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« These slides draw heavily from a long and distinguished heritage of slides drawing

heavily from other people’s slides which drew heavily from ofner peosiers saes ..

« Some of these include Sioni Summers, Alessandro Thea, Alex Tapper, Dan Saunders, Georg

Auzinger — thanks to them all!



A (SLIGHTLY UNAPOLOGETIC) APOLOGY

« My examples are heavily biased towards the LHC and CMS

* |t's where my experience is, it is what | know

» The boundary between Trigger and DAQ is blurry, and | fend to err to the Trigger side

* |t's where my experience is, it is what | know
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SCIENCE: THE BASICS

« Science is the art of knowing what to record, and when



« Science is the art of knowing what to record, and when

 With CMS & ATLAS In “discovery mode”, we care about

the Higgs Boson or rarer

« Higgs Boson production is fen orders of magnitude below
the total inferaction rate
 Thatis a needle in a haystack the same mass as the

Empire State Building

« And we want staftistics, a lot of statistics
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UNFORTUNATELY, STATISTICS REQUIRES DATA

« The LHC's 40MHz crossing rate and 2x10%4 cm™ s luminosity was chosen to provide

2 billion interactions per second

« Unfortunately, 40MHz on a 70 million channel tracker produces the equivalent of
25Pbit/s of data



Mb/s

1.E+10 4.E401

Mean traffic on the internet

1.E409 4.E400
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HOW MUCH DATA?z¢¢!
15408 4.E01 '
1.E407 4.E-02
1.E406 4603
1.E405 4504 l
1.E404 4.E05
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UNFORTUNATELY, STATISTICS REQUIRES DATA

« The LHC's 40MHz crossing rate and 2x10%4 cm™ s luminosity was chosen to provide

2 billion interactions per second

« Unforfunately, 2x103* cm2 s! luminosity produces ~50 times more background in your

detector than signal (if there is a signal at all), making selection fricky

« And every fime the LHC improves its performance, this gets worse
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UNFORTUNATELY, STATISTICS REQUIRES DATA

« And It gets worse...

* In-fime pile up: Same crossing different intferactions

AT LHC, new events come every 25 ns
« QOut-of-fime pile up: Due to events from different crossings

 Need to identify the bunch crossing that a given event comes from

Superimpose

..lllr...
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SCIENCE: THE BASICS

 Enormous data rate at e.g. CMS:

« 40 MHz collision rate x 1-2 MB event size > 60 TB/s

« Can’'t write this to tape & process it later!

Do we need to write It all to fape?
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* Tiny cross sections for Higgs and new physics

« Process each event, decide to accept/reject

ts / sec for 4
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SCIENCE: THE BASICS

 Enormous data rate at e.g. CMS:

« 40 MHz collision rate x 1-2 MB event size > 60 TB/s

« Can’'t write this to tape & process it later!

Do we need to write It all to fape?
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* Tiny cross sections for Higgs and new physics

* Process each event, decide to accept/reject

ts / sec for 4

cven

» All online - can’t go back and fix it

« Don't screw up!
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SCIENCE: THE BASICS

 Enormous data rate at e.g. CMS:

« 40 MHz collision rate x 1-2 MB event size > 60 TB/s

« Can’'t write this to tape & process it later!
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Do we need to write It all to fape?

* Tiny cross sections for Higgs and new physics
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« Process each event, decide to accept/reject
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« All online - can’t go back and fix it.

-

« Don't screw up!
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REMINDER

 Trigger basic requirements

 Need high efficiency for selecting processes for physics analysis
 Need large reduction of rate from unwanted high-rate processes
« Robustness is essential

« Highly flexible, to react fo changing conditions

« System must be affordable
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WHAT’S ON THE (TRIGGER) MENU TODAY?

Historical systems /Complex Iffe]e[SIE
Simple triggers Modern triggers

ooooooo



THE EARLIEST TRIGGER

« Cloud-chamber images recorded on film

 Need some way to frigger the camera




34, Grad student
\'J

« Cloud-chamber images recorded on film ,

TArtist's
Impression

 Need some way to frigger the camera




THE EARLIEST TRIGGER

g«, Grad student
\J

« High efficiencye Nope - reflexes too slow ,

TArtist's
Impression

» Large rate reductione Better than nothing

« Robustnesse No — keep wanting sleep,

offee, tollet breaks, eftc.

