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@@ Outline

» Trigger Challenges at the LHC

* CMS Trigger Architecture

- Level-1 Trigger
- High Level Trigger

» Trigger Rates and Menus
* HLT Processing Times
+ CMS Trigger Group Structure
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Proton-Proton 2835 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10"2 eV)
Luminosity 10* cm? s

Crossing rate 40 MHz

Proton Collisions = 107 - 10°Hz

Parton
(quark, gluon)

Selection of 1 in
10,000,000,000,000

Particle
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Tevatron vs LHC

CDF/DYJ CMS
Inst. Luminosity 1032 1034
Bunch crossing freq. | 2.5 MHz (396ns) 40 MHz (25ns)
Pileup ~2 events 220 events
L1 output rate 2-10 kHz 100 kHz
li,nZPL?:‘rpu‘r / HLT 500 Hz _
L3 output rate 50 Hz 100 Hz
Filter Farm ~300 nodes ~1000 nodes

August 3, 2009
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m Trigger Challenges at the LHC
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At design L = 1034 cm-2s!
- Interaction rate: ~1 GHz
- ~20 pp events per 25 ns crossing
- 1kHz W events
- 10 Hz fop events
- < 10* detectable Higgs decays/year
Event size: ~1 MB (*75M channels)
— 1000 TB/sec for 1 GHz input rate
- ~300 MB/sec affordable
- Enormous rate reduction necessary!
* but without losing interesting physics
Select in stages:
- Level-1 Triggers
+ 16Hz 10 100 kHz (1/10000 reduction)
- High Level Triggers
+ 100 kHz to 100 Hz (1/1000 reduction)
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@@ References

* Level-1 Trigger
Technical Design Report:
- CERN/LHCC 2000-038

- DAQ and High-Level Trigger
Technical Design Report:
- CERN/LHCC 2002-026

» Physics Technical Designh Report
Volume 2 Appendix E:
J. Phys. 6. Nucl. Part. Phys. 34 995-1579
* CMS High Level Trigger Analysis Note:
- AN 2007/009
+ Also a note describing the outcome of the

Winter/Spring trigger reviews is being prepared

- Expected to be available in September
August 3, 2009 US CMS JTerm IV 6
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@@ Trigger Architecture

* CMS has a two-tiered system to handle the LHC challenge
- Level-1 frigger reduces rate from 40 MHz (x™"9 freq) to 100 kHz (max)
- High-Level triggers reduce rate from 100 kHz to O(100 Hz)

Detectors Detectors

|
@ Front end pipelines Front end pipelines

@ Readout buffers Readout buffers

- Switching network Switching network

@ Processor farms Processor farms

“Traditional”: 3 physical levels CMS: 2 physical levels

* Progress in networking/switching has justified CMS choice
August 3, 2009 US CMS JTerm IV 7



Level 1:

Pattern recognition much
faster/easier

Complex
Algorithms
Simple Algorithms
Huge g
Small amounts of data amounts of
data
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UIc The Level-1 Trigger

Electrons, Photons, Jets, ME; Muons
A A
* Reduce daTa r'a.re from 40 3<|nl<5 |n|<3 In|<3 Inl<2.1 0.9<[n|<2.4 |n|<1.2

MHz to 100 kHz while
keeping the interesting [EHF J [HCAL] ECAL] [RPC ]_{csc“ for

phy3|cs evenfs nergy energy energy hits hits hits
- Custom electronic boards trigger \.l i
and Ch|pS ﬁgglt"u’e [ Regional l S?ﬁgznt s?ﬁ%?::t
Cal. Trigger Pattern

Comp-
aratom

+ Selects muons, electrons,

. quet

photons, jets - egons
- E;and location in detector ... Global | ofs
input Cal. Trigger | ~

+ Also M|55|n9 ET/ Total ET: e ] "™ Global Muon Trigger )

H+, and jet counts veger |
+ Total decision latency: 3.2  {(Global Trigger J<oT7C System Jo| s |
us
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uie Calorimeter Trigger
Geometry

