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pp sudari od 14 TeV pri luminozitetu AR
[ =103 cm?s? oF Minnssors

20 min bias neinteresantnih
dogadjaja se preklapa sa
interesantnim dogadjajima, npr
Higgs produkcije

H->Z77

L uu

H->4 muons: najcistiji (zlatni)
dogadjaj

Reconstructed tracks
with pt > 25 GeV

Ovo se ponavlja svakih 25 ns
(ali ne Higgs produkcija !!)

12.03.2010 CMS Trigger and DQM za Porfesore iz S&CG 2



V0N

UNIVERSITY
OF MINNESOTA

Selektivnost: fizicki procesi

Fermilab SSC
CERN l LHE_:i

4
Cross sections interesantnih ' ' ' | 7

e o = c E710 A 10°
fizickih procesa se razlikuju od po e
vise redova velicine, sto cini
procese razlicite ucestalosti e T

LAa4/5

@ Inelastic: 10%Hz -

¢ W->v: 102Hz S1ubl E
@ t tbar production: 10 Hz ¢ F S
@ Higgs (100 GeV/c?): 0.1 Hz g | 4
@ Higgs (600 GeV/c?): 10-2Hz e =

£ 5
m Potrebna selekcija dogadjaja I =
razlicitih procesa cija ucestanost -

pokriva skalu 1:1010-11

0.001 0.01

12.03.2010 CMS Trigger and DQM za Porfesore iz S&CG 3



V0N

UNIVERSITY
OF MINNESOTA

Bunch crossing rate 40MHz — permanent storage rate ~ 150 Hz
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CMS Trigger ( Okidac ) el
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* L1 Trigger :

Hardware — Pred programirani procesori
* High Level Trigger (HLT):

Software na farmi ~1000 Intel CPUs

*Uslovi koje mora ispunjavati Level-1 Trigger:
Output:100 kHz (50 kHz s pocetku LHC-a)
Latency:3 msec za prikupljanje podataka, donosenje
odluke | slanje

*HLT designed to output O(100) Hz
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Trigger sa dva nivoa (L1, HLT) .2
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L1 Trigger — koristi samo podatke iz muonskog AA

i kalorimetriskog detektora, koi su jednostavni mogu se brzo alnalizirati UﬁVERSITY
OF MINNESOTA

m Pattern recognition much
faster/easier

m Compare to tracker info

Hadron Electromagneti

algorithms
» Simple algorithms  Huge L
« Small amounts of data amounts of - P
data |

e Local decisions

 Need to link sub-detectors
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High Level Trigger et
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e Software na velikoj CPU farmi

— 0Od digitalnih podataka iz detektora, rekonstuise dogadjaj (stvara sliku o cesticama
nastalih pri sudaru, njihovim polozajima, putanjama i energijama (momentima),itd. Na
osnovu tih podataka donosi odluku da li je dogadjaj interesantan
ili ne. Ako nije, dogadjaj se odbacuje, ako jeste ceo iscitani podaci sa detektora se zapisuju
na disk.

* Kod sto blizi kodu koji se koristi u “offline” rekonstrukciji
— Koliko vreme dozvoljava, algoritmi moraju biti brzi | efikasni. Egzekucija svih HLT
algoritama zajedno ~ 40 ms
* Selekcija ima cilj odabir dogadjaja sa interesantnim fizickim procesom
— Output mora biti O(100 Hz)

* HLT Rekonstrukcija dogadjaja u subdetektorima samo po potrebi
— Odbacivanje dogadjaja cim pre moguce u svakom algoritmu
— Podnivoi HLT-a

L2: muon | kalorimtriski detektori
L2.5: tracker pixel detektor
L3: svi detektori, ukljucujuci ceo tracker

