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2 Requirements and design parameter_

Detectors
e SSALfR'MlﬁTEF*iCAL ; Detector Channels Control Ev. Data
Drift Tube Scintillating Scintillator
Chambers (DT) i PbWO, Crystals . brass sandwich Pixel 60000000 1 GB 50 (kB)
Tracker 10000000 1 GB 650
Preshower 145000 10 MB 50
ECAL 85000 10 MB 100
HCAL 14000 100 kB 50
Muon DT 200000 10 MB 10
Muon RPC 200000 10 MB 5
Muon CSC 400000 10 MB 90
Trigger 1 GB 16
Event size 1 Mbyte
Max LV1 Trigger 100 kHz
— g Online rejection 99.999%
l Total weight 2:011 70-.'-310.“ 1e:ervg; 72' 6m ’
Overall diameter : 15 m Magnetic field : 4 Tesla

S.C. CMS-TriDAS 2002 4
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The main trigger comes
from proton-beam related background.
’ Spp > Oep
. bad vacuum
(activated by synchrotron radiation)

mm=wz: PUNCh crossing rate : 10.41 MHz ( 96nS)

Pheliz = NNV

It is not possible to make a trigger decision of
a crossing before the next crossing (96nS)
--> Pipeline trigger
beam-gas rate : 7100 kHz (10000nS)

It is not possible to pick up low rate physics
event in one step

——> Three-Level Trigger
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FLT Hardware trigger

starts the readout system

S LT Software trigger with distributed processors

starts event building

] TLT Software trigger in a single processor @

starts data storage
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Detector Readout Control (ZEUS)

Simple handshake method is adopted
* No risk of event loss
 DAQ dead time aftera FLT

Trigger (accept flag)
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Interaction rate
~1 GHz

Bunch crossing

CALO MUON TRACKING

rate 40 MHz - L —
Pipeline Level-1
LEVEL 1 memories
TRIGGER Hardware
trigger
75kHz | ¢
Derandomizers
1 1 1 .
§ Regions of Interest ?;ggg;’t drivers
S LEVEL 2 % Read out buffers High Level
% TRIGGER ?I (ROBs) Triggers
8 ~2kHz | (HLT)
g Event builder Level-2 +
® Event Filter
) EVENT FILTER Full-event buffers
o and Software
~ processor sub-farms .
~ 200 Hz | trigger
Rate Data recording

K.Tokushuku 11



ATLAS LVL1 subsystems

~7000 calorimeter trigger towers

O(1M) RPC/TGC channels
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Central Trigger
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S, SHEEER Processor (CTP) \

Timing, Trigger,
Control (TTC)
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%CMS Level 1 Trigger Overview
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ATLAS Calorimeter Trigger Overview

Real-time path (<7 us)

Input/output data
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ATLAS LVL1 subsystems

Calorimeter trigger
Pre-Processor ‘ Muon Barrel Muon End-cap
(analogue — Ey) Trigger Trigger
RPC TGC
Jet / energy-sum || Cluster Processor Muon-CTP
Processor (ely, t/h) Interface
(MUCTPI)
+Mip in TileCAL
Central Trigger
Processor (CTP)

K.Tokushuku
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Central Trigger Processor (CTP)

N H prescaler F}
V] 4 prescaler F}
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ARNT—EDVA+ (TDRODEFEA)
8 DMEnergy Threshold TOMultipicity[FERMN FEAR

ATLAS Technical Design Report
Level-1 Trigger 24 June 1998

The menu uses a total of 115 bits of input information, compared to the available total of 128
bits. These are:

* 6 X 3-bit muon multiplicities;

» 8 x 3-bit EM cluster multiplicities;

» 8 X 3-bit hadron/ tau multiplicities;

* 8 x 3-bit jet multiplicities;

* 8 bits of information on missing-Er;

* 4 bits of information on total-Er;

* 4 bits reserved for information on forward energy;
» 12 bits used for detector calibration triggers;

» 1 test trigger input.

