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The Acceleration and Collision

My My My Ny N

L

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



A Toroidal LHC ApparatuS

-
.....
______________
- -

25m \

N

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
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Toroid magnets LAr electromagnetic calorimeters

Muerchambers Solenoid magnet | Transition radiafion tracker BCM

Semiconductor tracker LUCID
/DC



Detector Protection - non-collision background

d BCM detector measures the quality of the beams and triggers reactions in
sensitive detectors (i.e. SCT)
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Sighal Generation (detection)

d porompt particles hit a “reactive” material
[ the showers thus created ionize (free up electrons) in
another material
d 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”

L OO




The TDAQ system - purpose

3 _ for future (offline) analysis

gather signals from the detectors

process the signals

maoke fast and smart decisions on the quality of the
events

d record the events

l:l
3

2 PROVIDERUNNINGIPARAMIS for monitoring, control ond g
configuration to all sub-systems i1 S W Trigger and Data Acquisiﬁh
TDAQ

Data
Acquisition

. _
modulation ensures fast troubleshooting and issue
response

[  scalability ensures easy upgrades and manageable
high-load outliers

Mass Storage



The TDAQ system - implementation

O Trigger System Trigger DAQ
- fos.t demspn—tokmg on partial eyeﬁt INnfo [,S,?,':,’{,] [Other] [Other]
3 while keeping acceptance rate within manageable
- ATLAS Event
values 40 MHz 000 ] 1.6MB/25ns
<
Custom 2
[ Hardware i i =
o I " level1 |/ g
O Data Acquisition 100 kHz , accept ROD| |ROD| [ROD| B
: : : . : : Regions|of Interests a
[ provide Trigger with as much decision time as possible .
. . e S
4  while moving events from detector to permanent 5(100)
storage 0(1000) ROS node l
HLT node
Event =
0(10) 1 frag\;rewr;nts 'E ~ 25 GB/s
HLTPU—]{ DCMm | | 5> & ©
| Accepted a
events
0(10)
[ Data Logger
~1 kHz I ~1GB/s
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Scalability anyone...?

O PARTITION
d hold complete sets of hardware and software
resources

d composed of multiple segments

d  each sub-system can have its own scaled down
partition for testing and calibrations

d e.q: ATLAS, OLC, initial, etc.

O SEGMENT
d o complete sub-system of the detector
d  can be nested (smaller segments inside larger ones)
d e.0: TDAQ, InnerDetectors, Pixel
d  any new detector can be build up into a segment and

added to the ATLAS partition with relative ease

= ATLAS

= main data taking partition
= jnitial
= partition containing the basic

framework used by everything
else

® (OLC - Online Luminosity Calculator

= partition containing the resources to
compute the real-time luminosity

[RUNNING] ATLAS
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+

+

+

0.1 (0.05/0.00)

“Online Segment

[RUNNING] TDAQ
[RUNNING] InnerDetectors
[RUNNING] Calorimeters
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[RUNNING] GlobalMonitoringSegment
[RUNNING] DQMSegment

[RUNNING] BeamSpot-Segment

[RUNNING] ForwardDetectors




The Hardware

d DETECTOR
d various FPGAs & ASICs
d gathers & routes signals from the active part of the
detector
3 signal usually goes to the farm via fiber-optics

d TDAQ FARMS
[ processing machines, specific to each task
d eq.
pc-tdg-bst (pbeast)
poc-tdg-lar (E-M calorimeter)
pc-tdqg-ros (Read-Out System), etc.
poc-tdg-fix (FELIX ROS)

