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Prologue

“Introducing the Subject”



Detecting & Recording Particle Reactions

Bubble-Chamber Event 4.
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Detecting & Recording Particle Reactions
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Gargamelle — Selecting Events

L
[https://videos.cern.ch/record/1069969]
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Gargamelle — Selecting Events

L
[https://videos.cern.ch/record/1069969]



https://videos.cern.ch/record/1069969

What Is the

Problem??

Cannot (and do not want to)
register all events

“Known physics” occurs more
often than new physics

New physics buried under
tons of known stuft




Trigger & DAQ in a Nutshell

DAQ responsible for collecting data
from detector systems, digital
conversion and recording

{0 mass storage.

Trigger responsible for real-time selection
of the subset of data to be recorded.

The combined system of Trigger/DAQ
s often referred to as TDAQ.

Often interwoven ...

Detector
[Front-End]

Offline

Computing




Detecting Coincidences
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Detecting Coincidences
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ATLAS Multijet Signature

ATLAS . ..

Event: 474587238
E X P E R I M E N T 2015-10-21 06:26:57 CEST
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Part 1

DAQ Challenges of

oday”



o (proton - proton)

| HC Cross Sections and

Fermilab SSC
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109 Events/sec

[1 Mbyte/Event]

Efficient
rate reduction needed

[Storage rate: 100 HZ]

10 BEvents/min

[my, ~ 100 GeV]

with  0.2% H — vy
1.5% H—-ZZ

Trigger !



Events & Data rate @ the Large Hadron Collider

Detector

Proton beam

“%+  Proton bunches
[number: 2808]

Proton collisions
[109 per second]

Collisionrate: 40 MHz
Parton-parton Event Size : 1.5 MByte
N nteractions Data Volume : 60 TByte/s

N\ New physics? 10
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Overview on Operating Conditions

Level-1 Rate [HZ]

LHCb

HERA-B

ATLAS
CMS

Trigger Concepts:

ALICE: full read-out @ 50 kHz
w/ continuous-readout of TPC ...

ATLAS, CMS: high granularity,
topological info, tracking @ L1/HLT, ...

L HCb: run trigger-free, full event
reconstruction @ 40 MHz ...

ILC: run trigger-free, s/w trigger,
read-out of full bunch trains ...

ll] T L) L IIIITI

Event Size [Byte]
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LHC

Delivered Luminosity [fb™]

Run-2

Performance
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[recorded]
2011; 5.1 fb
2012: 21.3 fb-1
2015: 3.9 b
2016: 35.6 b
2017: 46.9 fbo-1
2013: 60.6 fb-
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L HC Run-2 Performance

Peak Luminosity per Fill [10%® cm2 s7]
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H > // > ee ypy candidate event
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LHC

Run-2

Performance — Plleup
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Event Rate R
>

without
Pileup

Rw/o ~ (:)—Const

Pileup dependence:
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Rw ~ Rwo[& + b2 + ..]

>
Selection Cut
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ATLAS Trigger Operations (Aug. 24, 2012)

BEM18VH /‘ l
=) i

Bvuis Xy

BTAud0 ‘

" XE40

Bu7s

/ Jet Trigger |

4 5 6 7 8
Luminosity (10> cm2 s°)

SRS T

20\ ‘
AW
\ \’ R N }3!‘

n

Pileup dependence:
Rw ~ Rwo[& + b&2 + .. ]

16



Rate (kHz)

w

ATLAS Trigger Operations (Nov. 7, 2012)
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Plleup Mitigation at Trigger Level

N
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Pilleup Mitigation at Trigger Level
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Signal Synchronization

Data within
same bunch crossing
to be processed together

But:
Particle TOF » 25 ns

[c =~ 0.3m/ns; 1 m = 3ng]

Cable delays » 25 ns

[cable lengths: 30 -70 m]
[Vsignal = 0.66 ¢; 1 m = 5 ng]

Requires
signal synchronization
with programmable delays

With ns-precision!

