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Who are we?
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~25 members

~5 members

~20 members

~15 members

* numbers not well normalised
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Many things going on!
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15 / 10 / 2018 Stockholm University ATLAS activities

Yosse Andrean, Christophe Clement
Alex Kastanas, Prim Pasuwan

Laura Pereira Sanchez, Sara Strandberg

A light stop (O(1-1.5 TeV)) is needed for natural SUSY.
● Search for stop in single lepton final state.
● Improve reach for intermediate and high stop masses 

by exploiting better top-tagging techniques.

WIMP Dark Matter could be produced at LHC.
● Enhanced DM couplings to heavy quarks for some EFT 

operators (motivated by MFV).
● Final state (ttbar + MET) is identical to stop searches

    → common analysis team.

See talk by Yosse Andrean

Search for Stop Pair Production
and Dark Matter + Heavy Flavour

10

Double Higgs Boson production

• Arnaud HH “domain contact” in ATLAS
• Research funded by VR grant

– Petar Bokan (PhD student) and Pedro 

Sales de Bruin (post-doc)

– HH → bb !! search 

• most sensitive channel so far 

• arXiv:1808.00336

– Accepted by PRL!

• Petar: Z+HF background 

• Pedro: fake-! background in the 

had-had channel

15-09-2018 Rebeca Gonzalez Suarez (UU) 6

Challenges shared with charged Higgs boson searches:

Many BDT trainings (non-resonant production + one BDT per resonance mass) 

Fake ! contamination

Charged Higgs Boson Searches

• After many years of involvement, we will now step down from 
these efforts…

15-09-2018 Rebeca Gonzalez Suarez (UU) 4
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• The seventh Charged Higgs workshop 
happened in Uppsala last month

• The scope covered many BSM Higgs 
searches as well

• UU has historically played a leading 
role in H+ searches 

Charged Higgs Boson Searches

• After many years of involvement, we will now step down from 
these efforts…
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Double Higgs Boson production

• Why?
– A lot still to know about the Higgs boson

• Studying Higgs boson properties can only be done at the LHC  
– The measurement of the Higgs self-coupling will probe the shape of the Higgs 

potential
• HL-LHC goal

– Window to new physics exploring HH-like final states
• BSM enhancement of the HH production 
• New resonances decaying into HH
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Challenges shared with charged Higgs boson searches:

Many BDT trainings (non-resonant production + one BDT per resonance mass) 

Fake ! contamination

HH Combination

• Recent HH combination (important contribution from Petar) based on the three 
most sensitive channels:

– https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-
CONF-2018-043/

• Work ongoing in HL-LHC HH combination: 
– https://cds.cern.ch/record/2638618
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Work on HH→bb!! will continue 
in the near future, reinforced with 

Mikael and Myrto
Boosted search will also be 
performed, lower priority

Last but not least
• The Uppsala group is also working on developing the track 

trigger for the HL-LHC
– strongly motivated by physics analysis 

• HH searches
• important for more or less all physics signatures

15-09-2018 Rebeca Gonzalez Suarez (UU) 13

• Recent interest in developing the 
trigger for searches of Long Lived 
Particles with displaced vertex (DV) 
inside ATLAS Inner Detector

15 / 10 / 2018 Stockholm University ATLAS activities

Track Counting Luminosity

Number of Inner Detector tracks proportional to 
number of pp collisions in bunch crossing.
● Can be used to measure luminosity.
● With KTH and DESY, providing a calibrated 

luminosity measurement using this method.
● Developed new tracking working point: more 

robust against changes detector 
conditions. 

● Updated software framework: goal is to do 
automatic processing at Tier-0.

Online Luminosity

● Development and maintenance of luminosity 
software and infrastructure in P1

    Alex Kastanas, Prim Pasuwan, Sara Strandberg

Luminosity
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15 / 10 / 2018 Stockholm University ATLAS activities

Calibration
● Efficiencies and fake rates of the algorithms 

need to be calibrated with data.
● Working on calibration of mistags 

(light-flavor jets misidentified as b-jets) with 
the negative tag method.

Goal is a first calibration of particle-flow jets 
using light-flavor jets in a Z+jets sample.

Data Quality
Sara Strandberg is b-tagging DQ co-coordinator.

    Laura Pereira Sanchez, (Anna Shcherbakova), Sara Strandberg

b-tagging
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15 / 10 / 2018 Stockholm University ATLAS activities

Measurement of ttW and ttZ cross section and 
constraining EFT operators 

Measuring the ttW and ttZ cross sections

● Important to probe weak couplings of the top quark

● Common background in BSM searches

Couplings sensitive to BSM physics

● Parametrised in terms of effective field theory operators

● Limits set on these operators

Please see talk by Nabila Shaikh on Wednesday
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(Olga Bessidskaia Bylund), Nabila Shaikh, Jörgen Sjölin
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15 / 10 / 2018 Stockholm University ATLAS activities

Filip Backman, Rebecca Carney
David Milstead, Christian Ohm (KTH)

RPC stronger than requirement from proton 
decay (B-L).

