
Iso =
pµ

T

ΣpR<0.2
T

       
     µIso effettua la selezione di muoni isolati, 
vale a dire provenienti da Z, W±, H ecc. e rigetta 
tutti quelli che provengono da jet, ad esempio 
quelli prodotti dai decadimenti di quark beauty e 
charm, utilizzando la variabile 
dʼisolamento, definita come:

HCAL

ECAL

ID

Muon Spectrometer
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Figure 5: η (a) and φ (b) of the track reconstructed by the L2 Inner Detector trigger versus the same
parameter reconstructed by the L2 standalone muon trigger for muons passing the L2 combined trigger
in collision events.

the external cones around the muon track. Data are compared with the Monte Carlo simulation of cosmic149

rays. Distributions in the internal cones are compatible with the ones expected, while the comparison150

with Monte Carlo of the distributions in the external cones suggests that the noise level in data is higher151

than expected from simulation for the hadron calorimeter and lower for the electromagnetic calorimeter.152
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Figure 6: Ratio of the cosmic ray muon pT and the sum of pT of the Inner Detector tracks reconstructed
inside the isolation cone (∆R < 0.2), measured by the L2 isolation algorithm. Data were collected in
autumn 2009 and compared with Monte Carlo simulation of cosmic rays.
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Figure 5: η (a) and φ (b) of the track reconstructed by the L2 Inner Detector trigger versus the same
parameter reconstructed by the L2 standalone muon trigger for muons passing the L2 combined trigger
in collision events.

the external cones around the muon track. Data are compared with the Monte Carlo simulation of cosmic149

rays. Distributions in the internal cones are compatible with the ones expected, while the comparison150

with Monte Carlo of the distributions in the external cones suggests that the noise level in data is higher151

than expected from simulation for the hadron calorimeter and lower for the electromagnetic calorimeter.152
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Figure 6: Ratio of the cosmic ray muon pT and the sum of pT of the Inner Detector tracks reconstructed
inside the isolation cone (∆R < 0.2), measured by the L2 isolation algorithm. Data were collected in
autumn 2009 and compared with Monte Carlo simulation of cosmic rays.
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Figure 8: Energy deposition distribution in Tile Calorimeter for cosmic ray muons triggered by L2. Data
were collected in autumn 2009.

4.3 EF trigger159

The final commissioning of the muon EF will need reasonable statistics of muons from collisions, in160

order to estimate efficiencies and resolutions. Performance of both EF algorithms has been analyzed and161

compared using the small sample of muons collected during the first LHC runs in collision mode.162

In Fig. 9 the pT distributions of the offline muons described in Sect. 3.2, selected in the TGC163

trigger acceptance region, are shown: for all of them (white), for the ones passing the L1 muon trigger164

(yellow) and for the ones passing the pT > 4 GeV hypothesis for EF muon standalone (cyan) and EF165

muon combined (red points) triggers. It can be observed how the application of the 4 GeV hypothesis at166

the level of the EF standalone trigger causes the rejection of one of the muons which were passing the167

L2 hypothesis very close to the pT threshold. Then, the EF combined trigger was able to reject the two168

muons below the 4 GeV threshold.169

Differences in the track geometrical parameters and in pT with respect to offline reconstruction have170

been studied for both EF algorithms.171

In Fig. 10 η (a) and φ (b) reconstructed by the EF muon standalone algorithm in collision events172

are plotted, after the track extrapolation to the IP, versus the corresponding parameters measured offline.173

The figures have been obtained from the sample described in Sect. 3.2; no pT hypothesis was applied174

and muons found in the commissioning chain, where the EF was called after L1 without any requirement175

at L2, are also shown. Fig. 10 shows a good correlation of muon EF with offline reconstruction for176

the muons passing the EF trigger. As expected, this correlation clearly improves in case of Fig. 11 (a)177

and (b), where η and φ are plotted for EF combined algorithms and offline combined muons, since they178

exploit the precise measurements provided by the ID.179

A comparison of the performance of the two EF trigger algorithms to the offline is reported in Fig.180

11. In these plots η (a), φ (b) and pT (c) reconstructed by the muon EF combined trigger algorithms (re-181

ferred to as TrigMuGirl and TrigMuonEF) for muons in collisions events, are compared with the values182

measured offline. Black triangles represent muons found in the commissioning chain. Geometrical track183

parameters from both EF algorithms are well correlated with the offline parameters, while some muons184

have been reconstructed by the EF with different transverse momentum than offline. This was investi-185
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La messa a punto del sistema di trigger dei muoni 
di ATLAS con i primi dati
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Figure 1: Distribution of the RPC trigger time difference, in bunch crossing units, with respect to the
L1 TRT cosmic ray trigger. The plot is for a cosmic ray run, with magnetic fields switched off, after
calibration of the system.
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Figure 2: Distributions of the RPC (a) and TGC (b) trigger time differences, in bunch crossing units,
with respect to the MBTS trigger in minimum bias events, for a sample of muon events selected from
900 GeV LHC collisions.

