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Plan

* Yesterday afternoon: Concepts
 Introduction and physics goals of the LHC Experiments
* The role of the trigger and DAQ systems
 DAQ concepts: simple toy model = complex systems
* This morning: Details and Implementations
* Trigger concepts: from hardware to architecting a system
* The challenge of high luminosity, and the upgrades
 ATLAS, CMS hardware triggers, and their evolution
» Software triggers, and new analysis paradigms
 Wrap up
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Designing a rapid-reconstruction system #
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Trigger MUST process new events at the
experimental frequency — quickly!

: n @LHC this is 40 MHz, 1/(25 nanosec)
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trigger ) If FPGASs are the atomic units, how to architect a complete system?
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Designing a rapid-reconstruction system #

Trigger MUST process new events at the
experimental frequency — quickly!

@LHC this is 40 MHz, 1/(25 nanosec)

& L Y
'.\

LHC clock

I

trigger ) If FPGASs are the atomic units, how to architect a complete system?

Pipelined Time
processing multiplexing
Simplified Regional
algorithms reconstruction
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Pipelining #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.
They enable systems with long latency, short initiation interval.
277

77?7
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A real life example #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.

They enable systems with long latency, short initiation interval.

Example: laundry in my apartment building:
1 washer (runs 30min) and 1 dryer (runs 1hr).

A S S
W L W
&’/Q \4\ ’\4@ ’\4‘3’
----------------------------------------------- >
Washer Load 1 empty Load 2 empty Load 3 empty
Dryer Load 1 Load 2 Load 3
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A real life example #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.

They enable systems with long latency, short initiation interval.

Example: laundry in my apartment building:
1 washer (runs 30min) and 1 dryer (runs 1hr).

A S S
N \\ N
\//Q \4\ \4{2’ ’\4‘3’
>
Washer Load 1 Load 2 Load 3 Load 4 Load 5 Load 6
Dryer 1 Load 1 Load 3 Load 5
Dryer 2 Load 2 Load 4 Load 6

What are the ii, latency of the washer? The dryer? The entire system?
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Pipelining #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.

They enable systems with long latency, short initiation interval.

-> ->

New event Trigger
(every 25ns) decision

My awesome trigger algorithm
(tr =100ns)
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Pipelining #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.

They enable systems with long latency, short initiation interval.

> | e

New event Trigger
(every 25ns) decision

The block is still processing when a new event arrives!
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Pipelining #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.

They enable systems with long latency, short initiation interval.

i e e g

New event Trigger
(every 25ns) decision

Modular logic can process many events at once
(and again, intermediate buffers ease synchronization)
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Pipelining #

Trigger systems rely on pipelines to perform complicated reconstruction
tasks while handling a stream of continuous inputs.

They enable systems with long latency, short initiation interval.

Complex sub-algo
» Sub-algo | ¥ (T =50ns) “\ | Sub-algo »
(T =25ns)| ™ Complex sub-algo AV | (T =25ns)
New event (T =350ns) Trigger
(every 25ns) decision

Sometimes this is inconvenient or impossible —
(More complex building blocks, at the expense of more resources)
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Regional processing

Particle reconstruction is an inherently local task
— process parallel regions
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Regional processing

Particle reconstruction is an inherently local task
— process parallel regions
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Regional processing

Particle reconstruction is an inherently local task
— process parallel regions
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needed. How to deal with overlaps?
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Regional processing

Particle reconstruction is an inherently local task
— process parallel regions

Local...

