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DARK MATTER SEARCHES WITH THE ATLAS 
DETECTOR 
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INDICATIONS FOR DARK MATTER:

▸ Indications for new, unknown 
matter outside of SM 

▸ Dark matter candidates offered by 
SM extensions: 

▸ Axions 

▸ Sterile neutrinos
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Bullet clusters collisions

Cosmic microwave background (CMB)

Galactic rotational curves

▸ Weakly interacting Massive 
Particles (W.I.M.P)
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EVIDENCE FOR DARK MATTER:

▸ Evidence for new, unknown matter 
outside of SM 

▸ Dark matter candidates offered by 
SM extensions: 

▸ Axions 

▸ Sterile neutrinos 

▸ Weakly interacting Massive 
Particles (W.I.M.P)
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Bullet clusters collisions

Cosmic microwave background (CMB)

Galactic rotational curves

Supported by the relic 
density calculation

▸ Weakly interacting Massive 
Particles (W.I.M.P)

A well motivated DM Candidate searched for by many experiments
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HOW CAN WE FIND DARK MATTER?

▸ Three different approaches to look 
for DM
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DM DM

SM object SM object

3. DM 
production: 

Collider 
experiments: 
ATLAS, CMS

1. Indirect 
detection: 

Fermi LAT, 
PAMELA

2. Direct detection:  
LUX, LZ, SuperCDMS
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DARK MATTER DETECTION THROUGH COLLIDER PRODUCTION

▸ Or we can… produce them!  

▸ Collider production: 

▸ Strength: DM/SM interactions 
and decay channels  

▸ Weakness: No information 
about the found “Dark matter” 
’s  lifetime, to be complemented 
by DD/ID. 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DM DM

SM object SM object

DM 
production: 

Collider 
experiments: 

Indirect 
detection: 

IceCube, 
SuperK 

Direct detection:  
LUX, LZ, SuperCDMS
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CLASSIC COLLIDER DARK MATTER SEARCHES: (A.K.A: MONO-X)
▸ DM invisible in the ATLAS detector: 

▸ Look for MET + something 

▸ Mono-X DM search signature : 
 
 

▸ E.G: Mono-jet, mono-photon, mono-W
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MET

Anything-visible  (X)
Jet/Higgs/ W/Z/ Z’/ 
Quantum-T-Rexes

Proton

Proton

MET

SM Bkg 

SM Bkg+ DM signal 
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MONO-PHOTON AND MONO-JET

▸ Challenges: Precise object calibration, SM background prediction and MET measurement.  

▸ Fake particles vetoed, various control regions used to measure SM background prediction. 
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Mono-Jet 
 (JHEP 01 (2018) 126) 

Mono-Photon 
 (Eur. Phys. J. C 77 (2017) 393)

Table 5: Observed event yields in 36.1 fb�1 of data compared to expected yields from SM backgrounds in all signal
regions, as predicted from the simultaneous fit to their respective CRs (see text). The first three columns report the
yields obtained from the inclusive-SR fit, while the two last columns report the yields obtained from the multiple-
bin fit. The uncertainty includes both the statistical and systematic uncertainties described in Section 8. The
uncertainties are post-fit uncertainties and are constrained by the fit as the use of control regions to normalise the
dominant backgrounds allows to partially cancel some systematic uncertainties (see Section 8 for more details). The
individual uncertainties can be correlated and do not necessarily add in quadrature to equal the total background
uncertainty. The observed number of events in the four CRs relative to each SR is also shown. The total fitted
background does not match exactly the sum of the individual contributions because of the rounding applied.

SRI1 SRI2 SRI3 SRE1 SRE2

Observed events 2400 729 236 1671 493

Fitted Background 2600±160 765±59 273±37 1900±140 501±44

Z(! ⌫⌫)� 1600±110 543±54 210±35 1078±89 342±41
W(! `⌫)� 390±24 109±9 33±4 282±22 75±8
Z(! ``)� 35±3 7.8±0.8 2.2±0.4 27±3 5.7±0.7
� + jets 248±80 22±7 5.2±1.0 225±80 17±6
Fake photons from electrons 199±40 47±11 13±3 152±28 34±8
Fake photons from jets 152±22 37±15 9.7+10

�9.7 115±24 27±9

Observed events in 1muCR 1083 343 116 740 227

Observed events in 2muCR 254 86 27 168 59

Observed events in 2eleCR 181 59 21 122 38

Observed events in PhJetCR 5064 5064 5064 5064 5064
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Figure 3: Distribution of Emiss
T (left) and of E�T (right) in the signal regions for data and for the expected total

background; the total background expectation is normalised using the scale factors k0 derived from the multiple-bin
fit. Overflows are included in the third bin. The error bars are statistical, and the dashed band includes statistical
and systematic uncertainties determined by the fit. The expected yield of events from the simplified model with
m� = 10 GeV and an axial-vector mediator of mass mmed = 700 GeV with gq = 0.25 and g� = 1.0 is stacked on top
of the background prediction. The lower panel shows the ratio of data to expected background event yields.

15

NO EXCESS NO EXCESS
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MONO-BOSON (W,Z,Z’)
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Mono-W/Z/Z’ 
 (JHEP 10 (2018) 180)

Jet substructure to improve sensitivity First ever Mono-Z’ Result 

NO EXCESS NO EXCESS
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MONO-HIGGS(VISIBLE)
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Mono-Higgs(->γγ) 
(Phys. Rev. D 96 (2017) 112004)

Mono-Higgs(->bb) 
(ATLAS-CONF-2018-039)

First 79.8 fb-1 results 

NO EXCESS NO EXCESS
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DARK MATTER SEARCHES THROUGH MEDIATOR
▸ “For DM to be made from quarks, it means that there is a process that can 

decay back into quarks.” 

