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Outline

e ATLA Detector and collaboration

* Motivation, strategy and models

e Search channels:
* Mono-jet
* Mono-y
e Mono-Z (leptonic)
* Mono-W/Z (hadronic)
e Mono-W (leptonic)
e Higgs invisible decays

e Summary
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ATLAS detector

Operating at LHC point 1
General-purpose detector
pp collisions at \/s=7/8/13/14 TeV

3 level trigger system

25m
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Tile calorimeters

LAr hadronic end-cap and

) forward calorimeters
Pixel detector \

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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ATLAS Run-| dataset
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Introduction

e Dark matter (DM) search at colliders has a better sensitivity compared
to direct-detection experiments
e at low mass with very large production rate.
* in spin-dependent operators.

e The pair of weakly interacting massive particles (WIMPs) are studied
as DM candidates in ATLAS with the signature of

e Large missing transverse momentum (pi155) and energy (EMISS)
* An energetic obJect (jet, W/Z boson or y)

g,7v, Z,or W
q Z
q

a q

e Higgs boson invisible decays provide a portal for DM production at
colliders.



One mono-y example event
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Run Number: 179710, Event Number: 19174449
Date: 2011-04-15 03:48:32 CEST




General analysis strategies

e The standard model (SM) processes are treated as
background and compared with the number of data events.

* The signal region (SR) is usually defined with
 Large E7"°%, an energetic object, veto on additional objects

* The control regions (CRs) are defined to evaluate the
background expectation in SR with similar kinematics but

e Additional olqject(s)
* Different E;''>° selection in some cases
e Orthogonal to SR

 One example:
e Z - Vv + y background (calorimeter-based EF'SS, |epton veto)
e CR: 2 additional muons, dominated by Z — uu + y process
e Transfer factor (TF) from CR: Ngata/Nmc
e Apply TFto Z — vv 4+ y MCin signal region



/IMP search

e Good: Supersymmetry (SUSY) provides 2 excellent possible
WIMPs: the neutralino and the gravitino assuming R-parity
conservation.

e Bad: SUSY introduces 128 new parameters. Assumptions and
constraints can reduce parameters.

e Ugly: SUSY DM produced via long decay chains through heavier
SUSY (strongly/EM interacting) intermediaries which are the first
to search for. Limits SUSY DM highly model-dependent.

/A

Example of production of
SUSY particles and long decay
chain producing neutralinos
(assumed stable due to R-
parity conservation), jets,
leptons, and MET




SUSY limits

e Many SUSY searches undertaken, mainly forfgluinos, squarks
with indirect limits on WIMPs. Wide range of SUSY variants and
final states covered. Limits on SUSY WIMPs indirectly and highly
model-dependent. Not covered in this talk

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Moriond 2014 J£di=(46-229)1b"  5=7,8TeV
Model &y Jets Erl'?'“ Jranm) Mass limit Reference
T

MSUGRA/CMSSM 0 2-6Jets  Yes 203 @k 1.7 TeV ATLAS-CONF-2013-047
MSUGRA/CMSSM Tep 3-6jets  Yes 203 |2 1.2 TeV ATLAS-CONF-2013-062

0 MSUGRA/CMSSM 0 7-10jets  ves 203 & 1.1Tev 1308.1841
O g Gogi) o 26jets  Yes 203 |4d 740 GeV ATLAS-CONF-2013-047
"ﬁ E:‘"f."?ﬂ‘ o 26jets  Yos 203 E 1.3 TeV ATLAS-CONF-2013.047
g sqgh | —qggW= Tep 3-6 jets Yes 203 z 1.18 TeV ATLAS-CONF-2013-082
R T 2ep 0-3 jets - 203 | & 1.12TeV ATLAS-CONF-2013-089

o GMSB (7 NLSP) Zep 2-4jets  Yes a7 B 1.24 TeV 1208.4688
' GMSB (7 NLSP) 127 0-2jets  Yes 207 |Z 1.4TeV ATLAS-CONF-2013.026
S GGM (bino NLSP) 2y - Yes 203 |& 1.28 TeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Tegesy Yes 4.8 F 619 GeV ATLAS-CONF-2012-144

GGM (higgsino-bino NLSP) Y 15 Yes 48 @ 900 GeV' 1211.1167
GGM (higgsina NLSP) 2e.p(Z)  03jels  Yes 58 | 690 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 105 F'itseale 645 GeV ATLAS-CONF-2012-147
Eg o 30 Yes 201 |& 12TeV ATLAS-CONF-2013-081

o 0 710jels  Yes 203 |& 11Tev 13080841
3 i il O-Tep ab Yes 201 |& 1.34 TeV ATLAS-CONF-2013-081
« g—sbil| 01t 3h Yes 201 |& 13TeV ) ATLAS-CONF-2013-081

