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Disclaimer

- TDAQ: Very wide field

- Tnigger: L1, HLT

- DAQ: Data Flow, Data Model, Storage, Data Bases
- Hardware, Firmware, Software

- Trigger Menu, Run Strategy, Operation, Monitoring
* PP, ep, ee, mMu3e, ...

- WIll cover here:

- Mainly L1 Hardware Triggers at the LHC

- (Some) Concepts, Examples



Prologue

“Introducing the Subject”



How did it start?

- Discovery of the positron by Anderson, 1932
- random cloud chamber pictures
- positively charged, g < 2|e-|
* mass < 20 Me
- Nobel Prize 1936
- Limitations:
- low efficiency (10/1300)
*  NO way to easily improve precision
*  No Information about production mechanism

» Technological progress needed




How did it start?

- 1924: Bothe: “Coincidence Method”
(electromechanical device)

* Nobel Prize 1953 (Bothe)

. ;frﬁit Bothe: pure (complex) electrical %// / ///P 6////

- 1930: Rossi came up with a significantly / N

. ica / /
improved circuit /\ / /%/ \\\//
. o %%

- 1931: Occhialini (Rossis 1st. PhD student)
becomes Postdoc with Blackett //

- 1932: Design of first triggered cloud
chamber

- Nobel Prize 1948 (Blackett)
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Bothes coincidence circuit (1929)

W. Bothe

Zur Vereinfachung von
Koinzidenzzahlungen

Zeitschrift fur Physik 59 (1930)

- First fully electrical coincidence circuit
- needs tetrodes (complex components), fine tuning of the voltages needed

- |limited to 2-coincidences



R0ssis coincidence circuit (1930)
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- needs only triodes, robust circuit
- can add a large number of input signals

- “The Rossi coincidence circuit was the first effective electronic device of particle physics” George W. Clark



How did it start?

Blackett and Occhialini:

cloud chamber sandwiched
between Geiger counters in
coincidence

Data taking efficiency 2-5% ->
80%

Biased to large multiplicities

)

Observation of “Particle showers’
(half positive, half negative)

Understanding of positron
production mechanism




Detecting & Recording Particle Reactions

',’.'._. ¥- . B, ek ae Cas e
“Bubbles«Chamber Event & .
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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 stuff




Trigger & DAQ in a Nutshell

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

tO 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




ATLAS Multijet Signature

ATLAS . ..

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




LHC Trigger System
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Part 1

DAQ Challenges of

oday”



o (proton - proton)

| HC Cross Sections and
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109 Events/sec

[1 Mbyte/Event]

Efficient
rate reduction needed

[Storage rate: 1000 Hz]

10 BEvents/min

[my, ~ 100 GeV]

with  0.2% H — yy
1.5% H-—ZZ

Trigger !
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Events & Data rate @ the Large Hadron Collider

Detector

Proton beam

“%°+  Proton bunches
[Nnumber; 2808]

Proton collisions
[109 per second]

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

~

"\ New physics?
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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, ...

LHCb: 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

80— [ [ [ [ ]
— ATLAS Online Luminosity _
70 2011 pp Vs=7TeV —]
- —— 2012pp Vs=8TeV N
- 2015 pp Vs=13TeV —
60 _— 2016pp Vs=13Tev —
~ —— 2017 pp Vs=13TeV 7]
5O == 2018 pp \s =13 TeV ]
40— —
30— —
20— —
10 —
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o p\\)‘ 30\ QG"-

Month in Year

uone.iqled gL/e

Luminosities:

[recorded]
2011: 5.1 fo-1
2012: 21.3 b
2015: 3.9 fb-1
2016: 35.0 fb-1
2017: 46.9 tb-1
2018: ©60.6 fb-1
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L HC Run-2 Performance

Peak Luminosity per Fill [10%® cm2 s7]
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ATLAS Online Luminosity V{s=13TeV
e LHC Stable Beams