→ Many viable RPV scenarios.
If RPV couplings are weak, then lifetimes of 
SUSY particles can be long. 

→ Displaced vertices (DV).

Stockholm involved in DV+jets analysis.
● Work on e.g. DRAW filter (RAW → 

DRAW_RPVLL → DAOD_RPVLL).
● Background from vertices originating from 

material interactions: improvements to 
material map.

Search for RPV SUSY via
displaced vertices
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15 / 10 / 2018 Stockholm University ATLAS activities

Future outlook:  
extremely challenging to 

significantly improve the extra 
dimension limits before LHC 

Phase-II

Specific contributions from SU: 2012 20 fb-1 analysis, 15 fb-1 and 36 fb-1 
analyses.
● Development of the W → l + jets electron control regions to calibrate the 

Z →  vv + jets background. 
● Searches for compressed SUSY (light squarks) and Extra Dimensions: 

limit setting with HistFitter.
● Specificity of the signal regions for these models
● Determination Theoretical Systematics associated, including generating 

special samples (p.d.f., scales, Pythia tune, … ).
● Validation of first MG5 production for compressed light squark model.

(Gabriele Bertoli), Christophe Clement
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Kristian Gregersen   –   Lund University (Marie Sklodowska-Curie Actions)                                                          Partikeldagarna 2018 in Lund

Same-sign dileptons

● Base selection: 
● two leptons with the same charge

● Models: 
● Doubly-charged higgs bosons, heavy leptons and neutrinos (for instance type III seesaw), 
● as well as semi-model independent  (inclusive) same-sign

● Important:
● addresses the question of neutrino mass and CPV and investigates whether this is also seen

in the charged lepton sector

● Recent public results:
● ATL-CONF-2018-020
● arXiv:1809:11105
● Eur.Phys.J C 78 (2018) 199

● All of these based on ee, μμ, eμ (with and w/o jets)

● Current work:
● extend to tau final states, and 3 and 4 lepton states
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Mono-Higgs

● Dark Matter signature
● Higgs + missing ET (“mono-Higgs”)
● H → bb largest branching ratio for 125 GeV Higgs 

● Lund activities:
● contact editor on 2018 CONF-note
● For next round:

● mono-dark-Higgs (arXiv-link)
● dark Higgs → bb

● background estimation
● b-tagging
● dark Higgs reconstruction

● dark Higgs → WW (hadronic)
● recently kicked-off!
● join us! TWiki-link

● Lund team:
● Eleni Skorda (PhD stud), Ruth Pöttgen (senior), Kristian Gregersen (postdoc), Else Lytken (senior)

mono-Higgs mono-dark-Higgs

arXiv:1701.08780
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Dijets + Trigger-Level Analysis

Searches
• Look for a pair of:

• Dijet resonances (e.g. from RPV stops) EPJC 2018
• Expertise: statistical analysis (bump hunt)

• Dark jets (with displaced particle content, from dark sector 
resonances)

Expertise
• Calibration of fat and narrow jets

• Eva Hansen responsible for combination of in-situ 
techniques

• Scale-invariant resonance taggers
• = taggers that do not shape the invariant mass distribution 

for the search
• (Learning about) machine learning techniques

Future
• Working on run control of new trigger board gFEX (Eva Hansen)
• Will be able to prototype more powerful searches with 

substructure information in the trigger

Paired dijet / dark dijet analysis
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ATLAS Computing

• A number of activities, mostly in distributed computing:

– Tier1 operations, infrastructure: Oxana Smirnova (also Computing Speakers Commitee 

chair, and represents Sweden in ATLAS International Computing Board)

– ATLAS information system (AGIS), storage info schema, : Balázs Kónya (also WLCG 

Middleware Officer)

– Profiling and optimisation of ATLAS simulation workflows: Caterina Marcon

– Lund Tier3 operations, information system: Florido Paganelli

• Active cooperation with LUNARC – LU’s computing centre

– Hosting computing and storage resources for Tier2 (VR/RFI grant) and Tier3 

(LU Science Faculty grant)

AURORA cluster at LUNARC

hos�ng Tier2 and Tier3 nodes
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Double Higgs Boson production

• Arnaud HH “domain contact” in ATLAS
• Research funded by VR grant

– Petar Bokan (PhD student) and Pedro 

Sales de Bruin (post-doc)

– HH → bb !! search 

• most sensitive channel so far 

• arXiv:1808.00336

– Accepted by PRL!

