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The Standard Model
• The Standard Model (SM) of particle physics is a well-established theory


• There are open questions that the SM does not answer, e.g.


• Hierarchy problem


• Dark matter
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Beyond the Standard Model
• The Standard Model (SM) of particle physics is a well-established theory


• There are open questions that SM does not answer, e.g.


• Hierarchy problem —> Supersymmetry (SUSY) and vector-like quarks 

• Dark matter —> SUSY, simplified models and dark sector theories
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Outline
• Highlight recent activities and results in BSM searches by the ATLAS Sweden 

groups


• Results using the full Run-2 (2015-2018) dataset 


• Vector-like quarks


• SUSY ttbar resonance


• Dark matter and dark sector


• R-parity violating scenarios
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Search for vector-like top partners decaying to 
an exotic (pseudo) scalar boson 

• These exotic decays are possible in Composite Higgs Models as well as 2HDMs with an additional vector-like quark (VLQ)


• Previous analyses that target VLQs decaying only to SM particles not sensitive to such decays


• First VLQ —> BSM analysis in ATLAS


• Optimistic reach in Run 2 and Run 3 evaluated in JHEP05(2020)028 (arXiv:1907.05929), a SHIFT project paper

Venugopal Ellajosyula, Thomas Mathisen, Elin Bergeås Kuutmann — Uppsala [collaboration with U. Texas Austin]
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Figure 3. Pair production of t′ with decay of the t′ into (anti-)top and S in both branches. S is
then decayed in one branch into γ γ or Z γ, depending on the signal pursued, and inclusively in the
other branch.

In the next section we propose a dedicated analysis to look for the signatures we are

interested in leading to a much better sensitivity than the ones presented in figure 2.

4 Analysis

In its full generality, a top partner t′ may decay into the usual three SM channels W+ b, Z t,

h t or additional exotic channels. In this paper we are focusing our attention on the case

of pair production p p → t′ t̄′ and subsequent decay into the BSM channels t′ → S t, where

S is a neutral (pseudo)scalar decaying into SM EW diboson pairs. We have chosen the

decays S → γ γ and S → Z γ as our target signal, since they are experimentally very clean

bosonic decay channels. In the case of the Z γ channel we only consider further leptonic

decays of the Z.

The analyses are optimised to look for only one pair of photons or Zγ final states

originating from the same S. When limits from these analyses are reinterpreted in specific

models, the BRs of the S can significantly affect the limits therein. In order to reinterpret

the results in the models described in section 2, we need to evaluate the efficiencies of the

signal region cuts while taking into consideration all possible decays of S. We assume t′

decays at 100% rate as t′ → S t. For S, we consider all the possible bosonic decay channels

necessary to ensure gauge invariance in the CHM,1

S → {γ γ, Z γ,WW,ZZ}. (4.1)

In this section we briefly define the objects used in the analyses (with a longer dis-

cussion for reproducibility in appendix C), then describe the tools and processes for the

simulation of events to model signal and background (section 4.2), and finally we present

event selections to extract the signal in the two considered signal regions (SR): the γ γ SR

in section 4.3 and the Z γ SR in section 4.4.

4.1 Object definition

In the following the definition and selection of objects at reconstructed level are briefly

outlined. A more detailed account can be found in appendix C. The default ATLAS

1Note that additional sizable decays are present for the 2HDM+VLQ case, specifically, gg, tt̄(∗) and hh

(as appropriate for S = H and A) decays, which are then simulated or estimated for the corresponding signal.
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Figure 10. LHC optimal reach for different LHC luminosities for the γ γ SR (left) and Z γ SR
(right). The solid lines correspond to the 5σ discovery reach, while the dashed lines correspond to
the 2σ exclusion reach. The dotted lines identify the region with 1 irreducible background event,
where the contribution of fake rates can become relevant.

We now move on to more theoretically motivated scenarios. We first consider the

benchmark motivated by partial compositeness, where only the anomaly induced pseu-

doscalar couplings κ̃B and κ̃W are non-zero.

In this case, the structure of the anomaly coefficients [24] in all explicit realizations

gives κ̃B+κ̃W = 0, thus suppressing the S → γ γ decay. This leads to a 100% BR(S → Z γ)

below the WW threshold and still an acceptably large value above it, as displayed in fig-

ure 11 (left). The LHC reaches for this scenario are presented in figure 11 (right) for two

different LHC luminosities, corresponding to the final luminosity at the end of Run II and

the nominal final luminosity of Run III. Here, we consider only the Z γ SR because of the

negligible sensitivity of the γ γ SR.

