Trigger Strategy for Alternative
(non-SUSY) Signatures
at the LHC

Tulika Bose
Brown University

(for the ATLAS & CMS Collaborations)

SUSYO07, Karlsruhe
July 31st, 2007 1



Outline
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CMS High Level Trigger (HLT) Overview | covered by A. De Santo

BSM (non-SUSY) Trigger Strategies at ATLAS and CMS

CMS trigger-aware BSM (non-SUSY) analyses
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Cross sections for various physics
processes vary over many orders of
maghitude

At the standard LHC luminosity:
L=1034 cm?s! = 1019 Hz/b

Ginelas‘ric(Pp) ~ 70 mb
= 7 x 108 interactions/s

Bunch crossing frequency: 32MHz
Storage rate ~ 200-300 Hz

- online rejection: 99.999%
- crucial impact on physics reach

Keep in mind that what is discarded is
lost forever 3




General trigger strategy

Needed: An efficient selection mechanism capable of selec‘rmg
intferesting events - this is the TRIGGER e —

"Needle in a haystack”

General strategy:
- System should be as inclusive as possible
* Robust
* Redundant
* Need high efficiency for selecting interesting processes for physics:
- selection should not have biases that affect physics results
* (understand biases in order to isolate and correct them)
- Need large reduction of rate from unwanted high-rate processes
* instrumental background
* high-rate physics processes that are not relevant (min. bias)

This complicated process involves a multi-level trigger system...



The ATLAS Trigger System

Detectors

Front end pipelines

a
»

Readout buffers

Switching network

Processor farms
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“Traditional”: 3 physical levels

ATLAS Trigger overview
covered in A. De Santo’'s talk

In

teraction rate

e ~1 GHz CALO MUON TRACKING
©
2 Bunch crossing
rate 40 MHz
o Pipeline
o LEVEL 1 memories
& 2.5 us TRIGGER
< 75 kHz
EEEEEEEEEEEN Derandumizefs_
Regions of Interest | | Il I | ?;ggg;u drivers
o LEVEL 2 Readout buffers
© ~10 ms IRIGGER (ROBs)
kHz
3 o)
o) | Event builder |
(7))
_ EVENT FILTER FuII-@:':.n.:ll:]'::I huffers
Sec. ~ 200 Hz processor sub-farms

Data recording




CMS Trigger Overview

CMS has a two-tiered trigger system:

Level-1 trigger reduces rate from

32 MHz to 100 kHz (max)

Custom electronic boards and chips
process calorimeter and muon data to
select objects

High-Level Trigger (HLT) reduces rate
from 100 kHz to O(100 Hz)
Filter farm with commodity PCs

Partial event reconstruction "on demand"
using full detector resolution

Final rate will depend on data bandwidth,
storage capability, and background
rejection capability.

Detectors

Front end pipelines

Readout buffers

Switching network

Processor farms

CMS: 2 physical levels




CMS HLT Overview

L1 seeds
v kvl Detector Front-ends
L2 unpacking Tt - - —(—
(MUON/ECAL/HCAL) *A — H B ' Readout
Localll Reco ‘ ME:‘;;Lr \ Switch fabric Controls ]
(ReciHit) > iHE.EHE.i i_i"i Farms
L2  ——— : | .I —
Algorithm [ Computing services J

HLT filter algorithms are setup in various steps:

L2 LInfprereld g - Each HLT trigger path is a sequence of modules

(Plxvels) - Processing of the trigger path stops once a module
Local Reco returns false
(Rechiit) + Algorithms are essentially offline quality but
L2 5 optimized for fast performance
AIgoTithm 7
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CMS HLT "Exercise”

CMS Report (LHCC): "What is the CPU performance of the HLT ?”
CERN-LHCC 2007-021

Focus:
- Compile strawman Trigger Menu that covers CMS needs
- Determine CPU-performance of HLT algorithms
* Implementation of 2008 physics-run (14 TeV) trigger menu

HLT cpu time budget ~ 40ms/event t

— Select events that are "interesting enough” and bring down rate as
quickly as possible

T DAQ-TDR (Dec 02):
"In 2007, for a L1 accept rate of 50 kHz & 2000 CPUs
we need an average processing time of 2000/50 kHz ~ 40 ms/evt’y




