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The ATLAS Experiment @ LHC

© The ATLAS Experiment is one of the two multipurpose experiments at the Large Hadron
Collider (LHC).
© Physics goals include the search for the Higgs boson and for new physics beyond the SM.
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Why do we need a trigger system!

In 2012, the LHC provided pp collisions at 20 MHZ, i.e. every 50 ns.
We only keep ~400 Hz for physics.Why!?

“Interesting physics” occur mostly at rates of 10, | or < 0.l Hz (e.g. Higgs boson
production).

We are only interested in a tiny fraction of the events produced.
We do want to keep all of these, and reject most of the others.
Frequency of producing a process like H=*ZZ— puuu is extremely rare: once in 10'3
interactions (at 14 TeV).
Resources: both computing time and data storage are challenging.
For ~10 s/event of offline processing time, we need 4000 CPUs to keep up.

~|.5 MB/event for raw data and ~1.5 MB/event for reconstructed data. Up to 4300 TB a year
per experiment (with a factor 2 for distributed analysis).

From ATLAS public website: “If all the data from ATLAS would be recorded, this would fill

- 100,000 CDs per second. This would create a stack of CDs 450 feet high every second,
Q which would reach to the moon and back twice each year. [...] ATLAS actually only
? a records a fraction of the data [...] and that rate is equivalent to 27 CDs per minute.”.
| -
B :
, O We need an efficient What do we want to select?
*‘_é i trigger system! How can we select it?
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What are we looking for? y (1LY

Run 155697, Evernt 6765403

&Qv Tine 2010-05-24, 17-38 CEST
|

W-+tv candidate in
7 TeV collisions

Trigger signatures and trigger menus are
driven by the physics goals.
Standard Model precision
measurements.

, Search for new particles.
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\ % ATLAS v§\ H > TiepThad
‘ ALEXTERIMENT _ . L Run Number: 204265, Event Number: 178165311
! ‘ ttp://atlas.ch L i

\ y | Y "‘;;": ':t EXPERIMENT Date: 2012-06-02 19:53:30 CEST
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troduction

Run: 189230
Event: 143576946
2011-99-14 12:37:11 CEST

H—4p candidate event, with m4=124.6 GeV Event selected by the H— TiepThad analysis
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LHC Data Taking Conditions

Interesting events are hidden in the very
busy LHC environment.

High pllg-up (i.e. multiple interactions 7 TeV 2 1 % 10%2em-2s- 45.0 pb"
per crossing).
High charged multiplicity. 7TeV 365 x 10¥cm?s” 5.25 fb"

— | 0'? tracks per second rate at
L=10%* ecm2s.

We need several trigger levels to be . SATLAS

able to use tracking for trigger decision. N 13 EXPERIMENT

Peak interactions per crossing
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The ATLAS Trigger System

To be able to exploit as much as possible the entire detector for trigger decision,
the ATLAS Trigger System is divided into three levels.

At each level, the rate is significantly reduced and more detailed information can be

used.
*
Level | (L |) - Peak values reported. s
hardware based Trigger DAQ ATLAS Event
- Level 1 25p8|  4omp  Detectors OmerOwactors 1.5 MB/25 ns
analyzes coarse granularity data from 40 Mk 1 L vy Te=1a
calorimeter and muon detectors 20 MHz ‘ =l Fe] [FDE]F‘E” MB/50 ns
separately ! e e TR il e e el l
. . . 75 (100) kHz Redions|Of Interest
- identifies Region-of-Interest (Rol) 70 kHz il ik 112 (150) GBls
HighLevelTrigger - Level 2 (HLT/L2) 1 l!'ﬂ”"" 100 GB/s
~10%
software based . 1
| . o ~ 4 kHz Roquestd || Data Colecton | gager | | ~6 GBS
accesses full granularity data within Rol 6.5 kHz osec [l o -» 10 GB/s
/ 8 (~2% of total event size) -
. a' detector information are combined : EF Accept
adds tracking and topological cuts High Level Trigger ~ 450 MB/s
? - . . & P g gy | R 1.6 GB/s
O HighLevelTrigger - Event Filter (HLT/EF) 1kHz
; 8 software based (uses offline algorithms)
§ = exploits the seed from L2 using full event ~300
\
C data
~10
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The Muon Trigger
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Introduction

Muon leptons played a fundamental

role in the search for the Higgs boson.

