ATLAS Data Flow
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Proton-Proton collisions at LHC

Nominal LHC parameters:

7TeV Proton energie
10%4cm2s-! Luminosity
2808 Bunches per beam

1.15*10" Protons per bunch
(full specification here)
(some accelerator basics here)
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http://edms.cern.ch/cedar/plsql/navigation.tree?cookie=3775549&p_top_id=1205733706&p_top_type=P&p_open_id=1806714943&p_open_type=P
http://slsbd.psi.ch/pub/varia/operator.pdf

From bunchcrossings to physics analyses
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ATLAS and data volumes

Inner Channels Frggment | Muon Channels Frggment
Detector size/kB etic < Spectrometer size/kB
Pixels 1.4x108 60 MDT 3.7x10° 154
SCT 6.2x105 110 \[ csc 6.7x10% 256
TRT 3.7x10° 307 L RPC 3.5x10° 12

TGC 4.4x10° 6
\.
Calorimeter Channels F;iazger/nkeBnt Trigger F;iazger/nkeBnt
LAr 1.8x10° 576 , LVLA 28
Tile 104 48 _

' Useful rate to permanent storage:

ATLAS event size: 1.5 MBytes — _ 300 MB/sec
140 Millionen electronic channels = = 3 PB/year
via ~1600 readout links go to offline reco+analysis

Hadron










ATLAS: three-stage event selection (trigger)

LVL1-selection in hardware

Interaction rate CALO MUON TRACKING using Calorimeter data with
Bunch crossing | coarse granularity and Myon
rate 40 MHz o triggerchamber data.
LEVEL 1 E‘E,‘;'L’}?es - Buffering at the detector

TRIGGER
< 75 kHz
Derandomizers
Readout drivers

LVL2 takes Region of Interest
Data (ca. 2%) with full

Regions of Interest

(RODs) granularity and combines
LEVEL 2 Readout buffers information from detectors;
TRIGGER (ROBs) early rejection.
O(1) kHz * Buffering in ROBs

Event Filter refines the
Full-event buffers selection: Event reconstruktion

Event builder
and . .
processor sub-farms with full granularity, use of

EVENT FILTER
~ 200 Hz .
recent alignment- and
calibration data.

Data recording - Buffering in EB & EF
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ATLAS: three-stage event selection (trigger)

Interaction rate

~1 GHz CALO MUON TRACKING
Bunch crossing I
rate 40 MHz Binali
ipeline
TLIEI\C/-I-EGLE:? memories
< 75 kHz

Derandomizers

Readout drivers

Regions of Interest (RODs)

LEVEL 2 Readout buffers
TRIGGER (ROBSs)
O(1) kHz

Event builder

’

Data recording

Full-event buffers
and
processor sub-farms

EVENT FILTER
~ 200 Hz

20.11.2006 ATLAS data flow - hvds

Configuration:

LVL1 HW

VME modules of

* L1Muon (RPC+TGC)
* L1 Calo

» Central Trigger

~ 3000 HLT computers
(Linux OS, framework
and algorithms in C++
from offline)

Lvi2 and EF



ATLAS Trigger Level 1 (LVL1) - Myons and Calorimeters

|

TGC 3
RPC = ) -
€3 low|p, high p.
RPC 2 1GC 1
| MDT 3 | 'L:f M
RPC1 / / T ==
/] low p, AN
( /f; My | I Toroid 1 v @ @
I | / = = Hadronic
Tile Calorimeter TGCFI &0 i calorimeter

Trigger towers /(/\17 xAp=01x01)

LA el iy — |
77 — F———" tiane, Electromagneti
/_i:-— | 1

Co i —— . ‘ i . l Electromagnetic
0 5 10 15m Vertical Sums ~| [ isolation <e.m.

I isolation threshold

. .. . Horizontal Sums Hadronic isolation
Myon trigger selects coincidences in De-cluster/Rol region: #E < inner & outer
Myon trigger chambers local maximum isolation thresholds
2 of 3 (low-p;; >6 GeV) and . .
( i Pr; ) Calorimeter trigger selects elylt +
3 of 3 (high-p;; > 20 GeV) Jets

« Combinations of cluster sums
and isolation criteria

° zETem,had , ETmiss

Trigger efficiency 99% (low-p;) and
98% (high-p;)
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Region of Interest (Rol) mechanism