* Highly flexible? Depends on the student




THE EARLIEST TRIGGER

Grad student

« High efficiency? Al
Impression

» Large rate reduc
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« Blackett pioneered a technique to trigger
the camera of cloud chambers (and gof

the Nobel prize for this and other work])

» Just missed out on discovering the positron
N 1932

¢ Stevenson and Street used this to confirm

the discovery of the muon in 1937

Trigger photo capture when Geiger counters 1,2,3,
but not 4 record coincidental measurements
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THE SIMPLEST TRIGGER SYSTEMS

« Source: Use the signals from the Front-End of the detectors themselves
* Binary: fracking detectors (pixels, strips)
« Analog: fracking detectors, time of flight detectors, calorimeters, ...

Front-End Pre-amplifier Amplifier



THE SIMPLEST TRIGGER SYSTEMS

« Source: Use the signals from the Front-End of the detectors themselves
* Binary: fracking detectors (pixels, strips)
« Analog: fracking detectors, time of flight detectors, calorimeters, ...

1" “”'! “"
f

2
_I.r"'-'_ “h
Signal ot
Charge Voltoge EBigger “oltage
Fulse Fulse Fulse | |
. ; : / \ | A |
| | | | | | | \, L/ | ;
Front-End Pre-amplifier Amplifier . - YN
Trigger signal

« The most trivial trigger algorithm: Signal > Threshold
« Apply the lowest possible threshold
« |denftity best compromise between hit efficiency and noise rate




DETECTOR SIGNALS CHARACTERISTICS

« Pulse width

 Limits the effective hit rate

« Must be adapted to the desired trigger rate -qM

¢ Time walk

Noise hit
» The threshold-crossing time depends on the signal amplitude e

* Must be minimal in good trigger systems

Time walk ﬁ
» Time walk can be suppressed by triggering on total signal fraction yay

« Applicable on same-shape input signals with different amplitude

» Useful for scintillator detectors and photomultipliers

Leading edge Trailing edge
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THE CONSTANT FRACTION DISCRIMINATOR

- — = I|nput pulse

- Delayed inpuft pulse

_ Attenuated inverted input
Bipolar pulse
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« Atfenuation + configurable delay applied betore the

discrimination determines fcrmo

® If d@'Oy '|'OO ShOr'l', The Uﬂi'l‘ Works OS O normgl The output of the CFD fires when the bipolar pulse changes polarity

discriminator since the output of the hormal

discriminator fires later than the CFD part

Amplitude

Threshold
Signals with the same rising fime, at a fraction f

CITt — thd




« Combinatorial

TRIGGER LOGIC IMPLEMENTATION

 Once we are in the digital domain, all

manipulations can be broken down to a

Boolean operations

« Summing, Decoders, Multiplexers,...

« Sequential

* Flip-flops, Registers, Counters,...
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TRIGGER LOGIC IMPLEMENTATION

 Once we are in the digital domain, all
manipulations can be broken down to a

Boolean operations

« Combinatorial Data propagates
— (AS a wdadve
« Summing, Decoders, Multiplexers,...  through the logic

Operations

« Sequential

happen at well

» Flip-flops, Registers, Counters,... — defined fimes

and in a well

J defined order



A SIMPLE TRIGGER WANTS A SIMPLE SYSTEM

« A simple trigger system can start with a NIM crate

« Common support for electronic modules

» Standard impedance, connections, logic levels

« Watch out for negative voltage levels: Low = Ov,
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A SIMPLE TRIGGER WANTS A SIMPLE SYSTEM




A SIMPLE TRIGGER AND DAQ SYSTEM

Defector | Trigger system
Fast links
start I ﬁi"-}_?EE -

e

I I ReodOu’r
e

DAQ system

Digitizers (ADC, TDC,....)
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KEYWORD: DEADTIME

« The key parameter in high speed frigger systems design
* The fraction of the acquisition fime when no events can be recorded.
« Typically of the order of few %

 Reduces the overall system efficiency

« Arises when a given processing step takes a finitfe amount of time
 Readout dead-time
* Trigger dead-time

« Operational dead-time
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DEADITIME EXAMPLE

« Writing to disk or fape is much slow than accepting data into RAM

 |f you select an event and start writing it fo disk, you cannot accept any more events

until you finish writing, even if they are interesting
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DEADITIME EXAMPLE