CMS HLT Exercise result

MinimumBias |

Mean 42.7
| RMS 56.6

Average time needed to run
full Trigger Menu on L1

accepted events: 43 ms/event t
T Core 2 5160 Xeon processor running at 3.0 GHz

Strong dependence of
CPU-times on HLT input:

Safety factors used:

» factor of 3 in allocation of L1
bandwidth; only 17 kHz

* factor of 2 in HLT accept rate;
only 150 Hz allocated

“Tails": Will eliminate with time-out mechanism

Auto-accept event if processing time exceeds e.g. 600 ms
This saves sugnlflcan‘r time in MC (probably much more in real da‘ra)
+ will keep events of "unexpected” nature



CMS HLT Trigger Rates

For complete "triggerlist” see

CERN-LHCC 2007-021, LHCC-G-134

@ L=103%2 cm-2 s-!

- Thresholds HLT Rate | Total Rate
HLT path L1 dit
pa condition (CV) (Ha) (Ha)
Single [solated p A _S5ingleMu’ 11 183+£22 18.3
Single Relaxed p A_SingleMu7 16 227 +£15 377
Double Relaxed A DoubklaMul (3, 3) 123+ 1.6 48.5
u+ et A MuE_Jetlh (7, 4] 6.3 +0.7 b, &
e + i * (8, 7) 0.5+ 04 hl.2
e + g relaxed > (10, 10) 0.1 + 0.0 hl1.3
on+T A MuS_TauJet 2 (15, 20) 0.0 4+ 0.0 hl1.3
Single—]et A SingleJetl50 200 93401 70,1
Double-Jet LRt A 150 10.6 + 0.0 74.4
A _DoubledetT0
"bread & butter” triggers for many " H '5gOHI—ZI
BSM analyses N £
* jets/MET/Ht: 30 Hz
1. / Hz

* b-jets: 10 Hz
e x-channels: 20 Hz

* prescaled: 15 Hz 10
* Total: 150 Hz



CMS HLT Trigger Rates

. Thresholds HLT Rate | Total Rate
HLT path L1 condition (GeV) (Hz) (Hz)
Single Jet Prescale 10 A SingleJetl0D 150 3.5 4+ 0.0 57.9
Single Jet Prescale 100 A SingleJetTD 110 1.5+ 0.0 50,1
Single Jet Prescale 1000 4 SingleJdet3l a1l 0.8+ 04 80.9
VBE Double-Jet + Br A ETM30 (10, &0) 02+ 00 50.0
SUSY 2-jet+Er A_ETM30 (80,20,60) 20+ 0.1 a90.4
Acopl. Double-Jet + Hy A_ETM30 (&0, 60 1.0 4+ 0.0 Q0.4
Single [solated e A SinglelscEGLlZ 15 171 £ 2.3 107.5
Single Relaxed A _SingleEG15 17 96+ 1.3 1093
Double [solated e A DoubleIsoEGE 10 0.2 + 0.1 1064
Double Felaxed e A DoubleEG1D 12 0.8 £ 0.1 1099
Single Isolated ~ A SinglelscEGLZ 30 84+ 07 118.1
Single Relaxed ~ A SingleEG15 40 28 +0.2 118.5
Double [solated ~ A DoubleIscoEGE (20,20 0.6+ 04 119.0
Double Relaxed ~ A DoubkleEG1D (20,20 l.a+05 120.1
High ET e L SingleEG15 20 0.5 £ 0.0 120.4
High Et e A SingleEG15 200 0.1 £ 0.0 120.4

"bread & butter” triggers for many

BSM analyses

@ L=10%2 cm-2 s-!

Similar trigger menus are
being designed by ATLAS

11




Triggering on the unexpected

How does one trigger on the unknown ?

General Strategy

Physics
Signal

v

M Background

v v

Trigger
Design

Rate/
Efficiency

Start by looking at various physics
signals/signatures...

