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THE REST OF THE LECTURES

e Qverview of the current ATLAS & CMS TDAQ architecture
e ATLAS Level 1 Trigger & DAQ
e CMS High Level Trigger & DAQ
 How triggers are constructed for the LHC environment
e The art of menu building
e Creative solutions to challenging conditions
e |ooking forward to the upgrades

e [ HCb: The trigger-less future?

e Contending with 200 simultaneous collisions



TDAQ: CMS & ATLAS
STYLE
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https://cdsweb.cern.ch/record/2305791/files/ATL-DAQ-SLIDE-2018-102.pdf
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TIMING IS EVERYTHING
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ATLAS DEADTIM

e Simple dead-time veto:

e No new L1TA after fixed number

of BC

e | eaky-bucket Deadtime
Algorithm:

e Bucket leaks at rate R

e Contents increase by X at each
L1A until full, then BUSY is
asserted

e Allows system to maintain
high efficiency for data taking
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https://cds.cern.ch/record/1300249/files/ATL-DAQ-PROC-2010-036.pdf

ATLAS DEADTIM
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ATLAS DEADTIME

e Simple dead-time veto:
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HIGH LEVEL TRIGGERS

e Goal of HLT is to make trigger
selections from objects which are as
close to offline selections as possible CMS Preliminary  0wasTey

within CPU constraints
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HIGH L

e Goal of HLT is to make trigger
selections from objects which are as

mistag rate (uds quark)

close to offline selections as possible
within CPU constraints

e Minimizes unnecessary loss of efficiency,
and importantly, systematic uncertainties!

e Typical trade-offs:

e |ess precise energy resolution

Events /5 ms

e Raising thresholds to save CPU

e Narrower cones for isolation requirements,
tracking for b-tagging, etc.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAQ-PUB-2016-002/
http://www.apple.com

THE ART OF MENU
BUILDING



OPTIMIZING FOR PHYSICS

e Trigger menu building is an
optimization of trigger & DAQ
resources to meet an
experiment’s priorities

e Balance:

e Bandwidth of L1 output

e Availability of CPU resources in
HLT

e Rate of events to process versus
the complexity of algorithms

e QOutput bandwidth to storage

e What physics do we want to
record?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAQ-PUB-2016-002/
https://cds.cern.ch/record/2625986/files/ATL-DAQ-PUB-2018-002.pdf

PRIORITIES @ 3

- 34

new hardware

optimized
Run 1 Run 2 Run 3
Offline Pt Offline Pt Offline Pt

uno ptl mize d Threshold ~ Rate | ptl mize d Threshold  Rate Threshold  Rate
[GeV] [kHZz] [GeV] [kHz] [GeV]  [kHz]
EM18VH 25 130 | EM30VHI 38 14 | EM25VHR 32 14
EM30 37 61 | EMS80 100 2.5 | EM80 100 25
2EM10 2x17 168 | 2EM15VHI 2x22 29 | 2EM12VHR 2x19 5.0
EM total 270 18 20
MU15 25 150 | MU20 25 28 | MU20 25 15
2MU10 2x12 14 | 2MU11 2x12 4.0 | 2MU11 2x12 4.0
Muon total 164 32 19
EM10VH_MU6 17,6 22 | EM15VH_MU10 22,12 3.0 | EM10VHR_MU10 17,12 3.0
EM10H_2MU6 17,2x6 2.5 | EM10HR_2MU6 17,2x6 1.0
TAU40 100 52 | TAUSOV 180 4.7 | TAUSOVR 180 3.2
2TAU50V 2x110 3.8 | 2TAU40VR 2x100 3.9
2TAU111_TAU15 30,40 147 | 2TAU20VI_3]J20 2x50,60 5.2 | 2TAU15VR_3]J15 2x40,50 8.1

2TAU111_EM14VH 30,21 60 | 2TAU20VI_ 2TAU15VR_
EM18VHI_3J18 50,25,60 2.8 EM13HR_3]J13 40,20,50 3.3
TAU15VI_MU15 40,20 3.8 | TAU11VR_MU11 35,12 6.4