19



Signal Synchronization

3 Timing
= 1} F A
2 | precision guarantee
“08 » correct energy determination ...
! [e.g. ATLAS L1Calo Trigger]
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Part 2

“Concepts,

Dead

me &

Suffering”



Typical DAQ

—xample — ATLAS @

Calo/ ixel/
e
Sy
[Custom ( FE j FE FE
Hardware L1Accept P PN
N N 5.>
(rop | (RoD] (ROD
ROls
( HLTSV ) \ 4 Y Y "
N
[(L Readout System J
\ 4
\\
A Fragments #
(LL( Processing Unit [ Wy
v
H HLT Accept %

N

(

Data Logger

)

v

( Permanent Storage )

Detector Readout

40 MHz
[100 PB/s]

100 kHz
[160 GB/s]

~ 1 kHz
[1.5 GB/s]

Run-2

L
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Detector

Digitizer

Front-end
Pipelines

Readout
Buffers

Switching
Network

Processor
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Simple Trigger & DAQ System

Detector Simple

rigger & DAQ system

Trigger

Detection

:f%mmmm Signal digitization
Signal processing & storage

Delay

Started by fast trigger signal

[e.g. Discriminator]

Start

\Vel input
(@)) = oy ] e c—— W — —_— e A= - — — —_— —_—
=% Ofus)
— !
I |
[ OW‘ Interrupt :
!

O(ms) Discriminator
output

Storage

B
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Simple Trigger & DAQ System

Detector
Trigger
SS
>, Discriminator
ey,
() 1]
0O Gate
: &-Logic |
O Start
: @)
<
0
- O(us)
Il
= [O_\ Interrupt
: < > Set Q[
: <
0 > Clear
s J
O(ms)
Storage

Simple
rigger & DAQ system

Detection
Signal digitization
Signal processing & storage

Started by fast trigger signal

[e.g. Discriminator]

Busy-Logic:
Avoids triggers while processing

Defines
= Dead IIme
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DAQ Efficiency & Dead Time

Input event rate : A = 7.}

DAQ output rate : v
Processing time : T

DAQ busy : vt
DAQfree : 1 —vur

Hence:

v =A-(1-vt) » v =21+ i)"!

[V < Al

Detector
Trigger
Y
ﬂ ~ :lecnmmator
©
) 1
0O Gate
: &-Logic |
O Start
: )
<
2 Ofus)
I
[ [O_\‘ Interrupt Jset ol
: <
: 0O > Clear
_J
O(ms)
LU | Storage

Efficiency : e=vil=(+ir)"!

Rel. dead time: DT =1 —¢
= At (1 + A7)~}
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DAQ Efficiency & Dead Time

Detector

Trigger

Y
_/_ . . .
Discriminator

]
Gate

Delay

&-Logic |

Start

ADC

O(us)

Interrupt
O | i > Set QI—
<C .
') > Clear

_J

1 ms

T

no dead time
T=05ms
T=1.0ms
T=1.0ms

06 ERE R, i ....................... ocesesn s e ........................

021 ______________________ ______________________ ____________________ ____________________

0 02 04 06 08 g

O(ms)

LU | Storage

Efficiency : e=vil=(+ir)"!

Rel. dead time: DT =1 —¢
= At (1 + A7)~}
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DAQ Efficiency & Dead Time

no dead time

¥l

~ —_ T=0.5ms

';‘ —_ T=1.0ms
[— T=1.0ms
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Detector
Trigger
SS
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ey,
[} 1
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: )
<
2 Olus)
[
[ [O_\‘ Interrupt Jset ol
<
0O > Clear
J
O(ms)
LU | Storage

Efficiency : e=vil=(+ir)"!

Rel. dead time: DT =1 —¢
= At (1 + A7)~}
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Adding an Extra Trigger Levels

Detector Input eventrate @ A = Ti;;
. /
Trigger L1/L2 rates . U, U
|1 Processingtimes: 7, 7,, 7T =7, + 1,
e
Mg Y/ e=vid=(+2)"
D
= e’ =viA="
! K
o | 8 Star Trigger DAQfree : 1 —uvt— Kuty L2 Rejection
3_ . | 2 , f—
ng 2 > :7 Seenrate : vV =v+ Kv Factor
=
( - D% Accept > ,
& V=41 —vrt—Kvr))
g Interrupt
o |al [...]
|5 > Busy-Log
et + Busy-Logic K+ 1
= e = (1 + zr)—1< >
12 Storage 1 + K(1 + A7))/(1 + A7)

€ X Gain (G) e




Adding an

Detector
Trigger
| L1
e
Al g :7
)
e
ol Q :
% | 8 Start Trigger
=i
O o , L2
i £ Ful K_/7
i | 8
/ a Accept
/g Interrupt
(ﬁ g B\usy
o KD ) - + Busy-Logic
Storage

=xtra Trigger Levels

C T T T T 1 1 11
8
T1/T = 0. e oy
8 | ]
6 [ ]
4 [ ]
K=3
o [ K=1 i
’j o |||:
1 10 100
AT
K+1

e’ = (1 +/1f)—1<

1+ K( + Az)/(1 + A7)