• Petar: Z+HF background 

• Pedro: fake-! background in the 

had-had channel
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Challenges shared with charged Higgs boson searches:

Many BDT trainings (non-resonant production + one BDT per resonance mass) 

Fake ! contamination

Charged Higgs Boson Searches

• After many years of involvement, we will now step down from 
these efforts…
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Work on HH→bb!! will continue 
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Mikael and Myrto
Boosted search will also be 
performed, lower priority
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trigger for the HL-LHC
– strongly motivated by physics analysis 

• HH searches
• important for more or less all physics signatures
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• Recent interest in developing the 
trigger for searches of Long Lived 
Particles with displaced vertex (DV) 
inside ATLAS Inner Detector

15 / 10 / 2018 Stockholm University ATLAS activities

Track Counting Luminosity

Number of Inner Detector tracks proportional to 
number of pp collisions in bunch crossing.
● Can be used to measure luminosity.
● With KTH and DESY, providing a calibrated 

luminosity measurement using this method.
● Developed new tracking working point: more 

robust against changes detector 
conditions. 

● Updated software framework: goal is to do 
automatic processing at Tier-0.

Online Luminosity

● Development and maintenance of luminosity 
software and infrastructure in P1

    Alex Kastanas, Prim Pasuwan, Sara Strandberg

Luminosity
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15 / 10 / 2018 Stockholm University ATLAS activities

Calibration
● Efficiencies and fake rates of the algorithms 

need to be calibrated with data.
● Working on calibration of mistags 

(light-flavor jets misidentified as b-jets) with 
the negative tag method.
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Data Quality
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Measuring the ttW and ttZ cross sections

● Important to probe weak couplings of the top quark

● Common background in BSM searches

Couplings sensitive to BSM physics

● Parametrised in terms of effective field theory operators
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Please see talk by Nabila Shaikh on Wednesday
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Filip Backman, Rebecca Carney
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RPC stronger than requirement from proton 
decay (B-L).

→ Many viable RPV scenarios.
If RPV couplings are weak, then lifetimes of 
SUSY particles can be long. 

→ Displaced vertices (DV).

Stockholm involved in DV+jets analysis.
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● Background from vertices originating from 

material interactions: improvements to 
material map.

Search for RPV SUSY via
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15 / 10 / 2018 Stockholm University ATLAS activities

Future outlook:  
extremely challenging to 

significantly improve the extra 
dimension limits before LHC 

Phase-II

Specific contributions from SU: 2012 20 fb-1 analysis, 15 fb-1 and 36 fb-1 
analyses.
● Development of the W → l + jets electron control regions to calibrate the 

Z →  vv + jets background. 
● Searches for compressed SUSY (light squarks) and Extra Dimensions: 

limit setting with HistFitter.
● Specificity of the signal regions for these models
● Determination Theoretical Systematics associated, including generating 

special samples (p.d.f., scales, Pythia tune, … ).
● Validation of first MG5 production for compressed light squark model.

(Gabriele Bertoli), Christophe Clement
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● Base selection: 
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● Models: 
● Doubly-charged higgs bosons, heavy leptons and neutrinos (for instance type III seesaw), 
● as well as semi-model independent  (inclusive) same-sign

● Important:
● addresses the question of neutrino mass and CPV and investigates whether this is also seen

in the charged lepton sector

● Recent public results:
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● Models: 
● Doubly-charged higgs bosons, heavy leptons and neutrinos (for instance type III seesaw), 
● as well as semi-model independent  (inclusive) same-sign

● Important:
● addresses the question of neutrino mass and CPV and investigates whether this is also seen

in the charged lepton sector

● Recent public results:
● ATL-CONF-2018-020
● arXiv:1809:11105
● Eur.Phys.J C 78 (2018) 199

● All of these based on ee, μμ, eμ (with and w/o jets)

● Current work:
● extend to tau final states, and 3 and 4 lepton states
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Mono-Higgs

● Dark Matter signature
● Higgs + missing ET (“mono-Higgs”)
● H → bb largest branching ratio for 125 GeV Higgs 

● Lund activities:
● contact editor on 2018 CONF-note
● For next round:

● mono-dark-Higgs (arXiv-link)
● dark Higgs → bb

● background estimation
● b-tagging
● dark Higgs reconstruction

● dark Higgs → WW (hadronic)
● recently kicked-off!
● join us! TWiki-link

● Lund team:
● Eleni Skorda (PhD stud), Ruth Pöttgen (senior), Kristian Gregersen (postdoc), Else Lytken (senior)

mono-Higgs mono-dark-Higgs

arXiv:1701.08780
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Dijets + Trigger-Level Analysis

Searches
• Look for a pair of:

• Dijet resonances (e.g. from RPV stops) EPJC 2018
• Expertise: statistical analysis (bump hunt)

• Dark jets (with displaced particle content, from dark sector 
resonances)

Expertise
• Calibration of fat and narrow jets

• Eva Hansen responsible for combination of in-situ 
techniques

• Scale-invariant resonance taggers
• = taggers that do not shape the invariant mass distribution 

for the search
• (Learning about) machine learning techniques

Future
• Working on run control of new trigger board gFEX (Eva Hansen)
• Will be able to prototype more powerful searches with 

substructure information in the trigger

Paired dijet / dark dijet analysis

16
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ATLAS Computing

• A number of activities, mostly in distributed computing:

