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CMS  Outline

- Introduction / Challenges
- Level 1 Trigger (L1) :
- Introduction to algorithms
- High Level Trigger (HLT) :
- Introduction to algorithms
- L1 & HLT performance study
- Rates
- HLT timing
- Conclusion / Perspectives
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Farmmilab SSC

i T = Road to go:
i Fiot UMEE?E"?:IQ '“4— . Early rejection of huge QCD in DAQ chain &
I . Dealing with 40 MHz : Level 1 Trigger
i ) o S ~ - Dealing with 50 kHz & selection physics :
L :. 105 B High Level Trigger
g 1ue ' S| - L1 &HLT: Selecting
_E'gj L B ] - Isolated leptons, photons
o 1ebl 10 4—"53;— - 1-, central-, forward-jets
I e . (High) E_, E ™
103 Detectors
100 Front end pipelines|
No Second Level THgeer
QCD . Fast Links (o Surizaece

Readout buffers
0 : Orders of magnitude greater than any

“interesting” channel Switching network
- Contaminating lepton triggers :

- Jet fluctuation -> electron background Processor farms
- 1, K, B decays -> muon background

- Some signal (trilepton) have soft leptons, in ) )
the (very) high QCD kinematic region CMS: 2 physical levels
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Reduce overwhelming background : 40 MHz -> 50 kHz
Fast processing

> i h
Customized hardware processors Detector
- Algorithms : Implemented in re- Inl<2.1 Inj<1.2 0.8<|n|<1.2 Inl<5
programmable FPGAs RPC DT CSC
- Information from Calorimeter & LT fmn'tend froriend
Muon detectors : X =
- Muon triggers TPG TPG

- Electron & Photon triggers

~<

\ Finders

- Jet & missing E_ triggers

- Synchronous & pipelined :

> Bunch x : 25 ns 44

- Decision/propagation
time ~ 3 Us

4 (B,EC) p

Mip+Iso
bits

4 u (p., @ n, Mip+Iso bits)

T

4e,vyjet(p,on),H, E, E™

Global Trigger
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- Electromagnetic trigger based on
{3x3} trigger towers

- ECAL (barrel) : Each tower is {5x5}
crystals

- HCAL : Each tower is single-readout
- Hit tower :
- Local maximum

- {2x5} strips (crystals) > 90% of E_

Trigger Primitive Generator

Fine grain Flag Max of ( &

Regional Calorimeter Trigger

&) & Sum ET

E, cut :_]j'_'+ Max ( [ ] ) > Threshold
-I - AND -
Longitudinal cut (H/E) i / I <0.05
AND
Isolation, Hadronic & EM < 2 GeV
AND

One of ( Il I -

'I) <=1 GeV

- GCT : 4 highest E_ candidates -> GT

ELECTRON or PHOTON

/ Max

-

Sliding window centered on all
ECAL/HCAL trigger tower pairs

/43 Candidate Energy:

MaxE  of4
Neighbors

Hit + Max

E, > Threshold

£l
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L1 seeds

v

L2 unpacking
(MUON/ECAL/HCAL)

v

Local Reco
(RecHit)

v

L2

Algorithm

v

L2.5 unpacking
(Pixels)

v

Local Reco
(RecHit)

v

L2.5
Algorithm

v

Bring 50 kHz -> 150 Hz
Select as efficiently as possible “0~0.1 pb physics”

Ability : Build full events @ full L1 output rate

- Code : As close as possible to offline reconstruction
- Seeded by L1
- Runs on (large) CPU farms
- Trigger "Levels" :
> 2 : Use of calorimeter and muon detectors
- 2.5 : Use of pixel tracker detector
- 3 : Use of tracker
- Regionality :

- Reconstruction in a small (n,@) region where there
are previous levels seeds (L1, L2, L2.5)

- Data unpacking : Also regional
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Jets : Reconstruction with iterative cone algorithm

ET“‘iSS : Reconstruction with vector sum of towers > E__

Muons : - Iterative refinement of p_

- L2 : Reconstruction in Muon system / Calo. Isolation
- L3 : Reconstruction in {Muon+Tracker} system / Pixel Isolation

ely: - L2 : ECAL/HCAL reconstruction/isolation : clustering (bremsstrahlung

reCOVeTY)r ET > Ethreshold

- L2.5 : Pixel matching (electron)