TAU15_XE35 40,80 63 | TAU20VI_ TAU15VR_

XE40_3J20 50,90,60 44 XE40_3J15 40,90,50 5.0
Tau total 238 20 25
J75 200 34 | J100 200 7.0 | J100 200 7.0
4]J15 4x55 87 | 4]J25 4x60 3.3 | 4]25 4x60 3.3
J75_XE40 150,150 8.3 | J75_XE40 150,150 8.3
XE40 120 157 | XE90 250 10 | XE70 200 13
Jet/EMiss total” 306 25 25
Topological triggers - ~5 ~20




PILE-UP DEPENDENCE

—e— L1_EM16 —e— L1_EM16VH —e— L1_EM30 ATLAS
—e— L1_TAU15 —e— L1 _XES0 —=— L1 _XES50 BGRP7 Trigger Operations
—e— L1_J75 —e— L1_FJ75 —e— L1_4J10
{s = 7TeV (Aug. 08 & Sep. 07, 2011) s = 8TeV (Apr. 15, 2012) ys = 7TeV (Oct. 25, 2011)
13 g:{::: gfn: 3;71,5,,2?,2:?] 12 trains, 50ns [1051 bunches] no trains [10 bunches)
F :‘_. || | | | I | || | | | | | | | | | || | | | | || ]
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{u) interactions per bunch crossing
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PILE-UP DEPENDENCE

—e— L1_EM16 —e— L1_EM16VH —e— L1_EM30 ATLAS
—— |11 TAU15  —=— L1_XE50 —=— L1_XE50 BGRP7 Trigger Operations
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PILE-UP DEPENDENCE

—e— L1_EM16 M16VH —e— L1_EM30 ATLAS
—=— |1 TAU15 —e— 1 XES0 —=— |1 _XES50 BGRP7 Trigger Operations
_ —e— L1 _4J10
s = 7TeV (Aug. 08 & Sey. 07, 2011) s = 8TeV (Apr. 15, 2012) yS = 7TeV (Oct. 25, 2011)
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PILE-UP DEPENDENCE

—e— L1_EM16 M16VH —e— L1_EM30 ATLAS
—=— |1 TAU15 —e— 1 XES0 —=— | 1 XES50 BGRP7 Trigger Operations
_ —e— L1 _4J10
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TRIGGER-L

EVEL ANALYSIS

e Some searches (e.g. dijet resonances), limited by trigger prescale,
applied due to readout bandwidth limitations

2.5 —

Q
Q0

20|
1.5}
1.0 |

0.5/

0.0

CDF 1.1 fb™"
CMS 20 fb~' i
500 1000 1500 2000 2500
M 7y (GGV)

Dobrescu, Yu Phys Rev D 88 035021 (2013)
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TRIGGER-LEVEL ANALYSIS

e What if we only used the data that we needed? E.g. Jets

>’ ' ' ' 1
8 1 04 —— + Data Scouting jets -
ATLAS Trigger Operation > T ——}— LT jots selected by any single et rigger
pp Data July 2016, \s= 13 TeV 310 - -
(@) . =
3 — T ;
o] ——
® Main Physics (full EB) E 10° -~ E
. = = -
@ Delayed Physics (full £5) ATLAS Preliminary + ]
@ Express stream (full EB) 10 p + + -
Trigger Level Analysis (partial EB) Vs =13 TeV, 6.25 pb ++ s
‘ Detector Calibration (partial EB) 1 2015 Data: Slng|e Run T 1
@ Other Streams (full EB) ﬁ
2x10? 3x10°  4x10° 10°
Leading jet P, [GeV]
i~y T T T T T T T T T[T T T~ T @ Other Streams (full EB) _
T 8000 Arpas Trigger Operation « Detector Calbration (partial £8)
£ 7000F HLT Stream Rates | 0 st ot prl 29
> (with overlaps) @ Delayed Physics (full EB)
. (T, 6000 pp Data JUly 2016 @ Main Physics (full EB)
e Their are trade-offs: & (s=13 TeV
= 5000/
55 4000
e \Worse resolution, less 3000
: 2000
experimental handles for
1000
understanding the data 0

200 400 600 800 1000 1200 1400 1600
23 Luminosity Block [~ 60s]



TRIGGER-LEVEL ANALYSIS

e But the pay off can be large!