– Tier1 operations, infrastructure: Oxana Smirnova (also Computing Speakers Commitee 

chair, and represents Sweden in ATLAS International Computing Board)

– ATLAS information system (AGIS), storage info schema, : Balázs Kónya (also WLCG 

Middleware Officer)

– Profiling and optimisation of ATLAS simulation workflows: Caterina Marcon

– Lund Tier3 operations, information system: Florido Paganelli

• Active cooperation with LUNARC – LU’s computing centre

– Hosting computing and storage resources for Tier2 (VR/RFI grant) and Tier3 

(LU Science Faculty grant)

AURORA cluster at LUNARC

hos�ng Tier2 and Tier3 nodes

here: 
• only (somewhat) arbitrary/personal selection of highlights 

• out of a selection of highlights 
• snapshot of the past year or so 
• please see also dedicated talks  
• and talk to us!
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Figure 1: The ATLAS TDAQ system in Run 2 with emphasis on the components relevant for triggering. L1Topo
and FTK were being commissioned during 2015 and not used for the results shown here.

has decreased from 50 to 25 ns. Due to the larger transverse beam size at the interaction point (�⇤ =
80 cm compared to 60 cm in 2012) and a lower bunch population (1.15 ⇥ 1011 instead of 1.6 ⇥ 1011

protons per bunch) the peak luminosity reached in 2015 (5.0 ⇥ 1033 cm�2 s�1) was lower than in Run 1
(7.7 ⇥ 1033 cm�2 s�1). However, due to the increase in energy, trigger rates are on average 2.0 to 2.5
times larger for the same luminosity and with the same trigger criteria (individual trigger rates, e.g. jets,
can have even larger increases). The decrease in bunch-spacing also increases certain trigger rates (e.g.
muons) due to additional interactions from neighbouring bunch-crossings (out-of-time pile-up). In order
to prepare for the expected higher rates in Run 2, several upgrades and additions were implemented during
LS1. The main changes relevant to the trigger system are briefly described below.

In the L1 Central Trigger, a new topological trigger (L1Topo) consisting of two FPGA-based (Field-
Programmable Gate Arrays) processor modules was added. The modules are identical hardware-wise and
each is programmed to perform selections based on geometric or kinematic association between trigger
objects received from the L1Calo or L1Muon systems. This includes the refined calculation of global
event quantities such as missing transverse momentum (with magnitude Emiss

T ). The system was fully
installed and commissioned during 2016, i.e. it was not used for the data described in this paper. Details
of the hardware implementation can be found in Ref. [17]. The Muon-to-CTP interface (MUCPTI) and
the CTP were upgraded to provide inputs to and receive inputs from L1Topo, respectively. In order to
better address sub-detector specific requirements, the CTP now supports up to four independent complex
dead-time settings operating simultaneously. In addition, the number of L1 trigger selections (512) and

5

+

Trigger System

https://cds.cern.ch/record/1095924
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fantastic LHC and ATLAS performance —> at end of run-2: ~150/fb to analyse! 
• many publication on full run-2 data set being worked in Sweden 
• will keep us busy during upcoming shutdown (2019/20)
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What do we do?
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main areas of ongoing ATLAS activities (i.e. not upgrade related) 
• detector operations & data acquisition 
• (physics objects) performance 
• data analysis 
• computing 

• sometimes separation not clear cut

all groups very active in all three of these 
• collaboration in various places 
• discussed on Monday where more synergies could be exploited

see Christian’s talk

work made possible and supported by  

Knut-and-Alice-Wallenberg foundation, European Research Council, Vetenskapsrådet  

individual and project grants, fellowships
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Operations
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Swedish groups involved in 
• transition radiation tracker (TRT): LU   
• hadronic (tile) calorimeter: SU 
• level-1 calo trigger (L1Calo): SU  
• presampler (LAr): KTH 
• triggering (jets, taus, data quality (DQ)): LU, UU 
• luminosity: LU, SU, KTH 
• online and offline shifts: all 
• …

the entire collaboration has to take part in running the experiment and ensuring we take good data
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Operations — Example: TRT
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• measured: drift time   
• wanted: position 

—> calibration of r(t) relation  

        (iterative fit procedure)
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ATLAS DRAFT

1.2 Definitions of tracking variables and parameters53

In the centre of each TRT tube there is a wire kept at ground, while the walls are placed at negative voltage,54

producing an electric field. When a charged particle crosses the straw, it will create several ionization55

clusters along its path. The electrons in the clusters will drift towards the wire (anode), as shown in Figure56

1 and the ions towards the wall (cathode). The drifting electrons will create further ionizations in the gas,57

depending on the strength of the field, leading to an avalanche and a detectable signal.58

Figure 1: Charged particle crossing a single straw creating ionization clusters along its path. The electrons from the
clusters drift towards the wire. The presence of the magnetic field bends the tracks of the drifting electrons. Here
r is the radius of the straw and rD is the distance of closest approach of the charged particle to the wire, known as
drift radius. Picture taken from Ref. [4]