Emphasize on robust inclusive e/y, ee,
uy, ep triggers, which may lead to
early discoveries and surprises

= t/b/ME- triggers will need more
extensive commissioning and tuning

12



1))

Alternatives” signatures

1) Di-lepton, di-jet, di-photon resonances
Z (leptons, jets),
RS Extra dimensions (leptons, photons, jets)
Zy in TeV-t
heavy neutrino from right-handed W (di-lepton + di-jets)

W,

jet

jet

2) Single photon + missing E+
- ADD direct graviton emission

13



1))

Alternatives” signa’rur'es

3) Single lepton + jets/missing ET
W' (lepton+ missing ET)
Twin Higgs (lepton + jets + missing ET)

3b+1j+1lepton + missing E;
b

4) (a) Multi-lepton + multi-jet
Technicolor, littlest Higgs, universal extra dimensions

fre.

[, ,
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1))

Alternatives” signa’rures

4) (b) Multi-leptons + photons
* universal extra dimensions

5) Same sign di-leptons
* same-signh top

6) Black Holes
» High multiplicity events,
jets/lepton ratio of 5:1




Having robust lepton triggers will be crucial |

(Cross-channel triggers like leptons + jets v. important too.)

/

HLT Elgctron Ratas

g — - B Single Elactron
1} — : O Single Elactron Relsad
E 10 % ® Double Blactron
- E ﬁ = Double Blectron Relaxad
& :
« [ =1032 cm-2 s-!
§ 1y, v g @ L=10*% cm? s Let us now look at some
= ;ﬂﬁ il i examples of BSM analyses
1 th T g g and triggers used...
10°E g ?
2 ‘.. v
: * . % i E U
2 ™ Pf- [T] s
: . g
."TB _I 1 | 1 1 1 1 | 11 1 1 | 11 1 1 | 1 1 1 Ifl Iil | | 11 1 | | 11 1 |
10 20 30 40 50 60 70 _ 80
t thresho
(NOTE: Et threshold (GeV)

Many BSM signatures involve 3 generation particles: b's and .
Though challenging, triggers for these need to be commissioned 16

at the same time)



Di-lepton final states

1) GUTs, superstring-inspired, left-right, little Higgs models, etfc...
=> new gauge bosons W' and Z' (or KK modes)

Clean decay channels: Z' > e*e” or pu

Z' - e*e Analyses:
Trigger: single or double electron triggers ™ d. s
CMS: new “"High ET EM" triggers with high ET thresholds
- (ET thresholds: 80 GeV and 200 GeV; relaxed isolation criteria)

HLT trigger path Ep threshold (GeV) _ o
Single isclated elecizon | Signal Efficiencies : (L1 eff=100%)
Single relaxed electron 17 B

Double isolated electron 10 Signal process single high | Single very high | Total
Double relaxed electron 12 Energv EM Energv EMN

Single isolated photon 30 Z" — ee (M = 200 GeV) 67 7 0 67
Single relaxed photon 40 Z' — ee (M > 500 GeV) 91 69 93
Double isolated phﬂfﬂﬂ 20 A {_:u' > 1000 GE‘T‘.'T} 04 g2 08
Double relaxed photon 20 Z' — ee (M > 2000 GeV) 90 97 98
Single high energy EM 80 G — ~v (M = 2000 GeV) 91 97 98
Single very high energy EM 200 — —

17



Di-lepton final states

“_z . . Efficiency of "e60" trigger Vs electron p;
e60": ET> 60 GeV Trigger based on a sample of 500 GeV RS G—ee

ATLAS Plans: > [T
Expect to run with a loose 6 1 LT -
"em100" trigger with no L2/EF £ | TR AT LR L
B -LI i ! 1"1" J + +

cuts for as long as possible 0.8 S e _
(Estimated rate: [
1 Hz @ 103! cm2s71) 060 ]
L2/EF cuts will be optimized ([ | k
based on that data i 0

02k ~ 1l _
Also run di-EM triggers: " ATLAS Preliminary L2
2e15:2em13@L1 (150 Hz) TP T TP TR P T

GD 20 40 60 80 100 120 140 160 180

2el5@EF (1Hz)

Goee PT

@ L=10%1 cm-2 s-! 18




Photons

1) Di-photon resonances (RS Extra dimensions):
Trigger: Photon triggers;

2) Direct graviton emission in ADD type of Extra Dimensions framework
Signature: single, high p; photon; large ME+ back-to-back with the photon
Trigger: Single photon trigger; (ME+;trigger)

