


HADRON COLLIDER CROSS SECTIONS & RATES

proton - (anti)proton cross sections
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Tevzﬁmn LHC
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< b quark rate: 10 MHz

e I, g |
107 em ™ s

< W boson rate: 4 kHz

o (E/™>100 GeV) g Keep for.
Al < Higgs boson rate: 1 Hz storage
o (E> \/SM)I i
M, = 150 GV) ! Challenge of triggering at hadron
M, 500Gy - colliders: cannot keep all physics

processes in order to collect enough
data on interesting rare processes
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® Custom electronic designs
ASICs

maximally parallel way

®* Combinatio puting equipment

®* Level-3:

of up to thousands of CPUs and about a second per event

processing time
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Level-1 Trigger:

8
10

Ambitious even now!
interacﬁons,sm”d .
60Mszeamcrossingrate Only ] 6ns BX Squ”‘]g,

Solenoidal Calorimetry, Muon |
& Track, . tenc
e e . Full Event Data Tngég'?‘d';?a ] 5 ,US a Y
Collaboration i (Tighter than LHC regs!)
g Full Event Data L1 J Fixed decision time
. Dat T = Y
] — Iigger Data g 16 raas ey
3 Hfr‘fﬂz . : : (accept) 10 KHz to 100 KHz sto1|£ ‘?}%ﬁmm
Mg vent Data for L2 Trigger
(]
,\ ~ °
“~. My first and only SDC meeting W

N

& o d Trlgu;ar 10 :Jgac./sdamsmn (average)

to 50 L

- took place in 1993, and was S

TN : . . 100 Hz to 1 KHz Level 2 Rejection:
- the first time | met Wesley 1010100

“V o i °

x 4 (qnd Srldhqrq) 100K to 1M < 1K events/second

- ) B . +~~-780 equivalents expected
| T e iR (10K sy

10 to 100 events/second Level 3 Rejection:

10t0100

Event Size:
~1 Megabyte

Expression of Interest
24 May 1990

FIG. 26. Trigger and data acquisition dataflow for the SDC detector.
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1995 Parameterss

N\ °® 74 bunches

\ o qéns SPQCi'\% Still ﬁghf bunch
\ . L, = 30mA spacing! Significantly

~ Experimental Hall
NORTH

/ H1

/ } less than Tevatron
Protons 'r t Experimental Hall . I.P"' éSMA Run 1 (microseconds)
| Electrons EAST
HERMES |

\

)\ cnd |

\ X HERA-R
9/ Experimental Hall ‘ Tri er system
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Uranium-Scintillator

calorimeter.
Barrel built by US
groups (“AMZEUS”)

Data processed by
calorimeter trigger




®* Three Level Trigger system

Component 1 F/E Component n F/E

17 subdetwclors
10 GB/sec

®* Dominant background at HERA is beam

K\O ZEUS TRIGGER SYSTEM |

gas interactions which occur at a typical :“?“w”
rate of few hundred kHz ; _— r
® Only half of a hadron collider... e iui
_ —— =
® Level-1 takes in data at beam = : i %
crossing input rate, and reduces to < 1 kHz . 5
* Total Latency 5.5 ps . T <
* Calculations are in 96 ns steps (i.e. %
no dead time) ek i o 5

®* “Transputers” comprise Level-2, 3 and

500 KO/sec

Event Builder . s oo
Run Control
® Early parallelized real-time computing N

104 canndges / year

platform
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ergiesin

® The Calorimeter Trigger essentially IS the Level-1 trigger, since no dedicated

muon trigger

® Thankfully a MIP trigger is enough, as background rates at HERA are low

/:) DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019
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®* The Fas 5 reduce the rate of
data going to

® In addition to clustering, Fast Clear calculated from the
calorimeter data, and used it to reduce the rate of Neutral

Current triggers

DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019



DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019 12




Simulation results

obtained using the
first C++ framework
of CMS: “ORCA".

yyyyy

Revised in 2002 in ey - el it
DAQ/HLT TDR - — T

i1c Y T e e

The Level-1 Trigger

The Trlgger and Data Acquisition project, Volume II
Data Acquisition & High-Level Trigger

