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Table 1: The main ATLAS triggers used for runs with luminosities up to 1.7 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.7 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be
of medium flavour, unless specified otherwise. An online isolation requirement is indicated as (i). Topological
requirements between Level-1 objects are indicated as (topo). For the di-tau trigger, disambiguation is imposed by a
minimal �R requirement on the isolated Level-1 tau objects. For B-Physics triggers, di-muon vertices are required
to have a positive displacement at HLT, and dedicated selections for di-muon spectra, J/ ’s, B-mesons and ⌥’s are
applied as indicated with (di-µ), (J/ ), (B) and (⌥), respectively. The typical o�ine selections are only indicative
and determined by resolution e�ects. The total rates at Level-1 and HLT in the bottom row are not just the sum of the
single entries but taken from online measurements. Only a selected number of main-physics triggers is displayed in
this table to indicate the breadth of the physics programme covered by the online trigger selections. The full trigger
menu includes a very large number of HLT chains (about 1500), including a dedicated set of supporting triggers
that comprise about 15% of the total HLT output rate.

Trigger Typical o�ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)

L = 1.7 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 187
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 26 178
Single µ, pT > 52 GeV 20 50 16 65
Single e, pT > 61 GeV 22 (i) 60 26 17
Single ⌧, pT > 170 GeV 100 160 1.2 49

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.0 30
Two µ’s, pT > 23, 9 GeV 20 22, 8 16 42
Two very loose e’s, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 1.6 11
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 5
One e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.0 4
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 26 2
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.1 59
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 9
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3.9 16

Three leptons

Three loose e’s, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.2 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 8
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 8
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 2.0 0.3
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.6 0.2

One photon One loose �, pT > 145 GeV 22 (i) 140 26 46

Two photons
Two loose �’s, pT > 55, 55 GeV 2 ⇥ 20 50, 50 2.4 6
Two medium �’s, pT > 40, 30 GeV 2 ⇥ 20 35, 25 2.4 18
Two tight �’s, pT > 25, 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.4 15

Single jet Jet (R = 0.4), pT > 435 GeV 100 420 3.4 33
Jet (R = 1.0), pT > 480 GeV 100 460 3.4 24

Emiss
T Emiss

T > 200 GeV 50 110 4.4 100

Multi-jets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.9 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.9 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.9 15

b�jets

One b (✏ = 40%), pT > 235 GeV 100 225 3.4 15
Two b’s (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.4 12
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 4.9 15
Two b’s (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 2.7 15
Two b’s (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 4.9 13

B-Physics

Two µ’s, pT > 11, 6 GeV 11, 6 11, 6 (di-µ) 3.1 50
Two µ’s, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.8 59
Two µ’s, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.8 7
Two µ’s, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.5 10

Total Rate 85 1550

1
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Table 1: The main ATLAS triggers used for runs with luminosities up to 1.7 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.7 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be
of medium flavour, unless specified otherwise. An online isolation requirement is indicated as (i). Topological
requirements between Level-1 objects are indicated as (topo). For the di-tau trigger, disambiguation is imposed by a
minimal �R requirement on the isolated Level-1 tau objects. For B-Physics triggers, di-muon vertices are required
to have a positive displacement at HLT, and dedicated selections for di-muon spectra, J/ ’s, B-mesons and ⌥’s are
applied as indicated with (di-µ), (J/ ), (B) and (⌥), respectively. The typical o�ine selections are only indicative
and determined by resolution e�ects. The total rates at Level-1 and HLT in the bottom row are not just the sum of the
single entries but taken from online measurements. Only a selected number of main-physics triggers is displayed in
this table to indicate the breadth of the physics programme covered by the online trigger selections. The full trigger
menu includes a very large number of HLT chains (about 1500), including a dedicated set of supporting triggers
that comprise about 15% of the total HLT output rate.

