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Definitions

Trigger
Selects (filters) wanted events

Data Acquisition
Delivers and stores wanted events

Data Preparation
Prepares data for analysis



Documentation

ALICE
Technical Design Report https://edms.cern.ch/document/456354/2

ATLAS

ATLAS HLT, DAQ and DCS Technical Design Report
http://atlas-proj-hltdagdcs-tdr.web.cern.ch/atlas-proj-hltdaqgdcs-tdr/

Overall ATLAS Technical Design Report
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/TDR/access.html|

CMS

Trigger System Technical Design Report
https://cds.cern.ch/record/706847 /files/cer-002248791.pdf

Software and Detector Technical Design Report
https://cds.cern.ch/record/922757/files/lhcc-2006-001.pdf

LHCb

Trigger System Technical Design Report
http://cds.cern.ch/record/630828/files/Ihcc-2003-031.pdf

Technical Design Report
http://cds.cern.ch/record/630827/files/Ihcc-2003-030.pdf




Really? All that documentation?

These TDRs represent just a fraction
of the information available.

Beware the differences between
design and implementation — always
best to find performance documents.

Some of the text may be juicier than
you expect...

At CERN, the most appealing new methods and formalisms that appeared over the years have been
tried out but, in practice, all the Software Engineering methods introduced so far in our environment
have not delivered the expected benefits. Of course, people who have invested money, effort, and good
will have had some reticence in admitting the truth. In most of the cases, the simple fact that a software-
engineering method had been used for part of a project was considered as a proof of success in itself, no
matter how marginal the real contribution to the software of an experiment has been.



Designing a Trigger/DAQ System

The Incomplete Standard List of Questions
Physics: What measurements do | want to do
with the detector?

Accelerator Conditions: How much time
between collisions? How many overlapping
interactions? Radiation doses to electronics?

Detector: Number of channels? Length of
time for readout of each sub-detector?

Hardware capabilities: How many menu
items? What algorithms are fast enough?

Software Constraints: How long do the
algorithms take to run? How much
information do they need for reasonable
performance?

Political and budget constraints: Which

group/country builds what? How much
will it cost?

The specific:

“Constraints of floor space and
cooling capacity, in particular in the
underground experimental cavern
and adjoining service rooms, limit the
number of racks available to the HLT/
DAQ system.”

ATLAS DAQ TDR




A Staged-Approach

Successive layers of triggers, with more complete information and more time

Software Triggers Reject early
with more time and and
more information reject often!

Hardware Triggers
with local information



ALICE




ALICE Trigger/DAQ Design

Detector | pp (kB) | Pb—Pb (MB)
ITS Pixel 0.140
ITS Drift 1.8 1.500
ITS Strips 0.160
TPC 2450.0 75.900
TRD 11.1 8.000
TOF 0.180
PHOS 0.020
HMPID 0.120
MUON 0.150
PMD 0.120
Trigger 0.120
Total 2500 86.500

Expected Event Size from Different Running Modes

Goal: Be able to run in three modes
DAQ-only
DAQ + HLT Active
DAQ + HLT Enabled
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ALICE DAQ Architecture
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Field Guide: Reading the flow
Diagrams
Define the acronymes.

Follow the event fragments in DAQ and in the trigger.

Are data fragments pushed or pulled through the
system?

At what stage are events assembled (built)?
Where is the brain of the trigger?

hat are the bandwidth limitations?

W
What are the timing requirements?
W

hat rejection factor is required at each level?



ALICE DAQ Architecture
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pb-pb: Interaction Rate of 1 X 103 Hz, L1 Accept of 4000 Hz
pp: Interaction Rate of 1 X 10® Hz, L1 Accept 1000 Hz

Trigger Detoctors: - FMD (VO, TO,

:n:::u Is - Zaro-Degree Calorimeters
-
= =]
— ==
v v
- )
- g pb-pb: 2.5 -5 GB/s,
4 4
—~ ' ' +— pp: 500 MB/s
IRt
1260 MByleciceo. Pb-Pbrun i " " o ' ™ _ E
e = lub-lm L d '()_ O C)_
1250 MB/s: Pb-Pb run
100 MB/s: pp run 2 12] 12 S
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ALICE Tracking on GPUs
(Graphics Processing Unit)

s ms
41593
B CPU (Old Code / Nehalem 3,2 GHz)
40000
CPU (Nehalem 3,2 GHz) il
| enalem VA
35000 d - 2000
B GPU (Nvidia GTX285)
30000
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20000
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5000 3341
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0 -0
Initialization Neighbour Finding Evolution Step (2) Tracklet Tracklet Selection  Tracklet Output Full
(1) Construction (3) (4) RUN
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ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Trdéker



ATLAS 3-Level Trigger System

Level 1
Hardware Trigger

Latency: < 2.5 us
Rate Reduction: 20 MHz -> 75 kHz

Level 1 passes along not just the thumbs up (something
you’ve defined interesting has happened!) but also the Rol -
where that event of interest occurred in the detector.

Level 2
Software Trigger
Time per event: 75 ms
Rate Reduction: 75 kHz -> 6.5 kHz

The entire event is assembled and available at the stage
of the final trigger level.