SRS IER § 28 B 8§ Trigger towers:
SECEITIBEREE 3 85 § § «—p
S TTTT TS RT T LT v 7 asa®An=Ap=0087
EEFEE R EREE EE  EFEEE F OB &F = s'l— W n=1.5660
2800 m 1123 - 47458 8T 48 g8 .10 711 12 13 14 _15 16 17 18 1EI'.I_1 6530
= f:' n=1.7400
HCAL >! 1=1.8300
f n=1.9300
1.811 m ia n=2.0430
EB/ . ; n=2.1720
. " n=2.3220
1.290 m ECAL ' i :::E.EDU'D
o LU [ 27 11=2.6500
=
Scale £ E £ E
i 2 g 9 2
(3] L] -+ i
{meters)

2 CMS HF Calorimeters mapping onto
EB, EE, HB, HE map Trigger System Jet/Summary Card

to 18 RCT crates

Provide e/y and jet,
1, Et triggers

Readout segmentation: 36h x 12nx 2z x 2F/B
Trigger Tower segmentation: 18¢ = 4n x 2F/B
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4 Stations in the barrel and each endcap
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DT: drift-tube
system

CSC: cathode
strip chamber
system

RPC: resistive
plate chamber
system

Initial coverage of RPC
is staged to n<1.6

Initial coverage of CSC
1st station is staged to
n<2.1
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UIC Muon Trigger Overview

In| < 1.2 0.9 < n| In| < 2.4 | < 2.1
DT Ccsc RPC ||n| < 1.6 in 2009
hits hits hits
+ * - *

local trigger local trigger
PAttern
track segments track segments Comparator
(q)7 6(1)7 n, 87]) (q): 8(1)7 n, 61]) Trigger
+ >< * <4 barrel +
4 <4 endcap
regional trigger regional trigger muon candidates
Barrel Track Finder Endcap Track Finder (P, M, 0, quality)
<4 muon candidates <4 muon candidates
(Pt M. ¢, quality) (Pt, M. ¢, quality) l

Global Muon Trigger

<4 muons
(P, M, ¢, quality)

Y
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UG

Level-1 Global Trigger

Input:
-Jets: 4 Central, 4 Forward, 4 Tau-tagged, & Multiplicities
«Electrons: 4 Isolated, 4 Non-isolated
*4 Muons (from 8 RPC, 4 DT & 4 CSC w/P, & quality)
* All above include location in ny and ¢
*Missing E & Total E,
Output

L1 Accept from combinations & proximity of above

TTC Detector
system Front-Ends

Trigger
Control
System
Technical
triggers

August 3, 2009 US CMS JTerm IV 14



UIC L1 Global Trigger Algorithms

Particle Conditions

g (2)

Bjg 11

Erpd 13 Ept ] pihreshnld
Epi2)= Efr:]pﬂ'll".'ﬁhl'lhl
07 o g ) = 3607

0% = (2} < 3600

1707 = Wi 1) - fi 20 < 1507

~

b2

wo2)

(1)

prily = ppcl jthreshold
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0% = 1) - gedil = 1900
SOl =1, 1802 =1
MIPCL = 1, MIP(2) = |
SGN (11=1, 8GN = -1

Logical Combinations
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Erle;, 1 > Eqie,, jfhreshokd Ep/Missing o, Erthreshiold gy o poythreshold

Parlicle Canditbions
far isolatad electrans
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missing E1 lar muans

.

,\

ALGORITHM AND-OR

.. iy
128 Level-1 trigger bits. Bits can be set using (up to 128) logical

combinations of Level-1 objects.

