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in the detector,                         could look like this
DM

DM

SM

SM

ETmiss

but some Standard Model processes could, too

!
!

Z

‣ Z(νν)+jets: largest contribution, irreducible

!
�

W

‣ W(νl)/Z(ll)+jets: leptons not identified/not in acceptance
~95% of background

‣ multi-jet events (QCD), di-boson & top-quark production, non-collision backgrounds (NCB)

}

Event Selection

‣ large ETmiss

‣ high jet pT

‣ veto on electrons or muons

‣ additional cuts to suppress QCD, NCB

4 signal regions (SR): ETmiss and leading jet pT  above 120, 220, 350, 500 GeV

Event Selection
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‣ W/Z+jets backgrounds: 
	

 	

 data control regions with identified e or µ,  
           transfer factors from simulation
‣ multi-jet background:

	

 	

 control region in data,
	

 	

 extrapolate pT spectrum into SR
‣ NCB: estimated in data from jet timing
‣ top/di-boson: directly from simulation

no excess above SM prediction → exclusion limits on cross section for new physics: 

  observed upper limit @90%CL: 0.026pb (SR3), 0.055pb (SR4)

background Estimation
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Theory

SM

SM DM

DM

What’s this?

‣ WIMPs exist, can be pair-produced

‣ interaction mediated by new heavy particle
‣ mediator too heavy to be produced directly

‣ effective field theory approach
	

 → contact interaction
‣ suppression scale M*

	

 depends on mediator mass and couplings

‣ for Dirac-fermionic WIMPs: 14 operators, 
describing different initial states/types of interaction

	

 (choose representative subset)

‣ cross section depends on WIMP mass (mχ) and M*

Prerequisites

ATLAS Search for Dark Matter Candidates

in Monojet-Events
Ruth Pöttgen

Evidence for Dark Matter

...at different galactic scales, e.g.:
• rotation curves of galaxies (galactical scale)
• gravitational lensing, cluster collisions
(galaxy clusters)

•Cosmic Microwave Background (CMB)
(cosmic scale)

’bullet cluster’:
separation of
baryonic and
dark matter
after a cluster
collision [1]

rotation curve
for NGC 6503
showing the
dark matter
halo needed to
match the data
[2]

Recent result on mass energy density from
Planck measurement on CMB anisotropy [3]:

27%

5%
68%

Dark Matter (DM)
Visible Matter
Dark Energy

Different Search Approaches

• existence of dark matter (DM) firmly
established

•no information on the kind of particles it is
made of or their properties

•popular candidates: weakly interacting
massive particles (WIMP)

DM DM

SM SMdirect
(WIMP-nucleon scattering)

DM

DM

SM

SMindirect
(annihilation)

DM

DM

SM

SM

collider search
(pair production)

Three general classes of
search experiments:
• direct searches:
detect recoil of nuclei in a
target due to the
scattering of WIMPs,

• indirect searches:
look for dark matter
annihilation into
Standard Model (SM)
particles

• collider searches:
pair-production of
WIMPs

Prerequisites for ATLAS search

...taken from [4]

•WIMPs exist, can be pair-produced
• interaction mediated by new heavy particle
•mediator too heavy to be produced directly
• effective field theory approach
⇒ contact interaction

• suppression scale M�
depends on mediator mass and couplings

• for Dirac-fermionic WIMPs: 14 operators
(choose representative subset)

• cross section depends on WIMP mass (mχ)
and M�

•Emiss
T spectra harder than for SM processes

operator coefficient initial state type
χ̄χq̄q (D1) mq

M3
�

qq̄ scalar

χ̄γµχq̄γµq (D5) 1
M2

�
qq̄ vector

χ̄γµγ5χq̄γµγ5q (D8) 1
M2

�
qq̄ axial vector

χ̄σµνχq̄σµνq (D9) 1
M2

�
qq̄ tensor

χ̄χαs(Ga
µν)

2 (D11) 1
4M3

�
gg scalar

Monojet Analysis

WIMPs do not interact in the detector
⇒ imbalance of detectable energy in the transverse plane, Emiss

T

need a ’tag’
⇒ energetic jet from ISR parton, recoiling against the WIMP pair DM

DM

SM

SM

Background Contributions

•Z(νν)+jets: largest contribution, irreducible
•W (�ν)/Z(��)+jets: leptons not identified/not in acceptance
•multi-jet events: mismeasured jet(s) → Emiss

T
•non-collision backgrounds (NCB): cosmic muons, beam halo
•di-boson production
• top quark production

!
!