BBy, by A(,,\"_‘ o 2b Yes 20.1 By 100-620 GeV mi{F)}<30 GeY 1308.2631
o b, b 2eu(SS)  03b Yes 207 By 275-430 GeV' (i ATLAS-CONF-2013-007
£8  7ifilight), 7 —h¥T 12ep 1-2h  Yes a7 |a 110-167 GeV. 1208,4305, 1209,2102

g S 4(light), iy owai] 2o 0-2jets  Yes 203 H 130-210 GeV 1403.4853

@B iy (medium), f —>er] 2o 2jets Yes 203 |7 215.530 GeV 14034853

o g_ iiiy{medium), iy ¥y o 25 Yes 201 |7, 150-580 GeV 1308.2631
3B Iiy(heavy), i =X Teyp 15 Yes 207 I 200-610 GeV ATLAS-CONF-2013-037
'@ Afhoavy) it o 25 Yes 205 & 320-660 GeV ATLAS-CONF-2013-024
B 0f, 0 0 monojetictag Yes 203 | & 90-200 GeV ATLAS-CONF-2013-068

nifi{natural GMSB) 2ep(Z) 14 Yos 20.3 i 150-580 GeV 1403.5222

hbh, b +Z 3ep(7) 1h Yes 203 |# 290-600 GeV 1403.5222

Iy wérg. P e8] 2ep 0 Yes 203 90-325 GeV 14085294

- Fi 2eqp ] Yes 203 140-465 GeV 14035204
] ar - Yes 207 180-330 GeV (i ATLAS.CONF-2013-028

wss £ Ev) Bep 0 Yes 203 700 GeV (i =m 14027029
| 23ep L] Yes 203 420 GeV leptons decoupled 1403.6294, 1402.7029
TR Wi Te 25 Yes 203 285 GeV 0, sleptons decoupled | ATLAS-CONF-2013-083
B @ Directi}i7 prod., long-lived #{  Disapp. trk 1 et Yes 203 270 GeV' F}=160 MeW. 7if7)-0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets  Yes 229 832 GeV ATLAS-CONF-2013-067
©F  GMSB, stable 7 V| #7, ferte, ) 124 - - 159 475 GeV ATLAS-CONF-2013-058

S 8 GMSB, ¥ +yC, long-lived ¥/ 2y - Yes 47 230 GeV Da<ri))<2 ns 13046310
= i X3 —gqu (RPY) 1, displ. vix - - 203 1.0 Tev 1.5 =cr<156 mm, BR()=1. mi{1)=108 GeV | ATLAS-CONF-2013-032

LFV pp—¥; + X, 5r—e +pt 2ep - - 46 | 1.61 TeV 12121272

LFV pp—v + X, ¥ —elu) + 7 Tegpsr - - 46 S 1.1 Te! 12121272
> Bilinear RPY CMSSM Teu 7 jets Yes 47 @& 1.2TeV ATLAS-CONF-2012-140
& ¥ ¥l v).4) dep - Yes 207 )'rg 760 GeV ATLAS-CONF-2013-036
7, Seper - Yes 207 |i 350 GeV 2> ATLAS-CONF-2013-036
F—aaq [ 67jets - 203 |& 916 GeV BR{P)=BR(c]=0% ATLAS-CONF-2013-081
g—ih, h—bs 2e,p(58)  0-3h Yos 207 B 880 GeV' ATLAS-CONF-2013-007

L Scalar gluon pair, sgluon—sqq o 4jets - 46 | sguon 100-287 GeV. incl. limit from 11102693 1210.4826
8 Scalar gluon pair, sgluon—i7 2ep(88)  2h Yes 143 |sgluon 350-800 GeV ATLAS-CONF-2013-051
6 WIMP interaction (DS, Dirac y) 1] mono-jet  Yes 10.5 M* scale 704 GeV m{y}=80 GeV, limil of<687 GeV for D8 ATLAS-CONF-2012-147

1 1
Vs =7TeV s =8TeV 8 TeV 1
full data partial data full data Mass scale [TeV]
nly a selection of the av le mass limits or 5 or phenomena is sh i are ¢ s 1o theoretical sigr s section unc

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
10



Effective field theory (EFT)

e EFT considers possible contact interactions of g, g producing WIMP
pairs (xx) suppressed by a mass scale M, (i.e. mediator too massive
to be created directly)

e Itis valid if the momentum transfer Q.<M,eq

* Limit is set on the suppression scale M,=M,¢4/v/9smIpm
* Qi <M,/gsm9pm IS required

e EFT is more suitable for WIMP searches if
* Less momentum transfer: lower center-of-mass energy, lower WIMP mass
e Higher limit on M,: more integrated luminosity

 The following EFT operators are interpreted in ATLAS:

Operator xxqq whxavea  IxG*M G, xvMyPxqvuy®q Xo*xqouq
scalar vector scalar axial-vector tensor
Coefficient mg /M3 1/M? ag/4M3 1/M? 1/M?