Information is recorded using two predefined thresholds in 27 bits covering 75ns which is equivalent to 359

bunch crossings. For each bunch crossing there are nine bits. Eight of these bits hold the information for60

the lower threshold (LT) and one for the high threshold (HT) as shown in Figure 2. The LT information61

(3x 8 bits, each bit corresponds to a 3.125 ns window frame, 24 bits in total) is used for tracking, since it62

indicates that a charged particle crossed the specific straw. The ninth bit, is set to 1 only when the pulse63

exceeds the HT. It indicates a possible electron and hence is used for particle identification. For Run 2 the64

last 4 bits of the third bunch crossing are dropped [5] to achieve 100kHz rate in level-1 trigger, without65

losing vital timing information. This is the so called "reduced readout", shown in Figure 2 .66

The time over threshold (ToT), marked in Figure 2 is determined by the number of bins for which the pulse67

is above the LT [6], and depends on the proximity of the track to the wire and the size of the signal. The68

width is of the time over threshold is larger for tracks closer to the wire. To extract information about the69

energy loss of the particle, a track position correction can be applied to mitigate this dependence.70

A tunable gate, called "validity gate", is applied to limit the data flow in the read out drivers (ROD) and71

to reject hits from out of time bunch crossing. The straw’s drift time information is considered “valid”, if72

there is at least one low threshold bit set within this gate. This gate is also applied in simulated events.73

The first transition from a bin with value 0 to 1 is called leading edge (LE) and the leading edge time74

(tLE ) is the centre of the “1” bin [8], [2]. The first transition from 1 to 0 is called trailing edge (TE). The75

leading edge time depends on the time the collision took place ( tcollision), the time it takes the particle to76

9th October 2018 – 14:26 3

TRT information important for ATLAS tracking

this relation is determined for every run we take 
(and for MC as well)

Lund Ph.D. students very active in this

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-006/
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Operations — Example: Luminosity
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luminosity measurement important for ~all ATLAS analyses!
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LUCID

● Lund team:
● Vincent Hedberg (senior) 

● Overview
● The ATLAS luminosity measurement is used in almost all physics analysis. The Lund group is

participating in and coordinating the luminosity analysis. The group has also had a leading role in
designing and constructing the LUCID luminometers together with groups from Bologna and Alberta.

● See dedicated talk by Vincent today!

KTH/SU:  

luminosity track counting 
• #(tracks) proportional to #(pp collisions per bunch-xing) 
• calibrated lumi measurement provided (with DESY) 
• new, more robust tracking working point 
• updated s/w framework 

online luminosity 
• development/maintenance of s/w and infrastructure 
• Outstanding Achievement Award for Alex Kastanas

Lund: coordination of luminosity analysis,                            
leading role in design/construction of LUCID luminometer

15 / 10 / 2018 Stockholm University ATLAS activities

Track Counting Luminosity

Number of Inner Detector tracks proportional to 
number of pp collisions in bunch crossing.
● Can be used to measure luminosity.
● With KTH and DESY, providing a calibrated 

luminosity measurement using this method.
● Developed new tracking working point: more 

robust against changes detector 
conditions. 

● Updated software framework: goal is to do 
automatic processing at Tier-0.

Online Luminosity

● Development and maintenance of luminosity 
software and infrastructure in P1

    Alex Kastanas, Prim Pasuwan, Sara Strandberg

Luminosity

7

https://atlas.cern/updates/atlas-news/outstanding-achievement-awards-2018
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understand how physics objects (jets, electron, muons, taus) behave in the detector/trigger
provide this knowledge to all of ATLAS as foundation for data analysis

main performance areas in Sweden (snapshot): 
• jets 

• SU: tile calorimeter response at cell-level as input to jet energy scale calibration,                                   
jet+ETmiss group convener (C. Clement), identification of jets from b-quarks (and DQ, S. Strandberg) 

• LU: (combination of) jet energy scale calibration for fat + narrow jets, calibration of trigger-level jets 
• taus:  

• UU: fake tau task force (created early 2018, lead by A. Ferrari)  

     —> aims to develop unified method for all ATLAS 
• trigger 

• LU: jet trigger performance (jet trigger coordinator W. Kalderon) 
• UU: tau trigger (DQ contact)

Swedish groups/members have (had) leading roles in various areas for a long time
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Performance
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also (at least in this talk):  

understand detector usage for unconventional signatures 
(long-lived particles (LLPs), displaced decays)

challenges:  
• triggering (usual triggers not designed to capture such events) 
• knowledge of inner detector material distribution        

(background from vertices due to material interactions) 
• special tracking for tracks with large impact parameter                      

(CPU intensive, subset of data: DRAW_RPVLL)

15 / 10 / 2018 Stockholm University ATLAS activities

Filip Backman, Rebecca Carney
David Milstead, Christian Ohm (KTH)

RPC stronger than requirement from proton 
decay (B-L).

→ Many viable RPV scenarios.
If RPV couplings are weak, then lifetimes of 
SUSY particles can be long. 