— Regionalna rekonstrukcija

Samo u delu detektora gde predhodni nivo okidaca odluci da postoji moguca cestica (kandidat)
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—\Primer dizajna jednog HLT algoritma., >
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HLT koristi vise algoritama
- HLT Table primer za L=2 1033 cm™2s?
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Trigger Threshold (GeY) Prescale Rate [Hz] Trigger Threshold (GeV) Prescale Rate [Hz]
Single Electron 26 23.5+- 6.7 Single jet 400 | 4.8 +-0.02
Double Electron 12,12 1.0 +- 0.1 Single jet Prescale 1 250 | 10 5.2+-0.02
Relaxed Double Electron 19,19 1.3+ 0.1 Single jet Prescale 2 120 | 1000 1.6+-0.008
Single Photon 80 31+-02 Single jet Prescale 3 60 100000 0.4+-0.002
Double Photon 30,20 1.6+-0.7 Dijet 3s0 | 3.9 +0.02
Relaxed Double Photon 30, 20 1.2+-0.6 Trijet 195 1.1 +0.01
Single Photon Prescaled 23 400 0.3+-0.02 Fourjet 80 | 8.9 +-0.2
Double Photon Prescaled 12,12 20 2.5+1.4 Acoplanar Dijet 200, Ad (dijets)<2.1 l 0.2+-0.008
Relaxed Double Photon 19,19 20 0.1+-0.03 Single jet-MET acoplanar 100, 80, A (jet, MET)<2.1 | 0.1+-0.02
Prescaled
Single jet - MET 180, 80 3.2+-0.07
Single Muon 19 25.8+-0.8
Dijet — MET 155, 80 |_ 1.6+-0.03
Relaxed Single Muon 37 11.9+-0.5 1
Trijet —- MET 85, 80 | 0.9+-0.07
Double Muon Tacd 4.8+-0.4 |
Fourjet - MET 35, 80 I 1.7+-0.2
Relaxed Double Muon 10, 10 8.6+-0.6 I
MET 91 2.5+-0.2
Double Pixel TauJet 100 SingleTau@L1 or 4.1+-1.1
66 DoubleTau@L1  H,-MET 350,80 3.6+-0.2
Double Tracker TauJet 100 SingleTau@L1 or 6.0+1.1 H, - Single Electron 350,20 0.4+-0.1
66 DoubleTau@L1 B-jets (leading jet) 350, 150, 55 : 103 +- 0.3
Electron-TauJet 16, 52 ~0 Srle)e] NN cui
Muon-TauJet 15‘ 40 0.1+-0.06 B“jcts (sem]]d jﬂ] 353, 150, 55 8.7+ 0.3
1,3.4-jet event cuts
TauJet-MET 93, 65 0.5+ 0.1
TOTAL 118.3+-7.2
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Dizajniranje HLT Tabele

 Menjanje postojeceg algoritma (prag uslova, prescale)
* Unosenje potpuno novog filtera (i producera) u algoritam
* Dodavanje kompletno novog algoritma

Vise ogranicavajucih uslova o kojima se mora voditi racuna

e Ukupna frekvenca HLT prihvatcenih dogadjaja < 150 Hz

 Ukupno vreme HLT provede obradjivajuci dogadjaj < 40 msec

e Efikasnost prikupljanja dogadjaja interesantnih fizickih procesa
na visokom nivou.
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L=8 10%° cms!

* Jet: 36 Hz

e MET & HT: 5 Hz

* Muon: 33 Hz

e Electron: 30 Hz

* Photon: 9 Hz

* B-Tau: 4 Hz

* MinBias: 14 Hz

e Cosmics/Halo: 7 Hz
* Total: 138 Hz

HLT frekvencije po vrsti algoritma
za dva pocetna scenarija LHC-a

l=1e31 cm2s
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* Jet: 18 Hz

e MET & HT: 8 Hz
* Muon: 37 Hz

e Electron: 26 Hz
e Photon: 23 Hz

* B-Tau: 13 Hz

e X-Triggers: 11 Hz
* MinBias: 8 Hz

e Total: 145 Hz
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Zasto je vazan DQM za Trigger . 2*.
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 Jednom kada je dogadjaj okvalifikovan kao neinteresantan |
odbacen od strane Trigger-a taj dogadjaj se vise ne moze vratiti.

e U slucaj trigger-a koji funkcionise lose, gubici su ogromni jer je
ucestalost gresaka velika. Mozete imati ostatak detektora da
funkcionise odlicno, a da podatke konstantno gubite (ne
prikupljate).

e Apsolutno vazno znati kako trigger funkcionise u svakom
trenutku, kako bi se problemi otklonili sto pre.

=> Data Quality Monitoring (DQM)
— Online
— Offline
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DQM od pocetka do kraja el
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Online DQM B
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0ooo
0ooo
00O0o
00O
0000
0000

() Storage Managers
. .. . . |[ 000 O
*Input su informacije proizvedene na HLT farmi —888@013@—>
388888 D Events &
. . . . 8883585 Histograms
*Monitoring u real-time, ukazuje na probleme T farm J
veoma brzo (update / lumisec ~90 sec)
Storage
) Manager
* Samo jedan deo podataka dostupan e
Dogadjaji nisuu u potpunosti reconstruisani ( run | 74 ﬂ S
Contml I I I I I I ]
(HLT). . E' J E 2lz(g]Z

while live, ROOT files
for archival.

