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for an axion helioscope [32]. Inspired by the ATLAS barrel and end-cap toroids, a large supercon-
ducting toroidal magnet is currently being designed to fulfill the requirements of IAXO. The new
toroid will be built up from eight, 1m-wide and 21m-long, racetrack coils. The innovative magnet
system is sized 5.2 m in diameter and 25 m in length. It is designed to realize a peak magnetic field
of 5.4 T with a stored energy of 500 MJ at the operational current of 12.3 kA.

2.1 Figure of merit and lay-out optimization

The general guideline to define the lay-out of the new toroidal magnet has been to optimize the
MFOM fM = L2B2A, as defined in [32], where L is the magnet length, B the effective magnetic
field and A the aperture covered by the x-ray optics. Currently, the MFOM of the CAST magnet
is 21 T2m4. As discussed in [32], an MFOM of 300 relative to CAST is necessary for IAXO to
aim at sensitivities to gag of at least one order of magnitude beyond the current CAST bounds.
Accordingly, we have adopted the latter value as the primary design criterion for the definition of
the toroidal magnet system, together with other practical constraints such as the maximum realistic
size and number of the x-ray optics (section 3) and the fact that the design should rely on known
and well proven engineering solutions and manufacturing techniques.

To determine the MFOM, the magnet straight section length L is set to 20 m and the integrationR
B2(x,y)dxdy is performed over the open area covered by the x-ray optics. Hence, to perform the

Figure 2. Schematic view of IAXO. Shown are the cryostat, eight x-ray optics and detectors, the flexible
lines guiding services into the magnet, cryogenics and powering services units, inclination system and the
rotating disk for horizontal movement. The dimensions of the system can be appreciated by a comparison to
the human figure positioned by the rotating table.
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Tackling New Physics with Distinct Signatures
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Spoiler Alert!

6twitter.com/DrAndreDavid

No significant deviations  
from the SM observed so far.

One single discovery  
may turn particle  
physics upside down.  
 

Model ℓ, γ Jets† Emiss
T

∫
L dt[fb−1] Limit Reference

E
xt

ra
d

im
e

n
si

o
n

s
G

a
u

g
e

b
o

so
n

s
C

I
D

M
L

Q
H

e
a
vy

q
u

a
rk

s
E

xc
ite

d
fe

rm
io

n
s

O
th

e
r

ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 1711.033017.7 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.091278.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 1707.041474.1 TeVGKK mass

Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass

Bulk RS GKK →WW /ZZ → qqqq 0 e, µ 2 J − 139 k/MPl = 1.0 ATLAS-CONF-2019-0032.8 TeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass

Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 1% 1804.108233.0 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 79.8 ATLAS-CONF-2018-0175.6 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 36.1 1801.069923.7 TeVW′ mass

HVT V ′ →WV → qqqq model B 0 e, µ 2 J − 139 gV = 3 ATLAS-CONF-2019-0034.4 TeVV′ mass

HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 1712.065182.93 TeVV′ mass

LRSM W ′
R
→ tb multi-channel 36.1 1807.104733.25 TeVW′ mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL 1707.0242440.0 TeVΛ

CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) = 1 GeV 1711.033011.55 TeVmmed

Colored scalar mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 g=1.0, m(χ) = 1 GeV 1711.033011.67 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗
Scalar reson. φ→ tχ (Dirac DM) 0-1 e, µ 1 b, 0-1 J Yes 36.1 y = 0.4, λ = 0.2, m(χ) = 10 GeV 1812.097433.4 TeVmφ

Scalar LQ 1st gen 1,2 e ≥ 2 j Yes 36.1 β = 1 1902.003771.4 TeVLQ mass

Scalar LQ 2nd gen 1,2 µ ≥ 2 j Yes 36.1 β = 1 1902.003771.56 TeVLQ mass

Scalar LQ 3rd gen 2 τ 2 b − 36.1 B(LQu
3 → bτ) = 1 1902.081031.03 TeVLQu

3
mass

Scalar LQ 3rd gen 0-1 e, µ 2 b Yes 36.1 B(LQd
3 → tτ) = 0 1902.08103970 GeVLQd

3
mass

VLQ TT → Ht/Zt/Wb + X multi-channel 36.1 SU(2) doublet 1808.023431.37 TeVT mass

VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass

VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ Y →Wb + X 1 e, µ ≥ 1 b, ≥ 1j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb + X 0 e,µ, 2 γ ≥ 1 b, ≥ 1j Yes 79.8 κB= 0.5 ATLAS-CONF-2018-0241.21 TeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) ATLAS-CONF-2019-0076.7 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 36.1 1805.092992.6 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 1 e, µ ≥ 2 j Yes 79.8 ATLAS-CONF-2018-020560 GeVN0 mass

LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass

Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production 1710.09748870 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±
L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 36.1 DY production, |q| = 5e 1812.036731.22 TeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: March 2019

