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A modern HEP experiment
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Online: Trigger, DAQ, Monitoring &

Contrag

Monitoring & Control

Detector Channels
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SILICON TRACKER
CMS Detector .o
~1m2 ~66M channels

Microstrips (80-180um)
~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
~76k scintillating PbWO, crystals

PRESHOWER
Silicon strips
~16m? ~137k channels

~13000 tonnes

Flexible trigger

SUPERCONDUCTING
Large silicon tracker SOLENOID
Niobium-titanium coil
Strong magnetic field |EEOIEESELL) FORWARD

Broad acceptance o CALORIMETER

Steel + quartz fibres
_ HADRON CALORIMETER (HCAL) G
Total WEIth : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0 m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T



Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

Solenoid
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LHC Trigger and DAQ summary

No.Levels First Level Event Readout  Filter Out
Trigger Rate (Hz) Size (Byte) Bandw.(GB/s) MB/s (Event/s)

3 10° 106 10 100 (102
LV-2 103
10° 106 100 100 (10?)
Lvo 106 2x10° 4 40 (2x10?)
LV-1 4 104
pp-pp D00 5x107 5 1250 (102)

p-p 103 2x10° 200 (10?)
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Luminosity Basics

Mean number of inelastic interactions per beam-crossg*u = Mean number of
Interactions per beam-
cross seen by detector

425 f’r _ |Mvis

r— [z

Oinel

Inelastic cross section (unknown)

> 0O

Vis

25 f’r

Ouvis

beam parameters

RS AR Y/BE M vy

Cross section seen by

detector

IS determined In dedicated fills based on
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Calibrating o, in VdAM Scans

*The Luminosity in terms of beam densities p, and p,:
L =mny frang [ p1(z,y)p2(z,y)dzdy
*Only if the integral factorises into independent x & y components:
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' Van der Meer Scan

Assuming factorizable gaussian for the beam density
function (not too bad as approximation)

xQ xQ AZ AQ

pla,y) = pla)ply) o exp(— ) exp(—3 ) ) F(A,A) x exp(_ﬁ) eXp(_Q_EyQ)

The resulting “effective area” is then just:
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‘ Collisions at the LHC:

Proton - Proton  5e04 punch/beam

11

Protons/bunch ;OT V (7x10%2 V)
e X e

Beam ener

. . 9y 1034cm-2s-1
Luminosity
¢ em ‘ -
Bunch « | Crossing rate 40 MHz(every25ns)

Collision rate = 7x108s1

Proton
data recording rate 300 Hz
200-300 MB/sec
Eﬁg}:g%luon)
New physics rate =.00001 Hz
Event selection:
Particle 1 in 10,000,000,000,000
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Why Trigger?

pp collisions at 14 TeV at 10°* cm2s™!

~30 min
bias
events
overlap

H _)ZZ Reconstructed tra

with nt > 25 GeV

L —>up

H— 4 muons:
the cleanest
( “golden” )
signature

19



‘ Triggering

= Task: inspect detector information and provide a first
decision on whether to keep the event or throw it out

The trigger is a function of :

i

T

Event data & Apparatus
Physics channels & Parameters

. REJECTED
ACCEPTED

20



Selectivity: the physics
Cross sectlons of physics ol e YeMEN b’y R
processes vary over many e i Eventrate- Hp-Joe
orders of magnitude
Inelastic: 10° Hz

mb 35 G -

MHz

W— @ v:10%Hz Level-1 *
t t production: 10 Hz
. . kHz
Higgs (100 GeV/c?): 0.1 Hz oo
Higgs (600 GeV/c?): 102 Hz
QCD baCkground 99—Hgy SUSY qq+qg+gg Hz

tanf=2, p=mz=mz/2

Jet E; ~250 GeV:rate =1 kHz M
Jet fluctuations — electron bkg o™ poy mHz
Decays of K, ©t, b — muon bkg ,

Selection needed: 1:1010-13 o ”S""22°"““\ D\
Before branching fractions... 50100 200 500 1000 2000 5000

jet E; or particle mass (GeV)

21



General trigger requirements

The role of the trigger is to make the online selection of
particle collisions potentially containing interesting
physics
Need high efficiency for selecting processes of interest
for physics analysis

Efficiency should be precisely known

Selection should not have biases that affect physics results
Need large reduction of rate from unwanted high-rate

processes (capabilities of DAQ and also offline
computers)

Instrumental background

High-rate physics processes that are not relevant for analysis
System must be affordable

Limits complexity of algorithms that can be used
Not easy to achieve all the above simultaneously!

And never forget that an event rejected by the Trigger
IS lost for ever!

No Trigger, No Physics ! 2



Simple trigger for spark chamber set-up

o Light
Scintillat or Guide
0 - Photo-multiplie
12k V \\ [
0
-12kV \l\l -
0 N [ Spark —
12KV \ —— Chamber—
0 A 0
\ C2
C1—Discriminato
e Spark
And Gate Amplifier Spark Gap Chamber

C2— Discriminatm—' \ /

Logic signals
e.g NIM



Trigger systems 1980°s and 90’s

* bigger experiments — more data per event

 higher luminosities — more triggers per
second

— both led to increased fractional deadtime

« use multi-level triggers to reduce dead-time
— first level - fast detectors, fast algorithms

— higher levels can use data from slower detectors
and more complex algorithms to obtain better
event selection/background rejection

24



Trigger systems 1990’s and 2000’s

Dead-time was not the only problem

Experiments focussed on rarer processes
— Need large statistics of these rare events
— But increasingly difficult to select the interesting events

— DAQ system (and off-line analysis capability) under
Increasing strain - limiting useful event statistics

« This is a major issue at hadron colliders, but will also be
significant at ILC

Use the High Level Trigger to reduce the
requirements for

— The DAQ system
— Off-line data storage and off-line analysis

25



Trigger System Functionality

For many physics analyses, aim is to obtain as high
statistics as possible for a given process

— We cannot afford to handle or store all of the data a detector
can produce!

What does the trigger do
— select the most interesting events from the myriad of events
seen
 |.e. Obtain better use of limited output band-width
« Throw away less interesting events
» Keep all of the good events(or as many as possible)

— But note must get it right - any good events thrown away are
lost for ever!