Thus it is possible to use a single Level-1 bit to seed multiple
indegenden‘r HLT paths.
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Level-1 Trigger Menu

Determined by the physics

"'F‘" Tl T | T L T | 1T | T TT | L | T | L | T T
. 5  priorities of the experiment
Z [ e L=8x10* cm2s! 7 . TR
S e 1+ L1 Menu optimized to fit within
o n;' % . —e— Single Jet 1  the L1 bandwidth
SCE . A 1+ Allow a safety factor of 3
5 — & - b = . . .
£ .. —#— Nondsolated eGamms - - underestimation of input cross
L' e e e | sections, poor beam conditions,
YEs o, e detector performance, etc.
e e . : - 17 kHz instead of nominal 50
I - | kHz allowed by DAQ
R A 1+ Realistic menu including double
- e, . - 1 and mixed triggers for specific
L - Py —— . .
PR PO | physics channels
e y ' —¢— =
= WY 1+ Two L1 menus currently
_I 1 1 | ] IH L1 +| L1 | L1 1 | L 11 | ITI | L 11 | ] #I—+_|_+: available
H 20 40 60 80 100 120 140 160 180 200

- L =8e29 cms (day-1 menu)

Trigger E_Threshold (GeV) L = 1e31 261 (MC studies)
- = leslcmcs” sTudies

August 3, 2009 US CMS JTerm IV 16



@@ CMS Trigger/DAQ Evolution

- CMS DAQ is a number of
functionally identical,
parallel, small DAQ
systems

- Build up 512x512 switch &
from 8 64x64 switches X\
(DAQ slices) |

have 4 such slices (US
contributes one slice),
yielding 50 kHz maximum
Level-1 input rate to
HLT

- L1 fully scoped to deliver
up to 100 kHz rate

August 3, 2009 US CMS JTerm IV 17



UIG High Level Trigger (HLT)

1 PB/s
High-Level triggers _
reduce rate from 50 Lovel ‘_:.I " oeaorronens ~
kHZ TO 0(150 HZ) | T ' " | ] ] ﬂ_r o I _I_ﬂ_‘_Sy'stems
HLT dOZS evenT Event |>‘1 Biildar Nakisr ap Contéol
reconstruction “on vereger JLT T P | v
demand” seeded by the - ;ji I :;:—igt:t;ms
L1 objects found, using — onmaies \
full detector resolution \

. / 300 MB/s

Algorithms are
essentially offline ~1000 dual processor PC cluster

quality but optimized
for fast performance

August 3, 2009 US CMS JTerm IV 18



UIC HLT Algorithm Design

L1 seeds ) )
v  Each HLT trigger path is a sequence of
L2 unpacking
(MUON/ECAL/HCAL) modules
¥ * Processing of the trigger path stops
Local Reco
S once a module returns false
-~ - Reconstruction time is significantly
Algorithm improved by doing regional data-
unpacking and local reconstruction
across HLT
2.5 unpacking | ° All algorithms regional
‘Pi"fls) - Seeded by previous levels (L1, L2, L2.5)
Local Reco
(Rec‘;ait) “Local”: using one sub-detector only
L2 .5 “Regional”: using small (n, @) region
Algorithm

\:, US CMS JTerm IV 19



CNAS,

mTrigger' Menu for L=8e29 cm-3s-1= _ \

y o

Total L1 rate 6 kHz Full menu available here: TSG 27 VI 09 8E29

- L1 scales optimized for low luminosity
Muons: H
- L1/L2/L3 muons run unprescaled at Trlgger R_ates
pt=20/9/3 GeV by Ob]eCt
Electrons:
- No isolation requirements at L1 ° Muon: 33 HZ
- Unprescaled at pt=10 GeV with large pixel- | o EIZCTPOH: 30 Hz
matching window (LW)
Photons: * Photon: 9 Hz
- No isolation requirements at L1 o JCT: 36 HZ
- Unprescaled at p=15 GeV with no isolation
requirement ! ° MET & HT- 5 HZ
Jets: e R_ .
- No L1/HLT jet corrections, except for 0.7 B TC(U 4 HZ
scale factor in HF ° MIHBIC(SI 14 Hz
- Unprescaled at p=30 GeV (~60 GeV corr.) . CosmiCS/HGIO: 7 HZ
MinBias:
- Several algorithms installed based upon ¢ TOTG'I 138 HZ

