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1. Introduction

The ATLAS detector, shown in Fig.1, is one of two general psgpdetectors at the Large
Hadron Collider (LHC) which are designed for p+p collisiatsl4 TeV centre of mass energy and
built to perform precision measurements of the StandarddVijparameters, to search for the Higgs
boson and to search for Supersymmetry and other physicshbeymandard Model. The bunch-
crossing frequency of p+p collisions is 40 MHz, leading toimteraction rate of approximately
1 GHz at the nominal luminosity #cm2s-1. Therefore the data flow is in an order of’10
MBs~L. Currently, this rate is too large for the expected arclgj\égstem. The solution is to have
a trigger system which selects 200 Hz of potentially inténgsevents, reducing the data flow to
approximately 300 MB/s for archiving.
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Figure 1: The ATLAS detector.

Since p+p and Pb+Pb collisions differ significantly in eveates and event size (see table 1.)
it is clear that some modifications need to be made to the Wefeyger configuration.

p+p Pb+Pb
High designed luminosity | 10**cm2s1 | 107/ cm 2571
Charged particles multiplicity 200 3000
Interaction rate 1 GHz 7.7 kHz
Event size 1.5Mb 5Mb
Maximum archiving rate 200Hz 60Hz

Table 1: Comparison between expectations for p+p [1] and Pb+Phsamiis [2]

2. ATLAS trigger system

To achieve the desired reduction in trigger rate, ATLAS hé#wee-level trigger system. The
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First-Level Trigger (L1) is hardware based. The High-LeVabger (HLT) is primarily imple-
mented in software and is subdivided into Level-2 (L2) arelEvent Filter (EF). An overview of
the trigger system is shown in Fig. 2. After an event is aamply the L1, the data from pipeline
memories are transferred through the derandomizer to #tkaet Driver (ROD) out of the detec-
tor. The ROD is an interface to the data acquisition (DAQ}eysthat defines the data format of
the event and provides error detection and recovery mesinaniThe data waiting for the L2 deci-
sion are temporarily stored in the read out buffers (ROBriEs accepted by L2 are transferred to
the event-building system and then to EF for a final selection
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Figure 2: Overview of the ATLAS trigger system.

2.1 Level-1 trigger

The L1 trigger is a hardware-based system which can use omplesalgorithms because of
its small latency limit of 2.5us. It uses only a subset of the ATLAS detector, particulanky t
calorimeters and muon chambers with reduced granularitg goal of L1 is to reduce the event
rate to 75 kHz. However, since the maximum interaction r&tebs-Pb collisions is 7.7 kHz [2] a
rejection at L1 is not needed. Despite this fact we need aiagitiL1 trigger because it provides
region of interest (Rol) that are supplied to the level-8gér. Events that pass the L1 selection
conditions are transferred from the detector-specifictfem electronics to the data acquisition

system.
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The basic quantity for the calorimeter trigger is the "tagdgower", an example of which is
shown in Fig. 3, which combines cells of the actual calorenet
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Figure 4: Description of the
ATLAS trigger tower scheme for
EM/Tau Rol’s.

Figure 3: Schematic diagram of the
ATLAS EM calorimeter.

L1 creates the following types of trigger objects:

e EM/Tau Rol: electronsy, T and single hadron candidates. These objects are recaestruc
by the electromagnetic calorimeter (electron, photon)raattonic calorimeterr(and hadrons).
The EM/Tau Rol’s can be restricted by setting up to 16 thrieishdrhese thresholds provide
criteria for electrons angr hadronic veto and for EM/Tau isolation. The electron/photo
andt/hadron finding algorithms covén| < 2.5 and are based on a sliding window of 4
trigger towers with granularity 0:40.1 inn and ¢ (see Fig. 4). Algorithms use six basic
elements [4]:

1. Four overlapping EM clusters, each summed over two eleztgnetic towers. This
element is used to measure t&ge of electromagnetic showers.

2. A hadronic core, four hadronic towers centred in the dtigor window behind the EM
clusters. This sum is used for isolation tests in the hadroaiorimeters.

