Time the system requires to process an event
without being able to handle other triggers

DISCRIMINATOR

Introduce BUSY logic

TRIGGER

Processing
BUSY

Intro




Simple Trigger/DAQ example

Tracking Electromagnetic Hadron
chamber  calorimeter _calorimeter chamber

Example of BUSY logic

DISCRIMINATOR

L

Processing

Intro 42



Deadtime and Efficiency

= Definitions:
— Interaction rate: f
— Dead time: T

" Frequency of successful triggers, e.g. DAQ rate fp:

fo=f(1— fp1)

_ f
fD_l-l—fT

= Efficiency
/b __1
f 1+4+fz

Efficiency €

E =




NA57 example

a =

Intro
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NA57 example

The NA57 experiment, a heavy ion experiment designed to measure strange
particle production in pBe and Pb-Pb collisions, illustrates many of the ideas
we have introduced so far.

The experiment ran from 1998 to 2001. It was used to test many ideas later
implemented in the ALICE experiment, and represents a transition from the
“old-style” approach with modular NIM based electronics to purpose-built
triggers.

In the pBe mode (shown) the trigger had to select events where at least two
tracks entered the Silicon telescope. This was done by looking at pulse
heights in two scintillators, and requiring both to be consistent with two
tracks. (Requiring this in one only would not be sufficient owing to the long
Landau tail in the pulse height distribution.)

The beam rate was about 107 protons per SPS burst, and the trigger rate
about 1800 per burst.

Trigger was implemented in two ways:
— Nuclear Instrument Module (NIM) based trigger
— Electronic board

Intro
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NA57 example

Double side
ustrips

Vo
v

7’
4 10m

Y pixel plane (3Q2 + 4Q3)

. Z pixel plane (4Q2 + 2Q3)

oy
—

’

Scintillator plane

Beam Scintillator

O
D Beam Cerenkov

40 A GeV/ce:
d=40cm o =72 mrad

TARGET
Be 8%
S4
2 ’
S2 ’ 70 m
’
Cc2
C1
7
7
'

Intro
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NAS57 Trigger Logic NIM

S3 scal.

o

o

DelayH o

©

SHAPER

=
TIS
vo o— %
~ ™ 1
c1 o—oI% 2 LDC1Trig [
P - LDC2 MSD
Kl s LDC32a | @
CER 2 - Lbcab | &
— © TS [
= 2 LDCS (3a
Cc2 o N ————— scal. CER LDC6 <33b
© @ | | lv. scal. AND/OR LDC7 ustrips
o —L@ PU from BEAM F/O

VISIBLE BUSY BUSY OR

BUSY
OR 3.2.11
32234
3219
BUSY
OR 2

NA57 NIM TRIGGER
August 12th 2001 Version 1.0

COMPRED: M Hersevoort M. Soyspout
O Vitakctos Batke.

anah
CHECKED. N Carver, H Helsig

Intro
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NA57 Trigger Logic VME

\, _

5 o
v o) ) TS|

NA57 TRIGGER ELECTRONICS

' NN W R OB W W R O W R R O W W W - EEEE------------y
] : X :
[ ] 1 BEAM
: ' } stroeeV :
' T N
1 - p— 1 > oPETAUTEL LOGE | ; :
: : ( smme; : oS : 3
- S O—> praAM l _f VO N TRIGGER B
S3 O—> TEST1 i [ ]
[ 1 o 1
' sip o—>| LOGIC 1 o-1EST2 e P LOGIC :
1 1 o-IESL :
I V3 O—> 1 - TEST4 2 U : .- -l owmm -y
' 1 TESTS ] . 1
1 1 o - T 14 inputs T : 1 1
i .-- - - - o-BUSYSEL A = ik o |} = [}
[l oBUSYSELB words 1 t '
' " oBUSYSELC o | ' : '
' s ——r - .
L] ] 1
[l
1 o-BUSYSELE 8 1 _
- : e | + VME =
o pemar ) e i '
i 2 o—a OR : I-\/:O\- - o TRIGGERS . _E‘rm& : 1 Versa
‘ [l
L P 1 L —r_ I > b->] ] 4
' TELESCOPE| |, |" —————3) asn BUSY avin#l—> HOLD 4 Module
1 4 O—> n 1 " Det.1 BUSY b S e b E i lf 1
L I — " | be2BUSY ——# .
e Bl | EESaTE 2T » Europe
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Slmple Trigger/DAQ example