Histograms and quality % ﬂ ‘y
tests, shared memory
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Online DOQM aplikacije et
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snv-c2c06-12 snvc2c06-13  snc2c06-14  svc2c06-15  svc2006-16  svc2006-17  svc2006-18  srv-c2006-19

Storage
Managers
= events (~100 Hz)
= histos from HLT
(once perLS)
SM-ProxyServers hitOutputHLTDQM
EB 30Hz EE 20Hz ECE gy HLT i
Heal 5Hz RPC 90 Hz Pixel 20Hz DQM from HLT
Online DQM HealTiming  60+z CSC 90 Hz Strip 2Hz HLX from HLX
Applications LAT 60 Hz ES 50 Hz Beam t&ﬁtllru DAQ from LAS
L1TEMU 15 Hz DT 70Hz Castor testing Saps
FEDTest 25z iSpy 05Hz CoreRef  planned Heal abort gap evt
snv-c2c0506 snv-c2c0507 sn-c2c0508 sn-c2c05-09

-Oko 20 aplikacija, po jedan za svaki podsistem. runcontrol
Horizontalno nezavisni, (1 core/app)
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Online DQM L1 B
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e Monitoring L1 trigger podsistema
— GT, GMT, GCT, DTTF, RPC, CSCTF, RCT
— Quality test proveravaju postojanje “mrtvih” ili “vrelih”
— Oko 3.3k histograma implemintiranom (za eksperte)

— Samo nekolicina histograma je namenjeno kontrolorima u

DTTF O s CSCTF Chamber Occupancies CECTF.Chamber Occupancles
ccupancy summary Entries 47487
TR T TS T
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Online DQM HLT B
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* Monitoring svih HLT trigger proizvoda (muona, electrona, ...)

Lz Muonn Vs q] HLTMuonL2_etaphi
L1 Muonn vs ¢ | HLTMuonL1_etaphi | Entries 418872 L3 Muonn vs o HLTMuonL3_staphi
Entries 673915 =2.5 Mean x 0.4315 Entries 518
= R | Mean x  0.3946 Meany -0.1749)g 2.5 Meanx 0.1126
B e e J Meany -0.1541; RMSx  1.763 Meany 0.009451
B RMS x 1.677 RMS y 0.85 2 RMS x 1.621
RMSy 0743 12 - RMSy 04514

7

(%]

Y

w

(Y]

=Y

(T v o
-3

L1 muon eta vs. phi L2 muon eta vs. phi L3 muon eta vs. phi
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Offline DQM B
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: : ’ 0Cess| ',: s .___: Ll__[
EDM fl|?$ | see
*Deo procesa rekonstrukcije (RECO Processing), Q@é‘é’:ﬁ LEJBFM”"}:IQEZG
informacije sa kasnjenjem od ~1h do ~ 1d -\l
Merged files - Run, lumi data
*Svi podaci su dostupni (od prvog do poslednjeg 'E“e”tlda?‘; | CB&D; it istorae
. . L. - Run, lumi data =
prikupljenog dogadjaja) - Merged DQM o
histograms___%._ |
Dogadjaji su u potpunosti reconstruisani
(blizi realnosti) koji su dostupni kao referenca. Harvesting
- Extraction
DQM , - | -Summing
Des : - Analysis

DAQ

i) ! i ] i i

Conditions Quaﬁty

flags :
Certiﬁcation. b
= SR Run _ _
i Sign-off | i
Registry| 5i9 DBS
= 5 : i Ana|y5i5 '
s mem— : |datasets‘
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Offline DQM Trigger Streams 2>,
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Alignment& | | Conditions
= calibration
L Trigger DQM |
Storage :
Manager Comm)[ssioning/ !
PS5 Physics DQM
ORCON
" = CAF :
=11 % ® S ¥
= 2L & ORCOF
- o ] 3 : ’
8 o < '
- l.l. 155!..« :
= with L1, ;
= 8 == reconamaion || BLTDEBUG, |
- B . (within 1-2 h) B
a
2 > Prompt >
G reconstruction® 3
v - (within 24 h after >
ro > Primary Datasets align/calib)
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Offline DQM Trigger - Aplikacije %>,
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e Generic — FourVector

* Monitoring bilo kog HLT algoritma koji se nadje u HLT
meniju

e Opskrbljuje vrste informacije koje su zajednicki za sve HLT
objekte (eta, phi, pT, Et)

e Ekspert (POG)

* Muon

* Egamma
* Tau

* JetMET
* Blet
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What is FourVector #A
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Automated tool, monitors any HLT path found in the menu (still only on
single object paths).

e (QObtains inofrmation from

Provenance, HLTConfigProvider, TriggerSummaryAQOD, TriggerResults,
RECO, MC.