Different effects are present in the reach of figure 11. For mS ! 2mW the sensitivity

is optimal due to a 100% decay rate of both S into Z γ (S → Z γ, S → Z γ) and a high

efficiency (figure 9 (right)). Above threshold the S → V V, S → V V (V = W,Z) decay

channels kick in with ≈ 64% rate and negligibible efficiency, while the S → Z γ, S → Z γ

rate reduces to ≈ 4%. The mixed decay S → V V, S → Z γ takes 16% of the branching

ratio and have an efficiency approximately constant and near 40% compared to the pure

Z γ case (figure 21). This depletion in the signal explains the kink of sensitivity lost near

the mS ≈ 2mW threshold. In both regions the sensitivity improves with increasing values

of mS due to a rapid decrease of the background, as noticed in figure 10.

The interpretation for the composite Higgs model described in section 2.3 is straight-

forward. The S is photophobic and we can read the bounds directly from figure 11. It is

encouraging to see that even for not optimised cuts this channel could be competitive with

the search for the +5/3 charged partner [11]. Some more details for this model are given

in appendix A.
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Figure 3. Pair production of t′ with decay of the t′ into (anti-)top and S in both branches. S is
then decayed in one branch into γ γ or Z γ, depending on the signal pursued, and inclusively in the
other branch.

In the next section we propose a dedicated analysis to look for the signatures we are

interested in leading to a much better sensitivity than the ones presented in figure 2.

4 Analysis

In its full generality, a top partner t′ may decay into the usual three SM channels W+ b, Z t,

h t or additional exotic channels. In this paper we are focusing our attention on the case

of pair production p p → t′ t̄′ and subsequent decay into the BSM channels t′ → S t, where

S is a neutral (pseudo)scalar decaying into SM EW diboson pairs. We have chosen the

decays S → γ γ and S → Z γ as our target signal, since they are experimentally very clean

bosonic decay channels. In the case of the Z γ channel we only consider further leptonic

decays of the Z.

The analyses are optimised to look for only one pair of photons or Zγ final states

originating from the same S. When limits from these analyses are reinterpreted in specific

models, the BRs of the S can significantly affect the limits therein. In order to reinterpret

the results in the models described in section 2, we need to evaluate the efficiencies of the

signal region cuts while taking into consideration all possible decays of S. We assume t′

decays at 100% rate as t′ → S t. For S, we consider all the possible bosonic decay channels

necessary to ensure gauge invariance in the CHM,1

S → {γ γ, Z γ,WW,ZZ}. (4.1)

In this section we briefly define the objects used in the analyses (with a longer dis-

cussion for reproducibility in appendix C), then describe the tools and processes for the

simulation of events to model signal and background (section 4.2), and finally we present

event selections to extract the signal in the two considered signal regions (SR): the γ γ SR

in section 4.3 and the Z γ SR in section 4.4.

4.1 Object definition

In the following the definition and selection of objects at reconstructed level are briefly

outlined. A more detailed account can be found in appendix C. The default ATLAS

1Note that additional sizable decays are present for the 2HDM+VLQ case, specifically, gg, tt̄(∗) and hh

(as appropriate for S = H and A) decays, which are then simulated or estimated for the corresponding signal.
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See also Venu’s talk on 
“Status of the SHIFT project”

https://link.springer.com/article/10.1007/JHEP05(2020)028
https://arxiv.org/abs/1907.05929
https://indico.cern.ch/event/933206/contributions/4087410/attachments/2147855/3620710/SHIFT_Partikeldagarna2020.pdf


Search for new phenomena with top quark pairs in final states 
with one lepton, jets, and missing transverse momentum 
Antonia Strübig, Christophe Clément, Laura Barranco Navarro, Laura Pereira Sánchez, Prim Pasuwan, Sara Strandberg, Yosse Andrean — Stockholm

