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The Acceleration and Collision
❏ Hydrogen ions (extra e) go into a linear accelerator (LINAC4)
❏ LINAC4 accelerates the ions to 160 MeV
❏ Proton-Synchrotron Booster (PSB) accelerates protons to 2 GeV
❏ the injection process in the PSB stripps off the electrons
❏ Proton-Synchrotron (PS) accelerates protons to 25 GeV

❏ discovery of the neutral currents (1973)
❏ Super Proton-Synchrotron (SPS) accelerates protons to 450 GeV

❏ discovery of the W and Z bosons (1981)
❏ Large Hadron Collider (LHC) accelerates the protons to ~7 TeV

❏ discovery of the Higgs boson (2012)
❏ LHC also accelerates Pb and O nuclei

❏ the O program is a new addition (LHCf experiment)



A Toroidal LHC ApparatuS

BCM
LUCID
ZDC



Detector Protection - non-collision background

❏ BCM detector measures the quality of the beams and triggers reactions in 
sensitive detectors (i.e. SCT)

NCB rates
[hits/100 billion protons]



Signal Generation (detection)
❏ prompt particles hit a “reactive” material
❏ the showers thus created ionize (free up electrons) in 

another material
❏ a potential differential will migrate these free charges 

towards a pole
❏ number of charges give amplitude
❏ pole and/or time of migration gives position
❏ exceptions:

❏ hadronic calorimeter (Tile) uses scintillating plastic tiles 
and signal comes in the form of “light”



The TDAQ system - purpose
❏ GOOD DATA RECORDING for future (offline) analysis

❏ gather signals from the detectors
❏ process the signals
❏ make fast and smart decisions on the quality of the 

events
❏ record the events

❏ PROVIDE RUNNING PARAM’S for monitoring, control and 
configuration to all sub-systems

❏ HIGH DEGREE OF SCALABILITY AND MODULATION 
❏ modulation ensures fast troubleshooting and issue 

response
❏ scalability ensures easy upgrades and manageable 

high-load outliers



The TDAQ system - implementation
❏ Trigger System

❏ fast decision-taking on partial event info
❏ while keeping acceptance rate within manageable 

values

❏ Data Acquisition
❏ provide Trigger with as much decision time as possible
❏ while moving events from detector to permanent 

storage



Scalability anyone…?
❏ PARTITION

❏ hold complete sets of hardware and software 
resources

❏ composed of multiple segments
❏ each sub-system can have its own scaled down 

partition for testing and calibrations
❏ e.g.: ATLAS, OLC, initial, etc.

❏ SEGMENT
❏ a complete sub-system of the detector
❏ can be nested (smaller segments inside larger ones)
❏ e.g.: TDAQ, InnerDetectors, Pixel
❏ any new detector can be build up into a segment and 

added to the ATLAS partition with relative ease



The Hardware
❏ DETECTOR

❏ various FPGAs & ASICs
❏ gathers & routes signals from the active part of the 

detector
❏ signal usually goes to the farm via fiber-optics

❏ TDAQ FARMS
❏ processing machines, specific to each task
❏ e.g.: 

❏ pc-tdq-bst (pbeast)
❏ pc-tdq-lar (E-M calorimeter)
❏ pc-tdq-ros (Read-Out System), etc.
❏ pc-tdq-flx (FELIX ROS)

❏ ATLAS CONTROL ROOM
❏ PCs sending commands and configuration to the 

TDAQ farms
TDAQ farm



Triggering the Acquisition
❏ Level 1 (LVL1)

❏ defines event regions of interest for DAQ to follow
❏ embedded into detector electronics

❏ calorimeters & muon system
❏ fast decision on energy deposits & transverse 

momenta
❏ L1Calo

❏ LAr & Tile
❏ energy deposit thresholds

❏ L1Muon
❏ RPC (barrel) & TGC (end-caps)
❏ transverse momentum thresholds

❏ High-Level Trigger (HLT)
❏ fast decision on event fragments
❏ software based
❏ Level 2 (L2) + EF (Event Filter)

❏ Trigger Menu
❏ contains all the triggers that are in place for a certain 

data-taking period
❏ defined by various physical parameters from within or 

outside the events (e.g. energy deposited in a certain 
region of the E-M Calorimeter, time passed since collision 
occurred, etc.)