Tracking Electrom ad
e% calorins agn cal (

DISCRIMINATOR

TRIGGER

Processing
BUSY

Intro

Derandomisation:
Introduce buffers
which decouple the
data production
from the data
processing: better
performance

FIFO:
First In First Out
buffer

49



Derandomisation

Efficiency €

1.0 = - . ‘
o T o depth=1 Inter-arrival time
B o AaptheS distribution
0.9 N7 --- depth=10
)

S —— depth=50 ms

" l f Interaction rate
0.7 FIFO

0.6}

1 1/t Dead time

0.5 g
Inter-arrival time
distribution
0.4
0.0 0.5 1.0 1.5 2.0
J >

fr e
Efficiency versus ratio of interaction rate to DAQ
rate for different FIFO length (depth):
— ft > 1:short FIFO
— fT < 1:too long FIFO (over designed)
— ft~1:0ptimal FIFO
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Processing

Particle collisions are
synchronous. Trigger look only at
non empty BCs

Bunch Crossing
DISCRIMINATOR (LHC clock)

TRIGGER

BUSY LOGIC

BUSY

Intro
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Simple Trigger/DAQ Collider mode

charaber  cal -alorimeter  charmber

Synchronisation: all
equipment are synchronised
with LHC clock

Bunch Crossing
D
DISCRIMINATO (LHC cIoc'#

TRIGGER

LG

Processing

BUSY LOGIC
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Processing

Split decision to several trigger
levels with increasing complexity
and latency

TRIGGER

LO trigger
DISCRIMINATOR

L1 trigger
DISCRIMINATOR

BUSY LOGIC

Intro

All levels can
reject events

53



romagnetic

imeter

Processing

TRIGGER

High Level Trigger (HLT)

HLT: trigger level
between readout and
storage.

LO trigger
DISCRIMINATOR

L1 trigger
DISCRIMINATOR

BUSY LOGIC

HLT

Intro

Fully software
(CPU farm)
trigger.

Has access to full
event.
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ATLAS Trigger/DAQ system

Calorimeter detectors
LAr TileCal
Muon detectors (including NSW) LHC collision rate & event size
{ ! 40 MHz 3.0 MB
Pre-processor Endcap Barrel
nMCM TREX I sector logic sector logic

CP (e,y,7) | JEP (jet, E) | @jig
[emx | | [emx |

FEX MUCTPI §
g
o L1Topo L1To T
» po
» Legacy CTP § Read-Out System
- (ROS / Software ROD)
Level-1 Trigger
. 2 trigger levels
. Level-1 HW
HLT output to storage
— 2.5 usec latency Data Storage utp 8
3 kHz 6 GB/s
— 100kHz output rate
= HLT: L2 and

EF in one farm

. Output rate:
~ 1 kHz

. Event size: 1.5-2 MB Intro 55




ATLAS Trigger/DAQ system

Calorimeter detectors
LAr TileCal
Muon detectors (including NSW) LHC collision rate & event size
{ ! 40 MHz 3.0 MB
Pre-processor Endcap Barrel
nMCM TREX I sector logic sector logic

CP (e,y,7) | JEP (jet, E) | @jig
[emx | | [emx |

FEX MUCTPI §
g
o L1Topo L1To T
» po
» Legacy CTP § Read-Out System
- (ROS / Software ROD)
Level-1 Trigger
. 2 trigger levels
. Level-1 HW
HLT output to storage
— 2.5 usec latency Data Storage utp 8
3 kHz 6 GB/s
— 100kHz output rate
= HLT: L2 and