Trigger Typical o�ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)

L = 1.7 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 187
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 26 178
Single µ, pT > 52 GeV 20 50 16 65
Single e, pT > 61 GeV 22 (i) 60 26 17
Single ⌧, pT > 170 GeV 100 160 1.2 49

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.0 30
Two µ’s, pT > 23, 9 GeV 20 22, 8 16 42
Two very loose e’s, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 1.6 11
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 5
One e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.0 4
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 26 2
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.1 59
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 9
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3.9 16

Three leptons

Three loose e’s, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.2 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 8
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 8
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 2.0 0.3
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.6 0.2

One photon One loose �, pT > 145 GeV 22 (i) 140 26 46

Two photons
Two loose �’s, pT > 55, 55 GeV 2 ⇥ 20 50, 50 2.4 6
Two medium �’s, pT > 40, 30 GeV 2 ⇥ 20 35, 25 2.4 18
Two tight �’s, pT > 25, 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.4 15

Single jet Jet (R = 0.4), pT > 435 GeV 100 420 3.4 33
Jet (R = 1.0), pT > 480 GeV 100 460 3.4 24

Emiss
T Emiss

T > 200 GeV 50 110 4.4 100

Multi-jets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.9 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.9 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.9 15

b�jets

One b (✏ = 40%), pT > 235 GeV 100 225 3.4 15
Two b’s (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.4 12
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 4.9 15
Two b’s (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 2.7 15
Two b’s (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 4.9 13

B-Physics

Two µ’s, pT > 11, 6 GeV 11, 6 11, 6 (di-µ) 3.1 50
Two µ’s, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.8 59
Two µ’s, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.8 7
Two µ’s, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.5 10
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Table 1: The main ATLAS triggers used for runs with luminosities up to 1.7 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.7 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be
of medium flavour, unless specified otherwise. An online isolation requirement is indicated as (i). Topological
requirements between Level-1 objects are indicated as (topo). For the di-tau trigger, disambiguation is imposed by a
minimal �R requirement on the isolated Level-1 tau objects. For B-Physics triggers, di-muon vertices are required
to have a positive displacement at HLT, and dedicated selections for di-muon spectra, J/ ’s, B-mesons and ⌥’s are
applied as indicated with (di-µ), (J/ ), (B) and (⌥), respectively. The typical o�ine selections are only indicative
and determined by resolution e�ects. The total rates at Level-1 and HLT in the bottom row are not just the sum of the
single entries but taken from online measurements. Only a selected number of main-physics triggers is displayed in
this table to indicate the breadth of the physics programme covered by the online trigger selections. The full trigger
menu includes a very large number of HLT chains (about 1500), including a dedicated set of supporting triggers
that comprise about 15% of the total HLT output rate.

Trigger Typical o�ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)

L = 1.7 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 187
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 26 178
Single µ, pT > 52 GeV 20 50 16 65
Single e, pT > 61 GeV 22 (i) 60 26 17
Single ⌧, pT > 170 GeV 100 160 1.2 49

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.0 30
Two µ’s, pT > 23, 9 GeV 20 22, 8 16 42
Two very loose e’s, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 1.6 11
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 5
One e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.0 4
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 26 2
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.1 59
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 9
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3.9 16

Three leptons

Three loose e’s, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.2 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 8
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 8
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 2.0 0.3
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.6 0.2

One photon One loose �, pT > 145 GeV 22 (i) 140 26 46

Two photons
Two loose �’s, pT > 55, 55 GeV 2 ⇥ 20 50, 50 2.4 6
Two medium �’s, pT > 40, 30 GeV 2 ⇥ 20 35, 25 2.4 18
Two tight �’s, pT > 25, 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.4 15

Single jet Jet (R = 0.4), pT > 435 GeV 100 420 3.4 33
Jet (R = 1.0), pT > 480 GeV 100 460 3.4 24

Emiss
T Emiss

T > 200 GeV 50 110 4.4 100

Multi-jets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.9 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.9 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.9 15

b�jets

One b (✏ = 40%), pT > 235 GeV 100 225 3.4 15
Two b’s (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.4 12
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 4.9 15
Two b’s (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 2.7 15
Two b’s (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 4.9 13

B-Physics

Two µ’s, pT > 11, 6 GeV 11, 6 11, 6 (di-µ) 3.1 50
Two µ’s, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.8 59
Two µ’s, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.8 7
Two µ’s, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.5 10

