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@ trigger

development
@ L1/ POGs / PAGs / DPGs

design & strategy

N

STORM / L1-DPG / POGs / PAGs

integration

POGs / PAGs / DPGs constraints:
> ~100kHz @L1
» ~1kHz @HLT
» ~220ms
analysis condition

POGs / PAGs

monitoring

DPGs / AlCa

STEAM/ L1-DPG / POGs / PAGs / DPGs

m—

—

operations and commissioning : Geoff’s talk on Wed

!

validation
[rate & timing]
STEAM / L1-DPG / POGs / PAGs

!

production & operation
FOG /L1




@‘WHLT trigger in 2016

» very high luminosity

highest peak lumi: 1.5e34 Hz cm2 > PU~50 !

» very high LHC duty cycle

from 2015 menus, already quite ready for lumi upto 1e34 Hz cm

new menu for lumi >1e34 Hz cm™2 after ICHEP

®» wrote on average >~1.3 kHz of Physics stream at Tier-0 !!
» in order to decrease the <rate> - HLT menu tuning

* prescales adjustment

Peak Delivered Luminosity (Hz/nb)

15

@Max. inst. lumi.: 1.’;2556:34 HZ cm-z
——

CMS Offline Luminosity (Prelimjnary)
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* algorithms improvement [ add dz cut in double muon triggers ]
®» fit the limit ;) on average ~1000 Hz of Physics stream and ~600 Hz of Parked Physics
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CMS: Fill 5020 HLT Rates
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peak PU =30 | :
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-

CMS: Fill 5423 HLT Rates

lots of small updates/bugs spotted and fixed needed in order to accommodate the L1 upgrade
» unexpected strip dynamic inefficiency
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CMS HLT menu v4.2
PS column 1.35e34

B rate:overlap betweenPDs X%

DoubleMuonLowMass
MuOnia 200
BTagMu
180
ZeroBias
NoBPTX 160
Commissioning
MET 140
HTMHT
SingleElectron 120
MuonEG 1
Charmonium 00
DoubleEG 80
SinglePhoton
JetHT 60
SingleMuon
Tau 40
BTagCSV
DoubleMuon 20
DisplacedJet | 0
= c > =] c — [ o E O c - o X 7] =] « 0
@ o Gl o o <] c ] = 7]
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correlation matrix between datasets rate
shows that dataset definition is rather optimal in terms of overlaps

some considerable rate overlaps for pairs:
{SingleMuon ; DoubleMuon}, {JetHT ; BTagCSV}, {SingleMuon, Tau}



CMs

Bl rate:PU dependence

Rates evolution with PU for some highest consumers:
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in 2017, add dz cut to DoubleElectron ...

5
http://awightma.web.cern.ch/awightma/STEAM plots/All Triggers/Fills 5251-5254/
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“rate : PU dependence

Rates evolution with PU for some highest consumers:

pre-deadtime unprescaled rate / num colliding bx [Hz]

0.09

HLT_IsoMu22_eta2p1

0.08

CMS

Ha!é Monitoring

so iuZZ__eta

0.07

J H(x) = 0.008744x(0.00109+ x*(0.00002+x°0.00000))

70% of SingleMu
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almost linear trend
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- extrapolate rates to 2017 expected running conditions: 1.6e34 — 2.0e34 @ PU ~(46 —58)

1.2e34 1.4e34) 1.6e34 1.8e34 2.0e34
IsoMu22_eta2pl 160 190 220 250 280
IsoMu24 150 180 200 230 260
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cms

B HLT trigger in 2016: rate

Rate [Hz]

Group Total Prop. Pure
HIG 6302 | 234 £+ 1 |107x1
SUS 510 £ 1 173 £ 1 861
EXO 432 + 1 159 + 1 59 +1
SMP 420 = 1 90 + 1 61
TOP 354 + 1 66 + 1 01
B2G 336 + 1 91 + 1 22 +1
MUO 216 £ 1 37 £ 1 1+1
BPH 159 + 1 152 £+ 1 [149+%1
EGM 141 £ 1 26 + 1 1+£1
TAU 136 * 1 49 + 1 17 £ 1
BTV 47 £ 1 27 £ 1 18+ 1
JME 36 + 1 16 + 1 6+1
FSQ 6 +1 2 £ 1 01
AlCa &

DPGs 71 %1 22 + 1 2+1

* Total rate per group := sum of the triggers rate used by group

* Pure rate per group := rate from single-group triggers

AICA&DPG
FsQ

JME

BTV

TAU

EGM

wjp BPH
MUO

B2G

Total HLT 11

44 +3 Hz

HLT menu v4.2
PS column 1.35e34

PU~42

N pure

proportional

M total

300 400

the biggest consumers are the HIG, SUS and EXO PAGs (~ 50% of the total rate)

:= rate from single-group triggers = rate takes into account co-owenership
HIG is again the main consumer (~30%)

the top 5 is very similar to that of total rates, except for BPH (very particular phase space)
AlCa& DPG have ~20%

BPH group is here the biggest consumer due to phase-space (~95% of its total rate)
HIG, SUS and EXO are again among the biggest consumers (~¥16% of their total rate)
TOP group has no pure rate

500 600

700

Rate [HZ]