| | | | | | | | |

0.35 :_ ATLAS Preliminary March 2017 Dijet+ISR (y), 15.5 fb™

s _ P ATLAS-CONF-2016-070
s=13TeV;3.4-37.0fb Dijet+ISR (jet), 15.5 fb~

ATLAS-CONF-2016-070

Dijet TLA, 3.4 fb™
ATLAS-CONF-2016-030

0.25 12 <08 Dijet, 37.0 fb”

arXiv: 1703.09127

0.3

S5, N 7 i .
0.2 o o 95% CL upper limits

snnnm Expected
—— QObserved

0.15

0.1

Enngaifige

Iy*12I <0.3 Iy*12I <0.6

0.05

L . !
1000 2000 3000
m,. [GeV]

300 400
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DATA PARKING

e Another fundamental limitation of our system is how fast our
offline farms can process data.

e CMS introduced data parking, or delayed processing, to store
data for processing later, during downtimes: hadronic processes,
B-physics are primary consumers

Average Rate | Tighter / complementary
Main Physics Motivation (Hz) over version in the “core”

typical LHC fill trigger menu
QuadJet75_ 55 38 20:

Trigger Selection

for Data Parking

Generic final state produced via

M;>650 GeV/, | Ang|>3.5 Vector Boson Fusion (VBF) felb 1 b-jet + 2 “VBF” jets
Pair production of stops = top .
At least 4 jets with p;>50  (hadronic decay) + neutralino in 75 ggadjet60 +Dilet20
GeV (QuadJet50) models with small mass splitting
, QuadJet70
between stop and neutralino
R?*M, >45 GeV E)fterlld SUS’\,( hac.ironlc searcf;es R2*M, 55 GeV +
with “razor” variables (Mg,R?): 2
il compressed mass spectra and 20 R>0.09+
R%>0.09 M;>150 GeV

light stop searches
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https://cds.cern.ch/record/1480607/files/DP2012_022.pdf
https://cds.cern.ch/record/1480607/files/DP2012_022.pdf

DATA PARKING

* Another fundamental limitation of our system is how fast our
offline farms can process data.

e CMS introduced data parking, or delayed processing, to store

data for processing later, during downtimes: hadronic processes,
B-physics are primary consumers

F|" 6763 HLT rate — Physics Streams — = Prescale change
Data Parking — = Run change
‘N
T 3000
O
w 2500
o

23:0000:0001:0002:0003:0004:0005:0006:0007:0008:00

2018-06-06 22:21:03 to 2018-06-07 08:14:41 Time
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https://cds.cern.ch/record/1480607/files/DP2012_022.pdf
https://cds.cern.ch/record/1480607/files/DP2012_022.pdf

LOOKING TO THE
FUTURE



LHCB: THE TRIGGERLESS FUTURE?

o LHC  s=14TeV L=10*cm?s rate
barn

L—c inelastic
Inter: ‘sting to LH(}p ollision rate

Wiisie i

MHz
Readout rate

1/ 144 M ° m
e The LHCb "problem”: to trigger in a i Storage

kHz

signal rich environment with high
efficiency for rare processes and high ™|
purity for high rate processes |

fb

jet E; or particle mass (GeV)

e Details: see this super nice talk by Conor Fitzpatrick — all these
slides derive from there
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https://cds.cern.ch/record/2301145/files/ConorFitzpatrick_EPITSeminar.pdf

LHCB: THE TRIGGERLESS FUTURE?

LHCb Run 2 Trigger Diagram

40 MHz bunch crossing rate

~ <) <>

LO Hardware Trigger : 1 MHz

readout, high E1/Pr signatures e High bandwidth readout from L1

450 kHz 400 kHz 150 kHz
h* TYATT] YA

(small events)

Software High Level Trigger .
[ displaced tracks,vertices and dimuons ] e Data buffered on disk for full HLT

Buffer events to disk, perform online . prOceSS|ﬂg (~2 Weeks tlmescale)

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

N 9. N
12.5 kHz (0.6 GB/s) to storage

1 'Online’: Near-detector resources N COffine )
Hardware trigger First Disk butfer Second
40MHz — 1 ,\ﬂg Software trigger Real-Time Software trigger
£~ 1Rz 1MHz — 100kHz Align + Calib 100kHz — 12kHz
(Time from collision: us ms hours hours
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LHCB: THE TRIGGERLESS FUTURE?

e |n Run Il LHCb will take 5x

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate higher |uminosity
(full rate event building)

: : . : e Events are basically all signal
-Software High Level Trigger .