Track in the Muon Spectrometer

CATLAS N e
}_.EXPERIMENT M, - 53 Gev

Run Number; 152221, Event Number; 383185
Date: 2010-04-01 00:31:22 CEST

W-pv candidate in
7 TeV collisions

o : Track in the Inner Detector
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Muons are characterized by
the presence of a track in the
Muon Spectrometer (MS) and a
track in the Inner Detector (ID).
Muons are able to reach the
outermost region of the ATLAS
detector.

ATLAS has specific detectors
devoted to triggering these
leptons.
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LeveII

The Level | Muon Trigger makes use of different detector technologies in different regions of the
detector:

The Barrel region (|n|<I.05) is instrumented with Resistive Plate Chambers (RPC).

The Endcap regions (1.05<|n|<2.4) are instrumented with Thin Gap Chambers (TGC).
The geometric coverage of the L1 trigger in the endcap regions is ~99% and ~80% in the
barrel region.

The limited geometric coverage in the barrel region is due to a crack at around n = 0 to provide
space for services of the ID and the calorimeters, the feet and rib support structures of the
ATLAS detector and two small elevators in the bottom part of the spectrometer.

Muon candidates are identified by custom built

g =1 hardware that forms a coincidence of hits
MDT 1 | TGC 3 in layers of trigger chambers.
| © The hit pattern along the muon trajectory
7 TGC 1 is used to estimate the pT of the muon.

-0<

Available thresholds in 2012:
— 1) 4 ” high pr: 11, 15,20 GeV
have 5-10% lower efficiency in barrel

7 'd | * low pr:4,6, 10 GeV
D 1l | high p,
//l/t" B . © ALl muon trigger signal carries the pr

0 5 10 5 m information of the muon and the position
information of the Rol, the detector region to
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Level | Performance
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© Level | rates scale linearly with the i3] -
. luminosi o 98 (RPC) e o,
instantaneous luminosity. 0.7F b ooy
O ile- : + ~
Pile-up robust. 0.6} o Data 2011 \s =7 TeV
© Typical efficiencies w.r.t. offline isolated 0.5F - m,<1.05 =
muons of one of the main Muon Trigger items, 0.4} N ®  L1MUIO(2staton coincidence)
. - O L1 MU11 (3-station coincidence) -
L1_MUI I, used by most analyses in 201 |: 0.3F * E
© Barrel: 0.725 0-2F o © ]
A . 0.1F <
® Endcaps:0.935 R 1 B
. r _ 3 4567810 20 30 40 10°
o 25:_ ATLAS Trlgger Operatlons (Oct 22 2011) 3 P, [GeV]
3 = \s=7TeV ]
© 20F 3 1 T T
— - = o—o-'-O-—o—_o_ O
. - . 0.9 Endcaps o —=
15 7 L1_MU10 . 0.8 (TGC)
- L1 MU11 ] 0.7
10— e — e ATLAS Preliminary
- ] 05 g Data 2011 \s = 7 TeV
5f- — ' m |>1.05
x= = . 0.4 ’
‘,F —_ O:__ j 0.3f o) L1_MU11 (3-station coincidence)
“ d Eo | ; 0.2}
ﬂ 3 & sF . <k <+
— 5 5 —
| O N E: : 0.1F
;: D(:U: - i ot O Oy ] ‘ e g ol
\ I s A A 2
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Luminosity [10%° cm2s] p, [GeV]
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Level 2

At Level 2, the candidate from LI is refined

by using the precision data from the
Monitored Drift Tubes (MDT) chambers.

The L2 muon standalone algorithm (SA)

constructs a track using the MS data within
the Rol defined by the LI seed.

First,a pattern recognition
algorithm selects hits from the MDT
inside the Rol.