High level trigger allows much more complex
selection algorithms

26
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‘ LHC Trigger Levels

107 s
¥ §
Q
10°¢s
J/
R
103 s
}/
o)
10°s ‘/{

Collision rate 10° Hz
Channel data sampling at 40 MHz

Level-1 selected events 10° Hz

Particle identification (High p, e, p, jets, missing E.)

* Local pattern recognition

* Energy evaluation on prompt macro-granular information

Level-2 selected events 10° Hz

Clean particle signature (Z, W, ..)

* Finer granularity precise measurement

* Kinematics. effective mass cuts and event topology
* Track reconstruction and detector matching

Level-3 events to tape 100- 400 Hz

Physics process identification
* Event reconstruction and analysis
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Level-1 Trigger
Level-1 trigger: reduce 40 MHz to 10° Hz

This step is always there
Upstream: sl.till need to getto 102 Hz; in 1 orl2 extra steps

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




Three physical entities(ATLAS)

Additional processing in LV-2: reduce network

bandW|dth requwements

Rate (Hz)
QED -

Level-1 Detector Frontend

fmmmumm

Event Readout
ven
Manager Builder Network

r' s
| ” || ” | | |Farms

[ [Computing senices ]

40 MHz
10° Hz
103 Hz

10 Gb/s

(tf 102 Hz

LEVEL-1 Trigger 40 MHz

—
—
)

Hardwired processors (ASIC, FPGA)
MASSIVE PARALLEL

/ Pipelined Logic Systems

SECOND LEVEL TRIGGERS 100
kHz SPECIALIZED processors
(feature extraction and global logic)
<4— ?0.1-1sec —p

[ e
A A
AR AT AR
A A
HIGH LEVEL TRIGGERS 1kHz
Standard processor FARMs

25 ns 2% ms sec

10°® 10°¢ 10+ 102 10°
Available processing time
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Two physical entities(CMS)

Rate (Hz) LEVEL-1 Trigger 40 MHz
Lewl 1 | Detector Frontend F—r QED Hardwired processors (ASIC, FPGA)
Trigger Readout T jé\ MASSIVE PARALLEL

Pipelined Logic Systems

/
10° /
Event . Run ~ 9_
Manager 4[ Builder Networks }7 Control ] | .
, 10°_ 7
Filter 4——7001-1sec —p
Systems

[ Computing Senices ]7 104 nE > \lé\ \é\ \)é\ \Aé\ \)é\
wz A A A

40 MHz il A .
# 10> Hz 10° | SR YR Y

Higgs T A A
» 1000 Gb/s 102
HIGH LEVEL TRIGGERS 100 kHz
B Standard processor FARMs
) 104 25 ns 2T ms sec
T T T T T 1 C =2
ms.s ¥ 2 108 10° 104 102 10° =
@) 10° Hz Available processing time

Reduce number of building blocks

Rely on commercial components (especially processing and
communications)
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Comparison of 2 vs 3 physical levels

Three Physical Levels

Investment in:
Control Logic
Specialized processors

S

Model

Data

Bandwjdth

Data
Access

Bandvqidth

Processing
Units

Two Physical Levels

o Investment In:

Bandwidth
Commercial Processors

-
. 0
i
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Technologies 1n Level-1 systems

ASIC(Application-Specific Integrated Circuit) used in some cases
Highest-performance option, better radiation tolerance and lower
power consumption (a plus for on-detector electronics)

FPGA(Field-Programmable Gate Array) used in all systems

Impressive evolution with time. Large gate counts and operating at
40 MHz (and beyond)

Biggest advantage: flexibility
Can modify algorithms (and their parameters) in situ
Communication technologies

High-speed serial links (copper or fiber)

LVDS up to 10 m and 400 Mb/s; HP G-link, Vitesse for longer distances
and Gb/s transmission

Backplanes

Very large number of connections, multiplexing data
operating at ~160 Mb/s

High speed optical links (fibers)
Up to 10Gb/s per link

34



‘ Transverse slice through CMS detector
different features of different particles
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‘ Particle signatures in the detector

Use prompt data (calorimetry
and muons) to identify:
High p, electron, muon, jets,

missing E;
&

CALORIMETERSs

Cluster finding and energy
deposition evaluation

MUON System

Segment and track finding

New data every 25 ns
Decision latency ~ #T-

36



At Level-1: only calo and muon info

Pattern recognition
much faster/easier

_

Hadron Electromagnetic

Simple algorithms
Small amounts of data

Local decisions

Compare to tracker info

° Huge i
amounts of “\
data

 Need to link sub-detectors
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‘ Level-1 Trigger: decision loop

= Synchronous 40

MHz digital system _ Local level-1 trigger
Global Trigger 1 Priﬁi_tQ/e e, v, jets, U

o Typical: 160 MHz —H:
Internal pipeline

= 2-3 us

o Latencies: latency
loop

= Readout +
processing: < 1us

= Signal collection &
distribution: = 2us

= At Lvl-1: process Front-End Digitizer Trigger
only calo+u info Pipeline delay Primitive
(=3 pus) Generator

&

Accept/Reject LV-1
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Global Trigger

A very large OR-AND network that allows for
the specification of complex conditions:

1 electron with P->20 GeV OR 2 electrons with
P>14 GeV OR 1 electron with P:>16 and one jet
with P>40 GeV...

The top-level logic requirements (e.g. 2 electrons)

constitute the “trigger-table” of the experiment

Allocating this rate is a complex process that involves
the optimization of physics efficiencies vs backgrounds,
rates and machine conditions
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‘ Trigger timing and control

—
- \

TTC system D!;STRIBUTION of:

U R I 1
\on, lE“’l LHC Cleck__f o LiMrassed ﬂ?'l?f(; | i aggesptanoe
: : ¢ ENCODER | 7" Qunc crosgmat%umber :
~ GLOBALTRIGGER — | ey 9 Optical System:
: )
wilins Single High-Power
| T3 TAEE COURLER ] "'l‘:::y Laser per zone
LOCAL - g .
TRIGGER gy e Reliability, transmitter
: T upgrades
l ' I"l * Passive optical
coupler fanout
— ) 1310 nm Operation
I" * Negligible chromatic
T dispersion
e D ! InGaAs photodiodes
e e | - Radiation resistance,
LEVEL-1 FRONT-END lOW bias
COMPENSATION of: OIS
- Particle TOF proganviable delays

- Delector and Electronics
- Propagation delays (-~ 200 ps)

X
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RF
499 MHz

bncn 000 0 0 0 0 0 0 0

Sysclock
41 6 MHz__| I

HoAth
A RE
ib]

I
LS

Pick-up | A
GLT : TypO,lTypl,Busy

U0 SOOI Totrigger._.._.._..

