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Qutline:

Running: Tevatron: CDF & D@

eStarting: LHC: ATLAS, ALICE, CMS, LHCDb
*The Future: SLHC Triggers
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Tevatron: CDE Trigger W

WISCONSIN
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» Level-1: synchronous hardware trigger
- L1 decision every 396 ns (2.5 MHz)
at 5.5 s after beam collision
- L1 accept ~ 50KHz (limited by L2)

2.5 MHz Crossing Rate
(396 ns clock Cycle)

7.6 MHz Synchronous Pipeline
- - i i I L1 St 5544 =42 x 132 Lat
e Level-2: ma.unly hardyvgre with simple = Sl o el o T
software for trigger decision ek
i ycles Deep
- Parallel preprocessing for full detector _
- Avg L-2 processing time ~30 s L1 Accept
- L2 accept ~350Hz 2 s
- " Asynchronous 2-stage Pipeline
(BB 20 us = 1/50 kHz Latency
Trigger 300 Hz Accept Rate
L2 Buffers: —
4 Events L1+L2 Rejection factor: 25,000
» Level-3: ~200 Dual CPU with Linux Lz Accept
- Direct copy of offline reconstruction code .
. Eull t fructi Level 3 Mass
- L3 accept ~ 80Hz (limited by tape writing) AT Buffers] S ccanlirats 356
Event Builder Rejection factor: > 4
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Detector Elements

CDF L1, L2 Trigger, Systems
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L1: Cal, Track, Muon, L1Global

main L1 primitives:

- L1 track (phi, py)

EM cluster (EM, HAD/EM)
Electron (EM cluster+XFT)
Jet cluster (EM+HAD)
Muon (Muon tower + XFT)
Missing Et, SumEt
L1 triggers:

- inclusive and simple combinations

L2:
- SVT (phi, pT, dO)
- L2Cal : EM and Jet clusters,
clusters
- EM ShowerMax
- L2Global
L2 objects
- e, m g, jets, met, SUmEt
- tau, displaced track, b-jet
- isolated e and g
L2 triggers
- inclusive and complex combinations

Isolated
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D@ Trigger System @

WISCONSIN
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¥ Detector =~ ¥¥  L1Trigger " V¥ L2 Trigger ¥
2.3MHz " 5kHz 1000 Hz

| I “_
L1CAL L2Cal '
“ CAL I |I I |I 4.2 s

(2 | ooy = T obie [
I L CTT

[~ ] i i e IO <
“ MT H g il H — L3 |

“ Muon I I L1 | | L2 v_
| L_Muon | L Muon
" " L 2FW:Combined
H FPD L1FPD “ objects (e, mj,tracks)
" " ' 100 Hz
L1FW: towers, tracks, correlations I 250 kb/evt

Deadtime: <5%
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DA Level 1 & 2 Triggers W

AAAAAA

Level 1
» Central Track Trigger (CTT) uses axial layers of Central Fiber Tracker
e provides track terms in 4 pT bins, isolation terms, sends track lists to L1 cal/m
o Calorimeter
e course 0.2 x 0.2 eta-phi towers
e Cal-CTT match (L1 tau trigger)
e Muon
 Scintillator and wire hits
 Muon-CTT match

Level 2
» Silicon track trigger
 Better track p; resolution
e Primary vertex finding
» Track impact parameter significance terms
« L1 Muon and Calorimeter (jet and electron) objects are refined
* Global variables allowing combinations of objects

Wesley Smith, U. Wisconsin, September 2, 2008 LHeC Workshop: Collider Triggers - 5



No.Levels First Level
Trigger

Rate (Hz)

105106
LV-Z:I.O3

105106

Lvo 1082x10°
wva 4 104

pp-pp D00
p-p 103

Event
Size (Byte)

10

100

5x107

LHC trigger & DAQ Summary @

WISCONSIN
Readout Filter Out
Bandw.(GB/s) MB/s (Event/s)
100 (102
100 (102
40 (2x102?)
5 1250 (10?)
2x106
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LHCB Trigger

WISCONSIN

MADISON
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LHCb: Two SW Trigger Levels W
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Both Software Levels run on commercial PCs

Level-1: 4.8 kB @ 1.1 MHz

e uses reduced data set: only part of the sub-detectors
(mostly Vertex-detector and some tracking) with limited-
precision data

* has a limited latency, because data need to be buffered in
the front-end electronics

e reduces event rate from 1.1 MHz to 40 kHz, by selecting
events with displaced secondary vertices

High Level Trigger (HLT): 38 kB @ 40 kHz

e uses all detector information

e reduces event rate from 40 kHz to 200 Hz for permanent
storage
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ALICE Data rates @