Second, a track fit is performed using

the MDT hits,and a pt measurement is
assigned from Look Up Tables (LUTs).

Reconstructed tracks in the ID are then
combined (CB) with the tracks found by
the L2 SA algorithm.

Additionally, the isolation algorithm
incorporates tracking and calorimetric
information to find isolated muon
candidates.

Lidia Dell’ Asta
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1/p_ resolution [GeV']
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Ji ) * L M | ‘ | -
0.009 éATLAS Preliminary .| < 1.0 E
Data 2011 \s =7 TeV '
0.008E . L2 SA 3
0.006} :
0.005) i Barrel Z;
0.004f Ty
0.003F- %o -
i (T —
0.002} e ettty *—_g,:
0.001 é oBen XOOOOOOOO-O+O+-0+0=0+0r ——— _‘:
: 2 : 3 . 2 . g | . | 3 4 N 3 | ) 4
00 10 20 30 40 50 60 70 80 90 100
p, [GeV]
(VAVRTS A RARRS RARAS REARE RARE~
0.009 E_ATLAS Prellmlnary .| > 1.05 3
Data 2011 \s = 7 TeV '
0.008} 4’ » L2 SA ]
0.007} =
o L2CB |
0.006f Endcaps
0.005( f.f"ﬁ :
- " K_.'_)’_"
“"‘lus"r"-ﬁ— O L T o
0.004 et gt
0.003F =
0.002F &
O . Oo 1 i_ O Ux X l_‘.iflf,-: S S o o S S o T )___C__‘_;_:j
- - |, e Ce | L 2 ) L )
00 10 20 30 40 50 60 70 80 90 100
P, [GeV]

To evaluate the resolution, the residuals between the L2
and offline muon track parameters (1/pt, N and ®) are
evaluated in bins of pt.Then, the widths of the residual

distributions are extracted in each bin with a Gaussian fit.
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Event Filter - InsideOut & Outsideln Algorithms

At the Event Filter, the full event data are
accessible.
Two types of reconstruction algorithms are
available.
Similar to the ones run offline for muon
reconstruction.
The Outsideln algorithm:
starts from the Rol identified by L2,
reconstructing segments and tracks using
information from the MS.
The track is then extrapolated back to the
beam line to determine the track parameters
at the interaction point (muon EF SA trigger
candidate).
Similarly to the L2 algorithms, the muon
candidate is then combined with an ID track
(muon EF CB trigger candidate).
Instead, the InsideOut algorithm starts from
the ID tracks and extrapolates them to the MS
region.
Due to the extremely busy environment of
the ID, the InsideOut algorithm is slower.

Lidia Dell’ Asta 12
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ATLAS Trigger Operations
@ Data 2011 \s = 7 TeV
E 10° — EF outside-in: mean = 267 ms
----EF inside-out: mean = 1119 ms
10 -
1E '
i ‘ |—| - ﬂ A I
0 500 1000 1500 2000 2500 3000 3500
Time [ms]

The complementary strategies employed
by these two algorithms minimize the
risk of loosing events at the online
selection during the commissioning of
the ATLAS muon trigger.