HF-tower E+ over threshold, HF E+ ring
sums, Ecal E+, and pixel triplets

20



Total L1 rate 9 kHz Full menu available here: TSG 27 VI 09 1E31

Muons:

- L1/L2/L3 muons run unprescaled at p+=20/11/9
GeV

Electrons:
- No isolation requirements at L1

- Unprescaled at pt=20 GeV with no isolation &
at 15 GeV with loose track isolation

Photons:
- No isolation requirements at L1
- Unprescaled at p=25 GeV with no isolation
requirement
Jets:
- Anticipate L1/HLT jet corrections will be
available. Using MC-based corrs. for now
- 4 jet thresholds. Unprescaled at p1=110 GeV
MinBias:
- Several algorithms installed based upon HF-

tower E+ over threshold, HF E+ ring sums, Ecal
E+, and pixel triplets

mTrigger Menu for L=1e31 cm'ZS'lC

— -
y )

Trigger Rates
by Object

 Muon: 37 Hz

* Electron: 25 Hz
* Photon: 22 Hz

« Jet: 18 Hz

c MET & HT: 9 Hz
e B-Tau: 13 Hz

« X-Triggers: 11 H
 MinBias: 8 Hz

e Total: 144 Hz

Z
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UIc HLT Processing Times

Total time for all modules per event totalTime
Entries 19365 | ‘
Mean 38.63 —
= ' ‘Some (not all) contributions: | RMS 25.26 || | L=8e29 ‘
4500: g Underflow
4000 ¥ ; (&
- o |{le— Unpack & process calorimeters
3500+ % o
-E o £
3000 5 7 39 ms
- E [@)]
2500F= 5 5 Overflows
. o QO
s000E2 £ S| |Ynpack & process muons
= 8
1500E= 2.2 :
- & process tracking
1000
500 \
= ) I P [ [
% 20 40 60 80 100 120 140 160 180

HLT CPU time budget ~40ms/event
- Assuming an L1 output rate of 50 kHz and a 2000 CPU Filter Farm

"Tails” have a significant impact on the average time
August 3, ogogWill eliminate with time-out mechanism 5o



Ul CMS Trigger Studies Group

& LINKS

Trigger Executive Board
Chaired by Tr. Cor.

| I
POG Link Offline Link PAG Link _ Offline Link DPG Link
'POG Contacts | L1: Jim Brooke, Vasile Ghete Online “Algorithm
| mu: A. Everett, J-R. Vilmant Rates & Prescales: | Deployment U Performance
ey: A. Ghezzi Chi-Nhan Ngyuen ‘Conor Henderson Tom Danielson
MET: G. Lungu Jonathan Hollar Maurizio Pierini Nuno Leonardo
POG Contacts Il Menu Compile & Eval. Data Unpacking Online
| tau: S. Gennai | Andrea Bocci, Simone Gennai | | & Menu Optimization i DamMm
i b-jet: A. Bocci Alessio Ghezzi, Florent Lacroix Edgar Carrera Lorenzo Agostino
Jet: F. Lacroix Jean-Roch Vilmant . N.N. Hwidong Yoo
POG Contacts Il Performance Metrics ' Calibration/ Offline DQM
| forward: A. Proskurakov Anne-Fleur Barfuss B Alignment I Jeff Berryhill
L1/MB: D. Hofman _Eric Conte Stephanie Beauceron ‘Vladimir Rekovic
HI: C. Roland Silvia Goy Lopez “Jim Pivarski
Trigger DPG
Trig. Perform. L1 Trigger DPG.
. . . - Online DQM. L1 Data Analysis
Physics  Offline Physics Offline Offline DQM Eindeton DQ{?’
Object Reco Analysis Release L1 DQM modules Algorithm perform
Groups & Fwk Groups Planning Lorenzo Agostino Jim Brooke & Luigi Guiducci

August 3, 2009

US CMS JTerm IV
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@@ Summary

LHC Trigger is Challenging

A new crossing every 25 ns with ~ 20 events at design luminosity
— 1 GHz of events input

All data stored 3 ps then all but 50-100 kHz rejected

- Rejection of 99.99% of data without losing discovery physics!
Rate of storage to archive is ~ 150 Hz

- Rejection of 99.99997% of data without losing discovery physics!!

