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Introduction

Our article:

Search for dark matter candidates and large extra dimensions in events
with a jet and missing transverse momentum with the ATLAS detector
ATLAS-CONF-2012-084
ATLAS Collaboration
July 3, 2012

A CMS article: arXiv:1204.0821v1

Search for dark matter candiates C. M. Delitzsch, P. Clavier 1



@ Introduction
© Dark matter
© WiMPs

@ Data set, event selection and background

© Results

@ Conclusion

Search for dark matter candiates C. M. Delitzsch, P. Clavier 2



Dark matter(1)

Search for dark matter candiates C. M. Delitzsch, P. Clavier 3



Dark matter(1)

Dark matter= explanation to cosmological observations
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Dark matter(1)

Dark matter= explanation to cosmological observations

galactic rotation curve:

Look at a galaxy and deduce its
weight
= Use GR to have rotation curve

Galaxy Rotation Curves:
A = Predicted B = Observed

Velocity

Distance

galaxies look heavier than predicted!
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Dark matter(1)

Dark matter= explanation to cosmological observations

galactic rotation curve: CMB:

Look at a galaxy and deduce its
weight
= Use GR to have rotation curve

Galaxy Rotation Curves:
A = Predicted B = Observed

Velocity

Baryonic matter interacts with
Distance photons

galaxies look heavier than predicted! Dark matter does not

< = different spectrum of CMB!
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Dark matter(2)

7 3% DARK ENERGY

\23 9% DARK MATTER

§

| 3.6% INTERGALACTIC GAS
0.4% STARS, ETC.
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Dark matter(2)
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Dark matter(2)

7 3% DARK ENERGY

;\2%% DARK MATTER

N

| 3.6% INTERGALACTIC GAS
0.4% STARS, ETC.

SUSY? Neutrinos? WIMPs? = BSM physics = accelerators

Other theories:

e MOdified Newton Dynamics (MOND)
e Dark Fluid

@ Quantum Gravity
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WIMPs(1)

WIMPs = Weakly Interacting Massive Particles
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WIMPs = Weakly Interacting Massive Particles

Characteristics:
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WIMPs(1)

WIMPs = Weakly Interacting Massive Particles

Characteristics:

@ Interact only via weak force and gravity
@ Masses ~ 10 GeV - 10 TeV

@ numerous candidates (LSP, Neutralinos...)
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WIMPs(1)

WIMPs = Weakly Interacting Massive Particles

Characteristics:

@ Interact only via weak force and gravity
@ Masses ~ 10 GeV - 10 TeV

@ numerous candidates (LSP, Neutralinos...)

Assumptions:

@ Masses 2> few GeV = effective theory

o Dirac fermions => bispinors transforming under (,0) & (0, 3) rep of
SO(3,1).
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WIMPS(2)
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WIMPS(2)

Interactions:

Search for dark matter candiates C. M. Delitzsch, P. Clavier 6



WIMPS(2)

Interactions:

@ gg — xX ~ Scalar, Vector, Axial-Vector, Tensor operators

® gg — xX ~> Scalar operator

Search for dark matter candiates C. M. Delitzsch, P. Clavier 6



Interactions:

@ gg — xX ~ Scalar, Vector, Axial-Vector, Tensor operators

@ gg — xX ~ Scalar operator

The vector operator:
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Interactions:

@ qg — XX ~ Scalar, Vector, Axial-Vector, Tensor operators
@ gg — xX ~ Scalar operator

° Ov = 3X7"XG Mg

@ spin-independent scattering

@ s-channel: gg — Z' — xx

Oy is the effective coupling derived from the Feynman diagram:
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What we're searching for

Signal events in monojet topology

@ one high-energetic jet (initial state radiation)

@ large missing transverse energy

ol
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>

Name

D1

D5

D8

D9

D11

Initial state

qq9

a9

a9

a9

99

Type Operator
scalar :‘T‘% XXaq
vector XYV

axial-vector M%)ZY“VSXQVHYSQ
tensor %)?o“v)(qow

scalar ﬁ)‘ﬂ/m(Gﬁy)z
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Data set and event selection

Data set:
o Full 2011 data set
o /s=T7TeV, L =47 b1

Event Selection:
© Quality requirements, e.g. trigger has fired, good primary vertex, ...
Dl < 2

