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Proton-Proton Collisions at the LHC

Nominal LHC Parameters:

7 TeV Proton Energy
1034cm2s-1  Luminosity

2808 Bunches per Beam
10" Protons per Bunch

(full specification here)

—_— S 0.6 A

.% Bunch Crossings 4x107 Hz
%¢

c{) Proton-Proton Collisions 10° Hz
U
P
®  Quark/Gluon Collisions —> "o <<
Heavy particle production 10*3--7 Hz o
(W, Z, t, Higgs, SUSY,...) ¥ u
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Event Rates and Multiplicities

cross section of p-p collisions
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R =eventrate

L = luminosity = 103 cm2 s

0,,, = inelastic cross section =70 mb
N = interactions / bunch crossing
Dt = bunch crossing interval = 25 ns

vl vl 0l |

cm energy / GeV

T T IR P 5 P | IER O A A I 5 T Ti aloalah Valakd | R A 2 N T

18 2 10 107 10° 10*
Center of mass energy (GeV)

R=LXx0,¢ =103 cm?s'x70mb =7-10% Hz
N =R /Dt
=7-108s"1x2510°s =175
=17.5 x 3564 / 2808 (not all bunches filled)
= 23 interactions / bunch crossing (pileup)

With every bunchcrossing

Minimum Bias events

with ~ particles produced

n., = charged particles / interaction
N., = charged particles / BC

N, = all particles / BunchCrossing
Ng, = 50

Nep =Ny X 23 =~ 1150
Niot= Ngp X 1.5 =~ 1725
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Looking for Interesting Events

Higgs — ZZ — 2e+2u 23 min bias events




ATLAS Event Sizes

Inner Fragment
Detector Channels size - kB

Pixels 1.4x108 60

SCT 6.2x10° 110

TRT 3.7x10° 307

‘,
A —

Calorimetry Channels jpi=gment
size - kB

LAr 1.8x10° 576

Tile 104 48

1T

Atlas event size: 1.5 MBytes
140 million channels
organized into ~1600 Readout Links
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Muon Channels Fragment
Spectrometer size - kB
MDT 3.7x10° 154
CSC 6.7x10% 256
RPC 3.5x10° 12
TGC 4.4x10° 6
Trigger Channels Zigrffgt
LVLA1 28
< L

Affordable mass storage b/w:

300 MB/sec

@« 3 PB/year
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for offline analysis




ATLAS Three-Level Trigger Architecture

Interaction rate - LVL1 decision made in
-1 GHz oL 2o LT hardware with calorimeter
B”rgf:"{’g Mz 2 data with coarse granularity
LEVEL 1 fr:geﬁ':::r:'iees and muon trigger chambers
TRIGGER data.
< 75 (100) kHz * Buffering on detector
Derandomizers « LVL2 uses Reqion of Interest
Regions of Interest l l l F;gg‘s"i't drivers  data (ca. 2%) with full
granularity and combines
% ?;gngl)ﬂ buffers information from all detectors;
- performs fast rejection.
~ 1 kkz - Buffering in ROBs
Event builder
- EventFilter refines the
EVENT FILTER Full-event buffers — selection, can perform
~ 100 Hz processor sub-farms  event reconstruction at full

granularity using latest
alignment and calibration data.
Datarecording - Buffering in EB & EF
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Trigger + Data Acquisition (TDAQ) in more detall...

Trigger

|z

S=

20 M

RoI Builder

L2 Supervisor
L2 N/work
L2 Proc Unit

- = 0,0
Z,J;irLf

Event Filter
Processors

< 200 Flz
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40 MHz

Calo DAQ

MuTrCh Other detectors

\

tromagnet

LV il
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o
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N
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Frontend Pipelines

Lvll ac
RoI data = 2%

v

LvLz2

~ 10 ms

(Ro1B | [ L2sv]

v
C2p] « o>

Read-Out Drivers
120 68/3

ROD-ROB Connection

Read-Out Buffers

ROD-ROS Merger

Read-Out Sub-systems

Lvi2 ace

33 68/s

y
Event Filter =~ S€€

Dataflow Manager
Event Building N/work

Sub-Farm Input

Event Filter N/work

EFacc 3

Sub-Farm Output

~ 300 MB/3
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Quick Comparision - CMS TriDAS Chain