Peak Lumi: 21.0 x 103 cm?2 s
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Day in 2018

Design
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H > Z/ > ee pyu candidate event
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LHC

Run-2

Performance — Plleup
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ATLAS Online, 13 TeV ﬂ_dt=146.9 fo

2015: <u>=13.4
2016: <u> = 25.1
2017: <u>=37.8
2018: <u> = 36.1
Total: <u>=33.7
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Event Rate R
>

without
Pileup

Rw/o ~ (:)—Const

Pileup dependence:
Rw ~ Rw/o [g + L2 + ]

-
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nnnnn

>
Selection Cut
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ATLAS Trigger Operations (Aug. 24, 2012)
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Pileup dependence:
Rw ~ Rwo[& + b2 + ...]
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Rate (kHz)

w

ATLAS Trigger Operations (Nov. 7, 2012)
I I I | I I I | I I

B2FJ15

BEM14VH_FJ15

B3J15_FJ15
J2TAUS_TAU11I_EM10VH_FJ15
JMU10_FJ15

Multi-Object Triggers
with Forward Jets

Luminosity (10 cm?2 s

Pileup dependence:
Rw ~ Rwio [&Z + bZ2 + .. ]
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Plleup Mitigation at Trigger Level

N

l__l J I I I | I I I I | | I | I | | I I | I I ]
§ B ATLAS QOperations
= 3 - ) Data 2017, {s=13TeV -
f B <pl>=33.8 7
C£ — * * Runtaken in June 2017
S 2 . . —
5 | _
O B _
O B _
O]
o 1= —
q) [ ul ]
% B - _
(I) D;_ Ta gt *"‘u s 4 _:
<E — - ate, - ¢ * . B 1
— i o ™ )
1= T —
—2 ' =
_| | | | | ] | | | | | ] | | ] | | ] | | | | |
60 80 100 120 140 160

Bunch Crossing Numlber
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Plleup 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 = 0.3 m/ns; 1 m = 3 ng]

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+ L
2 | precision guarantee
“08 ~ correct energy determination ...
! [e.g. ATLAS L1Calo Trigger]

0.6

0.4 | S

0.2 »

T N N = ¢ S g
N T e o S
0 100 200 300 400 S00 600

Time (ns)




Part 2

“Concepts,

Dead

ime &

Buffering”



Typical DAQ Example — ATLAS @ Run-2

Calo/ Pixel/
[Muon {SCT [Other}

40 MHz Detector
=N [100 PB/s] -
s Q < Digitizer
QOQ 8 |
[
[HCugtom ( FE J [ FE [ FE o
araware L1Accept PN PN § Front-end
b o b o @ § LVLA Pipelines
(roD | (RoD] (ROD ) [ 1500
ROls > ¢
100 kHz
( HLTSV ) ! ! L [160 GBY/s] ot
u
N
((( Readout System j Sufters
(1) Switching
Network

L
-

Processor
N Gl—T) Farms
(_( Data Logger J sec

>

v ~ 1 kHz &

[ Permanent Storage ) [1.5 GB/s] o1

Y o
S
-y | Fragments
Processing Unit
HLT Accept




Simple Trigger & DAQ System

Detector S|mp|e

rigger & DAQ system

Trigger

Detection

:f%mmmr Signal digitization
Signal processing & storage

Delay

Started by fast trigger signal

[e.g. Discriminator]

Start

[@ J Interrupt
<j
N e

O(ms) Discriminator

Storage output ﬁ

ADC

T=1ms
> ) 2
&
I
I
|
i
!
I
I
i
}
I
=3
O
s
|
I

B
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Simple Trigger & DAQ System

Detector
Trigger
Y
> Discriminator
QY]
S ——
0O Gate
: &-Logic |
o Start
: O
<
0 i
- O(us)
[l
i [C;\ Interrupt
: < > Set Q[
: <
') > 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 Time
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Dead Time

Input eventrate : A = 7.}

DAQ output rate : v
Processingtime : 7

DAQ busy : vt
DAQfree : 1 —vur

Hence:

v =4-(1-vt) » v =M1+ Ar)"!