 Forinputrate “R..”, Readout rate “R,,",

L —— .

and time taken to write to disk “T,” £  T.=1s
» Fraction of 1s “lost” to writfing = R, ;¢ Ty for T, = 1s >max rate = 1Hz

» Event output rate R, ;= (1-R,*T4)*R..

out
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DEADITIME

« Writing to disk or fape is much slow than accepting data into RAM

 |f you select an event and start writing it fo disk, you cannot accept any more events

until you finish writing, even if they are interesting

« Same principle applies to processing fime

* For example, ADCs
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coincidence
logic

ReadOut

It ADC Is the crifical step for deadtime,

this is clearly a really bad plan



35

'z ( Fast links / \

Front-Ends III
|
|

— - ReadOut

delays ADCs Mux

Much more sensiblel

Potentially much more expensive!
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KEYWORD: LATENCY

Trigger system

lz Fast links

i-yiv

N 4

V - > coincidence
— i
- EEEE

Front-Ends I
|

ReadOut

delays ADCs
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coincidence
Inmlc

Analogue delay-lines are a bit risky, don't you thinke

Especially for more than one channel
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A SIMPLE TRIGGER SYSTEM

& o < Ter—
ai ke
= II_'CM

Inmlc

. ReadOut
Mux

It the ADCs are the slow part,

delays ADCs

can we use the time more profitablye
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A SIMPLE TRIGGER SYSTEM: PRE-TRIGGER

Trigger system
Fast links A

start

coincidence
logic

e B
FE ..
Front-Ends III Start ADC
NN ;
- '

It the ADCs are the slow part,

can we use the fime more profitably<¢
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A SIMPLE TRIGGER SYSTEM: PRE-TRIGGER

Tri t
Fast links I rngger system
L-—'

-!;-r

coincidence

.o logic
discriminators 9

B
1
III Start ADC
]
|

\4

| busy

ReadOut

4 r
=

Mux o

NDCs

Assumes the digitization time is longer than the latency of the trigger system!

What if that is not frue?




{ Fast links
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> coincidence

1 TR logic
--.. discriminators
FE

Front-Ends III Start ADC Data Valid

. -

B
-=_ ’ I: ReadOut
_ I—
Digital delay

ADCs

Since each digifization takes a finite time

Can store the result of each digitization in RAM until trigger decision is made
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coincidence
logic

ReadOut

Digital delay

5
e . ADCs
’ -
, .

We have a master-clock — the bunch-crossings themselves!

No need for a pre-trigger




Fast links Digital Trigger system
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A SIMPLE TRIGGER SYSTEM: DIGITAL TRIGGERS

, Digital Trigger system l]’ ]]
& Fast links J JIErSY ) "

& B

start

Digital delay




AND FINALLY: A PRILOSOPHICAL QUESTION

 |f you only see what the trigger accepts, how do you know what you have thrown

awaye



AND FINALLY: A PHILOSOPHICAL QUESTION

* |If you only see what the frigger accepts, how do you know what you have thrown
awaye

« A good trigger will also have so-called Minimum-bias or Zero-bias paths

« /ero-bias — accept a truly random sample of events (even “empty”)

 Minimume-bias — accept a random sample of crossings with collisions

« Allows you to look at what your trigger tells you not to



WHAT ABOUT NON-COLLIDER EXPERIMENTS?

» "Always on" defectors - "events’ could occur at any time - confinuous read out

« But most of the time, nothing is happening
» Signals may be localised to one portion of the detector - local read out
« "Events’ may have very different durations - few ms to 100s seconds (e.g. supernoval)
« "Video' data compared to LHC experiments’ "Photo” data

 Want fo capture data when
something ‘interesting’ does

happen, and suppress the rest
« Everything | have said about

Sanford Underground
Research Facility -
§ Fermiiap
800 ==
\ —'-;;-:-?ggg '
. . . i A szt NEUTRINO
deadtime, latency, min-bias paths : i PRODUCTION

PARTICLE |

DETECTOR PROTON

e T C.S h | | @ p p | | eS! £ EXISlﬂ: ﬂ;‘gﬁg‘,ﬁg‘,’,‘é?gmon ACCELERATOR
LABS




SEE YOU ON TUESDAY FOR PART It

ANy questionse
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