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= Calorimetry triggering in ATLAS -

Olga Igonkina (Nikhef)
on behalf of ATLAS TDAQ collaboration

@ ATLAS calorimeter

@ ATLAS Trigger and DAQ overview

@ Triggers for Electrons, Photons, Jets,
Taus and Missing ET

@ Results from cosmics and technical runs

# Preparation for data taking
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@ ATLAS Calorimeters NIBger

Muon Detectors ‘ LAr electro-magnetic calorimeter
Solenoid | LAr forward calorimeter

End Cap Toroid

Barrel Toroid Inner Detector Shielding

‘ LAr and Tile hadronic calorimeters
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Trigger Objective

@ ATLAS is multipurpose spectrometer with a multipurpose trigger:

Signature L1 rate (Hz) |HLT rate (Hz) Comments
Minimum bias| Up to 10000 10 Pre-scaled trigger item
Electrons el0 5000 21 b.c— e, W, Z, Drell-Yan, ¢
Z2eb 6500 6 Drell-Yan, J/y. T, Z
¥20 370 6 Direct photons, y-jet balance
PhOtonS 2y15 100 < 1 Photon pairs
w10 360 19 W, Z, tt
Muons 2ud 70 3 B-physics, Drell-Yan, J/y, T, Z
wd + Jhyr (o) 1800 < 1 B-physics
j120 9 9 QCD and other high- p7 jet final states
JetS 4j23 8 5 Multi-jet final states
MiSSing ET 7201 + xE30 |5000 (see text) 10 W, tt
7201 + el0 130 1 Z— 1T
Taus £20i + 16 20 3 Z— 11

Table 64. Subset of items from an illustrative trigger menu at 103! cm
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All but muon and Bphysics triggers are Calorimeter based triggers
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Trigger Challeng

€

Vs=14TeV

L=10%cm™s™

barn

@ LHC bunch crossing 40 MHz

@ ~23 interaction/bunch at high
luminocity

mb

@ ATLAS raw event size is ~
1.5MB (140M channels)

if every event is stored -
~50 TB/sec

@ The design output rate is 200 Hz
which is limited by storage capacity

pb
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10”75 rejection at trigger level ib
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Minimum bias, 70 mb

Standard Model Physics, ~20 nb

Event Filter: Reconstruction of complete
event using latest alignment and
calibration data

200 Hz, ~300 MB/sec
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¥ Level 1 trigger Nipger

@ LVLI1 Trigger

[ CALO MUON TRACKING

@ Hardware based (FPGAs ASICs)

@ coarse granularity calo/muon Level 1 Pipeline
data
® maxium latency 2.5 us .j_ _t *

@ output rate 75 KHz

Calorimeter L1 trigger accounts
for 70% of total L1 bandwidth
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@ JLevel 1 Calorimeter selectes :

Electro-magnetic objects:
(isolated EM only deposit) —
electrons and photons

hadronic objects:
(isolated EM+HAD deposits)
- taus

@ jets:

(high pT EM+HAD deposits)

events with large missing
transverse energy or sum of
all Calo objects:
(everything)

Level 1 Calorimeter trigger
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Trigger towers (An x Ap = 0.1 x 0.1)

x
U

Vertical sums in
e.m. calorimeter

Horizontal sums in

e.m. calorimeter

4 De-cluster/Rol region:
=1 local maximum

—— —

N
NI!!EF

Hadronic
calorimeter

Electromagnetic
calorimeter

Electromagnetic
isolation < e.m.
isolation threshold

Hadronic
isolation < hadronic
isolation threshold
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L1Calo readout NIpger

Digitized
transverse
energy Cluster -
Processor | Merging
Calorimeter 56 modules L8 modules

signals
o modiles Hit counts Rea dOLIt
£ | data path
e s

Readout
Driver

Readout
Driver

14 modules & modules
Readout Region-of-
data interest data
to DAQ to Level-2
—

Real-time data path
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Cosmics runs NI

Cosmic Real Events

.ﬁ"}r—'ﬁ—“ v "1‘ f .