Spin Independent Dependent
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Simplified models

e Due to the validity issue of EFT, simplified models assume the
mediator is not integrated out.
e Validity question at high Q.. is addressed

 Three domains based on M4
e Low: high Q4. results in off-shell production
 Medium: resonant production, large cross section and strong limits
* High: out of energy reach of the colliders, described by contact theory

M* [TeV]

ETT
L —— m,=50GeV,[=M__ /ex

I contours
L quy

= non—ﬁneriurbative regime
I --=--EFT limits

T T T T T T II T T T T T LI ‘ |

- m=50GeV.I'=M, ../3 AT] AS Simulation Preliminary —

[ miss T

m,=400GeV, I'-M_._./3 1s=14TeV, E;™">400 GeV
m,=400GeV,I'=M__./8x ILdtzzsfb"

ATL-PHYS-PUB-2014-007
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Mono-jet



Dataset and event selection

e \/s=7 TeV, 4.7 fb~1 data: JHEP 04 (2013) 075
e \/s=8TeV, 10.5 fb~* data: ATLAS-CONF-2012-147

* The signal events are selected by requiring:

o« EMISS trigger at 70 GeV
e A primary vertex with at least two associated tracks.
e Suppression on detector noise, cosmic rays or beam-background

muons.
* no more than one additional jet has p>30 GeV.
Signal regions SR1 SR2 SR3 SR4

Data quality + trigger 4 vertex + jet quality +
Common requirements | || < 2.0 + |A¢(pT™s, p:iftz)} > 0.5 + Nijets < 2 +
lepton veto

Episs | piett 120 GeV 220 GeV 350 GeV 500 GeV
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7 TeV results

. No excess is observed above SM backgrounds.

vield | SRL__| SRz SR8 | _SR4___

Total Bkg 12400014000 88001400 750160 83114
Data 124703 8631 785 77

e Exclusion limits aresetono,ic =0 X A X €

Cllimit | SRL__| SRz |SR3| _SR4___

oS 2t 90% [fb]  1.63 0.13 0.026 0.0055
255 at 95% fo] 192 0.17 0.030 0.0079
%} 105 T T T T T T T T T T T T T T T T T T T % l ATTL'A'S ! 1 ! ! l | H ! r | ! ! l | ! l T
—— Data 2011 —e— Data 2011
% 104 ATLAS T Dg l?l:'lﬂﬂGeV M, =680GeV % 104 D5 M=100GeV M,=680GeV
= 4 ------- ADD 8=2 M,=3.5TeV b= . T ADD 8=2 M,=3.5TeV
T de'[ =47t Sum of backgrounds o 10° 0 det =471t Sum of backgrounds
o 10°g @ Z(—vv)+ets 1T = 0 Z(—>vv)+jets
H [ W(— h)+jet u [ W(— Iv)+ets
1021 fs=7Tev B3 70 1024 Vs=7TeV &3z +ets
g [ i + single top EI:_ [ i + single top
10 [ Multijet 10 = [ Multijet
g [ Di-bosons E = = ] Di-bosons
= B Non collision ] 5 =] T B Non collision
1 S 1 =g
o e 0 - T e
rrnnnrrnbrnnrs
107 107
L L A | L = L | L L M| I L | L L L 1 L el
600 800 1000 1200 200 400 600 800 1000 1200

ET™® [GeV] Leading jet p_[GeV]
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7 TeV results

* EFT interpretation
* Translated to 90% CL limit on the WIMP-nucleon cross section

— —29 ATLAS T @ - 7 TeV 4 7 fb QO%CL Lo | ﬁTL\ASI T T T TTT T T \Vgl \_ITIITeV 4\. 7 Ifbl \gl(l)?/l CL
10 YENON100 2012 D1: a3 jo) ] L, 5| —— SIMPLE 2011 —— D8: g3 (1)
G 431 Dirac o 107 Picasso 2012 9 Dirac {
'E' 10 : - CDMSil low-energy —— D& qq% J(XX) Dirac ; 'E' E .. D8: CDF qq%l(%%) ac — [?I qq% J()C)C)Dlrac
10330 CoGeNT 2010 —— D11: 99— j(XX),, .| S 10'36 [ — — D8:CMS qd— (D) Otheory .
o I : G i(v7) o Y S F ;
8 o] D5: CDF GG (T)p,.. “1Gheory : 2 597, ;
0 F 4+
3 g ) 7
51078
C
E 10—39
S
e e
i = iad1l g
< (45 ] = 10
10 | 1 1 1 L1 11 \l l 1 | L1 11 I| Spln IndePe\r!cjlelrITF i C 1 | L1 11 Ll 1 1 | 11 11 I‘ Spln delpe\nlcjlelr!ﬁ
1 10 102 10° 1 10 10? 10°