HeC - WISCONSIN
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ALICE data rates (TPC only)

Event rates
- Central Pb-Pb: <200 Hz (past/future protected)

- Min. bias pp: <1000 Hz (roughly 25 piles)

Event sizes (after zero suppression)
Pb Pb: ~75 Mbyte
pp: ~2.5 Mbyte

Data rates
Pb Pb: <15 Gbhyte/sec
pp: ~2.5 Ghyte/sec

TPC is the largest | A
data source with ﬁL
570132 channels,

512 timebins and
10 bit ADC value. (L —— z
_ﬂr_ . =t
Data rate exceeds by far 5
the foreseen total DAQ == =
bandwidth of ~1.2 Gbyte/sec \[2 > fU
> I
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ALICE Trigger: Features @
BIASR WISCONSIN

3 decision levels: LO: 1.2 us, L1:6.5us, L2: 88 us

Parallel decisions at each level —different groups of detectors
(clusters) are reading out different events at the same time

All the readout detectors (max. 24) are partitioned in up to 6
dynamically partitioned independent detector clusters

4 past/future protection circuits for each decision level shared
among all detectors, which protects the system against pile-up

50 trigger classes (combination of input signals and trigger
vetos) for each level

24 L0 trigger inputs
20 L1 trigger inputs
6 L2 trigger inputs
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ATLAS & CMS o

THE UNIVE.RSITY

Trigger & Readout Structure  wisconsi
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| <« —»| | _ 103 |
~ 30 Collisions/25ns 25 ns Luminosity = 10 cm® sec’

( 10 * event/sec ) . : .
N— N B
107 channels 'S 'S |

(10 bit'sec)

Detectors Detectors

@ Front end pipelines @ Front end pipelines
@ Readout buffers Readout buffers

- Switching network Switching network

@ Processor farms Processor farms

ATLAS: 3 physical levels CMS: 2 physical levels
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ATLAS & CMS o
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Trigger Data WisCONSIN

MUON System

Use prompt data (calorimetry
Segment and track finding

and muons) to identify:
High p, electron, muon, jets,
missing E.

It

CALORIMETERSs

Cluster finding and energy
deposition evaluation

New data every 25 ns
Decision latency ~ ys
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ATLAS & CMS Level 1.
Only Calorimeter & Muon WisCONGN

MADISON

High Occupancy in high granularity tracking detectors

Pattern recognition much Compare to tracker info
faster/easier i ot o

Complex
Algorithms
Simple Algorithms Huge
Small amounts of data amounts of
data
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Interaction rate
-1 GHz CALO MUON TRACKING

Bunch crossing

rate 40 MHz
Pipeline
'Il'-FIIEIE%LE:? mgfn ories
2.5 —
e 75(100)kHz -%
Derandomizers

) Readout drivers
Regions of Interest (RODs)

LEVEL 2 Read cut buffers
~10 ms TFIIGGEFI (ROBs)
~ 1 kHz
Event builder
- Full-event buffers
sec. EVENT FILTER + * ent,
~ 100 Hz processor sub-farms

Datarecording

ATLAS Three LLevel Trigger O

THE l.INI\II’.FI:SI'I'\r

Architecture WiSCONSIN
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LVL1 decision made with
calorimeter data with coarse

granularity and muon trigger
chambers data.

Buffering on detector

LVL2 uses Region of Interest data
(ca. 2%) with full granularity and
combines information from all
detectors; performs fast rejection.

Buffering in ROBs

EventFilter refines the selection,
can perform event reconstruction
at full granularity using latest
alignment and calibration data.

Buffering in EB & EF

Wesley Smith, U. Wisconsin, September 2, 2008
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RPC1
TGC EI
[ 7 WoT 27 ] Toroid -
y e
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R =
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0 5 10

Muon Trigger looking for coincidences in
muon trigger chambers
2 out of 3 (low-p;; >6 GeV) and

3 out of 3 (high-p;; > 20 GeV)

Trigger efficiency 99% (low-p;) and 98%
(high-p,)

ATLAS L1 - Muoens & Calorimetry

TGC 3

THE UNIVERSITY

a/
WISCONSIN
k)
1 1
b >
4 t
Gz Hadronic
vid calorimeter
/ Electromagnetic
’ calorimeter
Trigger towers (An x Ap=0.7x0.1)
) . | Electromagnetic
Vertical Sums — — isolation <e.m.
T isolation threshold

Horizontal Sums Hadronic isolation
De-cluster/Rol region: < inner & outer

local maximum isolation thresholds

Calorimetry Trigger looking for e/g't +
jets
» Various combinations of cluster
sums and isolation criteria

