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Zegar wigzki

Gdy mowimy o elektronice odczytowej detektora i o uktadach
wyzwalania zbierania danych kluczowe znaczenia ma czas.

Tym co narzuca wymagania dotyczgce szybkosci odczytu i zbierania
danych jest czestosc rejestrowanych zderzen czgstek.

Czestosc przeciec - "zegar" wigzki, wynika z konstrukcji maszyny.
Czestosc zdarzen zalezy takze od swietlnosci | przekroju czynnego.

W eksperymentach przed LHC czestosc¢ zdarzen << czestosc przeciec.
Ale w kazdym przecieciu moze potencjalnie nastgpi¢ zderzenie -

musimy by¢ na to przygotowani, elektronika i uktad wyzwalania musi
dziataC z zegarem wigzKki...



RF buckets and bunches

The particles
oscillate back

% RF VolTage and forth in
time/energy

400 MHz@LHC

The particles are trapped in the RF voltage:
this gives the bunch structure

///\ms [N\
\J

AE | LHC bunch spacing = 25 ns = 10 buckets < 75m
-~ 45. =S -~ 45. =S
< a, > </ RF bucke‘l' > // \>< n \\' >
~ — - z ~ ~ ” “ ~ — - z
S~ SS-- --" S~=--7 time
2.5 ns
450 GeV 7 TeV
RMS bunch length 11.2 cm 7.6 cm
RMS energy spread  0.031% 0.011%
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Bunch pattern details

O The nominal LHC pattern consists of 39 groups of 72 bunches (spaced by 25 ns), with
variable spacing between the groups to accommodate the rise times of the fast injection
and extraction magnets (kickers’).

QO There is along 3 us hole (t5)for the LHC dump kicker (see later).

LHC (1-RING) = 88.924 ps

Y

72 bunches

P4

SPs = 7/27 LHC

3-batch

/

~ /7

4-batch

/

o

Bunch Train Pattern

T3

k4

234 334 334 334

Filling Scheme

- 1/11 SPS |

e
>

PS

+

T
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25ns Spacing

3564 =
2x (72b + 8e) + 30e + 3x(72b + 8e) + 30e + 4x (72b + 8e) + 3le +
3x {2x [ 3x (72b + 8e) + 30e] + 4x (72b + 8e) + 31e } + 80e

Beam Gaps

12 bunch gap in the PS (72 bunches on h=84)
8 missing bunches (SPS Injection Kicker Rise time = 225ns).
38 missing bunches (LHC Injection I(lcker' Rise Time = 0.975us)

39 missing bunches (

119 missing bunches (LHC Beam Dump Kicker Rise Time = 3ps)

1.0us)




Tevatron Buncn Structure
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HERA: electron-proton collider at DESY (1992-2007)

Nie wszystkie "paczki" czgstek zderzaty sie z wigzkag przeciwbiezng
=> niestychanie pomocne w ocenie tta wigzki !

Design | 1992 | 1993| 1994 | 1995 | 1996
Number of p bunches 210 10 90| 170 180 180
Number of e bunches 210 12 94 168 189 189
% Number of colliding bunches 210 10 84 153 174 | 174
p momentump, / GeV / ¢ 820 820 820 | 820 820 820
p currentl ; / mA 163 2 54 73 80
e momentump, / GeV / c 30 26.67| 26.67 27.52 | 27.52 | 27.52
e currentl ; / mA 58 3.4 36 37 40
Specific luminosity
£,/ 10°mA*cm?s? 3.33 4.0 5.0 6.0
Luminosity £/ 10**cm? s* 1.5 0.4 0.7 0.8
Delivered integrated
|uminosityI 2 dt/ pbarnl (50) 0.06 1.1 6.2 12.3 15
Long. polarizationP, / % 65 70 70

Table 3: Development of the main machine parameters since the first data taking in 199:
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HERA:  electron-proton collider at DESY (1992-2007)

Nie wszystkie "paczki" cząstek zderzały się z wiązką przeciwbieżną 
    => niesłychanie pomocne w ocenie tła wiązki !
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Selekcja przypadkow

W kazdym eksperymencie (a zwtaszcza przy kolajderach) potrzebujemy
jakis narzedzi do selekcji przypadkow.

Kazdy pomiar fizyczny/odkrycie oparte jest na starannie wybranej
probce danych. Wiemy doktadnie jakiego typu przypadki badamy...

Ostateczna selekcja jest wielokrotnie zmieniana, optymalizowana. Aby
nie zabierata zbyt duzo czasu trzeba wczesnie] dokonac wstepne]
selekcji, ktora odrzuci niepotrzebne przypadki.

Mozna sobie wyobrazi¢ eksperyment, ktory zapisuje wszystkie
rejestrowane przypadki | cata selekcja odbywa sie off-line.

Jednak w wiekszosci przypadkow jest to niemozliwe, wstepnej selec;i
trzeba dokonac w trakcie zbierania danych: on-line.



Selectivity: the physics

s Cross sections for various
physics processes vary

Fermilab SSC
CERN i LHC:l

over many orders of -
magnitude .l
o Inelastic: 10° Hz -
0 W— 7 v: 102 Hz - |
0 t?production: 10 Hz %
o Higgs (100 GeV/c?): 0.1 Hz %
5 Higgs (600 GeV/c2): 10-2Hz  '™f
= Selection needed: 1:1010-11
0 Before branching fractions...

Events /s for &= 10% cm2 s~

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC



Dataflow Arguments

 Tevatron: “precision’ raw data ~200 kB/evt (zero
suppressed and compressed)

— L1 input if used that: > 3 Thps

* Need to dlim and factorize for processing
e But sometimes also duplicate....

- To tape (100 Hz): ~20 MB/s
e LHC: ~1 MB/evts

- L1 input if used that: > 300 Thps
- To tape (200 Hz): ~200 MB/s

e S0, trigger 1s not just a physics argument

Gustaaf Brooijmans Triggering at Hadron Colliders August 2006



System wyzwalania



Basics

e Trigger goal.
- “To select interesting events for offline analysis’...
- ... while minimizing deadtime!

* “Interesting” Is arelative concept:

— Depends on physics priorities (need for compromise in
multi-purpose experiments)

- Only Interesting If event passes offline cuts!