Iy My My

d ATLAS CONTROL ROOM
d PCs sending commands and configuration to the
TDAQ farms

Condenser

92m




Triggering the Acquisition

O Levell(LVLI)
d defines event regions of interest for DAQ to follow
d embedded into detector electronics
[ calorimeters & muon system
[ fast decision on energy deposits & transverse

momenta
a4 L1Calo Regions of Interest (Rol)
a LAr & Tile
d  enerqgy deposit thresholds
a LIMuon

d  RPC (barrel) & TGC (end-caps)
d  transverse momentum thresholds
O High-Level Trigger (HLT)
d fast decision on event fragments
d  software based
d Level 2 (L2) + EF (Event Filter)
O Trigger Menu
d  contains all the triggers that are in place for a certain
dato-taking period
d  defined by various physical parometers 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)
d  ex. PerBunch2Bkgd_BCM_2A_unpairedb1 -triggers on
unpaired (non-colliding) bunches leaving a track in the
Beam Conditions Monitor detector

Candidate Event:
pp—)H(—)bb) + Z(-vv)

Run: 339500 Event: 694513952
2017-10-30 15:41:21 CEST




Trigger vs. Filter

0 before-the-fact (triggering)
d  keeps the downstream system offline
d load tailored to a combination of incoming events and
useful events
[ uses simplified selection criteria
d  ex.:each LAr cluster has a mirroring Tile one EVENT

O aofter-the-fact (filtering) F”_T hlgh I.e\/el. iﬂfO

1 loads the system (possibly useless data)
d  uses high level information
[ ex. missing transverse energy over a certain value

d event rates
3 collisions: 40 million per second
3 LVLI1 100 thousand per secondo
3 HLT: 1thousand per second

low level
d event size dependant iNfo




Cutting Down for Higher Statistics?!?

d  O./ TB/s actual event rate necessity
O (pre)scaling
3 rejecting known events to accommodate the Data Flow
iInfrastructure

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

O example

10 seconds &

i Rl

Global: 0.00 %

\;-.a’ :
4. U. (4

-------------------

80 electrons + 38 IRs

for eoch .Y .: h I gh proceSSI ng power need ed —Solenoid 100.0% ‘ —Toroid 0.00 %
DataFlow Busy Processing 0.00 % Busy From Output 0.00 %
1/80 electrons [Recording |
1/ 38 IRS Rate Occupancy Busy/Errors
Levell
_________ v e e ROS 'Hot ROS 111.39 Hz | 0.68 % Hot Robin | 0.00 ]
’ 'I l 1 IR ) * L1 out [ ROIB: ‘
) electron + . I . — input into HLT
: OW processin ower needed
fO r eQcC h 'Y : p 9 p HLTSV | 126.66 % 1945#| |Reassigned: 0 # \
.................. * DCM in 240.39 MB/s 95417.91Hz| [24.88% 1816#| [TOO# Err0]

HLT PU

Kill 0 # Exit 0|
DCM out (Ts.os MB/s 2 110.40 Hz| |0.00% _o0# |Too# Erro|

SFO 10 SFOs, input BAV: 4800 MB/s

_ __output from tREHEF™ 1 Q ﬁ.,

disk 0.00 MB/s 0.00 Hz| 0.00 % | DebU8?09e"Hz
physics 10.00 MB/s 0.00 Hz| 0.00 % cpu \

express [0.00 MBI/s 0.00 Hz |
ANALYSYS

calibration |0.00 MB/s 0.00 Hz|

electron events *80
IR events *38

0.00 %

Phys: 45787.12 B Calib: 0.00 B | Debug: 0.00 B



Streaming Events

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

Trigger DAQ

Calo/
[Mu on] [Other] Other]

= ATLAS Event
40 MHz _g 1.6 MB / 25 ns
Custom §
Hardware -
B ..o o i i ol 8
Level 1 8
100 kHz ) accept -
Regions|of Interests =
~160 GB/s
0(1000) |
HLT node T W
0(10) ,—1( fragments ~ 25 GB/s
HLTP DCM
Accepted
events
~1 kHz | ~1GB/s
— I
CERN {( _____ |
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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 (TO) is the first level of permanent data storage
third party grid sites mirror the data from T0
Romanian Grid Sites (World LHC Computing Grid)
d IFIN-HH site
a Tier-2& 3
3 1400 + 200 processing cores
ad 1500 TB + 200 TB for storing
3 UVT site
d Tier-3
[ 100 processing cores
ad 100 TB of storing volume
3 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)
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Controlling the Experiment

specific shifters for each system
TDAQ RCs schedule trainings and the shifter programme
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File Commands