@st HLT trigger for DPG/AlCa in 2016

* Thiago and Tongguang are the TSG/AICa contacts
» each DPG/project has (or should have) a TSG contact

L1
tracker
ECAL
HCAL

muon

L1 DPG (pier and alex)
mia (ad interim)
chiara

anonios

MUO (ad interim ?)
Rosamaria (DT/CSC)
Roumyana (RPC)



@ HLT trigger for DPG/AlCa in 2016

* Thiago and Tongguang are the TSG/AICa contacts
» each DPG/project has (or should have) a TSG contact

* mainly 4 use cases
» offline analysis [for instance, strip and pixel time calibration]
» offline DQM [for instance, tracking monitoring]

> AlCaRecos
AlCaRecos to be run

AlCalumiPixels LumiPixels

Commissioning TkAIMinBias, SiStripCalMinBias, HcalCallsoTrk, HcalCallsolatedBunchSelector

Charmonium TkAIJpsiMuMu

DoubleEG EcalCalZElectron, EcalUncalZElectron, HcalCallterativePhiSym, HcalCallsoTrkFilter

DoubleMuon TkAIZMuMu, MuAlCallsolatedMu, MuAlOverlaps, MuAlZMuMu, DtCalib

HcalNZS HcalCalMinBias

HLTPhysics TkAIMinBias, HcalCallsoTrkFilter

JetHT HcalCalDijets, HcalCallsoTrkFilter, HcalCallsolatedBunchFilter

MET HcalCalNoise

MuOnia TkAIUpsilonMuMu

MinimumBias SiStripCalZeroBias, SiStripCalMinBias, TKAIMinBias

NoBPTX TkAICosmicsInCollisions

SingleElectron EcalCalWElectron, EcalUncalWElectron, EcalCalZElectron, EcalUncalZElectron, HcalCallterativePhiSym, EcalESAlign, HcalCallsoTrkFilter
SingleMuon TkAIMuonlsolated, HcalCallterativePhiSym, DtCalib, MuAlCallsolatedMu, MuAlOverlaps, MuAIZMuMu, HcalCalHO

SinglePhoton HcalCalGammaJet

ExpressPhysics SiStripPCLHistos, SiStripCalZeroBias, SiStripCalMinBias, SiStripCalMinBiasAfterAbortGap, TkAIMinBias, DtCalib, Hotline, LumiPixelsMinBias
TestEnablesEcalHcal HcalCalPedestal

ZeroBias SiStripCalZeroBias, TkAIMinBias, LumiPixelsMinBias

ExpressCosmics SiStripPCLHistos, SiStripCalZeroBias, TkAICosmicsOT

Cosmics TkAICosmics0T, MuAlGlobalCosmics, HcalCalHOCosmics, DtCalibCosmics

Primarv Dataset | AICaPrompt to be produced

ExpressPhysics  PromptCalibProd, PromptCalibProdSiStrip, PromptCalibProdSiPixelAli, PromptCalibProdSiStripGains, PromptCalibProdSiStripGainsAfterAbortGap




@%HLT trigger for DPG/AICa in 2016

* Thiago and Tongguang are the TSG/AICa contacts
» each DPG/project has (or should have) a TSG contact

ExpressPhysics
* mainly 4 use cases N LN [T

» offline analysis [for instance, strip and pixel tim} HLT_zeroBias 20 Hz Beamspot, BRIL, ...
» offline DQM ([for instance, tracking monitoring] | HLT_Random SHz TRK
> AICa RECOS HLT_Physics 5Hz TRK

Primary Dataset HLT_IsoMu20(24) 5Hz MUO

AlCaLumiPixels  LumiPixels HLT_Mu17_TrklsoVVL_Mu8_TrkisoVVL_DZ 5Hz MUO

Commissioning TkAIMinBias, SiStripCalMinBias, HcalCallsoTrk, HcalCallsolatedBunchSelector, HLT_EIe17(23)_Ele12_CanIdL_TrackIdL_IsoVL_DZ 3 Hz EGM

Charmonium TkAlJpsiMuMu

DoubleEG EcalCalZElectron, EcalUncalZElectron, HcalCallterativePhiSym, H: algoTrkFilter HLT—ZemB'as—F'rStCOH's'onAﬂerAbortGap 10Hz TRK

DoubleMuon TKAIZMuMu, MuAlCallsolatedMu, MuAlOverlaps, MUAIZMul\f HLT_ZeroBias_IsolatedBunches 10 Hz TRK, ECAL

HcalNZS HcalCalMinBias "Spectacular events" 1Hz -

HLTPhysics TkAIMinBias, HcalCallsoTrkFilter e Total: 54 Hz (64 Hz if we have the isolated bunch).