- L3: o
- Photon : Track-isolation :
» Electron : Track reconstruction / Track isolation / ,Loxsse"‘
/ ~ X)’o‘f;‘%
/ ~
T: - L2 : Calo. Reconstruction + Isolation - -
- L3:

- Hard track (p,™ > 40 GeV/c) with AR<0.1 of a jet axis

- Track Isolation : No p_ > 1 GeV/c track within
0.03<AR<0.4 the hard track
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g}'.)l(l)dies motivated by the need of purchasing the Filter Farm at the end of
7

1°* timing measure on a representative set of (simulated) samples, with a full physics
trigger-menu

- Get a L1 bandwidth as realistic as possible
- Use full L1-emulator (emulation of the harware at the bit-level)
- Ensure that all L1 bandwidth is used by HLT
- Use software framework to be used for data-taking
> Include data-unpacking times for the 1° time
- Fit L1/HLT triggers in 17 kHz/150 Hz
- Balance the trigger menus

LHCC note : LHCC-CERN 2007-021 , LHCC-G-134
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L1 Trigger Tl}rézl;;;ld Prescale (Iljilt;!)

A SingleMu3 30 1000 0.01+000
A_SingleMub 50 1000 | 0.00+ 000

C A SingleMuT ) 7 1 111004
A SingleMull 10 1 047003

A SingleMuld 14 11 018002

A SingleMu2( 20 1009001

A SingleMu25 5 11 006001
A.S1nglelsoRGh 51 10000 | 0.00+0.00
A SingleIsoRGY 8 1000 0.01=000
A.SinglelsoEG10 10 100+ 0,04+ 001
(.5inglelsoRG12 ) 12 11 247£006
A 5inglelsoRGl5 15 1 110+ 004
A SinglelsoRG20 20 1] 0324002
A SinglelsoRG25 25 1] 0144001
A SinglekG5 5110000 | 0.00+0.00

A SingleEGS § 1000 0.001£0.00

A SingleRG10 10 100 1 0.04 £ 0.01

A SingleEG12 12 100 | 0.0340.01

( ASingleEGl5 ) 15 1] 1514005
A SingleRG20 20 1] 0524003

A 5ingleRG25 Jid 1] 0254002
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L1 Trigger Threshold Prescale Rate

(GeV) (kHz)
A_SingleMu?) A Singledetil 70 100 0.02 + 0.01
L SingleMu (A_SllnqleJethO) 100 1| 0434002
‘ | ASingleJetl50 150 1 0.07+001
( ASingleu] A Singledet200 200 1] 0.02<001
ASingleMull A SingleTauJet40 40 1000 | 0.02 £0.01
A SingleMul (SingleTauJet80) 80 1 068+ 003
: A SingleTauJet100 100 1| 0204002
AsingleMul)  r s ) 250 1 2561 0.06
ASingleMuZ A_HTT300 300 1] 0.65+003
A _SinglelsoRG5 A_HTT400 400 1] 008001
‘ A HTT500 500 11 0.02+0.00
kS el B ETM20 20 10000 | 0.00 %000
AS1nglelsokGL0 A ETM30 30 1] 569+ 009
(.5inglelsoBG12 B ETM40 40 1] 040+002
A_SinglelsoEGﬂ A _ETM50 50 11 005+£001
‘ A ETMGO 60 1] 0.01+ 000
ASinglelsolGl) = mr hromas 5 3 T 025-002
ASinglelsoEG2Y | (CADoublelsoEGE ) 3 1] 0284002
A SingleEG5 A DoublelsoEG10 10 1] 0.08+001
L SingleEG8 A DoubleREG5 5 10000 | 0.00 £ 0.00
— ( ADoubleEG10 ) 10 1] 0194002
B SingleEG10 A DoubleRGLs 15 1] 0.05+ 001
A SingleEG12 A DoubleJet70 70 1] 058003
(A_SingleEG15 ) A DoubleJet100 100 11 0.11+001
- A DoubleTauJet20 20 1000 | 0.02 +£0.01
ASingleBGd0 3 poupTeTangetso 30 100 008+ 001
A SingleRG25 Q@ DoubleTauJet40) 40 1] 236 +006
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L1 : Triggers & Rates for L =1