'Side’ view 'Front' view
TFD
FED&GIlobal Global Trigger | s i FED

Trigger Processor Processor — Detector Front-Cnds
1 P — 1 * — | 1 Py | ~ 1 2 DAQ links
P<| 8x8 FB switches b b ][ ][ ][ ]l p< | FED Builders
T 6 | atrs o e [ I [ I I
@ g ren] RU, H . ﬁﬁ;:om
k. _
=
rr] ™ Event DSN , Control
Yl s pd Readout Builder Network and
§ E s S Monitor

CN Y 1 | 1 | 1 | 1 1
]3: a ‘—:’l Builder
af o BU, s« | Units
I 8 1 1 1 1
& EQ l Filter Farm Networks
o JCJC ] : _ :{ _ :: _ :gmgr,

ug-iarms
T ) e e e QR e

| L e [ [ -

Level 1 trigger in hardware - as usual
All higher level triggering in one set of Filter Units (FU)

Two levels of event building:
— Frontend builders, also average out data size fluctuations among detectors

— Readout builder +Farms for full events - can be procured in 1/8 increments
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Mechanisms used for Triggering in ATLAS
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ATLAS Trigger Level 1 (LVL1) - Muons and Colorimetry

TGG 2=~
A I ]
’ 2 TGC3
RPC 3 i i
lowip, high p_
RPC 2 TGC1
MDT 8 M M
i ?
RPC1
TGC EI low p.
J /MDY 72/ 1] | Toroid LB
/ I/! //// / .—/’
/Tlle Calorimeter TGCFI
M e
s D " | .
/// / D high o8
]
. ; LoV
0 5 10 15m

Muon Trigger looking for
coincidences in muon trigger
chambers

2 out of 3 (low-p;; >6 GeV) and

3 out of 3 (high-p;; > 20 GeV)

Trigger efficiency 99% (low-p;)
and 98% (high-p;)

VI

o /
olEQ
URY,
=9 Hadronic
i calorimeter
/ Electromagnetic
L calorimeter
Trigger towers (An x Ap = 0.1 x 0.1)
! . [ Electromagnetic
Vertical Sums —  H isolation <e.m.
I isolation threshold

De-cluster/Rol region: <inner & outer
local maximum isolation thresholds

2= Horizontal Sums # Hadronic isolation

Calorimetry Trigger looking for ely/t
+ jets
» Various combinations of
cluster sums and isolation
criteria
B EETem,had : ETmiss
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Region of Interest (Rol) Mechanism

LVL1 triggers on high pT objects
» Calorimeter cells and muon
chambers to find e/y/t-jet-u
candidates above thresholds

LVL2 uses Regions of Interest as
identified by Level-1

 Local data reconstruction, analysis,
and sub-detector matching of Rol
data

The total amount of Rol data is minimal

+ ~2% of the Level-1 throughput but it has to
be extracted from the rest at 75 kHz

EF can use full event data

« And also the results obtained by
LvL2
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Event Selection Strategy

« ATLAS has an inclusive trigger strategy
— LVL1 Trigger on individual signatures
« EM /Had Cluster
* Total Energy
» Missing Energy
« Muon track
— LVL2 confirms & refines LVL1 signature
* requires seeding of LVL2 with LVL1 result — i.e. Rol
— EventFilter confirms & refines LVL2 signature
» seeding of EventFilter with LVL2 result
» tags accepted events according to physics selection

* Reject events early

— Save resources
* minimize data transfer
* minimize required CPU power
— Look at signatures one by one
* i.e. do not try to reconstruct full event upfront
 if no signatures left, reject event

21 July 2005 - hvds Ringberg / ATLAS Trigger Scheme 12



LVL1 Trigger Thresholds + Rates

Selection 251ag3e3sc§nl_'|zzs)'1 T()a;[f :m(ljszz
MU20 20 800 4000
2MUG6 200 1000
EM25I 30 12000 22000
2EM15I 20 4000 5000
J200 290 200 200
3J90 130 200 200
4J65 90 200 200
J60+XE60 100+100 400 500
TAU25+xE30 60+60 2000 1000
MU10+EM15I 100 400
Others (prescales,calibration) 5000 5000

Total ~25000 ~40000

LVL1 rate is dominated by electromagnetic clusters: 78% of physics triggers
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Inclusive Higher Level Trigger (HLT) Event Selection

Selection 2x1033cm-2s1 Rates (Hz)
Electron e25i, 2el5i ~40
Photon v60i, 2y20i ~40

Muon u20i, 2ul0 ~40
Jets j400, 3j165, 4j110 ~25

Jet & E;Miss j70 + XE70 ~20

tau & E;Mss 135 + XE45 ~5

B-physics 2u6 with mg /m;,, ~10
Others pre-scales, calibration, ... ~20

Total ~200

HLT rate reduces by ely a lot: 45% of physics triggers
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Stepwise Event Selection in LVL2