EF_mul8[MG%*, medium] EF 2mulQ_loose

EF_mu24i_tight EF 2mul3

*”MG” denotes the InsideOut algorithm

ACAT 2013



Event Filter - InsideOut & Outsideln Algorithms

1

> =T v
PS : S 0.9E . =
The EYent filter In.SIdeOut and | $ osc 2011 - Outsideln
Outsideln algorithms were running Yo7k o o
separately during 201 | data taking. oF ATLAS Preliminary E
. - - . E o Data2011 \1s=7TeV =
* To save computing time, in 2012 the two 0.4 nl<105
algorithms were merged in a single chain, >F 18 medum outside-n 3
. . . 0-25 O Data =
running the Outsideln algorithm first and 0.1~ o @ e 3
then, if that failed, the InsideOut one. S mgil i - E
8 "k
® Plots correspond to trigger efficienciesvs & & ey
. . 0.95E —+—
muon pr in the barrel region only. . _1 3
10 20 30 40 50 60 7080 10°
p, [GeV]
3-1-02:"I""I""I""I""I""I' I ) > 1
& 15~ ATLAS Preliminary E s 09 2011 - InsideOut
= 0.986200200000000—0=_ —o— o —f— ¢ — = ot 3 = Insidevu
~ 098] == == 0.7¢- P00
- . -  p— == =
il 094:_ E 22: ATLAS Preliminary s
N = &= - “E © Data 2011 3
0.925 Data 2012 (\s:STeV) = 0'4: I']ul <105 =
0.95— det=0.74fb é g:i— mu18 medium inside-out —E
? L,' 0.881- mul<1.05 E 0-13 ) ;323 E
‘lE 086 © EF_mu24i_tight = o N A o S
¥ R = . O - E
| 0.84F ¢ EF_mu24i_tight outside-in N S 1.05F =
| O 0.82:— EF_mu24i_tight inside-out 2012 C g e 4@0'0'—0— O— O O E
; =3 : - 0.95F _+’
v 0.81111,111111,l1111111111111111,11111111‘ = B
30 40 50 60 70 8 90 100 10 20 30 40 50 60 7080 10°

p! [GeV] Pr (e
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Event Filter - InsideOut & Outsideln Algorithms

It is also essential, for a good trigger performance, that the muon track
parameters are reconstructed with enough accuracy.
To evaluate the accuracy, the residuals between the EF and offline muon track
parameters (1/pt, N and ®) are evaluated in bins of pt and the width of the
residual distribution is extracted in each bin with a Gaussian fit.

— " 0.003 — 0003 T
> ATLAS Preliminary > ATLAS Preliminary
%0.0025 Data 2011 \s= 7 TeV %0_0025 ++* Data 2011 \s=7 TeV
n|<1.05 n|>1.05 :
S n Barrel S - Endcaps
= 0.002 ﬁ* = 0.002 +*
3 : s EFSA @ * s+ EFSA
h"o ** EF inside-out “,_O ey e EF inside-out
Q00015 * » EF outside-in 200015 ’H‘,‘_ ® EF outside-in
s *"*““_‘_
0.001}- T S 0.001- g ——— .
0.0005 i 0.0005 L hl= = = e
’ : ] Il | Ll ‘ ) ) 111 Ll ] l
"IE qO 20 30 40 50 60 70 80 90 100 90 20 30 40 50 60 70 80 90 100
f
1 o p, [GeV] p, [GeV]
: -
ﬁ

Both Outsideln and InsideOut algorithms allow to have good resolution on muon
track parameters.

Lidia Dell’Asta 14 ACAT 2013
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High Level Trigger - Isolatlon

< [ T T T"7"T"T"7 rrr [ rrr[rrryrrr|rrrr r'_:
Isolation algorithms are run at the High Level A 4 Calorimeter isolation 2011 |-
Tri 2 L e Trackisolation —4-
et & | ATLAS Prelimina
They allow to reduce the rate of the muon 5 %2 Data 2011 15 7r¥ev T
trigger while keeping pr thresholds low. E -4-'+‘
Critical aspect: pile-up robustness. 2 o e i
§ | I
z 4l -
. -
.}_ -
L] -
0.2}
- | +
. v . . m I + «
Different types of isolation requirements: AN T T T + ]
2 - 6 8 10 12 14 16
» Calorimeter isolation: based on energy Number of Reconstructed Vertices
deposits in the electromagnetic and hadronic < 025 — :
calorimeters. & [ ATLASPreliminary 2012 :
. : 2 02
Track isolation: based on tracks around the o
. ©
muon candidate. § 0.15 n
O In 201 | data taking the isolation algorithm was g "’.wu"**}
i|: tested at L2. x O “".“u""’"' r
© k |
3 d In 2012 the isolation algorithm was moved to the 5 o005 Data 2012 (is =8 TeV) -
A& 8 Event Filter and was made more pile-up robust. g det=3_79 .
! Track based isolation was used in 2012 data e I TR S T S—
taking. <>
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The Tau Trigger
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Introduction

© Taus play an important role in the search of the Higgs boson as well as
supersymmetric and exotic particles.