@ L=10%2 cm-2 s-! @ L=1031 ¢m-2 s-1
HLT trigger path Fr threshold (GeV) §45uf— o o =
Single iflatid electron 15 Emn; ATLAS Preliminary
Single relaxed electron 17 ; 350l A
Double isolated electron 10 5 Llorr
300! D

glr'cruble: relaxed electron 12 250 E; > 20 GeV -

ingle isolated photon 30 : (e
Single relaxed photon 40 Emé
Double isolated photon 20 150
Double relaxed photon 20 100 ¥
Single high energy EM 80 50, "J“!j W .
Single very high energy EM 200 Qén T R— " ot l';‘gaw m—

G—vyYy Invariant Mass (GeV) 19



3)

Single lepton + ME+

W' - a charged spin-1 boson; hypothetical heavy partner of the W

Reference Model by Altarelli, Mele, Ruiz-Altaba with same W'
couplings to fermions as for W

Trigger : single muon triggers
Muon Trigger Menu | @ L=10% cm2 s-!

. Thresholds HLT Rate | Total Rate
HLT path L1 condition (GeV) (Hz) (Hz)
Single [solated p A SingleMu’d 11 183 +22 18.3
Single Relaxed A SingleMu’d 16 227 +1.5 377
Double kelaxed A _DoubleMul (3 3 123+ 1.6 48,5
T ja —s A DoubleMu3 (3, 3) 2.0 + 0.8 49.4
S FrBEtu M., = [2.9,3.3]
T — pp A_DoubleMu3 ﬂfpp[i ?E{ 19 1.8 +05 50.5
. . 3 (7 7) = &
£ — A _DoubleMu3d M, & |80, 100 0.1+ 0.0 50,5
Triple Relaxed p A TripleMul (3,3 3 0.1+ 0.0 50,5
Same-sign double p A _DoubleMul (3 3 57 +1.2 R2.5
Start with "mu20” (Muon E; > 20 GeV cut at L1 only);
Rate estimated at 14 Hz @ 103! cm2 s 20

In parallel have triggers with cuts at L2, EF



High multiplicity final states

4) Technicolor: Dynamical EWSB via new strong interaction
- Predicts new techni-fermions, techni-hadrons
Signal: pr > WZ
- (clean with leptonic W & Z decays)

5) Same sign top

tt/t1 (+jets) topologies predicted where both leptons have equal charge
(FCNC, Top-color assisted Technicolor)
Signal: t-tbar >bWbW ->bllvbl2vwith(l1,12=pore)

Trigger: single/di-lepton triggers (also e+pn triggers)
CMS: Same-sign di-muon trigger (with relaxed isolation criteria) 21



High-multiplicity final states

6) Black Holes ) F{ate for 4JX trigger as a function of 4th jet pT cut

ATLAS Preliminary =~ — Black Holes

2x 10¥ ecm?s! — QCD Dijets

Single lepton, photon ‘rr'lggers
are very efficient 1o
Use jet triggers as well 10°

it
— SUSY1

lIlllll‘ |||II|||| |I|||ﬂ|| IIIIII

Rate (Hz)

@ L=1033 cm-2 s-1

1 oﬂs L1 1 I L1l I L1 1 —TI-II-I"— LI I L1 1 I L1 1 I L1 1 L1 L1 1 I L1 1
0 20 100 150 200 250 300 350 400 450 500
p, (GeV)

Multi-jet Trigger Menu | @ L=103%2 cm-2 s-!

HLT L1 condition HLT thres.(GeV) Rate
Double-Jet ASingleJetlsy 150 10.6 + 0.
A Doubledet7D
Triple-Jet T =5 75E0T
Cluad-Jet i 60 30+ 0.1




Summary

Triggering at the LHC is a real challenge

BSM trigger strategies rely on inclusive selection of electrons,
muons, photons...

Sophisticated multi-tiered frigger systems have been designed
by ATLAS and CMS

Trigger menus for early physics runs (2008) are being laid out
- Tools are in place and strategies are being optimized

These strategies cover final states predicted by most BSM
models

Perhaps the most important strategy? KEEP AN OPEN MIND!