ATLAS Preliminary∫
L dt = (3.2 – 139) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).
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Diboson Combination
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• 12 diboson searches 
  combined

• Various complementary 
   final states

• Including VBF signatures

Table 3: Summary of analysis channels, diboson states they are sensitive to, and their experimental signatures. The
selection reflects requirements specific to each channel. Additional jets (not included in the “Jets” column) are
required to define VBF categories. The notation “j” represents small-R jets and “J” represents large-R jets. Leptons
are either electrons or muons. The notation “1e, 1µ” means that the signature is either 1e or 1µ, whereas “1e+1µ”
means 1e and 1µ. A veto is imposed on E

miss
T in some channels to guarantee orthogonality between final-state

channels. The symbol “�” signifies that no requirement is imposed on a given signature.

Channel Diboson state Selection VBF cat. Reference
Leptons E

miss
T Jets b-tags

qqqq WW/W Z/Z Z 0 veto 2J � � [9]
⌫⌫qq W Z/Z Z 0 yes 1J � yes [13]
`⌫qq WW/W Z 1e, 1µ yes 2j, 1J � yes [10]
``qq W Z/Z Z 2e, 2µ � 2j, 1J � yes [13]
``⌫⌫ Z Z 2e, 2µ yes � 0 yes [14]
`⌫`⌫ WW 1e+1µ yes � 0 yes [12]
`⌫`` W Z 3e, 2e+1µ, 1e+2µ, 3µ yes � 0 yes [11]
```` Z Z 4e, 2e+2µ, 4µ � � � yes [14]
qqbb WH/ZH 0 veto 2J 1, 2 � [15]
⌫⌫bb ZH 0 yes 2j, 1J 1, 2 � [16]
`⌫bb WH 1e, 1µ yes 2j, 1J 1, 2 � [16]
``bb ZH 2e, 2µ veto 2j, 1J 1, 2 � [16]
`⌫ � 1e, 1µ yes � � � [17]
`` � 2e, 2µ � � � � [18]

selections by requiring the presence of additional small-R jets, of which the two with the highest pT
must have large ⌘ separation and high invariant mass. For the majority of the searches the discriminating
variable is the invariant mass of the VV /VH/`` candidates, except those which involve two neutrinos (or
the W

0 ! `⌫ final state) where the transverse mass of the final-state particles is used.

Many of the searches involving charged leptons are a�ected by events with lepton candidates that originate
from jets misidentified as leptons or with non-prompt leptons that originate from hadron decays. This
background source is referred to as the “fake-lepton” background and is estimated using data-driven
techniques. Events with fake leptons may arise from a variety of di�erent processes including multijet,
W/Z+jets, and tt production. Other background sources are estimated using MC simulation, with
constraints sometimes extracted from control regions in the data.

The fully hadronic VV final state benefits from the largest branching fraction among the possible final
states, but su�ers from a large background contamination from the production of multijet events. However,
this contamination can be mitigated in the regime of TeV-scale resonances with jet substructure techniques
as described in Section 5. The background prediction is obtained with a fit to the invariant mass distribution
of the two highest-pT large-R jets in the event. This channel explores the mass range between 1.1 and
5.0 TeV and is particularly sensitive at high resonance mass.

The semileptonic VV analyses require either two small-R jets or one large-R jet, for the resolved and
merged regimes respectively, in addition to zero, one, or two leptons, with significant E

miss
T required in

all channels except ``qq. Control regions are used to derive the background estimate, and separate signal
regions are defined so as to be sensitive to the di�erent production mechanisms, i.e. ggF/DY or VBF

9
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Diboson Combination
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• Large number of interpretations:

• explicit final states: W’ → WZ, …

• heavy vector triplet models: V’ → VV + VH, …  
 
 
 
 
 
 
 
 

• 2D limits on couplings for given mass

• scalars, KK gravitons, …

PRD 98 (2018) 052008
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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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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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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
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to single T production have been given in [73–75].
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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

twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerPublicResults

Low-mass searches limited by jet-trigger thresholds

N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

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
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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
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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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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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• 2-b-tag selection

• Flavor-inclusive selection
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arXiv:1901.10917 77-80 fb-1

• 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
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• Candidate jet:

• pT > 480 GeV

• 70 < m < 230 GeV

• 2 b-tags
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• Complementary to dijet+γ
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PRD 99 (2019) 092004 36 fb-1

-

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

• QCD suppressed by “buckets of tops” + b-tags

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

• QCD suppressed by top-tagging + b-tags
