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Instantaneous luminosity ~ 1034/ (s - cm?) or 10 Hz/nb

> Peak instantaneous luminosity ~1.8:10%/ (s - cm?)

30-40 collisions per bunch crossing

Very large number of collision events per second

Impossible
to store

~ 40 PB data per second!

Do all events have information we are looking for?
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Beams of protons or heavy ions accelerated
with energy of TeV scale

articles circulate in bunches

25 ns bunch crossing typically gives 40 MHz

bunch collision rate
> Designed 2808 bunches/beam results in 32 MHz rate

Peak Delivered Luminosity (Hz/nb)

CMS Peak Luminosity Per Day, pp, 2018, Vs = 13 TeV

Data included from 2018-04-17 10:54 to 2018-10-26 08:23 UTC
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Physics Process Rate

Probe processes predicted by theory

o (nb)

10’

10° |
10 [
10"
10° |
10* -
10" |
10° -

10+

10°

10°

10°

% ‘.‘s:ﬂl‘: 5 AR
vs (TeV)

Koushik Mandal

01

o lE" > Vs/20)

F o (E;™ > 100 GeV)
10" |

10° |
10°
10°

Teva:tron éLHC 5

==
—

Luminosity: 10 Hz/nb
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- How often these processes happen?

Inelastic scattering:  10° Hz
W production: 10° Hz
tt production: 10 Hz
Higgs production: 0.1 Hz
SUSY particle (m @ TeV)

production: 0.01 Hz
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Interesting events produced in much lower rate
Store event information at affordable rate

Select real time interesting events »  © O

Data
Triggering
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Principles of Trigger Systems

[ %  CMS looks for events with distinct signature }

Selection of events based on event topology
> Final state detector signature

Trigger system decides to store or reject an event
> Once rejected by trigger, event is lost forever

Efficient and clean decision
>  Select (almost) all “signal” events and throw away (almost) all
uninteresting events

Trigger universality
>  Ready for unexpected signatures
> Should accept wide variety of events
> Need unbiased collision event sample
(only require activity in detector forward region)
%  Minimum bias events

Rate and time constraints

>  Selected event rate cannot exceed DAQ bandwidth
(100 kHz, 200 GB/s)
> Processing time should fit pipeline and buffer sizes
(3.8 us)
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PDT  HT = 1009 GeV

jet pT'= 168 GeV

b-tagged jet
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CMS Detector and Trigger

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 ym*) ~1.9 m* ~124M channels
Overall length :28.7m Microstrips (80-180 ym) ~200 m* ~9.6M channels
Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
7 Barrel: 250 Drift Tube, 480 Resistive Plate Chambers,
Endcaps: $40 Cathode Strip, 576 Resistive Plajg/@fambers

A

PRKESHOWER

2 Silicon strips ~16 m* ~137,000 channels

\ FORWARD CALORIMETER
" Steel + Quartz fibres ~2,000 Channels

CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PEWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

% Two-level trigger system

Hardware-based level-1 trigger
> Software-based high-level trigger

« Reduce event rate to ~1 kHz from 40 MHz

Trigger Rate
Detectors

40 MHz Digitizers

Front end pipelines

us

Readout buffers

100 kHz

Switching networks
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Multi layer detector with tracker, calorimeter and muon systems

Compact and robust

Processor farm
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Level 1 (L1) Trigger : |
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Each event is analyzed with information from
Calorimeter & Muon systems

Dedicated electronics @ 40 MHz
Pipeline processing with 3.8 us latency

Reconstruct trigger objects like muon, e/y, tau
candidates, jets and E.sums

A set of requirements on trigger objects
— L1 trigger menu
~400 requirements in a logical OR
for pp collision

L1 trigger sends accept signal to detector DAQ
to read out full collision event data if at least one
requirement passed

Koushik Mandal

Muon Trigger

Calorimeter Trigger
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L1 muon efficiency
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L1 trigger Performance

%  Trigger performances measured in collisional data

> Are triggers efficient to select events that we want to analyse “offline”?

CMS preliminary 2018 data 5.4 fb™' (13 TeV)
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* Efficiency of selecting muon
% Measured in Z—uu events
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* Efficiency of selecting e/y candidate
* Measured in Z—ee events
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Efficiency

CMS Preliminary 2018 Data  11.0fb”" 13 TeV
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* Efficiency of L1 missing E.
% Measured in single muon triggered
events




High Level Trigger (HLT)
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HLT selection runs on online event filter farm with
over 30,000 CPU cores & 60,000 threads

100 kHz input rate allows ~350 ms per event to
reach decision with present computing resource

Two parts: event building and trigger filtering
Trigger decision structured around HLT “paths”
>  HLT menu

~700 requirements in a logical OR

for pp collision

HLT paths consist of reconstruction and filtering
algorithms

The event taken if at least one path passed
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[ Fraction of HLT event reconstruction time spent ]

ECAL local reco: 8.3%

a Trigger logic and /0 3.1%
Framework overhead: 12.0%

= HCAL local reco: 15. Pasticle Flow and
® Taus reco: 7.8%

» Vertex reco: 0.5%

Jets/MET reco: 3.09

s E/Gamma reco: 4.39
» Full racking: 28.9%
» Muons reco: 7.3%|

" g uasiing 82% Ref. link
Working principle of a usual HLT path
Produce ,gf,:', Produce Filter AEventt

Perform limited
reconstruction and filter out
most unwanted events

Run more detailed reconstruction (e.g. tracking)
and make final trigger decision

[ Two stages filtering to reduce processing time ]
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https://indico.cern.ch/event/697988/contributions/3056077/attachments/1725953/2788061/poster.pdf

HLT Performance

s Trigger requirements depend on the given physics analysis strategy
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, : . have high efficiency but slow turn
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in final state (y+jet, Z(vv)y..) particles...
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Heavy lon Trigger

CMS Experiment at the LHC, CERN
Y Data recorded: 2018-Nov-08'20:48:06.756040 GMT
] Run/Event/LS: 326382 / 308207 / 7

Same L1 & HLT trigger system used for heavy
ion (HI) collision data taking

% Different L1 & HLT requirements

«  Condition for HI is different from pp collision
> Larger bunch spacing (75 or 100 ns)
> Lower inst. Luminosity ~10%’/ (s - cm?)
> Interaction rate @~200 kHz
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% Larger number of particles in head-on collision & [ —e— anthkPU-subt PFjets,R=04 [ * HLTNG™>160 ]
. w 1 @?- * + >10 o ......”TT
> Larger event size ~3 MB = 3 T% | I 187 . .
8 0.8 ﬁ _ g r . '. 2
<  Type of physics objects or events used in trigger | = | % 1%osf ., . ° -
e Hadronic interactions (minimum bias) - + % I . =
4 & _ L . -
o Blsehons, e Lower threshold 04: - ] P il '
e Photons S ] 0.0pesestecsssslesces® §
onp,, E; 02 . o BN it WS
* Je.ts . e HLT_HlJet80 | 100 150 200 250 300
e High-multiplicity events 1) R N T B PO P o
0] 50 100 150 200 250 30C
Jetp (GeV) (st 12(2017) PO1020 ]

Koushik Mandal CMS Trigger System 10




-

~

LHC produces pp and heavy ion collision data with very high rate
CMS stores collision data with affordable rate utilizing two-level trigger system
Efficient real-time event selection for physics analysis

First step in any analysis we do; very important!

A lot of (wo)man power towards the maintenance and improvement of trigger system
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Thank You!
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