Taus decay hadronically 65% of the time.
© Jets from QCD processes are an overwhelming background to hadronic taus.

ONE OF MANY SIGNALS:

SM HIGGS DECAY TO TAUS, ~", © Taus can be distinguished from
” t " QCD jets by means of some
: features:
| i * low track multiplicity;
g 7 © particles from the tau decay form

a narrow, well collimated jet;

isolation: there is no activity
around the narrow cone that

BACKGROUND: QCD PRODUCTION
RATE OVERWHELMS SIGNAL RATES

suoupey Jo jal

g g contains the tau-candidate decay
g products.
g g © These features are exploited by the
tau trigger.

Lidia Dell’Asta 17 ACAT 2013



Level |

The Level | Tau Trigger uses electromagnetic (EM) and
hadronic (HAD) calorimeter trigger towers with granularity

AnxAg = 0.1x0.1.
Hadronic tau decay modes are identified by the following features: e
sum of energy in 2x| pairs of EM towers, puEy
energy in 2x2 HAD towers behind the EM cluster, i catormeter
in a 4%4 isolation ring around the 2X2 core region. mggemwer,?ﬁ L S alorimeter
® The core region is defined as the two-by-two trigger tower Vertical Sums ] Bectromagnetic
region of An x A =0.2 x 0.2 Horizontal Sums R
The isolation region is defined as a four-by-four trigger tower & ot maximim """ Rt

region minus a two-by-two core region in the center

' - v ° |n 2012, used ET thresholds: 8,
I'1,15,20,40 GeV.

® To keep the rates within limited
bandwidth and to keep thresholds
low, isolation requirements are

201 |

n

o

b
o

L1 rate before prescale [kHz]

TE _ applied.
e L1 TAUSB
1 « L1 TAU15 ® The absolute Et in the EM
el . ASDTaFa o L1_TAUS0 isolation region is required to
o rigaer erations L1 TAUS0 ]
s ;gg perd - TN be smaller than 4 GeV.

Instantaneous luminosity [10¥cm?2s]
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Z Ecell : ARcell where the sum extends over all

R _ Cells cells in the first three samplings
Leve I 2 B Z Ecell of the EM calorimeter
Cells

S 0.16 o -
R . —_ . @ 0.4 1
* The Level 2 calorimeter selection is applied % : ATLAS Simulation -
to a restricted Rol, based on seeded > 012F — ZoMe E
. . .~ — I-|e
information from L. z o g ;rong :
. ° o . < [ — _—:
© L2 uses the full granularity of information 0.08-
from all layers of the calorimeters within a 0.06{- Vs =T7TeV -
region of An x A = 0.8 x 0.8. 0.04 |
© It refines the position of the Rol and 0.02f- | e
1 . L b g e —— N
obta.lns the total Er and shape 917005 0 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4
variables.
L2 Ry
© Shape variables are used to identify
hadronically decayi g FEFF v e a s v il el
adronically decaying taus. £ oof .
3] % . -
5 0.8 A " . =
> In 2012, some improvements made the 0.7} A e
algorithm more pile-up robust. 0.6} E
® The cone used to compute Et and the 050 ATLASSimulation /s =8TeV
shape variables changed from 0.4 to 0.2. 0.4F  Z-1tMC, pi™(1) > 20 GeV
03E L2 tau20 medium1 =
ooF ™ EMradius,AR™" <0.2 3
“E * EMradius, AR < 0.4 ]
.......... 0.1} ﬁ
- N PR Litess
ARcene = 0.2 "4 6 8 10 12 14 16
ARc<°re = 0.4 Average interactions per bunch crossing
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Level 2

) i T o :
| :
Q0
© - _ ~ :
At L2, in addition to calorimeter information, % @ TEEETT—T—— T —%—— [ ﬂ
o . . . o la-
tracking information from the ID is also used £ - i
. o 1
to refine the reconstruction. S 095 -

Tracking in the tau Rols uses fast custom 3 o ]
ATLAS Preliminary ]

algorithms based on combinatorial pattern 0.9} - |2 .

recognition followed by a fast Kalman filter - Data2011\s=7TeV  <EF ?

track fit. 0ash J' Ldt=14 b E
The tracking efficiency is good and | R TURTTONTTIRNTITNUNTTN. |
comparable to the one then used at the Offine track p_ [GeV]
Event filter.