[t should be noted that it would be possible to combine the calibration and test trigger inputs
externally to the CTP, for example encoding the calibration/test trigger type in four bits. The
number of physics-trigger inputs is determined by the design of the muon and calorimeter

tricaer nroaroeentra



CMS GT (=ATI—AS CTP) obal Trigger CMS Trigger TDR

Table 15.1: Cable and bit assignment for GCT to GT links

CMS (j: na Ji ->'(~\-J- 1)) 77° | _9—_ Cable numbers Data Bit assignment per cable
- Caf = 1-4 Non-isolated e/y (1-4) | E(0:5), n(6:9), 0(10:14),
I%?C?”“%déDeCIS:Oiigg N P8(16), P1(17) SYN(18), B0(19), B1(20)
~NT entralT; ° 5-8 Isolated e/v (1-4) E1(0:5), n(6:9), ¢(10:14),
PO(16), P1(17) SYN(18), BO(19), B1(20)
9-12 Central jets (1-4) E1(0:5), n(6:9), ¢(10:14),
PO(16), P1(17) SYN(18), B0(19), B1(20)
< - 13-16 Forward jets (1-4) E1(0:5), n(6:9), ¢(10:14),
CMST (j:s GTIZ Pg(16), P1(17) SYN(18), B0(19), B1(20)
ObjectD i & & 17-20 T-jets (1-4) Er(0:5), 1(6:9), ¢(10:14),
I*}L#-%Eé PO(16), P1(17) SYN(18), BO(19), B1(20)
CAL 16x24 = 384bits 21 gogalm Er. bits 3:5 of gga(g) I Il))l(%\)f( 12). ?ISE)TI;;O((llg) 1 ]53)1,(20)
— . =T 5 > 3
mu 24x4=96bits 59 Missing Er, bits 0:2 | E{™%(0:11), OV(12), ¢-E™5%(13:15),
of o-E™™ PO(16), P1(17) SYN(18), BO(19), B1(20)
%EE E"] (:GTJ: —GEAde: 23 Jet counts (1-4) Count #1 (0:3), Count #2 (4:7),
'\U jj\__G:l:JﬂE;h'é Count #3 (8:11), Count #4 (12:15)
S == - 24 Jet counts (5-8) Count #5(0:3), Count #6 (4:7),
'(;—Zt—ﬁgs :T%';Ej,iﬁ*;él\ﬂ\jj‘ Count #7 (8:11), Count #8 (12:15)
MEAo N FHS I -
75\2& é ':M\g 75\ :l:JZ: Eﬂ ) Table 15.2: Bit assignment for the backplane GMT to GT link
Data Bit assignment per line
Muons (1-4) ¢(0:7), p1(8:12), quality (13:15), n(16:21),

sign(22), MIP(23), ISO(24), SYN(25)




ATLAS LVL1-LVLZ

Calorimeter trigger
Pre-Processor ‘ Muon Barrel Muon End-cap
(analogue — Ey) Trigger Trigger
RPC TGC
Jet / energy-sum || Cluster Processor Muon-CTP
Processor (ely, t/h) Interface
(MUCTPI)
+Mip in TileCAL
ROl Central Trigger
(Region of terest _ Processor (CTP)
—  ZZITEULY

(E,P)[FHA
EHNS,

N HLVL2
TEHND,

Ashuku

Timing,{rigger,
Control (

LVL1 20
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ARCHITECTURE
Tr"gger' (Functional elements and their connections) m

Calo
MuTrCh  Other detectors
40 MHz
FE Pipelines
c = 75 kHz
75 kHz Read-Out D{IVGI"S /s
* Read-Out Links
~:10 ms -
, LvL2 RoI Read-Out Buffers
RoI Builder requesty
L2 Supervisor [ ROIB ]—p[ LZSV] D
L2 N/work = H v ROS A Read-Out Sub-systems
L2 Proc Unit 1 5p
Fog =N ] [L2e] <—><32n|""3>I I | I ~2+4 GB/s
~2 kHz LS S kg Dataflow Manager
* " i EBN > F gy Building N/work
T Event Filter 7~ 5%¢ g | | (I)" Sub-Farm Input
Event Filter | 3 EB W Event Builder
Processors Event Filter N/work
EFacc 5 ~0.2 kHz | SY-O | Sub-Farm Output