!6

t̃

t̃

W

Wp

p

�̃0
1

b `

⌫

�̃0
1

b

q

q

t̃ 1
�

bf
f
� �̃

0
1

t̃ 1
�

bW
�̃
0
1

t̃ 1
�

t�̃
0
1

�
m

>
0

�
m

>
m t̃1

�
m

>
mW

+
m b

�
m

>
0

�
m

>
m t̃1

�
m

>
mW

+
m b

�m > 0

�m > mt̃1

�m > mW + mb

�m = mt̃1 � m�̃0
1

0 100 200 3000 100 200 300 0 100 200 3000 100 200 300

0
10

0
20

0
30

0
0

10
0

20
0

30
0

t̃ 1
�

c�̃
0
1

�
m

>
m t

mt̃1 < m�̃0
1

m�̃1
0

[GeV] mt̃1 [GeV]

m
t̃ 1

[G
eV

]
m

�̃
0 1

[G
eV

]

Figure 1: Left: a diagram illustrating the stop decay via the 3-body mode, which is referred to as t̃1 ! bW �̃0
1 . One

of the W bosons is assumed to decay leptonically. SUSY particles are shown as red lines. In this diagram, the
charge-conjugate symbols are omitted for simplicity. Right: Illustration of the preferred stop decay modes in the
plane t̃1- �̃0

1 mass plane. The neutralino is assumed to be the lightest supersymmetric particle.

In this search a set of event selections is defined, referred to as the signal region (SR), in order to discriminate
between the signal and background processes. Two di�erent analysis techniques are employed in the
definition of the SR, which are referred to as ‘cut-and-count’ and ‘shape-fit’. The former is based on
counting events in a single region of phase space and is used for discovery scenarios. For the latter, the SR
is split into multiple bins in a discriminating variable, where the single-bin SR is a subset of the shape-fit
SR. The shape-fit improves the exclusion power by utilising di�erent signal-to-background ratios in the
various bins.

The SM background after the signal selections is dominated by top quark pair production (tt̄). The tt̄
background is estimated by building dedicated control regions (CRs) enhanced in the tt̄ process, making
the analysis more robust against potential mis-modelling e�ects in simulated events as well as reducing the
uncertainties in the background estimate. The background modelling as predicted by the fit is tested in a
validation region (VR). The tt̄ background is then simultaneously normalised in data using a likelihood fit
for the SR with its associated CR.

3 ATLAS detector and data collection

The ATLAS experiment [44] at the LHC is a multi-purpose particle detector with almost 4⇡ coverage in
solid angle around the interaction point4. It consists of an inner tracking detector (ID) surrounded by a
superconducting solenoid providing a 2 T axial magnetic field, electromagnetic, hadronic calorimeters, and
a muon spectrometer (MS), which is based on three large air-core toroidal superconducting magnets. The
ID provides charged-particle tracking in the range |⌘ | < 2.5. During the LHC shutdown between Run 1
(2010–2012) and Run 2 (2015–2018), a new innermost layer of silicon pixels was added [45, 46], which
improves the track impact parameter resolution, vertex position resolution and b-tagging performance [47].

4 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points
upwards. Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-axis. The
pseudorapidity is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). The transverse momentum, pT, is defined with
respect to the beam axis (x–y plane).
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Figure 12: Expected (black dashed) and observed (red solid) 95% excluded regions in the plane of m�̃0
1

and mt̃1 for

direct stop pair production assuming either a t̃1 ! t + �̃0
1 , t̃1 ! bW �̃0

1 or t̃1 ! b f f 0 �̃0
1decay with a branching ratio

of 100%. The excluded regions from previous publications [27–29] are shown with the grey shaded area and the
green line [45], with the latter being the preliminary result on the full Run 2 data set assuming a t̃1 ! bW �̃0

1 decay.
The dashed grey lines indicate the kinematical border of the stop decay.

t̃1 ! bW �̃0
1 and t̃1 ! b f f 0 �̃0

1 scenarios. The exclusion contour obtained by the analysis optimised for the
t̃1 ! bW �̃0

1 is superimposed [45]. In models with a massless neutralino, stop masses up to 1200 GeV are
excluded at 95% CL. In the diagonal region, where the mass di�erence between the stop and the neutralino
coincides with the mass of the top quark, stop masses up to 570 GeV are excluded. In the four-body region,
stop masses up to 640 GeV are excluded for a neutralino mass of approximately 580 GeV. The small excess
observed in tN_high is not visible in the exclusion limits as the shape fit used to obtain exclusion results
is based on the tN_med selection criteria (see Table 4). In particular the Emiss

T,? requirement applied in
tN_med but not in tN_high removes much of the excess. The shape fit has better expected sensitivity
than the single-bin SRs over the whole t̃1 ! t + �̃0

1 parameter space.

