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Outline

» Charged Higgs trigger menu

 The ATLAS electron and muon triggers

 Commissioning of the ATLAS trigger

* From startup to physics trigger menus

» EXxpected performance of lepton triggers
* Measuring trigger efficiencies from data

 Towards higher luminosities

Reference (unless stated otherwise):

ATLAS Collaboration, Expected Performance of the
ATLAS Experiment, Detector, Trigger and Physics,
CERN-OPEN-2008-020, Geneva, 2008, to appear.
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Charged Higgs “trigger menu”

» Possible trigger signatures for a charged Higgs:
- For m(H*) above/below top mass, we can look for these signatures:
tt— 2b(WIep’Whad)(Tlep’Thad

th+ — 2b(W|epaWhad)(T|ep’Thad
toH* — 4b(W,__,W, )W, W

(fully leptonic decays omitted
due to small branching ratio)

had) had)

— This talk will concentrate on the lepton (e, u) triggers
(see the following talk by Richard Brenner for hadronic tau triggers)

o Strategy

- Use unprescaled lepton triggers with lowest thresholds where possible

- At higher luminosity use multi-object triggers. Example of a H+ “trigger menu” with rate estimates
based on 7 million minbias events:

10°! Signature Rate/Hz || 10** Signature Rate/Hz For much more details
xe70 0.2x0.1 || xe80 <10 see Chris Potter's talk
e251 tight 0.74+0.3 || e55 10+ 10 yesterday.
e251+xe30 1010
mu20 1.7=0.4 || mu40 1010
mu20+xe30 20£15
tau20i+xe30 5.8+0.8 || tau3sitxes0 <10 Example signatures from an
taul5itxe20+3j18 | 5.4 +0.8 || tau3sitxed0+3j18 | < 10 Sanier Study. Wenus have

ATL-COM-PHYS-2008-026
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ATLAS Level-1 triggers

Tile barrel
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The less known ATLAS triggers

* Triggers relevant during startup period:

Minbias Trigger Scintillators

mounted on LAr cryostat

32 sectors (individual or multiplicity triggers)
Main trigger for initial running period

Beam Pickup Triggers
at £175m from ATLAS
Trigger on filled bunches
Provides reference timing

Beam Conditions Monitor
Diamond senors next to Pixel
1ns resolution

complements MBTS

Luminosity monitor

within forward shielding (n~6) in addition:

- gl

; g /% \
Bl
- = %

can complement MBTS
Random triggers

Bunch group triggers




Commissioning of the ATLAS trigger

 Many competing needs for the trigger during startup

Timing-in of detectors, trigger and DAQ
Detector commissioning

Commissioning of Level-1 trigger and HLT
Provide calibration and alignment samples
Provide samples for initial physics studies
Tier-0 (reconstruction) commissioning

 All of the above while following the LHC beam conditions
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Commissioning of the ATLAS trigger

 Many competing needs for the trigger during startup

Timing-in of detectors, trigger and DAQ
Detector commissioning

Commissioning of Level-1 trigger and HLT
Provide calibration and alignment samples
Provide samples for initial physics studies
Tier-0 (reconstruction) commissioning

 All of the above while following the LHC beam conditions

no beam

single beam clockwise

single beam counter-clockwise

beam on collimator

beam through ATLAS

one turn

many turns

two beams

Not to mention two colliding beams... ;-)
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Four phases of commissioning

e 4 phases for commissioning

Level 1

Random, BPTX, MBTS, BCM, LUCID
1 Muon triggers in “coincidence mode”
Low threshold L1Calo items

- Rates controlled by Level-1 prescales, HLT mostly in pass-through mode

High Level Trigger

Empty HLT menu
(re-run offline to check algorithms)

(syeam 2)O
weaq a|buIg

2 In case luminosity higher than Simple HLT algorithms (pass-through)
~expected use higher thresholds Seeded from MBTS or full reconstruction v
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Four phases of commissioning

e 4 phases for commissioning

- Rates controlled by Level-1 prescales, HLT mostly in pass-through mode

Level 1 High Level Trigger

Random, BPTX, MBTS, BCM, LUCID
1 Muon triggers in “coincidence mode”
Low threshold L1Calo items

Empty HLT menu
(re-run offline to check algorithms)

(sde9m 2)O
weaq a|buIg

2 In case luminosity higher than Simple HLT algorithms (pass-through)
~ expected use higher thresholds Seeded from MBTS or full reconstruction

\

Gradually enable HLT filtering and
remove Level-1 prescales.