→ Displaced vertices (DV).

Stockholm involved in DV+jets analysis.
● Work on e.g. DRAW filter (RAW → 

DRAW_RPVLL → DAOD_RPVLL).
● Background from vertices originating from 

material interactions: improvements to 
material map.

Search for RPV SUSY via
displaced vertices

11

KTH+SU:  
• long-standing interest and expertise in these signatures 
• expertise in (special) reconstruction 
• future possibilities to include in trigger? (also UU)
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Analyses
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very broad, diverse spectrum of physics topics and analyses covered across the universities

KTH 
• H—>WW 

• measurement/search 
• DM + SUSY 

• particular:                                         
LLPs/displaced vertices 

Lund 
• same-sign dilepton 
• leptoquarks 
• Dark Matter 

• dijet, TLA, mono-H 
• resonances 

• dijet, ttbar

SU 
• ttW, ttZ 
• leptoquarks 
• SUSY (RPC, RPV) 

• stop pair, mono-jet, 
displaced vertices (DV) 

• Dark Matter + other Exotics 
• SHIFT (SUSY, indirect stop)

UU 
• charged Higgs 
• di-Higgs 

• leptoquarks 
• combination 

• top-Higgs interplay 
• displaced signatures 
• SHIFT (compositeness/VLQ)
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Dark Matter
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ATLAS (collider experiment) provides many different angles

“conventional”: missing transverse energy

SM DM

DMSM

ETmissj, γ, Z, W, …

SM

DM

DMSM

ETmiss

γ, Z, h, …

initial state radiation (ISR) associate production

SU: stop pair, mono-jet
LU: mono-Higgs(bb) (and WW)

now being collected in a “Common Dark Matter” working group, C. Ohm (KTH) one of the conveners,  
also organiser of the LHC DM working group (previously C. Doglioni (LU))

within Swedish groups:
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visible mediator searches 
• various di-jet searches @LU 
• including trigger-level analysis (TLA)
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SM

if then

now being collected in a “Common Dark Matter” working group, C. Ohm (KTH) one of the conveners,  
also organiser of the LHC DM working group (previously C. Doglioni (LU))

within Swedish groups:
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result tasting
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Figure 28: Upper limit on the ratio of the DM production cross-section to the simplified model expectation under
the hypothesis of (left) a scalar or (right) a pseudoscalar mediator. The limit is shown as a function of: (top) the
mediator mass for a fixed mass of the DM candidate of 1 GeV, or (bottom) the DM candidate mass for a fixed
mediator mass of 10 GeV. The coupling of the mediator to SM and DM particles is assumed to be g = 1.
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1 Introduction

Astrophysical observations have provided compelling evidence for the existence of a non-baryonic dark
component of the universe: dark matter (DM) [1, 2]. The currently most accurate, although somewhat
indirect, determination of DM abundance comes from global fits of cosmological parameters to a variety
of observations [3, 4], while the nature of DM remains largely unknown. One of the candidates for a DM
particle is a weakly interacting massive particle (WIMP) [5]. At the Large Hadron Collider (LHC), one
can search for WIMP DM (�) pair production in pp collisions. WIMP DM would not be detected and its
production leads to signatures with missing transverse momentum. Searches for the production of DM in
association with Standard Model (SM) particles have been performed at the LHC [6–12].

Recently proposed simplified benchmark models for DM production assume the existence of a mediator
particle which couples both to the SM and to the dark sector [13–15]. The searches presented in this paper
focus on the case of a fermionic DM particle produced through the exchange of a spin-0 mediator, which
can be either a colour-neutral scalar or pseudoscalar particle (denoted by � or a, respectively) or a colour-
charged scalar mediator (�b). The couplings of the mediator to the SM fermions are severely restricted
by precision flavour measurements. An ansatz that automatically relaxes these constraints is Minimal
Flavour Violation [16]. This assumption implies that the interaction between any new neutral spin-0
state and SM matter is proportional to the fermion masses via Yukawa-type couplings1. It follows that
colour-neutral mediators would be sizeably produced through loop-induced gluon fusion or in association
with heavy-flavour quarks. The characteristic signature used to search for the former process is a high
transverse momentum jet recoiling against missing transverse momentum [7, 11].

This paper focuses on dark matter produced in association with heavy flavour (top and bottom) quarks.
These final states were addressed by the CMS Collaboration in Ref. [17]. For signatures with two top
quarks (tt̄ +�/a), final states where both W bosons decay into hadrons or both W bosons decay into leptons
are considered in this paper. They are referred to as fully hadronic and dileptonic tt̄ decays, respectively.
Searches in final-state events characterised by fully hadronic or dileptonic top-quark pairs have been
carried out targeting supersymmetric partners of the top quarks [18, 19]. Due to the di�erent kinematics

1Following Ref. [14], couplings to W and Z bosons, as well as explicit dimension-4 �–h or a–h couplings, are set to zero in
this simplified model. In addition, the coupling of the mediator to the dark sector are not taken to be proportional to the mass of
the DM candidates.