3. Four hadronic clusters, each summed in depth over th&@ieagnetic and hadronic
calorimeters. These four hadronic clusters are formed diyintually summing two-
tower EM cluster (item 1) with the hadronic core (item 2). Slelement is used to
measure th&r of hadronic showers.

4. An electromagnetic isolation ring which consists of 18calomagnetic towers sur-
rounding clusters. This sum is used for isolation tests éndllectromagnetic calorime-
ters.

5. A hadronic isolation ring which consists of 12 hadroniwéos behind the electromag-
netic isolation ring. This sum is used for isolation testthie hadronic calorimeters.
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6. A 2x2-tower cluster Rol, summed in depth over the electromagnkeister regions and
hadronic core (item 2). Its center is in a local maximum gibgrthe sliding window
algorithm.

The requirements for electron/photon Rols are:

1. The most energetic of the four clusters in the electroreagrcalorimeter must be
greater than one of the 16 thresholds.

2. The cluster Rol must be a lodgt maximum compared to its neighbours

3. Isolation requirements - the totg} in the electromagnetic/hadronic isolation ring must
be less than the corresponding electromagnetic/hadrsaiation ring threshold.

4. The totalEt in the hadronic core must be less than the chosen threshold.
The requirements for Tau/hadron objects:

1. The most energetic of the four clusters in the electroreagr had. calorimeter must
be greater than a given threshold.

2. The cluster Rol must be a lodgt maximum compared to its neighbours

3. Isolation requirements, similar to that used for ela@fboton Rols.

e Jet Rol: hadronic jet candidate reconstructed by both hadroniefFadromagnetic calorime-
ter. There are two sets of thresholds: 8 thresholds for @edBT Rol's (n| < 3.2) and 4
thresholds for forward JET Rol’'s. The jet trigger algoritigxsimilar to ther/hadron trigger,
but it uses a different granularity and a different clusieges The basic units are the "jet
elements", which are formed by summing ovet22trigger towers, which means that the
granularity is 0.%0.2. Some jet elements in the forward regian|(> 2.4) have a different
size which implies that the JET Rol’s have also differenésas shown in Fig. 5.
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Figure 4: Trigger-tower granularity for > 0 and one quadrant in ¢.

Figure 5: Granularity for triggering in outer region [3].
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The jet algorithm has two components [4]:

1. A2x2 JET Rol

2. Jet windows which are used to measure theEjet The windows are summed over
2 x 2,3x 3o0r4x 4jet elements. The jet window slides in steps of one jet efeme
We use only the X 2 because of the large backgrounds in heavy ion collisions.

There are two requirements for JET Rol’s:

1. The cluster Rol must be a lodat maximum compared to its neighbours.
2. The jet windowEr must be greater than the jet threshold.

e Total Et: Total transverse energy. Four thresholds are available.

e Missing Er: Signature of neutral weakly interacting particles. A ddt thresholds is avail-
able.

e Muon Rol: Muon candidate object reconstructed by the ATLAS muon spewter. There
are 6 independently programmablge thresholds available.

There are several other conditions for candidate objedsdi multiple counting of Rol’s. More
information about the specifications of the L1 trigger caridaend in [1] and [3].

We used PYTHIA [6] events with 76 140 GeV jets and embedded them into unquenchinged
HIJING [7] events for testing the L1 trigger system in simigdas. We also tested the influence
of collision centrality on the trigger by using three sanspbé different impact parameter, which
controls the background multiplicity. The analysis wasriear out for three impact parameter
selectionsp=2, 6, 10 fm, which have averag&lddn = 2700, 1700, 460.

The trigger efficiency is defined by a number of Rol’s that amedferred from L1 to L2. This
number is limited by the trigger specifications. The limit fiET Rol’s is 32, and the limit for
EM/Tau Rol’s is 64. If the number of Rol’s reaches the limit tiecording stops. This implies that
loose thresholds can cause an effective loss of a part aficedter. An illustration of this effect is
in Fig. 6, where the asymmetry imis caused by exceeding the maximum number of Rol’s.