LVL1 Trigger Element

Selection takes place in steps ol o~

Rejection can happen at every \ \ |

step

EM50 EM50

The initial seeds for the L2 steps YR TR

are the L1 Regions of Interest et —

Trigger Decision and Data @ e50 e50

Navigation is based on Trigger

Elements >| isolation isolation
o Algorithms use the result from

previous steps (Seeding) using e50i || 4 || e50i

the Data Navigation and the
Trigger Elements

Event
Accepted
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Software used in the Higher Level Triggers
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From Bunch Crossings to Physics Analyses

ON-line < = OFF-line
[V LHC  +s=14TeV L=103‘cm'2s" rate Rate HZ Level'l Trigger 40 MHZ
ban (Hz) Hardware (ASIC, FPGA)
. .Event rate s [0QED - % Massive parallel Architecture
. digelines
" 10°] = Level-2 Trigger 100 kHz
b e - P s/w PC farm
10°) A cal Reconstruction
Level-1 » |
o N B =
Level-2 » ’ = =
kiz W,Z ‘
. w_”\,M S Storage = To 102- <10 ms—»'?é\/%\* *
P ~f ~f.~¢. ~f. Reconstruction & Analyses
Z . aa@aaa TIER0A/2
TN . A AR A A @ [ | || Conters
, Higgs GaGasaa) TINENEIEE] e
pb M 10-2_ ; JL_T| J A P WA 4| A
et ” Level-3 Trigger 1 kHz B I i
J 104 s/w PC farm y ,JJ J S
, Full Reconstruction Wl N
ib AN Eale al VAN E
A A P A
» 2% scalar LQ\  Z,~2 - )L ) J;_ J J
50 100 200 500 1000 2000 25ns 3us ms $ec T
jet E; or particle mass (GeV) 10° 10 103 hour year
I ' ' 10° '10° '10¢ sec
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HLT Challenges

HLT is based on large farms of PCs running Linux
e LVL2: 500 dual-CPU PCs (multicore to come)
 EF:>1600 dual-CPU PCs

Many problems need attention - how to organize O(2000) PCs
* racks, space, weight, heat & cooling, cabling
» data I/O & networking
e oOperating — booting, s/w installation, operational monitoring

How to get performance right
* |/O latency and CPU overhead
» Local/Full (seeded) reconstruction from a raw bytestream & selection algorithms

How to configure all trigger levels consistently and reproducibly
 Including the software of course

How to write reliable, robust, maintainable and fast code that is built from
many frameworks and that needs to execute in a realtime environment

* “online”, “offline” and “HLT” releases

* Immunity agains corrupted bytestream data
Re-use of offline software in HLT

» Benefit from flexible framework, shared services and algorithms
» But introduces tight coupling with many software components
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The athenaPT Interface between online/offline

Gatherer Event Dis*
Al e e (8D) | Event Display
o Presenter - ) et - (2D)
- == 7
e h/'s,o E/V,q I A
\‘\ e grams ~ I |
G\AP‘@«\% - | I
RCD ) 5’\°g e histogram ; ;
ROD Crate DAQ P i Sariice I A
- W
* S =t ' ry ' XML
et : ,./ interface
EMS [ PT b ad
Event Monitoring
Sampler > PTIO F.’rocelssing T:;sk A':?ljl- Et% A Ev:r):teLc(Lc:Fe)gAgr
‘ implements :
Intorace evF:ent 66D Interface event | | persistency
/, e \ N service
EFD _
Event Filter . ATHENA
Dataflow
Dataflow | —— ——— = - «q--------- Conditions

HLT results

Event data Monitoring data et
(not from monitoring)

Database

¢ Dataflow: online

¢ Athena: offline SW running online

¢ Used for event selection in the Event Filter
¢ ... as well as for online monitoring
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Filtering, Calibration, and Monitoring in the EF

SFI SFI
: HERR! Node 1
I [incoming
Node n | || _Events Tnput | FD
; Ev Sort and/or duplicate
53 R (according to L2 trigger
X SharedHeap TR type)
' #1 ||
Data |Data 4 gy : :
Progessing | Flow il Momtonng/Cahbranon
T y P/ PT
PT If v #3 |
1S EFD
PT 1P
| PT answer steers
#n |}
EFD dataflow:
| || chooses the 0
! Accepted successor task
| Events |
v S . .
SFO SFO L2711, | Monitoring
Mai Phy si ; i ll camamtion
Bt ™| | Benmas, camrtin | Nodes
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Computer and network architecture at Pointl

CPN Users CERN IT

dCCess

_______________________________________________________________________________

Central Server Central Server

1 < §YQ(.:. Ea_tb_ - s
,,/"\:: _________ . —,’, < NG Alternative
Sync paths _- S L soE R L A sync paths
L7 x ~~~~~

S
= .
S 3/ Client 1 »[ Client 1 g Chent
Q2
= : - '
$ —» Client n —» Client n g8l Clientn

Clients are netbooted.