DARIN ACOSTA, UNIVERSITY OF FLORIDA



40 MHz %
® Level-1
40 MHz to no more than @D
100 kHz - ——4

100 kHz

Level Trigger (HLT)

comprised ¢

[ ]
110

to further reduce event rate to storage to an

average of (for LHC Run 2)
*CMS was a leader in adopting a powerful HLT.
/DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019
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Detectors

Digitizers

Front end pipelines

Readout buffers

Switching networks

Processor farms



One to two orders of
magnitude increase

Tevatron / CDF (2004) LHC/ CMS (2018)

Beam Energy

Inst. Lumi. (cm-s-1) 200X
Bunch xing freq/ Time spacing 16X

L1 pipelined ? es

1 output rate 100 kHz

LT input 100 kHz
1000 Hz

0.2 MB 1 MB

250 CPUs O(10 000) CPUs

SLEY FEST AUG. 30,

2019 DARIN ACOSTA, UNIVERSITY OF FLORIDA



UW i,
rig.
“RCT" prlml

unet
reglons
& mip

......| Global. b\its
'"Put "|Cal. Trigger ~

{ data
?ooo.ooooooooooo”on 0000000000000000000000000000000000000000 G Io b al M uon Tr i g g er

strigger

fobjects : TRK,ECAL,
*{Global Trigger ITC System)>| ycaL.mU

Fig. 1.2: Overview of Level 1 Trigger

\___

jilee | Regional.
idata
Etfort * Cal. Trlgger

DARIN ACOSTA, UNIVERSITY OF FLORIDA

But one major missing
ingredient: no inner
tracking at L1.

Makes trigger job that
much harder compared
to earlier experiments.

e.g. Muon momentum
must be measured in the
magnet yoke.

No electron/photon
discrimination.

WESLEY FEST AUG. 30,2019 16




SILICON TRACKING TO BE ADDED FOR HLLHC O/

LHC Electronics Workshop Wesley was already thinking about

Wesley H. Smith
U. Wisconsin - Madison addressing this limitation as early as 2004

September 14, 2004

Outline:

Impact of Luminosity up to 103
Trigger Requirements

Calorimeter, Muon & Tracking Triggers
DAQ requirements & upgrades

R&D Technologies

CMS SLHC L-1 Tracking Tri '
';'{ cking rlgger?

Ideas & Implications for L-1

Additional Component at Level-1
+ Actually, CMS already has a L-1 Tracking Trigger
* Pixel z-vertex in An x A¢ bins can reject jets from pile-up
» Could provide outer stub and inner track
« Combine with cal at L-1 to reject =0 electron candidates
* Reject jets from other crossings by z-vertex

+ Reduce accidentals and wrong crossings in muon
system

* Provide sharp P threshold in muon trigger at high P+

» Cal & Muon L-1 must produce output with suitable
granularity & info. to combine with L-1 tracking trigger

« Also need to produce hardware to make combinations
Move some HLT algorithms into L-1 or design new
algorithms reflecting tracking trigger capabilities

W, Smith, U. Wisconsin, LECC Workshop, September 15,2004  SLMCTrigger &DAQ- 17

This talk is available on:
http:/cmsdoc.cern.ch/cms/TRIDAS/tr/0409/Smith_SLHC_LECCO04.pdf

W. Smith, U. Wisconsin, LECC Workshop, September 15, 2004 SLHC Trigger & DAQ - 1
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~ WESLEY WAS THE CMS L1 TRIGGER
MANAGER SINCE THE EARLIEST DAY S

® O ® @ TRIDASMINUTES 951108 -Tr X  New Tab x| +

<« C @ NotSecure | cmsdoc.cern.ch/doc/tridas/minutes/951108 «—

Links to meetings still valid
even after 24 years!