[V < Al

DAQ Efficiency &
Detector
Trigger
ﬂ . :J%iscriminator
- —
0O Gate
: &-Logic |
O Start
| <
2 Ofus)
IE [&;\ J Interrupt Jset ol
QO > Clear
O(ms)
U Storage

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

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

no dead time
T=0.5ms
T=1.0ms
T=1.0ms

Detector %

Trigger

?_7 06 ERE R, i ....................... ocesesn s e ........................
Discriminator 5 : ; ;

Gate 04F - e e

&_Log% 0.2 A e A L ...................... ...................... .................... ....................

0 02 04 06 08 ) kHg

Delay

Start

ADC

O(us)

1 ms

T

> Set Q[
»| Clear

[g; e Efficiency : e=vll=(+ )"
[

— Rel. deadtime: DT =1 —¢€

O(ms)

L | Storage = A7 (1 + /17)_1




DAQ Efficiency & Dead Time
DeteCtor g : :o:(éelgdr;isme
. > 12 liom
Trigger -
ﬂ % :J%iscriminator
g 1
Gate
: &-Logic |
Q Start ; ; ; ;
[ < 0 0.2 0.4 0.6 08 )\ [kHZ
2 Ofuis)
T ™~ . —1
- [g e |y Efficiency: € = v/d = (1 + A7)
) >| Clear
ﬁ(m) Rel. deadtime: DT =1 —¢€
L | Storage = A7 (1 + /17)_1
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Adding an

=xtra Trigger Levels

Input eventrate @ A = Ti;;

L1/L2 rates 77
Processingtimes: 7, 7,, 7T = 7; + 1,

e=vil=1+ )"}

€' =v/IA="?
K
Seenrate : V' =v+ Kv Factor
>

V=41 —vrt—Kvr))
-]

Detector
Trigger
| L1
va
2[5 N/
D
A
o [ 8] |sun Trigger
2 | <
5 3 , L2
I = Full :—/7
N
I/, - DC__l Accept
/g Interrupt
o | g[em
Sk kD ") - + Busy-Logic
U Storage

N B K+1 >
e =1+ A7) <1+K(1+/11'1)/(1+/1’5)

€ X Gain (G) 25




Adding an Extra ITrigger Levels

Detector -
£ S
O . G=¢g1 =
Trigger 2l T1/T = 0.1 (=50
| L1
v : f
gk K7 6| E
a 5 K=9 |
I . 4| :
g a Start Tnggl_ezr 3 K=3 f
Cl? c Ful K_/7 2 K =1
|: 8— cce | L] L
v B e § 1 10 100
g . Interrupt }\T
L % ", Busy-Log
i\ + Busy-Logic K+ 1
' e = (1 + ,17)—1< )
1 Storage 1 + K(1 + Az)/(1 + A1)

€ X Gain (G)




Adding an Extra ITrigger Levels

Detector -
£ S
O . G=¢g1 =
Trigger 2l T1/T = 0.1 (=50
| L1
v : f
gk K7 6| E
a 5 K=9 |
I . 4| :
g a Start Tnggl_ezr 3 K=3 f
Cl? < Ful K_/7 2 K =1
|: 8— cce | L] L
v s B e § 1 10 100
g . Interrupt }\T
L % ", Busy-Log
i\ + Busy-Logic K+ 1
' e = (1 + ,17)—1< )
1 Storage 1 + K(1 + Az)/(1 + A1)

€ X Gain (G)




De-Randomizing Using Pipelines

Pipeline

I/=1/Tv

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:

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

At
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De-Randomizing Using Pipelines