" f | until it
— o\ Z q\| Z
sll g s 8 s Particle jets occupy 1/2 detector!
o o &) &) &)
\G3 GO G YNG9 G B GO
vV Vv v v v |
(¥?) ¥ u? [ 2 E.g. a decaying top w
v ¢ guark with large
{ Global OR ) Lorentz boost
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Plan

* Yesterday afternoon: Concepts
 Introduction and physics goals of the LHC Experiments
* The role of the trigger and DAQ systems
 DAQ concepts: simple toy model = complex systems
* This morning: Details and Implementations
* Trigger concepts: from hardware to architecting a system

The challenge of high luminosity, and the upgrades
 ATLAS, CMS hardware triggers, and their evolution

» Software triggers, and new analysis paradigms
 Wrap up
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7x denser

Line density (mm

High-Luminosity

= hlgh pp bunch densﬂy
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Vertex position (cm) g

- 27km of 8T
magnets
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Basic challenge of High-Luminosity #

CMS Experiment at the LHC, CERN
Data recorded: 2016-Oct-14 09:56:16.733952 GMT
Run / Event / LS: 283171 / 142530805 / 254

Must disentangle
decay products of 200
overlapping collisions.

-
S22

High-lumi test data:
Plleup~100 In 2016

Typical collision at the
LHC start (Pileup=2)

Qhar ged particle tracks - Interaction vertices
Jun 28, 2023 C HerW|g — Fermilab Users Meeting | 68



Basic challenge of High-Luminosity

CMS Experiment at the LHC, CERN
Data recorded: 2016-Oct-14 09:56:16.733952 GMT
Run / Event / LS: 283171 / 142530805 / 254

Must disentangle
decay products of 200
overlapping collisions.

High-lumi test data:
| Plleup~100 In 2016

’;)//

Data rate ~ (# channels) x (bunch density) — Grows doubly!

Huge challenge for real-time data processing!
Jun 28, 2023 C. HerW|g — Fermllab Users Meeting : 68




The ATLAS Trigger System
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The ATLAS Trigger System

Calorimeters Muon System
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The ATLAS Trigger System 4
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— § “Ghost-busting” muons reconstructed
In two overlapping detector segments
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The ATLAS Trigger System

Calorimeters

Muon System
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<+ L1 trigger data (40 MHz)
<~ - L1 accept signal

<~ = Rol Data

<€— Readout data (100 kHz)
<:| Output data (1 kHz)

Lt
e

Sub-engines for

e Electrons and photons
 Hadronic jets (R=0.4, quark/gluon)
« Large-R jets (hadronic W/Z/h)

“*Ghost-busting” muons reconstructed
In two overlapping detector segments

Correlating multiple objects
(e.9. m(up), dR(j,j), energy sums,...)
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The ATLAS Trigger System
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Muon System
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<+ L1 trigger data (40 MHz)
<~ - L1 accept signal

<~ - Rol Data

<€— Readout data (100 kHz)

<:| Output data (1 kHz)

Lt
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Sub-engines for

e Electrons and photons
 Hadronic jets (R=0.4, quark/gluon)
« Large-R jets (hadronic W/Z/h)

“*Ghost-busting” muons reconstructed
In two overlapping detector segments

Correlating multiple objects
(e.9. m(up), dR(j,j), energy sums,...)

Apply the dead time rules
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The ATLAS Trigger System
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The CMS Trigger System
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The CMS Trigger System

Jul 23, 2024
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Time-multiplexing in calorimeter
Concentrate all data on 1 board!

BUT, latency cost to mux and
de-mux the data (~0.5us)

| Each card spans 4 out of 72 trigger towers in ¢ and all of n. |

I 1
18 cards, each receiving 60 links at between 5.0 Gb/s & 6.4 Gb/s of calorimeter data

R T
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The CMS Trigger System

Calorimeter trigger

Detector Backend systems
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ATLAS HW Calorimeter trigger

N Original trigger design

ApxAn = 0.0245x0.05
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l
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Simple algorithms (sums, local maxima), | r#; Local maximunv and isolation ring

that are quick to compute in hardware. = Reglon-of-interest
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ATLAS HW Calorimeter trigger

