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LAr hadronic end-cap and
forward calorimeters

Toroid magnets

Solenoid magnet
Semiconductor tracker

Muon chambers Transition radiation tracker

SM DM
. we can't see " but we can see

SM DM ¢ : .
' use high energetic jet as tag
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in the detector, S%( BT could ook like this Py O
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A EXPERIMENT

but some Standard Model processes could, too

Z vV W 4
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» Z(vv)*tjets: largest contribution, irreducible

} ~95% of background

» W()/Z(&)+ets: leptons not identified/not in acceptance
» multi-jet events (QCD), di-boson & top-quark production, non-collision backgrounds (NCB)

Event Selection
» large Efmss
» high jet pr
» veto on electrons or muons
» additional cuts to suppress QCD, NCB

4 signal regions (SR):  E7™s and leading jet pr above 120, 220, 350, 500 GeV
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» W/Z+ets backgrounds:
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extrapolate pr spectrum into SR
NCB: estimated in data from jet timing
top/di-boson: directly from simulation

......

v

—_

=
I

v

—_

Q
N
|

200 400 600 800 1000 1200
EX'® [GeV]

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

observed upper Iimit @90%CL: 0.026pb (5R3), 0.055pb (SR4)
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operator coefficient |initial state type

| What's this? _ M PM something like this, XXqq (D1) % qq scalar

jv\/\( T > v'xama (D5) 0 qq vector

SM DM XY xqv,.q (DS) MLE qq axial vector
xo"'xqouwq  (D9) MLE qq tensor
xxo(GY,)*  (D11) 4]\14*3 q9 scalar

' Prerequisites

WIMPs exist, can be pair-produced
interaction mediated by new heavy particle
mediator too heavy to be produced directly

v v v Vv

effective field theory approach
— contact interaction

» suppression scale Msx
depends on mediator mass and couplings

» for Dirac-fermionic WIMPs: |4 operators,
describing different initial states/types of interaction
(choose representative subset)

» cross section depends on WIMP mass (my) and Mx
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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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Looking for Dark Matter

» existence of dark matter
(DM) firmly established
by cosmological observa-
tions at different scales
1
» no information on type of particles it is made of
or their properties

Analysis

» WIMPs do not interact in the detector
— imbalance in detectable energy in transverse plane, Er™

» need a‘tag’

— energetic jet from ISR parton, recoiling against WIMP pair

Background Contributions

» Z(vv)+jets: largest contribution, irreducible
» W(w)/Z(¢&)+jets: leptons not identified/not in acceptance

» popular candidates: WIMPs

» multi-jet events (QCD): mismeasured jet(s) = E;™

V4 o W v
v )it

WiZ+jets (electroweak backgrounds):
~95% of total background

(Weakly Interacting Massive Particles)
» 3 general classes of search approaches:

For questions, o e e

» di-boson and top quark production
» non-collision background (NCB): cosmic muons, beam halo

Event Selection
» high Er™ from energy deposits in calorimeter
ﬁ‘I,LANS‘ » high pr jet, reconstructed with antiKt (radius parameter 4)
» dedicated cuts on leading jet = reject NCB
» at most one additional jet = reject QCD
» sub-leading jet separated from Ey™* = reject QCD

detect recoil of production of

nuclei in a target | annihilation into | WIMP pairs

comments, further
information - please,
come see my poster :

due to scattering| Standard Model

from colliding

of WIMPs (SM) particles SM particles

LHC Large Hadron Collider (mostly pp)
» 27km circular tunnel

» center of mass energy:

7TeV (2010/11), 8TeV (2012),up to 14TeV (2015)
» instantaneous luminosity:

8x10%3cm s (2012), >10¥ecm2s! (2015)

(4
Background Estimation
» electroweak backgrounds:

control regions with identified e or 1,

transfer factors from simulation

» multi-jet background:
control region with >1 jet,
sub-leading jet aligned with Er™,
extrapolate pr spectrum into SR

» veto events with identified e or u = reject EW

» 4 signal regions (SR):

Er™ and leading jet pr above 120, 220, 350, 500 GeV
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» NCB: estimated in data from jet timing

» top/di-boson: directly from simulation 1000 1200
ET™ [GeV]

no excess above SM prediction = exclusion limits o
CL:0.026pb (SR SR4) [4]
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» upper limits on visible

suppression scale M-

Theoretical Framework;;,

» 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«

(choose representative subset)

\Xqq (D1)
XYxqng  (D5)
X7 xawa’q (D8)
xo"'xqo,q  (D9)
(G, (D11)
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depends on mediator mass and couplings

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

» cross section depends on WIMP mass (my) and M«
» Ey™ spectra harder than for SM processes

operator cocfficient 'initial state type
m
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limit above thermal relic line: conflict with WMAP measurement
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spin-independent inte

spin-dependent interaction:

Outlook
» update analysis with full 2012 dataset
» optimisation for WIMP signal
» include operators for scalar DM
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