Pipeline

I/=1/Tv

|_
A e ,
— g M R depth=1
' \\\"' - - depth=5
i - depth=10 |7
W b — depth=50
8 I
N-
e=1+p)"!
6 |
Dt
'40 0.5 1.0 1.5
| 0 =AT
_ 1 = o)
P, = (d=plp for p # 1
1 — pN+l
DT — PN = 1
P, = for p =1
- N+1

At

26



Typical DAQ Example — ATLAS @ Run-2

Calo/ Pixel/
[Muon [SCT [Other]

40 MHz Detector
=4 [100 PB/s] |
C S < Digitizer
PP S — 0o
[HCUgtom (re J(FE ) FE ) [
ikl - 1Accert O O *§ Front-end
> d b <> 4&)_3. LVL1 Pipelines
ROD ROD ROD &
(ro0) (ro0) (ron) [
ROls > ¢
100 kHz
C HLTSV ) 4 \ 4 L [160 GB/s] o
N eadou
(([ Readout System J Buffers
(1) Switching
Network
N/

L
-

Processor
. Gl—T) Farms
(_( Data Logger ] sec

>

v ~ 1 kHz &

[ Permanent Storage ) [1.5 GB/s]

\ 4 N
S
A Fragments
Processing Unit  [¢
HLT Accept
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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) VL1 Front-end
First level Ppelines
| ! usec .
Experiment Rate Rate-! | Latency L1 DT i ¢
LEP 90 kHz  11ps | fewps 1.5% N
HERA (H1) 10MHz  96ns  4ps 10 % outlers
Tevatron (Runt) 250 kHz 4 us 4 us 5 % (4] Switching
Network
Tevatron (Run2) 76 MHz 132ns 4 us 5% T
ATLAS A0MHz 25ns = 2.5ps 0.1% T
HLT Processor
ILC 3MHz 337ns -1 0 % Farms

T Trigger-less readout in gab between bunch trains SeC N %
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Typical DAQ Example — ATLAS @ Run-2

Calo/ Pixel/
[Muon [SCT [Other]

40 MHz Detector
= [100 PB/s] |
C 3 < Digitizer
PP S — 0o
[HCUgtom (re J(FE ) FE ) [
ikl - Accep! O O *§ Front-end
> d b <> 4&)_3. LVL1 Pipelines
ROD ROD ROD w0
(ro0) (ro0) (ron) [
ROls > ¢
100 kHz
C HLTSV ) 4 \ 4 L [160 GB/s] o
N eadou
(([ Readout System J Buffers
Switching
Network

L
-

Processor
. Gl—T) Farms
(_( Data Logger ] sec

>

v ~ 1 kHz &

[ Permanent Storage ) [1.5 GB/s]

\ 4 N
S
A Fragments
Processing Unit  [¢
HLT Accept
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DAQ Switching Network

Detector Detector
Front-Ends , L
S 'tChin < | Digitizer
1 Wi
N —_—— 3 kg
etwor |_V|_‘| Front-end
- — *—0—0—0— Pipelines
B *—9o 909 HSEC ; 5')
14
~n *—o—¢—¢—
Readout
Buffers
(4] Switching
Network
O1 04 T
Processor
HLT Processing Farms GLTD Farms

SeC
) &
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DAQ Switching Network

Detector Detector
Front-Ends ) L St
< igitizer
1 Switchin |
E— ————- ;
Network ]
|_V|_‘| Front-end
- — E @ @ @ o— Pipelines
—f T —— - ol 8
14
T ———
Readout
Buffers
(4] Switching
Network
O1 04 T
Processor
HLT Processing Farms GLTD Farms

SeC
) &
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DAQ Switching Network

Detector
Front-Ends

|1

Switching

N

Network

14

N

ORGSR

HLT Processing Farms

N

@

usec

) 4

N

S

SeC

Detector

Digitizer

Front-end
Pipelines

Readout
Buffers

Switching
Network

Processor
Farms
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DAQ Switching Network

Detector Detector
Front-Ends .

