Searches for Dark Matter production
with ATLAS (MET +X)

L HCP, Lund
Ruth Pottgen, on behalf of the ATLAS Collaboration

17 June 2016




Why Dark Matter?

rotation velocity curves structure formation
- - galaxy clusters - R
of stars in galaxies S
ot ‘, '* S
an T T L . .
Sk el S SRS e . cosmic microwave background
' » . '.
L ik \ :“f1.~-:'<.
9 10 R(kpc)

M33 Rotation Curve

» compelling evidence for existence of non-luminous

matter on largely different cosmological scales visible matter/radiation
=> "'Dark Matter' 07

Dark Energy Dark Matter

» ~1/4 of the universe’s matter-energy budget 09% 26%

» ~5times as much as ‘normal’ matter

Planck result
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https://darkmatterdarkenergy.com/2015/03/07/planck-mission-full-results-confirm-canonical-cosmology-model/

Dark Matter Searches
Indirect

» no viable candidate within Standard Model (SM)
(—
» popular generic class of new particles: M
weakly interacting massive particles (WIMPs) SM K .
Irect
» broad search programme, mainly 3 approaches
SM DM
» interacting = interacting non-gravitationally _
collider

» weakly interacting
—> escape collider experiment undetected

» additional (high pT) object to trigger on

» missing transverse energy (Eymiss)
from recoiling WIMPs

» => 'mono-X" searches

» massive —> can account for relic density
& Qs
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» LHC Run-1: “traditional” effective field theory (EFT) approach

» assume mediator too heavy to be produced

» 2 parameters: WIMP mass (my) & suppression scale (M*)

» some comparisons to simplified models

» for Run-2: benchmark simplified models (where possible) g x(my)

» provide basis for re-interpretations (distinct kinematics)

» collected by ATLAS/CMS DM forum At
(now LHC DM working group)
1 x(my)
» Dirac-fermionic WIMPs
q q X

» mostly 4 parameters:

» mediator mass (Mmeq)
» WIMP mass (mx) >F

» 2 couplings (gom ,Qgq), typically (1, 0.25)

» different types of mediators, minimal width & s
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https://arxiv.org/abs/1507.00966

Models

» for Run-2: benchmark simplified models (where possible) g x(my)

» provide basis for re-interpretations (distinct kinematics)

» collected by ATLAS/CMS DM forum At
(now LHC DM working group)
1 x(my)
» Dirac-fermionic WIMPs
q q X

» mostly 4 parameters:

» mediator mass (Mmeq)
» WIMP mass (mx) >F

» 2 couplings (gom ,Qgq), typically (1, 0.25)

» different types of mediators, minimal width & s
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https://arxiv.org/abs/1507.00966

General Remarks

» main challenge: estimation of irreducible/dominant backgrounds
» control regions (CR) in data

» in most cases “global fit” to all CRs simultaneously

» sub-dominant backgrounds often taken from MC

» typical exceptions: multi-jet and non-collision background (data-driven)

» in most cases Ermiss gs discriminant variable
» search for excess in different regions of high Ermiss

» if no excess: limits on model parameters
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2 5 [ LHC Delivered ]
2 - [_]ATLAS Recorded N
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Mono-Jet - Analysis (CRs)

dominant
backgrounds:

v

Ermiss > 250 GeV (trigger: 70GeV)
leading jet: pT > 250 GeV

<3 additional jets with pt > 30 GeV
Agp(Etmiss | jets)>0.4 (suppress multijet)

Z(vv)+jets
W(lv)+jets

v

v

W(uv)+jets CR

» 1 muon, O electrons
» mtin [30,100] GeV

W(ev)+jets CR

» 1 electron, O muons

Z(up)+ijets CR

» 2 Muons
» myin [66,116] GeV

<<« Standard Model
I Z(— vv) +jets
W(— tv) +]jets
m W(— uv) +jets
I W(— ev) + jets
 Z(— 1) + jets
I Dibosons
mm tt + single top

<<« Standard Model
B Z(— vv) + jets
W(— tv) +jets
m W(— uv) +jets
B W(— ev) +jets
 Z(— 1) + jets
Il Dibosons
I tf + single top

5
Vs =13TeV, 3.21b"

. W(— uv) Control Region
p,>250 GeV, E'T“'ss>250 GeV

Vs =13TeV, 3.2fb"
4 W(— ev) Control Region
p,>250 GeV, E’T’"SS>250 GeV

* Z(— up) Control Region

Events / 50 GeV
Events / 50 GeV
Events / 50 GeV
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e Data 2015
<<« Standard Model
Vs =13TeV, 3.21b" N Z(— vv) +jets
W(— tv) +]jets

miss, o W(— wv) + jets
pT>250 GeV, ET >250 GeV . W(— ev) + jets

 Z(—= 1) + jets
I Dibosons
I it + single top
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Data / SM

Data / SM

Data / SM
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» good agreement in CRs —> confidence in background modelling
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http://arxiv.org/abs/1604.07773

Mono-Jet - Analysis (SR)

» SRs: muon and electron veto

> ' ! | ' ! ! | ! ! ! ! ! ' ! !
8 107 ATLAS o ztatazms
o 4<<<. Standard Model
, , _ , , 0 108 E-Vs=13TeV, 3.2 b B 2 V) + jets
» Inclusive and exclusive in Eymiss 2 F SignalRegion S e s
) 10" E7p >250 GeV, ET**>250 GeV wit
2 = B W(—ev) +jets