© suppress dijet events: ]A¢(mlss et2)’ S 0 5
@ veto event which have an electron or muon

@ define four different signal regions (SR) with different kinematic
selections
—> sensitive to a wide range of BSM models

Signal region SR1 | SR2 | SR3 | SR4
cut on p]Ttl Emiss [GeV] | 120 | 220 | 350 | 500
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Background

Dominant background:
o Z/ — vv + jets irreducible
o W — Iy + jets (I =7,u,€e) » data driven
e Z = Il + jets

@ estimated in four different control regions

Further backgrounds:
@ single and pair production of top quarks
@ di-boson production } MC simulation
@ non-collision background

e QCD multijet background } data driven
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Z/W + jets background estimation |

o define four different control regions (CR) by selecting e* or pu*
@ tighter cuts on electrons, muons than in signal region

@ CR dominated by Z and W events, no contamination from BSM
@ apply same cuts on E%‘iss and leading jet pp as in SR

Z — 77T +jets
Z — putu +ets

W — 1v+jets

SR | Z v+jets
— el W — pv+jets

W — ev+jets

W — ev+jets
W — uv+jets
Z > e"e +jets
Z — ptu +jets

CR W — pv+ijets | W — ev+jets | Z — pu*u~ +jets

@ estimate background shape and normalization in SR from CR by
applying corrections

@ corrections account for e.g different kinematic selections and trigger

@ correction factors calculated using data and MC simulations
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Z/W + jets background estimation |l

Background prediction in SR

NMC
NMC
Jet/EmlSS

Npredlcted (Ndata kag) C -

e C : contains acceptances, efficiencies and trigger luminosities

NMC . .
o ei—: tra nslates observed number of events in data in CR to
jet/ E%‘“SS ] ]
predicted number of events in SR

% E T T T T T T T T % OA F T T T T T 3
O 10 ;, ATLAS Preliminary Z(—> ee)+jets CR1 ] 1 E ATLAS Preliminary W(— ev)+jets CR1 E
% E 4 —e— Data20i1 210k 4 —e— Data2011 -
Q2 Ldt=4.7fb Sum of background: e E Ldt=4.7fb Sum of backgrounds 3
fria g o ek [0 W(o W)+ets 4
10k (s=7Tey [ 2 ets E Vs=7Tev [ QCD muitjet E
[ i + single top 10E % ggmg’ggw 3
£ (T30 prooson g £ bisoson :
1E] E
[ E 3
10" 107k 3
10% 10%F 4
10° § 1 L Il 1 | 1 il 10" £ Il Il 1 3

0 100 200 300 400 500 600 700 800 900 200 400 600 800 1000 1200
Leading electron p_ [GeV] EF? [GeV]
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Results

<

@ good data/MC agreement
— set limits on visible oy;g

Ovis =0 -A-€ l

T T T T T
ATLAS Preliminary —— Data 2011
D5 M=100GeV M.=530GeV
4 - ADD 3-2 M,=3.5TeV'
Ldt=4.7 fb Sum of backgrounds
[ Z(—w)+jets
; 0 W(o )+ets
\s=7TeV = Z((~> H)+jel(s
=3 tf + single top
3 Multet
=3 Di-bosons.
[ Non collision

Events/GeV

SR1 SR2 SR3 SR4 g

Z — vijets 63000 + 2100 5300 +280 500+40 58+9 L m— |

W — Tvjets 31400 £ 1000 1853+ 81 133+13 13+3 800 1000 1200

W — ev+ets 14600 500 67943  40+8  5+2 Er™ [GeV]

W — pv+jets 11100 + 600 704 + 60 55+6 61

- " > T T T T T
1+ s.l.nglet 1240 + 250 57+ 12 4+1 - 8 ATLAS Preliminary e Data 2011
Multijets 1100 = 900 64 + 64 89 - 30t D5 M-ronGou -s0cey
gm0 2 Myoa5To