'f du."f-——ﬂ - :f_

ﬁ’ i l'-b-"""'iﬂ"'i v
‘Level1 ‘
@ Real data comes from ‘ Level 2 ‘
detector ‘
@ Allows to test I.1 and data [Event Filter]
preparation for L2,EF :
@ Test software with real l
imperfect data ——
Mass
Very busy time in ATLAS control room
CALOR May 2008 9
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L1Calo energy correlation from cosmics data

@ Both timing and energy scale of the signals were checked with cosmics
data in addition to tests with pulses

| Corralation LAr Barrel | i% Correlation Tile Barral |
Entries 1253 |
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Saturation (Rx gain=2)

Good correlation of L1Calo energies with calorimeter readout
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v Level 2 trigger NIBger

® LVL2 Trigger

[ CALO MUON TRACKING

@ Software based

@ full granularity for all subdetectors, é
Level 1

but only small region of interest is
read and analysed (2% of all data

per event) =

@ fast rejection algorithms
@ mean event processing time - 40ms
Level 2

@ output rate ~2 KHz

Readout drivers
(RODs)

Read out buffers
(ROBs)

L1 |

L1 |

T
A

S ——

-

VERICX

TS
NN
-

NN N NN N
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1 Trigger Tower
ofceﬂs;

EM
Section

Hadronic/_ | ,
Section it =t

e !—_-7____ e |

Olya Igonkina

Level 2 trigger

Electrons, Photons :

@ based on 2nd LAr sampling : study
shape parameters of the EM cluster;
track match

Taus (narrow hadronic cluster):

o take shape parameters from 2nd LAr
sampling; use EM+HAD to estimate
total energy, check EM and track
isolation requirements;

Jets :

® measure total energy in the large cone
(EM+HAD), advanced jet calibration

Missing ET (event property):

@ Correct L1 ET on losses due to muons
(from L2 muon reconstruction)
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L2 Calibration NIBEer

@ Hadronic responce of calorimeter is generally smaller than electro-
magnetic responce. Calibrate difference to give an original energy of the

jet. At L2:
s 1Ap e .
o E =w_ *E +w *E Wroor * 0<n/<07 .
jet EM ~ EM HAD ~ HAD S.1.08F  (a) -
[ " 0.7<n<15 -
» w = a+b*log(E) .06 -
- v 25<n <32 ]
1.04
a,b=t(n) : :
: : : 1.02F =
@ More detailed calibration - s DN ]
1 ::Eﬁ"" ”F_!_Li'*?ﬂq" F,:%: ]
at EF/offline level ool K -
- ATLAS | | .
-9 102 10°

Truth jet ET [GeV]

Dedicated calibration is applied to jet energy and missing ET measurements
at all trigger levels. Tau uses jet calibration.
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HLT technical runs NIBger

Monte Carlo Events

Cosmic Real Events

l @ MC or cosmics data are
> Real data comes from ‘ Level 2 |<_ preloaded to readout
detector ‘ buffer
> Allows to tesft LlL SI]IE% data [Event Filter] » DAQ/HLT plays back data
preparation for Lz, l through the whole system
> Test software with real except L1
imperfect data ——
P Mass @ loop permanently over
Storage

* Not many events are

preloaded data
accepted by physics triggers

@ Allow running at high rate
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In the ATLAS control room

pouiad Asnqg AJoA e OS|e aJe sunJ [edluyos |
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e test of DAQ/HLT system with realistic
input rate

@ test of trigger robustness and stability
(in spite of small number of input MC
events)

@ test of time used by algorithms and
spend on accessing data

@ validation of output stream and data
acquisition system

@ test of time used to configure system

@ validation of Data Quality control,
tools, data taking procedures

Results of technical runs NIBEEF

Time in Data Collector for Rejected Event

Entries 1.702243e+08

Mean 8.901

RMS 6.506

Data collection is 1/3
of total processing time

time[ms]

LVL2PU Rejected Event Total Processing Time

Tests with complex menu for start-up are successful,
Timing and performance is according to specifications