WIMP mass m, [ GeV ] WIMP mass m, [ GeV ]
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8TeV results

* No excess is observed above SM backgrounds.

Region SR1 SR2
Total bkg 3444001+900+2200+12600 25600+24045001+900
Data 350932 25515

Total bkg 2180+70+120+100 380+30+60+30
268

Data
2 10°E —_
o ATLAS Preliminary a |;
B 2
‘E 10* J' Ldt=10.5" | w 95% CL
@ - J5=8Tev é ATLAS Preliminary - Expocted fimit
3 ERCLy: deiop e X = JLde105fb‘ o
U o LIRSS - e AR M S e o - — Observed limit
o 'V ELR T . G +/g M, =1TeV M=10"6V (x5) - s =8TeV +1
10 EEEEERE ; i [tz
1 ='=;' """"""""""""""""""""" ‘|01 — —
107 _
(U]
m 15
-~ —_
P 1 |- r—————— i - - 1 0-2 L _|
I X - E o~ ™ -
200 400 600 800 1000 1200 o o C
w n wn w

ET™* [GeV]
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8 TeV results

e EFT mterprleltatlon (D5, D8, D11 operators)

> 1200
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e The LHC will run at 4/s=13/14 TeV in 2015.

* More momentum transfer leads to h|gher E MISS ¢4l

> B ' b ' L ! o 10%F | ™1 N B
R 1 a ATLAS Slmulatlon F’rellmmary j 5 - ATLAS Slmulatlon Prellmlnary ]
g OEE —BTVJLdt 20" 1 o — 8Tev ]
r a o]
E 16 —— 14TeV, JLdt: 20 b _g 14 TeV
—  F Zw 3 s 10°F D5 m=50 GeV 3
8 1L E = m,= e
E 10 4 = -
Y 1 2
z 102 =
© E 4l -
10°E | 10 i E
10%E E
10° . I R R 5 — I R N R
0 500 1000 1500 2000 0 500 1000 1500 2000
ET'™ [GeV] ET [GeV]

* The prospect is studied with truth level MC and emulated
detector response at high pile-up conditions.
* First a few month data-taking will give better sensitivity compared

to Run | dataset.

Vs[TeVl u  L[fb7']
8 20 20
Phase 0 upgrade (2014-2015) 14 60 25
Phase 1 upgrade (2018) 14 60 300
Phase 2 upgrade (2022) 14 140 3000
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14 TeV prospect

e EFT (D5) mterpretatlon as 95% CL limit on M*.

significance [o]

i~ 30001 ]
3 B TLAS Snmulatlon Prehmmary ]
< 2500 D5, m, =50 GeV ]
- x -
ci; - 5% syst ,
o 2000 -
2 - 7<) gSMgDM<4It ]
k=] N 7
8 1500 —
@ 5 7
5 B ]
o - .
A 1000 —e— MET > 400 GeV .
N —a&— MET > 600 GeV ]
500— ]
- —&— MET > 800 GeV ]
0—% 7 p 7 7
TSV 4Te|/ 4Te|/ 47‘@\/ 4
20 o1 Sy 25 oy 300 for 3000 #

* Po tentlal to dlscovery

25
300

frrrr i

- ATLAS Simulation Preliminary

- Vs=14 TeV detzzsrn" 4

E_ DS, m, = 50 GeV _f

o 7 < 0,8y < 4 ]

; 5% systematic j

;__ _______________________________________________________ 5q discovery. _:
S 399\{i51,ev9<%,,: 3000
El\l‘\\||\||‘\ll‘lll‘ll\‘||\||\\||\|||\||\\|:

1 12141618 2 2224 26 28 3 3.2

M. [TeV]

Suppression scale M, [GeV]

3000 ‘ —
N ATLAS Slmulatlon Prehmmary ]
2500[~ D5, m, = 400 GeV ]
| 5% syst |
2000~ r« g, g < -
15001 e
1000}~ /i' —e— MET>400GeV ]
B —=— MET > 600 GeV i
500 —
N —&— MET > 800 GeV ]
O
Te 9T, 7, 97 47,
V201, V. 5p, V.25, Y 3004 %09, ,
1% systematic 5% systematic