JetHT HcalCalDijets, HcalCallsoTrkFilter, HcalCalé

MET HcalCalNoise

MuOnia

Express PD main usage
» feeding the PCL

TkAlUpsilonMuMu

MinimumBias

NoBPTX S
SingleElectron / X oftron, EcalCalZElectron, EcalUncalZElectron, Hcz > data Ce rtlﬁ Ca C'ho n
SingleMuon Yl [tivePhiSym, DtCalib, MuAlCallsolatedMu, MuAIOverl > EXOTICA H .
otline
SinglePhoton a
ExpressPhysics SiStripPCLHistos, S;l(pCalZeroBias. SiStripCalMinBias, SiStripCalMinBiasAfterAbortGap, TkAIMinBias, DtCalib, Hotline, LumiPixelsMinBias

TestEnablesEcalHcal HcalCalPedestal

ZeroBias

ExpressCosmics SiStripPg

Cosmics

10

Primarv Dataset | A/.aPrompt to be produced
romptCalibProd, PromptCalibProdSiStrip, PromptCalibProdSiPixelAli, PromptCalibProdSiSt

ExpressPhysics




@:MSHLT -rrigger‘ for DPG/AlCa in 2016

* Thiago and Tongguang are the TSG/AICa contacts
» each DPG/project has (or should have) a TSG contact

* mainly 4 use cases

» offline analysis [for instance strip and pixel time calibration]
» offline DQM [for instance tracking monitoring]
» AlCaRecos
» AlCaRAWSs - special streams w/ dedicated event content
that can record much higher rates than usual
g 700_— CMS % 700; ic?:antgﬁfonitori |
‘@ —  Rate Monitoring g - v . 600 Hz
B 600 r T T & 0001 ; o rf ' T
< C 2 = j 2 a2 W
> F AlCa_LumiPixels_Random - VR :
400 - . - - 400 — v ~f L .
C [Pixel FEDs only] = o | :
0= used by BRIL i SO s S m |
- | .o AlCa_SingleEle_WPVeryLoose_Gsf |
200— ; = — . — i o
C .o [data around the electron, MET and rho] |
10 E ~ used by ECAL |
C ol -
O~ ——'5000 4000 6000 8000 0000 12000 4000 160 0 et B e S If%%si.y}?é’a%"m;?f‘

instantaneous luminosity [10* Hz/cm?]
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HLT issues in

Efficiency

2016

Run2016B - bug in L1-HLT objects matching

Run2016C - bug in H/E for L1 e/y ,us=""

— all EG objects had cut H/E <3.125% (6.25%)

in the barrel (endcap),

w/o taking into account the p;

up to Run2016F — strip dynamic inefficiency |

— large effect on lepton dZ and
lepton efficiency

— small effect on paths with btag
up to 2016F — few bugs in EMTF

— highest impact bug was a firmware bug assigning

>

«— barsl .. H/E L1 EG
~— endcap b 7 |

e

e Efficiency
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— see also https://twiki.cern.ch/twiki/bin/view/
CMS/EndcapHighPtMuonEfficiencyProblem
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E HLT trigger in 2016: performance

o 2016, 16 fb™! (13TeV. o 2016 16 fb™' (13TeV
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E HLT trigger in 2016: performance

1 2 2016, 13 TeV 2016, 13 TeV
5 _l ICIMISII TT1 7T I TT 17T l TT 17T I TT1 171 l TT1 171 I TTr 1T 'lT L (>)‘ 1‘2k T T T T T T I T T T I T T T T T T ]
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timing in 2016

500" CMS Private 13 TeV
‘0 N S R S R N R
& = HLT farm limit (w/ HT) :
— 450 e :
Q - s
£ 400 oo \
> - ofﬂme timing 5 5 5 5 -
c 350 o hyper-threading OFF........ ... .. ... . S estlmated HLT farm limit,
K7 e : : L . with and|without HyperThreading
% 300 - ° hyper-threadlng ON (scaled By +15%)
S § /
Q_ 250f= .
= HLT farm limit (w/a HT) ]
o 200 :_ Lase3a L1 selections change event topology
o - 2" higher the PS column [for ~fixed PU]
> 150 - 1.15e34 | _
© i i| * higher the thresholds
100 E_ e * larger the particle multiplicity
50 = : ; : * larger is the average HLT timing
O ¥ | | | | | | | | | | | | | | Ionllinle t'-ilmiinglfrolmlruln %8314018 SIcalledi byl 151%1 1 l
0 10 20 30 40 50 60 70

average pileup <PU>

new HF readout and new pixel detectors might have a not neglible impact on the timing in 2017 ...

HLT Menu v4.2 on HLTPhysics Run2016H (6 skims based on both PU and PS column)
machines vocms003/004
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@ towards 2017 HLT menu: scenario

2016 BCMS ___BCMS B* 33cm

Beta*

Half crossing angle

Number of colliding bunches
Proton per bunch

Transverse emittance into SB
Bunch length

Peak luminosity

Peak pile-up

v

1.6e34 cm-2s-1 (pileup ~ 46)
1.8e34 cm-2s (pileup ~ 52)
> (pileup ~ 58)
2.2e34 cm-2s1 (pileup ~ 64)

v

A4

optimise the menu and studies for

40 cm 40 cm 33cm

140 prad 155 prad 170 prad

2208 2448 2448

~1.1e11 1.25e11 1.25e11

~ 1.9 um 2.3 4m 2.3 4m
1.05ns 1.05ns 1.05ns
~1.5e34 cms™ ~ 1.8e34 cm3s™ ~1.9e34 cm3s™
~ 49 ~ 52 ~ 56

to study the impact of lumi levelling
as the initial luminosity for 2017

as the ultimate luminosity for 2017
as the “emergency column”