FCS

CTL

optical R

l Fast control
TOFElectronics
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‘ Align the signal

=S

T

Jln

===l

10000 trigger links

.2

L

Global Level 1

RF —»
Controls —* TTC

TTCrx

[Ty — 99

10000 TTC links and FE systems

. Signal-Data coincidence

51

«+— Particle

&

Test signals

Total latency

of the order of
128 BX

L4
10° readout links

Readout

@ Programmable delays (25ns units)

Need to Align:
* Detector pulse

w/collision at IP

Trigger data w/
readout data

* Different

detector trigger
data
w/each other

Bunch Crossing
Number

Level 1 Accept
Number

D Layout delays (cable, electronics...) @ Clock phase adjustment (~100 ps units)
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‘ Trigger Latency

TIME
+ .
Level-1 Accept/Reject  o— _ ~3ps Py Much of the time
spent on signal
Synchronization delay = o— transmission

(here CMS)

Level-1 signal distribution

Global Trigger Processor
Regional Trigger Processors

Trigger Primitive Generation

Synchronization delay

] Light cone
Data transportation to Control Room  o—m—mrrmrmrr-uk 0 N 002000 :
Detector FrontEnd Digitizer
Particle Time of Fligth » SPACE

Control / ',/l l:_;=;_:\‘\\\\

Room Experiment
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‘ Synchronization

81 BUNCHES 950 ns
25 ns DISTANT (38 MISSING BUNCHES)
220 ns 317 ps
(8 MISSING BUNCHES) 127 MISSING
BUNCHES)
L 1 | 2 5 | 6 g | 10 12J
88.924 us

2835 out of 3564 p bunches are full, use this pattern:

- Hit Histogram #hits 9
Particle, | nder _'| versu% BX count ..ELEL
Collision
0 — 40 MHz u-|_|— 1

no- A

Cross correlate g(t)h(z-t)dt
Bunch pattern




‘ The ATLAS Trigger System

Rate |[Hz] Latency

b:n(f:hxcgots):ings [ CALO MUON TRACKING ]
% 720 x 106
interactions . . .
% —Pipeline memories
= 10%10°
L Derandomizers
Readout drivers
L L -ea'mdmn‘ huffers
LVL2
10%-10°
L ~1-10 ms Full-event buf1Lers
iabl
g (variable) Processor sub-farm
= LVL3
o processor
b farm | [ (-
10-10°
=10-100 MB/s




= 'The Level-1 selection is dominated by local

signatures

o Based on coarse granularity (calo, mu
to inner tracking |

o Important further rejection can be gaine
with local analysis of full detector data

» The geographical addresses of
Interesting signatures identified by
the LVL1 (Regions of Interest)

— Allow access to local data of each
relevant detector

— Sequentially

« Typically, there are less than 2
Rols per event accepted by LVL1

» <Rols/ev>=~1.6
* The resulting total amount of Rol

data is minimal
— afew % of the Level-1 throughput

hamb), w/out access

rg c




Overview of CMS 1.1 Tngger

RPC CSC
mwﬁé@éﬁﬁmm
Calorlmeter l
Pattern
_ comparator
Globa trigger
Calorimeter P

Trigger

Global Muon Trigger

Ammmmm

‘ L1 Global Trigger
max. 100 kHz L1 Accept Q

Pipelined 40 MHz, Latency<3.2u
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‘ Lvl-1 Calo Trigger: e/y algorithm (CMS)

E-H
Tower

pd

[Hit

E (2

Trigger Tower = 5x5 EM towers

0.0145q

0.087¢

I

) < HoEmax

At least 1 E(ta-

o

W

#) < Eiso

Fine-grain: =1(

72¢Xx54nx2

=7776 towers

0.01457

) + max Eq () > E,m"

) I Ex(

max

) >R E_I_min

-

|solated

14 2

ely
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ATLAS em cluster trigger algorithm

"Sliding window"
algorithm repeated for
each of ~4000 cells

[ ] E-M. calorimeter

[ ] Hadronic calorimete

ANXxAd=~ 0.1 x 0.

I oni orll orH_

> E.M. cluster threshold
AND

- H < E.M. isolation threshold

AND

< Hadronic isolation thresh
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Lvl-1 Calo e/y trigger: performance
= Efficiencies and Trigger Rates

1F gs%W*" 1 {“wll[fﬁ’] TH]W ].\1/ -1{[” il f" ,M\ .1l‘ I lf .
90% 1l [ I I l
o8l 14 (18 /2226 30 A [ |
S osef _§
S 'S 08
E 0.4} E
0.7
0.2}
0 b 5 0.6 - - k 1 .
Electron Pt [GeV] n
g Level-1 | 10°
evel-1 single e.m. 3
2x1 OA“/cmZSIJs - I ‘ ';gvellc:;]gll:gle e.m.
------ After FG + HoE
...... —— After isolatipn
— 10 -
N
E
=,
(]
©
(= < |
-1
L 20 25 30 35 20 a5 1

20 25 30 35 45
- Lemiak-t §(Q5%) Qe Level-1 E(95%) [GeVl




[Lvl-1 muon trigger

The goal: measure

momentum online
Steeply falling spectrum,;
resolution costs!

The issue: speed

CMS: RPC added to DT
and CSC (which provide
standalone trigger)

10

generator
L1
L2

L2 4+ icolation (r\aln)

L3

ﬁt : L3 + isolation (calo + tracker)

[TTTT I T TTTTIT | : 3
PO ) 0 m .
: -
il

-
o
N
o

30 40 50 60
p} threshold [GeVic]
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Lvl-1 muon trigger (CMS)

Drift Tubes CS muon station 4
N muon station 3 o
f SQHER 1 muon staten#g'___,..--

| Joa— | a
D [ /o3 |
[ ses/ | |t
. | f—=a1 [

/

(T 4

2 threshold

1 )

threshold
Meantimers recognize tracks
and form vector / quartet.

i

[ » [ + [ v [ « T wf[* [ ¢ [ =]
[« T & [ « T « [ &« F &« [ &« + J
[ &« T « [ & T & Jha [+« ] «+ ]
[+ T eT s ToT T e[ +Ts]
Comparators give 1/2-strip resol.
; | e | s | | i
[» T = T i'“rfl LI I N N
[+ T « T 4§ « [ v [ « [ = ] * | ——————; ——————
[ « T + T [ « T &« «T7 7 « ]
[+ T &« T wf] « T & [ « T &« =] — —
J — e | s e | s | s | s |

Correlator combines them
into one vector / station.