Entries 1.703013e+08
Mean 26,53
RMS 22.57

10’

1w
Actual time depends on algorithms

included, trigger menu and prescales

10’

1w

10

2000

2500 3000 3500 4000

time[ms]

First event, long configuration time
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Data access NI

@ Data access is a critical component of trigger system, minimize the number of
requests of data :

@ use region of interest (2% of all data)

@ re-use/cache data for different triggers (e.g. electron and tau found on
the same spot);

@ use early prescaling and early rejection

@ optimize number of requests for data — better big block at once than
many small blocks

| Time for L2 tau clusterization |
|

>1200[
% 000k Tau & Egamma Rols overlap,
ol -
wook- part of data are already unpacked
S0 Tau only Rols
400
200
T I T ¥ S B ¥ 3
time[ms]
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@ Event Filter Trigger

Software based
potential full event access
Offline-like algorithms

mean event processing time ~
4 ms

output rate 200 Hz
data storage 300MB/s

Event Filter (level3) trigger "M

[ CALO MUON TRACKING

Level 1

Level 2

¥

Event bmlder

Full-event buffers
Event Filter and
processor sub-farms

Data recording

Olya Igonkina
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v EF performance VB

¢ Event filter runs most complex algorithms and provides accurate
measurements of transverse energy of objects.

@ optimize performance to provide highest possible efficiency at
affordable rates

@ use offline tools to benefit from offline development and precision

@ can use differently tight cuts for different purposes and different pt

regions

a.‘ 1_|| T I T T 7T I T T T I T T T I T T T 7T I T T T 7T I T T T 7T I T T T 7T E 1_ |I TT I| I|II TT | TTTT | TTTT | TTT | | | 7]
L s L e g ¥ W T i
_% B & I > g:l B Iﬂﬂ#*!'-_'ﬂ*‘.':“ﬂm ]
E | L] o . = - 1+ - oty -
@ 0.8 ot — = 0.8 —
- - - LL - haa —
a2 - * ] " B 4-* ]
2 L . _ o - —
= 061 W L1 . - 0.6F + ]
C olL1+L2 ] | C . ]
04__ +L1+L2+EF ] 04—_ 2151 Single & without pileup ]
- - ATLAS ] - T = ]
0.2 7 0.2~ ¥ ight ]
L . = C ATLAS ]
_I L1 1 I 1 gl lﬂ-‘l 11 | I L1 1 1 I 111 1 I 111 1 I 111 1 I 11 1 ] L Lot L Lo b L e b b L 1

Oy 10 20 a0 40 50 B0 70 a0 40" 20 30 40 50 80 70 80 90 100
Er (GeV) ET (GeV)
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Preparing trigger menu for data V¥