Total Rate 85 1550
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Table 1: The main ATLAS triggers used for runs with luminosities up to 1.7 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.7 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be
of medium flavour, unless specified otherwise. An online isolation requirement is indicated as (i). Topological
requirements between Level-1 objects are indicated as (topo). For the di-tau trigger, disambiguation is imposed by a
minimal �R requirement on the isolated Level-1 tau objects. For B-Physics triggers, di-muon vertices are required
to have a positive displacement at HLT, and dedicated selections for di-muon spectra, J/ ’s, B-mesons and ⌥’s are
applied as indicated with (di-µ), (J/ ), (B) and (⌥), respectively. The typical o�ine selections are only indicative
and determined by resolution e�ects. The total rates at Level-1 and HLT in the bottom row are not just the sum of the
single entries but taken from online measurements. Only a selected number of main-physics triggers is displayed in
this table to indicate the breadth of the physics programme covered by the online trigger selections. The full trigger
menu includes a very large number of HLT chains (about 1500), including a dedicated set of supporting triggers
that comprise about 15% of the total HLT output rate.

Trigger Typical o�ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)

L = 1.7 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 187
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 26 178
Single µ, pT > 52 GeV 20 50 16 65
Single e, pT > 61 GeV 22 (i) 60 26 17
Single ⌧, pT > 170 GeV 100 160 1.2 49

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.0 30
Two µ’s, pT > 23, 9 GeV 20 22, 8 16 42
Two very loose e’s, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 1.6 11
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 5
One e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.0 4
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 26 2
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.1 59
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 9
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3.9 16

Three leptons

Three loose e’s, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.2 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 8
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 8
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 2.0 0.3
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.6 0.2

One photon One loose �, pT > 145 GeV 22 (i) 140 26 46

Two photons
Two loose �’s, pT > 55, 55 GeV 2 ⇥ 20 50, 50 2.4 6
Two medium �’s, pT > 40, 30 GeV 2 ⇥ 20 35, 25 2.4 18
Two tight �’s, pT > 25, 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.4 15

Single jet Jet (R = 0.4), pT > 435 GeV 100 420 3.4 33
Jet (R = 1.0), pT > 480 GeV 100 460 3.4 24

Emiss
T Emiss

T > 200 GeV 50 110 4.4 100

Multi-jets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.9 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.9 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.9 15

b�jets

One b (✏ = 40%), pT > 235 GeV 100 225 3.4 15
Two b’s (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.4 12
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 4.9 15
Two b’s (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 2.7 15
Two b’s (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 4.9 13

B-Physics

Two µ’s, pT > 11, 6 GeV 11, 6 11, 6 (di-µ) 3.1 50
Two µ’s, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.8 59
Two µ’s, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.8 7
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Table 1: The main ATLAS triggers used for runs with luminosities up to 1.7 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.7 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be
of medium flavour, unless specified otherwise. An online isolation requirement is indicated as (i). Topological
requirements between Level-1 objects are indicated as (topo). For the di-tau trigger, disambiguation is imposed by a
minimal �R requirement on the isolated Level-1 tau objects. For B-Physics triggers, di-muon vertices are required
to have a positive displacement at HLT, and dedicated selections for di-muon spectra, J/ ’s, B-mesons and ⌥’s are
applied as indicated with (di-µ), (J/ ), (B) and (⌥), respectively. The typical o�ine selections are only indicative
and determined by resolution e�ects. The total rates at Level-1 and HLT in the bottom row are not just the sum of the
single entries but taken from online measurements. Only a selected number of main-physics triggers is displayed in
this table to indicate the breadth of the physics programme covered by the online trigger selections. The full trigger
menu includes a very large number of HLT chains (about 1500), including a dedicated set of supporting triggers
that comprise about 15% of the total HLT output rate.

Trigger Typical o�ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)

L = 1.7 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 187
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 26 178
Single µ, pT > 52 GeV 20 50 16 65
Single e, pT > 61 GeV 22 (i) 60 26 17
Single ⌧, pT > 170 GeV 100 160 1.2 49

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.0 30
Two µ’s, pT > 23, 9 GeV 20 22, 8 16 42
Two very loose e’s, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 1.6 11
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 5
One e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.0 4
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 26 2
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.1 59
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 9
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3.9 16

Three leptons

Three loose e’s, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.2 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 8
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 8
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 2.0 0.3
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.6 0.2

One photon One loose �, pT > 145 GeV 22 (i) 140 26 46

Two photons
Two loose �’s, pT > 55, 55 GeV 2 ⇥ 20 50, 50 2.4 6
Two medium �’s, pT > 40, 30 GeV 2 ⇥ 20 35, 25 2.4 18
Two tight �’s, pT > 25, 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.4 15