Event Filter
Software Trigger

Time per event: 4 s
Rate Reduction: 6.5 kHz -> 1 kHz v




2 ATLAS TDAQ in 2012
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?
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-
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CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T ‘
SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

97
A
o/
7Y
Z N

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

i

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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CMS: The Two-Level Trigger

CMS Design
Detectors
< Digitizers

QVD Front end pipelines

Readout buffers

Switching networks

Processor farms

Three-Level Trigger
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€ Digitizers

Q\D Front end pipelines
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Readout buffers
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GO
sec
; ; 20

Processor farms




Detectors

CMS DAQ Front-end pipelines
: 10’ channel
Architecture (107 channels)

Readout buffers
( 1000 units)

Event builder
(10° x 10° fabric switch)

Processor farms
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HF

energy

trig.
primi-

HCAL) (EcAL) (RPc ) fcsc (DT )
energy | | energy hits hits y hits p
l / ! < X
segment| |segment
Ender Ender )

v (Regional.
Cal. Trigger
l lregions
& mip

— Global. bits
input | Cal. Trigger ~

data \5,

trigger
objects | ¥ TRK,ECAL,
“{Global Trigger UL Svstem)"(HCAL,Mu )

Pattern
Comp-
arator

L1 Trigger

v v
Global Muon Trigger)
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LHCDb
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LHCb

Front-end system

ETrigger system

ECS system

High Level Trigger
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Trigger Selection:
Object- vs. Event- Based

Centrality

Monitoring and Support Triggers
Zero Bias
Minimum Bias
Empty Bunches

Event Info
Correlations MET
Angular distributions SUM ET
Mass # Tracks
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Level 1 Triggering: S

SUM ET

Et tu, inner detectors?! # Tracks

Centrality

CMS DETECTOR

- . . . . STEEL RETURN YOKE
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter Total weight  : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

Overall length ~ :28.7m
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Level 1 Triggering:

SUM ET

Calorimeter Granularity # Tracks

Centrality

ATLAS

Cells in Layer 3
A@xAnN = 0.0245x0.05

. l }*jlgger Towe,
2Xo A=
~ -
T
/\ CMS
IS
N
&5 16X
v <
Tr SRI2III IS8R 2 28 8
Togge 33-QI2NBBLHY T 25 8
( R Apo T S0 0800 88 688 — « = - o e
p .( |1 | | | | | 1 I 1] Il Il Il Il 1] Il A
(}\N FEEFEFE FFE FEF £ FoFF W 1=1.5660
v 2 / ‘s i arys . )

4.3)(1 T 18 719
/N

1.3920

¥ 1=1.6530

Tan

% 1-1.7400

/ \/ : ,
$ ’ - [HBA = . — - = [ _ // ~ 91
S .M ‘ === [T~~~ 21 n=18300
. 7 /p’/ y ’ 1811m : —— ‘ T IEHHHIHH .~ 2 n=2.0430
=147, !/AV’AV i"‘ Square cells in I /' T, OO H R | ig n:g;;gg
. e £ ||| - Pnp=2
NN Layer 2 —— = | -~ 2n=25000
A % ==l [ ~ - ?Tn=26500
8 = 025
AT\=03669 o !
031 Strip cells in Layer 1 0 Scale o £ - £
n L% g & g
(meters)

26



Level 1 Triggering:
Imposing Calorimeter Isolation

Separating objects like electrons, photons and taus from the jet backgrounds
is helped by imposing isolation requirements

HAD
Trigger Towers

Example:

The ATLAS L1 Tau Trigger

Threshold
Calculation

2 Adjacent EM 2x2 HAD Towers

Trigger Towers behind them
27
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Level 1 Triggering:
Imposing Calorimeter Isolation

Separating objects like electrons, photons and taus from the jet backgrounds
is helped by imposing isolation requirements
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Level 1 Triggering:
E; Calculation
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Level 1 Triggering
Jets

CMS preliminary 2012

L1 Jet triggers
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L1 Missing ET

CMS preliminary 2012

> 1 1 l 1 1 1 1 I 1 1 1 1
2 1
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0.2 iy
+
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offline E, (GeV)

Missing Corrections for muons, energy scale of clusters (physics objects), pile-up, ...
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L1 Muon Trigger
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L1 Muon Trigger: ATLAS

RPC: Resistive Plate Chambers TGC: Thin Gap Chambers

TGC 2 ~
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L1 muon barrel trigger efficiency
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L1 Muon Trigger: ATLAS

Expect physics to be
symmetric in phi
(just gravity breaking
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L1 Muon Trigger: ATLAS
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L1 Muon Trigger: ATLAS

Lower p; thresholds
require coincidences —

-

o
©

ATLAS Preliminary

in two RPC chambers

Higher p; thresholds
require coincidences
in three RPC chambers
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L1 Triggering

Menus and Rates

CMS2012: L = 6.6 x 1033 cm?2s~!