Layer 3

L1 Calo AnxA® = 0.1x0.1
inputs today

duction

(b) jFEX

Layer 2
AnxA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1

Layer-0
AnxA® = 0.1x0.1

S

Improved granularity, thanks to And a new generation of
new FEs, higher link speeds! trigger hardware to match!
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ATLAS HW Calorimeter trigger

Electrons & photons Jets
> | | | T | | I T I T I I I

_% — % 1_— ——————————————————— s a0 o BE _
S S Sl ]
g i l. ......“ i E i '.‘ ]
0.8 . J s 08 " B
- 1 3 - . ATLAS Preliminary .
e L1_EM22VHI "= - v ~ i
06— ® L1 eEM26M o 1 F 06 @_13'_6 TeVv —
L 41 7 i v‘ LHC Fill 9072 ]
_ ¢ _ - Inl<3.1 -
0.4~ . ATLAS Preliminary — 0.4 . L1 4100 H
- ° L?j ;|3: Ig .?235 i . v Rate matched jFEX trigger :
0.2 ' wio OVL - 0.2 ; ~
O_ 1 | I I | ”.I L1 | L1 11 | L1 1 | | L1 1 | | L1 1 | |_ O__M.'I [ | L1101 | L1101 | L1101 | L1101 | L1 11 | 1 |_

0 10 20 30 40 50 60 70 0 100 200 300 400 500 600 700

subleading e
Py Offline Jet p_ [GeV]
T

More detailed information leads to improved efficiencies (at fixed rate)
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CMS HW Muon “reconstruction”

Instead of reconstructing u pt “on the fly”, results of an algorithm can be
pre-computed (offline) for all possible input values for fast lookup.
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CMS HW Muon “reconstruction”

CMS preliminary 2017 data (13 TeV) <PU> =28

A140] IIIIIII[IIII IIIIIIIIIIIIII IIIIIIIIIIII IIIIII n
g8 [ = Ubgradedrigger Phase-1: Larger FPGAs, internal
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= [ - Endcap B
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© 8 : =
5 QUL b b By fasie e i G ERENRENS ok, & =l
= i 3 —+ i
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type 30b LUT actually encodes a Neural
Address Memory Content Net ... more on that later!
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Trigger-driven tracker design #

e : .
y Large-radius sensors drive pt measurement (lever arm).

' ' Outer layers: 2 stacked sensors with 5cm strips “SS”.
SS Inner layers: strips (2.4cm) + macro-pixel (1.5mm) “PS”.
PS A=

Primary
vertex

(pT7 1, ¢7 da:ya dz)

Jun 28, 2023 C. Herwig — Fermilab Users Meeting



Trigger-driven tracker design #

Large-radius sensors drive pr measurement (lever arm).

Outer layers: 2 stacked sensors with 5cm strips “SS”.

Inner layers: strips (2.4cm) + macro-pixel (1.5mm) “PS”.

1.6-40mm

=—"  Double-layer strip modules provide local pr measurement.

— Intrinsic mechanism to filter hits from low-pT tracks,
allows high-pt (2 GeV) track-finding in the trigger system!

Primary
vertex

(pT7 1, ¢7 da:ya dz)
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Trigger-driven tracker design #

Large-radius sensors drive pr measurement (lever arm).

Outer layers: 2 stacked sensors with 5cm strips “SS”.

Inner layers: strips (2.4cm) + macro-pixel (1.5mm) “PS”.

1.6-40mm

=—"  Double-layer strip modules provide local pr measurement.

— Intrinsic mechanism to filter hits from low-pT tracks,
allows high-pt (2 GeV) track-finding in the trigger system!

Pixel sensors are more challenging

124M —1.9B channels
oy Minimize material (heat, cooling)

(pr, 1, ¢, day,d,)  But, 12.8us buffer!