Hit strips of 6 layers form a vector.
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‘ Lvl-1 muon trigger (CMS)

4 B
MS 4 &
[TI T T T T T T T T W] 4 0 L *—s
JA ———
EEEEEEEEEE NN 5 1 MS:’ECT: —H—1i
2T1® i 4 I O | )
[T I T 1111 [1 6 3 MS 2 = R AR
—E e —
—1S
EEEEEE [TT111] 8 5 = o
981543210 MS 1 a1 >
= it iih sy
— I I
410 U ACAWAGA WA,
| LATCHES |
% Pt
* coding |
T ¥

plemented in FPGASs
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The LVL1 Muon Trigger (ATLAS)

TGC2 -~
- Safe Bunch Crossing — v
ldentification - TGC 3
- Wide p;-threshold RPC3 low P high p.
range RPC 2 —1 TGC 1
- Strong rejection of | MDT y, | M M
fake muons (induced RPC 1 ! T
by noise and physics TGCEl || low p_
background) f f—f—MDT 7] | |

ff d
/ Tile j;rlmetﬁ' TGC FI
>Fast and high P i high p,
redundancy system % . |
. 0 5 "I;] ‘IIE
However this system: "

1. Looks only for tracks coming from the pp collision point
2. Looks only for ultrarelativistic tracks
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Global muon trigger (CMS)

Combine results from RPC,
CSC and DT triggers

Match muon candidates from
different trigger systems; use
complementarity of detectors

Improve efficiency and rate
assign muon isolation

deliver the 4 best (highest P
highest-quality) muons to
Global Trigger

Pt resolution:
18% barrel
35% endcaps

Efficiency: ~ 97%

v(/o)

pr [GeV]




CSC Track Finder: o

In counting
house

OPTICAL

Single Crate System:

12 Sector
Processors
|

1 Clock & Control
Board




Hardware installed in USC [t
S1D04 |

*

¢

Hardware Layout | -

’ trigger

FT YT YT YNNI TET T T Y

55 i

= 8F 4 8 0 2%
0 B S W R

single crate, filled

ME+1,2,3 fibers connected,
waiting for fiber
length&ME4

13 FMM, DAQ s-link , GMT
trigger cables connected

Cables to DTTF(72 scsi)
connected, tested locally

Control PC & s/w installed
& basic Hardware re-
validation done

CSC TTC distribution
validated

CAN bus
to DCS

Dayong Wang S7



Information sent outto DTTF

Varable Function bats /muon | bits /2 muons
¢: azimuth coordinate 12 24
quality quality 3 i
BXN LSBs of bunch 1.d. - 2

Information received from DTTF

(from one 30 sector)

Varable Function bits / muon

) azimuth coordinate 12

dy, { bend angle 3

quality quality 3 "
BXN LSBs of bunch i.d. 2 — : ’
——— T 1 CSCTF transition board and
i bR e connection cables to DTTF with
Flag bt Denote 1f 2nd muon 1 Channel-Link LVDS

transmission
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The new mezzanine card for the SP has three
times more logic space
Allows for more robustness in the trigger logic
Provide more trigger flexibilities for ME4/2 chambers
accommodate increased functionality for LHC triggering

Timelines

Prototype mezzanine cards produced and tested
successfully in B904 and P5 last November

Production launched in January, and testing completed
in Florida in February

Data-taking test @ P5 in mid-Feb using prototype was
successful

17 boards sent to CERN early March
4 boards installed and tested successfully in B904
On Mar.15, upgraded all 12 SPs in the CSCTF crate to the
new mezzanine cards
Functioning well since deployment. We will
phase in the new features by and by Xilinx Virtex 5

Dayong Wang 59



CSCTF Trigger Rates

trigger rate history

Rates from different periods agree quite well
Total output rate: 74-75Hz,

reflectes major activities/incidents

Variations with trigger sectors
Several typical long runs indicate 4.5-10.5Hz from different sectors
Features are as expected
Phi-dependent; top-bottom difference
Effects of the cavern: plus/minus endcap asymmetry

CSCTF Trigger Rates in CRAFT: Plus Endcap CSCTF Trigger Rates in CRAFT: Minus Endcap

12

12

4+ Run#67141 4+ Run#67141
+—a Run#67647 ME+ $ +—a Run#67647 ME'
10 e—e Run#67818 1 10 e—e Run#67818
8 2 8
o
¥ 0 ¥
g 6 _._I=.= T 6 e
il | o o #
ol 2 2
4 al
| top botto | N top botto
m m
0—— 2 3 4 5 6 0—— 2 3 4 5 6

trigger sector# trigger sector#
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High Level Triggers (HLT) l

« Run on farm of commercial CPUs: a single processor
analyzes one event at a time and comes up with a

decision
« Has access to full granularity information

 Freedom to implement sophisticated reco algorithms,
complex selection requirements, exclusive triggers ...

Constraints:

o CPU time (Cost of filter farm)
= Reject events ASAP: set up internal “logical” selection steps
QO L2: muon+ calorimeter only
0 L3: use full information including tracking
o Must be able to measure efficiency from data
= Use inclusive selction whenever possible
0 Single/double object above pT/ET, etc.

= Define HLT selection paths from the L1
o Keep output rate limited (obvious...)