~ 200 Hz E ~ 300 MB/s

TDR Ch.2-5-app.A
September 24, 2003 LHCC - CERN - Sep 24, 2003 LM for ATLAS TDMT 13

ATLAS LVL2DF—RA4k: ROIDFEHRIZE->T. LVLIAE Z D Detector
WSESNT=-DDBHONED T, ZOEBOT—2Z1TH5->THEITT 5,




Event Builder
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EVB 512x512

WERITWOIRETDV AT LIE512x512(CMS) 144x136 (ATLAS)D Zxf % vk —%
5 (20044F) D HE T T64x64[XTATE . FTEDMERRZHI ZEN LMo TINVS,
ENZE512x5121THRRL TE D FEMEREMN THH ? (scalability)
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SO e ¥ VO
_-. ------------------------------------------------------------------------------------------------------------------------------- —_—

== e e T L L L T

D= P P e

[ Computing and Communication Services )—




CMS®D A&

64x64%
8 DILIR
= 13] fuli RN
AR, BEIZ8Xx8D F:
kI —9
#DI1+5

RY,

512

1,64

1,64

petector
Coﬂth's

contro
an
Monltor

Filter
sub—fa’ms

24



DAQ basic unit: 1 Readout Builder
(12.5 kHz)

RB Myrinet layout

% Controls

From FED Builders

To Filter Subfarms

. FB-RUI

Fibers ~ 20m

RUI-PCI
LANai10

BUO-PCI
GE system

BU-FN GE
Cable ~ 20m

EVB technology
RU/BU/FU
servers

.. Installation

2009

Readout Builder:

: Open
: PC

: 2006-




DAQ basic unit; 2 Readout Builder

(25 kHz)

RB GbitEthernet layout

% Controls

From FED Builders

L )

R |
= L

Readout Unit

RUO-PCI @ {

GTQD Controls

= |l
FRGA LN

Builder Unit

BUI-BUO
Quad-GE

BUI-PCI
LANai10

Ta Filter Subfarms

FB-RUI
Fibers ~ 20m

RUI-PCI
LANai10

12Bx128 (GE) Readout Builder

BU-FN GE
Cable ~ 20m



DAQ basic unit; 4 Readout Builder
(50 kHz)




DAQ basic unit: 8 Readout Builder
(100 kHz)

FED S-Link64 LVDS adapter

—
(2 form factors: PMC or VME back)

LVDS FED-FRL cable(s)

LVDS-FED merger
Up to two FEDs per FRL

PCl extensions FRL link
petect Fmen auasce
COn -.- Controls
- FRL-FB filber ~200m
32x32 (GE) FEDBuilder
o4
FB-RU Fiber ~20m
RUO-PCI
1,64
congol RUI-PCI Quad GE
/ Moﬂltor Readout Unit
) twork E RU-RE Cable ~ 20m
k g ¢ puilder N€
h& Readou — 128 x128 (GE) Readout Builder
hilu‘r gvent : M‘ i RB-BU Cable ~ 20m

&f] Manager Ty Controls

5 : (4
Q) r BE{ ~Fam Network m BUI-BUO Quad-GE
. Filte Fllte ms
b-far Builder Unit lil

U ‘EIDPmConlrols BU-FN GE Cable ~ 20m
CMSIZLVLIRYH —9 R THEventBuild TE 5L R F LEMEBT LIS

e o LVL2 D 5 EE



8-fold DAQ system

Side View

Front View

FrontEnd Drivers

’“’" DCS

FEDs et B
Global Trigger V-
Processor
I k
g g
1 8 4
' 8x8 FED builders I
\

Readout Builders

4_".R

ren, |

o

S 5 0 1 0 | e
1 i 1 i 1 i 1
il i )