EF in one farm

. Output rate:
~ 1 kHz

. Event size: 1.5-2 MB Intro 56




CMS Trigger/DAQ system

L1 Accept

2 trlgger IeVEIS Global Trigger :|Trigger00ntrolsvsteml
Level-1 hardware

Global Muon Trigger |Global Calorimeter Triggerl

[ v »
4 ps | =
- 2x4pn
us ate n Cy DT L CsC Regional Calorimeter Triggerl

Track Finder Track Finder;
1 [
_ 1 OO k H Z O u t p u t ra te DTL;)gg;er Csé?l'crzger Tngf’ I Trigger Primitive Generators I
T T T T T

DT CsC RPC ECAL HCAL HF

Event bUilding at fU” | Muon Trigger | | Calorimeter Trigger |
L1 rate

Output rate: average 1 kHz ..
Event size:1.5 MB o Ve e W
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LHCb Trigger/DAQ system (Run2)

2 trigger levels LHCb 2015 Trigger Diagram

Level O:

— 4 usec |atency LO Hardware Trigger : 1 MHz
readout, high Et/Pr signatures
— 1MHz output

— L1: look at displaced high

40 MHz bunch crossing rate

450 kHz 400 kHz 150 kHz

pt traCkS Software High Level Trigger .
HLT full event [ o e reconstruction select ]

reconstruction :
P

Output rate: 12.5 kHz — CEEEEEEERLIITIIEY

Event size: 70 kB ([Pl pimine-tice event seiection moxture |

r I 17

12.5 kHz Rate to storage
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LHCb Trigger/DAQ system (Run3)

...............
................
-----
""""""
....
- -
" .
.

REAL-TIME
ALIGNMENT &

.
.
.
.
.
..
.

CALIBRATION

6%

5 TB/s | caus %
: 3 EVENTS §
30 MHz non-empty pp ' v | ~ OFFLINE
0.5-1.5 é PROCESSING
i T: /s |PARTIAL DETECTOR| "\, o= FULL DETECTOR
: RECONSTRUCTION ' 26%

DETECTOR | sy [ RECONSTRUCTION| _g JOFTEEY e —_—i 5.9
READOUT & SELECTIONS & SELECTIONS 10 | FULL GB/s
(GPU HLT1) 70-200 (CPU HLT2) 8 EVENTS E
GB/s
GB/s
All numbers related to the dataflow are |
taken from the LHCb 58% ANALYSIS
. . 1 - rco kmpmngd PRODUCTIONS &
Upgrade Trigger and Online TDR |
, 2.5 USER ANALYSIS

# EVENTS

Upgrade Computing Model TDR GB/s

NO Hardware triggers:
- all detectors read-out data at 40 MHz with maximum30MHz interaction rate




ALICE Trigger/DAQ system (Run2)

3 HW trigger
levels + HLT

Latency:

— L0O:1.2us
—L1: 6.5 ps

— L2: 88us
Output rate:
500Hz

Event size:
7-26 MB

Detector
Digitizers

Front-end Pipeline/Bt

Trigger
Level 0,1 Decisi
eCISlon:\ Decision
— Readout Buffer
Level 2 ¢ iSi 25 GB/s
Decnsnon:\ Decision

Data transfer -
High-Level #)
Tngger :E Decision:

l Data _
Event building
2.50 GB/s

Subevent Buffer

Decision

Event Building

Event Buffer —
Storage

.25 GB/s
Storage —
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ALICE Trigger/DAQ system (Run2)

W trigger

, etector

leveWt HLT Digitizers

I_ at en Cy : Trigger + Front-end Pipeline/Bt
VLD, . sion, Decision

— L0O:1.2us 7

. TiieE ﬂ? | Readout Buffer
— |_1 . 6 i 5 |J'S Level 2 & Decision:<>25 GB/s ——
_ |_2 ] 88“5 Data transfer -

€ Subevent Buffer

O u t p U t I'a t e. b Eoecision: 2>: Decision

500Hz |_oan

Event buil

Event Building

. 2.50 GB/s = Event Buffer —
Event sigz# Siorase
.25 GB/s
7' B Storage —
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ALICE Trigger/DAQ system (Run3)