)

€

X

Gain (G)
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Adding an

Detector
Trigger
| L1
e
Al g :7
)
e
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De-Randomizing Using Pipelines

Pipeline

Probability of 7 filled buffers: P,
Steady state: dP, = 0

dP, =[AP,_+ VP, — (A + V)P ]dt

P, =(AIW)'"Py=(p)'Fy [withp =A/v =11

Using 2P, = 1 yields:

I/=1/Tv

_ 1 = p)pV
P=( PP for p # 1
& 1 — pN+l
DTZPN: 1
P, = for p =1
— N+1

At
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De-Randomizing Using Pipelines

Pipeline

I/=1/Tv

I_
N —— .
— e depth=1
I \~\" - - depth=5
) - depth=10 |
w b — depth=50
8 |
7| i
N=1 %5
e=(1+p)"
6 |
St
40 0.5 1.0 1.5
| 0 =AT
_ 1 = o)
P, = (d=plp for p # 1
] — pN+l
DT — PN — 1
P, = for p =1
- N+1

At
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Typical DAQ

—xample — ATLAS @

Calo/ ixel/
e
Sy
[Custom ( FE j FE FE
Hardware L1Accept P PN
N N 5.>
(rop | (RoD] (ROD
ROls
( HLTSV ) \ 4 Y Y "
N
[(L Readout System J
\ 4
\\
A Fragments #
(LL( Processing Unit [ Wy
v
H HLT Accept %

N

(

Data Logger

)

v

( Permanent Storage )

Detector Readout

40 MHz
[100 PB/s]

100 kHz
[160 GB/s]

~ 1 kHz
[1.5 GB/s]

Run-2

L
A3

@

usec

A
7

L
-

o

SeC
>

Detector

Digitizer

Front-end
Pipelines

Readout
Buffers

Switching
Network

Processor
Farms
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Some Rates, Latencies & Dead Times

LVL1 dead time:

Detect
DT = r/o Rate x busy after L1A -
< Digitizer
eg. H1: 50 Hzx2ms (1) '
ATLAS: 100 kHz x 125 ns (L1) V] 1 Front-end
First level Pipelines
! ! usec R
Experiment Rate Rate-! | Latency L1 DT i ¢
LEP 90 kHz  11ps | few ps 1.5% o
Buff
HERA (H1) 10MHz  96ns = 4ups 10 % e
Tevatron (Runt) 250 kHz 4 us 4 ps 5 % (1] Switching
Network
Tevatron (Run2) 76 MHz 132ns 4 us 5 % T
ATLAS A0MHz 25ns = 25ups 0.1% RRAEE
P
LC sMHz saTns | -t | 0% Chr) [ pee

T Trigger-less readout in gab between bunch trains

SeC
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Typical DAQ Example — ATLAS @ Run-2

[Calo/ [Pixel/ Other

Muon SCT
40 MHz Detector
= [100 PB/s] |
C S 3 Digitizer
Sy S |
Q
[HCUCSjtom (Fe J(Fe ) FE ) [2
i - Accep! O O § Front-end
> d B <> ?_,J L\/L1 Pipelines
ROD ROD ROD ©
(o) (moo) (ron) [
ROls > ¢
100 kHz
( HLTSV ) 4 \ 4 v [160 GB/s]
— Readout
[(L Readout System ] Buffers
- |1 Switching
\\ F # |><| Network
N ragments —
Processing Unit  [€ v‘v, ¢
\_/ 1
HLT Accept e ——
‘ Processor
Gl:l—) Farms

S
(_( Data Logger ] sec

5 >

v ~ 1 kHz &

( Permanent Storage ) [1.5 GB/s]
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DAQ Switching Network

Detector
Front-Ends
1 Switching
- 1 Network

B —_—— — =

B —_— — — =

2 — o o ¢

O1 oY

HLT Processing Farms

N

@

usec

) 4

N

o

SeC

Detector

Digitizer

Front-end
Pipelines

Readout
Buffers

Switching
Network

Processor
Farms
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DAQ Switching Network

Detector Detector
Front-Ends ) L -
< Igitizer
1 Switchin [
E—— W ———- °
Network ]
|_\/|_‘| Front-end
- — ] E @ @ @ o— Pipelines
I g
14
| 1
Readout
Buffers
(1) Switching
Network
O1 04 T
Processor
HLT Processing Farms GLTD Farms