CMS DAQ MEETING, NOV 9 1995 at CERN - Sergio Cittolin

FrontBnd Driver (FED)_Visual HDL model A. Racz - 680kb, 20 Mb ps file
Front®nd Logical model (FEL) JF. Gillot
Status of FED developments Halsall
Status of Dual Port Memory developments Fucci
Status of EPFL ATM developments Wiesel
Embedded systems and develepment teools Samyn
PPC developments at H1 Haynes
EurcBall FCS event builder status Maron
ALICE prototype plans Vascotto
US prototype plans Sphicas
CMS protoiyns Cittolin
L —

LI ol Bl R

CMS TRIGGER MEETING NOV 10, 1995 at CERN - Wesley Smy

Calorimeter Trigger

5. Dasu
CMSIM study of electron trigger C. Leourenco
CMSIM study of missing Et and tau trigger A. Nikitenko
Trigger studies with CMSIM G. Heath
Status of trigger primitive extraction Ph. Busson - page 2 - 3 - 4
Calorimeter trigger ASIC and backplane update W. Smith
U. Schafer

Muon Trigger

B.x. identification with MFl test beam data V.Karjavin

1/2 strip resclution with MF1 test beam data P.Moissenz

Status of the DT trigger Padova

Feasibility study of PAC trigger ASIC .Jaworski

Status of the PACT test bench construction M.Kudla - 1.6 Mb

Status of the CSC trigger .Hauser

Progress on DT/CSC Track Finder simulation .Wildschek

Progress on DT/C8C Track Finder design .Kluge - link to private files
Muon Trigger Overview .Wroechna

Global Trigger

Global Muon and Level 1 Trigger
TTC System

docarchive 1.52 - /doc/tridas/minutes/951108 - 95/12/19 - 01:17:03 FEST AUG. 30,2019




® O ® @ cwMs Trigger Meeting April 27, % New Tab

| JOINED THE PROJECT  paatpsseyssasoeres
\O IN 1998 e o T

1998 Trigger Progress Report

Review of Cal & Global Triggers
Monday April 27, CERN
Calorimeter Trigger:

O w of Tripger Primitives -- J. Varela

iew of Regional Trigper Hardware --

w of Regional Trigger Simulation -- W. Badpett
=view of Global Calorimeter Trigger -
Readout of Calorimeter Tripper Data
Summarv of Milestones, S
Global:
Status of Global Trigger - A Taurok
Swynchonization Discussion:

Svnchronization [ssues -- Y. Smith

Review of Muon Trigger

‘Tuesday, April 28, CERN

Track-Finder:

Track Finder - J. Erp

‘Track Finder synchronization issues - F. Sroncso

{loimweider

ctor Processing & Track-Finding - D). Acosta
Drift Tube:

Status of Tripger Server project -

RP'C schedule, project organization - J.Krolikowski

DARIN ACOSTA, UNIVERSITY OF FLORIDA Summary:

Summ




Regional Cal. Trigger Milestone: Major
Production Complete

Electron Isolation & Clock: Jet/Summary:

= fraction e s Bess THICIRRAE

L il sond|
Wl mput ol

afs | 4 " o4 : o ‘
A EISQ | smkszj

Note the heavy use of
ASICs, a product of the

earlier SSC and HERA
56| o calorimeter trigger

'BaAr Code“ : el
B ] 4 e work

2 PHASE =i i
- FRASE bYdrL:R Clock
o iasiCs SR o Clook
BSCAN s : . !‘ adjust
- 'ASICs 33

X - : g
=8 si |8 H I ; N = B 14
° % ) 4 o > " L . ‘ il o | d ¢ [
SR AT e wil .
y —MmW—/7m8———————M Pisk -
W. Smith, U. Wisconsin, June 21, 2005 CMS Annual Review: Trigger Overview, Integration, Commissioning - T AUG. 30,2019 20
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Trigger

Speaker: Wesley Smith (University o
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HF HCA ECAL P
energy energy energy hits
trig.
primi-

data
A 4 i Pattern
@AQ quiet Comp-
y 'reglons arator

& mip

A
................ Global. as
input  (Cal. Trigger, ~ v

data
e Global Muon Trigger )

objects y / TRK,ECAL,
(Global Trlggel)—PGTC System)—> HCAL.MU

Fig. 1.2: Overview of Level 1 Trigger

P

ck-Finder,

typicall nd utilized Xilinx
FPGAs and a few tern finding

®* The , as well as high-speed

for data transmission (~1 Gbps)
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1=}