> Muon : 1.5 kHz
- ey: 2.5 kHz

> Jets : 3.5 kHz

g T: 3 kHz

> MET : 5.5 kHz

> Cross-channel : 8 kHz

Safety factor 3 for
L1 bandwidth :

- Uncertainty on QCD

cross-sections (Tevatron :

factor=2)

- Not simulated
conditions : beam, noise
spikes, electronics...

- Lepton thresholds low : Study efficiencies @ low p_

11 Trigger Tl';gsl\l;;ld Prescale (llz;te)
e z
L Singlelu3 A Singledet?0 | C_AMu3 TsoRGE > 35 1] 095+ 004
: @-SinqleJethO) A Mub5 TsoRG10 5,10 1| 0.04+0.01
A SingleMud ——— A Mu3 EGL2 3,12 1] 0.09 +0.01
CA Sralal e AMu3_Jet15 3,15 20 | 030 £ 0.02
A /| ASingledeti00 FeFwms getis O 5,15 1] 1.62+0.05
ASingleMull A SingleTauJet40 A Mu3_Jet70 3,70 1] 0.10£0.01
' AiSingleTauJetgo A MuS5_Jet20 5,20 1 1.18 + 0.04
i—iln%eﬁuéé ESinqleTauJeth? @MHE*TauJeti? gég i ggg i 882
o 1ngLer A Mub_TauJet ; y
— C BEN )— e 10,15 30 | 0.15 = 0.01
AsingleMy AHTT300 2 TsoEG10_Jet30 10,30 1] 1.95+0.05
A SinglelsofG5 AHTT400 C_I50EG10_Jet20) 10,20 1| 3.04 £0.06
. A HTT500 A T=oRG10 Jat70 10,70 1| 0.26+0.02
A SingleTsoRGE T (& _IsoEGLO Taudet20) 10,20 1] 1.95=+0.05
L Slﬂgl@ISOEGIO - A TsoFEG10 Taudet30 10,30 1| 1.33+0.04
- < A ETM30 C A _TauJet30_ETM30 ) 30,30 1| 196+0.05
(. SinglelsoRGl2 > B ETH40 A Taudet 30 EIMA0 30,40 1] 0.26+0.02
; L ETME0 ATripleMn3 3 1| 0.01+0.00
A_Sin leISOEGZO A Quaddet30 30 1 0.58 + 0.03
‘ J (_ADoubleMu3 ) ™ pMinBias HITIO 10| large 0.40
ASinglelsoEG2y | (CEDoublelsoEGE ) A ZeroBias 0] Tlarge 0.40
A_SlnqleEG5 ADoubleIsoEGL0 | Total L1 Trigger Rate (kHz) | 16.67 + 0.15 |
‘ 2 DoubleEGS
ASingleRGH
‘ ¢ ( ADoublefGl0 )
B S1nglekGl0 A DoublelG15
ASinglefCll EDoubledet 10 - Jet thresholds : Covers range -> Tevatron
C]—\_SlngleEGlfJ ) A Doubledet 100
- A DoubleTauJet20 - L1 MET : Combined with jets @ HLT
A_Slflg el A DoubleTaudet30 , C h 1 t R t 11
LSingleiCl [ @oomieaeTD ross-channel triggers present @
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HLT : Triggers & Rates for !