Dayong Wang




ATLAS HLT Hardware

First 4 racks of HLT processors, each rack contains

- ~30 HLT PC’s (PC’s very similar to Tier-0/1 compute nodes)
- 2 Gigabit Ethernet Switches

- adedicated Local File Server

R e~ - oo s s
-
4 v SN R R

2 ,Il-’
&
i i
AT
s,

=777

—




HLT filters at_

Castor

Database

Express Reco Physics DQM

Dayong Wang



HLT Challenge: Compromise

keeping
the rate
under control

Ay A
/ / N i

.-"'r _..-"'Jr l"'-.l_ ll""-.

y Vi III - ‘\V
S
keeping keeping a
the timing good physics
under control acceptance

-1 e

LAY
I




HLT design principles -
« Early rejection

« Alternate steps of feature extraction with hypothesis testing: events can
be rejected at any step with a complex algorithm scheduling

« Event-level parallelism
« Process more events in parallel, with multiple processors

« Multi-processing or/and multi-threading
I/O

P T T T Multi-threading

/0
B2 E1 K3 B3 e

 Queuing of the shared memory buffer within processors

« Algorithms are developed and optimized offline, often
software is common to the offline reconstruction

65
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vent reconstruction used in HLT

To optimize their performances, the reconstruction algorithms are de-
signed by following some general rules:

e regional reconstruction: the algorithms run on the portion of the detector
Hagged as interesting by the L1 trigger;

e partial reconstruction: the reconstruction of the physics events is per-
formed only to the precision necessary to select each event;

e algorithms are subdivided into sub-levels, to stop the reconstruction as
soon as an event has to be discarded;

e the good events undergo all the recosntruction algorithms, to be divided
in different physics streams after the selection.
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Trigger performance:
Efficiency vs background rejection

i Efficiency -e- —— Rejection
1 50
0.075 |- N T
i 770 B >nxt F ] 15
L - ]
bl ]
L L1 inelastic pp interactions “E T 8- +% 3 %
I . ]
L i S  as
005 — X Fd- ]
.+
r Qe — 77.‘7% -] 30
L i ,,*,_*_ E
o 4 .
7 o4 oo
0.025 — p L s .
| b 1.9 . i 115
- _Q_
L o — 10
L ——
——
0 :_O_—c»— d s
10 B
2 ]

Transverse Momentum (GeV/c)

Example:B meson trigger in LHCDb
Discriminating variable: Transverse momentum (P-)
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LHCSZIGE YRR . WA E S 1k

v LHC s=tdTeV  L=t0%m’s’  rate evyer QON-line _
barn | ) < - OFF-line
LSTR85 1 1S N P LEVEL-1 Trigger
——cinelasic L1 input———y " Hardwired processors (ASIC, FPGA)
- ] [ L] | [ Pipelined massive parallel
mb | - — | de s (B
——bb ; Wi NS |H
i ] 13 T gl
;MHZ 10 g 28 Lk 181
max Defector output 1 *?‘?@f |- HIGH LEVEL Triggers
, max L1 ugtputa 10 ™2 \-M_gf - 2. %)% %) @ Farms of
max HLT input g . ‘ . 3 @ processors
1 10 2, @
c4kHz =10 @)%
] T
HLT QUtput se— 10° L =k k- @
1 ) ‘ Reconstruction&ANALYSIS
1o’ » Seaee ER2

&2 [

= %Hz 107 i 7 “ WLL”L 7R : (3e['|terS
10° ' J:jT W ]
pb _ i _ : 105 ’. \ ! J ;L_ Jm K| K
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fy | 102 é ol e
: | ININESEIIND)
2 bz 110
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50 100 200 500 100 200 500 = '10° 106 103 '1_0-0 103 ! _
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68



BRI AGRIES

—ANFHPLE R ARG, BHERIAR GO IR 2 E BB, BT e AL, SRR ISR BIRE
i o WM IR IR gtk A V2 HARRIAESS, v A10:

1) HLF22 B ZI O

2) IBATITIWIAG AL, A S AL B AR RN R, SRS A A AR R B

3) AT i FL T AR

A) HHE ) PIAL FEAT L o

5) 4 A B s ) B o AT (TR S ik, RO ZE = Zifix).

6) 4 (130 3% (W iy Bt ).

7) RN EE IS AT IGO0 ) e I (e 20 B S48, 38 7 25 B 7 TR SN B 7 B2 R) 6

8) AT HIFRAEIE S, WtdE Ay N Al R AT AR N SE

9) 1Z47 24 AF I Bon FC A (UIETRUNS . i 5. IR AE AR . MM s R m 4, A
U8 A19FK HNslow control).

10) #5 iR N, HRERIERY.

A1) fhriy B A b sk B A [al 152 S A B

1£553),4),5),6) X & — D HBIBEAT I . s SRIL AR Gl Z0 RENS 4% P EOR B B8 AT AL B, (R
MANE A K I FE Ta] 2 2k o



HCPUKI BB RS

CAMAC Y138

B ] B B SR R R — NS
CAMACHLSE F1— & PCHLI K -
‘BR] DL T B s, e

PCHL

. RV

I B AL o

CAMAC B SR HE EH8, (B Sk ] —

AR SfE AT e, T

Ak 1 X ’ ‘E‘ ‘* =

B RS N, ECAMACHLETIEATFEEADC. TDC. Ehraessohfetfiftt. CAMACHLAEFIPCHL
Z A FHUBSHL AR 12 22 AP CAL N ICAMACH: AR AHIE .

HE YT A W SNE A2y, DIREEFaE fidy, THUEAZT AR, & . R EdE 748,
H. M. LDIRESFHFERE, HNTPCHLA R —1/OHit.
PCHL¥ — 2 CAMACHE 2 HHIN. F. ARIE S 5E 7305 2IMH M P & A7 es 1, ARG RHEEmS

(A LA BLT 1) 55 — MO FER), B3— 1PCAMACH . i Zidn4, NAECAMACH )G,
B LNV IE S 2 BE A28, PCHLEMNEHE S 2SPiH

BRI SL B2 2> CAMACHLUAE . 1-7 ML B> 7 S (branch) o LA SCARE B — T 5L
EPATHIRE R Al 0 N AL B AR BR s, A A6 IR 0

70



Level-1 Rate [Hz]

Data Rate: TrigDAQ Comparisons

High Level-1 Trigger

ives
/tes)

(1 MHz)
LHCDb High No. Channels
] High Bandwidth
; ( 1000 Gbit/s)
| KTev ATLAS
10° () | d CcmMs
: OHERA-B
| KLOE CDF I
10* O DO Il
: O BaBar High Data Arch
! %CDF, DO (PetaBy)
10° -
ZEUS ALICE
100 L YA .QHA@ | 1
10 10° 10° 107
O LEP