[ Full event reconstruction, inclusive and J
e S

xclusive kinematic/geometric selection e Detector and ne‘twork upgrades
I} allow full 30MHz readout to disk

Buffer events to disk, perform online in Run Il (4T B/S)

detector calibration and alignment

D*t - D%t h
Add offline precision particle identification 0/=0
and track quality information to selections PV D*/D
Output full event information for inclusive] = e h
triggers, trigger candidates and related P i
primary vertices for exclusive triggers T
O O O » Example: Charm mixing’
2-5 GB/s to storage » Cabbibo favoured D° — K~ 7" is 300 x more abundant than DCS D° — K"z~

» Want to keep 100% of the 'interesting’ DCS mode, but prescale the CF mode
» Cannot be done using simple 'trigger’ criteria
» Full reconstruction + Particle ID in the trigger needed to make this possible
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LHCB: THE TRIGGERLESS FUTURE?

. (a8}
Detector front-end electronics = LN
s|
~ D
C/\/\—_\J\\/‘/\/\J\JAJj )
8800 N T ~d N\ o
Versatile Link \,//\\r/\::\v/ﬂfl §
- a
Q/\V/VYM/\V NV VVVY ¥ Cocka fast”
) éommangs(_
500 Eventbuilder PCs (software LLT) TFC

\ gt from

6 x:100 Gbit/s

114y

6x1 OO'/)Gbit/s Eventbuilder network
( R
subfarm subfarm
switch S switch
-~ ~ - -

Yy v v ¥

Point 8 surface

Eventfilter Farm
~ 80 subfarms
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WHY IS THIS NOT POSSIBLE FOR
ATLAS & CMS?

e Detector readout bandwidths still limited:

e 40 TB/s is too much data to record — power, cooling, etc for transmission
would be a problem!

e ATLAS & CMS are not signal rich environments:

e We really dont want most of the data and these giant networks are
expensive!

e But, due to the flexibility and ability to emulate offline
reconstruction, expect more and more reliance on SW triggering/
processing
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JLL DETECTOR TRACK
RECONSTRUCTION

9000 ! | ! I T | T T T | T T T
ATLAS Simulation

Monte Carlo tt events Vs = 14 TeV
2016 Online software

CPU time [ms]

——&— Online beamspot algorithm

e CPU & data routing
constraints limit the
amount of information 3000
used from tracking in HLT 2000

IIII|lIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
IIII|lIII|IIIIIIIIIlIIII|IIII|IIII|]II1|IIII

IIlllllllllllllllllllllll
0720 60 80 100 120 140 160

pileup interaction multiplicity
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EXAMPL

Trigger Towers

.

i
Etandisocut?

'. L1Topo/CTP

USES: TAUS

Preselection ‘

Rate

dR and/or L1 jet }

Clectromagnetic
?v”m}sq~.w~u/-o/;
(.
@ Vertical sums M ;‘a"""z“
0T
(=l = Morizontal sums

.wm
Region of interest

L1

. Madronic inner core
Isolation rng

T

Secona stage Rol
"
I
L}
I
I
L |
; : First stage Rol
‘;Topoclustering
g \
) \
aR /7 pt cut
: g Fast-tracking
]et: :: — n'n- '
: AV #track cut |
: / .’\\~ n*
] 3 ‘
; //
L} ”~
~25ns . High Level Trigger
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HARDWARE BASED TRACK FINDERS

Event rates Trigger DAQ
- o) (B (one]
40 MHz
. T o9
ustom e | (Fe ] (FE
Hardware |  Level1 Accept : ¢ (:)
roD| (RoD| [ROD
100 kHz Regions of
Interest
Y il 100
[HLTSV | VO( )Y
Readout System
~ 40k
y =0 Fragments
[[[[ Processing Unit m
Full event
oum
[[ Data Logger
I
~1+5kHz |

e

Permanent Storage

34

Peak data rates
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Y
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Data Flow
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HARDWARE BASED TRACK FINDERS

Event rates Trigger DAQ
— o) (Br) (oved
40 MHz
Custom - —Q('x')
Hardware Level 1 A iz i as
~—~___ lLeve ccept : ¢ (:)
roD| (RoD| [ROD
100 kHz Regions of
Interest
Y FK 100
[HLTSV | VO( )Y
Readout System
~ 40k
y =0 Fragments
[[[[ Processing Unit E
Full event
oum
[[ Data Logger
I
~15kHz |
S——