- Includes events needed to validate analysis

e Determination of efficiencies
e Control samples
e ... (more later)

Gustaaf Brooijmans Triggering at Hadron Colliders August 2006‘



pp cross section and min. bias

s # of interactions/crossing: c(pp)~70 mb

o Interactions/s: PR R R R Rl R B S Bl
e Lum =103 cm—23—1=107mb—1Hz;é~,o,§_“ | l i
» o(pp) =70 mb =i =
. Interaction Rate, R =7x108 Hz § |

0 Events/beam crossing: O | Wm i |
. At=25ns=25x10"%s o R B N R R g
« Interactions/crossing=17.5 . otfmmew

o Not all p bunches are full
« Approximately 4 out of 5 (only) are full
« Interactions/”active” crossing = 17.5 x 3564/2835 = 23

Operating conditions (summary):
1) A "good" event containing a Higgs decay +
2) ~ 20 extra "bad" (minimum bias) interactions

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 6



pp collisions at 14 TeV at 1034 cms

= 20 min bias
events
overlap

s HZZ

Z —>pp
H— 4 muons:
the cleanest

(“gOIden”) Reconstructed tracks
signature with pt > 25 GeV

And this (not the
H though...)
repeats every
25 ns...

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 7



Trigger/DAQ requirements/challenges

= N (channels) ~ O(107); =20 interactions every 25 ns
0 need huge number of connections
0 need information super-highway

= Calorimeter information should correspond to tracker
info
0 need to synchronize detector elements to (better than) 25 ns
= In some cases: detector signal/time of Flight > 25 ns

0 integrate more than one bunch crossing's worth of information
0 need to identify bunch crossing...

= Can store data at = 102 Hz
0 need to reject most interactions

= It's On-Line (cannot go back and recover events)
0 need to monitor selection

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 13



Triggering

Mandate:
"Look at (almost) all bunch crossings, select most interesting ones, collect all

detector information and store it for off-line analysis"
P.S. For a reasonable amount of CHF

The trigger is a function of :

===
I “| REJECTED
» ACCEPTED

=T}
Physics channels & Parameters

Event data & Apparatus

Since the detector data are not all promptly available and the

function is highly complex, T(...) is evaluated by successive
approximations called :

TRIGGER LEVELS

(possibly with zero dead time)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC
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System wyzwalania

Nie jest mozliwe efektywne odrzucanie tta w jednym kroku

=> wielostopniowy system selekcji



“Traditional” Architecture

information, oO(1l)s/event

Out: 0(100)Hz

. Level 1 Pipelined (often deadtimeless),
g) _ o In: 1/x GHz hardware only, coarse readout,
7 Out: 0(10) kHz ~few us latency
O
i N
2G Level 2 Hardware/Software mix,
o § - L1 out L1 inputs, ~100 us latency
% Q Out: 0(1) kHz ’
=
@)
g8 N
E Level 3
O CPU farm, access to full event
fe) In: L2 out
0]
-
i

Gustaaf Brooijmans Triggering at Hadron Colliders August 2006 ‘



“Traditional” Elements

e Level 1 usesdedicated hardware, separate
sighals, per-subdetector “decision’

- ASICs and FPGAS

e | evel 2 uses dedicated hardware for “data
preparation”, then CPUs for combination and
decision

e | evel 3 usescommercial CPUs
— Difficulty i1s getting all of an event to a specific node,
various approaches

e “Concentrator(s)” -> bottleneck, single point of failure
e “Fully distributed”

Gustaaf Brooijmans Triggering at Hadron Colliders August 2006 ‘



LHC Trigger Levels @

««««««

HCPSS08

107 s Collision rate 10° Hz
J Channel data sampling at 40 MHz

Q Level-1 selected events 10° Hz
® Particle identificatioq '(High P, &, H, jets, missing E.)
* Local pattern recognition
* Energy evaluation on prompt macro-granular information

10%s

f/ Level-2 selected events 10° Hz
L

Clean particle signature (Z, W, ..)

&2 * Finer granularity precise measurement
*» Kinematics. effective mass cuts and event topology
* Track reconstruction and detector matching

103 s

e
} Level-3 events to tape 100- 300 Hz
O Physics process identification

‘/’ » Event reconstruction and analysis
10°s

v !

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 11




Online Selection Flow in pp

= Level-1 trigger: reduce 40 MHz to 10° Hz

o This step is always there

0 Upstream: still need to get to 10% Hz; in 1 or 2 extra steps

Detectors

@ Front end pipelines
@ Readout buffers

- Switching network

@ Processor farms

“Traditional”: 3 physical levels

Detectors

@ Front end pipelines

Readout buffers

Switching network

Processor farms

%

CMS: 2 physical levels

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC
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Three physical entities

= Additional processing in LV-2: reduce network
bandwidth requirements

Rate (H .
Level-1 Detector Frontend ate (Hz) LEVEL-1 Trigger 40 MHz
QED - Hardwired processors (ASIC, FPGA)
— I_,|j|:]|:]:]|:]_[::|[:][';| _\ 1 MASSIVE PARALLEL
— I / Pipelined Logic Systems
Readout 108
Switch Event : . q
w {Manager Builder Network ,
S | 10°) SECOND LEVEL TRIGGERS 100
Farms kHz SPECIALIZED processors
|__'_H:Hj [Computing services ] 104 ] Ea_tg;e_ ?);g?(:tfn»and global logic)
W,Z
L  40MHz P A A A A
@[ o5 2 Z o
" e : N AR
< 10° Hz Higgs A
ms 10 Gb/s ! HIGH LEVEL TRIGGERS 1kHz
‘ Standard processor FARMs =
@ 104 25 ns - ps ms sec —
& 10?2 Hz 10°  10% 10 102 100
Available processing time
P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 17



Two physical entities

Rate (Hz) LEVEL-1 Trigger 40 MHz

Level 1 | Detector Frontend J— QED - Hardwired processors (ASIC, FPGA)
e Readout MASSIVE PARALLEL
] HEFWWWW . Pipelined Logic Systems
v 1 08 | Q
Mg\rqggter <i Builder Networks H Cgrlljt?ol ~()
)\
I—‘—d]i]jd]j:d]i]jm 10°] 4 4——-001-1sec —
Systems
-1
[ Computing Services ]7 104 -l = \é\ \é\ \é\ \é\ \é\
W,z == A [
Top 102
40 MHz i A A
10° Hz 10°] o N NET R YR
Higgs A S8 [
104
1 000 Gb/s HIGH LEVEL TRIGGERS 100 kHz
Standard processor FARMs
10+ 25ns - us ms sec
- T T T T T 1 9
1 02 Hz 10® 10 10+ 102 10° =

Available processing time

- Reduce number of building blocks

- Rely on commercial components (especially processing and
communications)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 18