Event Size [Bytes]
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Summary of ATLAS Data Flow Rates

From detectors

After Level-1 accept

Into event builder

Onto permanent storage

%

> 1014 Bytes/sec
~ 10 Bytes/sec
~ 10° Bytes/sec

~ 108 Bytes/sec

~ 10%° Bytes/year
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The evolution of DAQ systems

[ Detector J

A

mini
computer

1970-80
MiniComputers

first standard:

CAMAC
*kByte/s

Detector

HP

MP

e

Host ]
mputer

1980-90

Microprocessors
Distributed

systems

*MByte/s

[ Lvl-1 1—[ Detector Frontend
Trigger Reado
%

Event
manager Network *Etml

Ji

L Computing Services

1990-2000+
Communications networks
Control & Data networks

Embedded processors
*GByte/s
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Typical architecture 2000+

Basic Architecture: ~ same for most experiments

ITFIJI Detector Front-ends

trigger — — | | —
1 1 [ [ I 1 i i

+ k —— 1 | ] Readout

| T ——

Event _ _

Manager Switch fabric ‘ Controls

T T T 1 ¢
arms
< ] | ]

1 | I I

[ Computing services ]

e Readout (units/drivers/buffers/...)
e Switching network

e Processor Farm

e Control & Monitor System
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Dead time
« Experiments frozen from trigger to end of readout
— Trigger rate with no deadtime = R per sec.
— Dead time / trigger = 1 Sec.
— For 1 second of live time =1 + Rt seconds
— Live time fraction =1/(1 + Rq)

— Real trigger rate = R/(1 + Rr) per sec.

Rate in Hz Dead time ms. Live time % Trigger rate Hz

10 10 91 9.1
1000 10 9.1 91
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Large DAQ system

N channels N channels N channels
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[ADC T [ADC 1 [ADC T FrontEnd |

ProcessingProcessing{Processing Readout ‘

buffer/digitization

extracts/formats/
buffers data

assembles/buffers
events

additional
rejection/buffer

temporary
store/offline
transfer
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‘ DAQ software: Finite State Machines

Models of the behaviors of a system or a complex object, with a limited
number of defined conditions or modes

Finite state machines consist of 4 main elements:

aStates which define behavior and may produce actions

aState transitions which are movements from one state to another

2Rules or conditions which must be met to allow a state transition

alnput events which are either externally or internally generated, which may possibly
trigger rules and lead to state transitions

NONE [F---__C ERROR

CONFIGURED | --------- .

Start ! l Stop :




‘ Propagating transitions

= Each component or sub-system is modeled as a FSM
oThe state transition of a component is completed only if all its sub-
components completed their own transition

oState transitions are triggered by commands sent through a message
system

Subsystem Final
Control Process

CONFIGURED

CONFIGURED [~ — — — — — -




FSM implementation

State concept maps on object state concept
OO programming is convenient to implement SM

State transition
Usually implemented as callbacks
In response to messages

Remember:
Each state MUST be well-defined
Variables defining the state must have the same values
Independently of the state transition
There Is also a message system
Based on some network protocal (SOAP, TCP/IP)
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Storage Manager ﬂ

* Detector signals are collected through
individual data acquisition systems (cables
and boards) that end up at the FEDs: the
first element of Global Data Acquisition
system (DAQ)

» FED (detector FrontEnd boards): multiple
FEDs per detector collect event fragments
that are sent to the online event processing
farm

* Builder Units: Computing farm that
collects event fragments from all FEDs and
merge them to produce full event information

* Filter Units: Computing farm where the
High Level Trigger (HLT) is run to filter
interesting events

« Storage Manager: application that saves to
local disks events selected by the HLT




'CMS DAQ

DAQ Scaling & Staging

Data to surface:
Average event size 1 Mbyte
No. FED s-link64 ports > 512
DAQ links (2.5 Gb/s) 512+51.
Event fragment size 2 kB
FED builders (8x8) = 64+64

DAQ unit : 0l
(1/8th full system)’

Lv-1 max. trigger rate 12.5 kHz AN
RU Builder (64x64) .125 Thit/s R
Event fragment size 16 kB LR
RU/BU systems 64
Event filter power = 5 TFlop

HLT: All processing beyond Level-1 performed in the Filter Farm

Partial event reconstruction “on demand” using full detector resolution
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Event Building

Event builder :
Physical system interconnecting data sources with data destinations. It has to
move each event data fragments into a same destination

Je—
Level 1 ~ Detector Frontend

Trigger

Event fragments :
Event data fragments are stored
in separated physical memory

systems
Readout
ystems
\ 4
ngggter b4 Builder Networks Controls
e Full events : .
e Full event data are stored into
- one physical memory system

associated to a processing unit

Computing Services

Hardware:
Fabric of switches for builder networks

PC motherboards for data Source/Destination nodes
89
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SCX

'Two-Stage Event Builder

Detector Front-End Drivers ( FED x <700 )

O H "
w
2 LUt L s

Front-End Readout Links (~ 512 FRL )

bd  256x256 FED Router

1st stage “FED-builder”

512

;

L

|

Assemble data from 8 front-ends into

z"GlJ"t FED Rou l

|

a

one super-fragment at 100 kHz 100 kH
FED Builders (8x8 x 72) b 72
3“‘! it
72 + .
B0 (0 B CO0)
"“ R( ld»t Bulder 8 )

EVM }-' P Readout Builder 1 - EVM lH M Re uh il Hull(ltrJ | [ EVM lw
Ilaea ) !

| 1
£ vont
Manage U

[ b4 ControifServices Network

8 independent “DAQ slices”
Assemble super-fragments into full events

'TW !ﬂg

12.5 kHz

12.5 kHz

12.5 kHz

A

A

Readout

Data to Surface (D28)