Requires extremely fast processing and correlation of local and
global information from ECAL, HCAL, DT,CSC and RPC systems

Distribute & synchronize fast signals over large detector volume
Remaining event fil’[erinlg; done on a farm of CPUs running offline
quality reconstruction algorithms

» Now is a great time to get involved in Trigger and DQM
activities as we prepare for real data
» Understanding the trigger is essential for any physics analysis
» Help is needed in many areas
> Lots of interesting work remains to be done

August 3, 2009 US CMS JTerm IV 24
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@@ LHC Bunch Structure

Data identification with Bunch Crossing Number

(Absolute synchronization) Histograms of
the bunch
Absolute Synchronization method based croszingf
number for
on the LHC Bunch Structure ohysics events
LHC bunch structure show the gaps of
950 ns the LHC beam
2752nBSU|:I)\|Ig'||::E|\|ST . (38 MISSING BUNCHES) yors e Structure
(8 MISSING BUNCHES) (39 MISSING BUNGHES) (119 MISSING BUNCHES)

| |
L P R P P PR PP P P

2 |

- 88.924 us -

T 3564={[(72b+8e)x3 + 30e]x 2 + [(72b + 8e) x 4 + 31e]} x 3 + {[(72b + 8e) x 3 + 30e] x 3 + 81¢e} T

Bunch 0 Bunch 3563
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m Level-1 EM Calorimeter Trigger

Sliding window centered

DN

U.0175M on all ECAL/HCAL ,
=Q.0175 ¢ - 2-tower X &> threshold
///Ka - Hit tower H/E < 57
//ﬁ - Hit tower 2x5-crystal strips
>90-95% of tower E+ in 5x5
A . :
— CN / (Fine Grain)
— N
= H i Isolated Electron (3x3 Towers)
Fine Grain | Hit MaX/ - Quiet neighbors: all fowers
Dty Sy pass Fine Grain & H/E
O - One group of 5 EM corners
i ~
0.087 1 has E;< threshold (~1 GeV)
Sum E; of the central hit tower (pink) and
the nearest neigbor w/ the highest E; (one
of the yellow towers)
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@@ Level-1 Jet and Tau Trigger

Jetorr ET

- 12x12 trig. tower ZE+
sliding in 4x4 steps
w/central 4x4 E; >

others

sattens ] T iSolated narrow energy
deposits

- Energy spread
HCAL outside t veto pattern
CAL sets veto

; An,AQ = 0.348 .
sl - - Jet=1if all 9 4x4
region 1 vetoes of f

Trigger
HEEEEBEEEEEEEE Togv?er

PbWO4 —>
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UIC Muon Trigger Track Finders

Drift Tubes (DT) Cathod Strip Chambers (CSC)
p— Drift Tubes CSC
L ia c?lfi\ | [ —'a?-—;f [ | E -
w! b = | Y L2 L -
o A7 [ 2o/ T
==/, == H
Vot /
o il siips
:%; o —— Sort based on Py,
T T 'IW' b A QUG'ITY - keep IOC.
and form vector / quartet. o
P v e Combine at hext
MGTCh DT and -'! . Comparators give 1/2-strip resol. level - mClTCh
: P
CSC tracks wu‘rhl Y e Sort again - Isolate?
RPC to improve o .
3 . : I_.‘:.n" g " i " i : *
eff|C|€nCY Correlator combines them ’ TOP 4 hlghes.r PT Gnd
and qUGIITy into one vector / station. Hit strips of & layers form a vector. qua||'|-y muons WlTh
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LS LT Rates (L=1e32 cm-2s-1)
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