° SETem,had , ETmiss
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EM & HAD

E; ues (0.2 0.2) E;values (0.1 0.1)
EM & HAD

ATLAS LVLI Trigger

pT; ’
up to 2

information on”
candidates/sector

TTTTTTTTTTTTT

WISCONSIN

(208 sectors in total)

~ &\)o calorimeter trigger towers O(1M) RPC/TGC channels
Calorimeter trigger / \ Muon
\(analogue sym E.) Trigger rigger
: / ‘ \
Jet / Energy-sdm Cluéter Processor Muon-CTP Interfaée
Processor (el , In) (MUCTPI)

Multiplicities of e/ , /h, jet
for 8 p; thresholds each;
flags for SE;, SE; 1, E{miss
over thresholds;
multiplicity of fwd jets

N

Central Trigger
Processor (CTP)

Timing, Trigger,
Control (TTC)

/ Multiplicities of for

6 p; thresholds

LVL1 Accept, clock, trigger-
type to Front End systems,

RODs, etc
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ATLAS Rol Mechanism @

LVL1 triggers on high p; objects

 Caloriemeter cells and muon chambers
to find e/ / -jet- candidates above
thresholds

LVLZ2 uses Regions of Interest as
identified by Level-1

» Local data reconstruction, analysis,
and sub-detector matching of Rol data

The total amount of Rol data is
minimal

e ~2% of the Level-1 throughput but it has to be
extracted from the rest at 75 kHz
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evels 0
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CMS Trigger

40 MHz Level-1. Specialized processors

- Particle identification: high p, electron,
muon, jets, missing E,

- Local pattern recognition and energy

evaluation on prompt macro-granular

information from calorimeter and muon

detectors

WISCONSIN

" ADISON

T LT

Ewem
Marager

High trigger levels. I—f]jﬁ]jﬁ_djﬂ]j

Metwork and CPU farms [ Commuting Services ]
- Clean particle signature
Up to 100 kHz - Finer granularity precise measurement

EE - Kinematics. effective mass cuts & event topology
N

Swarftch

- Track reconstruction and detector matching
- Event reconstruction and analysis ~ 100 Hz

Ll 1
Trigger
5

Deplasetar Frosndamd

| Ewent |
Manager Switch

[ Computing Services ]
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CMS Level-1 Trigger & DAQ @

- WISEQI:JNSIN
Overall Trigger & DAQ Architecture: 2 Levels:
eve Detector Front-Ends
Level-1 Trigger: Leial | ;—nl T il Sy
25 ns input T = L L_IL_lsysiems
S ° 32 S Iatency F/ Mgﬁf,gter | |><1 Builder Network 100 GB/s fﬂ%;:?rtc:r
)

r 3

5 - — . Filt
= . | | | | 'l SI}":T.FEH"IS
Q[HF ] [HCALJ ECAL] [RF‘C ]_{CSC DT I "‘""‘ = T
: )
N

nergy energy energy hits hits Computing Services
1u.gger \.l N Interaction rate: 1 GHz
tive segmen
i gggl Regional finder finder :
e Cal. Trigger \ AN / Bunch Crossing rate: 40 MHz

wack |[ wack | Level 1 Output: 100 kHz (50 initial)

finder finder

T~ T Outputto Storage: 100 Hz
Global Muon Trigger )

ages }‘—-[/‘ Average Event Size: 1 MB
— TRK.ECAL,
~{Giobal Trigger J=—{EICE R )_{ HCAL.MU ] Data production 1 TB/day
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THE UNIVERSITY

WISCONSIN

MADISON

_— — _— — _— — 1
e r ﬁ TTC

| Level 1 Trigger
l

I Regional

l

I

@100 kHz (L1A)

CaloTRIGGER

Global TRIGGER
<«—— Trigger Tower Flags

(TTF) Trigger Concentrator Card
I - .
I Synchronisation & Link Board
. Clock & Control System
Selective Readout ]
Flags (SRF) Selective Readout Processor

\/\/\ Data Concentrator Card

| Timing, Trigger & Control
I Trigger Control System
I From : R. Alemany LIP
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CMS Electron/Photon Algorithm

| FleC
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CMSt / Jet Algorithm

E
@
@,
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CMS Muon Trigger Primitives

| FleC

Memory to store patterns
Fast logic for matching
FPGAs are ideal
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CMS Muon Trigger

| HeC Track Finders
Drift Tubes (DT) Cathod Strip Chambers (CSC)

[ope— Drift Tubes
W\ I = e
LG &5 205 | =T
L\ ‘:J.-': LB _":_:‘--.,,__‘ - I |
N = " .
y . :