LVL1 trigger for high pT objects

» Calorimeter cells + Myon chambers
find e/y/t-jet-u candidates above
threshold

LVL2 uses Regions of Interest as
identified by Level-1

» Local data reconstruction, analysis,
and matching of subdetector Rols

Rol data volume ist small

« ~2% of throughput, but needs to be extracted
with 75 kHz

EF uses entire event
 as well as LVLZ2 results
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Online event selection - ingredients

gZSHyI-—lglsolzs 12g25i
[Em25Hy m ncuol—{u uuuuu stq;zmy EMtrack HT KSOft25EM m H I
3 : e25Hyelsol25H12e25i|
[t 0
SEF o Not executed
lectromagnetic
Trigger towers {an x 4¢ - 0.1 x0.1) g20Hy glaolonlzgzo|
e e e =

Horlzontal Sums Hadronlc Isolat on 20Hy|-—|elso|20H12 2o|

[ Bl yogton: Techation tsesholda

L1Calo: ROIS sssp algorithms (refinement of Trigger-elements/ Rol)

CTP: decision === Steering (stepwise calling of algorithms,
stepwise decisions, early reject)

Configuration:

LVL1 menu HLT JobOptions HLT menu
tfo be configured:

L1 subsystems + CTP algorithms Steering

20.11.2006 ATLAS data flow - hvds 11



Trigger "slices"” - selection of the various physics signatures

Egamma slice

Muon slice

Jet and EtMiss slice

Tau slice

Btagging & Bphysics slice

LVL1 Selection LVL2 Selection EF Selection
< > <«
uComb ulsol .
-—'“ TrigMoore
uFast
B [ == voore
§ [ Muld SA |
Ly
Muld COMB
B Physics processor
 w6)@10® N -

> ~23 Khz > ~32 kHz | 1\ ~ 200 Hz

V' 75KHz - P



Trigger "steps” - sequence of trigger processing

— Minimizing latency and data transfer:
- Process 1n steps (early rejection), start with Level-1 Region-of-Interest (Rol)
- Trigger element = (refined) candidate objects
- Trigger signature = combination of trigger elements
- At each step: compare to list of required trigger signatures

Illustration for example Step 4
of two-electron trigger

|| e30i [+ e30i <«— Signature

Step 3 iso- iso-

lation lation

e30 |+ e30 || e30 |H e30 -«—— Signature
(intermediate)
> > > >
B0Gev 50Gev| 30Gev  50Gev

B o o s S
| g (intermediate)

track track | track track track track
finding finding| finding finding finding finding

ecand | + ecandl Iecandl ecand

cluster cluster cluster cluster cluster cluster
shape  shape | shape shape shape shape shape shape

[Evi20+[Evi20]| [Evzof+[Evzo] [Emiz0]+[EM20] [EM20]+[EM20] <— Level-1 Ror

Step 2

<«— Signature
(intermediate)

ecand |+ ecand | |ecand | H ecand




Trigger + data acquisition (TDAQ) - more detail, upto LVL1

Calo DAQ

MuTrCh Other detectors
40 MHz

Lvil ac

Frontend Pipelines

s g2
é

0

N

By
By
v
O-mQC

Read-Out Drivers

RRC ROD-ROB Connection

I ROB | Read-Out Buffers

SOrFrTn>4H>0
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Trigger + data acquisition - upto LVL2

Trigger Calo DAQ

MuTrCh Other detectors

40 MHz i i i

L2 N/work v

L2 Proc Unit E « "B

ROD-ROS Merger

P : : L | D" Frontend Pipelines
e E
Tl ZE=_T" @
Lvil acec = 75 kHz RT
E RoI data = 2% | ROD RO Read-Out Drivers
* C RRC O ROD-ROB Connection
i ~10m
ok Bulder LVL2 T ) remest il ROB | Read-Out Buff
L2 Supervisor [ROIB —>[ LZSV] L cac-HuT Barrers
C_RRM__ D>
: ROS

Read-Out Sub-systems

Lvl2 acc = 2.5 kHz

S— Dataflow Manager

SOrFrTn>4H>0
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Trigger + data acquisition - upto EF and Tier0