Single jet Jet (R = 0.4), pT > 435 GeV 100 420 3.4 33
Jet (R = 1.0), pT > 480 GeV 100 460 3.4 24

Emiss
T Emiss

T > 200 GeV 50 110 4.4 100

Multi-jets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.9 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.9 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.9 15

b�jets

One b (✏ = 40%), pT > 235 GeV 100 225 3.4 15
Two b’s (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.4 12
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 4.9 15
Two b’s (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 2.7 15
Two b’s (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 4.9 13

B-Physics

Two µ’s, pT > 11, 6 GeV 11, 6 11, 6 (di-µ) 3.1 50
Two µ’s, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.8 59
Two µ’s, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.8 7
Two µ’s, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.5 10

Total Rate 85 1550
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Table 1: The main ATLAS triggers used for runs with luminosities up to 1.7 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.7 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be
of medium flavour, unless specified otherwise. An online isolation requirement is indicated as (i). Topological
requirements between Level-1 objects are indicated as (topo). For the di-tau trigger, disambiguation is imposed by a
minimal �R requirement on the isolated Level-1 tau objects. For B-Physics triggers, di-muon vertices are required
to have a positive displacement at HLT, and dedicated selections for di-muon spectra, J/ ’s, B-mesons and ⌥’s are
applied as indicated with (di-µ), (J/ ), (B) and (⌥), respectively. The typical o�ine selections are only indicative
and determined by resolution e�ects. The total rates at Level-1 and HLT in the bottom row are not just the sum of the
single entries but taken from online measurements. Only a selected number of main-physics triggers is displayed in
this table to indicate the breadth of the physics programme covered by the online trigger selections. The full trigger
menu includes a very large number of HLT chains (about 1500), including a dedicated set of supporting triggers
that comprise about 15% of the total HLT output rate.

Trigger Typical o�ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)

L = 1.7 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 187
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 26 178
Single µ, pT > 52 GeV 20 50 16 65
Single e, pT > 61 GeV 22 (i) 60 26 17
Single ⌧, pT > 170 GeV 100 160 1.2 49

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.0 30
Two µ’s, pT > 23, 9 GeV 20 22, 8 16 42
Two very loose e’s, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 1.6 11
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 5
One e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.0 4
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 26 2
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.1 59
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.1 9
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3.9 16

Three leptons

Three loose e’s, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.2 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 8
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 8
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 2.0 0.3
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.6 0.2

One photon One loose �, pT > 145 GeV 22 (i) 140 26 46

Two photons
Two loose �’s, pT > 55, 55 GeV 2 ⇥ 20 50, 50 2.4 6
Two medium �’s, pT > 40, 30 GeV 2 ⇥ 20 35, 25 2.4 18
Two tight �’s, pT > 25, 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.4 15

Single jet Jet (R = 0.4), pT > 435 GeV 100 420 3.4 33
Jet (R = 1.0), pT > 480 GeV 100 460 3.4 24

Emiss
T Emiss

T > 200 GeV 50 110 4.4 100

Multi-jets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.9 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.9 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.9 15

b�jets

One b (✏ = 40%), pT > 235 GeV 100 225 3.4 15
Two b’s (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.4 12
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 4.9 15
Two b’s (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 2.7 15
Two b’s (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 4.9 13

B-Physics

Two µ’s, pT > 11, 6 GeV 11, 6 11, 6 (di-µ) 3.1 50
Two µ’s, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.8 59
Two µ’s, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.8 7
Two µ’s, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.5 10

Total Rate 85 1550
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• Low-mass resonances:

• “Trigger-level analysis” or

• Trigger on ISR:

?
q

q

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerPublicResults
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γ

Single-γ or γ+jet trigger  

• better at high mass 
   (lower γ-pTmin)