F Z(—= ) +jets
- Dibosons

1 03 I i+ single top
..... m(b, %) = (350, 345) GeV
10° | . e, 0 (m_,M J' (150, 1000) GeV

pm’

» largest uncertainties: ™ =Wiles -
» W/Z transtfer: 2-4%

» data statistics in CRs: up to 10% 10

» theory uncertainties on top: 3%

Data / SM
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no significant excess

» inclusive regions for model independent limits

» exclusive regions (=bins) for limits on DM model
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http://arxiv.org/abs/1604.07773

Mono-Jet - Limits

» axial-vector mediator (A)

» §g=0.25, gx=1 9q Ix

q X

» presentation of results as recommended by the DM WG (arxiv:1603.04156)
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Mono-Photon - Analysis

» photon trigger, pr > 120 GeV
» Ermiss > 150 GeV, ptY > 150 GeV
» <1 jet with pr > 30 GeV

v A@(EMiss, y or jet)>0.4 dominant backgrounds:

. )
> 10 gl— LI DL L I_IE
8 E Amas Signal Region ST MSV
B 10° = (513 TeV, 3.2 b %gvx))vy = » Wy/Zy CRs:
> pr oo rrs Loz 3 Bl Fake Photons ]
2 102 : Doy leptons selected, mass cuts
e 222270027777 S .\ iet CR:

0 Y /] _

///%//% 85<EtMs5<110 GeV, Ap(Et™ss, y)<3

» SR: muon and electron veto

= e 0000000000000

g 15:_ . 7 / / /
§ dweei1 gratisfically limited
O R gt
150 200 250 300 350 400 450 500 ESSSSO[GGS?O ) 9% stat. uncertainty from CRS

(total: 11%)

no significant excess
TLAS
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http://arxiv.org/abs/1604.01306

Mono-Photon - Limits

Effective Operator

q ¥
e no ISR!
Simplified Model X
gl
(gq:O.25, g)(:1) . X
effective vertex: yyxyxy
= LS N N E I IR IR I T ~ R e e . an T
8 a5oF. ATLAS — Observed 95% CL 3 o 900 amas —=— observed limit E
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- Axial-vector mediator Bl Expected £ o . S 700 ’ expected * 20 E
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= Dirac DM Perturbative limit E = = s
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to address question of EFT validity:
truncation, i.e. remove events with
Vs > gM* for various values of g
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http://arxiv.org/abs/1604.01306

Mono-W/Z - Analysis

» Ermiss > 250 GeV

» >1 large-R (=1.0) jet, pt > 200GeV,
boson-tagged (boson mass, substructure)

» anti-multijet selections

T I T T T I T T T I T T I

— T 1 T T _T [ T T
—#— Data 2015
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ATLAS Prel mono-W/Z: vector model . _
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2 = b ot = . .
g | Someeen m Sogletor Z+jets , W+jets
- 10 = fl:llgglaintz

. «:2s Pre-fit background

» W/Z/tt CRs:
leptons selected, relaxed mass cuts,
(anti-)b-tagging, Etmiss > 200GeV

—
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» SR: muon and electron veto

— —
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» largest uncertainty:
» large-R jet parameter modelling: ~10%
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» shape fit

@ no significant excess e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-080/

Mono-W/Z - Limits

Simplified Model Effective Operator
q Z
q W,Z X
]
. 9e=0.25, z X no ISR!
14 gx=1
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Mono-Higgs

» New In run-2

» no ISR! (small coupling)

» widely used simplified model:
s-channel vector mediator radiating Higgs

» other models considered in some analyses:
» s-channel scalar mediator radiating Higgs

» /'-2HD simplified model

» scalar 2HD simplified model

» additional parameters, €.9. gzzn, mixing angle...
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Mono-h(bb) - Analysis

» Eymiss > 150 GeV, prmiss > 30 GeV » CRs: orthogonal cuts on Np-jet & Niep

» anti-multijet selections » fit to shape of (di)jet mass

» SR: lepton veto, 2 b-tagged jets 3 2 e B T B T
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-019/

Mono-h(bb) - Limits
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-019/

» diphoton trigger
» >2 photons with myy in [105, 160] GeV

» 4 event categories
» cuts on Ermiss, prvv, prsum of y's & jets

largest uncertainties:
» VY-vertex selection, Exmiss

» simultaneous fit to all regions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-011/

Mono-h(ZZ)

16 e
_ _ E " ATLAS Preliminary & 025 oo -
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Summary

» already large suite of mono-X searches @13TeV at ATLAS

» from “work horse”™ monojet to new mono-H searches
» transition EFT —> simplified models where possible

» No significant excess —> exclusion bounds on various models

» more data is coming!
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Additional Material




Mono-Photon - Limits

Simplified Model (9q=0.25, gx=1)
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DM-+Heavy Flavour

» 20.3/fb @ 8 TeV ’ o "
» increased sensitivity to effective ' .
operators that contain quark mass g b b

» in addition: b-flavoured DM model (b-FDM),
preferred by FERMI gamma-ray excess

> g

» 4 signal regions = / -
: . - i E [ Single to ]
defined by various variables: : L Smerr o

i it ‘ 2000 Syst _

Ermiss > 200-300 GeV, N T DA (10 GeV), D9 =
many or high-pr (b-)jets, ey E

small lepton multiplicity...

: WWW’?W%ﬁ sk

no Slgnlflcant excess 200 250 300 350 400 450 500 550 600 650 700
@ EMS [GeV]
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http://arxiv.org/pdf/1410.4031v2.pdf

DM+Heavy Flavour - Limits

Effective Operator (example)
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