SeC %
>
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DAQ Switching Network

Detector
Front-Ends

|1

N

Switching

14

Network

N

ORGSR

HLT Processing Farms

N

@

usec

) 4

N

o

SeC

Detector

Digitizer

Front-end
Pipelines

Readout
Buffers

Switching
Network

Processor
Farms
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DAQ Switching Network

Detector
Front-Ends

|1

14

L Switching

Network

N

O4

HLT Processing Farms

N

@

usec

) 4

N

o

SeC

Detector

Digitizer

Front-end
Pipelines

Readout
Buffers

Switching
Network

Processor
Farms
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DAQ Switching Network

Detector
Front-Ends
1 . Switching
- ' 11 Network
B — | B—e——o——
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DAQ Switching Network

Detector
Front-Ends

- S
H— I S — — =
B n —————-
-LIE *—0—0—¢

1 L |

O1 O4

HLT Processing Farms

N

@

usec

) 4

N

o

SeC
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Farms

30



DAQ Switching Network

Detector Detector
Front-Ends .

Digitizer

— 1 o4 44 Switching |
Network V] 1 Front-end
N — - —0—0—0— Pipelines
m Usec CP

@o—
] *—
Readout
[ ] H Buffers
)

Switching
Network

N

) 4

14

O1 04 .

Processor
HLT Processing Farms GLTD Farms
SeC

&
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DAQ Switching Network

DeteC’tor Detector
Front-Ends ¢ AL Digitizer
' ' I
— 1 o4 44 Switching
NetWOrk | VL1 Front-end
. ® ® ® o— Pipelines
o ' — oo usec S ¢
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DAQ Switching Network

Detector
Front-Ends
1 Switching
L 41 Network
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DAQ Switching Network

Detector
Front-Ends
1 Switching
L 41 Network
N — —— — —
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Part 3

“Realizing

rigger Systems”



Fast & Parallel Processing

Task Data Data
Parallelism Parallelism Pipelining

Multicore
Processors

GPUs FPGAS

Different technologies to do in-situ signal analysis
[Choice depends on requirements]



Calorimeter Trigger — AS

——nSummers

640
PMT
Signals

— Splitter

20X 32 pr

to SHAMIVs

20X 4 pr

5 ul

y = — - 1
T I rToy

I II

I TTYrTrYrt

Veto Scintillotor é

ASP Calorimeter
[Anomalous Single Photon Search]

L\ A

Detector

& Foid EvLayer 5-Fold Equad a.Folg| Total Energy Sum
Sums | Sums | o 4 Sum I 4[> > ET1
—9- B | 2 ET2
J :#D_ -
A, o s ) e
— - [> T_’ ‘
i N
20 u P o P
- = LOT =
LUT ffl
To Global
U | Control
Wire Chambers z x_,
Elayer:  ENergy per Layer LUT
Eauad:  Energy per Quadrant
E: Total energy
LUT: Look Up Table
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Calorimeter Trigger — AS

——nSummers

640
PMT
Signals

— Splitter

20X 32 pr

to SHAMIVs

3

20X 4 pr

5 ul

y = — - 1
T I rToy

I II

I TTYrTrYrt

Veto Scintillotor é

ASP Calorimeter
[Anomalous Single Photon Search]

20X
4 -Foid
Sums

L\ A

ELayer

4X

5-Fold EQuad

.

> 4

Detector

IX Total Energy Sum

Yy

4.Fold
Sums > Sum ‘ . D
"& Il lZ

>

v

re

crg
o]

*2_70}:20

Y

LUT

s —,

M

i

ETT
ET2

i 1&

! |
& Vil ViiI+d V¥V
]

nlmb

I

L
V)
LUT

cr

To Global

Q1 Q2 Q3 Q4

Control

Wire Chambers

YY

X

LUT addresses
generating trigger

——

LUT
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Calorimeter Trigger — ATLAS Run-1 & Run-2

Tile/LAr

&m ( Calorimeters ’(hadronlc) e /V ldentification

On
detector Analogue Sum
~7200 analogue links Twisted pairs, <70 m
In
USA15 Receiver
Pre-processor
PPM's 10-bit FADC
Bunch-crossing ident. || 70 ROD's S
(for DAQ) i i
Look-up table @——@
2x2 sum r BC-mux Gz=) A Hadronic
9-bit jet elements || 8-bit trigger towers / calorimeter
Electromagnetic
Serial links calorimeter
(400 Mbit/s) /