Trigger Threshold (GeV) | Rate (kHz)

Single u (n < 2.1) 14 7
Double u (n < 2.4) 10,0 6
Single e/y 20 13
Double e/y 13,7 8
ely+ U 12,3.5 3

w+ely 12,7 1.5

Single jet 128 1.5
Quad jet 36 5
Hy 150 5
Emiss 40 8
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ATLAS Performance
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High Level Trigger:
Software Reconstruction

Region of Interest Information available at L2 Full event available
Full Event available at Event Filter (L3)

ATLAS CPU Farm

Ny

What information does the
High Level Trigger need to
begin data-taking?
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Getting Configuration Info to FARM

The LHC is delivering stable collisions, you have chosen the trigger menu
that you want to use, your CPU farm is eagerly awaiting your instructions,
you hit RUN.

1 L2PU Node

Rack-level
Proxy

Rack-level
Proxy

Rack-level
Proxy

Rack-level
Proxy

i i ? MySQL
And wait 45 minutes: e j ATLAS Database Proxy
- EEa for HLT Farm
— —
L2 Top-level EF Top-level
Proxy Proxy
| EF Rack_|

Node-level|| [INode-level| |Node-level| [Node-level Node-level|| INode-level| ||[Node-level| |[Node-level
Proxy Proxy Proxy Proxy Proxy Proxy Proxy Proxy
A A A A A A A A
l Clients u Clients u Clients u Clients l Clients u Clients u Clients u Clients
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Peak Luminosity per Fill [10* cm? 5]

Prescales

poor man’s rate reduction

or

providing back-up triggers for analysis

LT LT

Luminosity Profile

Over the course of a year...

Over the course of a run...

v ) I v v I y LA ) [ v ' ! - 'ﬁ'
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Building a Trigger Menu

Level 1 has hardware limitations

96 items for ATLAS — results in some compromises! Low threshold,

non-isolated
In 2011 running, ATLAS had 300 trigger chains. eptons, pleasel

In 2012 there were 700.

CMS rate allocation
“core” data for analysis in 2012
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Case Study: Triggering on the Higgs

Higgs Production

LHC HIGGS XS WG 2011

. gg Fusion tt Fusion Higgs Decay
oy 10 B J d
=5 - Ns=7TeV SM
o
m
_________ H x IE WW - 'vqg
10_15--» W 7 vlv 3
. ..
10-2 g ZZ — ['Twv
10 - “\VBF Mo tt |=e,u €
rMWH V =V, V5 Ve
ZH -+ I''bb g = udscb
4 ! O L L
10100 200 300 400 500
M, [GeV]
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Pick one production mode (VH) and
one decay mode (tau pairs)

WH

et Tt
Voy Uy Uy
e U, T
Ve, Uy, T q
W+
W

Thanks to Eran Rea for Diagrams!



and add in possible cascade decays...

A selection (far from complete!) of SUSY models with cascade Higgs decay

2 H— 4b,47 in NMSSM, Dermisek, Gunion
[hep-ph/0502105 , hep-ph/0611142]

2 H — 6 in R-parity violating MSSM Carpenter,Kaplan,Rhee
[hep-ph/0607204]

4 H — 4g (Buried Higgs) in SUSY Little Higgs Bellazzini,Csaki,AA, Weiler
(0906 . 3026]

%4 H — 4c (Charming Higgs) in SUSY Little Higgs
Bellazzini,Csaki,AA ,Weiler [0910.0345]

2 H — lepton jets in MSSM+light hidden sector
AA,Ruderman,Volansky,Zupan [1002.2952]

Examples from Adam Falkowski’s slides
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Evaluating Performance

Operations
Deadtime, busy, run start/stop

Algorithms
Timing
Efficiency
Purity
Response to Instantaneous Luminosity
Response to pile-up

Physics
Were the triggers used in analyses?



Inefficiency sources (minutes)

2012 ATLAS

Performance
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(Sobering) event size coming out of
SFO (HLT/DAQ) as a function
of pile-up

Still, much less than the
O(100) MB at ALICE pb-pb
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Rate in Hz

Performance
(ATLAS)

ATLAS Trigger Operation 2012
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Measuring Algorithm Performance:
Tag and Probe

c 10° g 3

o 19.7 fo! (8 TeV) CMS Preliminary 3
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e data =
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Measuring Performance:
Tag and Probe

c 10°E 5
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Measuring Performance:
Tag and Probe

c 10°g 5

Q = 19.7 fb" (8 TeV) CMS Preliminary 3

g 10 & |

- e data 3

8 10°F E

= R 1 y/Z—-pn 3

LE 105|§_ M y/Zom

E Bl Ew 3

104 [ | tt+HW+W —

Il QCD E

10° E

Tag: passes trigger  Probe: unbiased object 7 -

tight identification cuts with known ID
10
e/u Z e/u 1

O 15F :

; i T 05k =

Require ee / Up pair to O {5 30 60 120 240 600 2000
- have opposite charge m(up) [GeV]

- give Z mass

Can even do this for hadronic tau decays!
What about high pT objects? 52



Tomorrow...

Data Preparation and analysis
What keeps trigger people up at night?

Trigger/DAQ upgrades
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