(pileup 55-58)

16



&

““towards 2017 HLT menu: schedule

Wk 1 2 3 4 5 6 7 8 9 10 11 12 13
MO 2 16 23 30 6 13 20 27 6 13 20 27|
Tu today
We \)/, / . (®0215 '~ 03.15
Th / / - tracking POG POGs reconstruction
- / / HCAL local reconstruction ——+— final calibrations

r / \
900pre3 900pre4d milestones
* L1 trigger developments “tagged”
* new draft L1 menu
Apr May June

Wk 14 15 16 17 18 19 20 Z1 22 3 24 25 26
Mo 2 Wy o R 1@ 05.22 K vl § 2
Tu HLT menu validated i

We - I ¥
™ 04.20 - (3)06.01 3
- deadline for "= 05.05 _ HLT menu in production
= HLT paths final draft of L1 menu iing

proliosal — HLT menu integrated
Su TR \ I
l propose an HLT path
» timing 17

» DQM (and Validation) code and monitoring strategy



@“M towards 2017 HLT menu: MC studies

having a new detector,

most of the trigger studies have to rely on MC samples

* PU scenario : 28+62

* 2016 geometry (80x) MC samples [ ~300M events ]
* rate and timing studies for comparing results w/ 2016 data ones
* first set of studies and developments, mainly L1

* 2017 geometry MC samples [ “600M events ]

* main sample for 2017 developments and validation of the menu
* 810 samples: muon POG needs to work on new L3 muon reconstruction (asap)
» 811 samples: POGs/PAGs developments [most of the production]

* 900 samples: validation of the menu

Jan Feb Mar
Wk 1 4 5 6 7 8 9 10 11 12 13
MO 16 23 30 6 13 20 27 6 13 20 27|
Tu today
We - ~ (»02.15 ~ - 03.15
tracking POG = POGs reconstruction
Th Techi

HCAL local reconstruction

=+ final calibrations

81x samples

18




\CMS . 'arj
B conclusion L&

~neglible loss of data (both delivered and recorded) due to the HLT in 2016
good performance, specially at the end of the data taking (exept for HTT ..)
rate w/in budget (even if it took a while to fit it ...)

IS

AN

A\

delay in the availability of 2017 samples should not be a huge problem
[if it stays w/in the expected 2 weeks]

v 90x reconstruction and first (very preliminary) version of the update for 2017
are validated w/in the standard release validation, as now

v’ rate and timing studies on MC samples are on going
to make sure all ingredients are in place

» we are currentely missing the online beam spot updates !

» we will evaluate the effects of the pixel misalignment

and —probably— relax POG reconstruction at the beginning

» improve
VALIDATION AND PROMPT MONIROTING !!!
e ——————
Service » 4 Workspace ¥ - 4Run#V. LS # Event # Run started, UTC time CMs Dc?eh: ?su'zg’fg':fg;gﬁ%ﬁ_"é
Offline: Everything . 283'408 . 2'541 . 4'348'081'601 . Tue Oct 18, 14:17 M Tosi, View deais
Data: /StreamHLTMonitor/Run2016H-Express-v2/DQMIO
Size: ium v Play ResetWorkspace Describe Customise (Top) / HLT JSON data i, Link-Me

& BTV &3 Eventinfo & Layouts &3 Muon & SiStrip & Tracking

currentely, very few groups have a monitoring tool based on DQM

. . 19
... we are working on it ;)
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B towards next year upgrades

CMS Simulation, 2016, Vs=13 TeV, Private

CMS Simulation, 2016, Vs=13 TeV, Private

CMS Simulation, 2016, Vs=13 TeV, Private
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CMS,

@L‘Tmcki ng @HLT

impact of the APV fix:
similar to what is observed offline

run <PV> APV setting
® roll back to 2015 strip cluster charge cut (CCC) configuration 278769  12.8 new
for tracking used in PF jets and lepton isolation 278770 11.2 old
expect a reduction by 10-15% in fake rate and 2-3% in CPU usage 278803  12.1 new
278805 11.1 new
— , 278769 9.6 ccc ccc
NumberOfValidRecHitsPerTrackVsEta_lmpactPoint_GenTk >Z6°1 6 2015 s —
278770 8.2 012 Mean 4702
36142 - / Std Dev 4481
g [ 278803 9.6 F on-track
%12_— A 278805 9.7 - . cluster |
s [ 0.08— . ;::Les 3.08533579;3;
%10— C RMS . f23570.67
é . 0~06_— A TOB Iayerl Entries ;?44109_e:+pz
: S]Jhﬂ g .
T 0.04(— . Ref 3
> L — ° Entries 1.82543e+07
-.é C - . B o"'”... Mean 4635.73
g 6 <#t valid rec hits> 0.021-
2 [ increases v w .
4- O 2 "3 4 5 6 7 8 9
- 2.
2__ i R R ey
_I L1l | || | L1 ‘ L1l | L 111 | 1111 | | | | ‘ || | L 111 H .0..... 3
S5 215 -1 05 0 05 1 15 2 25 e x10