Trigger/DAQ parameters: summary

No.Levels Level-1 Event Readout Filter Out

Trigger Rate (Hz) Size (Byte) Bandw.(GB/s) MB/s (Event/s)

3 10° 106 10 100 (102)
w2103

2 10° 106 100 100 (102)

3 vo 106 2x10° 4 40 (2x10?)
wva 4 104

Pp-Pp 500 5X1 07 5 1 250 (1 02)
op 103 2x106 200 (10?)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 20



System wyzwalania

Nie jest mozliwe efektywne odrzucanie tta w jednym kroku

=> wielostopniowy system selekcji

Kluczowy jest Poziom-1



Level 1 Trigger Operation @

HCP3S08 ' ; | WISCONSIN

Local level-1 O_:i Global
Primitive e, g, jets, y Trigger

e

H‘_._.__ '

' - 40 MHz Clock
- Level-1 Accept
- Controls

Front-End Digitizer

Trigger
Primitive Generator

Pipeline delay ( = 3 ps)

Accept/Reject LV-1

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 12
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Level-1 trigger

Najwazniejsza | hajtrudniejsza czesc¢ uktadu wyzwalania
* pbardzo mato czasu na podjecie decyzji
* mozliwe tylko najprostsze operacje na danych:
- dodawanie
- mnozenie
- adresowanie pamieci (!)
=> jedyny sposob na wykonanie bardzie] ztozonych operac;i
to policzy¢ wczesnie] wszystkie mozliwosci | zapisac w
LUT

* musimy wprowadzac uproszczenia
* musimy sie pogodzi¢ z duzymi btedami

* najwazniejsza jest efektywnosc



G.G. BAC muon trigger
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ZEUS Trigger Scheme

ZEUS readout conponents
data input rate 10 MHz

5 us pipelines
and local FLT

pipelines

rate accepted by
G obal FLT 1 kHz

Equipm. . .| ¢ pi pelined | ocal SLT
Comp. £ | ocal equi pnent conputers
m
'_
) rate accepted by
d obal SLT 100 Hz
LAN . Event bui |l der
ZEUS - Eventbuilder col l ecting subevents
(BAC(CALY ..... ) formatting
: TLT
LAN TLT farm of Linux workstations
3rd level
Trigger
rate accepted by
TLT ~5 Hz
v v
LAN| DAQ Supervisor | LAN expert supervision
Computer Computer Run Contr ol

Data Quality Monitoring

Mass data transfer to main storage
storage facility (~0.5-1 MByte/sec.)

e 3 Level Trigger: FLT - fifo pipelines, SLT - DPM memory, TLT: software



G.G. BAC muon trigger

BAC Strip Towers I Transverse energy estimate for First Level Trigger (FLT)

. =~

wire (anode)

e Strips are constructed using neighbour pad towers
e In Barrel: Strip towers are perpendicular to wire towers

e In Endcaps: Strips are formed in semi-circles around beam-pipe

Energy in each strip tower scaled on hardware level by sin(angle)
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G.G. BAC muon trigger

11

BAC as a muon detector I

o N »
o O o

Number of tracks
@
o

Number of tracks
@ o o N
o o o o

N
o

CTD+BAC matching

++ PAD readout
P P P Mt ik ee0. .0 0 P
0 20 40 60 80 100 120 140

DCA (cm)

HIT readout

0 20 40 60 80 100 120 140
DCA (cm)

Number of events

10%¢

2 3 4 5 6 7 8 9 10 " 12

Dimuon invariant mass (GeV)

e Position (HIT) readout fully installed in 1997/98
e Di-muon analysis: J/1, 1" and Bethe-Heitler




G.G. BAC muon trigger 18

BAC Muon Trigger Algorithm: Basic Idea I Kluczowe odrdznienie mionu od WprnyéW

. muon / hadron o
e fast pattern recognition
EEEEEE EEEEEEEEE NN CIT T T B BN T T T T T[] . .
EEENNEN SESNENNESEEEEEEE ENEEE 5 ES 5 SENEEEEEE In wire towers
(I T WM T TIITTTITITT] NEES B3 5 B SSSEEEES
EEESNENS SENESENENSEEEES (T S W T W [T [ [[[[[1] e counting
0 I
ENENENENEN EESNNSEEEEEEE I T I I T T I ITITTITT1TT] Zchambefrsanleaye’rs
EEENEENEENE SENESEEEEEEN EEENEEEE SN SRR
(LTI I [ T TTIT T[] EEENEEEE SN SRR OLTI\/Imemorytoclassifyevents
(T T T T T IITT] I
{ , . — .
] , g e flexible fillings possible
layers ; ;
M -x Emaw — 3| for each tower
ayers P2 X | s b2 —LTM [ W
S X Swinw — £ b3 ©
¥ Twins B - Dla kazdej wiezy:
2 chambers > b|tX'm|On

< chambers |

bit Y - wyptyw hadronowy

Tower Level Area Level | Detector Level

e BAC muon trigger logic on Tower, Area and Detector Level

e For “good” /quite towers: (Nigyers >= 3, Nehambers >= 3)



The Fast Track Trigger (FTT) of H1

 FTT is based on selected CJCi_
wires of central jet chamber |

e 4 groups of
3 wire layer each

 Each group provides a
vertex constrained track
segment, characterized by
K and ¢

K

Ty
1/

| « Linking segments to track in x—¢ plane
4 by searching clusters

* Fit track parameters =>

- Search for particle resonances
0) - Provide trigger decision for L1/L2/L3

C. Kiesling, TIPP 2009, Tsukuba, Japan, March 13, 2009 7



Principle of the Jet Trigger

A calorimeter trigger implementing a real-time jet cluster algorithm
within 800 ns (L1 latency 2.3 us)

Why?
Avoid summing noise: trigger on low energy electrons and jets
P r © L here: 2 ,,jetS“ electron
s ° n found
o @ e v 4
e -z :: L - St
Jet variables extracted:

Energy, topology (O, o)

Major achievement -
Reduce trigger thresholds from 5 GeV to 1 GeV jet

C. Kiesling, TIPP 2009, Tsukuba, Japan, March 13, 2009




Parallel Cluster Algorithm (Jet Finder)

* Find local energy maxima:
each tower compares its
energy with all its neighbors
(“jet centers”)

* For each jet center:
sum immediate neighbors
(“jet energy”)