Permanent Storage

e

34

Peak data rates
(primary physics)

0(60 TBI/s)

i
>
&)

o
@
@

(4 4
—_—
o

T

§

\J
~ 160 GB/s

Y
~ 25 GB/s

Data Flow

~1.5 GB/s



HARDWARE BASED TRACK FINDERS

e Use fast algorithms in
hardware to reconstruct
charged particles

e Divide detector into slices

e Play bingo with the hits!

e 1B simultaneous comparisons

e 1 track fit / S5ps
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HARDWARE BASED TRACK FINDERS

e Use fast algorithms in

T 1T [ 1,
hardware to reconstruct — - averd
. | | Layer 3
charged particles
1 | Layer 2
.o : : [ 1 | [ 1 Layert
e Divide detector into slices
e Play bingo with the hits! o PATTENS
. . ) o g
e 1B simultaneous comparisons . A

e 1 track fit / S5ps
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HARDWARE BASED TRACK FINDERS

e Use fast algorithms in
hardware to reconstruct
charged particles

e Divide detector into slices

e Play bingo with the hits!

e 1B simultaneous comparisons

e 1 track fit / S5ps
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4 full-mesh
ATCA shelves
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8 VME crates

xX32

=
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77/ \\\\,\ 17//

\\ \\ N
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shelf

raw hits

— — — — — clusters
----eeeeeeeeeo B-layer tracks

- 12-layer tracks
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TRIGGER & DAQ INNOVATIONS FOR
HL-LHC AND ELSEWHERE

e Track triggers for ATLAS & CMS at Level 1

e Machine learning in the first-level trigger

e Current GPU processing for tracking in ALICE

e Many more — check the Phase Il TDRs!


https://cds.cern.ch/record/2242400/files/ATL-DAQ-PROC-2017-003.pdf
https://cds.cern.ch/record/2240179?ln=en
https://indico.cern.ch/event/638056/contributions/2659516/attachments/1492636/2320855/ml_in_L1-Trigger.pdf
https://arxiv.org/pdf/1712.09407.pdf

SUMMARY: THE TDAQ PHASE SPACE

High Level-1 Trigger
(1 MH2)

LHCb High No. Channels

High Bandwidth
( 1000 Gbit/s)
1 KTev
ATLAS
10° ’* : MS
) ; HERA-B
\d-; x
I KLOE . CDF I
€ 104§ DO | |
T;a '\ BaBar High Data Archives
o LCDF, DO (PetaBytes)
10° £ _ ‘__, .
ZEUS ALICE
10 e | |
10° 10° 10° 107
WLEP
Event Size (byte)

N.B. this plot shows up
everywhere | can | can't find a

28 reference for it....beware.



SUMMARY

e Trigger & Data Acquisition comprise the systems for deciding
which data to record (Trigger) and getting it off the detectors to
storage for analysis (DAQ)

e A high performing system optimizes the various system
bottlenecks tfor the physics that we want to study

e Really fun interplay of hardware, software, networking and algorithmic
development!

e Attend the ISOTDAQ or EDIT schools to learn more! And read
your experiment’s detector papers and upgrade TDRs
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https://isotdaq.web.cern.ch/isotdaq/isotdaq/Home.html
http://conferences.fnal.gov/edit/

EXTRA MATERIAL

Stanford

University




Average ROS Buffer

-
N
-

k | | | | | |
= 100f*  ATLAS DAQ Operations
s
= ?ﬁ*
> 801 }—{t: —
S i
O R & 4 U
g' 60 B %NI-%- Run 1 Limit (64 MB) o
O I %II *M .
O (1] 1
S aof % P ——
e
20 | | | \ | |
0 2 4 6 8 10 12 14

Run Duration [hours]
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsDAQ

e https://indico.cern.ch/event/659612/contributions/2836315/
attachments/
1593071/2521964/201802_Bortignon_TDIl_PueblaMexico_31Jan_2
pdf