• worse for low mass 
   (higher jet-pTmin)

https://arxiv.org/abs/1901.10917


• Flavor-inclusive and 2-b-tag selections

• SM dijet (t-channel) suppressed by y* < 0.75

| / 2
2

 - y
1

 = |y*y
0 0.5 1 1.5 2 2.5

Fr
ac

tio
n/

Bi
n

0

0.02

0.04

0.06

0.08

0.1

0.12

Si
gn

ifi
ca

nc
e

0.02

0.03

0.04

0.05

0.06

0.07Background
 = 0.2

q
 = 550 GeV, gZ’m
BS/

ATLAS Simulation Internal

 = 13 TeVs
Single-photon trigger

 < 600 GeVjj500 GeV < m

Dijet resonances at low mass

6

arXiv:1901.10917
January ‘19

?
q

q
γ

Single-γ or γ+jet trigger  

• better at high mass 
   (lower γ-pTmin)

• worse for low mass 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Sliding windows estimate  

• Select a bin

• Choose a function 

• Use largest possible range with:

• p-value > 0.05

• Fit function to data in range

• Repeat for each bin  

• Choose function with largest  
  p-value (3 - 5 parameters)

• Function with lowest p-value  
  as systematic variation

https://arxiv.org/abs/1901.10917
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Sliding windows estimate  

• Select a bin

• Choose a function 

• Use largest possible range with:

• p-value > 0.05

• Fit function to data in range

• Repeat for each bin  

• Choose function with largest  
  p-value (3 - 5 parameters)

• Function with lowest p-value  
  as systematic variation

https://arxiv.org/abs/1901.10917
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• 2-b-tag selection sensitive to models with enhanced couplings to b-quarks

• 2-b-tag sensitivity to flavour-inclusive couplings even slightly better than  
   flavour-inclusive selection

https://arxiv.org/abs/1901.10917
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ATLAS-CONF-2019-007
February ‘19

• Trigger pT threshold: 420 GeV

• y* < 0.6

• Variable binning to reflect varying resolution  

• Background estimate with sliding windows

• Chose function with 4 parameters

• 5 parameters as systematic variation

http://cdsweb.cern.ch/record/2668385


Dijet resonances at high mass
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ATLAS-CONF-2019-007
February ‘19

• Improved sensitivity compared to result with 2015/16 data

• Benchmark: q* model

• But constraining many more models

PRD 96 (2017) 052004

http://cdsweb.cern.ch/record/2668385
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.052004
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ATLAS-CONF-2018-052
November ‘18

• Candidate jet:

• pT > 480 GeV

• 70 GeV < m < 230 GeV

• 2m / pT < 1

• 2 b-tagged track jets

?
b

b

g

b
b

b
b

boost

http://cdsweb.cern.ch/record/2649081
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• Multijet estimate:

• Fit to data

• Choose function in 0-b CR:  
   slice with data ~ SR

• Rest from MC (+ tt CR)-

b-anti-b resonances
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ATLAS-CONF-2018-052
November ‘18

• Candidate jet:

• pT > 480 GeV

• 70 GeV < m < 230 GeV

• 2m / pT < 1

• 2 b-tagged track jets
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ATLAS-CONF-2018-052
November ‘18

• Complementary to dijet+γ search 
   with 2-b-tag selection

arXiv:1901.10917

http://cdsweb.cern.ch/record/2649081
https://arxiv.org/abs/1901.10917
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Top-antitop resonances

• Allhadronic analysis

• Low mass: multijet final state (“resolved”)

• High mass: two large-R jets (“boosted”)  

• Suppression of multijet-background 

• b-tagging and top-quark reconstruction

• Resolved: “buckets of tops” based on mtop and mW

• Boosted: top-tagging based on mtop and pronginess 

• Multijet estimate from data

• Using background-rich regions

• Resolved: invert b-tag & top-reco quality

• Boosted: invert b-tag & jet mass
14

arXiv:1902.10077
February ‘19

MC (incl. EW corr.)

https://arxiv.org/abs/1902.10077


 [TeV]ttm
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

 E
ffi

ci
en

cy
 [%

]
×

Ac
ce

pt
an

ce
 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

Resolved

Boosted

ATLAS Simulation
 = 13 TeVs

All SRs
TC2Z’

 [TeV]Z’m
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

 B
 [p

b]
× 

σ

3−10

2−10

1−10

1

10

210

310

410

510

Observed 95% CL upper limit
Expected 95% CL upper limit

σ 1 ±Expected 95% CL upper limit 
σ 2 ±Expected 95% CL upper limit 

 1.3×=1.2% cross−section Γ TC2LO Z’
=3% cross−sectionΓ TC2NLO Z’
=1% cross−sectionΓ TC2NLO Z’