Hardware:
BFU - Bump Finder Unit:

e 2 boards

e 32 Altera FPGAs x 500k gates
 Input 440 towers, output 116 jets
e Output rate 1.2 GB/s

e Latency 100 ns

C. Kiesling, TIPP 2009, Tsukuba, Japan, March 13, 2009
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Jet Finder Algorithm within 800 ns

BTS ACS ; BFU PSU SSuU TEG » CTL

‘

o]
an ‘

2 TE Jets size:

1 R ~0.7

’ 0 1 2 3 4 5 G T 8 9 10 11 12 13 14 15 16 17

)
Y,

- Adc Calculation Storage:

- Bump Finder Unit:

- Primary Sorting Unit:

- Secondary Sorting Unit:

ﬁ

digitize and sum towers - cut coherent noise
cluster algorithm (find jets) within 100ns!
sort 16 ,jets” in decreasing energy

leading jets are physics, ,lower” jets are noise

- Trigger Element Generator: apply topological conditions on individual

C. Kiesling, TIPP 2009, Tsukuba, Japan, March 13, 2009

jets, using energy and location in © and ¢

10



Hardware Example: LICTT (DO)

e Scintillating fiber tracker, read out using VLPCs

§I|=|:| ||=‘|I__.-"

- VPLC sighals split, “trigger path” goes to
discriminators

— Compare hit pattern with pre-programmed track
patterns for different p' ranges

Gustaaf Brooijmans Triggering at Hadron Colliders August 2006‘



Central Track Trigger (CTT)

VAVAVAVAVANAVAVA

Hardware trigger at level 1 (L1) running at 7.6MHz
(132ns/decision)

Uses hit patterns from CFT axial layers to find
tracks in azimuthal plane with 4 different p_

thresholds: 1.5, 3, 5, 10 GeV

All probable CFT hit patterns consistent with tracks
(track equations) are stored in FPGAs

- Fortriggering purposes the azimuthal plane is

segmented into 80 4.5°wide trigger sectors

Provides additional information on isolation and &
pre-shower match

Provides outputs to multiple downstream trigger
components:

~ L1 Muon
— L1 CalTrack

~ L2 silicon track trigger



CTT Performance Turn On Curves

doublet

smglets

10 12 14

Track pT {(GeV)

pT}IJ(kV!

L S
-

pr>3GeV

2 6 8 10 12 14 16 18 20

Track p (GeV)

}unb-lfl(}elf!

Track pr (GeV)

* Comparing CTT tracks with reconstructed tracks

* Sharper turn-ons with singlets




Trigger/DAQ systems: present & future

High Level-1 Trigger

ives
/tes)

(1 MHz)
LHCb | High No. Channels
High Bandwidth
_ ( 1000 |Gbit/s)
1 KTev |
0 g ‘ ATLSAS
N ; HERA-B
Py | ’
T KLOE CDF |
o 104 | 4 DOl
o '\ BaBar High Data Arch
>
e DF, DO . (PetaBy
10° H1
ZEUS | ALICE
10° UA1 ‘_.Nﬁ49 | |
10 10° 10° 10
e
Event Size (byte)

P. Sphicas/Acad Training 2003

Trigger/DAQ challenges at the LHC
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Beam crossings: LEP, Tevatron & LHC

= LHC will have ~3600 bunches
o And same length as LEP (27 km)
0 Distance between bunches: 27km/3600=7.5m
0 Distance between bunches in time: 7.5m/c=25ns

LEP: e*e- Crossing rate 3£ kHz
U

I I

22us
T - \I Tevatron Run |
I I

3.5us

- un |l

LHC: pp Crossing rate 40 MHz

I 0 ft«<»I T 1T @©T @O0 T T T T 1
25ns

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 10



Kluczowy Poziom-1

W LHC bedzie duzo trudniej niz we wczesniejszych eksperymentach:
- mniej czasu ha podjecie decyzji
nie wszystkie detektory mogg byc¢ uzyte
- duze tto naktadajgcych sie przypadkow
nie mozemy wyzwala¢ na globalne parametry przypadku
- duze tto QCD
trzeba wykorzystywac zadkie sygnatury



pulse shape

Pile-up

= ‘In-time” pile-up: particles from the same crossing but

from a different pp interaction e ———
= Long detector o+ CMS ECAL
response/pulse shapes: T
1 “Out-of-time” pile-up: left-over t
signals from interactions in T
previous crossings e
0 Need “bunch-crossing
identification”
N super— 71 N In+Out-of-time
: % pulses
]Z % In-Ttime F /N
pulse - }\X
meose |l 11
N N

t (25ns units) t (25ns units)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 11



Challenges: Time of Flight VY

HCP4S08 R | WISCONSIN

TMADISON

c=30cm/ns - in25ns,s= 7.5m

Muon Detectors Electromagnetic Calorimeters
Y \

Forward Calorimeters

End Cap Toroid

-

o Inner Detector . ‘ ieldi
Dhivet:torola Hadronic Calorimeters g,

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 10



Signaling and pipelining (ll)

Level-1 Accept/Reject

Synchronization delay
Level-1 signal distribution

Global Trigger Processor
Regional Trigger Processors

Trigger Primitive Generation

Synchronization delay

Data transportation to Control Room

Detector FrontEnd Digitizer
Particle Time of Fligth

[

TIM

V' N

\

T

[

—

Light cone

Control

Experiment

P. Sphicas/Acad Training 2003

Trigger/DAQ challenges at the LHC 30
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Level-1 Trigger: decision loop

s Synchronous
40 MRz dlgltal _ Local level-1 trigger
system Global Trigger 1 prinitive e, v, jets,

()

o Typical: 160 MHz HE D
internal pipeline m Tatengy
0o Latencies: H loop
« Readout + 0 P
processing: < i |
lus ===zl
. Signal X
collection & Front-End Digitizer Trigger
distribution: = Pipeline delay| Primitive
2us (=3 ps) ; Generator
= At Lvl-1: process ’+

_ Accept/Reject LV-1
only calo+u info

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 28



Level-1 trigger algorithms

= Physics facts:
0 pp collisions produce mainly hadrons with P~1 GeV

0 Interesting physics (old and new) has particles (leptons and
hadrons) with large transverse momenta:

« W—oev: M(W)=80 GeV/c?; P+(e) ~ 30-40 GeV
« H(120 GeV)—yy: P+(y) ~ 50-60 GeV
= Basic requirements:
o Impose high thresholds on particles

« Implies distinguishing particle types; possible for electrons,
muons and “jets”; beyond that, need complex algorithms

o Typical thresholds:
« Single muon with P>20 GeV (rate ~ 10 kHz)
— Dimuons with P>6 (rate ~ 1 kHz)
« Single e/y with P>30 GeV (rate ~ 10-20 kHz)
— Dielectrons with Pr>20 GeV (rate ~ 5 kHz)
 Single jet with Pr>300 GeV (rate ~ 0.2-0.4 kHz)

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 25



TH ATLAS & CMS W,
CPISOR. Trigger Data Wisconsin

MUON System

Segment and track finding

Use prompt data (calorimetry
and muons) to identify:

High p, electron, muon, jets,
missing E.