- Thresholds HLT Rate | Total Rate
HLT path L1 condit
Pd o0 10100 (Ge\-’} (Hz) (Hz}
Single Isclated p A SingleMu? 11 1823 +£22 183
Single Relaxed A SingleMu? 16 7 +1.5 v
Double Belaxed R TcubleMuld (3, 3) 23+ 186 48,5
o E 3,3 o 4G
C Jpir— . ) & DoubleMus M, = [29,33] 20+08 494
T—up A_DoubleMu3 (3.3) 1.8+ 0.5 50.5
Mg [B.12]
7.7

Z— A DoubleMu3 J 01+ 00 50.5

e e M, € [80, 100]

Triple Relaxed p B TripleMu3 {333 0.1+ 00 505
Same-sign double A TDoubleMui (3 3 5+ 12 ha5
b — i tag 1-jet = i 20 5

Prescale 20 A MuS_ JetlE ARy, ) <04 4.0 +01 56.1
o 120, p5 T u) = 0.7
b— u tag Zets A Mus_Jet1s i B 0.5+ 0.0 56.1
(M) Meln AR{,7) < 0.4
- r=f - 3
b— i tag Hets AMuS_Jet1s P () =0T | gapgn 56.1
£ ekt s ARy, 5) < 0.4
; 40, p ) = 0.7
b— p tag 4-jets A Mu5_ Jetls ST e 04 +00 54,1
i s e AR{y, ) < 0.4
] e P o=
b putag H A_HTT250 oz Ul T 56.6
IR T AR{e, ) < 0.4 >
(S A DoubleMn3 (% 4) 0.7 +01 56.8
o) e M, & [2.95,3.25)
i+ bejet A MuS _Jetls 7, 35) 0.1+ 0.0 56,8
1+ — pejet A Mu5_ Jetls (7, 20} 0.1+01 565
b+ et A Mu5 Jetl5s (7, 40} 3 =07 G0
C e+p D * (8 7) 05+ 04 612
e+ p relaxed * (10, 100 0.1+ 0.0 613
C E+T D) 2 _Mus_Taudet20 (15, 20 0.0+ 0.0 al.3
Single-let A 2ingleJetls0 200 93+ 01 701
Double-Jet e 150 06+00 | 744
A Doubledet 7]
Triple-Jet T 85 7501 7HE
Chad-Jet i a0 39+01 205
I A _ETM4D a5 49+07 8B40
Acopl. DoubleJet Rk tugladondal 125 14+ 00 84.0
A Doubledest 70
Acopl Single-Tet + Fr L_ETM30 (100, 50) 1600 84.2
Caingle-let+ By D L_ETM30 (180, &0) 22+ 01 B4
Diouble-Jet + Hr B_ETM30 (125, 50) 1.0+00 244
Triple-et + Fr A_ETM3O {0, &0y 0.6+ 0.0 844
Quad-Jet + Br B_ETM3O (35, &) 1.2+01 B4
C Hr+br D L_HTT300 {350, 65] 44101 8.2
Single Jet Fiescak 10 R SingleJetlOO 150 3.5+ 00 87.9
Single Jet Prescale 100 A_Singledetid 110 1.5+ 00 29,1
Single Jet Prescale 1000 A _Singledet 30 0] 08+04 209
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HLT : Triggers & Rates for L