The CMS level-1 trigger path

[ Detector front-end digitiserj

+ Detector signals duplicated at front-end

! (—H + Front-end buffers store full event waiting
Trigger Primitives Generator
Reduced size objects for trigger decision
(Trigger towers, Muon hits)
+ Trigger primitive generators produce
Front-end . _
Level-1 trigger buffers reduced size objects
Object reconstruction
(Electron, Photon, Taus, Pipeline | | . :
Muons, Jets, Sums) delay Level-1 processors reconstruct physics
3.8 us
objects from trigger primitives
Global Trigger . . o
Final trigger decision + Global trigger takes final decision and
(Based on event topology and kinematic)
sends it to buffers for disk storage or flush
: Level-1 Accept (L1A) . \ )

v

Flush buffers 9
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R

CMS L1 TRIGG

Simplified graphical representation of the L1Tngger S et 5

| ~( Calorimeter trigger )\ [ Muon triager )
Calorimeters trigger|towers o
[DT and RPCJ[ RPC J
Calo Trigger Layer 1 concentrator )| concentrator ,
(Pre-processing, Calibration) Il T Muon trigger
l l l primitives
‘L 2%
Calibrated towers Barrel Overlap Endcap
’ ™ Track Finder| (Track Finder|[Track Finder

- Calo Trigger Layer 2

§ (Jets, Energy Sums, 36 u 36 1 36 1

';3 Electrons, Photons, Taus) muons with

2 \_ ) assigned pr and

3 T 1008 Energy sums | | | ouaiity

S 12 electrons YV

12 taus Global Muon Trigger
v 12 jets and sums (Sorting, Cancel out duplicates)
. De-multiplexing
_ e ; ) U 8 muons )
Board design legend
() mP7 () TwinMux Global Trigger
CJ CTP7 CPPF (Event topology)
() mTF7 Level-1 Accept
A
Fig. Ref
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https://indico.cern.ch/event/659612/contributions/2836315/attachments/1593071/2521964/201802_Bortignon_TDII_PueblaMexico_31Jan_2.pdf

EXAMPLE:
ATLAS TILE DIGITIZER CHAIN

3-in-1 Digitizer Board Interface Board
40 MHz 1 o 100 kHz
PIP Format | G-Link —%| OTx 4»
> 64 ADC
Detector
. ! \N - J N 4 memememememee e et - —m————— - -
Signals_+ 48

Analog trigger sums
—— z
PMT 40 MHz
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TDAQ COMPONENTS

e Trigger & Data Acquisition comprise the systems for deciding which data to
record (Trigger) and getting it off the detectors to storage for analysis (DAQ)

= *"f Detector Channels
AN
=3
g. - - - > Trl er vvavvva vvvvvivvv iV" \ A J
— |3 *g_g __________ J Front End Electronics
o HEERRRRRENEN
O
=
| > Readout Network/Event Building
& .
Q PR ,| Processing
=1 /Filtering
>l O
> S
=
] [ some
-
DAQ
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TDAQ COMPONENTS

e Trigger & Data Acquisition comprise the systems for deciding which data to

record (Trigger) and getting it off the detectors to storage for analysis (DAQ)

Detector Channels

LU

Il

<= Trigger

bededeleiel

Yy

Front End Electronics

HENNREEENNNEN

» Readout Network/Event Building

Processing
[Filtering

uoneinbyuod |6J1uo:) ® Bullolluo
’

DAQ

Fast, custom

electronics:
FPGAs, ASICs
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TDAQ COMPONENTS

e Trigger & Data Acquisition comprise the systems for deciding which data to
record (Trigger) and getting it off the detectors to storage for analysis (DAQ)

Fast, custom

*"f Detector Channels — electronics:
[ Il Frcas Asics
R e I & T
| e __ N Front End Electronics

HENNREEENNNEN

e oo > Readout Network/Event Building
| PR N Pro.ces-sing
> [Filtering
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uoneinbyuod |6J1uo:) ® Bullolluo

DAQ

Computing
power: CPUs/

GPUs
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TDAQ COMPONE

e Trigger & Data Acquisition comprise
record (Trigger) and getting it off the

NTS

the systems for deciding which data to
detectors to storage for analysis (DAQ)

Fast, custom
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TDAQ COMPONENTS

e Trigger & Data Acquisition comprise the systems for deciding which data to
record (Trigger) and getting it off the detectors to storage for analysis (DAQ)

Fast, custom
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TDAQ COMPONENTS

e Trigger & Data Acquisition comprise the systems for deciding which data to
record (Trigger) and getting it off the detectors to storage for analysis (DAQ)

Fast, custom
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/P08002/pdf
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