Figure 14 shows the upper limit on the ratio of the production cross-section for the spin-0 mediator model to
the theoretical cross-section. Limits are shown under the hypothesis of a scalar or pseudo-scalar mediator
for a fixed DM candidate mass. Scalar and pseudo-scalar mediator masses up to approximately 200 GeV
are excluded at 95% CL, assuming a 1 GeV dark matter particle mass and a common coupling of g = 1
to SM and dark matter particles. With the common coupling reduced to g = 0.8, mediator masses up to
approximately 100 GeV are excluded. Models with a mediator mass of 10 GeV and a dark matter particle

35

• No significant deviation from the SM background


• Exclude stops up to 1200 GeV in the two-body decay scenario


• ATLAS public results for three-body and two- and four-body scenarios 


• Paper in preparation


• Included in the ATLAS Run-2 third-generation pMSSM combination effort

ATLAS-CONF-2020-003

https://cds.cern.ch/record/2676594/files/ATLAS-CONF-2019-017.pdf
http://cdsweb.cern.ch/record/2711489/files/ATLAS-CONF-2020-003.pdf
http://cdsweb.cern.ch/record/2711489/files/ATLAS-CONF-2020-003.pdf


• Search for final states with two hadronically decaying top quarks


• Z’ boson, which is predicted from e.g. top-color assisted technicolor,  
results in a bump in the invariant mass spectrum 


• SM background is predicted with global fit


• No significant excess from the SM background


• Upper limits are set on cross section times branching fraction for Z’ signal


• Published results on JHEP10(2020)061 (arXiv:2005.05138)

All-hadronic ttbar resonance analysis 

Trine Poulsen, Torsten Åkesson — Lund
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Figure 3: Observed mreco
t t̄

distributions in data for (a) SR1b and (b) SR2b, shown together with the result of the fit
with the three-shape-parameter function. The shaded bands around the fits indicate the e�ect of the fit parameter
uncertainty on the background prediction. The bin width of the distributions is chosen to be the same as that used in
the background parameterization (Section 5.2). The predicted Z 0

TC2 signal distributions with masses of 2 and 4 TeV
(multiplied by a factor of 5) are superimposed on the background prediction. The lower panel shows the significance
of data with respect to the background prediction from the fit, calculated in continuous mass intervals scanned over
the binned mreco

t t̄

distributions. The two vertical lines extending between the upper and lower panel represent the most
significant deviation interval. The global p-value of the interval is 0.45 (0.56) for SR1b (SR2b).

The results from the two SRs are statistically combined to obtain these limits. From the comparison with
the � · B at NLO for the Z 0

TC2 with �/m = 1% and 3%, the Z 0
TC2 masses up to 3.9 and 4.7 TeV, respectively,

are excluded at 95% CL. For the Z 0
TC2 with �/m = 1.2% and the LO � · B multiplied by 1.3 (scaled to

NLO prediction), masses up to 4.1 TeV are excluded at 95% CL. The upper limits on � · B are provided
only up to 5 TeV for the Z 0

TC2 signal mass because of the large spurious-signal uncertainty exceeding
200% at masses beyond 5 TeV, making the limit calculation unreliable at masses larger than ⇠ 5.2 TeV.
The expected sensitivity of the present analysis is limited by the statistical uncertainty of the background
prediction over the full mass range, except at high mass beyond 4.5 TeV where the systematic uncertainty
due to the spurious signal dominates the statistical uncertainty.
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https://link.springer.com/article/10.1007/JHEP10(2020)061
https://arxiv.org/abs/2005.05138


Eleni Skorda, Ruth Poettgen, Else Lytken  — Lund 
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Mono-h search for dark matter

• Dark matter produced in association with a Higgs boson decaying 
to two b-quarks


• Final state signature: a pair of b quarks and large missing 
transverse momentum


• Paper in preparation with full Run-2 dataset


• Signal region optimisation to improve sensitivity for 
2HDM+pseudoscalar models
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Figure 6: Distributions of the invariant mass of the Higgs boson candidates mh = mj j,mJ with two b-tagged jets in
the SR for the four Emiss