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PLB 788 (2019) 347 36 fb-1

-

• Focus on right-handed W’ (no interference with SM)

• Boosted top ⟹ track isolation for leptons

•

_
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Light Quark + e/μ (neutrino)
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• Separate BDTs trained for 
   ℓνqq  (β≠1)  &  ℓℓqq  (β=1)

Do LQ explain flavor anomalies?

• B → K* μ μ ?

→ 2nd generation couplings?
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Do LQs explain flavor anomalies?

• B → D* τ ν ?

→ 3rd generation couplings?

• Reoptimizations/reinterpreta-  
  tions of 5 analyses (HH/SUSY)
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• Convolution of a generic signal BW with resolution

• Interpretation in a variety of models
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PRD 99 (2019) 052003 36 fb-1

• LLP with q = 2-7e and τ ≫ LATLAS/βγ
• Signature:

• μ-like with high dE/dx significance  
 (compared to μ) in Pixel, TRT, MDT
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PRD 99 (2019) 052003 36 fb-1

• LLP with q = 2-7e and τ ≫ LATLAS/βγ
• Signature:

• μ-like with high dE/dx significance  
 (compared to μ) in Pixel, TRT, MDT
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• At low mass: not always central

• At high q: pT > q/e · 50 GeV

• At high q (and at high mass):  
  dE/dx ⟹ outside trigger window
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PRD 99 (2019) 052003 36 fb-1

• LLP with q = 2-7e and τ ≫ LATLAS/βγ
• Signature:

• μ-like with high dE/dx significance  
 (compared to μ) in Pixel, TRT, MDT
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• At low mass: not always central

• At high q: pT > q/e · 50 GeV

• At high q (and at high mass):  
  dE/dx ⟹ outside trigger window

z = 2 : 0.15± 0.05(stat.)± 0.10(syst.)

z > 2 : 0.029± 0.004(stat.)± 0.022(syst.)

No events observed

with background expectations:
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Magnetic Monopoles
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arXiv:1905.10130 34 fb-1

• Magnetic monopole (q = N·qD ≙ q = N·68.5e) or LLP with q = 20–100e

• Large charge ⟹ large dE/dx ⟹ fully absorbed in ECAL

• L1: ECAL + HCAL veto — HLT: high-threshold TRT hits

• Sensitivity limited for high charge (particles stop before ECAL)

MoEDAL limit: 1 TeV 
(PLB 782 (2018) 510)

large w = small E dispersion in ECAL 

no events

fr
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of
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Heavy Charged
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arXiv:1902.01636 36 fb-1

• LLP with large mass & τ ≥ LCALO/βγ
• Signature: large pT but slow

• βγ from Pixel dE/dx

• β from TOF (TILE, MDT, RPC)

 [GeV]dE/dxm
0 1000 2000 3000 4000 5000

 [G
eV

]
To

F
m

0

1000

2000

3000

4000

5000

Ev
en

ts

0

0.5

1

1.5

2

2.5

75
0 

G
eV

850 GeV

ATLAS
-1 = 13.0 TeV, 36.1 fbs

0 200 4000

200

400

Est. bkg
 2200 GeV)g~Exp. signal (

Data
SR-Rhad-MSagno
CR



Heavy Charged
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arXiv:1902.01636 36 fb-1

• LLP with large mass & τ ≥ LCALO/βγ
• Signature: large pT but slow

• βγ from Pixel dE/dx

• β from TOF (TILE, MDT, RPC)
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• Selections w/ & w/o muon system

• Also sensitive to meta-stable LLP
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• Pair-produced neutral LLP that decay in (or just before) the muon system

• Signature:

• 2 vertices in the muon system 

• isolated from tracks and jets

• high multiplicity (many hits)

Displaced Jets (MS)
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PRD 99 (2019) 052005 36 fb-1
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2 isolated vertices
obs.: 0
exp.: 0.027±0.011

1 vertex + ETmiss

2nd LLP decays
before MS
⟹ small ΔΦ
obs.: 711
compatible w/ bkg.
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Displaced Jets (HCAL)
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arXiv:1902.03094 11-33 fb-1

• Pair-produced neutral LLP that decay in (or just before) the HCAL

• Signature: 2 jets with

• no tracks

• large E(HCAL)/E(ECAL)

• narrow jet shapes
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• NN regression for decay vertex

• BDTs vs. QCD & BIB
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Displaced Jets
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PRD 99 (2019) 052005
arXiv:1902.03094 11-36 fb-1

 Combination of the two displaced-jet searches
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What improved sensitivity has relied on until now:
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What improved sensitivity has relied on until now:

• Larger √s

• Larger Lint
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What improved sensitivity has relied on until now:

• Larger √s

• Larger Lint

• Better reco.
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What improved sensitivity has relied on until now:

• Larger √s

• Larger Lint

• Better reco.

• Combinations
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What improved sensitivity has relied on until now:

• Larger √s

• Larger Lint

• Better reco.

• Combinations

• New signatures

multi-  
charge

charge displaced
jet

displaced
vertex
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What improved sensitivity has relied on until now:

• Larger √s

• Larger Lint

• Better reco.

• Combinations

• New signatures

Thanks for your 
attention!
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LLP Summary Plot

atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS
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arXiv:1904.12679 80 fb-1
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