Trigger Calo Dﬂ
MuTrCh Other detectors
40 MHz
ey ﬁﬁ
el = I I B g Frontend Pipelines
. E T
Lvll acc = 75 kHz RO
75 K-z E RoI data = 2% | ROD | Read-Out Drivers
> 120 68/3
RR! ROD-ROB Connection
RoI Builder LVLZ ~ 10 ms RoI vc
ROB | -
L2 Supervisor [ROIB T—>[ LZSV] requesHy L D Read-Out Buffers
L2 N/work v RRM ROD-ROS Merger
L2 Proc Unit E « DN A J
o [ ROS | T Read-Out Sub-systems
2.9 sri Lvi2 acc = 2.5 kHz ¢ 2 3+3 68/3
Dataflow Manager
.v ~ sec L  Event Building N/work
Event Filter f /o)
: ' | Sub-Farm Input
Event Filter w
Processors EiN Event Filter N/work
BRI i Y kL 0 I Sub-Farm Output
~ 200 Flz @ ~ 300 WB/s

20.11.2006 ATLAS data flow - hvds 16



Trigger + data acquisition - Muon Rol calibration stream

Trigger Calo Dﬂ
MuTrCh Other detectors
40 MHz
40 Mz Tﬁ
n D
- | || . E
Lvlil acc = 75 kHz
- i - | TR— | RO
/D $rlz o RoI data = 2%
RoI Builder | LyL2 ~ 10 ms - R:C
ROB |
L2 Supervisor [ROIB T_’[ LZSV] ' L D
L2 N/work v =RM A
L2 Proc Unit >N T
. - : ROS
2.5 krlz Lvl2 acc = 2.5 kHz ¢ ?:
stream for v DFM j<—EBN > |
MDT etc. Event Filter ~ S¢¢ | | — 0
calibration ilter : w
rrocessors EFN
EFacc = ~200 Hz | ‘0 |
~ 200 Flz

20.11.2006

Frontend Pipelines

Read-Out Drivers
120 68/s

ROD-ROB Connection
Read-Out Buffers
ROD-ROS Merger
Read-Out Sub-systems
3+3 68/3
Dataflow Manager
Event Building N/work
Sub-Farm Input

Event Filter N/work

Sub-Farm Output

ATLAS data flow - hvds
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ATLAS Trigger/DAQ data flow

CERN SDX1  dual-CPU nodes at POlnt1
computer ~30 ~1600 ~100 ~ 500
centre Event rate| Local Event Ev_ent Second-
Data ~ 200 Hz SStc:)rFage Filter Bsub|lder LVL2 | |evel — ¥
TP Gt (EF) nputs farm | trigger ==
storage (SFOs) (SFls) el 3 2
IYYRR VY = LR i
DataFlow + stores o By o
Manager YYVY  Vyyvyy LVL2 i 3 E?@: =
< > tput rrrt
Network switches [T+ Z 2 :>,/
LVL2 < P y -\i}“"’—’l “‘_/
o | A
= n n -
M—s+5 E
e S 5]
g S8 £
) & IS L
3188 £ :
Event dat HEERH I e
4(7) o2 o= ey
pulled: o s a8 © 5
. = x
partial events | = v
@ <100 kHz ?, USA15 Data of events accepted
’ 5 1600 by first-level trigger
full events > ~150 Read-
14 P Out : :
@ ~ 3 kHz Cs YWY VME Dedicated links
Read-
groad ot Out ATLAS
u(;gssz)ms Drivers detector [
Rol (RODs)[<€ pirst. €=
Builder X level UX1 5
Timing Trigger Control (TTC) \ UG/

Event data pushed @ < 100 kHz,

1600 fragments of ~ 1 kByte each
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HLT setup is being exercised at present (Large Scale Tests)

*

"Large Scale Tests" being done with hardware provided by CERN IT

Using the TDAQ framework for run control etc., with up to 1200 dual-processor nodes for
Level 2 and Event Filter (~ half of full setup 2008 ff)

¢ Tests last until 7 Dec - now using a few 100 nodes

2

Servers and client nodes used in LST config — push = —— pull —»
[ @ R
rack
oxs |
T "

global RDB server to all nodes LvVL2 LvL2
global worker
—¥ >thread thread_

POOL . pooL 1 7
—_— files plain copy ——> & LVL2 node

global file server

\/

1

top
DbProxy

extra DB
tables

rack se er EF node

\$ \ -
—T (options) ——" ROD crate .
top Proxy server /——V ctlr emulator '
\/ Coral ~ o
Coral 3
POOL Athena R ROD
—-> —— lightweight protocol Zﬁ ’

LAr physics files/Athena server LAr ROD crate

—_—

(£)08

=T

: subsystems emulated via DbStressor

online Oracle DB

data to be put into place manually




Tricks needed in HLT processor farms

¢
¢
¢

Now: 4 CPU cores per box: 2 chips * 2 cores => 8 cores per box
Typically one Athena process (LVL2: one thread) per core
Multihreading: naturally assign sharable data to global thread, i.e. have only

one copy for all threads
Geometry, field maps, conditions
data... and data which are
constant throughout process

Use also for single-threaded
environment (event filter, offline)

Advantages:
¢ Save DB accesses
(volume, #connections)
¢ Save physical memory

Athena not there yet...