In the low pT range, the pT estimate provided by the L2 muon combined trigger is more accurate than133

the MS standalone trigger. For commissioning, however, the pT threshold applied after the combined134

algorithm is loose, therefore it does not provide additional rejection for low pT muons with respect to135

the muon spectrometer standalone trigger.136

Fig. 5 has been obtained with the offline reference sample described in Sect. 3.2 and shows a good137

correlation in η (a) and φ (b) between the muon track reconstructed by the L2 standalone muon trigger138

and the L2 Inner Detector track for muons passing the the L2 combined trigger, without applying any139

hypothesis on the muon pT .140
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Livello 1
< 75 kHz

~ µs

Livello 2
~ 1 kHz
~ 20 ms

Event Filter
~ 100 Hz

~ s

Livello 1:
y

z

I muoni vengono individuati cercando gli hit lasciati al loro passaggio attraverso i diversi strati di 
camere di trigger: gli hit dovuti a veri muoni sono in coincidenza sia spaziale che temporaleIl trigger di ATLAS: 

 40 MHz x 23 eventi @ L = 1034 cm-2s-1

•Requisiti:
‣ Velocità di selezione per sostenere l’elevatissima 

frequenza di interazione al Large Hadron Collider: 
frequenza di incrocio dei fasci di progetto ~40 
MHz x 23 eventi @ L = 1034 cm-2s-1;
‣ Riduzione della quantità di informazione da scrivere 

su disco (da ~1 GHz a ~200 Hz) massimizzando la 
reiezione dei fondi e l’efficienza sul segnale;

•Strategia: tre livelli di misura e selezione 
consecutivi
‣ Livello 1: hardware - tre strati di RPC (Resistive 

Plate Chamber) nel barrel e tre strati di TGC (Thin 
Gap Chamber) negli endcaps;
‣ Livello 2 e Event Filter: software - algoritmi che 

utilizzano l’informazione raccolta da tutti i 
rivelatori analizzando solo le Regioni di Interesse 
(RoI) individuate dal primo livello;

Gli hit correlati 
spazialmente 

sui diversi piani 
RPC vengono 

cercati 
allʼinterno di 

finestre di 
coincidenza 

(strade)

Il trigger di primo livello individua i muoni che attraversano 
lo spettrometro, ne stima il pT con lʼuso delle strade e ne 
individua la posizione allʼinterno del detector in termini di 
η e Φ costruendo una RoI. Le RoI individuate dal primo 

livello sono usate come seme per secondo livello

Giacomo Artoni
Francesco Lo Sterzo

Camilla Maiani

Mostriamo qui 
lʼallineamento 
temporale degli 
RPC: nel caso di 
raggi cosmici 
viene preso come 
riferimento il TRT 
(Transition 
Radiation Tracker) 
il quale è uno dei 
tracciatori interni 
di ATLAS, 
utilizzato come 
trigger 
indipendente. Per 
quanto riguarda le 
collisioni, il 
riferimento è 
rappresentato dai 
Minimum Bias 
Trigger Scintillator 
(MBTS), posti a 
grande η

Livello 2 µFast

Cosʼè la sagitta?
L = traccia del muone

s = sagitta
R = raggio di curvatura

s = L2/(8R)
e se B è il campo magnetico espresso in 

Tesla:
p = 0.3 B L2/(8s)

Livello 2 µTile

Livello 2 µIso

gated and is due to the ID tracks being reconstructed with a different pT in the trigger when compared to186

the offline ID tracks. With increasing statistics of muons from collisions, more quantitative information187

will be extracted from these comparisons.188
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Figure 9: pT distributions of offline muons from collisions, in the region covered by the TGC chambers,
shown for all muons (white), for the ones passing the L1 muon trigger (yellow) and for the ones passing
the pT > 4 GeV hypothesis at EF muon standalone trigger (cyan). No muon passes the pT > 4 GeV
hypothesis at EF muon combined trigger (no red point).
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Figure 10: η (a), φ (b) measured by EF muon standalone algorithm in collision events, after the track
extrapolation to the IP, versus the corresponding parameters measured in offline.
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gated and is due to the ID tracks being reconstructed with a different pT in the trigger when compared to186

the offline ID tracks. With increasing statistics of muons from collisions, more quantitative information187

will be extracted from these comparisons.188
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Figure 9: pT distributions of offline muons from collisions, in the region covered by the TGC chambers,
shown for all muons (white), for the ones passing the L1 muon trigger (yellow) and for the ones passing
the pT > 4 GeV hypothesis at EF muon standalone trigger (cyan). No muon passes the pT > 4 GeV
hypothesis at EF muon combined trigger (no red point).
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Figure 10: η (a), φ (b) measured by EF muon standalone algorithm in collision events, after the track
extrapolation to the IP, versus the corresponding parameters measured in offline.
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µFast ricostruisce il muone 
all'interno dello 

spettrometro, utilizzando gli 
hit delle camere di trigger 
(RPC) e delle camere di 

precisione (MDT, Monitored 
Drift Tubes); misura 

lʼimpulso del muone tramite 
il metodo della sagitta e le 
coordinate η e Φ allʼentrata 

dello spettrometro

µTile fornisce un metodo di 
identificazione dei µ 
indipendente dallo 

spettrometro, osservando il 
deposito di energia da MIP del 
muone nel calorimetro adronico 