Jun 28, 2023 C. Herwig — Fermilab Users Meeting



The case for tracks in the trigger

CMS Phase-2 Simulation 14 TeV
_(-é) i | 1 Thresholds for a rate of 42 kHz (u), 28 kHz (e)
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hadronic backgrounds
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Tracking in Hardware ()

Y Tracklet seed & search

i
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tracklet

Beam spot + 2 layers form a proto-track.
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Tracking in Hardware ()

Y Tracklet seed & search
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Kalman Filter fitting
Beam spot + 2 layers form a proto-track. 1 12 s 4 s 6 17 e
Parameters are refined by extrapolating \( ‘J\
. . . cc::;se ( precise
into other layers with a Kalman Filter ok D /§>>1/j> = ek
Baseline algo gives (pT, 1, &, dz, dxy)

increased precision of track parameters

)
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Tracking in Hardware (ll)

do

Data-sharing is painful
for innermost detectors.

fiducial
region

with the

Best to use large regions extra data

— 9 ¢ slices

Interaction Point

/e
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Tracking in Hardware (ll)

do

Data-sharing is painful
for innermost detectors.

Best to use large regions
— 9 ¢ slices

CMS Phase-2 Simulation 200 PU
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CMS Phase-2 Simulation
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extra data

/e

Challenging, but large
potential improvements
in rate & efficiency!
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Fundamentally new capabilities!
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the backbone of CMS reconstruction 204_—\ Tracker drives -

Correlator Trigger g | Oeforsoitjets
4 ) I
10s - 02
Muons =» |[Reconstruct particles,
MRS, Remove pileup. ﬁ
. \ 020 00200 1000
~10004 PUPPI al P (GeV)
vrrtalgo
kcalosj 500 S [1407.6013 EDcreseay ]
particles g 0.06- Plleup el PU -
~1000 5§ | i :
> S 0.04
Tracks =
1.5 psec _
latency 0
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https://arxiv.org/abs/1407.6013

A highly parallel system

CTL1
Board #1

0,21

¢

Barrel Calo |
Endcap Calo |—
Tracker
HF

PF regions
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A highly parallel system
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A highly parallel system
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Programming an FPGA

“Firmware” specifies how the logic gates should be configured.
Custom language (vhdl/verilog) for concurrent signals.
Abstract logic & components — “place and route”

Particle Flow

Sort

Regionizer 1
Regionizer 2

Since recently, can program in C with high level synthesis (HLS),
significantly reducing barriers of time and expertise.
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Aside: Machine learning on FPGAs

Machine Learning methods can unlock state-of-the-art performance.
From particle identification to full event selection

A Deep Neutral Network
Inputs: for Electron ID

Kinematics
Track quality '§.X
Shower shape @ >

And so on... ./‘—' Q

/ Output: "Is Electron?"

A4

Core of each NN "layer": Yi = O‘(UJ@JCE'Z + bZ)

an N—M matrix multiplication Matrix
multiplication
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his4dml, for global event interpretation

After reconstructing all ~100 particles, how can we optimally use them?
ML algorithms (like neural networks) offer one solution

—
~
[

Single particle
features Importance
D, ® We/ght
Qz ‘

miss __ mewiJ 0_4: .......

Stream in 0.9 ,,

all particles Accumulate

Weightedmamenta 100'_1 L ...1 | ......1.0 | ..“:;2

AR
— Charged

— Neutral Hadron |

— Photon

DNN Weight
o

— HF Candidate [

Offline model customized for trigger application (e.g. model size, precision).
Challenge: repeating calculation for all 100 particles / event!
98- TEPEATng P his 4 ml
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Level-1 Trigger Menu

Categories of trigger path occupying the largest rate for Run 2 CMS.