@ Complex trigger menu includes

_ _ Example: egamma part of menu
o triggers for physics

Level-1 Event Filter
Signature | Item Pre- Rate | Sel- Pre-  Rate Motivation
@ : f PP : 1 : b : scale  [kHz] | ection  scale [Hz]
trlggers Or Comm]'SSlonlng) Ca ]' ratlon a5 EM3 a0 0.7 medium 1 48=02 | I/ — ee, ¥ — ee, Drell-Yan
25 2EM3 1 6.5 mediom 1 & Jiw — ee, ¥ — e, Dizll-Yan
. . ? Ipsiee 2EM3 1 6.3 mediom 1 1 Fiw—ee ¥ — oo
[} b k_ ( h 1 ) eld EM7 1 5.0 mediom 1 21 = from b,c decays, Efp studies
a‘c up trlggers W at ]'S aCtua rate * 10 EM7 1 5.0 mediom 100 0.6 =0.1 | ¢ dirct photon cross-saction,
e-no-track triggar
3 . f ff. . ellxe30 EMT7_ | 0.2 mediom 1 0.3 =0.3 | acoess low pr-range for
XE30 W — ev
tr]‘ggers Or e ]‘Clency measurements 2y 10 2EMT7 | 0.5 loosa | < 0.1 di-photon cross-saction
2210 2EM7T 1 0.5 loose 1 04£02 | Z —ete
o Zep 2EM7T 1 0.5 locse 1 < 0.1 Z ete™
@ HLT pass-through trlggers RIZL33 [ 2BM7 1 05 |tght 1 <00 | trigger forL~10" cm 257!
¥13 EMI13 1 0.7 mediom 10 1.3 =0.1 | ¢= dirct photon cross-saction
el5xe20 EMI3_ 1 0.2 loosa 1 LO0=04 | aco2:s low pr-rangs for
o . . XEX0 W — v
¢ minimum blaS 29179133 | 2EMI3L 1 01 | tight 1 <01 | trigger for L~10% cm 2 57!
¥20 EMI1E 1 0.3 loosa 1 5.4 =02 | direct photons, jet calibration
using y-jet events, high-pr
physics check wracking eff.
el EMI18 1 0.3 loose: 200 < 0.1 check L2EF performance
passL2
20 EMIZ 03 125 0.1 check L2EF perform:
Draft of menu for 10731, 14TeV run 2 l : ok L2EF performance
em2(_ EMI1E 1 0.3 T50 05 =0.1 | check HLT performance
passEF
Stream Total Rate (Hz) | Unique Rate (Hz) ‘;212; EMIEL 1 01 300 05=0.1 check LI isolatian
cgamima 55 48 e22{ 133 [ EMISL 1 ol tight 1 1.2+0.1 | trigger for L1077 e~ 5~
35 29 35133 | EMIE | 0.3 tight | 1.2+0.1 | trigger for L1077 em™2 571
nuon _ : < eml05. | EMIoD | 1 1 10=0.1 | New physics, check for possible
jetTauEtmiss 104 89 passHLT problems
. . ¥150_ EMIOD 1 1 | < 0.1 check for possible problems in
minBias 10 10 passHLT express stream
EXpress 18 0 ;
I:T ) . Table 12: Summary of triggers for the first physics run assuming a luminosity of L~10" em =2 s~!, Far
calibration 15 13 each signature rates and the motivation for this trigger are given.
Rates given are estimates based on MC simulation
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Preparing for data NBEer

@ A lot of work went to understand and o L L B A
predict possible inefficiencies and biases at 2 eserse, cop R
trigger level : 5 08F Ty g e

= N ok i
) F oeb _
o Effect of pile-up o 3
0.4 ]

@ Extra material in detector - Effect of extra material
o %2 in front of LAr on e15i E
@ Misalignment effects o T
B 0.5 1 15 2 25
a etc ml

@ Prepare to measure trigger efficiency from

data: o B ey ._'--‘-----'_,.I}z{g.;ifﬁijf'."-l-_;'}.'I' | '--'['|'|"-'f
. . . E_ 08 __ .-.I . : T | | 4 |-| | | -| | -.:‘-:

° using easy to reconstruct signals like § oo | ||:
Z->ee, ttbar 4 ]

aaf- T, WtV (5107)

» using well controled background o2 Jets (0-4)
(fakes) TR TN R B R (R T

Estimates of tau efficiency from di-jet samples
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’ Outlook e

@ The calorimeter is one of the main components of ATLAS trigger system,
used in triggers for more that 70% of the total bandwith.

@ 3 ]evel trigger system has hardware and software components. All being
installed and commissioning already now

@ Cosmics tests show beautiful calorimeter signal, used for time and energy
scale calibration

@ Technical & cosmic runs give us the possibility to validate the HLT
system and to establish procedures for algorithm tuning and data-taking

@ Trigger menus are becoming mature, they include triggers for different
purposes, such as physics, calibration, alignment, commissioning. Also
different menus are being developed for start-up, for 10 and 14 TeV
runs, and for different instant luminosities (10”31, 10”32, 10" 33
/s/cm” 2)

@ preparation for data is ongoing, simulation of possible detector
inefficiencies and systematics is applied in trigger studies
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Very eager to get data, mig " hap ¢ on.in 2 momhsalréﬁdy!
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