T categories that are used as inputs to the fit. The upper panels show a comparison of data
to the SM expectation before (dashed lines) and after the fit (solid histograms) with no signal included. The lower
panels display the ratio of data to SM expectations after the background-only fit, with its systematic uncertainty
considering correlations between individual contributions indicated by the hatched band. The expected signal from
a representative Z 0-2HDM model is also shown (long-dashed line), and it is scaled up by a factor of 1000 and 100
for the lowest two Emiss

T bins [150 GeV, 200 GeV) and [200 GeV, 350 GeV), respectively.
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ATLAS-CONF-2018-039
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Figure 1: The leading-order contribution of the production of dark matter and a Higgs boson through a new Z 0

mediator coupled to a new pseudoscalar Higgs boson A, where the latter decays primarily to � �̄.

and tan �, which denotes the ratio of the vacuum expectation values of the two Higgs fields coupling to
the up- and down-type quarks.

The main SM backgrounds with a signature of two b-jets and large Emiss
T are the production of top-quark

pairs (tt̄) and of vector bosons (W, Z) with additional b-jets. This analysis uses data control samples to
determine the normalisation of these backgrounds. The control region definitions are made orthogonal to
the signal region by di�erent requirements on the number of charged leptons in the events considered. Sub-
dominant backgrounds are estimated purely based on Monte Carlo (MC) simulation with no constraints
from dedicated control samples, except for QCD multijet events. The multijet contribution is determined
in a data-driven way based on ratios between several control samples and employing the object-based
Emiss

T significance.

The search is performed considering four disjoint Emiss
T regions. A simultaneous profile-likelihood fit [27,

28] to the control and signal regions is performed to constrain the backgrounds and extract information
about the potential presence of a signal.

2 ATLAS detector

The ATLAS experiment [29] is a multi-purpose detector with a forward-backward symmetric cylindrical
geometry and nearly 4⇡ coverage in solid angle1. The three major sub-components are the tracking detector,
the calorimeter, and the muon spectrometer. Charged-particle tracks and vertices are reconstructed by
the inner detector (ID) tracking system, comprising silicon pixel and microstrip detectors covering the
pseudorapidity range |⌘ | < 2.5, and a straw tube tracker that covers |⌘ | < 2.0. Since 2015, the pixel
detector comprises an additional inner layer at a radius of 3.2 cm [30, 31]. The ID is immersed in a
homogeneous 2 T magnetic field of a solenoid. Electron, photon, jet and ⌧ lepton energies are measured
with sampling calorimeters. The calorimeter system covers a pseudorapidity range of |⌘ | < 4.9. Within the
region |⌘ | < 3.2, barrel and endcap high-granularity lead/liquid argon (LAr) electromagnetic calorimeters
are deployed, with an additional thin LAr presampler covering |⌘ | < 1.8 to correct for energy loss
in material upstream of the calorimeters. Hadronic calorimetry is provided by a steel/scintillator-tile
1 ATLAS uses a coordinate system with its origin in the centre of the detector, i.e. at the nominal interaction point (IP). The

x-axis points from the IP to the centre of the LHC ring, the y-axis points upward, and the z-axis points along the beam pipe
such that a right-handed coordinate system is formed. Cylindrical coordinates (r, �) are used in the transverse plane, � being
the azimuthal angle around the beam pipe. The pseudorapidity is defined as ⌘ = � ln tan(✓/2), where ✓ is the polar angle. The
quantity �R =

p
(��)2 + (�⌘)2 is used to define a cone size.

3

Post fit mjj distribution for ETmiss  
range of 200-350 GeV

https://cds.cern.ch/record/2632344/files/ATLAS-CONF-2018-039.pdf
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�m
t̃1, �̃

0
1

is larger than the sum of the b-quark and W-boson masses. At the smallest values of �m
t̃1, �̃

0
1

the dominant decay channel is the four-body decay t̃1 ! b f f 0 �̃0
1 . The stop is always assumed to decay

promptly. Flavour-changing neutral current processes are not considered, therefore in each �m
t̃1, �̃

0
1

mass
regime the dominant decay channel is assumed to have 100% branching ratio. The analysis targerted the
t̃1 ! bW �̃0

1 using the full Run-2 data was published as a CONF note [45].