* C(Client + Source

— What does source do?
* Templated code.

* objMon classes instantiated for each object type
(muon, electron, jet, tau, photon, Bjet, still to implement MET)
Makes histograms of Et, Eta, Phi of objects at various lavels (MC, L1, HLT, RECO).

Performs unique matching in R space for L1-HLT, L1-RECO, HLT-L1, HLT-RECO, HLT-
MC and RECO-MC objects.

— What does client do?
* Divides appropriate source histograms and makes Efficiencies vs Et, EtaPhi plots.
— User configurable (py files)

* For a path of interest, chose denominator events by selecting

denominator HLT path. E.g. for a muon path select denominator path to be a jet
path.
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FourVector u akciji — AR
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FourVector u akciji - AR
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prikupljanje kozmickih zraka na CMS-u o Miesons

 Muonski trigger funkcionise !

| HLT_L2Mu3_NoVertex given offEt Eff L1ToOff UM |  fmewmemmeom | HLT_L2Mu9 given offEt Eff L1ToOff_UM | .m0 oo enomon.on
Entries 7422 Entries 6897
1.2 Mean 73.67 Mean 74.28
: it AL ™ : L™
E o | ‘ ‘ € H
14++H+|IIIHI|HH HH _#HJFHHHH Hm ‘ |
O.B:— 0.8_—
0.6 ) 0.6—
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04 &= 0l e L1_pu_candidate
C SuperPt_ reco_p L SuperPt_reco_u
0.2 B
r ; 0.2
B L1_SingleMuO - L1_SingleMu7
| ——— | I I AR T S AT N NI NI Y L
0 2 40 &% 100 120 140 S N B B R R YT
. recoup; recoup;
I_HLT_LZMUQ given offEt Eff OnToOff_UM | E-mri-;: e [ HLT_LZMud given EX Ef OnToL1_UM | e
1.2 Mean 76.75 Entries 6045
: ‘ s _toor .
11— :
: HWM% + | F I + + 1
osf- 1T J{ * 1 08l
C +
05—+ 06 o HLT _u_ candidate
- . B Jr L1_SingleMul_u
04l _ HLT _u_ candidate ol
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0.2 re
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I R R T R 7T R R R T S TR
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Histogrami za kontrolora AR
eg. For CRAFT/MWGR o MisnEsoTs
HLT Offline DQM je zaduzenje kontrolora u smeni.

Kontrolor je upucen da kontrolise mali broj histograma koji odslikavaju performansu HLT
and RECO.

Na osnovu histograma, kontrolor (+eksperti) odlucuje da li je “run” dobar za fizicku analizu
ili ne.

Selection L1Muon Pt, Selection L2Muon Pt, Selection Jet Pt, EtaPhi
EtaPhi EtaPhi
Small h 4 Large Plaf = Reset workdg jace | Customise Layouts  (Top}/ 00 Siffit / HLT / Cogmics
Eff HLT7L1Mu(_3pen toits LJ e P1‘_ _____ Eff HLT 'TMquE:n foits L1 vs ela_ph___“ Eff HLT_LZ2NMuS toits L1 vs Pt -
1 — fjgf _i " Za skupljanje kozmickih zraka, akcenat
k e je na kontroli performanse muonskih |
jet algoritama. (Drugi algoritmi se ne

SE NN T R
]

aktiviraju)

JelEff HLT to L1

T il . . . o
;o Pri sudarima (pp) svi HLT algoritmi
| (~50) u HLT meniju se kontrolisu

e njihova performansa je odredjena

Jet Eff HLT to RECO RECO muons Et

SRR T el = putem automatkih testova (poredjenja
E EET] Histograma sa referencama,

E = E IH,H kontrolisanje srednje vrednosti
W i VA" efikasnosti, itd)
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Zakljucak .
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e Trigger sistem na CMS detektoru je komplekasan |
zahteva pazljiv dizajn | odrzavanje.

* Kljucan je za celishodno funkcionisanje detektora — los trigger =>
losi prikupljeni podaci, traceno vreme, tracen novac.

e Sistem kontrola kvaliteta podataka (DQM) trigger-a je obavezna
komponenta koja neprekidno vrsi nadzor. DQM mora biti validan
i brz. U slucaju problema ili loseg funkcionisanja trigger-a mere
se moraju donosit brzo, kako se dragoceni podaci ne bi gubili
bezpovratno.
Dijagnoze problema | mere se u potpunosti oslanjaju na DQM
(Online, Offline).
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