Track n

I S S
cluster charge [e"/ cm]
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cms
B muon @HLT
@ uo n M Run 2016F CMS Pfellirlllrllal!yl S IF;unl2<70?9l217070§1:iT?V)
. . % 1L ( ‘ : ’ | | 0.99 '
impact of the APV fix > e A ! +:
v full effici ++ #* **#
¥ recovers tull ernciency 50.98 L : | oozl || ¢{|| I¢ + ++<H ++H, Hi
in HLT muon reconstruction ¢ | = R P t g
= 1 i i i i 3
>up to 2% at 1.2e34 Hz cm2 #0961~~~ ~{ oss £
. . T ! | 5 i ! E
» efficiency is now flat 3094- . B e ]
2094 i : : — —ie . =
and better than 99.5% - D . orgnal
0.92 : | aterHPx (Runs2788012 orasdey | O e Nodwyout 3
Tt : : —+—before HIP fix (Runs 277532 2787?68) 091 ¢ * Nochi2cut
0ot b bl L, L) 00 TS0 o000~ sano oo sedo fooos
. 53008000 70008000 9000 1000011000 12000 Inst. Lumi st lumif10®em2s]
L3 muon reconstruction inst. lumi [1E30 crfs ]
Olstate OlHit IOHit Q
Seed Generation Not §| Seed Generation ot | Seed Generation = o S 1 i ‘
Trajectory Building Trajectory Building ec°'d7 Trajectory Building '\I j{ '%H ; """“'*"'k"“‘"‘hm*‘.'.'c’ A
Tracker Track Creation Tracker Track Creation Tracker Track Creation S0 c'_,+ ‘
_ Filter: Chi2, dxy _ Filter: Chi2, dxy _ Filter: Chi2, dxy S T Py :
Matching Matching Matching .§ . L: ] M\ 30%
| If Reco’d eco If Reco’d § N 1 'b‘v.“%
| Global Filter 3| 20 s
E l: ..#!W
. . . . . ® [
recovers large inefficiency in di-muon triggers delta-Z cut i
* requires muons to come from the same P\/ . | MU17_Mug+2016r seere e
* useful to reduce the rate from combinatorics T -+ 2016F after HIP fix
0 -l Ll 1111 111 1111 111 III 1 II Ill 11 l 1111 G
' 5 10 11 12 13

®» dZ cut can be safely applied inst. lumi [1E30]

on most di-muon and electron-muon triggers ;) 23




@?@’/b-’ragging @HLT

impact of the APV fix

higher b-tagging efficiency for all working points
flat efficiency w/in the orbit
lower b-tagging fake rate (not shown here)

Efficiency vs BX (#PV=20)

-l

—

Efficiency vs BX (#PV=20)

809"*” et da Lt b B b Tt L b 4y st bbb He Hy O, Fs ++++-1 e + Al A_+P‘+ by HHL“‘m l++
w e E 1:?.'1" Lik| -*{+ " Yl, a 1»1 ¥ +H>+YH>+T* 1}++Tﬂ> TT ffT‘ i a._)'v.a: +
*30.8F L= R T RO ST R 11 e .T;'t}.".i."' N—
i “++++H*++*+H++++ *+**+*++*+* +”+ it gt ++++* b + Py = F +”'{ N i i PR
— 4, 4 iy {-'# “’h" H- “4-,00- *N M++,,&++ 4 9,.¢+ h‘“ﬁ"’ +’.|. * 3
0.4 %r.t“‘"’*ﬁ "“lbe*t++H*H*“ gt *" Hayty “4+¢L _aptagtet St gty #’m.j +4+ f¢;+h+*++»u*&+ Hat G,q:+ +l + t ' P ™ ++ |"ﬂ’ i JP H\H.Jf
02 .'E_ ....................................................................... k e * ..... Medium 02 ,E_ ...................................................................... k ........................ * Medium .....
1 Y | S —e st destoethumruih st s | . W ——————
§ | | | | 1. IL()()se E | | | | IToose |
0500 fooo 500 2000 2500 3000 % 500 1000 1500 2000 2500 3000
BX BX
NB: online b-tagging has been less affected by this issue then offline one, -

because of the very loose selection on the #hits per track



Online / offline agreement

at RECO slow, developed method 3 for HLT

Two methods have little to no correspondence for low

energy deposits (from PU/noise) which are the
relevant contributions to H for H/E at the trigger

RECO and HLT H/E variables were individually efficient

but cutting out different events = overall inefficient

Fixed by going to method 2 locally (in a cone of 0.25

around e/y candidates) for HLT H/E

H/E filter efficiency
HLT E|e27 WPTlght Gsf v

Now almost perfect
agreement for H

o Efficiency

o
©
@

Miss-configuration of
single electron trigger
(no rho correction)
in period F-G (“v6”) after
new WPTight tune
went online, fixed in
period H (“v7”)

0.94

0.92

Data/MC

HLT H/E Issues

Method 2 HCAL mitigation of out of time pile-up used

:::: _”_—a— - L 7_*_5 ——]
*:9_—0—“ == —o— == JE&—_Q_ :
L * e e -
== ==
e =
N = o
- vi v2 «Vv3 ]
— V4 V5 =V6 ]
-~ V7 +MC
PETINITE NI
_ =T - E
B i ﬁ—g— . ————— =
- A. Anuar: Trigger workshop —