Non-coll. Background 575+ 83 25+ 13 - - o JLdt —471" Sum of backgrounds

Z/y* — TTHjets 421 +25 15+2 2+1 - i} E 66(1“"3;1;"55

Di-bosons 302 + 61 29+5 5+1 1+1 \s=7TeV =& Z( lhsjets

Zly* — pu+jets 204 + 19 8+4 - - ; E ‘h‘,‘:@'g‘g'e top

Total Background 124000 + 4000 8800 + 400 750 = 60 83 + 14 £ Drbosons

Events in Data (4.7 fb™!) 124703 8631 785 77 ) on eolisen

%5 at90% [ pb | 1.63 0.13 0026 0006

0P at90% [pb ] 1.54 0.15 0.020  0.006

N 10
% at 95% [ pb 1.92 0.16 0.030  0.007 | !
800 1000 1200

o at95% [pb ] 1.82 0.17 0.024  0.008 Leading jet p, [GeV]
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Limits on suppression scale M,

%3 °OF arLAs Prefirhinary E § 1400~ ATLAS Preliminary 1
O] E ] b / ]
= [ Vs=7TeV B = [ Vs=7TeV / 1
H SO fia=a7' ] : 120 (a7 / ]
g aof E & 10001 / 1
s Brrrmrmrmrmmrsr gl ] 5 E ]
g ] g 1
a 200 Operator D1, SR3, 90CL E 3 6001 Operator D5, SR3, 90CL ]
5 +-- Expected limit (= 1o,,.) ] F -~ Expected limit (= 10,,,) 1
10i — Observed limit (= 1o, ) 7: 400; — Observed limit (= 10y,,,,) 7:
; — Thermal relic ; 200:_ — Thermal relic i
E Lol ol Lo aanl o Lol Lo nl Ll
1 10 10? 10° 1 10 10? 10°
WIMP mass m, [GeV] WIMP mass m, [GeV]
@ 90% CL on suppression scale M, Name Initial state  Type Operator
as a function of WIMP mass m, DI 4 scalar e vxaq
o Limits for different operators DS 44 vector XY@V
. . axis . Lo hinSy 20, S
@ Systematics taken into account D8 qq  axiabvector LRy X@Yyq
. D < Lﬁ* v, =
@ Green curve: thermal relic o 4 ensor 3 XX G0
den sity D11 g9 scalar ﬁf(xas(cﬁv)z
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Limits on WIMP-nucleon scattering cross section

@ convert limits on suppression scale to WIMP-nucleon scattering
@ compare with direct dark matter detection experiments

@ spin-dependent and independent interactions

ATLAS Prellmlnary Is=7TeV, 4.7 fb ! ATLAS Prellmlnary Is=7TeV, 4.7 1b !
— e — g .
E 03— XENON100 ZD1: qa (xx)D‘ o E, ol SIMPLE 2011 —'bs: g (xx)D
S " S 10 D9: 65— (%) irac |
= I ---- CDMSIl low-energy —=— D5: qg— (XX)DHC = [ Picasso 2012 —— qo— (XX, Dirac
§10%%F . CoeNT 2010 —— D11:g99- (1), s 109l D8: CDF g3 (1R, ~1 Oypoory ]
S 10| D5: CDF 68—y~ ~1 Sineory 2
F -37
é 10%7F é 10
£ 102 S10%
2 o
Z? 10 ; 10%
% 10 _ % 104
104 .| Spin-independent : = — | | Spin-dependent

102 10° 1 10 10° 10°
WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]
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Limits on WIMP annihilation rates

@ Limits on M, can be translated in upper limits on annihilation rate of
WIMPs to light quarks (vector and axial-vector interaction)
@ Assumption: WIMPs annihilate only into the four light flavor quarks

ATLAS Preliminary

; T ' o
102k 2x ((Fermi dSphs (tx),,,.. = tb)
102 —=— D5:q9- (1),

102F —— D8:qa- (D), _
108L s 10,

\s=7TeV, 471"

theory

Thermal relic value

Cross section <ov> for ¥ — qq [em®/s]

MR L ol Ll
1 10 10? 10°
WIMP mass m, [ GeV ]

@ Red curve: annihilation to bb from galactic high-energy gamma ray
observations
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Conclusion

@ Dark matter is needed for astrophysical observations to make sense

@ WIMPs are good candidates for dark matter

o Search for events with a high pr jet and EX in 2011 data set

@ Analysis sensitive to a wide range of BSM models (four different
signal regions)

@ No deviations from Standard Model predictions were found

@ Limits on suppression scale M, are set

@ WIMP pair production at LHC is compared to direct dark matter
detection experiments
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THANK YOU FOR YOUR ATTENTION !

T

Deep within the atomic supercollider, the search continues for the
elusive elephantino.
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