JEM's[F . 1 CPM's i .
Jet/energy processor - - ' , [A;i%q?fgﬁirg_” HH [Local maximum
EM+hadronic 2x2 sums ROOD's ' | W 70 ROD's
Er sum| Jet-finding (f%fA Q) | (for DAQ) =z=) 2-Tower sum
Eo cal maximum >

| )
PELEP™ |Counting| | oy | [ Electromagnetic
e | isolation ring
T To ROD's
SRS - (for L2) o
L1 muon Hadronic inner core
trigger : . .
and isolation ring

L1 central trigger processor
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Calorimeter Trigger — ATLAS

Trigger

Towers
[ANxAd = 0.1x0.1]

Run-3

L1 Calo i TOES Topo ~
LAr e Electron ibre-Optic E L1A
(digital) o o Feature = a o Exchange L1Topo L1CTP |—
» Extractor | |2 T8 < —_:
[0.1x0.1 o8 & Ao DAQ & Rol
Fibre- | ¥ | Jet Feature (FELIX)
. > a0
Optic Extractor | = |0 |
[Exchange il ™
i - Run-2
10.2x0.2 Large-R Jets DAQ & Rol un
(1,0) Global - (FELIX)
0 4, Feature
Extractor ~] [AnxA¢ = 0.1x0.1]
Jets, ZE; Epmiss
OI(ZTlde.Z Jet Energy AaE ol Hit
20N (FELIX)
LA P Counts
(analogue)
_
nMCM | TREX E $ToRODs §
r Pre-processor e/, T [AnxAd = 0.025x0.1]
(analogue) v Cluster CMX
To RODs SR Processor
(n.4) {ToRODs |

Toward higher granularity ...

[ANxA¢ = 0.1x0.1]
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Tracking Triggers

Drift
chambers

N\ Dﬂ
D

) )]

A V4 / /4
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Tracking Triggers - FTT @ H1

. CJC?2

Particle track
- ~ with hits

.

\ Signal wires

. . _ 2.3 Us
1 LW L1: Single hit and
Al LA simple track search
e 25 us
\ / L.2: Momentum
reconstruction & sums
Wire groups . - 100 s
|L.3: Event reconstruction
Track-based topologies
FTT Kollaboration: N Invariant Masses
Birmingham, DESY, Dortmund, ETH ZUrich,
Heidelberg, Manchester, Rutherford, SCS (ZUrich)
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Tracking Triggers - FTT @ H1

CJC2

Particle track
- ~ with hits

-1 &&XQGE‘*@@;@ .
. W g

-

® o
- an - o
. P
& ™ @
&n R O WD ayy,

5 i SED TS

-

B

Wire groups

FTT Kollaboration:

Birmingham, DESY, Dortmund, ETH ZUrich,
Heidelberg, Manchester, Rutherford, SCS (ZUrich)



Tracking Triggers - FTT @ H1

° \

~ Particle track

)/ L.

Signal wires

o © FTT shift register
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1

N




Tracking Triggers - FTT @ H1

° \

~ Particle track

)/ L.

Signal wires

o © FTT shift register

N N NN N N O
N N A
1

N




Tracking Triggers - FTT @ H1

T

N

I T |{|| |

0 Tmax
®o C W T T T T 1]

0 Tmax
T T T T T T W]

0 Tmax

. CJC?2

CAM
or AM

Particle track

~ with hits

- ﬁ-

Valid masks
[@L2: ~10000 masks]

SEESzE.

- 071, @

=
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Finding tracks from segments ...

negative

low o

positive

low o

Wire groups 1-4
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Tracking Triggers — FTT @ H1

40



Tracking Triggers — FTT @ H1

Jmmmmmmmmmmmmm -

i

N}WMMNW\J

w\\wwmutg'~.s
o o |
\”WWWW .
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CMS Tracking @ Level-1

Tracking based on correlated hit
pairs (‘stubs’) & tracklets (stub pairs)

CMS
Outer Tracker

[from CMS-TDR-014]

Tracklet /

high pr
programmable

search window low pr

top sensor
fail bottom sensor

WA

[courtesy T.Eichhorn]

Stub




CMS Tracking @ Level-1

Requires double-sided
silicon pixel/strip modules ...

\\ \
-\\ .
\ AN
\\ \\
\ \\ \\
\\ "L \
Strip Sensors
\\\ \\\
S \
N \
\ \\
N N
Service
Hybrid
[from CMS-TDR-014]

Flex r/o CMS
Hybrid 2S Module
Design
.................................................................................. \
\\

programmable

search window low pr




high pr

programmable
search window

CMS Tracking @ Level-1

low pr

top sensor

fail bottom sensor

Requires large scale pattern matching ...
Use of associative memories (AM) ...