23
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Compact Muon Solenoid (CMS) DETECTOR

EM Calorimeter,
RN Iy = CALORIMETERS e
Scintillating ECAL HCAL Plastic scintillator/brass
SUPERCOND PbWO4 crystals sandwich
0 : Hadron Calorimeter.

o/E = 100% / VE{GeV) & 5%

IRON YOKE

TRACKER

alp-= 1.5 x10 p, @ 0.005

Silicon Microstrid * Tracking (|n|<2.5, B=4T) : Si pixels and strips

Pixels

4 * Calorimet B):
Total weight : 12,500 t MUON E ry (Inl<5)

Owerall diameter : 15 Drift Tube " E.‘:I‘_;'PEWD“ E'T&'S_TI"I:"S | 4
Owerall length : 21.6 m Chambers == : brass-scintillator (central+ end-cap),

Magnetic field - 4 Tesla Fe-Quartz (fwd)

* Muon Spectrometer (|n|<2.5) : return yoke of

¥ = g .
Muon Spectrometer salenoid instrumented with muon chambers

a/p- = 5% at 1 TeVic (from Tracker)




A Toroidal LHC AppartuS (ATLAS) DETECTOR
Frecision Muon Spectrometer
ao/p. = 10% at 1 TeV/c

Fast response for trigger

EM Calorimeters, o/E = 10%/VE(GeV) € 0.7%

excellert electron/photon identification

Good E resolution {e.g., H—yv) Good p resolution

/|

eg., AL = pup, H— 4p)

Full coverage for |n|<2.5

Fluon Debecion Eleel wlic Cak

FEDELIOr CNaraCLensiics
N Width: 44
Diameter; 23
Wieight: F00e

Hadron Calorimeters
o/E = 50% / VE(GeV) & 3%

Good jet and E; miss performance

CIAM A% - ATLAL WTFaF
gt Calorimiciers

fnd Cap Torsid

eg.H—> )

Inner Detector:
Si Pixel and strips (SCT) &
Transition radiation tracker (TRT)
alp, = 5 »10 p, € 0.001

Good impact parameter res.
a(d,)=15um@20GeV (e.g. H — bb)

Irreer Lheiector
Bl Toredd Hadrank Calormegis

Magnets: solenoid (Inner Detector) 2T, air-core toroids (Muon Spectrometer) ~0.5T




CMS L1 Trigger Rates

; Threshold d Rate
i Tipget Tl}:;iﬁld Prescile u]?::; L1 Trigger (GeV) Prescale (kL)
A_HTTS500 500 1| 0.02+0.00
B BTGl 2| 00| GfLeop A_ETHZ0 30 [ 10000 | 0.00 £ 0.00
eteddiug Lok} % 1| Bll=—din A_ETHAD 40 | 040+ 0.02
B Sfng eMal0 10 AL Ber tie A_ETHS0 50 1] 0.05 %001
ASEAghal T o L] Dae- 2 A_ETHMEQ 60 1| 0.01 %000
bkt e 20 | R 00 A_DoubleMud 3 T 028 £ 002
B.Bingd e 5 25 1. 0lla kil A_Double 1soEGE 8 1| 028+ 0.02
L SingleIsoEGE 5 10000 [ 0.00 + 0.00 ADoubleIscEGLOD 0 11 0.08 £0.01
ASingleIsoEGS g 1000.| 0.01 =000 A_DoubleEGS 5 10000 | 0,00 £ 0.00
i b ot SO =0 0 D8 oo ADoubleEG10 10 1] 0.19 <002
fuf i b wEETE I Tl 260 000 ADoubleEGLS E 1] 005 %001
A.S1ngleT aorGlS 15 1. 210500 ADoubleJet70 70 1] 0584003
a.singleTachGad 2 1. Badr 902 ADoubledet100 100 | 0.11+001
A-8inglelsoBGZS 25 1] 014200 A DoubleTaudet 20 70 1000 | 0.02 £ 0.01
ASinglells il 10000:| 0.00 -+ 0.00 ADcubleTauJet 30 30 100 | 0.08 + 0.01
L 2ingleEGH 8 1000 | ©0.01 4+ 0.00 ADoubleTauJetd0 40 1] 2364006
A SingleEG10 10 100 | 0.04 = 0.01 AMu3_IscEGS 3,5 1| 095 +0.04
A SingleEG12 12 100 | 0.03 001 AMuS_ IscEGLOD 5,10 1| 0.04£001
A SingleEG1lS 15 1| 151+005 AMu3 EGL2 312 1| 0.09+0.01
A SingleREs20 20 1| 0524003 AMal_Jetls 3,15 20| 0304002
A_SingleEG25 25 1] 0.25+0.02 A_IsoEGL0_Jet30 10,30 1| 1.95+0.05 |-005 |
A Singledet70 7 100 | 0024001 A IscEGLO_Jet20 10,20 1 3.04 -+ 0,06 |=0.01
A _SingleJetl00 100 1] 0431002 A_ISoEGL0_Jet70 10,70 1| 0.26 £0.02 |-0.04
A_5ingledetls0 150 1| 0.07+001 A-IsoEGLO_TauJet20 10,20 1| 195 +0.05 |:003
A_SingleJet200 200 1| 002+001 A_Is0EGL0.TauJdet30 10,30 1] 133 £0.04 |:0.02
2 SingleTaudetdl 0 1000 | 0.02 £ 0.01 ATauJet30_ETM30 30,30 1| 1.96 £ 0.05 |- 0.01
A-8ingleTauJet 80 80 1| 0.68+0.03 A.TauJet30_ETM40 30,40 1] 026 +0.02
A 2ingleTaudetl10D 100 1| 020002 ATripleMul 3 1] 0.01+0.00
A_HTT250 250 1| 256+ 0.06 AQuadJet 30 30 1| 0.58+003
A_HTT300 300 1| 065003 AMinBias HTT10 10 large 0.40
A_HTT400 400 1| 00800 A_ZercBias ] large 0.40 27
Total L1 Trigger Rate (kHz) | 16.67 £ 0.15 |




