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The Large Hadron Collider (LHC) and the ATLAS Detector

The LHC project at CERN presents Y s -  Calor A highly hermetic and granular detector designed to
. - uon Spectrometer ectromagnetic Calorimeters i i inlici - i
unprecedented phySICS Opportunltles as We” as Trigger Chambers: RPC & TGC 85 m3LAr Accordion Calorimeter Cope Wlth large p_artICIe mU|t|p||C|ty ( 2100 part_lc_les
challenges for the design and construction of Precision Chambers: MDT & CSC per bunch crossing) leads to more than 140 million
. . 2 T Solenoid Forward Calorimeters .
detector, trigger, and data-acquisition systems. ' readout c_hannels and alarge 1.5 MB_yte event size.
4T Endcap Toroid | Coupled with the 40 MHz bunch-crossing rate, ATLAS
] lies on a new Trigger/DAQ performance frontier.
Hmh L aval-1 Trlnm:r
%_M% ii Mbiz) T
s .a":' A LHCE High No. Channels
LHC | High Bandwidth
8y - _-rj. - - { 1000 Gbit's)
e " Cfrcumference 27 km E | KTev —~ }A‘."LAs
“Lwerr | DipoleMagnets 1232@84T | ™ = e o L) cws
Initial Luminosity 2 x 10°% em™?s™! 3 ®
g : : L - KILOE o~ COFIl
\ Design .‘_ummnﬂ{}f 107 ems . wd ool
, T Bunch Spacing 25 ns y * o )
L [ W R il > ‘@ bacar High Data Archives
7 SPS e ’ s () COF, DO ~  (PetaBytes)
ey = 0 e (——
7EUS = ALICE
s —f - LAt .Lf-}_in\NM-g
o | Inner Detector _ e - e
4T Barrel Pixels, Silicon (SCT), and Hadron Calorlmeters Shielding 1 .’::]IL:_EP "
0r0|L Transition Radiation Tracker (TRT) Barrel Tile & LAr Endcap Euant Qiua [Rutasl