Readout Buwiders (RB)



events per 10 MeV

Data Parking

Ph sics A

We don’ t want CMS physicists to relax ©MWs:Fill 3298 HLT Rates | RiysigsAcore
'ﬁ'18001 ' T T T —— PrescaIeChan e
after summer 2013 516001— | — — No Prescale Cﬁange
. .. 9 i
Keeping almost x2 of additional data  &™**
. ‘1200'!'t
that before was discarded! 1000}
“ ) |
Parked data” : to be reconstructed 8"0{
600
20138us Vs=8TeV, 2012 RunB sl
7E33 parked trigger menu, L = 1.1 fb”' {
105 . 200
' .\I/' A T N T R R T R S
001:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30
J/\|] =J/\V 2012.11.18 00:58:02 to 2012.11.18 04:43:46 GMT '|_|me
Y
104 | low mass HLT_DiJet20_MJJ650_AI”:Lﬁ%?:zgﬁrlzllgfzeg_r\ﬁ;:_%l : Run = 207477, Path
= 101520
Y(1s) ST P,
X o *“"rm
10° Q e,
Ly
10 11 12 13 14 DiJet20_MJJ650_Deta3.5_Ht120_VBF
dlmuon mass [Gev] 01:00 01:15 01:20 01:45 02:00 02:15 02:30 02:4_5“:13&00 03:15 03:20 03:45 04:00 0;1; 0430 04:45




" Data Scouting

Test Feasibility of Data Scouting in 2011
Dijet Resonance Search (0.13 fb1)

| ' | LB |

% 10° E —e— CMS Preliminary (0.13 fb™) E

O] v .

o 10k i Fit =

(= - ! 3

------- QCD Pythia

E 1 T

'Q : Jet Energy Scale Uncertainty B

: & -6 10 1 EI I E
Take stream of data at very large rat ;.| EREST=00g b . =

but storing minimal information: il < j

reduced event content - e 5

10°E |
If something really interesting is Scouting approach extended
found on data scouting, may conside " f the dijet search below 1 TeV

to implement looser trigger on main g f :

stream -

500 1000 1500 2000 2500 3000
Dijet Mass (GeV)
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RAW
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3
e

CERN SDX1  dual-socket server PC's ATLAS Trigger / DAQ Data Flow
computer
Centre "‘30 “‘1600 "‘100 -~ 500
Eventrate | Local Event Event Second-
Data ~200Hz | Storage Filter Builder || LVL2 | jevel .
SubFarm SubFarm fal’m t .
Outputs (EF) Inputs rigger
storage (SFOs) (SFls) -~ g
\ Network [E #n S 5 =
DataFlow T stores Py AT o=
Manager YYVY vyyvyvl LVL2 a0 HHE aad £3 i3
< > rr:!',;i
Network switches output TR
LvL2 suul|
Super- A 5 77T
visor g2, =
AL Sloo ) mw o
= | =< =
5| SE - i
3 | & € g s il =
S IS 3 % - S =
(0] © — 308 st e L1
Event data AEE O W = s
— o2
pulled: g z|ad = =
. - x ) —
partial events = M o
@]
@s= 100kHz, ¢ ]| USALS 1500 b nctovr g
full events 3 ~150 Read- <
- = PCs Out  VME pedicated link
@ 3 kHZ YYVYYYVVYY Links — edicated links
ead-
SRgad'?“t out ATLAS
u(;éssg)ms Drivers detector
Rol (RODs) First- [ >
Builder - level
‘ trigger UX15
Timing Trigger Control (TTC)

Event data pushed @ < 100 kHz,
1600 fragments of ~ 1 kByte each
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Central Processing @ CERN

CMS (P5) -
HLT Alignment& | __________ -Q?P_E!'}LQ'?S
calibration !
¥ :
Offline
Storage Manager Commissioning, ST
Physics,DQM T
- CAF ;
o I
= 3 ' Feedback
— @D i
o o . planned but not
© &) . implemented
O <  'mP
: i
Express @ i
reconstruction % !
(within 1-2 hours) % i
v
Repacker E:j Prompt Prompt
reconstruction skims
Primary Disk
Tier-0 Datasets buffer Tier-1’s
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Data Streams and TierO workflow

Data streams & TierO workflows - specialized for different tasks

Depending on the latency >f
— express — prompt feedback & calibrations E
« short latency: 1-2 hours - -
« ~40Hz bandwidth shared by: _ Storage Manager E:
— calibration (¥%2) T, 5
— detector monitoring (¥4) © g = 2
— physics monitoring (%) S _g‘ 2 S
— Alignment & Calibration (AlCa) streams = repack;'ng Emr&:s S
— bulk data — sample for physics analysis |
(prompt reconstruction) g %‘ledafa%ﬁ
+ splitin Primary Datasets orompt RECO

(using High Level Trigger (HLT) decision)
« will be delayed of 48h - get latest calibratio
« writing ~300Hz

Tier0 Offline




RAW I;Lgogzree ddbe;lvents Detector digitisation

~2 MB/event DAQ

Pseudo-physical information:

ESD/RECO il?]fe(;:ronr]];:ir:rc];ted Clusters, track candidates

~100 kB/event

Physical information:
Analysis Transverse momentum,
AOD i i Associati f particles, jet
information iation of particles, jets,

~10 kB/event id of particles

Classification

TAG information

Relevant information
for fast event selection

~1 kB/event




HIT filters at 'TO

Castor

Database

Express Reco Physics DQM



Data processing - reconstruction

* The RAW data of triggered events are written to disk/tape
* This data is processed to produce outputs for physics analysis

— The processing ‘reconstructs’ the data
* RAW ADC counts -> detector ‘hits’
* Track and cluster finding
* Physics object reconstruction (combining information from different detectors)
» Applying calibrations and alignment in many of these steps

System reco Combined reco
Hit reco Tracking, clustering etc...  EI/Ph/lets/Tau/Mu

Jet/Tau
]

Electron
o

Muons

* Often the data is processed promptly at the Tier-0 and then
reprocessed at a later time (with improved software and/or
calibrations)
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Calibration Workflows

Provide most up-to-date conditions @ all stages of the data
processing
Different workflows depending on the time scale of updates:
— quasi-online calibrations for HLT and express:

* e.g. beam-spot - quick determination online

— prompt calibrations: monitor/update conditions expected to vary run-
by-run (or even more frequently):

» updated conditions must be ready before prompt-reconstruction
— offline re-reco workflows:
* more stable conditions

» workflows which need higher statistics:

run on AlCa streams produced during prompt-reco or offline re-
reco
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Alignment & Calibration Streams

« All workflows fed using dedicated skims or datasets:
— event selection tuned on the needs of the workflow
— event content reduced to optimize bandwidth/disk space usage

e 2 kind of calibration streams:
— produced directly @ HLT level
» workflows statistically limited or requiring dedicated selection:
— e.g. ECAL n° stream and ¢-symmetry....
 profit from High Level Trigger flexibility - software based