CALORIMETERS

Cluster finding and energy ;
deposition evaluation 4

New data every 25 ns
Decision latency ~ us

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 32



™  ATLAS & CMS Level 1: O
et Only Calorimeter & Muon viscorsi

High Occupancy in high granularity tracking detectors

Pattern recognition much Compare to tracker info
faster/easier S b
- “rim o 42
Complex <

Algorithms
Simple Algorithms Huge
Small amounts of data amounts of
data

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 33



O
=
n

HCP3S08
00000 D O
ORNRST —OWO AN O
OCON O M AN O
QQOwm N W N ©
OO0 C O O O
T T T T T T TR T
O~~~ —! I —
2.900 m 1;2,8"'4/8,677,8
[HB/
1.811m =
| EB/
1290 m - [ o A o A sl st
~ Tracker
AR EE="""
Scale 4
0 o5 10
(meters)

EB, EE, HB, HE map
to 18 RCT crates

Provide efy and jet,
T, E; triggers

C

=0.6950
- n=0.7830

oMl

o O o o O o o
[ g — n A
N~ W M r o (o)}
Q0 9Q ¥ W N 9
o O L o - o ~—
Il 1l Il Il Il Il
= = = = = = =
11 712 13 14 15 16 17

2.935m
3.900 m
4.332m
5.680 m

2 HF calorimeters map on to 18 RCT crates

Readout segmentation: 36¢ x 12n x 2z x 2F/B
Trgger Tower segmentation: 18 x 4n x 2F/B

1 trigger tower (.087n x .087¢) =5 x 5 ECAL xtals =1 HCAL tower

alorimeter Geometry

0

THE UNIVERSITY

WISCONSIN

ooooooo

Trigger towers:

" &% An =A¢p =0.087

.(\/
18

; n=1.5660

n=1.6530
20 11=1.7400
21 1=1.8300
2 1=1.9300
23 1=2.0430
24 n=2.1720
25 1=2.3220
26 11=2.5000
2’ 1=2.6500

*® 1)=3.0000

Wesley Smith, U. Wisconsin, August 12-13, 2008
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e: h:

Projective geometry is important

« ZEUS: Used complicated cable mapping and pattern
searches to reduce fake rate

« ATLAS, CMS: Calorimeters are built projective
 Mapping with muon system: Important for isolation

IEEE NSS & MIC, Norfolk, Virginia, November 2002 16



THE UNIVERSITY

oooooo

Map non-projective x-y trigger crystal geometry

onto projective trigger towers:

Individual
crystal

5x 5 ECAL
xtals = 1

HCAL tower
in detalil T

- — . -

Wesley Smith, U. Wisconsin, August 12-13, 2008 e HPSS08: Trigger & DAQ - 43



wiCalorimeter Trigger Processing O

THE UNIVERSITY

HCP3S08 WISCbN_SiN
TCS .
o L1 Level 1 Trigger
‘f;c?*@e @100 (L1A)
kHz
Regional
CaloTRIGGER

P ' Global TRIGGER
<«—— Trigger Tower Flags
(TITF) Trigger Concentrator Card
i Synchronisation & Link Board
' Clock & Control System
Selective Readout ,
Flags (SRF) Selective Readout Processor

/_,/ . % Data Concentrator Card

: \/\/\ © bAQ

I Trigger Control System

e o e mem mmm From : R. Alemany LIP

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSS08: Trigger & DAQ - 44



Lvil-1 Calo Trigger: ely algorithm (CMS)

Hadron Electromagnetic

Hit

E( 2

) [ Ex(

Trigger Tower = 5x5 EM towers

72¢px 54n x 2
= 7776 towers

0.0145n
0.0145n

0.087¢

) + max E(d) > E;mir

I

) < HoEmax ' |solated
“e/y”

At least 1 Ex(te-

i

fEs

#) < Eisomax

Fine-grain: =1

) >R ETmin

P. Sphicas/Acad Training 2003
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CMS 7/ Jet Algorithm 0

WISCONSIN

nnnnnnn

HCP3S08

Trigger
Tower

Input from E/HCAL.:

Programmable 8-bit L]
T H

non-linear scale

Converted to linear scale
and summed to obtain ~ r L ‘ 1
10-bit range jet/t E,

[ | HCAL
PbWO4 ECAL Tower is active if EM E_> 2 GeV
Crystal - > or HD E_> 4 GeV
< An,Ad = 0.348 t-veto set if none of the above
An,A¢ =1.04 activity patterns seen within 4x4

JetortE,
*12x12 trigger tower E_sums in 4x4 region steps with central region > others

* Larger trigger towers in HF but ~ same jet region size, 1.5 x 1.0 ¢
t algorithm (isolated narrow energy deposits), within -2.5 <1 <2.5
* Redefine jet as T jet if none of the nine 4x4 region t-veto bits are on

Output
*Top 4 t-jets and top 4 jets in central rapidity, and top 4 jets in forward rapidity

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSS08: Trigger & DAQ - 47



Missing / Total E; Algorithim

o 18 18
O s sumoveralln T LW o e
R
R
For sums E; scale
S SB (quantization)
0 TlGeVisused
¢ - A¢ = 20° used
D cread of HCAL
L towersizenAg =5
I
2 - 2
o 0w = —5 o
20° ETl Exl y
Qo v E 1
-5 0 5 =_ y
IEEE NSS & MIC, Norfolk, Virginia, Novemnr 2002 ! IVI I:T



HCP3S08

Total scalar E; integrates too
much noise and is not easily
calibrated

e At L1 tower-by-tower E;
calibration is not
available

However, jet calibration is
available as function of
(Er.m, ¢)

Therefore, Hy which is the sum
of scalar E; of all high E;
objects in the event is more

useful for heavy particle
discovery/study

o SUSY sparticles
« Top

H: Trigger @

WISCONSIN

oooooo

H trigger rate

Rate (kHz)

QcD

CMSIM 120 ORCA 4
(With minimum bias)
L=2x10%cm?s”