[courtesy T.Eichhorn]

Stub

o (o

1 0 0 1

e . (| - | AvoOs Chip

[128 Kk patterns]

S84
00°v9819d
TS5 -90WY

2554 -90WY

$S1L b(,

00°¥9819d
2551 -90WY

PRM Prototype




Epilogue

“Synchronization Challenge by Example”




Trigger Real-Time

L1 Decision

Path [Level-1]

Synchronisation Delay

Global Trigger Decision

Trigger Processing

Trigger Element Generation

Synchronisation Delay
Data transmission

Particle Trajectory

Light Cone

. ﬁ@#ﬂ /[ = -
Trigger Y

[USA15]

R |\ N

Experiment

N\\N

HLT & Readout
A
>
Front-End
Pipelines
l LVL 1 l
<
Detector
Front-End
» Space
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—xample: ATLAS L1 Calorimeter Trigger

The L1Calo Pre-Processor System

|

=S ==& | PreProcessor

| PPr Latency: 0.4 us
= | Modules: 124

Faae
LI

W Y s

iiici
il sﬁhafnghﬁi &Txihahiﬁ"‘

£ R m WL
. woww Il By e ey
)

About 7000 analogue
| calorimeter signals

| Output:

| Digital energy measurement
| and time stamp




—xample: ATLAS L1 Calorimeter Trigger

The L1Calo Pre-Processor System

| it | Mutti-Chip-Module (MCM)

LI

PR T

= | PPr Latency: 0.4 us
= | Modules: 124

sghaﬁ‘bﬁ! sgfxghahé g
Uy e
| {#;Hmowuwui

l{m\'m_

About 7000 analogue

= § calorimeter signals
|

| Digital energy measurement
| and time stamp

T

FERRRTARDRARRRRRRRRRIpRRRERYY

i

—

1 ) i
PreProcessor ASIC




—xample: ATLAS L1 Calorimeter Trigger

The L1Calo Pre-Processor System

__

LI

PR T

= | PPr Latency: 0.4 us
= | Modules: 124

HER I Mg
wumow“\wi
TR U BRI

i s'ﬁhgbﬁb& s%hghah." g

1 TEER

) IR

About 7000 analogue
| calorimeter signals

| Digital energy measurement
| and time stamp

Analogue
Pulse

~~ Energy

Time (BCID)

PreProcessor ASIC L




Example: ATLAS L1 Calorimeter Trigger
First Synchronisation in 2010

Detector
44m
— - ~ +0BC
H
o+
Beam |
! - 4 BC ...... 2
— , \
— \ Ok Tile calorimeters
' \ LAr hadronic end-cap and
) forward calorimeters
__________________ Pixel detector
"""" Toroid magnets LAr electromagnetic calorimeters
FrOm COl | | matOF Muon chambers Solenoid magnet | Transifion radiation fracker
[1 40 m downstream] Semiconductor fracker
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Splash Events

lluminating the Detector

QATLAS
b =P ERIAENT

2009-11-20, 23:32 CET
Run 140370, Event 2666




—xample: ATLAS L1 Calorimeter Trigger

-irst Synchronisation in 2010

ATLAS Preliminary

Digitized
(I) Uncorrected EM Tower Timing [ns] Cglloﬁr%eter Signal
6 : f
5/
4 [ N T Méc
- Nominal
- Peak Position
3
N Fine-Timing
21— via fit to ADC spectra
1=
o

Timing Asymmetry due to Time-of-Flight ...
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Example: ATLAS L1 Calorimeter Trigger
First Synchronisation in 2010

ATLAS Preliminary

_ - Digitized
(I) ToF corrected EM Tower Timing [ns. Cglloﬁreneter Signal
o
S |
4 N 0o 2 4 6T; 10 12 14BC
- Nominal
_ Peak Position
3
N Fine-Timing
21— via fit to ADC spectra
1
o

Relative Trigger Timing at + 10 ns @ Startup !
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Example: ATLAS L1 Calorimeter Trigger

Timing & Energy Calibration after Synchronisation

CDG 6 Tset - Tmeas. [NS]
5 4
-2
4 ETrigger
0
3 D EKanrimeter

043 2 1 0 1 234n’6
Qualitat der
Zeitsynchronisation

Qualitat der

Energiekalibration
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