20.11.2006 ATLAS data
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Flow of Data and Metadata Point1 - CERN Tier0 - Tiers1/2

¢ Metadata exist per: Event - Luminosity-Block - Dataset - Run
¢ Detector and LHC Status, Run control, Lumiblock, Monitoring (quality) => non event related metadata
¢ Dataset related Metadata are derived from these
¢ Metadata may be refined/enhanced later - after data analyses, possibly with manual input
¢ Event related Metadate (TAG): can contain a small fraction of quality data
|
event tape
- index store
1
Detector dataflow #>| /'flleS Raw / 4 : .
' g _ data fraction per Tier1
' SFO files = per lumi £
' Q
LHC o block — =k 52
%) w
sampling 18:8%288 / *qws =
—— &)
: —»| AOD £o—+m
DCS ' AOD O
~_ ' \ merge Sa g
"~ DCSto Oracle / calibr . TAG >
) . moni
un . ~a| online repl offline ./L“O” torin /
IS —| condi | condi P .
control / fons cate tions ~7 replication >
| —
R IS " A A
umi block |- * : :
info v ! !
(from L1) =
D moni data || may |_ | data dataset |4~
toring quality be quality selection
catalogue
Tier1s
Point1 Tier /
0 erQ - Tier2s
event non-event dataset

event data metadata metadata metadata




Processing centres Tier0,1,2

<

= 2\ =
= T2s and T1s are connected via A2
sz general research networks
~ | /Each Tier-2 can —
T2N(_ access data in =,
each Tier-1
: dedicated
10 Gbit links —
Each T1 with [Brookhaver S =
~10 Gbps to the [I i — T2
local NREN ‘
Nordic =
=
2 —
= — T2
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Extra slides (details on trigger menus)
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Plan for first LHC commissioning with beam - 2450 GeV

Phase Beam time
[days]

1 | First turn 4

2 | Establish circulating beam 3

3 | 450 GeV - initial 3

4a | 450 GeV - consolidation 1-2
4b | 450 GeV - system commissioning 2.3

Sa | 2 beam operations 1
5b | Collisions 1-2
16 days

(
Given an operational efficiency of 60 %, this gives an elapsed time

of about 26 days.

Took about a month in LEP and 1y for RHIC

20.11.2006 ATLAS data flow - hvds 24



Trigger menus for early running with beam

Recently discussed on the Trigger & Physics week (30 Oct - 3 Nov 2006)

Details in Nick Ellis' summary - including 900 GeV running in 2007
http://indico.cern.ch/materialDisplay.py?contribld=84&amp;sessionld=5&amp;materialld=
slides&amp;confld=6824

¢ Hardware boundary conditions:

* o

 LVL1

— Ultimate 100 kHz

« Limited by detector FE electronics and HLT/DAQ capacity
— Increased dead-time for rates > 75 kHz

— Nominal 75 kHz
— In 2008 run hope to have HLT/DAQ that can cope with ~ 45 kHz
« This depends on funding that is not yet secure!
« LVL2
— Nominal ~2000 Hz

— In 2008 run hope to have EF that can cope with ~1000 Hz

« This depends on available processing power in the EF (money) and also the algorithm execution time per
event
— Depends on offline as well as TDAQ software

- FEF
— Nominal ~200 Hz

« Depends on capacity of offline computing (Tier-0, etc)
+ Can go to ~300 Hz for short periods as long as daily average is within nominal limits for standard duty cycle
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Early 14 TeV running at low luminosity (10°7)

see Nick's slides for 900 GeV running (43 bunches, 10%°)

« Which signatures (muon, electron / photon, ...)?