Jets + Energy sums
Energy sums

1 + Jets or Energy sums
pte/y

e/v + Jets or Energy sums
T + p or e/~ or Jets or Energy sums
Multi e/~

Single

Single or Multi Jets

Single or Multi 7

Multi p

Single e/~

1%
2.6% Many new ideas will be
3.2% added for HL-LHC
3.3%
4.6%
5.3%
6.4%
9.8%
11.5%
12.7%

14.8%

24.8%
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Lt

Level-1 trigger rates =

Menus with different energy thresholds target different inst. luminosity.
|deally the rate of accepted events scales linearly with pileup.
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o1

CMS (13 TeV) CMS | | | (13 Tev)

~ N 5 5 5 5 — O ; ;
E - ¢ L1_SingleLooselsoEG28er2p5 E - 4 L1_ETMHF100
~ - R X 4 5 i
— 40— % L1_DoublelsoTau32er2p1 : =, 4.0[ :
- ; - ¢ L1_SingleJet180 | .
© [t L1_SingleMu22 o 4:__+ —>ind - w/
£ 35 | L1_DoubleEG_25_12_er2p5 s & L t L1_DoubleJet150er2ps -
- 4 L1_DoubleMu_15 7 | % 077U S W | V4
30__ .................... ........................ ......................... R SR I AP - SRR E .o
E : 5 ] I S —— S — T -
D5 [ e i i R0 L — - || $MH
-/ - s | | _/

0o TN

T — = A 13

S — A S S
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Software Triggers

Aim for reconstruction as close as possible to offline
Lower thresholds and reduces systematic biases for analysis

Resolution

(Trigger-Offline) Trigger > Cut? Efficiency vs. offline

®
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Software Triggers

Aim for reconstruction as close as possible to offline
Lower thresholds and reduces systematic biases for analysis

Resolution

(Trigger-Offline) Trigger > Cut? Efficiency vs. offline

®

e

lower efficigncy here  higher efficiency here
rate reduction earlier plateau
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Software Triggers

Aim for reconstruction as close as possible to offline
Lower thresholds and reduces systematic biases for analysis

Resolution
(Trigger-Offline)

e

Trigger > Cut? Efficiency vs. offline

e

g - o® ° . .
s | List | lowerefficiency here  pigher efficiency here
W 0.8 © — ' ,
: 4 | rate reduction earlier plateau
- ATLAS Preliminary
0.6 © Data 2016 ]
- © o HLT_j380 i
0.4~ OO ‘ ) E;gg{gg%;\llilg;ations -
“F & 1 E.g. jets performance before/after the

MQ“@@Q%M"HMHIH.I...M..M,, . .
B00 520 340 360 380 400 420 440 460 480 500 full calibration was ported to HLT

Offline jet P, [GeV]
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SW trigger tracking at ATLAS

At ATLAS/CMS today, software trigger relies heavily on tracking.
Offline tracking is computationally expensive, how to reduce?

Single-stage tracking
Rol

Single-stage tracking

Rol Second stage

ol

beam line

First stage
Rol

Plan view Perspective view

z

ATLAS breaks task into “speed” and “precision” stages, within ROls.
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SW trigger tracking at ATLAS

At ATLAS/CMS today, software trigger relies heavily on tracking.
Offline tracking is computationally expensive, how to reduce?

)
= [ 1 1+ 1| &7 1t 1 [ T 1 T T [ T T T1 _@. 0.10 = ATLAS Simulation Preliminary —— Light-flavour jets 7]
- ATLAS Simulation Preliminary Offine tracke boauark fet “g i $T=P1F?-6 IetV '\ﬂC tto 015 C-jets
B _ - ine tracks b-quark jets i ow Jets, f-=0. biets
1= Sj;t13 Tev, i jet _% - b-Jet Precision Tracks :
p; > 40 GeV, "1 <25 —+— HLT tracks b-quark jets ugi 0.08 _

Offline tracks light-flavor jets

Simulated Tracks

—+— HLT tracks light-flavor jets
0.06

0.04

0.02

| | | | | | | | | | | | | | | | | | | | | | | | | |
10 20 30

i IIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I 1111
o

I
N
o

I
—h
o
o

0.00

. ape . . 2.5 5. 7.5 10.0 12.5
dO S'gmﬂcance HLT precision b-tagging discriminant

HLT accurately measures impact parameters, allows online b-tagging
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SW trigger tracking at CMS

In Run 2, a multi-stage approach was used. — e, .