Z !
�

W

Z/W+jets:
∼ 95% of background

Event Selection

•high Emiss
T , from energy deposits in calorimeters

•high pT jet, reconstructed with antiKt (cone value 0.4)
•dedicated cuts on leading jet → reject NCB
• at most one additional jet → reject QCD
• subleading jet separated from Emiss

T → reject QCD
• veto events with identified e or µ → reject EW
• 4 signal regions (SR):
Emiss

T and leading jet pT above 120, 220, 350, 500GeV

Background Estimation

• electroweak backgrounds:
control regions with muon(s) or electron(s),
transfer factors from simulation

•multi-jet background:
define control region with additional jets,
inverting ∆φ cut
extrapolate pT spectrum into SR

•non-collision backgrounds (NCB):
estimated in data from jet-timing

• top and di-boson:
taken from simulation
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 + single toptt
Multijet
Di-bosons
Non collision

no excess seen → exclusion limits on cross section for new physics (visible cross section)

observed limit @90%CL: 0.026pb (SR3), 0.055pb (SR4) [5]

Results

upper limits on
visible cross sec-
tion translated
into lower limits on
M� as a function
of mχ [5]

 [GeV]χWIMP mass m
1 10 210 310

 [
G

e
V

]
*

S
u
p
p
re

ss
io

n
 s

ca
le

 M

200

400

600

800

1000

1200

, SR3, 90%CLOperator D5

)expσ 1±Expected limit (

)theoryσ 1±Observed limit (

Thermal relic

ATLAS

=7 TeVs
-1

Ldt = 4.7 fb∫

 [GeV]χWIMP mass m
1 10 210 310

 [
G

e
V

]
*

S
u
p
p
re

ss
io

n
 s

ca
le

 M

100

200

300

400

500

600

 , SR4, 90%CLOperator D11

)expσ 1±Expected limit (

)theoryσ 1±Observed limit (

Thermal relic

ATLAS

=7 TeVs

-1
Ldt = 4.7 fb∫

 [ GeV ]
χ

WIMP mass m
1 10 210 310

 ]
2

W
IM

P
-N

u
cl

e
o
n
 c

ro
ss

 s
e
ct

io
n
 [
 c

m

-4510

-4310

-4110

-3910

-3710

-3510

-3310

-3110

-2910
ATLAS , 90%CL-1 = 7 TeV, 4.7 fbs

Spin-independent

XENON100 2012

CDMSII low-energy

CoGeNT 2010

Dirac
)χχ j(→qD5: CDF q

Dirac
)χχ j(→qD1: q

Dirac
)χχ j(→qD5: q

Dirac
)χχ j(→D11: gg

theoryσ-1 

 [ GeV ]
χ

WIMP mass m
1 10 210 310

 ]
2

W
IM

P
-n

u
cl

e
o
n
 c

ro
ss

 s
e
ct

io
n
 [
 c

m

-4110

-4010

-3910

-3810

-3710

-3610

-3510

ATLAS , 90%CL-1 = 7 TeV, 4.7 fbs

Spin-dependent

SIMPLE 2011
Picasso 2012

Dirac
)χχ j(→qD8: CDF q

Dirac
)χχ j(→qD8: CMS q

Dirac
)χχ j(→qD8: q

Dirac
)χχ j(→qD9: q

theory
σ-1 

translate collider
results into limits
in direct detection
plane [5]

spin-independent interactions: collider limits stronger at small WIMP masses
spin-dependent interactions: the colliders competitive over large range of WIMP masses

Outlook

update analysis with full 2012 data set:
•background estimation: Wµν control region
•new method for QCD background
• optimisation for WIMP signal
• shape analysis
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spin-independent interactions: collider limits stronger at small WIMP masses

spin-dependent interactions: colliders competitive over large range of WIMP masses
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‣ collider results are 
translated into limits in 
direct detection plane

Results 2011
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For questions, 
comments, further 
information - please, 
come see my poster :)

6



References

[1] http://apod.nasa.gov/apod/ap060824.html

[3] Fox P J et al. Phys. Rev. D 85 056011 (2012)

[4]  ATLAS collaboration, JHEP 1304 (2013) 075

[2] https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults

7

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults
http://apod.nasa.gov/apod/ap060824.html
http://apod.nasa.gov/apod/ap060824.html