2 Thresholds HLT Rate | Iotal Rate i’ Muon : 50 Hz
HLT path L1 condit
'Pu] o0 10100 (GEV} {Hz) (HZ}
Single lsolated ;0 3 _SingleMu? 11 B3 £22 5.3 > ey: 30 Hz
Single Relaxed A SingleMu? 1& 7 +1.5 v
Double Relaxed i A DoubleMu3 (3,2} 123+ 16 485 > Jets/MET/HT : 30 Hz
Tt — up or Thresholds HLT Rate | Total Rate
s HLT path L1 condition (GeV) (Hz) (Hz) ‘
T— iy VEF DoubleJet + B L ETM30 740, &1 0.2+ 0.0 ®0.0 g T:7 Hz
SUSY 2-et+Er A _ETHM30 (B0,20,60) 20+01 90,4
i Acopl. DoubleJet + Bt A_ETM30 (&0, é0) 1.0+ 0.0 G0.4 > b-jets +: 10 Hz
Single lsolated e A SinglelscEGl2 15 171 £ 23 107.5
Triple Relaxed p Single Relaxed e A 5ingleEGLS 17 96+13 109.3
Same-signdouble i (. Double solated ¢ 9] & DoublelscEGa 0 0201 9.4 g Cross-channel : 20 Hz
b — u kag 1et Diouble Felaxed & A _DoubleEGLO 12 08401 109.9
Prescale 20 Single [solated ~ \ SinglelsoEGLZ 30 8407 1181 > Prescaled : 15 Hz
: Single Relaxed ~ A_SingleEGLS 40 28+02 118.5
G_ M tag 2'”9 Double Tsolated + B DoublelscEGSE {20,20) 0.6 0.4 119.0
Drouble Relaxed A DoubleEC10 §20,20) 1.8 +05 12001
b— p tag Fets High Et e A SingleECG15 80 05+ 00 120.4
High Er = A _SingleEGLE 200 0.1+ 0.0 120.4
B— it tag 4-jets K Lifetime Ftag I-jet ) & 180 1300 120.5
Taletime b tag 2jets S 20 21+ 00 121.2 Safety factor 2 for
B e Lifetime b-tag Hjets 3 70 17 £ 0.0 1218 .
i Lifetime b-tag d-jets @ 10 1.8 +0.0 122.6 HLT bandWldth :
T Lifetime b-tag Hy o 470 25+01 1231
e Single T E 5ingleTaudetan 15 0200 123.2
i+ bjet C T+ 8 | B TauJet3I0_ETIMZO 15 18§+ 02 1247 N 3 _
o -:-b = ,'l'it’t Double 7 (Calo+Poelj A ToubleTaudetdl 15 4.9+ 0.6 129.4 g Uncertalnty On hea v 3 ﬂavor
R e+ bjet A IsoEGLlD_Jet20 (10, 35) 0.1+ 0.0 1294 _ 1
C 'uP +]| ) e +jet A_IscEGLO0_Jet30 (12, 4m 116+ 1.2 135.8 Cross SeCtlonS
T - 1’; T e+T A _Ta0EG10_Taudet20 (12, 20) 0.2+ 0.0 135.8
e+ u relaved - — - = . . . N .
= Prescaled /7 See Table 39 S0E00 | 1408 - Uncertainties in simulation
< ) Prescaled See Table 2.4 30+ 0.0 1438
oingle-let Min.Bias L MinBias_HIT10 — L5 £ 00 1453
Double-Jet Pixel Min. Bias L _FeroBias — 1.5+ 00 1468
Zero Blas A _ZeroBias —_ 1.0 £ 0.0 147.8
Triple-Jet Total HLT rate {Hz) 135 £ 40
Caad-Jet i 60 39+ 01 BILE
Br A ETMAD &5 I9tay 810 L R G £
= 4 > 4
Rl Dol Eingte it e R epton triggers : Gateway for many
Acopl Smplejet + Br AETM0 {100, 60 16200 ) thSICS channels
CoingleJet + Br D A ETH30 (150, &0) 2201 544
Dauble-Jet + Ep A_ETM30 (125, &0) 1.0 £ 0.0 244 > 3 3 . _
Triple-Jet + Er A_ETM3C (60, A3 06 £ 0.0 244 Varlety Of thS].CS Covered ° J/LIJ = uu
Ouad-Jet + By A_ETH30 135, 60) TZE01 Bl6 N : - _ > :

C Hr+dr D L_HTT300 {350, 65] 44101 8.2 > Trlleptons > t-thar |J.+JetS
Single Jet Fiescak 10 R SingleJetlOO 150 3.5+ 00 87.9 . .
Single Jet Prescale 100 | A.Singledet70 10 15200 =1 | - Prescaled triggers : accompany physics

Single Jet Prescale 1000 A _Singledet 30 0] 08+04 209

triggers
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HLT : Efficiencies for bench

Muon HLT efficiency for benchmark channels - , . - .

(%] - _
Signal HLT Single Relaxed | HLT Double | HLT Single Isolated || (Level-1)*HLT _5 1= e » — -
muon eff.(%) muon eff.(%) muon eff.(%) acceptance (%) é’ i E _ ]
Z — pip 98.6 €V D) 95.8 98.1 w | a i
W — <TD) - 81.4 76.7 '% 0.8 1 -
Electron HLT efficiency for benchmark channels oL a
Isolated | Relaxed | Isolated | Relaxed [T : i
Signal process single single double double 0.4/~ s L1-30Gev 1 |
electron | electron | electron | electron i w e L1>70Gev |
HLT: Z — ee 83.3 85.2 63.8 (6d44) - : = L1>100cevl
HLT: W — err 62.5 61.2 - - g2 " « L1>150Gev] |
L1*HLT: Z ee 50.0 82.6 62.6 H3.2 B ]
LIH—HLT: I-{J- _’ PI’I 52-1 52-4 - - i | ik "4--- | -f.:.-l L. J. f':v-l | | ‘ | | | | ‘ | | | ]
% 50 700 150 200 250