CMS High Level Trigger Rates

ot Thresholds HLT Rate | Total Rate
HLT path L1 condition (CeV) (Hz) {Hz)
Single Isolated p A_SingleMu? 11 183+22 183
Sjn:k Relaved i; Z Singlelal i3 BIL15 57 HLT path L1 condition R g HL e | Ikl K
Double Relaxed p A DoubleMu3 33 123+ 1.6 48.5 DT = {EEYD}. O{,,HI}O 1 {:nz;
S ; 33) = ouble-Jet + B L _ETM3D {30, 60} 2+ 0.0
e aienns - Baag | FEEEE #Ba SUSY 2jet+ By A ETN0 50,20,60) T0L01 303
Ly s i A DoubleMus [3: 2) 1L.E+05 50,5 ACDF‘L Double—]et + E-‘]" A _ETHM30 [{:‘D, i) 1.0+ 00 a4
M,y € 312 Single Isolated e L SinglelsoEGl2 L5 17.1+23 107.5
Z <y A DoubleMus i fl[éo i 0.1+0.0 50.5 Single Relaxed e A SingleEGLS 17 9.6+ 13 109.3
: z =i = Double Isclated e A DoublelscECE 10 0.2+01 109.4
Triple Relaxed y A TripleMu3 {3:3.3) 0.1+00 505 Deuble Relaveda 3 DoubleECio 13 TEE01 106.0
Same-sign double y 2 DoubleMu3 32 57 +12 525 b S = 5 = calind o st
b — u fag 1et T 70 o = ?l_ngle [zolated ~ A SinglelscEGL2 30 B4107 1181
Prescale 20 LI AR(,§) < 04 : : : Single Relaxed + A SingleEG1S 40 28+ 02 1185
= R = B a0, g ) = 0.7 Double Isolated 5 A DoublaelscEGE (20,20) 06 +04 119.0
B tikag el Rt Aoy | Al el Double Relaxed v A DoubleEG10 (20,20) 18£05 0.1
bt tag Sjets & Mus_Jet 1S 70, p?‘(_g_) “>I]'.‘ 03+ 0.0 56.1 High Er e A_5ingleEGLS 80 0.5+ 0.0 1204
: AR(p, 7) < 04 High Fr e A 5ingleEG1S 200 0.1+ 0.0 1204
b— i tag Lets A Mu5_Jet 1S 40, P_?li_»'_f_] , 0.7 0 400 6.1 Lifetime b-tag 1-jet o 180 1.3+ 0.0 120.5
Bl il Lifetime b-tag 2t 5 120 T1E00 1212
b— jutag Hy AHTT250 -‘g“h?r M | 26%02 56.6 Lifetime b-tag 3jets o 70 17 £ 0.0 121.8
o) @n . Lifetime b-lag Tjets o 10 18500 | 1226
b () A DoubleMu3 M. e 295,805 | 0701 20 Lifetime b-tag Hy o 170 I5£0.1 1231
i+ bet & _MnE_Jet i1t = 7. 35) T1L00 TN Single T A SingleTauJetal 15 02100 123.2
1+ b — jet A Mus_Jetl5s (7, 200 [N TN 56,8 T+ 87 A TauJet30_ETIM30 15 1.3+£0.2 1247
p+jet B Mu5_Jetl5 (7, 40) 6307 608 Double 7 (Calo+Pixel) A DoubleTaudet4D 15 49+ 06 1294
etp * 8. 7) 05+04 612 e+ et A IscEGLO_Jetzl (10, 35) 0.1+ 00 129.4
e + p relaved * (10, 10 0.1+00 613 e +jet A _IscEGLO_Jet30 (12, 40) 11.6+1.2 135.8
LT A M05 Taudaten (15, 20) LRy 613 4T A_Is0EG10_Taudetzl (12, 20) 0.2 £0.0 1358
Single-jet B.8ingladet150 20 eEESIR, £1il Prescaled e/ See Table 3.0 50 L 0.0 Ti0.8
Double-et Tt = w0 150 106£00 | 744 Prescaled 1 See Table 24 30100 | 1438
A Doubledet 70 — -
TripleJet T 5 7500 i _ I'v{u'l.]_:-has. B MinBias HTT1Q — 1.5+ 0.0 145.3
Quad-]et t G0 3.0+ 0.1 0.5 Fixel Min.Bias A FeroBias — 1.5+ 0.0 146.8
Br L_ETMA0 1 1007 a0 Zero Blas A FeroBias T 1.0 £ 0.0 147.8
Acopl. Double-Jet A SingleJetls0 125 14400 240 Total HLT rate (Hz) | 148+ 40
A DoubleJet 70
Acopl SingleJet + Br 2_ETM30 {100, 60) T6 L 00 812
Single-Jet + B A ETH30 {180, 60) TEE01 BId
Double-Jet + Hr A_ETM30 (125, &0) 1.0+00 844
Triple-Jet+ Er A_ETM30Q (&0, 60) 0.6 £00 84,4
Quad-Jet + By A_ETM30 (35, 60) 1.2+D1 246
Hr + Br A_HTT300 (350, 65) 44+0.1 6.2
Single Jet Prescale 10 A ZingledetlCO 150 3.5+ 00 87.9
Single Jet Prescale 100 A_Singledet 70 110 1.5+ 00 89,1
Single Jet Prescale 1000 A _Singledet 30 6 0.8 +0.4 BY.9