Efficiency of Ele27_eta2p1_WPLoose

Efficiency

Method 3 HLT to ofﬂme

LA L L B

T =
0 92« EB g 10° E
“E & orfe E
0.8E = ke E
0.7f 102} s
0.6 o Tre— 13
i : Lk
0.5; 10k =
0.4F ] 107 5"5:02.04.00.080-10.1D. 1 1. 1802 ]
z e
0'3; 4 U — E
0.2} 4 =
z + E
0.1
SRR
oL + r% Iy + L l
0 002)04) 0@ 080 10 1@ 149.18).180.2

G. Della Porta, E/g meeting 6t JunH/E

Method 2 HLT H/E to offline
(tai‘l py ‘d‘e§ig‘n) |
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i : —o— endcap ]
0.8r 1
! :
02- i* ]
: G
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S. Harper: E/g meeting 7th Sept 25



average timing [ms]

average timing [ms]

L‘/’rmcking timing

CMS Frivate
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average processing time [ms]

average processing time [ms]
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“track reconstruction

CMS Frivate 13 TeV o5 CMS _Private 13Tev
2100~ Y : T 3
H SeedGeneratorFromRegionHitsEDProducer ] & £ B SeedGeneratorFromRegionHitsEDProducer J90
L o i offset: -5.21+ 0.74ms 90 £ = L ; offset: -12.88 + 0.82ms "
._global reconstruction A Al 0.0:? AE: S OE) - global reconstruction slope- 1,04+ 0.02 ms/PU "~
* 180 & = 200 + 180
regional reconstruction 1 ¥ o . regional reconstruction 3
—=70 % L E 70
2l 2] o I
160 8 150 -160
3 o H 4
ﬂ)nside*rjﬁ‘g only fraction df events e
. whigh run this mod@e100 - -40
¢ lan "30-40% 2 —{30
rd - - ot 20
/ 3 B oo e B
410 = e 310
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L ] offset: 0.22+0.06 ms |90 § > H ) offset: 2.21+0.24ms |90
-global reconstruction slope: 0.00 + 0.00 ms/PU = 5 = - global reconstruction slope: 0.01+ 0.01 ms/PU =
i 480 ® = 200 i -80
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B 3 7} B 3
3 R 3
ening only fractiof dbévents 5160
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D) unn 140
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““HCAL local reconstruction

&

CMS Frivate 13 TeV CMS rrivate 13 TeV

& 25 = 250
£ P HcalRawToDigi £ HcalRawToDigi
;‘ - offset: 0.42+ 0.16 ms ‘;‘ 8 offset: 1.62 + 0.05 ms
£ = slope:0.02 + 0.00 ms/PU £ - slope:0.02 + 0.00 ms/PU
= 20 += 200
o I > L
£ L £ [
Q . . Q
8 151 considering only fraction of events g 1501
o I which run this module o
2 10 ~50% & 100
§ o 9] L
© & [
5 507
B  ee et ——— B ~1.5ms
0 11 _ﬁf 111 11 [ [ [ | . X s = 0 S — — T—t—t—T
0 10 20 30 40 50 60 70 00 10 20 30 40 50 60 70
average pileup <PU> average pileup <PU>
o5 CMS rrivate 13 TeV 250 CMS Frivate 13 TeV
g 3 HcalHitReconstructor ‘ g [ HcalHitReconstructor
= L offset: 1.30+ 1.12 ms r L offset: 7.32+ 0.37 ms
g o0k slope: 0.18 + 0.03 ms/PU g 200 slope: 0.20+ 0.01 ms/PU
2 2
2 L 7 C
g 15¢ . . 8 1501
4 : /censldern"lg only frrfmctlon of events £ -
o _— which run this module o L
c 10 ° ~EMO & 100
& [ 0 . 50% s I
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5F T 50
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/ L L e —— &
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average processing time [ms]

average processing time [ms]
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“ECAL local reconstruction

considering only fraction of events

CMS Frivate 13 TeV
EcalRawToDigi
offset: 1.31+ 0.22 ms
slope:0.01+ 0.01 ms/PU
consic
0 10 20 30 40 50 60 70
average pileup <PU>
CMS Frivate 13 TeV
hitEcalUncalibRecHit
offset: 0.11 + 0.86 ms
slope: 0.24 + 0.02 ms/PU
/.‘//
/./ /
0 10 20 30 40 50 60 70
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ering only fraction of events
which run this module

~70%

which run this module
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average processing time [ms]
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average pileup <PU>

CMS Private 13 TeV
EcalRawToDigi
offset: 1.88 + 0.36 ms
slope:0.01+ 0.01 ms/PU
~2ms
0 10 20 30 40 50 60 70
average pileup <PU>
CMS Private 13 TeV
hltEcalUncalibRecHit
offset: 0.02 + 0.92 ms
slope:0.36 + 0.03 ms/PU
~20ms
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@%pa’rh total timing in 2016

offline timing

HLT_DoubleEle33_CaloldL_v
HLT_DoubleEle33_CaloldL_MW_
HLT_DoubleEle33_CaloldL_GsfTrkidVL_MW v1