Track counting and track-based 0.2m

isolation use tracks found in core and £ 0.18/-  ATLAS Simulation Js=8Tev
isolation regions of radii 0.1 and 0.3 x oqef. <mNC +
. 3 E * All tracks + =
respectively. @ 044F  , 12]|aZ,|<2mm :
These information are used to identify é" 0.12f o L2|aZ|>2mm +
taus. S 0.1 " gt o K
>
Z 0.08f DT o o
: 0.06}- i PUSSDUSS. S, o &
In 2012, some improvements made the W 2 R :
. . 004 = o8- e Tha o o S an G SR S o e
tracking more pile-up robust. 0 00k + :
Only tracks with an impact parameter ' i » : —
0 2 4 6 8 10 12 14 16 18

compatible (|Az| < 2 mm) with the leading
track are used.

Lidia Dell’Asta 20 ACAT 2013
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Event Filter - Tau ldentification

In 201 1 the hadronic tau identification was cut based.

Cuts parameterized as a function of Et, number of tracks associated to the tau jet, and track and

cluster shape variables.

The definition of these variables is the same as offline.
In 2012, to make the online tau identification as similar as possible to the offline one, an
identification based on multivariate analyses was introduced, using the TMVA Boosted
Decision Tree (BDT).

A “medium” identification criteria was chosen, which gives an efficiency of 85% for | prong and of
80% for multi prong taus.

One of the shape variables used for training. Background rejection vs S|gnal effaency

< T T L AL < 10— :

8 0.1 ATLAS Prellmmary - 5 ATLAS Snmulatlon

- i 3 7771 S ] Q@ — LLH -

= i 'Q‘*e;. ignal TMCoffine ] ) multi-prong =

S5 0.08 * - S»gnal tMC EF o — BDT 8)

g - ¢? R e  Diet Data (2011) offine § 1 03 ‘2

S - v ) Dijet Data (20M) EF ~ = 3

£ o0.06- . 2 S
. 3-prong 1 @ =
- ] m :
- ¥ o [ O ... 3 R BN e

0.04

102 TrLearea e R R s 1

0.02%

\\\\\\\
\\\\\\\\\\
............

00(52 04 06 08 1’“ 12 14 76 18 2 02 03 04 05 08 0 08 0.9

A less precise energy calibration applied at the EF
causes the small shift of the trigger distributions with
respect to offline.
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High Level Trigger - Plle -up Robustness

- LR |
Q
(40
With the improvement of the algorithms E: LT - gy !
at L2 and Event Filter, the dependence on § - -
plle up was substantially reduced. = R T
= ey
The pile-up robust algorithms were > 06 2011 sty
studied on 201 | data, to check the 9 F SRR K, L g
behavior expected in 2012 data S [ =Lt ATLAS Preliminary ¢~ | | %
taking. ool L2 Data 2011, [dtL-25f"
> 2012 data taking confirmed the - e L2+EF ‘8“20—‘“”‘
pile-up robustness. i
| ] -
(| (@
(40 08
E . E T g
= : . A A 2 ‘ " A " % @
4o B L T g & ° i o R W | L
§O8‘ l 0.000.0’......: §08_ o Q.QOQO’OA ¥
. : = - -
b . b
; 0.6 2012  ATLAS Preliminary ; 06 2012 Expected
& Data 2012,j Ldt=2.8fb" & ATLAS Preliminary
3 04 L1 - S 04 J 1
T au20_medium T Data 2011, | dtL=4.7 fb
[ —L1sL2 i N L1
021 o= 141 24 EF _al B tau20 medium
' o | 2+EF
§ 4 I, g gy | ‘ TR [
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14
Number of vertices Number of vertices
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Conclusions

The ATLAS Experiment has a three level trigger system, which allows to reduce
the incoming rate of 20MHz LHC collisions to ~400 Hz selecting interesting events.