The left plot of Fig. 7 shows the number of EM/Tau Rol’s for tbeest default p+p thresholds.
The right plot of Fig. 7 shows the number of JET Rol’s for thevést default thresholds. It is seen
that we need to optimize thresholds in order to accept as nméenesting Rol's as possible, but
to stay below the maximum allowed. As a first attempt to opéntie L1 trigger, we use dijets to
calculate thresholds in order to have an average of five Refsvent.

Fig. 8 shows EM/Tau and JET Rol'’s integral distribution foe difference collision centrali-
ties. It is evident that the thresholds must depend on déaptrahich can be determined using the
total Er trigger information as one can see in Fig. 9. We can requirgirecitlence in the central
trigger processor (CTP) between the totaldhd the threshold for EM/JET Rol’s:

total Ef < X TeV & Rol Er > Y GeV
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Figure 6: Et versusn distribution of EM/Tau Rol’s in electromagnetic caloriraefor centralityb = 6 fm.

7o —— b=2fm z [ —— b=2fm
£ ATLAS preliminary — b=6fm 1201~ — b=6fm
60— —— b=10fm C —— b=10fm
5 = 1001~ ATLAS preliminary
E 8ol
40— C
E o
30— E
20 a0
10 : 20 }
oy E— PR ==V N =V il [ RN R b AR L I P B e M PRV ERRRR |
0 50 100 150 200 250 030 40 50 60 70 80 90
Number of EmROI Number of JetROI

Figure 7: left - Number of EM Rol’s for a 3 GeV thresholdight - Number of JET Rol’s for a 5 GeV
threshold.

We can use predefined thresholds for the EM/Tau and JET Rai'sdstainly we will have to
redefine the thresholds for totBf because the current values in firmware, designed for p+p, are
too low (the maximum value is presently 650 GeV, while thaltenergy in peripheral collisions
is expected to be 2 TeV). The overall set of suggested thigdslcan be found in table 2.

Total ET [TeV] | JET threshold [GeV] EM threshold [GeV]
0-5 18 3
5-9 35 7
9-13 42 7
13-16 70 13
> 16 70 13

Table 2: Suggested trigger menu

Fig. 10 shows the distributions of the number of trigger otgdor three different centralities
for suggested thresholds. One can see that distributiensadely below the saturation limit.

The resulting efficiency can be found in Fig. 11. The efficienan be further improved by
optimizing thresholds for heavy ion collisions (as showrnTable 3) and by running jet-finding
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Figure 8: (left) Integral distribution for EM/Tau Rol £ (right) same for JET Rol’s.

= 200 b

— b=6fm
—— b=10fm

180
160
140 ATLAS preliminary
120
100
80
60

40

20

M| P
15 20 25
SumE- [TeV]

Figure 9: Distribution of total & for three centrality bins (b = 2,6 and 10 fm).
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Figure 10: left - Number of EM Rol’s with suggested thresholagght - Number of JET Rol’s with sug-
gested thresholds.

algorithms at L2, not only on JET Rol’s but also on EM or Tadlftwe Rol’'s. This can be seen in
the right plot of Fig. 12, where Tau/hadron Rol’s are alsause

It has been mentioned that the endcaps and forward cal@ismbave a coarser granularity,
which leads to the Rol’s in this region having a larger sprisaah in the central region (as shown
in Fig. 13). This can bias efficiency and increase the numbBotAZs in these regions. An-
dependent threshold is a partial solution to this problera. Wl probably also accept all forward
JET Rol’s (12 forward JET Rol’s in each event) because of theje size (as shown in Fig. 5),
making it difficult to estimate if they contain jets at thegtger level.
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Total ET [TeV] | JET threshold [GeV] EM threshold [GeV]
0-5 18 3
5-9 25 6
9-13 38 7
13-16 50 8
> 16 60 9

Table 3: Proposed modification of trigger thresholds for ATLAS heauyrunning
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Figure 11: Jet trigger efficiency without any threshold modifications.