directly, leading to a di�erent phenomenology. For completeness, we exam-
ine a model where � is a Standard Model (SM) singlet, a Dirac fermion; the
mediating particle, labeled �, is a charged scalar color triplet and the SM parti-
cle is a quark. Such models have been studied in Refs. [?, ?, ?, ?, ?, ?]. However,
these models have not been studied as extensively as others in this Forum.
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(c)

Figure 1: Representative diagrams at the lowest order for spin-0 mediator associated production with top and bottom
quarks: (a) colour-neutral spin-0 mediator associated production with bottom quarks bb̄ +�/a; (b) colour-neutral
spin-0 mediator associated production with top quarks tt̄ +�/a; (c) colour-charged scalar mediator model decaying
into a bottom quark and a DM particle b-FDM.
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di-jet mass search <1 TeV limited by trigger bandwidth 
• use less information —> TLA 
• use more complex final states (dijet+ISR, 4-jet) 

• more ideas for future (TLA di-jet+ISR? …)

LU

SU

15 / 10 / 2018 Stockholm University ATLAS activities

Yosse Andrean, Christophe Clement
Alex Kastanas, Prim Pasuwan

Laura Pereira Sanchez, Sara Strandberg

A light stop (O(1-1.5 TeV)) is needed for natural SUSY.
● Search for stop in single lepton final state.
● Improve reach for intermediate and high stop masses 

by exploiting better top-tagging techniques.

WIMP Dark Matter could be produced at LHC.
● Enhanced DM couplings to heavy quarks for some EFT 

operators (motivated by MFV).
● Final state (ttbar + MET) is identical to stop searches

    → common analysis team.

See talk by Yosse Andrean

Search for Stop Pair Production
and Dark Matter + Heavy Flavour

10

same analysis also sensitive to 
other BSM signatures, e.g. stop 
pair, compressed SUSY, VLQs?

https://arxiv.org/abs/1711.11520
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Long-Lived Particles

!15

weak couplings — long lifetimes

e.g. R-parity violating (RPV) SUSY 
• R-parity conservation imposed to avoid proton decay 

• lightest SUSY particle can’t decay                                                                           
—> stable, DM candidate 

• but: proton stability allows various non-zero RPV couplings 
• if small, SUSY particles become long-lived 

various other scenarios, e.g. split-SUSY 

in general: displaced signatures                                                                                   

                    (displaced vertices/jets, emerging jets…) 
• usual trigger/reco/analysis cuts not designed for these!  
• development of non-standard solutions                                          

at KTH, SU and UU (future)
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• Combined TrackParticle collection fit to vertices using 
VrtSecInclusive 

• Track pT > 1 GeV 

• NSCT-Hits ≥ 2 

• NPIX-Hits ≥ 2 OR NTRT-Hits ≥ 1 

• Track |d0| > 2 mm 

• Creates seed vertices from 2-track vertices with chi2/Ndof < 5 

• To protect against fake vertices, tracks are required to have: 

• Hit at the next tracker layer outward 

• No hits-on-track at lower radius 

• (Assuming decaying particle has significant outward boost) 

• If vertex near tracker layer, allow hits at that layer 

• Merge seed vertices to form final DV candidates

Secondary Vertex

Required Hits

Allowed Hits

Forbidden Hits

Track

TrackPixel Layer-2

Pixel Layer-1

Pixel B-Layer

IBL
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Leptoquarks
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part of many BSM theories, explain similarities between quark and lepton sectors in SM 

renewed interest in past years due to anomalies in B-meson decays

LU and SU: searches for 1st and 2nd generation (using 2015+2016 data) 
• pair production of scalar LQs 
• includes lepton-neutrino channel for first time since 2011 
• introduces use of BDT for signal/background discrimination 

speaking of RPV SUSY…
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latest public result: http://iopscience.iop.org/article/
10.1088/1367-2630/18/9/093016

re-interpretations of several other ATLAS analyses to search 
for 3rd generation LQ 

• example: HH—> bb tau tau done at UU

http://iopscience.iop.org/article/10.1088/1367-2630/18/9/093016
http://iopscience.iop.org/article/10.1088/1367-2630/18/9/093016
http://iopscience.iop.org/article/10.1088/1367-2630/18/9/093016
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Di-Higgs
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one of the main topics at UU now (after traditional involvement in charged Higgs searches)

speaking of di-Higgs

we have discovered a Higgs, but there still is a lot to learn about it 
• currently Higgs properties can only be studied at LHC (or even HL-LHC) 
• window to new physics! 

• enhanced HH production by BSM processes 
• new resonances decaying to HH

Double Higgs Boson production

• Why?
– A lot still to know about the Higgs boson

• Studying Higgs boson properties can only be done at the LHC  
– The measurement of the Higgs self-coupling will probe the shape of the Higgs 

potential
• HL-LHC goal

– Window to new physics exploring HH-like final states
• BSM enhancement of the HH production 
• New resonances decaying into HH

15-09-2018 Rebeca Gonzalez Suarez (UU) 5
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Di-Higgs
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speaking of di-Higgs

arxiv:1808.00336
similar challenges as H±: (many) BDTs, fake taus..