W 30— HLT_DoubleMediumCombinedlsoPFTau3s_Trk1_eta®pi Reg
E - HLT DoubleTightCombinedisoPFTau35 Trk1 eta2pl Req PU 47.5
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: PFMETXXX AR CanCrmitinn, DECAnitina 18
15—
. HLT_PFMETx0x
10—
HLT paths
HLT Menu v4.2 on HLTPhysics Run2016H (6 skims based on both PU and PS column) 30
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@]L"pixel local reconstruction (I)

o5 CMS Frivate 13 TeV 250 CMS Frivate 13 TeV
g B SiPixelRawToDigi g SiPixelRawToDigi
s | global reconstruction auefofsstoms 5 | global reconstruction otsal 1070 tems
= 20 ¥ = 200( ¥
8 - regional reconstruction S [ regional reconstruction
w & [
7] B 173 B
g 15¢ considering only fraction of events ~ § 150r
E c which run this module qa) C
& 10 ~60% & 100
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5 50
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L __,___'*_F.—.k—.ﬂ_ L
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8 15 8 150 5
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average processing time [ms]
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““pixel local reconstruction (IT
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CMs

B pixel vertex reconstruction

o5 CMS rrivate 13 TeV 250 CMS Private 13 TeV
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CMS,

@—‘L‘PF reconstruction (I)

average processing time [ms]

average processing time [ms]
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CMS,

B PF reconstruction (II)
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B pixel track reconstruction (global)
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8] pixel track reconstruction (regiona
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CMS

5 L1 menuin 2017 (draft)

L1 trigger 1.45¢34 (2016) 1.7e34 (2017) 2.0e34 (2017) L1 trigger 1.45e34 (2016) 1.7e34 (2017) 2.0e34 (2017)
Muon triggers Jet triggers
L1_SingleMu20er OR L1_SingleMu22 1 1 1 L1_SingleJet180 1 1 1
L1_SingleMu22er OR L1_SingleMu25 1 1 1 L1_DoubleJetC112 1 1 1
L1_DoubleMu_12 5 1 1 0 L1_TripleJet_92_76_64_VBF 1 1 1
L1_DoubleMu_12_8 OR 13_6 OR 15_5 1 1 1 L1_QuadJetC50 1 1 1
L1_TripleMu_5_0_0 1 0 0 Energy sum triggers
L1_TripleMu_5_5_3 1 1 1 L1_ETM100
L1_QuadMu0 1 1 1 L1_ETM105
L1_ETM115
L1_DoubleMuOer1p25_dEta_Max1p8_0OS 1 1 1 L1_HTT300
L1_DoubleMuOer1p4_dEta_Max1p8_0OS 1 1 1 L1_HTT320
L1_Mu3_JetC120_dEta_MaxOp4_dPhi_Max0p4 1 1 1 L1_HTT360
E/Gamma triggers Mu + EG cross-triggers
L1_SinglelsoEG32er OR IsoEG34 OR EG36 1 0 0 L1_Mu20_EG15 1 1 1
L1_SinglelsoEG34er OR IsoEG36 OR EG38 1 1 0 L1_Mu20_IsoEGE 1 1 1
L1_SinglelsoEG36er OR IsoEG38 OR EG40 1 T g L1_Mu23 EG10 1 1 1
L1_DoubleEG_24_17 1 1 1 L1_Mu23_lsoEG10 1 1 1
L1_DoubleEG_25_12 1 1 1 L1_Mu5_EG23 1 1 1
L1_TripleEG_18_17_8 ) ) 1 L1_Mu5_IsoEG20 1 1 1
. X L1_DoubleMu7_EG7 1 1 1
Tau triggers and cross-triggers L1_Mu6_DoubleEG10 7 , .
L1_SingleTau120er 1 1 1 L1_Mu_DoubleEG17
L1_DoubleTau50er 1 1 0
L1_DoubleTau70er 1 1 1 Energy sum cross-trigger
L1_DoublelsoTau30er 1 1 0 L1_DoubleMu0_ETMES
L1_DoublelsoTau33er 1 1 1 L1_DoubleMu0_ETM70
L1_DoubleJetC60_ETM60
L1_Mu18er_Tau20er 1 1 1 L1_Mu6_HTT200
L1_Mu20er_IsoTau26er 1 1 1 L1_EG27er_HTT200
L1_IsoEG22er_|soTau26er_dEta_MinOp2 1 1 1 L1_DoubleEG6_HTT255

A |soEG36er OR IsoEG38 OR EG40 !
A ETM115
A HTT360
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@ rate:PU dependence

Rates evolution with PU for some highest consumers:
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—> extrapolate rates to 2017 expected running conditions: 1.6e34 — 2.0e34 @ PU ~(46 — 58)
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@%HLT trigger in 2016: rate

HLT menu v4.2
PS column 1.35e34

Rate [Hz]
Group Total Prop. Pure
HIG 6302 | 234 £+ 1 |107x1
SUS 510 £ 1 173 £ 1 861
EXO 432 + 1 159 + 1 59+1
SMP 420 + 1 90 + 1 6+1
TOP 354 +1 66 + 1 0+1
B2G 336 + 1 91 + 1 22+1
MUO 216 £ 1 37 £ 1 11
BPH 159 £ 1 152 £+ 1 [149+%1
EGM 141 £ 1 26 + 1 11
TAU 136 + 1 49 + 1 17 £1
BTV 47 + 1 27 + 1 18 +1
JME 36 + 1 16 + 1 6+1
FSQ 61 2 1 01
'S'F?és& 71£1 | 2221 | 221