HLT Threshold (GeV)

Higgs and photons

I[solated | Relaxed | Isolated | Relaxed
Signal process single single double double

photon photon photon photon
HLT: H — ~y~(mg=120 GeV) 80.5 76.8 C75.8) 75.7
L1*HLT: H — ~v~v(mg=120 GeV) 7 76.8 5 75.7

Higgs and taus

Table 5.2: Efficiencies and rates of the SingleTau HLT path.

HET — w2 QD
My = 200GeV/c? | My = 400GeV /= | pr 120-170

Level-2 - cul Sus B1% 6%
Level-2 Jet Reconstruction
and Ecal Isolation 81% 85% 53%
Level-2.5 5i5trip [solation BT T 2%
Lewvel-2 Si5tnp solation 0% 72% 18%
HLT fES”&\ [38"."1.!\ 0.15%
L1*HLT \_16% J \_29% J -
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HLT : Timing performance

Time budget : Dictated by L1 output rate & Number of CPU nodes
150 kHz /2000 = <Time>_ =40 ms

achin

- Average processing time for different samples
- Weight by 0 and L1 efficiency

- Compare weighted sum with time of L1-accepted MinBias events

Sample Ll efficiency (%) | L1eff. <o {pb) Average time (ms) MinimumBias ]1 I _
Minimum bias 0.19 £ 0.01 [1.50 & 0.09) = 10F C 427 ) : ! ! :
QCD pr € |0, 15] GeVi/e 0.08 £ 0.01 (4,36 + 0.49) » 107 a1 :
QCD pr € [15,20] GeVic 2.08 £0.11 {204 £ 0.17) = 107 36 L Mean 42.74
QCD pr € [20,30] GeViie 575018 | (3.64+0.11) x 107 40 10 | QCD,W,Z,mu+X |
QCD pr & [30,50] GeV/c 21.70 + 0.41 (3.54 + 0.07) = 107 & - — R T TTe T o of o :
()_CDPT = [5[}180] C—-E‘V,-"‘C 6396 - 084 (13? + 002} o 10; 53 102 L : 10.1@, ......................................................................................... -
QCD pr € [50, 120] GeV/c 05.96 4 1.23 (2,96 + 0.04) % 10 s i e Z‘& t 7 ;
QOCD pr € [120, 170] GeVye 90.87 1 118 (4.9 1 0.06) x 10° 143 g il 102} oo ommosmn Goon] Mean 42.88 .. . =
Gchioee [0, B oev/ec| DA L0 | (hRL om0 1 20 b VT . NNIPOD WURRUD. . UORUIE. W
QCD pr £ [230,300] GeV/e | 100.00 £0.00 | (245 + 0.00) » 104 385 L [ S o bl I E
pp— pX 42.96 £ 037 | (1.03 £ 0.01) < 107 74 - Limg. 10k " CPRDMNIDE HPRNIPRNE: . MIPNMIPE. PRI 5
W — ev 93,18 + 0.5¢ | (7.36 & 0.05) x 10 280 & ff - ' .
W — B4.67 + 0.80 | (820 & 0.08) x 103 123 0 ok ! i a1 ol s BE HTEH‘M‘J': } JJ m gt
Z —ee 99,54 + 0.67 | (8.16 £ 0.05) = 10° 730 B l o E LT ﬂ _ :
Z —up 98.99 +1.20 | (7.82 £ 0.09) x 102 184 - | o HLI] |H| 107F : e H“ | | :
Weighted sum of QCD, W, Z and pp — pX contributions CH298£56 ) 0 500 LTINS | SN S . RN, W—— | l h Llr, I‘.[t[_ {Lr e
Table 8.4 Average processing wall-clock times for running the High-Level Trigger Menu at 10°%F i : r ‘
£ =10% e~ 571 on Level-1-acce pted events at an idle Core 2 5160 Xeon 3.0 GHz machine. <. Lo s ]
10 o S00 1000 1500 2000 2500

msec

Slow events : Will autosave events if T > 600ms : saves time

Alternative - Give more bandwidth to T, i.e more tracking : L1 single-tau : 80->60 GeV;
scenarios : L1 double-tau : 40->35 GeV. <T> : 43ms -> 45.8ms (MinBias)