21 July 2005 - hvds Ringberg / ATLAS Trigger Scheme 21
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What's going on at the moment -

Commissioning with Cosmics
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Status at MobiDAQ

commissioning

Tiles calorimeter cosmics datataking at the Pit

* MobiDAQ (Mobile DAQ):

RODemu but real TDAQ
(tdag-01-02-00), tests of
electronics, cosmic
_muons runs

read out of 8 drawers in 7 .—o"ﬂ”‘"
the pit with temporary ' : _ l IMoanAQ

} /4( 3, 3 "me ./ .
o 7’*//;’ |

B "
s . '

' .
Mobi DAQ

.

Cosmic receiver
setup

PC (MobiDAQ

Interface)

Andrea Dotti, MWG 7™ July 2005



Cosmics triggering

*

Back-to-back trigger towers - rates estimate: ~ 150 per hour (incl. shafts)
Each tower covers n = ¢ = 0.1 = 0.1

¢ These are the most useful triggers
¢ Muon fully traverses single Tile towers
¢ Single-tower triggers also available and used

¢ Dedicated trigger logic designed at Chicago - now taking data in the pit

*

0.2 0 o0 ol a: 939 -4 oa.s U6 M
4 ¥ y |
¥ ‘...;......‘-.....\..-..._-..,.y,....,.+.A..‘-.-.......-¢--..)’nnu.n.....p.‘. 07 |

n: | o1 vo | o F e: f o> .
e e s fez e ' I« oy -

AT 20 X 2 LR 29 o 4 16 ) ) TH AN 2 0% K I £ X Y

n_'lul " ll.'l-.nllhll
« O (S8 Tl e

.
- =
—

o
. ]
: |

T

: Tile Calorimeter 0w HE 0SS 0= ufl N2 01 OO0 O 02 03 04 OS O& v
: End View

Barrel Section Tile Calorimeter
Side View
Barrel Section
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Cosmics triggering

First Tiles Events
from the Pit...
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Backup slides - some more Details




Interface Module connecting CTP to LTP

LTP

Interface
CTP
ﬁ
Al |B
(@] (@]
(@] (@]
(@] (@]
(@] (@]
(@] (@]
(@] (@]
(@] (@]
(@] (@]
(@] (@]
(@]

Interface module in
transparent mode:

Additional 10-15ns delay |~
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CTP.Link ) OREIT

from
Tricger-Type
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gUsY
j'& Calbranon-Requests
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Figure 4. Iaterface modale iz Taaspareatmode
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Using Interface Module - e.g. Tiles as Master

Interface LTP LTP LTP

L1Calo
\ LAr
‘I- TileCal
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LVL1 Trigger

8*TTC 4*TTC ©

E

*

o~

75(100) k On Detector 75(100) k On Detector On Detector | On Detector [
Electronics Electronics Electronics Electronics UX15
|

TRIGGERS L

E’ CALORIMETER TRIGGER
x 8

i

- Readout
75(100) kHz 40Mhz

Readout System

ROIs
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Places where Athena is used Online

ATLAS \

Front-End
Detector j >
/ ‘ VME crate

LVL1 : ROD - RCD Monitorin
Trigger Readout Driver > ROD Crate DAQ output g
\ /0 (histograms,
/N event display)
DCS ROS ! \
Detector Control System Readout ] \ A
- HV, LV Subsystem T - \
- Temperature s ® 4 :
- Alignment * | 3 Workstation ;
- Cryogenics LVL2 SFI i with EMS |
gtE Trigger Subfarm Input 1" Event Monitoring
‘ 11 Sampler
* 1
EF .
Event Filter ] ATHENA code
* : : involved here
1§ (execution or ;
SFO access to data) .-
Subfarm Output | I I e
Configuration Conditions ’ el ]
Database Database A e

* Monitoring :
ByteStream : :
Files = Hoces

e

, >
Main event data flow Alternative event data
paths during commissioning

- >
Database access Trigger/Control/
Histogram data flow