[N
[N

Efficiency

ATLAS preliminary ‘ ATLAS preliminary ‘

0.8 0.8

|
Ll
| |
|
\‘ |
T
| ]
—
‘\‘u‘
——
T
I
e
|
u'
T
|
o
|

L R I I L B R
|
T
|
1
\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\
Aik
»—
\
|
e
\

| |
|
06 7+7 —a b=2fm 06 I b — b=2fm
B xf***f — & b=6fm ——  b=6fm
04 ! , —&— b=10fm 0.4 —&— b=10fm
L
A
0.2 0.2
ol v v e e e e L ol L e e
0 20 40 60 80 100 120 0 20 40 60 80 100 120
E E

Figure 12: Jet trigger efficiency with modified thresholds deft if Tau/hadron Rol’s are included atT L2,
andright if EM Rol’s are included as well.

Overall, it is found that the ATLAS L1 trigger can be used efiecly in heavy ion collisions.

2.2 The Level-2 trigger

The level-2 (L2) trigger is based on software selection @tlgms running in the processor
farms to reduce the rate coming from L1 to about 900 Hz. Thelg@rdhms are seeded by L1
Rol’s so that only a small fraction of the event is transfeén@the L2. The L2 can access data from
all subdetectors with full granularity and latency limitli® ms; thus, it can use more sophisticated
algorithms. The L2 trigger refines the decision made by L1adds additional selection criteria.



Triggering on jetsin heavy ion collisions at the ATLAS experimentMartin Rybar for the ATLAS Collaboration

ATLAS preliminary

%200:—I 9
©.1801~ z
160
2140 ! 102
2120

<100

@
o

PN )
o o
U‘AH\‘H\‘H\‘H\‘H\‘H\‘\H‘\H‘H

N
o

A=

3 4 5
pseudorapidity

Figure 13: JET'sEt versusn distribution for centrality b=6 fm: strips at large pseualoidity are forward
JET Rol’s. The "U-shape" is caused by coarser granularitigérendcaps.

The L2 trigger consists of several steps which are groupgether into a trigger "chain". Each
trigger signature (e.g. a 60 GeV jet, or a 20 GeV muon) cooeds to a set of algorithms that are
executed sequentially. There are two basic algorithm types

1. Feature extraction algorithms (FEX) are used to access trigger objects (e.g. clusters,
tracks) which are used to create physics objects (e.g.gletstrons) to confirm the candidate
Rol.

2. Hypothesis algorithmsare used to reconstruct physics objects and apply cuts o the
reject events.

More information about the L2 trigger can be found in Ref$.giid [5].

At present, we use the default jet-finding algorithm at L2s la simple cone algorithm with
three iterations an® = 0.4. We do not have implementation of any background subtnagtét.
Figure 14 shows a first result from the L2 studies: the digtidim of jetEy for different centralities.
The input data contained jets with parton energy 35 - 70 GaVitis clear that the background
subtraction is absolutely necessary for any future stugy,gs it is in the offline analysis.

2.3 Event filter

The Event Filter (EF) is also software based. In contrastZdt kuns after the event building,
so it has access to the complete event. Its task is to redueBPiate to 60 Hz, with events
accepted by the EF archived to mass storage. The EF firstgdfind_2 decision, and is seeded
by L2 similarly to how L2 is seeded by L1 Rols. However, the BEsialgorithms similar to those
used for offline reconstruction, and we expect to adapt owentioffline scheme to the trigger in
the near future.

3. Conclusion

The ATLAS trigger is designed to cope with p+p collisions aGHz. We have proposed
modest changes to adapt it to heavy ion collisions. We hawestl100% efficiency for jets of 60

10
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Figure 14: Distribution of jet & in L2.

GeV and 50% efficiency down to 30 GeV in the most central HIJI&l@nts. The proposed L1
trigger menu can be found in Tables 2 and 3. We have studiquktfiermance of the L2 trigger, but
not yet done background subtraction. Overall we can coeclhdt the ATLAS trigger is capable
for use in heavy ion collisions.
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