First physics run
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Example: Calorimeter triggers

 From commissioning to physics menu:

Trigger L1 Rate w/o Pre-  HLI Rate From “Level1-only selection” with
item prescale [Hz] scale  [Hz] HLT in pass-through mode ...

emS_passHLT EM3 40000 20000 2

emlO_passHLT  EM7 5000 1300 4

emlS_passHLT  EMI3 300 200 4

emlSipassHLT EMI131 390 100 4

em20_passHLT  EMIS 280 70 4

em20i_passHLT EMISI 100 25 4

em25i_passHLT EM231 4] 10 4

emlO05_passHLT  EMI100 1 1 |

2emS_passHLT  2EM3 6500 1600 4

2eml15_passHLT 2EMI13 80 20 4 . _ .,

2em20_passHLT 2EMIS 35 10 4 .. to “10°" physics menu

without prescales

L1 EF L1 Pre- HLT

Signature itemn selection Rate scale Rate Motivation

el EM7 medium  5.0kHz 1 21 Hz e~ from b,c decays, E/p studies

¥20) EMI8  loose 0.3 kHz 1 5.4+0.2Hz direct photon production, jet calibration
using y-jetevents, high- pr physics

e20 EMI18  loose 0.3kHz | 4.3+0.2Hz high-prt physics, Z — ee, W — ev

em105_passHLT __EM100 1 Hz I 1.0 £ 0.1 Hz  New physics. check for possible problems

2e5 2EM3  medium 6.5kHz | 6 Hz J/y — ee, ¥ — ee, Drell-Yan production

2y10 2EM7  loose 0.5kHz 1 < 0.1 Hz di-photon cross-section

2el0 2EM7  loose 0.5kHz 1 04+02Hz Z—ee
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First menu for physics running at 10°'cm's”

« Comprehensive studies have been done for a “10*' menu”

- Contains ~130 Level-1 items and ~180 HLT selection chains

- elyand muon triggers are unprescaled, except EM3

- Rates estimated using 7 million minbias events (¢ ~70 mb)

- Already contains high and multi-object thresholds for debugging/testing

« Expected trigger rates for different trigger groups:

Jets

bjets
Electrons
Photons

Taus

Muons
Missing ET
Total E

Total JetE
B-physics & Topological
Minimum Bias

Other Topological

L B L L L
_ B Rates
L [ cumulative Rates
-

—

—

h

h_

I

—

-

—

P O N N O I i IR I I
0O 20 40 60 80 100 120 140 160 180 200

Rate (Hz)

The exact thresholds and
prescales to achieve these
rates will have to be adjusted
as soon as we get the first data.

Cheat sheet

Running 24h at 10%" cm=2s™:

* integrated lumi~ 0.86 pb

* 10 Hz trigger ~ 1M events / pb™
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Electron trigger rates

« Expected electron trigger rates in 103" menu

- Optimized to select events with at least 1 electron above 10 GeV and 1 photon above 20 GeV
- In addition double object triggers for J/y, Y, Z — ee and very high p_ trigger

- Jhyand Y decays are challenging for the L1 trigger (noise ~ 0.5 GeV/region-of-interest)

E 'r;: L1 rate for single e/g trigger 3 Important processes |
ﬁ 10°E iﬂiﬂ ATLAS 3 Expected events 2pb' 5pb*' 10 pb
S L *EEEEE ] I — ee no cuts 160k 420k 840Kk
10 - *.i?uﬂnﬂ = v “typical” cuts 3.3k 8.3k 16.5k
102 ;_ Ty ﬂnﬂﬂﬂuﬂmﬂﬂﬂuﬂﬂﬂﬂﬂ _; 7 ee no cuts 2.5k 6.5k 13k
- . s g “typical” cuts 0.7k 1.8k 3.5k
1ol O] non-isolated M woots | 25k 65k 130k
= M isolated *H*H'*-F Woev perats 63k 16k 31k

U S T NS B N N NS Expected number of events without any offline selection

S 10 15 20 25 30 35 40 and a “typical” event selection for the 2e5 and €10

Er (GeV) trigger items.
— Level-1 EM threshold and rates (Hz)
EM3:
multi-object 2E.M7 PS=60 2ElM3
isolated EI\/I.23I EI\/I.18I EI\/I.‘I3I
EM100 i -obi EM18 EM13 EM7
m single-object 4 2 m il
1 10 100 EM3 1000 10000
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Muon trigger rates

Rate (Hz)