® H. - calibrated
B Total E; - Uncalibrated

A H,-uncalibrated
¥ Total E; - Calibrated

"800 1000 1200
Trigger E; Cutoff (GeV)

400 600

Wesley Smith, U. Wisconsin, August 12-13, 2008
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ATLAS Calorimeter Algorithims |

Electron/photon trigger

4 x 4 window

0.1 x 0.1 elements
step by 1 element
|Etal<2.5

Rol-cluster
|— Et -measure-cluster

trigger-element, em. and had. separate

Isolation:

d

Hadron/tau trigger

4 x 4 window

0.1 x 0.1 elements
step by 1 element
IEtal<2.5

Rol-cluster
Ei—measure cluster
trigger-element, em. and had. summed

trigger-element, em. and had. separate

Isolation:

IEEE NSS & MIC, Norfolk, Virginia, November 2002
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ATLAS Calorimeter Algorithims Il

Jet trigger Et-miss / sum-Et
programmable trigger
4x4o0r3x3or
2 X 2 window
0.2 x 0.2 jet-elements
step by 1 jet-element
|Etal < 3.2

sum of Et

sum of Ex and Ey

IEtal < 4.9
Rol-cluster Jet-element, em. + had. summed

IEEE NSS & MIC, Norfolk, Virginia, November 2002 63



Jets

s Jets: very useful (compositeness, extra dimensions,
SUSY decays) but also very abundant
0 Background to jets is jets; and QCD makes lots of them
0 Main issue is instrumental: don’t split jets, don’t overcount

« Overlapping windows: efficient, but need additional

“declustering” logic to remove multiple counts
Non-Overlapping Qverlapping

o o

Rate (Hz)

4 — Step=0.4, Rol cluster=0.8
-~ Step=0.4, Rol cluster=0.4
.. Step=0.2, Rol cluster=0.4

10

2 mid-E; objects 1 high-E; object o
ATLAS: use ROI clusters, -
defined as maximum R —
found in sliding window by R
half the jet window width 0 02 04 06 08
Efficiency %

P. Sphicas/Acad Training 2003 Trigger/DAQ challenges at the LHC 39



Level-1 Trigger Rates: @

H'Cpggog' Trigger cuts determine the physics reach  wisconsiv

g
N ™\ - oco
5 o4 . Qco <=, CMSIM 116 OACA 420
Py o2 CMSIM 116 ORCA 420 % (Wiith minimum bias)
= ' (W minimumn bias) o L=10"em
cc LR | . 2
A .. L=10"em"s’ v -Tau Tagged Jet
val o B No Cut A 2-Tau Tagged Jet
10 ' % A Non-Isolated 10 ® 1-Jet (Inl<5)
"4 v ' \ B 2-Jet (Inl<5)
L -. Y
s s, ely trigger A jet trigger
Y A - | ‘.
A a
B
 J ‘A . 1
A A
v A
-
1 1 A
-
| |
10 10 ~
0 10 20 30 40 S50 6 70 80 90 100 0 50 100 150 200 250 300
Trigger E, Cutoff (GeV) Calibrated Trigger E, Cutoff (GeV)

Efficiency for H—=yy and H—4 leptons = >90% (in fiducial volume of detector)
Efficiency for WH and ttH production with W—lv = ~85%

Efficiency for ggH with H—=tt (t—1/3 prong hadronic) = ~75%

Efficiency for gqH with H—invisible or H—=bb = ~40-50%

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 49



Pr, M, ¢ information on™

HCP3S08

E; values (0.2x0.2) E- values (0.1x0.1 .
EIT\/I 2 HAD( x0.2) EK/I 2 HAD( x0.1) up to 2 u candidates/sector
(208 ,sectors in total)
~7¥X{)O calorimeter tr%ger towers O(1M) R%C/‘%C channels
Calorimeter trigger  / | \ Muon
Pre-Proceskor Muon Barr7/l Mu@n End-cap
(analogue /> E;) Triggerl {igger
y ’ ;
Jet / Energy Cluster Processor Muon-CTP Interface
-sum Processor (ely, ©/h) (MUCTPI)

/ Multiplicities of u

e Central Trigger
Multiplicities of ely, t/h, Processor for 6 p; thresholds
jet for 8 p; thresholds (CTP)
each; flags for XEr, ZE+ | Timing, Trigger, | LVL1 Accept, clock,
l, Ef™s over thresholds; Control (TTC) trigger-type to Front End

multiplicity of fwd jets systems, RODs, etc

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 37




5/25

4 technologies of muon system

Function Coverage No. of No. of
chambers | channels
TGC Triggering 1.05<|n|<2.7 3588 318000
Thin Gap Chamber 2nd coordinate (<2.4 for triggering)
RPC Triggering In|<1.05 606 373000
Resistive Plate Chamber 2nd coordinate
MDT Precision tracking In|<2.7 (innermost 1150 354000
Monitored Drift Tube (M) layer : [n|< 2.0)
CSC Precision tracking 2.0<|n|<2.7 32 31000
Cathode Strip Chamber (m and ¢)




6/25

TGC (Thm Gap Chamber)

Pick-up strip

1526

Graphite laye
cathode strip Gas mixture
CO,/n-pentane
" (55/45)
1250
- | ~ High Voltage
e e

2D readout
- Anode wire readout in n direction
- Cathode strip readout in <|> dlrectlon

wire support

button support

Fast response : <25 ns

High efficiency : >98%
Radiation hard : ~0.6 C/cm
High rate capability : >1kHz/cm?




7125

ATLAS (A Toroidal LHC Apparatus) MUON System

Toroidal magnets bend
MDT particles in n direction

"\
-
-
m
(*]
r

[ @3]

L= m[w} s ] o

—
——
e
et
—
—r
—y

L= Loy

1
L —%

=

l | %)
AR TR

TGC:2+3+2+2=09layers
Triggering
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Levell Endcap Muon Trlgger System

TGCE -

s ) TGC 3
p
straight line toward il-’/ on track RPC3 ow \pT high p,
‘ R RPC 2 TGC 1

[]I}m TG C3 ’/_F'Wot Plain = — = g g
] ] I | wire RPC 1 ! T
Dr. | o TGCEI low p
[ 7 WDt | | ___'A_
MUCTPh Vo /_/
liah-P //rﬁe?{im’m TGCFI
o ) T nighp
A L 01V
H\ e 0 5 10 15m
[ r-phi coin.