Data to Surface (D2S), S-link64 mergers, FRL, Data Links (512 @ 2.5 Gb/s)

1 ! | I A A R P P A el foslis s 1164
1 0 0 00 il |osn
{11 {

m |} v

| I | L}

JRN0RN0NE:ES
il L

- e bt L L
RB Readout Units (64
1 1 i

| I | L)} Lol

!

fF1 111
111

RCS

YL L
L]
Slice B
EVM H P

Readout Builder Network (64x64)

Data to surface:

Average eventsize = 1 Mbyte
FED S-link64 ports 658
DAQ links (5 Gb/s) 512

FED fragment <size> = 2 kB
FED builders (8x8) 64

Readout Builder (1/8th DAQ):

Lv-1 Max. trigger rate
RU Builder (64x64)
FB fragment <size>
RU-BU systems
Event filter power
Event flow control
Local mass storage

12.5 kHz
125 Terabit/s
=~ 16 kB
64
= 7 TeraFlop
= 105 Mssg/s
10 TByte

Achronyms

LV1
GTP
TTC
sTTS
aTTS
FED
D2S
FRL
RB
RU
BU
FS
FU
FFN
EVM
RCN
BCN
DCN
DSN
DCS
RCS

Level-1 Trigger Processor
Global Trigger Processor
Timing, Trigger and Control
synchronous Trigger Throttle System
asynchronous Trigger Throttle System

FrontEnd Driver

Data to Surface
Frontend Readout Link
Readout Builder
Readout Unit

Builder Unit

Filter Subfarm

Filter Unit

Filter Farm Network
Event Manager

Readout Control Network
Builder Control Network
Detector Control network
DAQ Service Network
Detector Control System
Run Control System

29
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(1992-) | (2006-)

- ATLAS CMS LHCb ALICE

FLT LVLA1 LVLA LVLO,1 LVLO,1
HW trigger HW trigger HW trigger HW trigger HW trigger
500Hz 100 kHz 100 kHz 40 kHz 1 kHz

(buffer limited)

LVL2 LVL2
farm HW
1kHz 100Hz
EVB EVB EVB EVB EVB
TLT
f LVL3 LVL3 LVL2,3 LVL3
arm
~30Hz (10Hz) farm farm farm farm
Offline Data Storage 100Hz 100Hz 200Hz ~100 Hz
limited ($!)
EVB rate
100kBx100Hz =10MB/s 1.5MBx1kHz =1.5GB/s 1MBx100kHz =100GB/s 100kBx40kHz =4GB/s 80MBx100Hz =8GB/s

output rate

100kBx10Hz =1MB/s 1.5MBx200Hz =0.3GB/s 1MBx100Hz =0.1GB/s 200kBx200Hz =40MB/s 1.3GB/s




I TR —9 Bh\?

Object Examples of physics coverage Nomenclature
Higgs (SM, MSSM), new gauge bosons, ; ;
Electrons extra dimensions, SUSY, W, top e25i, 2eldi
SR Higgs (SM, MSSS)\!\U),Six’rm dimensions, 160i, 2720i
Higgs (SM, MSSM), new gauge bosons,
Muons extra dimensions, SUSY, W, top ue0, 2ul10
Jets SUSY, compositeness, resonances §360, 3j150, 4100
Jet+missing E; SUSY, leptogquarks J60 + xE60
ToupsissinE: Extended Higgs models (e.g. MSSM), 730 + xE40

SLISY

=

HEIRBRESNIRILF—NDE
(THAEEIEE? W’Zo)ﬁﬁiib\‘;)@bjoh_‘/)

missing E1 [EP vk 0“A) A EHED
(F5THWEL—METES)

DryhBEMIZIEEICE L ThresholdN B E,

CZIZHEWBDOA B OMEBITICKELGS, LonY L7 R—H LA E

CCa—FURBNIELE S, (inclusive)