BTV JME —AICA&DPG

2% _ 2% / 2%
\

TAU

EGM

* Total rate per group := sum of the triggers rate used by group
— the biggest consumers are the HIG, SUS and EXO PAGs (~ 50% of the total rate)

* Proportional rate per group := rate from single-group triggers = rate takes into account co-owenership

HIG is again the main consumer (~20%)

— the top 5 is very similar to that of total rates, except for BPH (very particular phase space)

* Pure rate per group := rate from single-group triggers

BPH group is here the biggest consumer due to phase-space (~95% of its total rate)

HIG, SUS and EXO are again among the biggest consumers (~16% of their total rate)
— TOP group has no pure rate
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B prompt monitoring

* on Nov 23", we held a dedicated meeting on “trigger prompt monitoring”
in order to have a more clear view of the current status [ questions ]
A almost all groups rely on offline analyses
* notrun on regular base
* manpower
A many groups do not know what is the DQM
A many groups answered by showing what they do w/ MC |
A almost anybody got that we are going to ask for adding special workflows

» offline analyses rely on 3 methods
v' tag-n-probe it should be not so difficult
v reference to port the code to DQM
v" orthogonal
» a decent monitoring can be done by using ~0(200) pb* = multirun harvesting !

O do we need miniAOD information ?
O which object IDs we will make use as reference ?

W some groups start working on this
 TAU, MUO



S

@“CM online DQM

v online DQM is the most prompt monitoring available ;)
A the trigger monitoring is limited by 2 main factors
» no offline quantities available
> limited statistics [ 10% of physics = ~100 Hz = some (physics) events per hour ]

* timing and rate monitoring per path
- too many histograms in the same directory
» we need to show histograms in different directories
O by PD (?) = at which level do we know PDs (only confDB ?) JIRA #1158

* trigger objetcs monitoring = JIRA #1155
- out-dated list of paths
» we need to enforce the update of the online DQM configuration = STEAM task
(in synch w/ the deployment of new menu)
- many histograms have low statistics and there are a lot of fluctuactions
» we need to enforce the check of PS
» we need a better binning
—> missing HT, electron and tau
» we need to enforce the minimal set of objects
» code can be made more modular
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@“‘CMS of fline DQM

* some trigger objects and trigger algorithms rely on a special event content

®» we have a dedicated stream w/ HLTMonitor PD
v’ currentely used only by TRK, strip and BTV
» we need to add other tracks flavour : EGM (in progress), MUO, displaced jets, etc
» we should add the efficiency and fake of the b-tagging

A it is the area where we are suffering most !
© we should try to avoid increase of entropy
© we should try to define a common strategy
© we should try to exploit as much as possible the same code
© we should try to share the effort
» coordinate the work among different groups (see next)

» cooridnate w/ core DQM DPG POG PAG
ECAL roo0o BTV ! BPH 0DO
HCAL 7opo EGM: electrc ¥ » : B2G topo
DT, RPC, CSC rooo  EGM: photon (:w EXO 1opo
strip ! JetMET «’ FSQ 0
pixel o“;:;: Muon ¢ A HIG -
Tau SMP 7000
tracking % | SUSY, 1000

—

TOP oDO



B HLT-DQM developers
o [ e [rle] [t [w]wio]

A B ’ © ‘ H ‘ I ‘ J ‘ K P ‘ Q ‘ R ‘ S

1 BTV EGM JME MUO TAU TRK B2G BPH EXO FSQ HIG SMP SUS TOP HIN legend
2 single muon jose not needed
3 double muon jose parassitic
4 single electron jose TODO
5  double electron jose started
6  single photon jose
7 double photon jose developping code
8 jet (AK4) jose seeking for approval (PR submitted)
9 jet (AK8) jose approved
10  single tau jose
11 double tau jose
12 tau+X -
13 met jose
14 ht
15 alphaT
16 | b-tagging
17 | tracks
18  strip
19
20
21
22
23
24
25

+ = HA developer ~ | code (source & client) ~ = GUI (render plugin & layout) ~
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B HLT-DQM code: sour'ce&cllen‘r

A |elecfofe|r o fn]r]|ofk[cr |u[n|ofr| a R s
1 BTV EGM JME MUO TAU TRK B2G BPH EXO FSQ HIG SMP SUS TOP HIN Iegend
2 single muon
3
4 double muon

(4]

o

single electron

~

©

double electron

©

-
o

single photon

-
pury

client python configuration

-
N

double photon

not needed

parassitic

TODO

started

developping code

seeking for approval (PR submitted)
approved

source python configuration

-
w

-
>

jet (AK4)

-
(&)

-
o

jet (AK8)

-
~

-
o

single tau

-
©

N
o

double tau

N
&

N
N
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N
w

N
B

met

N
(&)

H developer ~ | code (source & client) ~ | GUI (render plugin & layout) ~

1
[[]
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B HLT-DQM render plugins
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