S
SL

Step 3
r-¢ coincidence
SL (Sector Logic)

Determine pT by sagitta ér and 3¢
Adjustable 6 p; threshold levels :

¥ )-out-of-3

Interactoin TGC1 :4‘ /

Point strip.
| I Out -0f-2

5LB e.d. pt=6, 8, 10, 15, 20, 40 GeV/c
Step 1 Step 2
1 or 2-station coincidence 3-station coincidence | Expected rate at 1034 cm2s-t
for low p; muons for high pr muons | 6 GeV/c threshold : 87 kHz
SLB (SLave Board) ~ HPT (High PT board) | 50 Gev/c threshold : 8.2 kHz




10/25 | window I

Levell Endcap =
100
straight line toward dil-’y B e -
Toen TGC3 | — %
T Ly " n:
7, TGC2 ; w o 3-0Ut-0 _5:_8r
lf'l’\‘ strip -mf_
[ .15_..|...|..6.(|)|...|...|...|...|..
, -5 -4 -2 0 2 4 6

— =] fi ‘
O II = 3 3-0Ut-Of
Y — SLBA - r-¢ coincidence
$2-0ut-of-3 SL (Sector Logic)

Interactoin i TGCl 4‘
Point strip.

I 1-out-of-2

NL |
SIB
Step 1 Step 2
1 or 2-station coincidence 3-station coincidence
for low p; muons for high p; muons

SLB (SLave Board) HPT (High PT board)

Step 3

Determine pT by sagitta 6r and 3¢
Adjustable 6 p; threshold levels :
e.d. pt=6, 8, 10, 15, 20, 40 GeV/c

Expected rate at 1034 cm-2s-1
6 GeV/c threshold : 87 kHz
20 GeV/c threshold : 8.2 kHz




Collision Event at 7 TeV with Muon Candidate

2018-83-30, 172:59 CEST
Run 152166, Event 322215

http:/fatlas.web.cern.ch/Atlas/public/EVTDISPLAY fevents.html



CMS Muon Chambers @

WISCONSIN

ooooooo

HCP3S08

800 — Single Layer
) eta=0.8 %{PC 1,04 _.,,.1.2

" Reduced RE

system
In| <1.6

MB4 7

MB3 600

MB2 52
*RP
MB1 400

1.6

/

*Double =
Layeryg, L
200 .

oo T Lo W " ME2 ME — ME4/1

0 ,,:::’.'-:‘.'-'..‘-'.'.'.' ......... CSC
| I | I | |
0 200 400 600 800 1000 1200
Z (cm)
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Muon Trigger Overview @

HCP3S08

wisconsin
In| < 1.2 o7 0.8 <|n| csC In| <24 RPC In| < 2.1
L0 hits hits hits [n| < 1.6 in 2007
5 *. *_ ¥l |
. local trigger local trigger
- e ' o t PAttern
q>) rac 6segn})en S rac 8s,egrr(lsen S Comparator
= (O, 00, N, ON) (0, 00, N, ON) Trigger
O * N * <4 barrel +
9 ) <4 endcap
®) regional trigger regional trigger muon candidates
(g Barrel Track Finder Endcap Track Finder (Pt, M, ¢, quality)
.. | <4 muon candidates <4 muon candidates
- (P, M. ¢, quality) (Pt M. ¢, quality)
O
& Y i l
@)
= Global Muon Trigger
% <4 muons
S (P, . ¢, quality)

Y

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 51




HCP3S08

RPC pattern recognition
- Pattern catalog
- Fast logic

Memory to store patterns
Fast logic for matching

FPGAS are ideal

DT and CSC track finding:
- Finds hit/segments
- Combines vectors

- Formats a track e
- Assigns p, value “ |

<2l

=4 CMS Muon Trigger Primitives W

WISCONSIN

2T
(®

Pty

MS1 MS2 MS3 MS4

1 1 1 1 11
1 1 1 1 1 1 11
I 1 1 1 1 1 11

11 1

mucn station 4
muon staticn 3
muon muon staton 2

staton 1
Irack
\ segment |
\ 2 x extrapclation j '
~ N /
o~ S Ly
threshaoid

Wesley Smith, U. Wisconsin, August 12-13, 2008
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2 000 chambers of different shapes Synchronous system, working @ 40 MHz

165 000 strips — 1 bit electronic channels Most boards programmable
~15 types of electronic boards Most boards controlled by computers
~2 000 pieces of electronic boards Kilometers of cables (electrical and optical)

Seminarium FWE, 17 pazdziernika 2008 -24/50- Marcin Konecki, UW



1640 Link Boards
in 136 Boxes,
Steered by Control Boards

FEB
FEB
FEB

FEB
FEB

Control &
diagnostic

Optic Links
90 m @ 1.6 GHz|

1732 fibers |

AN ERNEIRERDE]

Resistive Plate Chambers
Up to 6 layers of detectors.

Seminarium FWE, 17

Counting room

SY
NC PAC o
H.
&
< ey To the Global
I\I;[II)J ?:rr Muon Trigger
x | |PAC
Data
RMB Concentrator
Card
m 8 Trigger Boards To DAQ
il e gger Crates
Gl
—

Marcin Konecki, UW

I




PAC Tryger — zas

Mion przechodzac przez komory RPC znajdujace si¢ w stacjach
mionowych powoduje zapalenie paskow (stripdw) komory.

VA

VA

PACT - znajduje koincydencje zapalonych paskéw w roznych
ptaszczyznach. Uktad przestrzenny zapalen pordwnywany jest ze
wzorcem umozliwiajac okreslenie pedu mionu.

Pozadane cechy trygera:

QI QI QI QI Q

Czystos¢: LIV LfJLf]Lf|L

. , , . oq- THITI|T T|| T
np. wymaganie zapalen paskéw we wszystkich mozliwych vl vl vl vl| v
plaszczyznach A 4
Maksymalna efektywno$¢ Niskoenergetyczny
akceptacja przypadkoéw z brakiem zapalonych paskow; MION (6 / 6),
niskoenergetyczne ,,nietypowe” miony czgsto rozpoznawane jako malo prawdopodobny ze wzgledu na
Wysokoenergetyczne. rozpraszanie wielokrotne

Opracowano rozne algorytmy dla trygera PAC (baseline, memory improved) ~ Wysokoenergetyczny
oraz roézne wzorce. Ich uzycie uwarunkowane wymaganiami MION (5 /6)
doswiadczalnymi 1 parametrami komor.