Continued on next page.. .
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CMS Trigger Efficiencies

Signal HLT Single Relaxed | HLT Double | HLT Single Isolated || (Level-1)*HLT
muon eff.(%) muon eff.(%) muon eff.(%) acceptance (%)
Z — i 98.6 @ 05.8 08.1 Muons
W — (86.9) 81.4 76.7
HLT efficiency for benchmark channels
Isolated | Relaxed | Isolated | Relaxed
Signal process single single double double EIeCtrons
electron | electron | electron | electron
HIT: 7 — ee 83.3 85.2 638 6hd.4
HLT: W — ev (B25) | 612 - Q
L1*HLT: 7 — ¢ee 50.0 82.6 62.6 63.2
L1*HLT: W — e 52.1 52.4 - -
Isolated | Relaxed | Isolated | Relaxed PhOtOﬂS
Signal process single single double | double
Emmn photon Bh(‘r[{}ﬂ photon
HLT H — ~~(mg=120 GeV) @ 76.8 75.8 75.7
L1*HLT: H — ~~(myg=120 GeV) /5.8 76.8 75.8 /5.7
Signal process single high | Single very high | Total H Igh-ET EM candidates
energy EM |  energy EM apply high E- cuts, loosen-up isolation
Z!' — ee (M = 200 GeV) 67 7.0 67 ( PRy g I P )
Z' — ee (M = 500 GeV) a1 (o] 93
Z' — ee (M = 1000 GeV) 04 ) g8
Z' — ee (M > 2000 GeV) 90 3 98
G — vy (M = 2000 GeV) a1 a8 29
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