» Expected muon trigger rates in 103" menu

All muon thresholds are unprescaled (both L1 and HLT)
Largest source of muons are b/c quarks and ©/K in-flight decays

Rates for single muon trigger

10°E Cham Muon rates with p.>6 GeV and the
PE 0 Beauty fraction of events with J/y — pp
= g—-:ji—_ - a4 K decays 3
15 "ol Level-1 380 Hz 0.21 Hz 0.05%
3 E Level-2 3Hz 0.19Hz 6%
107" 5 = .
10-2%— : 19k events / pb' @ 10°
10°F ATLAS | .
3 4 5 6 7 8910 20 30 40

Muon P, threshold (GeV)

~ Level-1 muon thresholds and rates (Hz)

2M=JZO 3l\/=U6 2MUG 2MUA4

MU40 MU20
| H B
0.1 1 10 MU15 100 1000

2MTJ10 " Mu4.|\/|ug multi-object
MU10 MU6 MU4 single-object
[ | [ | [ |
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Expected performance of lepton triggers

e20 electron trigger efficiency |
> T T T T | [ L
5} 11— e eyt s by e e o L.
s T ST i Level-1 muon efficiency
s o8l X . barrel ~ 80%
@ - . ] ~ 040
S I ) | endcap 94%
= 06 . eL1 ]
i oL1+L2 i Almost exclusively due to geometrical
0.4f sL1+L2+EF B acceptance. Level-1 muon algorithm
- &l — . [l
ool . ATLAS B expected to be almost 100% efficient.
T ET ]
L L4 .
R B . IR cle v b b e
% 70" 20 30 40 50 60 70 80 - _ . - |
Er (GeV) & EF single-muon trigger efficiency |’
& - | L L LS .g =
o | LTy S 1r .
.2 - - 5 L L i
2 [ i - —g 3= —t
© 0.9 7] 0.8~ . !
& f == . - ]
i? 0.8 eL1 . 0.6 ]
- olL1+L2 ] r ]
0.7 aL1+L2+EF B 0.4— -
[ ATLAS barrel — endcap ] C i
0.6 n 0.2~ ]
: ml ] - ]
0% o5 1 15 2 25 35~ 40 45 50
il Muonp_(GeV)
Trigger efficiencies for e20 with respect Event filter efficiencies for different thresholds
to offline reconstruction selection. with respect to generated truth muons.
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Measuring trigger efficiencies from data

» Possible definitions of trigger efficiencies

- Absolute: with respect to MC truth (useful to check reconstruction improvements)
- Relative to another trigger (e.g. muon with respect to minbias trigger)
- Relative to offline reconstruction

 Both e/gamma and muon groups are using “Tag & Probe™ method:

- Other methods (e.g. orthogonal triggers) used as cross-check

N
(riggered) (1) Clean signal sample (ZJ/ig — IF)

/A (2) Select track that triggered the event (“Tag”)
) \ (3) Find other track using offline criteria (“Probe”)

= | (4) Determine efficiency by applying trigger
v selection on Probe

Need a high purity signal sample
“Probe” muon Biases must be checked carefully
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Efficiencies with first data: e/gamma

« e20: Efficiencies using Tag&Probe for 50 pb-

Trigger efficiency

A sample of Z — ee events (no background) was used to exercise the Tag&Probe method
Average overall efficiency (after EF) compared to offline is (99.41 + 0.05) %

Expect similar numbers for J/y — ee (more signal and background)

But expect much larger error (1-2%) for initial running with not well understood detector

e20 trigger efficiencies vs. offline

ATLAS

* L1

O L1+L2

& L1+L2+EF

o I N D T DR P DT P
5 20 25 30 35 40 45 50 55 60

E; (GeV)

Fractional efficiency difference

0.02 * E
0 ;_ . +++++m+ﬂmm“.ﬂﬂ0¢“++++‘§
0.02 E
0.02E C L2 =
0 ;_ {3+¢¢¢¢D¢¢¢¢m Dﬂlﬂfﬁmﬂﬁﬁe{gw‘%
002 E
0.02F s L14L2+EF :
0 ;_ 1 ++ H_“ ek fedebobbedededobodobodebedok-kok-dob l**k&***ﬂ-&
0.02F 1 ATLAS

Efficiency vs. MC-truth

1520 25 30 35 40 45 50 55 60

E; (GeV)
Very good agreement between
Tag&Probe efficiency and “true” efficiency
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Efficiencies with first data: muons

o Tag&Probe using 7 Uy Tag&Proble efficiency in Z — Ul |
1 ' Barrel '