. e, Sort based on P+,
Memory to R Quality - keep loc.
Store patterns Meanlimers recognize tracks v v v ;

] and form veclor / quartet w COmbIne at neXt Ievel
Fast logic for o - match
matching CEr s

Comparators give 1/2-strip resol. - SOrt again - Isolate?
FPGA ——— ey

s are ideal S S— 7>~  Top4highest P; and
:?E%I?*iiiiii}'ii.‘: 7 ——— quality muons with
Correlator combines them ‘_-7{_;._"_"_"_' location coord.
MatCh Wlth RPC it one vector S station Hit strips of 6 layers form a vector

Improve efficiency and quality
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High Level Trigger Strategy

| FleC
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Expected Plle-up at Super LHC
| HeC In ATLAS at 103°

« 230 min.bias collisions per 25 ns. crossing Nen(ly|< 0.5)
e ~ 10000 particlesin| | <3.2

 mostly low p;tracks

* requires upgrades to detectors
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Detector Luminosity Effects

riecC
H ZZ ee, M= 300 GeV for different luminosities in CMS

1032 cm2st? 1033 cm3st?

1034 cm3st 103°> cm=3st
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SLHC Level-1 Trigger @ 103%°
| rlecC
Occupancy

 Degraded performance of algorithms

» Electrons: reduced rejection at fixed efficiency from isolation

* Muons: increased background rates from accidental coincidences
 Larger event size to be read out

* New Tracker: higher channel count & occupancy large factor

* Reduces the max level-1 rate for fixed bandwidth readout.

Trigger Rates
 Try to hold max L1 rate at 100 kHz by increasing readout bandwidth
» Avoid rebuilding front end electronics/readouts where possible
e Limits: <readout time> (< 10 us) and data size (total now 1 MB)
» Use buffers for increased latency for processing, not post-L1A
 May need to increase L1 rate even with all improvements
e Greater burden on DAQ

« Implies raising E; thresholds on electrons, photons, muons, jets and use of multi-
object triggers, unless we have new information Tracker at L1

* Need to compensate for larger interaction rate & degradation in algorithm performance
due to occupancy

Radiation damage -- Increases for part of level-1 trigger located on detector
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Tracking needed for L1 trigger

| FleC

— generator

im e  L1Muon L1 trigger rate
: @ = 1034 99
Single electron 5 =L
. o -~ o L2 + isolation (calo)
trigger rate 10"E R, T « L3
R L3 + isolation (calo + tracker

.Isolat!o.n criteria are | = 2%x1033 oL
iInsufficient to
reduce rate at L = ol
35 2 o1
10*>cm2.s 5kHz @ 1035
10 L- Standalone Muon
trigger resolution
insufficient
L I L 11 i L1 i L1 i L1 i L1 i
LT 20 30 40 50 60
p’; threshold [GeV/c]
5 . Cone10°-30° %102 Fl .
n < w pmeese, & t L1 tau vs jet Rates
3 We need to get 3 L . o —a— Singlo et
B another x200 - 2 R N g AR
LU 1 £ = ‘.u ° -'D [u] —— Double tau
© Amount of energy carried by (x20) reduction L E =% o =
tracks around tau/jet direction for single = e e 0o
(PU=100) (double) tau AT N
rate! 107 i - e T
' bl
[II-I I ‘ZIOI I I4bl I Isbl I I8::!I ’ I1('!![]I ’ r1.';.0I I I14|-IZII I I1SICII I I18I|ZIr I I20{)
tau E_, GeV

Wesley Smith, U. Wisconsin, September 2, 2008 LHeC Workshop: Collider Triggers - 29



Use of CMS L1 Tracking Trigger

| FleC

Combine with L1 trigger as is now done at HLT:

*Attach tracker hits to improve P; assignment precision from
15% standalone muon measurement to 1.5% with the tracker

eImproves sign determination & provides vertex constraints

*Find pixel tracks within cone around muon track and
compute sum P as an isolation criterion

Less sensitive to pile-up than calorimetric information if primary
vertex of hard-scattering can be determined
(~100 vertices total at SLHC!)