❏ ex.: PerBunch2Bkgd_BCM_2A_unpairedb1 - triggers on 
unpaired (non-colliding) bunches leaving a track in the 
Beam Conditions Monitor detector

Regions of Interest (RoI)



Trigger vs. Filter
❏ before-the-fact (triggering)

❏ keeps the downstream system offline
❏ load tailored to a combination of incoming events and 

useful events
❏ uses simplified selection criteria
❏ ex.: each LAr cluster has a mirroring Tile one

❏ after-the-fact (filtering)
❏ loads the system (possibly useless data)
❏ uses high level information
❏ ex.: missing transverse energy over a certain value

❏ event rates
❏ collisions: 40 million per second
❏ LVL1: 100 thousand per second
❏ HLT: 1 thousand per second
❏ event size dependant

high level info

…

low level
infoTRIGGERs

FILTERs

EVENT



Cutting Down for Higher Statistics?!?
❏ 5.7 TB/s actual event rate necessity
❏ (pre)scaling

❏ rejecting known events to accommodate the Data Flow 
infrastructure

❏ scaling rates go back into the analysis (reconstruction 
level)

❏ example

1 electron -  80%

2 photons (IR) -  19%

1 photon (𝛾) - 1%

80 electrons + 38 IRs
for each 𝛾

1 electron + 1 IR
for each 𝛾

1/80 electrons
1/38 IRs

high processing power needed

low processing power needed

ANALYSYS
electron events *80

IR events *38



Streaming Events
❏ the entire Data Flow is made up of data buffers
❏ resembles a video streaming service
❏ Trigger is the client

SPEED
VOLUME

BUFFERS



Permanent Recording and Analysis Facilities
❏ at some point, accepted data needs to go into permanent 

storage
❏ EF accepts go to local data storage (SFO)
❏ SFO is still a buffer-like storage (fast read/write)
❏ Tier-0 (T0) is the first level of permanent data storage
❏ third party grid sites mirror the data from T0
❏ Romanian Grid Sites (World LHC Computing Grid)

❏ IFIN-HH site
❏ Tier-2 & 3
❏ 1400 + 200 processing cores
❏ 1500 TB + 200 TB for storing

❏ UVT site
❏ Tier-3
❏ 100 processing cores
❏ 100 TB of storing volume

❏ local analysis clusters
❏ BAAF (Bucharest ATLAS Analysis Facility)
❏ faster than grid in all scenarios
❏ customized software and hardware infrastructure
❏ testing (head start ;) for) future technologies (i.e. ML/AI)



Controlling the Experiment
❏ specific shifters for each system
❏ TDAQ RCs schedule trainings and the shifter programme



Controlling the Experiment



Controlling the Experiment



Pixel

TDAQ Coordination
❏ SysAdmin

❏ controls everything concerning actual machine infrastructure
❏ NetAdmin

❏ controls everything concerning the network infrastructure
❏ Monitoring (mon)

❏ controls every aspect of monitoring applications/tools
❏ Online (onl)

❏ controls every aspect of the Online Software
❏ Read-Out-System (ROS)

❏ controls every aspect of the read out system of the detector 
(signal to digital)

❏ FELIX (Front-End LInk eXhange)
❏ controls every aspect of the new read-out/trigger integration

❏ Error Reporting System (ERS)
❏ controls the error reporting infrastructure of the ATLAS 

detectors
❏ eLisa

❏ controls the ATLAS logbook
❏ detector RCs

❏ controls the schedule of each detector, data-taking-wise
❏ RC shifters
❏ on-call experts

❏ responding to acute problems of their respective systems
❏ all of the above efforts need to be coordinated by the TDAQ RCs

SysAdmin

L1Calo

ROS

mon

FELIX

onl

TDAQ
RC



The Journey of an Event - TDAQ

2 protons collide

signals form in the EM 
and/or Tile calorimeters 

electronics

LVL1 sends the RoI(s) 
to HLT

signals form in the 
Muon Spectrometer

(RPC || TGC)

HLT starts 
processing the tracks 
in the ID and the MS 
based on the RoI(s)

LVL1 accepts and 
applies prescaling

HLT starts 
processing the 

energy deposits in 
the calorimeters 

based on the RoI(s)

prescales are applied 
as the event is built 

up
whole events are 
filtered in the EF

full events go to 
SFOs

full events go to 
Tier-0



The Journey of an Event - analysis

Tier-0 event pool
analyses
custom

cuts

signal
+

background
events

100 throws 1’000 throws 100’000 throws

1/600 signal probability
⅙ for background

statistics wins

prescales 
go back in

1000 Higgs events
about 10 of them made the 

discovery possible
5𝛔 limit
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