Find “easy” tracks first, remove hits, and e

loosen validity window for the next stage.

2018 (13 TeV)

>.. 1 _2 I I T TTTT | I I T TTTT | I I T TTTT 1
CC) L C M S June 2018 Conditions _ 3 = [ [ [ [ | [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ ". l’~ [ [ [
) A . [ ] High p_quadruplets 7] C — CMS R ‘o‘ .
" ~  Simulation T - ) KRS
O N +Low p_quadruplets — — Slmulatlon ROR -
E 1_ I - Triplets in jets ] ‘f:) — “"‘," ’Q‘ .
B I + Doublet recovery 7] Y— L ) AR R) ]
8) B Efficiency with design pixel detector N LE Ofﬂ Ine JetS ’0":““ ’0"‘
2 0.8 1 9 101 HLT Calo Jets R o —
o YOl © = HLT PF Jets -
|: B LL : ““:‘“‘ ““ _
= I E B “:“‘ ‘$“ —
- o e .
_l 0-6 D) | ::::“ “$ _
L i — ::*‘3 ot
- 1 0_2 = u“"* t“‘ —
— el “‘ 1
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0.4r - - ‘:::t::“‘ “‘o‘“ .
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0.2 tt events <PU> = 50 o CSVv2 (dashed
- k| < 2.5, p* > 0.4 GeV 3 v2 (dashed) _
L Lt — 1 O “‘ —
18 .
i | | Ll , ool , , ||||||_ -“‘ | Coro b e b b 1
_ 0.4 0.5 0.6 0.7 0.8 0.9 1
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SW trigger tracking at CMS

In Run 2, a multi-stage approach was used. — e, .

Find “easy” tracks first, remove hits, and e

loosen validity window for the next stage.

2018 (13 TeV)
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SW trigger tracking at CMS

For Run 3, much of the task is offloaded to GPUSs.
Hit unpacking, clustering, and “pixel track” formation

Pixel tracks (3+ hits) seed a single-stage approach.

R | X
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L T ' T TTT] l T

2] - _
S 140 Run 2022 (37.4 fb™) ]
© C N 0 13 TeV, 14 TeV
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f= - 1 g CMS Simulation Pre//m/nary
= 1 5 _5 | — offline DeepJet offline DeepCSV A
o - 7 © | —— online DeepJet ---- online DeepCSV .~ *
+— 0.8- l"'l'llI"“m" Illll'l“""'lll.. | HCE) online DeepJet no retraining  ---- online DeepCSV Run 2 o
= - l' i = 1071k —
= 06 . S - I
> O - | . — B
o [ - 2 | e8=3% same algo
cC B |
) 0.4~ - D
O | - B ':\ e Z
=02 - 3102-gp=1.2% new algo -~ -
LLI R ] C>U E B_ " (o) g /,’,/’ ’/’:::/,’
ole 1 It =
o 1.02F E D 3Xx lower 1
= 1 = IIII‘.'"" ]
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SW trigger tracking at CMS

For Run 3, much of the task is offloaded to GPUs. o
Hit unpacking, clustering, and “pixel track” formation

Pixel tracks (3+ hits) seed a single-stage approach.