ATLAS -1 = 13 TeV, 36.1 fbs

R
es

ol
ve

d

Bo
os

te
d

Top-antitop resonances
• One fit per analysis:

• 3 CRs + 1 SR (resolved)

• 8 SRs (boosted) based on b-tag, jet mass and τ32 likelihood ratio

• Sensitivity comparable to ℓ+jets analysis (EPJC 78 (2018) 565)
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-5995-6
https://arxiv.org/abs/1902.10077
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Top-antitop resonances
• One fit per analysis:

• 3 CRs + 1 SR (resolved)

• 8 SRs (boosted) based on b-tag, jet mass and τ32 likelihood ratio

• Sensitivity comparable to ℓ+jets analysis (EPJC 78 (2018) 565)
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Vector-like quarks
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Vector-like Quarks (VLQ)

• LH & RH parts transform the same

• Mass not by Higgs mechanism

• If couple preferentially to 3rd generation 
  ⟹ “top partners” (T, B, X, Y)

Chiral 4th quark generation

• excluded by Higgs measurements 
 
  H

T

T

T

quark

boson
BR(Ht) = 1

BR(Wb) = 1

BR(Zt) = 1



VLQ pair-production combination

 Combination of

• 6 published analyses for vector-like T

• 4 published analyses for vector-like B

18

PRL 121 (2018) 211801 
August ‘18
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Single-VLQ production

 For large masses

• Single-production cross section may be 
  larger than pair-production cross section

• Depends on electroweak coupling

19

400 600 800 1000 1200 1400 1600 1800 2000
mQ (GeV)

10-3

10-2

10-1

1

10

102

103

104

σ
m

ax
 (f

b)

QQ
Ybj
Tbj
Bbj
Ttj
Xtj(T B)

(X T)

(T)

8 TeV

(B Y)

400 600 800 1000 1200 1400 1600 1800 2000
mQ (GeV)

10-1

1

10

102

103

104

σ
m

ax
 (f

b)

QQ
Ybj
Tbj
Bbj
Ttj
Xtj

(T B)

(X T)

(T)

13 TeV

(B Y)

Figure 4: Maximum single heavy quark production cross sections at the LHC with 8 TeV

(left) and 13 TeV (right), for selected quark multiplets. The dotted part of the lines

indicate the range of masses already excluded by direct searches. In the left plot, the

shaded area corresponds to cross sections below 1 fb, uninteresting for the luminosity

L ≃ 20 fb−1 collected.

The Y quark decays into W−b with 100% branching ratio, so the signal resulting from

its single production is Y b̄j → W−bb̄j, which may be distinguished from the production

of W + jets by the large Wb invariant mass and the presence of a forward jet. For T b̄j,

the T singlet decays into W+b, Zt and Ht with branching ratios around 0.5 : 0.25 : 0.25.

The resulting signal W+bb̄j should be visible over the W+ jets background; in the Zt

decay channel the leptonic Z mode gives a clean signal but with a small branching ratio

and the signal in the Higgs channel might be identified by requiring several b tags and a

forward jet. The same can be said about Bb̄j with B → Hb, Zb, which have branching

ratios around 0.5 : 0.5 for the (B Y ) doublet. More detailed studies of the LHC sensitivity

to single T production have been given in [73–75].

7 Effects in top couplings

Using the explicit expressions for the Lagrangians collected in Appendix A, the limits on

mixing angles presented in the previous section can be directly translated into constraints

contributions of different vector-like multiplets (and/or other types of new physics), as we have discussed

above. Whether the large mixings necessary to make these processes phenomenologically relevant are

compatible with precision electroweak data needs to be checked for each model of this kind.
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-1=13 TeV, 36.1 fbs

Single-VLQ → Wb

• one e or μ   &   ETmiss   &   one b-jet   &   one forward jet

• Main backgrounds: W+jets and single top

• Interfere with signal

• Depends on signal width and hence coupling
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Summary
• Significant improvements due to

• Increased dataset 
 

• New analysis strategies

• Many analyses with full Run-2 data still to come

Luminosity 3.6 fb-1 37 fb-1 139 fb-1

q* limit 5.2 TeV 6.0 TeV 6.7 TeV

Dijet analyses at 13 TeV