LVL1DAZ=a—&L—F

— 1

’

Selection I 241038 cm-25-1 1034 cm-2s-1
MU20 (20) 0.8 4.0
2MU6E 0.2 1.0
EM2EI (30) 12.0 22.0
2EMI5T (20) 4.0 5.0
J200 (290) 0.2 0.2
3J90 (130) 0.2 0.2
4J65 (90) 0.2 0.2
J60 + xE60 (100+100) 0.4 0.5
TAUZ5 + xE30 (60+60) 2.0 1.0
MU10 + EM15T 0.1 0.4
Others (pre-scales, calibration, ...) 5.0 5.0
Total | ~ 25 ~ 40

e Rates given in kHz

> E; thresholds imply 95% efficiency values

No safety factor included!
1— CMS M safety factorl&3

LHCC Open Session, March 13%, 2002

ostefan Tapprogge, HIP Helsink
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HLT(LVL2+LVL3) (D) A= — —

(LVL2E

Selection 2%1033 cm—2sg’l LVL1®D Threshold “2s-1

Electron e2bi, 2elbi e30i, 2e20i

Photon EM25i — 160i, 2y20i « 2EM15i v60i, 2y20i

Muon 120, 2pl0 «— 2mub n20i, 2pl0

Jets j200 » 400, 3165, 4j110 <« 3j90,4j65 '0, 3260, 4150

Jet & Emiss j70 + xE70  « jBO+XE60  j100 + xE100

tau & Epmiss 30+ xBE4DH « t25+xE30 160 + xE60

Muon & electron nl0 + elbi ul0 + elbi

b -P |"Iy sICS ? L 6 with m B /m T/ 2 p.6 with m B

e (| «ElectronlZLVL1® Threshold% # %

| *PhotonD L —rZEZEETDITEELLY GRILDTO)

| «ThzLtifsd,
LVL1D2Z2—F > DTh.AMEMNST=DIZBOYED =6,
LALHLTTlEy. YL EELLY,

LVLID D zYMEIHLTTR TEHED 2 Yb, L—FETIFSICIETh.Z LIFHLAKLY,

LHCC Open Session, March 13%, 2002 ostefan Tapprogge, HIP Helsink
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R g

Selection 2*1033 cm-2s1 Rates (Hz)
Electron e2bi, elbi ~4(
Photon v60i, 2v20i ~40
Muon n20, 2unl0 ~4(0
Jets j400, 3j165, 4j110 ~25
Jet & Emiss j70 + xE70 ~20
tau & Eqmiss 135 + xE45 ~b
b-physics 2u6 with mp /myz,, ~10
Others pre-scales, calibration, ... ~20
Total ~200

¢ No safety fa'cfor' included!

LHCC Open Session, March 13%, 2002

stefan Tapprogge, HIP Helsink
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e Selection steps
o variation in amount of detail for LVL2 and EF

> Detailed shower shape analysis

o Similar to photons, but looser cuts

> Track search in Inner Detector

O Rejects large fraction of neutrals
> Matching track - calorimeter cIusTeN

> Bremsstrahlung recovery

e Sample composition after HLT selection -
> Design luminosity: 40% (W->ev)

47% (fakes/conversion)

> 13% (b,c>eX),

o Efficiency of ~ 80% wrt. LVL1
e Present algorithm performance

2> Extrapolated to 2006 (180 SI95)
> LVL2 Calorimeter: ~

> LVL2 Tracking:
> EF calorimeter:
> EF tracking:

~

0.03 ms D 16%
1 ms : 139 rejection

70

60

50

40

Fraction of events (%)

30

10

L]
B3

1034 cm-2s-1

LVL2 CALO

LVL2 CALO + Track

had”

e
o}
=

l IIIIIII‘

—_

< 34 ~pn-2a-1 1
< 1034 cm—2s

2

o

===" Level-2
Event Filter

2Y o L2-Calo
O L2-TRT

o Room for further improvement

LHCC Open Session, March 131, 2002

factor of A L2-sCT
~ B0 ms 68% 200 ® EF-Calo
~ 1 s 370/0 . 1 | | | I A |EF-lD
0.85 0.9 0.95 1
,Q; [if?&;(@?fl/\é Efficiency w.r.t. LVL1
Stefan Tapprog page 12
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Double electron trigger and H—4e