CPU only
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High-Level Trigger Menu

Example from CMS Run 2

HLT path L1 thresholds [GeV] HLT thresholds [GeV] Rate [Hz]
|Single muon 22 50 49
|Single muon (isolated) 22 24 230|
Double muons — 37,27 16
Double muons (isolated) — 17,8 32
|Single electron (isolated) 30 32 180)
Double electrons 25,12 25,25 16
Double electrons (isolated) 25,12 23,12 32
Single photon 30 200 16
Single photon (isolated), 30 110 16
barrel only
Double photons 25,12 30, 18 32
Single tau 120 180 16
Double taus 32 35, 35 49
Single jet 180 500 16
Single jet with substructure 180 400 32
Multijets with b-tagging Hr > 320 Hr > 330 16
jets > 70, 55,40, 40 jets > 75, 60,45, 40
Total transverse momentum 360 1050 16
Missing transverse momentum 100 120 49

Jul 23, 2024 C. Herwig



The LHCb Trigger System #

In Run 3, LHCDb is collecting events 2 T ve-me  LHGD smulation
with 5x higher collision density. 5 25 o5,
i@ . G A
IR .
" T R s I e Y-
— e Luminosity [ x 10 cm2 s7]
it g O, LHCb simulation
Legacy hardware trigger rate places : 1;' . : 4 T i
limitations for key channels. 10 A‘n‘ LY
O ey IRy |
Requirements on pr and i Bl Y
displacement are not enough! 10
0 2 4 6 8 10

P, cut [GeV/c]
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The LHCb Trigger System

For Run 3, transitioned to completely software-based trigger.

Lt
e

REAL-TIME
Y ALIGNMENT &
* CALIBRATION

4 TB/s
30 MHz non-empty pp

y

0.5-1.5
[ FULL ) (PARTIAL DETECTOR) MHz
DETECTOR | wemlly RECONSTRUCTION s ol BUFFER
& SELECTIONS
READOUT 4 (GPUHLTY) | 70-200
_ _J _ J : 1 %
31 EVENTS §
. OFFLINE
PROCESSING
AIII(nur:bers ;elela_tl_eld;o the dataflow are ( EULL DETECTOR |
taken from the LHC RECONSTRUCTION
Upgrade Trigger and Online TDR & SELECTIONS 4 FULL
Upgrade Computing Model TDR \__(CPUHLT2) Qi

ANALYSIS
o
68% = o PRODUCTIONS &

TURBO [
EVENTS | 2.5 USER ANALYSIS
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The LHCb Trigger System

For Run 3, transitioned to completely software-based trigger.
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The LHCb Trigger System

For Run 3, transitioned to completely software-based trigger.
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The LHCb Trigger System

T T laxivi1903.01360] p-based trigger.

HLT2
v ~ ) ) ' > candidate

Lt
e

6%
1 caLB
d EVENTS }

Increasing persisted event size
Decreasing information
IS

OFFLINE
PROCESSING

1 FuLL
J EVENTS |

el ANALYSIS
1 . rco lmmmgd PRODUCTIONS &
Raw banks: VELO RICH ECAL EVENTS | 2.5 USER ANALYSIS
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The LHCb Trigger System 4
| {7 v v
S e e il

VelLo RICH SciFi Calo Muon
ettt ~2000 full-duplex
11000x half-duplex DAQ links (Versatile Link / GBT @ 4.8G, 300 m) control links

VY YYYYY VY YV YYYYY YV
V ............................................................................ - - .
ot ot s e P Experiment :
= Control :
A HH tH e T System

(ECS)

Timing

32 Th/s
' and Fast

Event Builder
Network
(InfiniBand 200G)

Commands
(TFC)

Y

llTb/s f V
BRIER BRIERA BRIEA BRIEE

Up to 40 PB disk storage

Buffer storage
Network
(Ethernet 10G/100G)

1 Tb/s

Event filter second pass (up to 4000 servers)
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Wrapping up #

 LHC trigger systems have continuously evolved to accommodate the
changing conditions, detectors, and physics goals of the experiments

e Rapidly improving technology plays a huge role
» Faster links, larger chips, offering more compute with less power

 ATLAS, CMS, and LHCb have explored different strategies, sharing/
borrowing ideas at times to great effect!

* High luminosity presents a new challenge for all experiments to face.
» Detectors are being built “around the trigger”, to great effect!

* Thanks for your attention!
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