(di circa 2 GeV, come è 
possibile vedere dal grafico)

Lʼ Event Filter (EF) è un algoritmo di ricostruzione offline riadattato allʼambiente di 
trigger; a differenza dei precedenti algoritmi, è in grado di ricostruire lʼevento 
nellʼintero rivelatore, senza doversi limitare ad una RoI. In particolare la ricostruzione 
parte dallo spettrometro, dove viene rieffettuato il fit sui segmenti di traccia; infine 
viene fatta unʼestrapolazione al vertice primario per poter identificare le corrette 
tracce dellʼID e completare la misura dei parametri.

Copertura del 
trigger di 

primo livello  
in un run di 
cosmici del 

2010.
Le parti vuote 
sono quelle a 

bassa 
accettanza 

geometrica.

• verde: strada di trigger (mu6)
• blu: hit di trigger mu0
• rosso: hit di trigger mu6

Livello 2 µComb
µComb parte dalle coordinate η e Φ fornite 
da µFast ed effettua unʼestrapolazione al 

vertice primario di interazione, così da 
trovare la traccia nellʼInner Detector (ID) che 

corrisponda al muone nello spettrometro. 
Una volta effettuata la combinazione è in 

grado di migliorare la risoluzione su pT, η e 
Φ della traccia.

In basso è mostrato il confronto fra η e Φ 
ricostruite dallʼID e quelle di µFast

Event
Filter

ϕ

L1

L2

L2

L1

ATLAS Work 
in Progress

ATLAS Work 
in Progress
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Figure 1: Distribution of the RPC trigger time difference, in bunch crossing units, with respect to the
L1 TRT cosmic ray trigger. The plot is for a cosmic ray run, with magnetic fields switched off, after
calibration of the system.
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Figure 2: Distributions of the RPC (a) and TGC (b) trigger time differences, in bunch crossing units,
with respect to the MBTS trigger in minimum bias events, for a sample of muon events selected from
900 GeV LHC collisions.

In the low pT range, the pT estimate provided by the L2 muon combined trigger is more accurate than133

the MS standalone trigger. For commissioning, however, the pT threshold applied after the combined134

algorithm is loose, therefore it does not provide additional rejection for low pT muons with respect to135

the muon spectrometer standalone trigger.136

Fig. 5 has been obtained with the offline reference sample described in Sect. 3.2 and shows a good137

correlation in η (a) and φ (b) between the muon track reconstructed by the L2 standalone muon trigger138

and the L2 Inner Detector track for muons passing the the L2 combined trigger, without applying any139

hypothesis on the muon pT .140
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-3 -2 -1 0 1 2 3

!
L
2
 I
n
n
e
r 

D
e
te

c
to

r 
tr

a
c
k
 

-3

-2

-1

0

1

2

3

ATLAS Preliminary

 = 900 GeVs

Data 2009

(a)

 [rad]!L2 standalone muon track 

-3 -2 -1 0 1 2 3

 [
ra

d
]

!
L
2
 I
n
n
e
r 

D
e
te

c
to

r 
tr

a
c
k
 

-3

-2

-1

0

1

2

3

ATLAS Preliminary

 = 900 GeVs

Data 2009

(b)

Figure 5: η (a) and φ (b) of the track reconstructed by the L2 Inner Detector trigger versus the same
parameter reconstructed by the L2 standalone muon trigger for muons passing the L2 combined trigger
in collision events.

GeV, i.e. energy deposited in the electromagnetic (EC) and hadron calorimeters (HC), in the internal149

and in the external cones around the muon track. Data are compared with the Monte Carlo simulation of150

cosmic rays. There is, in general, a reasonable agreement in the distributions between data and Monte151

Carlo expectations. Observed discrepancies are due to differences in the noise level in both hadron and152

electromagnetic calorimeters between data and simulation.153
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Figure 6: Ratio of the cosmic ray muon pT and the sum of pT of the Inner Detector tracks reconstructed
inside the isolation cone (∆R < 0.2), measured by the L2 isolation algorithm. Data were collected in
autumn 2009 and compared with Monte Carlo simulation of cosmic rays.
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