Physics Coverage Trigger/DAQ Architecture
3 LHC  vs=14TeV i=ig*em’s’ rate . . -
barn - — The High Level Trigger must support a broad and RATES Trigger/DAQ System ATLAS has a three-level
« Ginclastic GHz ambitious physics program. It is axiomatic that F40 MHz - — - — Trigger design.
events which are not selected by the trigger will I |_CALO ||_MUON | TRACKING |
@b | o not be available for offline analysis. Hence, to _EII % IJ:‘I — LEVEL 1 TRIGGER
Mz maximize the discovery potential, selection ‘ ST E + Hardware-Based (FPGAs ASICs)
N schemes generally only use inclusive signatures. MEMORES | [ © o yteme et
w Although exclusive reconstruction of particle ‘ Z * 2ms latency (2.5 ms pipelines)
. w T s decays is possible, the present scheme | DERANDOMIZERS |
[ T . . - 1 1 1 1
o Woriv concentrates on inclusive classes of final-states: 75 kHz _READ-QUT LEVEL 2 (LVL2) TRIGGER
. 7.2 \ ,_l L L | L. JDRWERS (RODs) ‘ « Regions-of-Interest “ seeds”
i i * Full granularity for all subdetectors
" R || Prysics Obiest | Examples of Physics Coverage | \gimenclature | _/EE: £ 8 reoar - Fast Refection “steering’
w‘ SUSY{ﬁ*ﬁﬁ*ﬁi “ Elect Higgs (SM, MSSM), new gauge bosons, 251 2015 _>‘_ ‘_ 6 (ROBS) | * O(10 ms) latency
tanfi=2, p=mz=my/2 ectrons extra dimensions, SUSY, W, top esol, celal
tan=2, y=mgem; , SRR ~3 kHz N EVENT BUILDER F — —
pb qCI—A‘-IqHs“ Photons Higgs (SM, Mssg/l),sextra dimensions, 0, 2020i EVENT FILTER (EF)
HS“"“ h sy FULL-EVENT « “Seeded” by Level 2 result
i il Vuons Higgs (SM, MSSM), new gauge bosons, 90, 2110 BUFFERS & ‘ * Full event access
extra dimensions, SUSY, W, top ' PROCESSOR * Offline-like Algorithms
) . ) : SUBFARMS * O(1 s) latency
fb 22N Jets SUSY, compositeness, resonances j360, 3j150, 4j100 |
Hou™ ~200 Hz i i
.z, 3 HHz Jet+missing E; SUSY, leptoquarks j60 + xE60 , MASSSTORAGE ngh Level Trlgger (HLT)
50 1000 2000 5000 Tau+missing E; Extended Higgssnl]osci(els (e.g. MSSM), 130 + xE40 FOR OFFLINE ANALYSIS (SOftware-baSGd)
jei ET or pnrtlcle mass (GeV)
High Level Trigger Event Selection Software
. . . o . :
Restricted and Realistic Data Access [ Event Filter | LT Event Selection Softwarg || HLT Algorithms
'\d} _.'_\[](r)_ Region_of_lnterest IP_r_OCESSE COI'e Software . CALORIMETER CLUSTER AND SHOWER SHAPE RECONSTRUCTION
: s mechanism allows Task T  — Steeri; HLT. clg@tinine are g " T
algorithms to request only — F || basic reconstruction oy ol
relevant event data (typically / software components that )
| . ) : e
2% of total data volume) ,p_?cessﬁ( 2 Access Lk w1 provide results from which |-
thus dramatically reducing Application | 7 N _|_ Algorithms | '([]Ihe_tru;;]]lgelrJ dl('alflstlon' |sI e
1 : e”Ve . n I e ICa Sampiing 2 EleclEunergy ! ‘B-assgt:;:;dshower:hl;ﬁreanalysism
required network and ] : yp! I—,l :
processing resources In I_? D—| Q ent Data k Offllne reconstructlon, HLT . Fosslfk;lll(ylousglrackv)elo(needlo
. i . aw ata | N M d | . pling Energy identify conversions first)
prite] kit | |- L | G | | ] coiae | SlmUIatlon, a ByteSt.ream Of &HECIL (f : e_' algor_lthms IS be ; T VL2 TRACK RECONSTRUCTION IN THE PIXEL AND SCT —I
raw data exactly as it would —  — T || * guided by HLT Steering EVF;IE(T&L”,EQS; oy e =
e | be received from front-end | offline Software | * support being called — : — eeeeee —/—
e, electronics is processed — b W — v ﬁl multiple times per event g F(’
|| ER_IWDAT | Wlthln the SOftware - Athena_k| 0fo||n(,:</|E\c/je||1 Offline —| ° Operate Wlth Seed from ’ IHLTSohwareFramew‘oT —
I8 DATA OBJECTS | t . . . . eSrSLaBLY
: T framework. pmewere] |22 *ece | Reconstruction previous result in trigger :
- _ _  validate only a specific :
Steering Importation of Offline Software trigger hypothesis

The Steering controls the HLT g 1 100 arzes q Use of Offlin.e Software in the Online Trigger LVL2 algorithms use data — = i
selection. It arranges algorithms for § * 4 environment serves two goals: restricted to Regions-of- S e A1
the event analysis in the correct ] Event Fiter 1. Same infrastructure and services: HLT Software M Interest and provide a fast =7 L T ey T
order so that the required data are 1 may be run Offline to facilitate development of @ O(10 ms) and rough result. %% . 5 Ve
produced and the trigger decision = 7 o Lacalo algorithms, to study LVL2/EF boundary, and to EF algorithms have potential 34| = -l

obtained. It provides a flexible and : Lo permit physics performance studies. full data access and a more | s
SHEITIEEL b eonigiE e LYLE ¢ 2= 1 i 2. Consistent model for event data objects: major [l generous O(1 s) processing ‘ "5 o ey I : K
boundary allowing tuning of rates to parts of the trigger reconstruction may be based [l time. S S S
and efficiencies. T cioney wrt LVLY on offline reconstruction algorithms. I

Stephen Armstrong (CERN) - The Phyiscs Selection Strategy of the ATLAS High Leve Trigger - Lepton Photon 2003 - Fermilab, USA