— produced offline during express and prompt reconstruction (and
offline re-processing)

 just skimming events dedicated to calibrations
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Data Processing Summary

ATLAS/CMS have similar data processing model

Prompt reconstruction using a calibration loop

- Processing of the physics data at TierO delayed by ~36/48hours to allow use of
calibrations in the processing

- Means the output of prompt reconstruction is of high quality and can be used

for physics analyses
- Many physics papers published promptly processed data
- in long term when the luminosity is stable and when we have more sophisticated
calibrations may want to only publish papers based on reprocessed data

- Promptly processed data available for physics a few days after the data is
taken

Data reprocessed with improved software and calibrations 1-2 times a year

In order to have consistent data and MC samples the MC needs to be reconstructed
with the same release as the data

Stability of software very important to facilitate physics analysis
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Data Certification

'« The complexity of the offline workflows requires robust validation

» Several stages of Data Quality Monitoring (DQM):
— online DQM - monitor detector performance during data-taking
» dedicate event stream (sampling)
— offline DQM - monitor performance of physics objects

* runs on full statistics available for analysis:
— express reco — fast feedback
— prompt-reco — continuous maonitor
— offline re-reco - validation of software and condition updates

* Physics Validation Team - coordlnates the valldatlon activity.
Feedback from: o
— groups responsible for physics objects = ==
— detector performance groups
— analysis group




Data Quality - Introduction

Data Quality (DQ) is the system for telling people what data to use for
physics analysis
— DAQ also maintains a 'known problems' database
Data can have bad quality because
— Detector problem (dead channels, noise, data corruption)
— Trigger / DAQ problem
— Bad calibration / Reconstruction problem
Data time granularity
— ATLAS data is divided into 1 minute luminosity blocks (LB)
— CMS use 23s lumi sections
This is the time unit used for DQ and luminosity measurement

— Eg. If a detector has a problem for 5 mins the corresponding LBs will be
marked bad for physics for that detector

DQ recorded for different systems separately

— Can have a LB good for muons but not good for calorimeter
DQ includes offline reconstruction and calibrations

— Can recover some DQ efficiency in future data reprocessings
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W0He | Level 1 Deimcice Froni-Ends

107 e : Compung Senvans

L J

Storage Manager 5

Online DQM: suite of CMSSW applications that
run either on all events in the Filter Farm or on a
selection of events served by the Storage
manager

Since Dec2009 Online DOQOM consume DCS
information in addition to Event data

Online DQM Infrastructure is completed by the
DQM data transfer system up to the DQM servers
where the histograms and other DQM data are
uploaded and visible to the shifters and the CMS
community

Scope of Online DQM Shifts:

*|dentify problems with detector performance or
data integrity during the run

/DT SN YIS e —



Lﬁ-—mvr" == = Online
=1 DbQM end to end

0000 10000
0000 OO0
e e ssase
0000 10000
U0
Lok | _
t= (="=) : =
S (Conditions
: \/ Conditions -
() ' .
Tier-0
Tier-1s I CAF
%1 if ' — RS 2
ei=mt=trll
Release __b[ j bsmm=i=ll
Validation [ T :
Simulation
Validation

Scope of Online DQM Shifts:
Identify problems with detector performance or data integrity during the run

=> SPOT PROBLEMS QUICKLY FOR OPTIMAL OPERATION EFFICIENCY >
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LS#

Online: Summary : 196531 :

Shift

jeamMonitor - 100.0% - Jun 18, 13:02.52
Beam Spot Summary Map

BeamPixel - 85.2% - Jun 18, 13:02.52
Pixel-Vertices Beam Spot: % Good Fits

)T - 100.0% - Jun 18, 13:02.52
OT Report Summary Map

EcalBarrel - 99.0% - Jun 18, 12:56.53
EcalBarrel Report Summary Map

Event # Run started, UTC time

448 . 632'435'969 . Mon Jun 18, 08:08

CSC - 100.0% - Jun 18, 13:02.52

CSC Chamber Status (100 0%)
BT RS [

7

ANLUAPPNPDSINGLIDS

1 @ 3 @ 2 9 7

[

EcalEndcap - 95.6% - Jun 18, 12:56.53

Castor - 0.0% - Jun 18, 13:02.52

Global summary values
by subsystems:

Warning: < 95%

No DAQ: not in readout

O ¥ W W oig 1319

¢ wenbin

EcalPreshower - 100.0% - Jun 18, 13:02.52




Prompt Reconstruction at TO and CAF is
performed from within one hour up to 48
hours after data is transferred from P5 to
TO and CAF (CERN)

Subsequent iterations of re-reconstruction
at the T1's follow periodically the Prompt
Reco with improved Alignment and
Calibration constants, bug fixes.

Offline DQM is part of the Offline data processing that, in addition to detector data analyses,
includes higher level reconstruction objects, aka Physics Objects (POG'’s)

Scope of Offline DQM Shifts: Produce the data certification for various
reconstruction iterations = USED FOR CMS OFFICIAL GOOD RUN LISTS!!!
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Event Display: B{ —

CMS Experiment at the LHC, CERN

Data recorded: 2012-Nov-30 07:1944 547430 GMT
Run / Event; 208307 / 8873 0854




‘ Event Display: online and offline
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‘ Further References:

aBi-annual CHEP:

mhttp://chep2015.kek.jp/
shttp://www.chep2013.orqg/

2Annual TWEPP conference:

shttp://www.lip.pt/events/2015/TWEPP/ 2015(in Sep)
shttps://indico.cern.ch/event/299180/overview 2014

1CMS TriDAS TDR.

=V1: CERN-LHCC-2000-038 ; CMS-TDR-6-1
=V2: CERN-LHCC-2002-026 ; CMS-TDR-6

JATLAS TriDAS TDR

=»V1: CERN-LHCC-1998-014, ATLAS-TDR-12
=»V2: CERN-LHCC-2003-022, ATLAS-TRD-016

2ISOTDAQ: the international school of trigger and data acquisition



http://chep2015.kek.jp/
http://www.chep2015.org/
http://www.lip.pt/events/2015/TWEPP/
https://indico.cern.ch/event/299180/overview
http://isotdaq.web.cern.ch/isotdaq/isotdaq/Home.html