@UU: HH—> bb tau tau

+ combination (bb + bb/γγ/ττ)

extend to include boosted signature

HH Combination

• Recent HH combination (important contribution from Petar) based on the three 
most sensitive channels:

– https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-
CONF-2018-043/

• Work ongoing in HL-LHC HH combination: 
– https://cds.cern.ch/record/2638618

15-09-2018 Rebeca Gonzalez Suarez (UU) 8

Work on HH→bb!! will continue 
in the near future, reinforced with 

Mikael and Myrto
Boosted search will also be 
performed, lower priority
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Figure 2: Observed and expected limits at 95% CL on the
cross-sections of a generic narrow-width scalar X (top)
and RS GKK (bottom) times the branching fraction to two
CP-even Higgs bosons H, when combining the ⌧lep⌧had
and ⌧had⌧had channels. The expected cross-section for the
hMSSM scalar X production and the bulk RS graviton
production with k/MPl = 1.0 are also shown in the respec-
tive plots. In the hMSSM case, the bump in the theory
prediction around 350 GeV corresponds to the threshold
for X decaying into tt̄ pairs.

limits for narrow-width scalar resonances X and GKK signal models are shown in Figure 2. For scalar
resonances, the results are interpreted in a simplified minimal supersymmetric model, the hMSSM [98,
99], where the mass of the light CP-even Higgs boson is fixed to 125 GeV. The mass range 305 GeV <
mX < 402 GeV is excluded at 95% CL for tan � = 2, where tan � is the ratio of the vacuum expectation
values of the scalar doublets. Gravitons are excluded at 95% CL in the mass range 325 GeV < mGKK <
885 GeV assuming k/MPl = 1. Above ⇠ 600 GeV, the limits are largely insensitive to the value of k/MPl,
while at low mHH they improve significantly with increasing k due to the larger natural width. The limits
on resonant HH are significantly more stringent than previous results in the bb⌧⌧ channel and competitive
with limits obtained in other channels.

In summary, a search for resonant and non-resonant Higgs boson pair production in the bb⌧⌧ final state is
conducted with 36.1 fb�1 of pp collision data delivered by the LHC at

p
s = 13 TeV and recorded by the

ATLAS detector. The analysis of non-resonant Higgs pair production excludes an enhancement of the SM
expectation by more than a factor of 12.7 at 95% CL. This is the most stringent limit on HH production
to date. Upper limits are set on resonant Higgs boson pair production for a narrow-width scalar X and a
spin-2 Kaluza–Klein graviton GKK in the bulk RS model.
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ATLAS-CONF-2018-043

also interest in all other groups for the future!

https://arxiv.org/abs/1808.00336
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-043/
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LHC Schedule
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another ~150/fb in 
run-3 (at 14 TeV)

2010 - 2035 

3 

planning and 
collection of ideas 
already started
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Further Synergies
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brainstorming on Monday — is there more we can do with our collective expertise? 
• long-lived particles:  

• KTH+SU already collaborating  
• interesting connections to Dark Matter programme in Lund 
• triggering using tracker information (all four groups) 
• performance studies on LLP signatures 

• Higgs 
• H—>WW (KTH), HH (UU), H++ (LU), mono-H (LU), SHIFT  
• exploit UU expertise with taus also in H++ (taus being added) 
• multi-lepton searches (connects back to HH—>VVVV) 

• 3rd generation 
• (s)tops (SU), VLQ (UU), ttbar (+DM) (SU), SM ttV (SU), SHIFT 
• top-tagging! (all but SM) 
• PF jets 
• t + DM
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KTH 
• H—>WW 

• measurement/search 
• DM + SUSY 

• particular:                                         
LLPs/displaced 
vertices 

Lund 
• same-sign dilepton 
• leptoquarks 
• Dark Matter 

• dijet, TLA, mono-H 
• resonances 

• dijet, ttbar

SU 
• ttW, ttZ 
• leptoquarks 
• SUSY (RPC, RPV) 

• stop pair, mono-jet, 
displaced vertices (DV) 

• Dark Matter + other Exotics 
• SHIFT (SUSY, indirect stop)

UU 
• charged Higgs 
• di-Higgs 

• leptoquarks 
• combination 

• top-Higgs interplay 
• displaced signatures 
• SHIFT (compositeness/VLQ)

Summary

!21

very lively physics programme in Swedish groups 
• important contributions to running of the 

experiment and understanding its performance 
• broad spectrum of data analyses 

• measurements 
• searches 

• SUSY 
• Dark Matter 
• Exotics (extra dimensions, VLQs..) 
• more exotics (LLPs, monopoles…) 
• … 

• plans to tighten collaborations within Sweden 

many results on full run-2 data set in the works 

run-3 coming up fast! 