Digitizer

m 1 ' | ‘ ‘ *_ Switchin g
Network |_V|_‘| Front-end
- — E @ @ @ o— Pipelines
] - HSeC <")

| — S —e—¢——3—

Readout
' |l1 Buffers
M)

Switching
Network

N

) 4

O1 04 N

Processor
HLT Processing Farms GLTD Farms
SecC

i

N
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DAQ Switching Network

Detector Jetecter
Front-Ends ¢ ;L Digitizer
: ' ' I
- I L L4 Switching
' Network 1 V|1 Front-end
- - ® ® ® o— Pipelines
O — - HSEC ; C:)
14
1 *—0—0—0—

Readout
T |l1 Buffers
M)

Switching
Network

O1 04 N

Processor
HLT Processing Farms GLTD Farms
SecC

i

N
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DAQ Switching Network

Detector Detector
Front-Ends .

Digitizer

o 1 . | ‘ ‘ *_ SWItChIﬂg |
Network |_V|_‘| Front-end
H— - "—o Pipelines

N

@o—
o ol &
14

=

Readout

1 ' Buffers

(4] Switching

Y Network

O1 04 )

Processor
HLT Processing Farms GLTD Farms
SecC

i
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DAQ Switching Network

Detector Detector
Front-Ends .

Digitizer

o 1 | ‘ ‘ ‘_ Switchin g |
Network |_V|_‘| Front-end
N — - —0—0—0— Pipelines
m Usec ¢

@o—
] *—
Readout
[ ] H Buffers
)

Switching
Network

N

) 4

14

O1 04 .

Processor
HLT Processing Farms GLTD Farms
SecC

i

N
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DAQ Switching Network

Detector Jetecter
Front-Ends ¢ ;L Digitizer
' ' |
o 1 | ‘ ‘ ‘_ SWItChIﬂg
NetWOrk LVL-] Front-end
. ® ® ® o— Pipelines
m ' — oo Usec X CP
o ———

o—
o—
Readout
[ ] H Buffers
)

Switching
Network

O1 04 .

Processor
HLT Processing Farms GLTD Farms
SecC

i

N
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DAQ Switching Network

Detector Jetecter
Front-Ends ¢ ;L Digitizer
- N | ‘ ‘ ‘_ SWItChIﬂg |
Network _

LVL-] Front end

. ® ® ® o— Pipelines

] — = HSEC ; <>
] . ——— —

N

Readout
ﬂ Buffers
(4] Switching
Y Network
O1 O4
Processor
HLT Processing Farms GLTD Farms
secC R %
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DAQ Switching Network

Detector Jetecter
Front-Ends ¢ ;L Digitizer
- N | ‘ ‘ ‘_ SWItChIﬂg |
Network _

LVL-] Front end

. ® ® ® o— Pipelines

] — = HSEC ; <>
] . *—o—0 0

N

Readout
ﬂ Buffers
(4] Switching
Y Network
O1 O4
Processor
HLT Processing Farms GLTD Farms
secC R %
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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 — ATLAS Run-1 & Run-2

Tile/LAr

&m ( Calorimeters ’(hadronlc) e /V l[dentification

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 Trigger T .
Jet/energy processor - — : : [Ani%%fr: 8?’;’2311 ttH 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
E, cal maximum 1

| )
zgr,g;ﬂﬂ Counting p— N . Electroma}gnetlc
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
[AnxA¢ = 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 Jets, v 28 B DAQ & Rol
Fibre- | ¥ | Jet Feature (FELIX)
. » a0
Optic Extractor | = |0 |
[Exchange il ™
W - Run-2
[0.2x0.2 Large R Jets DAQ & Rol un
(1,0) Global - (FELIX)
O ! Feature
Extractor ~] [ANxAp = 0.1x0.1]
Jets, ZE; Epmiss
OI(ZTlde.Z Jet Energy oAd & Rol Hit
2 (FELIX)
LAr e Counts
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—_—
nMCM | TREX E $To RODs §
T | Pre-processor e/v. T [AnxAd = 0.025%0.1]
(analogue) v Cluster CMX
To RODs SR Processor
(n,) {ToRODs |

Toward higher granularity ...