The searches for stops presented in this note use several signal regions dedicated to each of the decay
channels t̃1 ! t + �̃0

1 , and t̃1 ! b f f 0 �̃0
1 . The selections are optimised for given benchmark model points,

and are binned in key variables to retain sensitivity to the widest possible range of t̃1 and �̃0
1 masses.

t̃

t̃

t
W

t
W

p

p

�̃0
1

b `

⌫

�̃0
1

b

q

q

t̃

t̃
p

p

b `

⌫

�̃0
1

b

q

q

�̃0
1

Figure 1: Diagrams illustrating the stop decay modes, which are referred to as (left) t̃1 ! t + �̃0
1 and (right)

t̃1 ! b f f 0 �̃0
1 . Sparticles are shown as red lines. In these diagrams, the charge-conjugate symbols are omitted for

simplicity. All considered processes involve the production of a squark–antisquark pair.

�/a

t̄

t

g

g

�̄

�

Figure 2: A representative Feynman diagram for spin-0 mediator production. The �/a is the scalar/pseudoscalar
mediator, which decays into a pair of dark matter (�) particles.

The mediator-based DM scenarios consist of simplified models with a DM particle � that is a SM singlet
and a single spin-0 mediator that couples � to SM fermions proportionally to the Yukawa interaction.
Both scenarios where the mediator is a scalar, �, or a pseudo-scalar, a are considered, as illustrated in
Figure 2. These models have four parameters: the mass of the mediator mmed, the DM mass mDM, the
DM-mediator coupling g�, and the coupling of the mediator with the SM fermions gq. In the models
considered, the interaction between the mediator and SM particles is proportional to the fermion masses

3

Search for dark matter with top quarks

10 210
 [GeV]φm

1−10

1

10

210

 (g
=1

.0
)

Th
σ/

ob
s

σ
95

%
 C

L 
lim

it 
on

 

 PreliminaryATLAS
 -1 = 13 TeV, 139 fbs

Scalar
χχ → φ, φ+tt
 = 1 GeV
χ

g = 1.0,  m

Observed 95% CL
Expected 95% CL

σ1 ±Expected 
σ2 ±Expected 

(g=1.0)σTheory unc. on 

10 210
 [GeV]am

1−10

1

10

210

 (g
=1

.0
)

Th
σ/

ob
s

σ
95

%
 C

L 
lim

it 
on

 

 PreliminaryATLAS
 -1 = 13 TeV, 139 fbs

Pseudoscalar
χχ →+a, att
 = 1 GeV
χ

g = 1.0,  m

Observed 95% CL
Expected 95% CL

σ1 ±Expected 
σ2 ±Expected 

(g=1.0)σTheory unc. on 

Figure 14: Upper limit on the ratio of the production cross-section for the spin-0 mediator model to the theoretical
cross-section under the hypothesis of (left) a scalar or (right) a pseudo-scalar mediator. The limit is shown as a
function of the mediator mass for a fixed mass of the DM candidate of 1 GeV. The coupling of the mediator to SM
and DM particles is assumed to be g = 1.
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• Final states of 1 lepton, jets and MET


• No significant deviation from the SM background


• Exclude scalar and pseudoscalar mediator up to 200 GeV for dark matter mass of 1 GeV and g=1


• ATLAS public results ATLAS-CONF-2020-003 ; Paper in preparation


• Included in the ATLAS Run-2 third-generation tt+DM/tt+Hinv combination effort


• Combine results from tt+MET with 0, 1, 2 leptons included in the final states

http://cdsweb.cern.ch/record/2711489/files/ATLAS-CONF-2020-003.pdf
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Dark matter mediator searches 

• Searches for the decays of the particles mediating dark matter, complement those for the dark matter particles themselves


• Additions to the ATLAS low-mass resonance search program by the ATLAS Lund team: 

• Trigger Level Analysis (TLA): use reduced collision event information to collect more events and increase sensitivity,  
see Caterina M.'s flash talk

• Dijet+ISR search: use initial state radiation (ISR) to reduce backgrounds and increase search range

• Work ongoing on more advanced techniques (+ machine learning) for discovery of dark matter and dark sector processes in 
LHC Run-3 data