Trigger signatures and trigger menus are driven by the physics goals, e.g. SM
precision measurements and Higgs boson search.

The main challenges of the trigger system are to keep the pt threshold of the
selected objects low for having high efficiency, good resolution on object
reconstruction and be pile-up robust.

Dedicated Muon and Tau Triggers
are available in ATLAS.

: : &\\ AT LAS H > TiepThad
These triggers were used in the Nl Run Number: 204265, Event Number: 178165311
analyses that brought to the discovery A EXPERIMENT ;,—*—
of a particle compatible with the SM 72
Higgs boson.

The description of both triggers and
their performance have been shown.

The long shutdown of the LHC (see
Attila’s talk) will allow new studies in
preparation of a new data taking
period at higher luminosity, where pile-
up robustness will be mandatory.
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Trigger Menu & Rates
Peak LI rates during 2012

ATLAS Trigger Operations (Aug. 24, 2012)

=20 i T B I A

z | BEM18VH -

. . ] - / §

© According to physics goals, we have to g [ Hwus _
. . op . 15 TAU40 .

fit best possible physics cocktail in the _ :xm ﬁ

available bandwidth.

o Different type of triggers are available in 10 -
the Trigger Menu, all starting at L1 F
mostly using muon spectrometer and l

Bu7s

5 |~ —
calorimeter information. _ Z
M N 0311“4”“5 ”6 7“18
EF rates evolution during 2012 Luminosity (10% cmr2 )
c ATLAS Trigger Operation 2012
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Event Filter - InsideOut & Ou t5|deln Algorlthms
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® The Event Filter InsideOut and 3 sk =
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Outsideln algorithms were running Yo7k 2011 - Outsideln -

. . 0.6 - —

separately during 201 | data taking. 05E ATLASPreiminary £

= ata Is=7Te =

® To save computing time, in 2012 the two o : M > 108 e

algorithms were merged in a single chain, 0.2F- o Daa E
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O - -

then, if that failed, the InsideOut one. S 1.05F . =

. . . i 1= O e e O < O ¢’—;
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Event Filter in 2012
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L2 Isolation

Hi, Level Trlgger Isolation

—
'o
o
—h

1 l T T T L} ] L L L] T I L L] T L] ] L L L L

ATLAS Preliminary

1.00%'
ety 5m.w*¢w“‘“'*“ *"

F N
f D) 0.8
| —

Illl

Efficiency

- s o %
ot g " --"* )

AT a2
= _ _ o <~

Efficiency

-
++ .- -

= 5 = i
EVEP O s S

Event Filte'”

0.999f +++ "

2011

. ATLAS Preliminary
0.4 Data 2011 1s=7TeV _

II]IIIIIIIII]

! 9 0.998

2 P /p (1) <0.12

T T L e T e S ou
= - R < N

0.997

@ loose isolation: Z—uu £ pp,(u) <0.1 :
0.2  loose isolation: Z-» | 1} 0.996
| a tight isolation: Z-up £ pp (1) < 0.1 1%
& tight isolation: Z-suy

025 30 35 40 45 50 55 60 3§ 09

p, [GeV]

LR BLELELE BLALELE DAL BLALELE DL B

Data 2012 (Vs = 8 TeV)
f Ldt=3.79 fb” 2012

| l 1 1 1 L l 1 I L 1 l A A A L

30 35 40

llllll[lllllllllllllll

IIITII]IIIIIIIII

—

N
o
NN
o
Qo
—

n

®
®
S

= 4
—«llllllllllllllI]llllllll'llll—

o

—
c
c
B

1 ‘l Ll Ll 1 1 ] 1 L Ll Ll ] L 1 L 1 ‘l L 1 L L] ‘l L T 1

ATLAS Preliminary

- - -
- e, -0-_._"...-0-.._-0-

—_—

»
.
.
.
o‘—illilllllllllI[lll][llll#lll
L 4

-+
A
¢
¢
¢
¢

Efficiency
T T T
>®
e
e
e
L N ]
L 2 ]
[ 2 ]
> 0
L J
1 |
Efficiency

ﬂ.,._’_"'