Seminarium FWE, 17 pazdziernika 2008 -26/50- Marcin Konecki, UW
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HCP3S08

Input:
-Jets: 4 Central, 4 Forward, 4 Tau-tagged, & Multiplicities
*Electrons: 4 Isolated, 4 Non-isolated
*4 Muons (from 8 RPC, 4 DT & 4 CSC w/P, & quality)

* All above include location in m and ¢
*Missing E_ & Total E.
Output

L1 Accept from combinations & proximity of above

MMMMMMM

TTC \ Detector
system Front-Ends

Trigger
Control
System

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 56



=« Global L1 Trigger. Algorithms @

HCPIS08 WISCONSIN
i & (1) R s ™
El)> l__-_r(”lhlcshuld 8, " [0
Ep2)> Eq{2 ythreshold 8is.
> i 0° < ¢(1) < 360° \
0° < §(2) < 360° X a3 -
170° < (1) - H(2)] < 190° R4 ,‘
2. (2)
N J ’ r
Eymissing E.';mssng
Eple;; ) > Eyfe;, threshold Epmissing 5 threshold ) 5 prgythreshold
Particle Canditions Particle Condition for Particle Conditions
-~ ~ for isolated electrons | | missing Et for muons
ut(1) pr(l)>pp(l )lhrcshold 4
V]‘(zl > p,r(z)lhrcshold \
3 0" < ¢(1) < 360°
00 < ¢(2) < 360°
170% < 1d(1) - 9(2)l < 190°
ISO(1) = 1,1SO(2) = 1
_ MIP(1)= 1. MIP(2) = |
w2 SGN (1) = 1, SGN(2) = -1
- v
. J

Flexible algorithms implemented in FPGAs
100s of possible algorithms can be reprogrammed

Wesley Smith, U. Wisconsin, August 12-13, 2008 HPSSO08: Trigger & DAQ - 57




HCP3S08

(DAQ TDR: L=2 x 1033)

Example Level-1 Trigger Table @

WISCONSIN
Trigger Threshold Rate (kHz) Cumulative
(GeV or GeV/c) Rate (kHz)
Isolated ely 29 3.3 3.3
Di-ely 17 1.3 4.3
Isolated muon 14 2.7 7.0
Di-muon 3 0.9 7.9
Single tau-jet 86 2.2 10.1
Di-tau-jet 59 1.0 10.9
1-jet, 3-jet, 4-jet 177, 86, 70 3.0 12.5
Jet*E miss 88746 2.3 14.3
Electron®jet 21*45 0.8 15.1
Min-bias 0.9 5.0
TOTAL @’

x 3 safety factor = 50 kHz (expected start-up DAQ bandwidth)
Only muon trigger has low enough threshold for B-physics (aka B,—pu)

Wesley Smith, U. Wisconsin, August 12-13, 2008
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CMS Calorimeter Physics Efficieney: 2 x 1

Scenario:
5 kHz ely,
5 kHz t,jets,
1 kHz comb,

rest u

No generator
level cuts other
than requiring
trigger objects
within calo.
(n<b5) or
tracker (e,y,t)
acceptance

033 e

—

I

Channel Total Trigger Efficiencies by trigger type
Efficiency (individual) cumulative
W—ev 70 e
(70) 70
t—>eX 91 e et T 1l e]
(82) 82 (62) 86 (55) 89 (24) 90 (54) 91
Z—ee 94 e ee
(93) 93 (76) 94
H(115)—>yy 99 e ee
(99) 99 (82) 99
H(150) ->WW 87 e et T e j
—evX (78) 78 (43) 81 (34) 83 (39) 85 (28) 87
H(135)—>tt—¢€j 84 e et e T j
(70) 70 (46) 79 (46) 82 (38) 84 (34) 84
Charged higgs 98 T J J-mE;
(200 GeV) (85) 85 (77) 96 (60) 98
H(200)—>tt—jj 81 T T J 1]
(75) 75 (50) 79 (24) 81 (9) 81
H(500)—>1tt—j 99 T TT J ]
(94) 94 (64) 94 (94) 99 (73) 99
t—jets 53 Hy il jij il i
(39) 39 (26) 43 (26) 46 (21) 47 (35) 53
MSUGRA 99 j
(99) 99
H(120) — bb 41 i i T i
(12) 12 (27) 30 (26) 41 (16) 41
Invisible higgs 44 J-mE+ J T
(120 GeV) (39) 39 (22) 41 (13) 44

IEEE NSS & MIC, Norfolk, Virginia, November 2002
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Trigger Flow : ATLAS Example

Central Trigger

Calorimeter Calorimeter Trigger Processor (CTP)
- :-.‘: .:: :::u 7200 Electron/photon  Jet trigger :‘;ultiplil:: ity Overall level1
: : electr. signals - trigger decison
- tri towers |Etal<2.5 thresholds
o g . [Etal<3.2 | passed

Processing combinat. logic

Eta x Phi
0.1 =01 Ly
. m Hadron/tau Et-miss sum-Et - __D_
am. & had.
. IEtal<2.5 .IElH-ﬂ-.B Rol data - 128 input bits

to LVL-2 = mazk & veto
{} Readout ) - prescaling
p-Chambers Muon Trigger ﬁf’;:;f: onandest g
— -
“T;::m;ﬂa C. Eront-End - 1200 S;E;Lrnl;g:: Eultlnpllncltgr Tﬂ;?t g
Thin-gap €.
1.05<IEtal<2.4

Coincid optical links thresholds
“H“-l PaEE-Ed +
=1 Trigger
- ASD processing ) bi ype
- Eta & Phi independent e

- - low Pt trigger (~6 GeV) Eta & Phi Rol data
- high Pt trigger (~20GeaV) to LVL-2

{} Readout '{h JLr Readout 4& Readout
il

800,000 signals

IEEE NSS & MIC, Norfolk, Virginia, November 2002 61



ATLAS Trigger

Trigger
"Inputs” N
‘Threshold * multiplcity) level-1 nal
accept sig
63 Electron/photon Tiggar
type info (8 bit) via
- TTC
83 Hadron/tau ﬁg':l;';m“r system
{-B W 3] JH t“w“ -__ EVID number
{24 bits)
Et-miss/sum-Et o
(B to LVL-2
Muan (selection infa)
(6" 3)
_____________________ ROD busy
Calibration / test
oo '
119 bits - Latency = Dead time handling
(128 foreseen) <4 BC (100ns) peak: 0-16 dead BC following trigger (4 are normal)

average: 1-32 triggers in 0-1.7 ms (8 in 80 us are normal)
-1 printed circuit board

IEEE NSS & MIC, Norfolk, Virginia, November 2002 67



Evolution of Level-1 Triggers
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Technology evolution
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