« What thresholds (LVL1, HLT — not yet separated LVL2 and EF)?
« Other settings (isolation, use of calo/muon/ID in HLT, etc)

« Use of forced-accepts or HLT “pass-through”, etc

« Rates (must be kept within limits of TDAQ and offline systems)

« Coverage for different purposes

— For physics studies
+ Signal samples
» Control samples

* “Insurance policies” for most important physics studies

— E.g. Ensure that priority physics is covered with loose LVL1 selection (e.g. no isolation) and, initially, with HLT pass-
through

+ Complemented with much lower thresholds for other physics, relying on the HLT to get the rate down
* Also including pre-scaled LVL1 triggers, including minimum bias

— For detector studies
« Samples for calibration, alignment and technical studies (e.g. study backgrounds)
— For trigger studies

+ Samples for measuring rates and efficiencies
— Needed to optimize trigger for future running

« Recognize that menu will evolve with time

— Start of with simple, safe selections
« Add complexity (more rejection for same efficiency) as we gain confidence
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Muons and B-physics

Comment
Item LVLI Rate (Hz) HLT Rate (Hz)
MU4 ~1000
MU6 ~240
MU15 ~50 | HLT pass-through ~50
MUG6 pre-scaled
(could use MU4 or combination of HLT pass-through with
both) LVLI1 pre-scale factor ~10
mu6 full HLT (rate can
MU4 with further HLT muon be tuned with LVL2 p;
selection (validation, py cut) cut value) ~60
MU4 + full scan B-physics (full scan) ~50
2MU4 2mu4 LVLI only ?
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Electrons and Photons

Item LVL1 Rate (Hz) | Comment HLT Rate (Hz)

Pre-scaled in HLT
(factors vary with LVL1

EMI10 5400 threshold passed) 10

EM15 1500 «

EM?20 470 «

EM?25 240 «

EM30 130 «

EM251 65 | HLT pass-through 65
Standard HLT e15?i? selection 10
Standard HLT y20?i? selection 10

2EMI10 570 | Pre-scaled in HLT 10

2EM20 80 | HLT pass-through 80

2EM20I 3 | HLT pass-through 3
2e107i? ?
2y1517? ?

2EM7 Jhp ee? ?
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Item

LVLI Rate (Hz)

Comment

HLT Rate (Hz)

Pre-scale in HLT /

J20 1750 | Require rapidity-gap 3.5+
J40 400 | Pre-scale in HLT 2.7
J60 100 | Pre-scale in HLT 3.3
J80 40 | Pre-scale in HLT 4
J100 15 | Pre-scale in HL'T 3
J120 8 | HLT pass-through 8
2J90 7 | HLT pass-through 7
Pre-scale in HLT /

3130 44 | Tag b-jets ?
3J40 16 | HLT pass-through 16
Pre-scale in HLT /
4J20 20 | Tag b-jets ?
4J30 12 | HLT pass-through 12
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Tau and ETmiss

Item LVLI1 Rate (Hz) | Comment HLT Rate (Hz)

XE? ? | HLT pass-through ~10
Pre-scale in HLT /

XE30 ~500 | Refine selection in HLT ?
Pre-scale in HLT /

SUMET300 ~1000 | Refine selection in HLT ~10
Pre-scale and

TAU101 ~7000 | refine selection in HLT ~10
Pre-scale and

TAU151 ~2300 | refine selection in HLT ~10

TAU351 ~190 | Refine selection in HLT ~4

TAUM ? | HLT pass-through ?

J60+XE60 ~2 | HLT pass-through ~2
Pre-scale in HLT /

TAU25I+XE30 ? | Refine selection in HLT ?
Pre-scale in HLT /

EM25+XE20 ~90 | Refine selection in HLT ?
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Minimum bias, also beam-gas and beam halo

Objectives
— Key ingredient in “timing in” the experiment
— Samples for commissioning of detectors, trigger and offline
— Studies of minimum-bias physics per se
— Studies of minimum-bias as backgrounds to other physics

— Samples for evaluation of efficiencies of LVL1, LVL2, EF and offline
reconstruction

Techniques

— Bunch-crossing LVL1 trigger + selection at LVL2 and/or EF
» Bias-free at LVLA1
» Discussion in Standard Model group on how to select non-empty BCs (offline)
— Implementation at LVL2/EF to be addressed

* Detectors
— Minimum-Bias Trigger Scintillators (MBTS) using precision readout
— Inner detector (pixels sensitive to low p;)
— LUCID and other forward detectors?
— Calorimeters?

— MBTS trigger at LVL1 (followed by further selection in HLT)
« Some bias at LVL1 (n range; efficiency for minimum-ionizing particles;
multiplicity requirements; etc.)
» Needed at very low luminosity where interactions per BC << 1
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