Access Conuol Setungs Logging Level Help

~ Load Panels ~

Emergency

Exit
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RUN CONTROL STATE  RUNNING

Run Control

Segments & Resources  Dataset Tags  Tile |

LEY YT

TIME
20:20:44
20020040
20:20:38

SEVERITY APPLICATION

Subscription criteria v WARNING v ERROR v FATAL

INFORMATION Expression

NAME

WARNING ddcc_LAR_EMECA  ddc:AppWarning  TTC Partition is not ready for data taking
WARNING Adc_LAR_EMECA  ddc:AppWarning LAR_EMECA pantitionState TTC partiton state code is 2

IGul

INTERNAL

Clear { Message format @ [-E Number of visible rows

Panel of class "TilelquiPanel" has been loaded

1 .lu% Current MRS subscription

MESSACE

WARNING|ERROR|FATAL

Run Control Commands 7 RUNNING  RootController s Tile
~ o RUNNING = TDAQ:pc-tdq-onl-15
~ | RUNNING  RPC MW
. . o QUNNING Tile
“ RUNNING LArg -
> RUNNING  TRT - § . Infrastructure
T - RUNNING  DQMController v
- RUNNING MDT
Beam Stable &9 P © RUNNING Pixel
Run Information & Settings o RUNNING SCT
Run type Physics RUNNING TGC
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Controlling the Experiment
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Controlling the Experiment

01-May-2023 08:30:03  Fill #: 8692 Energy: 59 GeV I(B1): 0.00e+00 I(B2): 0.00e+00
ATLAS ALICE CMS LHCb

Experiment Status STANDBY STANDBY PHYSICS ALIBRATIO

Instantaneous Lumi [{(ub.s) ™-1] 0.000 0.000 0.000 0.000

BRAN Luminosity [{ub.s)™-1] 0.0 0.0 0.0 0.0
Fill Luminosity (nb)"~-1 9345.364 0.000 10094.720 15.026

Beam 1 BKGD 0.000 0.000 0.000 0.000

Beam 2 BKGD 0.000 0.000 0.000 0.000
Beta* 0.00m 0.00m 0.00m 0.00m

Crossing Angle (urad) -150.5(V) 200(V) 150.5(H) O(H)
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Performance 108:29:41
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TDAQ Coordination

N o O O O O

N

o Ood O O

SysAdmin

d  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)

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

FELIX (Front-End LInk eXhange)

d  controls every aspect of the new read-out/trigger integration

Error Reporting System (ERS)

d  controls the error reporting infrastructure of the ATLAS
detectors

eLisa

d controls the ATLAS logbook

detector RCs

d controls the schedule of each detector, data-taking-wise

RC shifters

on-call experts

d responding to acute problems of their respective systems

all of the above efforts need to be coordinated by the TDAQ RCs




/

.=~ signals form in the EM
AR ond/or Tile calorimeters
electronics

The Journey of an Event. )

LVL1 accepts and
applies prescaling

2 protons collide ¥

signals form in the
Muon Spectrometer

B (RPC || TGC)
LVL1 sends the Rol(s)

to HLT

HLT starts
processing the tracks
in the ID and the MS

based on the Rol(s)

Y

orescales are applied
-~ as the event is built

up

full events go to
SFOs \

e S - =y,

\ /
/

HLT starts !
porocessing the

enerqgy deposits in -
the calorimeters
based on the Rol(s)




The Journey of an Event._ s

analyses S|9+nol
Tier-0 event pool » custom -—--=---- >
cuts background
A events
:
I
I
orescales
Q0 back in
1000 Higgs events
1/600 signal probability about 10 of them made the
% for backgrouno discovery possible

—__—— Solimit

statistics wins

100 throws 17000 throws 100'000 throws
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