K.Tokushuku

_ Trigger Steps | Efficiency wrt LVL1 | Rates
New result since TDR LVL1 100 % 3 5 kHz
» 2e15i at 2x10%cm™s™" | LVL2 Calo 87.6% 159 Hz
« Rates consistent with EF Calo 85.9 % 110 Hz
TDR assumptions EF ID 73.3 % 5.6 Hz
EF ID-Calo 60.4 % 1.9 Hz
Trigger | Efficiency | Overall « H—>4e m_ =130 2x1033cm2s'
Steps wrt LVL1 | Efficiency | <« 4 rﬁco?sltrtécted electrons
within [n|<2.5
LVLA1 100 0/0 996 O/O — 2e with p; > 7 GeV
L2Calo  |99.7 % |99.4 % ~ 26 with py > 20 Gev
» Efficiency includes both single
EFCalo 98,9 % [98.5 % and double-object triggers
« Good trigger acceptance of
;@ EFIDCalo (97.1 % (96.7 % « H— 2e2u also being studied
ﬁ Simon George - LHCC Comprehensive Review - ATLAS HLT 28 June 2004 12

39




Efficiency study.: H—2e2u

« Overall trigger efficiency wrt e- passing kinematic cuts

— 4 reconstructed electrons within |n[<2.5
» At least 4 leptons with pr > 7 GeV
+ At least 2 leptons with p; > 20 GeV

— Combined efficiency of both single and double-object trigger selections
— Good trigger acceptance of Higgs events
— More events would be selected if u and e+p triggers taken into account

2x1033cm-?s™ 1x1034cm-2s-"
Trigger Efficiency | Overall Efficiency Overall
Steps wrt LVL1 | Efficiency | | wrt LVL1 Efficiency
LVL1 100 % 90.7 % 100 % 87.5 %
L2Calo 98.2 % 89.1 % 97.3 % 85.2 %
EFCalo 91.0 % 82.7 % 87.4 % 76.5 %
EFID 87.2 % 79.2 % 83.8 % 73.3 %
& |EFIDCalo 84.7% | 76.9% 81.2 % 71.0 %
ﬁ Simon George - LHCC Comprehensive Review - ATLAS HLT 28 June 2004

K. loKushuku
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WITHIN THE CALORIMETER COMMUNITY WE ALSO HAVE A GROUP
WORKING ON THE SOFTWARE TRIGGER CHAIN. HERE IS A RECENT
EVALUATION OF OUR STATUS...

Status

Under Much work
PRELIMINARY Indel «@—~O—@—@>To be done!
Slic | Calo. | Raw Data | Data | LVL1 LVL2 LVL2 EF EF HLT HLT | Monitor | Trig. Ana.
e ROD Format Prep Sim Alg. Calib. | Alg. | Cali | Core | SW Needs | Perf. Perf.

Proc. SW Int.
e O O 0] O
) O O |@ @
| O O o0l @0 O @
jet . . . .
Eq @ @ o ©o
16 February 2005 Steve Armstrong ~ ATLAS PESA Performance 13




A

A

Object |ATLAS GeV CMS GeV [ATLAS Hz |ICMS Hz
1e 25 28 40 27
2e 15 17 1
1Y 60 80 40 S
2 20 40+25 5
Ju 20 22 40 24
21 10 12 6
1) 400 25

2j

3j 165

4j 110

J+HxXET 70+70 50+70 20 2.5
tau 5 4
b 10 0
others 20 10
Total 200 82.5

ZDBEDEHMLLLE TATLAS CMSK)H—LHRIFXRHFDEREZH DI Hhh o1,
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