+

o
oo
>
>
-
»—

| i} o099
0.6~ ATLAS Preliminary 1 % .7' 0.998
; - Data 20111s=7 TeV 1 fb' j |
0.4: l

ooo7f * 2P /PI<012

Data 2012 (\s = 8 TeV)
det-379fb 2012

0\—‘!‘5‘1‘!“-1“1 ak l A l-l l s -~ PR TR ST T R N NN TEAT N S NN TN RENT N RN N R

b2 46 8 10 12 14 16 18 20 ¥ 0.995 015 20 25 30

(Lid ~ Numberofreconstructed vertices §428

E Glc Uil Lot e ot > Sy DA WS ST BTN

0.2~ e loose isolation: Z—pup N

" a tight isolation: Z—pu 2011 0.996

C
=
O
-

?
!
§
|
‘&
ﬁ

W
(&)}

" '{; A
&

h
4.
oF
7
"



T T T ! 12 T T L2 2 | L T T T TTT T T ! 12 T T L2 2 | L =TT
0.12+ | I | I | — | I | I |
.

g - ATLAS Preliminary . g . 1i ATLAS Preliminary i %
% 0.1 Signm:md'm . % " SignaI:M:dlm . N
S - Signal t MC EF . ; _ Signal < MC EF 3
= : - - 0.08}- - S
« e [Dyet Data (2011) offine ] g . i e (Oyet Data (2011) offine )
B 008_ 0 Dt Data(20m) EF - E 0 Diet Data (2011) EF 8
< 0.06 1-prong . < 0.06- 3-prong 1 5
i ) _?:)
0.04 - et 1w
: I . ®
0.02 = 0.02}- 1 9
; RN . : ) n SO0 5 ot ' _ . ) _Q-
.. ve:a o . 0 s = PR o
0 25 03 035 04 0O 005 01 015 02 025 03 035 04 =
Rem Rem g
=
— T L B L e '_022'_‘ T crrr U D D - 8
S ATLAS Preliminary § S o02f ATLAS Preliminary 4 0
% Signal tMC olfine - bgl 0.18; Signal tMC olfine é 8
Signal tMC EF - Signal tMC EF -
> S 1 > o0.16f ol e T
[ @ e  Dyet Data (2011) oftine b @ - e  Dyet Data (2011) oftine - &O
(& o 0 Dijet Data (2011) EF . o 0'14; 0 Dijet Data (2011) EF = Q
£ ) 1 Z o1z i =
1-prong - : 3-prong : ()
o J 0.1 - Q
' Q 0.08F 4 5
E " E 0.06] 1 £
v Sog.. 3 0.02 4 0
\ m 0 SO 5 N —— “ adc - ';.‘ y ‘ . _—
F— 0O 005 01 015 02 025 03 035 04 0 025 0.3 035 04 <
erack erack

Lidia Dell’Asta 29 ACAT 2013

‘w

small shift of the trigger distributions with respect to offline.
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pT Resolution
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Muon and Tau [riggers

© Evolution of muon, tau and muon-tau triggers in 2011 and 2012.

EF_mul8[MG,_medium] EF 2mulQ loose
EF _mu24i_tight EF 2mul3
Single tau trigger Di-tau trigger
EF taul00_ medium EF tau29 medium!| tau20 mediuml
EF taul25 mediuml EF tau29T medium|_ tau20T_mediuml
EF taul25 mediuml EF tau29Ti mediuml| tau20Ti mediuml

Muon-Tau trigger

EF taul6 loose mul5
EF tau20 medium_ mul5

EF tau20 medium|_mul5
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