▸ Can we look for the simplified force mediator instead?
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‣Two Body Decays‣Mono-X analyses 

Z’

X

Xq

q

g
SM

SM
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DARK MATTER SEARCHES THROUGH MEDIATOR
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‣Two Body Decays‣Mono-X analyses 

Z’
X

Xq

q

g
SM

SMMjj

SM background

Bump (might be DM mediator )

Search Strategy:

Look for a bump on top of SM background!

▸ “For DM to be made from quarks, it means that there is a process that can 
decay back into quarks.” 

▸ Can we look for the simplified force mediator instead?



control regions. Spurious-signal tests are performed to
verify that no artifact is created during the fitting procedure
by fitting hundreds of representative background data sets,
and then checking the flatness of the probability returned
by the BumpHunter algorithm [47] as detailed below. The
fit is shown to be robust against spurious signals. In
addition, signal injection tests are performed and good
linearity between the injected and extracted signal is
observed for the full range of signal widths considered.
No sensitivity reduction due to the choice of window size
is found.
For both the low-mass and high-mass 2-b-tag selections

the background prediction covers the full mjj mass region,
where the lower boundaries are defined by the plateau

region of the trigger as defined in Sec. IV. For the high-
mass inclusive ≥1 b-tag selection, studies of the validity of
the fit required an increase of the lower mass boundary
from 1.2 to 1.3 TeV. The largest value ofmjj is measured to
be 6.77 TeV with one b-tag and 6.31 TeV with two b-tags.
Figure 3 shows themjj distributions, overlaid with the fit

results and examples of the potential signals described in
Sec. III. The lower panel in each plot of Fig. 3 shows
the significance of the bin-by-bin differences between the
data and the fit, as calculated from Poisson probabilities,
considering only statistical uncertainties. The BumpHunter
algorithm is used to evaluate the statistical significance of
any localized excess in the dijet mass distributions in data
relative to the fitted background estimate. The algorithm
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FIG. 3. Dijet mass spectra after the background only fit with the background prediction together with the result from the BumpHunter
(see text for details). The plots show (a) the inclusive 1-b-tag high-mass region, (b) the high-mass region with two b-tags, and (c) the
low-mass region with two b-tags. The potential signals are overlaid on top of the data.

SEARCH FOR RESONANCES IN THE MASS … PHYS. REV. D 98, 032016 (2018)

032016-5
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DIJET AND DI-B JETS 
‣ Little is known about the force mediators, based on different assumptions, different 

signatures are preferred. 

�12

Dijet 
(Phys. Rev. D 96 (2017) 052004)

Di-b jets 
(Phys. Rev. D 98 (2018) 032016)

NO EXCESS NO EXCESS
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TRIGGER LEVEL ANALYSIS (TLA)

▸ ATLAS storage limit-> We don’t store events below a  jet pT threshold 

▸ TLA: “By storing partial information in events, we can go below 
the usual trigger and look for Z’ lower in mass than dijet. “

�13

Mjj
SM background

Bump =possibly DM mediator

Not 
storing 

1500GeV

Storing

TLA Cartoon by Katherine Pachal 
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TRIGGER LEVEL ANALYSIS (TLA) RESULTS

▸ (Phys. Rev. Lett. 121 (2018) 
081801) 

▸ Covering a lower mass range than 
dijet 

�14

NO EXCESS
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CAN WE GO EVEN LOWER IN THE Z’ SEARCH MASS?  

Dijet/TLA: 

�15

Average net PT= 0
1. A photon at trigger

2. Balanced by 2 softer jets

1. One jet pT at  trigger

2. Other jet pT ≈ trigger 

DijetISR:  

HIGH MASS Z’ ! 
1500GEV AND UP

LOW MASS Z’ !
100-1200GEV
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DIJET-ISR 
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Z’ Mass range 169- 1500 GeV. Exciting new paper coming soon!!

Dijet-ISR Resolved  
(ATLAS-CONF-2016-070)

Dijet-ISR Boosted Btagged  
(ATLAS-CONF-2018-052)

Z’ Mass range 70- 230 GeV. First ever b-tagged result!

NO EXCESS
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Figure 2: Postfit plot of the SM Higgs boson, V + jets, tt̄ and QCD fit comparison to data. The middle panel shows
the postfit and data distributions with the QCD and tt̄ components subtracted. The lower panel shows the same
distributions when also the V + jets component is subtracted.
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NO EXCESS
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IS THAT ALL? OTHER DARK MATTER SEARCHES IN THE ATLAS DETECTOR

▸ Other Mono-X signatures: 

▸ Mono-H to invisible particles 

▸ DM with heavy flavor quarks  

▸ Other two-body decays: 

▸ di-leptons 

▸ Supersymmetry (SUSY) 

▸ Many SUSY searches that looks for gravitino, neutralino etc are natural candidates of 
DM.
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DARK MATTER SUMMARY
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Excluded the Z’ Mass Range from 50GeV to 5000GeV+ Extra exclusion phase space  from the mono-X and dijet searchess
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DM SEARCHES IN ATLAS

▸ ATLAS DM searches makes 
model assumptions, it is 
complementary to ID + DD in 
the overall DM search.
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CONCLUSION

▸ No signs of DM yet! But in ATLAS, we have: 

▸ More data than ever  

▸ Continuous advancements in our search 
techniques  

▸ Expect to gain sensitivity in all variable phase 
space 

▸ Future of DM searches in ATLAS: 

▸ Long lived particle signature searches 

▸ Moving towards more detailed models

�20
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?? ?
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BACK UP
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MONO-HIGGS(INVISIBLE)

�24

Mono-Higgs(->Invisible Decay) 
(arXiv:1807.11471/HIGG-2018-54 )