® Electron, tauv, and : L1 Jet Window
1.0n x 1.0
* Each TT has A@An = 0.0875x0.0875 >

® Electron candidates (isolated and nonisolated)

—-—"_-—

found in 4x4 TT regions

HCAL
T . ) . Crysta B ECAL
Sliding window for jets across 4x4 TT regions AT

An,Af = 0.3-11_3

!

l
-

AnAe = 1.04

DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019



DARIN ACOSTA, UNIVERSITY OF FLORIDA

Tl e [ i i
4

7&

»

WESLEY FEST AUG. 30,2019

A

RPC Triggi' Electroni

‘\t\\h

i

24

CS

—~—

S

f

-



About a week later we
were 5 days away from

first pp collisions, and yet
CMS had no HLT menu yet! §

o

(7 -

But we did take the opportunity 87| Sadly, the LHC suffered a major malfunction
to upgrade the FPGAs on the Q‘S on a black Friday, September 192, 2008,
endcap muon trigger at leastto | -

\
W
X

i delaying things by more than a year and

Ny

add more margin! 4 forcing us to lower the beam energy

DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019



38 MISSING BUNCHES

|SSING BUNCHES 119 MISSING BUNCH

|
[T irW [T ﬂﬂﬂ [T ﬂﬂﬂ [T

‘ 1
k 88.924 s

‘ 3564=([(72b+86)x3 + 30a]x 2 + [(72b + 8e) x 4 + 31e]} x 3 + {[(72b + Be) x 3+ 300] x 3 + 81e} r

ssion algorithm

=

* Trigger prefi

® Calorimeterstrigger primitives can fire early, causing us to read wrong BX for DAQ

® Solution: veto unfilled colliding bunches

®* Problem: how to trigger on possible slow HSCPs?

® Solution 2: Latch and hold RPC trigger hits for 2 BX (50 ns) Wesley’s suggestion

/ DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019 26




BUT EVENTUALLY EVERYTHING WC)RKEDI /

TCS TriggersPhysic tedFDL: run = 201624 ‘ /
y

®*L1 rates happily

5 ; 7E33 6E33

100 kHz ! column column

Multiple TCS Deadtime scalers: run = 201624

®* Low deadtime

® Trigger control and

throttling system,
and DAQ, all

Weld {yle]
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Electrons Muons

—cms Prehmmary 2012 ------------------- e
L dt = 2 5 fo™ /o

Y

Efficiency
o
CO

L‘I_SlngIeEGZO : ; : :
* Barrel ) N 2.1
o Endcaps - GMT p_ thresho

EEEE : : : : * None
» 12 GeVic
16 GeV/e
20 GeVie

25 GeVic L

30 GeVic

10 20 30 40 50 60 70 8C 20 40 60 B{] 1{}{]12014[}16018{]2[}[}
Probe P, [( Tph. [GeV/c]

o
o

o
~
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— ing

2013 Nobel Prize
in Physics
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l

: ‘ CERN 99-09
CERN/LHCC/99-33 l
| I l l ' 29 October 1999

>ctronics

ORGANISATION

was organised for the CERN LHCC

s for LHC Experiments
Madison, Wisconsin, USA

hass, Colorado, USA

s Conference Center, Snow

1999 in the Sn

T — LEB Workshops,
e now TWEPP

|
Fe
H.H. LANKFORD University of California at Irvine
: LEFKOW
) RADEKA

R. DASI ty of Wisconsin

John ELIAS National Accelerator Laboratory

University of Wisconsin

Velj

Brookhaven National Laboratory

T'he Program Review Committee was comprised of the members of the LEB, namely:

Peter SHARP (Chairman)

Rutherford Appleton Laboratory
Pierre BORGEAUD  CEA Saclay

Francesco CORSI
gen CHRISTIANSEN
ppe FARTHOUAT
Fabio FORMENTI
Geoff HALIL
Michael LETHEREN CERN
Emilio PETROLO INFN Rome
Steve QUINTON  Rutherford Appleton 1 aboratory
Veliko RADEKA  Brookhaven National Laboratory
Michael SCHMELLING ~Max Planck Institute Heidelberg