JW trigger

level®

Late

_ LO: Decision
dout Buffer

— L1:

— L2:

Outy
500

Detector

Digitizers

1 Pipeline/Bt

Decision
ta transfer -

event Buffer

Decision

vent Building

Event buildWyg .
2.50 GB/s

174 Event Buffer —
Event sigz# -
7' P V B ‘I i GB/étorage—

0 N



PC

| | |
GbE switch
J 1 31 3 3 3 ¥ 1

100kB

Total
| —— L0 trigger Event
= Trigger primitives => size
=== Data

Intro




Summary

Basic trigger/DAQ concepts introduced

Trigger system summary
— High efficiency
* No bias on physics results
* Event losses must be low and measurable

— Large reduction of rate
— Affordable

* Time and money

— Robust
* Trigger is mission critical system

— Flexible
* Understanding of physics is evolving
* LHC is improving ..

Intro
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Lectures

R.Lietava: http://epweb2.ph.bham.ac.uk/user/l
letava/triggerlectures/index.html

N. Ellis: Proceedings from the 5th CERN-Latin

American School of High-Energy Physics, 15 - 28
Mar 2009, Colombia, CERN Report Number CERN-
2010-001

M. Wielers, RAL, Trigger and DAQ_lectures,
02/11/2016

https://warwick.ac.uk/fac/sci/physics/mpags/mod
ules/particle/trigger: to be updated

F.Pastore, RHUL, An Introduction to trigger systems
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https://warwick.ac.uk/fac/sci/physics/mpags/modules/particle/trigger
https://warwick.ac.uk/fac/sci/physics/mpags/modules/particle/trigger

Particles

| ,!vwf:v»,’v'.:’ !

Universe Technologies

Galaxies;
expanding universe

ange. e

Inhomgeneities

3 generations (COBE, WMAP)

Dark Energy (?)




Level-1 Rate (Hz)

10°

104

10°

102

High Level-1 Trigger
(1 MHz)

LHCb

High No. Channels

| High Bandwidth
| ( 1000 Gbit/s)
| KTev - < ATLAS
'y | CMS
: HERA-B
KLOE o CDF ||
B
.\ BaBar High Data Archives
DF, DO (PetaBytes)
) . |
ZEUS ‘;\_L:CE
UA1 ) ‘NLA49
10° 10° 10° 107

WLEP

Event Size (byte)
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ATLAS Trigger/DAQ system

2 trigger levels
Level-1 HW

— 2.5 usec latency
— 100kHz output rate

HLT: L2 and

EF in one farm
Output rate:

~ 1 kHz

Event size: 1.5-2 MB

Calorimeters Other

Muons

111

detectors

v 40 MHz
»/| CALO MUONS | | B B E
‘g trigger trigger
S - L1A.
gl cTP } 75kHz |
Level-1 <2.5 us
Regions of Lterest (Rol) 120 Gb/s
{ v v v
[RolB]>{L2sv] | (ROB] [ROBJ [ROB]
Rol Data RCI)S
| | 3abis
Qo) r
S L2A. [ Event Builder
£ |Level-2 <40ms | 2kHz
o]
9 i*ﬁ*@ |[Full events
ﬁ_ﬁﬁ EF Acc.
Event Filter ~1s 200 Hz '\E_FN
High-level Trigger $300 Mb/s

o

Det. readout

<
a
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CBM Readout Concept

Conventional CBM Self-triggering Front-end;
system all hits shipped to DAQ.
/ Data push architecture
Detector
3 + / Fast FEE links
FEE buffer
/ Readout buffer outside
7 radiation area, many GByte
y |_—| Allows LI decision times up to
Readout «~| |100-1000 ms
buffer
High-throughput network
Network o
Evant Building First event selection
performed in processor
I farm
Processor .
farm Typical Parameters:
________ 1% occupancy, 107 int./s
E 100 kHz channel hit rate
Storage l/ : < | MByte/s per channel
<O _ whole CBM: ~ | TByte/s
Finite-size FEE buffer: throughput limited

latency limited

Intro
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