_ Study with ~50 pb-'.Require p, > 20 GeV. = o =
- Use inner detector (ID-Probe) or Efiu E
muon spectrometer (MS-Probe) as probe system 9 13 —— | _;
- Overall efficiency (77.4 £ 0.4) % § OQM
- Very good agreement between Tag&Probe o 03: E
and MC truth (~99%) g MEteMelh ol
1|_— 1W
0.9F =
0.8 E

o + Tag & MS-Probe 1
TEEFWwil2)  ATLAS  — MCtruth L
2 15 -1 05 0 05 1 15 2

- Achieve better than 5% precision
- But need a dedicated calibration trigger for this

+ Tag&Probe using J/y — pp , N e N
g ,ob ATLAS 1
- Study with 300k J/y events (~100pb™), p, > 6 GeV 2 . . ; :
é?

Measured efficiency
Measured efficiency (fit)
A Unbiased efficiency (MC truth)

o 9 0 0o o0 0o o O O
- N w0 N 0w
TTTTTT T T TTTTTT T T

T I B I R
10 15 20 25

o
—

(@)

(]
:SES+HMIH”HIMHH]HHMIHM\HhHLJH

-
O
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Towards higher luminosities (in 2009)

e (General

- Need to adjust trigger menus with LHC running conditions and luminosity
- The first data will tell us in which direction the next menus need to evolve

e Level-1

- Limited number of thresholds available per object type
- Introduce higher Level-1 thresholds at cost of some of the lower ones
- But keep most threshold identical to provide reference points across luminosities

 High Level Trigger

- Average output rate is fixed at ~ 200 Hz

- Cannot rely on Level-1 alone to control the rates. Need to apply tighter selections.
- Pile-up effects become significant. Need to study this in detail.

- Deploy selections (e.g. isolation, large missing E_, flavor tagging) that were running in pass-
through mode at lower luminosity.

Frank Winklmeier « ATLAS Trigger Performance and Initial Running ¢ 17 Sept 08 20




Summary

 Commissioning of the ATLAS trigger
- Trigger needs commissioning with real data just like any other detector
- Rates controlled by Level-1 prescales until HLT algorithms under control
- Detailed program defined to go from commissioning to physics menu

* Trigger menus
- Trigger menus defined and studied for 10%*' and beyond
- Will be adjusted as soon as we get first collisions

« Efficiency and performance of lepton triggers
- First checks of performance of lepton triggers within a few pb-"
- Tag&Probe method used to measure trigger efficiencies from data

- To achieve sub-percent level uncertainties need ~50 pb-'
- More detailed studies including pile-up and cavern background are needed

/T
gl B f L
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The first beam! triggers in ATLAS on Sept. 10"

« TGC (muon) and MBTS triggers during “injection-shots”:

E 80 E__ TGC 1 —+— L1_MBTSA0 Rate BF o) o L1_MAI0_TGC_HALO Rate BF
%0 e £ | MBTS —e b1 e i
@ 70 w40~
601 120
50 B
100
40 -
300 80—
HLULLULUL L
101 -
DEI 1 Il-‘l—llulull—*‘_ll Mu 1 IL'-lll.1l M__Illkllll-‘lhll L Il-I'JI | L L o I L L ll“ll MIHI II
500  -400  -300 200  -100 0 00 400 SO0 200 A0 TSl

e BPTX

time [s]

trigger of circulating beam (8 revolutions):

0.07- :
0.08  — ~89‘le§ (Ql’bif "Inr‘k)
0.05=
0.04~
0.03
0.02=
0.01-
S S R T
0.01= I 1 ]
0.02- ! |
0.03 | ! ! | ! . . ! :
0 100000 200000 300000 400000 500000 800000 700000 800000 900000

Time {ns)
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Backup slides




Example items of a 10°° menu

 Towards a 10* trigger menu

- Representative sample of Level-1 and HLT trigger items expected to be deployed without
prescale factors at a luminosity of 2 x 10% cm?2 s

L1 item Rate (kHz) HLT item Rate (Hz)
EM18I 12.0 e22i 40
2EM111 4.0 2el2i <1
MU20 0.8 Y551 25
2MU6 0.2 2y17i 2
J140 0.2 u20i 40
3160 0.2 2ul0 10
4J40 0.2 j370 10
J36_XE60 0.4 4590 10
taul 61_XE30 2.0 7165_xE70 20
MUI0_EM111 0.1 735i_xE45 5
Others 5.0 2u6 for B-physics 10
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