To do this requires Information on muons finer
than the current 0.05 2.5°

N0 problem, since both are already available at 0.0125 and
0.015°
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CMS ideas for trigger-capable

L rleC tI‘aCkel‘ |||OdUIeS -- very preliminary
*Use close spaced stacked pixel layers 10" = Mean p; distribution for
: harged | SLHC
« Geometrical p; cut on data (e.g. ~ GeV): 103 E charged particles af

* Angle ( ) of track bisecting sensor layers
defines p; ( window)

102-3

| | . 10’ ?— cut here
~1 pixel m“—;}
* Use simple coincidence in stacked sensor 3

Particle Count

e For a stacked system (sepn. ~1mm), this is

pair to find tracklets 0 25
* More details & implementation next slides F'T (GE-*V}
A track like this wouldn’t trigger:
~ e - ¥
/X <5mm
f w=1lcm ; I=2cm
Search d

X

Window
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P+ Cuts In a Stacked Tracker — p+
L Hec Cut Probabilities

*Depends on:

@yer Sepn. & RadIUS> —
< Pixel Size >
= €=>
<__Search Window _| > 20 micron pitch

r=10cm
Nearest-neighbor
_

There is an
additional
‘blurring’
caused by charge
sharing...
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Alternative Tracking Trigger:
rec  Assoclative Memaories (rom CbrF svx)

Challenge: input Bandwidth
divide the detector in thin  sectors.
Each AM searches in a small

R

1 AM for each enough-small
Patterns
Hits: position+time stamp
All patterns inside a single chip
N chips for N overlapping events
\ identified by the time stamp

/

Data links

N

Eventl Event2 Event3 | o o e e o
AMchipl| |[AMchip2| |AMchip3

Wesley Smith, U. Wisconsin, September 2, 2008
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Cluster width discrimination

| FleC
read out electrodes
(pixels, strips, ..) Signa 5%% cm
thre _ cm
Shmd’-—-._,_ MIP 50 cm
MIP / 30 cm
.’ ®
:f r,f'
AR
Si thickness
) In the region above 50 cm, using
By 50um pitch, about 5% of the total
R-® plane , “ideal" barrel layer particles leave cluster sizes with 2

strips
*No. of links (2.5Gbps) ~300 for whole
tracker (assuming 95% hit rejection)

Once reduced to ~100 KHz, it would
only need few fast readout links to
readout the entire Tracker

Discrimination of low p; tracks made directly on the
strip detector by choosing suitable pitch values in the
usual range for strip sensors.

(Needed because 25M channels x 4%
occupancy would require 6000 2.8 Gbps
links at 100 kHz. )
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CMS SLHC Trigger

L HeC Implementation Goals

Modular

 Develop modules independently

e Share across subsystems
Compact

 Fewer crates fewer interconnections

o Smaller circuit boards
Flexible

« FPGAS

 Programmably routable backplanes

* Need flexibility in routing of data and processed results

Higher density inputs

 Bring more in more information on a finer grain scale
More general & modular firmware

 Less device dependence
e Sharing of firmware modules & development
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. Proto. Generic Trigger System

Concept for Main Processing Card UTCA Crate and Backplane

- The Main Processing Card (MPC):

* Receives and transmits data via front panel optical links.

* On board 72x72 Cross-Point Switch allows for dynamical routing of the data either
to a V5 FPGA or directly to the uTCA backplane.

« The MPC can exchange data with other MPCs either via the backplane or via the
front panel optical links.

« The Custom uTCA backplane:

* Instrumented with 2 more Cross-Point Switches for extra algorithm flexibility.

« Allows dynamical or static routing of the data to different MPCs.
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FPGA Progress

LrleC
o 300 X capacity, 40 x faster, 500 i cheaper, 50 x lower power
Ox N
\\ \\
N AN
S XC4000 & N\
Spartan \ r
100x \ — -
\\ N\
—ll— CLB Capacity \ - 40'n m
—®— Spee Virtex-I| .
+I§§weclperMHz \ Virtex & rex1 PR A VlrteX'S
Price
10 ITRS Roadmap _ 65
X . -Nm
Virtex-4 |
Spartan-2—\ 90
-Nm
VVVVVVV bpanan_\j
x '91l '92. '93l '94. '95. '96I '97' '98I '99I '00. '01. '02l ‘6B 130-nm
Year .
Virtex-Il
— 150-nm
180-nm
220-nm

3rd Generation 4th 5th GeneratlC

Generation

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
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Trigger & DAQ Summary:
LHeC LHC Case

Level 1 Trigger
e Select 100 kHz interactions from 1 GHz (10 GHz at SLHC)
* Processing is synchronous & pipelined
e Decision latency is 3 s (x~2 at SLHC)
e Algorithms run on local, coarse data
e Cal & Muon at LHC (& tracking at SLHC)
e Use of ASICs & FPGAs (mostly FPGAs at SLHC)

Higher Level Triggers
 Depending on experiment, done in one or two steps
o If two steps, first is hardware region of interest

 Then run software/algorithms as close to offline as possible
on dedicated farm of PCs
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