[AnxAd = 0.1x0.1]
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Tracking Iriggers
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Tracking Triggers - FTT @ H1

cJC1-

Particle track
~ with hits

L2 G

- g =

o e

h—_
- o &8

g
2

&

=2

MK2 SER 003

groups

FTT Kollaboration:

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



Tracking Triggers - FTT @ H1

° \

~ Particle track

)/ L.
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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

. CJC2

CAM
or AM

Particle track

~ with hits

- ﬁ-

Valid masks
[@L2: ~10000 masks]

SEESzE.

- D71,

=
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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
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Tracking Triggers — FTT @ H1

L KA R0 v_mammmwlmn;h_g__,._,
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CMS Tracking @ Level-1

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

CMS
Quter Tracker

[from CMS-TDR-014]

Tracklet /

high pr
programmable
search window

top sensor
fail bottom sensor

WA

low pr

[courtesy T.Eichhorn]

Stub




CMS Tracking @ Level-1

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

Flex r/o CMS
Hybrid 2S Module
Design
_______________________________________________________________ \
AN
\\
. Strip Sensors
N\ N
N\ N
LN
NN\ \\
\\\ N )
Strip Sensors \
\
\\
‘\~\ \\
\\ \
N\
Service \
Hylbrid
[from CMS-TDR-014]

programmable
search window low pr




CMS Tracking @ Level-1

Requires large scale pattern matching ...

Use of associative memories (AM) ...

1
{0 HH

1 0 0 1

PRM Prototype

AMO6 Chip

[128 k patterns]

high pr

programmable
search window

low pr

top sensor

fail bottom sensor

[courtesy T.Eichhorn]

Stub

TR o o

‘:/ M;}’;,J
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Epilogue

“Synchronization Challenge by Example”




Trigger Real-Time Path [Level-1]

L1 Decision

Synchronisation Delay

Global Trigger Decision

Trigger Processing

Trigger Element Generation

Synchronisation Delay
Data transmission

Particle Trajectory

s0-70m T Time
‘ HLT & Readout
A
>
Front-End
Pipelines
l LVL 1 l
<
Light Cone Detector
Front-End
» Space
] VAN

\ ﬁ@#ﬂ I = :
Trigger 7 ====—=\\
[USA15] .
Experiment
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—xample: ATLAS L1 Calorimeter Trigger

The L1Calo Pre-Processor System

__

LI

PR T

g 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)

.............................................................................




Example: ATLAS L1 Calorimeter Trigger
First Synchronisation in 2010

Detector
44m
- " +0BC
~ o+
Beam :
! - 4 BC ...... 2
== , \
— \ Ok Tile calorimeters
' \ LAr hadronic end-cap and
) forward calorimeters
__________________ Pixel detector
"""" Toroid magnets LAr electromagnetic calorimeters
From COl | | mator Mucnehambers Solenoid magnet | Transition radiation tracker
[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 Galorimeter Trigger

-irst Synchronisation in 2010

ATLAS Preliminary

(D Uncorrected EM Tower Timing [ns] 8§g'rzlr%deter Signal
6
S
4 [ 0o 2 4 STB 10 12 Méc

B Nominal
_ Peak Position
3
- Fine-Timing
21— via fit to ADC spectra
-
o

Timing Asymmetry due to Time-of-Flight ...

46



Example: ATLAS L1 Calorimeter Trigger
First Synchronisation in 2010

ATLAS Preliminary

(I) ToF corrected EM Tower Timing [ns. 8§Iglrzlr?%ter Signal
6 :_ C ]
5
4 s 0o 2 4 6 ts 10 12 14BC

B Nominal
_ Peak Position
3
- 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

CD6 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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Calorimeter Trigger — AS
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Calorimeter Trigger — AS
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