Wesley SMITH  University of Wisconsin
Giorgio STEFANINI CERN
Michal TURALA CERN

Politecnico di Bari
CERN
CERN
CERN

Imperial College

University of Wisconsin, Madison, Wisconsin, USA

Snowmass, Colorado, September 20-24, 1999
by y of Wi in, Madison, WI, USA
on behalf of the CERN LHCC Electronics Board

=20.24

September 1999

Workshop Secretariat:

Robin CRAVEN  Alliance LLC Meetings Management
Catherine DECOSSE CERN
Anne JOHNSON  Rutherford Appleton Laboratory
Aimée LEFKOW  University of Wisconsin
Renée LEFKOW  University of Wisconsin
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luminosity and pileup twice higher than designl!

®* ASICs cann

®* Older FPGAs near capacity, and memory look-up tables small

® Lots of copper cabling (data volume and format fixed)

/3 * Large, fragile VME cards

DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019



Calorimeter Trigger

ECAL HCAL HCAL Ccsc DT RPC
HB/HE uHTR HF uHTR c
-os-s uOF

A h 4
‘ Calo Trigger Layer 1 ‘ [

|
! |

( Calo Trigger Layer 2 ] ]
: : i
i i

® Increase sy flexibility
bandwidth optica f f and
larger Xilinx FPGAs

on the UTCA telecomm standard in CMS

(something Wesley started with a Los Alamos connection)

/ DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019



HCAL ECAL
energy energy
()
- ‘
Regional Layer 1
Calo Trigg < Calo Trigger

EM Region O oSLB
candidates energies OoRM

Wesley and Wisconsin
had a good plan here,
including also a
“Stage-1” early
upgrade deployment
in 2015

Global Layer 2
Calo Trigger Calo Trigger

Upgrade L1 Trigger System

Current L1

® Important to build and with current
trigger system to safeguard physics, decouple from LHC schedule

® e.g. Duplicate ECAL signals with active optical components, and split HCAL
optical inputs to HCAL back-end electronics

DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019 34




\

MTF7 rack for
EMTF

CTP7 rack for
Calo Layer-1
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Foresightto push both for

tracking @ L1, and
increased output bandwidth
to better balance L1 and HLT

igger

* Trigger rates up to 750 kHz @ Level-1, 7.5 kHz @ HLT
(vs. 100 kHz and 1 kHz today)

® Level-1 trigger latency of 12.5 us (vs. 4.0 us today )

® Allow time for additional processing (Track Trigger, Correlation)

DARIN ACOSTA, UNIVERSITY OF FLORIDA

WESLEY FEST AUG. 30,2019
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in/ &
o+ &
LHC X )

But APD may be just as primitive compared

¢’(9
¥
<9

to a system for a FCC, 40+ years from now !

—

Schematic of an

80 - 100 km

long tunnel
‘alaz

ing (20X more than LHC)

® Higher detector channel count from increased granularity

® Radiation levels in tracking volume

FCC-ee FCC-hh

/rn—a—-—nvn_m‘_n?m | 15 years operation \-nnﬁm—m“ [ 25 years operation }.
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2010 eruptions of Eyjafjallajokull Impact large-scale disruption to air travel,
i smaller effects on farming in Iceland

Volcano plume on 18 April 2010
20 March — 23 June 2010

Date
Type

Strombolian and Vulcanian eruption
phases

Wikipedia

Kept us a bit Ionger lely Composite map - volcanic ash cloud
anticipated at CERN spanning 14-25 April 2010

DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019
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® | wish you well in a hard-earned retirement
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-hadron colliders, because

® Transverse mo

® e p colliders

®* While p, is not conserved, E — p, = 2E_ is for an ep collider. Provides another kinematic
constraint handle that pp colliders do not have

/:) DARIN ACOSTA, UNIVERSITY OF FLORIDA WESLEY FEST AUG. 30,2019
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