ATL-PHYS-PUB-2020-021 
Monojet event display Dijet event display 

SM

SM

SM

SM

gq gq

SM

SM

DM

DM

gq gDM

SM

https://indico.cern.ch/event/933206/contributions/4086523/attachments/2146073/3617315/TLA_PD20.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-021/fig_03.pdf
http://cds.cern.ch/record/2725235
http://cds.cern.ch/record/2113239
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Dark sector searches 

• Looking for heavy mediator in “dark sector” decaying to two dark quarks 
which:

• promptly decay to SM particles → two QCD-like “dark jets” → bump in mjj

• only decay partly to SM particles → two semi-visible jets → different MET 
behaviour

• Simulate dark shower via Pythia Hidden Valley module


• New searches using full Run-2 dataset, signatures not yet studied

• Strong collaboration ongoing with U. Witwatersrand (SA) and U. Grenoble (FR)

• Lund Workshop in November 2019 together with Witwatersrand, Grenoble and 
Lund theorists

• STINT grant application for further Sweden-Africa collaborations submitted
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Figure 3. Schematic illustration of a dark shower from the decay of a Z 0 produced in association
with a gluon.

substantially larger than the estimate given in eq. (3.4). In the following, we will assume

that for �c⌧ < 1mm the rho meson decays can be treated as prompt, such that conventional

experimental strategies apply. However, since both the boost factor and the actual distance

travelled before the decay are subject to large fluctuations, displaced vertices may be

observable even for smaller decay lengths.

The average relative multiplicity of the di↵erent mesons depends on their respective

number of degrees of freedom. Spin-1 ⇢ mesons are three times as abundant as spin-0 ⇡

mesons and charged ⇢± and ⇡± mesons are twice as abundant as their neutral partners.

It follows that we expect on average 25% of a dark shower to consist of ⇢0 mesons, which

subsequently decay into SM hadrons, while the remaining 75% are stable mesons that

escape from the detector unseen. A dark shower will hence lead to a semi-visible jet [22, 23]

with an average fraction of invisible energy of rinv = 0.75.

Such semi-visible jets give rise to a range of interesting experimental signatures. If

the Z 0 is produced in isolation, i.e. without additional energetic SM particles from initial

state radiation (ISR), the two semi-visible jets will be back-to-back. Defining the minimum

angular separation in the azimuthal plane between the missing energy vector /ET and any

of the leading jets

�� = min
j

��(j, /ET ) , (4.4)

such events are expected to have small ��, as the missing energy is aligned with one of the

dark showers. Ordinary ”mono-jet“ searches (i.e. searches for energetic jets in association

with missing energy) will reject such events because of prohibitive QCD backgrounds from

misreconstructed jets [59, 60]. Traditional searches for di-jet resonances are also expected

to be insensitive to these kinds of events, since the visible jets only carry a fraction of the

energy of the dark shower and hence their invariant mass does not peak at the mass of the

Z 0.

However, given the relatively large value of rinv, there is a non-negligible probability

for a dark shower to remain entirely invisible. In this case, the Z 0 decay would lead to a
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Caterina Doglioni

Olga Sunneborn Gudnadottir, Rebeca Gonzalez Suarez— Uppsala 

• Search for dark mesons decaying to top quarks, see Olga's flash talk


• New search that has never been done before in ATLAS

https://indico.cern.ch/event/863636/
https://arxiv.org/abs/1907.04346
https://indico.cern.ch/event/933206/contributions/4086528/attachments/2148974/3622909/OSG_Updated_partikeldagarna_flashtalk_2020.pdf
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Searches for long-lived particles (LLPs) with 
displaced vertices
Christian Ohm, Giulia Ripellino — KTH; David Milstead, Filip Backman — Stockholm 
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• Strong bounds in mass on stops decaying to q+mu vertices via R-parity violation (λ′23k coupling)

• Uses dedicated data processing with special tracking capable of reconstructing tracks not 
pointing back to the primary vertex, and dedicated vertexing algorithm

• Results published in PhysRevD.102.032006  


• Comprehensive materials allowing reinterpretation available as HepDATA (with instructions here) 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.032006
https://www.hepdata.net/record/ins1788448
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-33/hepdata_info.pdf


Summary and outlook
• The Swedish ATLAS groups have contributed to various BSM physics


• Many interesting studies, results and papers since Partikeldagarna 2019


• Several combination efforts and new BSM search strategies to look 
forward to