- Cope with 2.10* cm™? s : Raise L1 thresholds => More sensitive to
higher QCD bins : Processing time increases (busy events)

- Naive extrapolation : <T> ~ 56ms
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v

Keys for present
performance :

Profiling studies revealed slowest pieces of code
Use zero-suppressed data : Reduces data-unpacking time
Regional reconstruction : Muon, e/y
Data-unpacking :
- Regional for ECAL
- Fast(er) for siStrip
Machine :
- Core-2

- Data cache (memory allocation), sometimes more
important than clock speed

Optimizing trigger logic (1-, b-triggers) : Filter more before
event enters time-consuming steps

Equal bandwidth distribution for leptons, jets, E_™

So far so good... It's not where we want to stay

Coming
improvements :

- Regional reconstruction : Everywhere in HLT
- Regional unpacking : For the tracker

- Library for track-fitting (clhep -> S-Matrix) : avoid too much
data-copying in new versions

Pedrame Bargassa, Rice University, Houston
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Choice of physics explored : Already made at Level 1 Trigger

> Only with calorimeter and muon system
Full object reconstruction at High Level Trigger, with higher resolution
Most extensive study of HLT algorithms, efficiencies, rates, timing :

- Performance consistent with CMS physics program and resources

>

v

v

What if... - Rates go high :
- Underestimated o : Safety factor of 3/2 for L1/HLT
- Busy event (impacts the timing) : Shielded with L1 seeding & Regionality

- ... Timing improvements in pipeline

When/How - Varying conditions in 2008 : L. : 10*! -> 10* cm™? s' /At : 75 ns -> 25 ns
dowestart: . 1 - 10% ¢m?s?: Understand Trigger & Detector in real LHC conditions
> Minimum Bias
- Relax algorithm cuts
- Calibration/alignment triggers
- ECAL: 1
- Jet Energy Scale : y + jets
- Tracks : J/@ -> py, isolated 1
- Trigger redundancies -> Trigger efficiencies with Data

- L =10% cm™? s : Rediscover SM and... beyond

EPS 21/07/2007 17
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Backup slides
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Trigger
— Tower f D
= EE
Jet finder : “Square” finder , = ] [EE | &)
s 1 i
i ] “1-like” shapes for t
\ trigger
HCAL
E ECAL
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- Possible to cut on N(jets)
- All cuts programmable
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L1: Muons

- Resistive Place Chambers : RPC pattern recognition Y

Dedicated trigger detector : Excellent - Ilzattflm catalog
time resolution - Fast logic

- Drift Tubes (barrel) & Cathod Strip

Chambers (endcap) : Precise position
resolution

Muon candidate : RPC and (DT or CSC) no quality prand €SC track findin g:

OR RPC or DT or CSC + high quality - Finds hit/segments e Al
- Combines vectors i, ek
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- Formats a track i e PR | |
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Comissioning plan for

2008 e HE ++ EE -

Hardw eam

commiss issioning “ bun_ch 75ns ops Shutdown
operation
7Te 7TeV
2009
Install
Shutdown Phase Il
and MKB

Bunches B> ly Luminosity Event rate
1x1 18 1010 1027 Low
43 x 43 18 3 x 1010 3.8 x 102° 0.05
Mike Lamont 43 x 43 4 3 x10% || 1.7 x 1030 0.21
43 x 43 2 4 x 1010 6.1 x 1030 0.76
156 x 156 4 4 x 1010 1.1 x 1031 0.38
156 x 156 4 9 x 1010 5.6 x1031 1.9
156 x 156 2 9 x 1010 \1.1 x10321 3.9
s —
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