- 1.6 TeV
2.2 TeV 1.8 TeV
2.6 TeV 1.8 TeV
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EFT validity at 14 TeV

tot . £t : :
* Ry, faction of valid events with Q<M,+/gsmgpm

. Strlngent I|m|ts at 14 TeV lead to Iarger vaI|d ranges for EFT

S T
£ 1001471 AS Simulation 1 1001471 A5 Simulation ]
§m§! I Preliminary ] s [ Preliminary ]
80~ - ® 80 -
60 . 60| E
40 - 40 ]
i Vs =8TeV 4] i s=14TeV 1]
- m, = 50 GeV J'—=20fb i L m ~50Gev |L=251" ]
20— — Ef™>400GeV 201 — EP®>400GeV = |
L — ET°° > 600 GeV i L —_ ET‘ > 600 GeV .
- — ET™ > 800 GeV 8 - — ET™ > 800 GeV ]
0 | RS N T SO SN SN AN SO SO S S N T I S NY \ 0 | ST TSN SN N TN SN ST TN T SN TN ST SO N ST ST ST T [ '
1 15 2 2.5 3 1 15 2 2.5 3
91%m IsmIom
FE [ | PR L P L . O L 3 100[ giereszamaartaniearosnsear '
‘—'E - ATLAS Simulation - ‘—'§ - ATLAS Simulation
5= [ Preliminary ] 55 [ Preliminary
© 8ol . * 8o =
601 - 60| -
40~ . a0 _
B =8 TeV 4 B = 4
- E:AOS Ge\.fj'-=20fb1 i - rﬁ:lltgege\f L=251b" ]
20— — E7*>400GeV ] 201~ — EF*>400Gev
- — ET™ > 600 GeV i - — E7** > 600 GeV
- — E7' > 800 GeV - - — ET* > 800 GeV
0 1 PSR SR NN SR SR SN S NS SR T T T TR SRS ST 0 | R S S N TR S S N T T S T A T ST SR SR ST
1.5 2 2.5 3 1 1.5 2 2.5 3
(ST smIom
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Dataset and event selection

e \/s=7TeV, 4.6 fb~1: PRL 110, 011802 (2013)

* The signal events are selected by requiring:
o EMISS trigger at 70 GeV
e Aisolated y, pr>150 GeV, passing tight identification (ID) criteria
e EMISS>150 GeV and A¢(ER5S,1)>0.4
e <1jet. AR(y,jet)>0.4 and A¢(Emlss,1et)>0 4

- I I !
* No electrons or muons. g [ "¢ "L i 01 {6 7o)

= 102 0 WiZ+y E
= B I W/ Z+jet -
S 10 ILdl=4-5 " -EIE)p}ieretkmullljet diboson ]
= =
w _— %Aga aGgMou‘IDTeVnZ =
e L WIMP, D5m!1GGeVM =400 GeV
1 '-———] E
. 4 R é
1G-1 4/ :____.........______...15
3
10?2 l =
102 T

150 200 250 300 350 400 450 500
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Results

* No excess is observed compared to background expectation.

Background source Prediction + (stat.) + (syst.)
Z(—vo) 4+~ 93 + 16 + 8
Z/y*(— 0H07) 4+ v 0.4 +02 +0.1
Wi(— fv) +~ 24 + 5 + 2
W/Z + jets 18 — + 6

Top 0.07 + 0.07 &£ 0.01
WW. WZ, ZZ, ~v 0.3 + 0.1 + 0.1
v+jets and multi-jet 1.0 — + 0.5
Total background 137 + 18 + 9

Events in data (4.6 fb~') 116

e The 90% (95%) CL limitonthe 0 X A X €is 5.6 (6.8) fb.
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EFT interpretation

* The comparison is only valid within EFT framework.

90% CL Spin Independent
+ XENON100 — CDMS

107" F '90% CL, Spin Dependent
Q140 - SIMPLE — Picasso

S qosf. - - COF: DB.q (), CMS (5 "), D5, g3 Y(7),__ o
= CMS (5 fb™), D8, qa— v(x¥),_, _ATLAS DS, qf— YO,
310 ..ATLAS, D1, qi— T{xzj
a7

B 10 \\ :
=10 "
510
14}
O 1[:"'4{' -F-—--,-—-T'_' --------------- ’
= ol T
5{1 0 F __ ATLAS, D8, g ¥( ) e

1072k ---- ATLAS, D9, - y(xT)

Diirmc
10-43

10 ATLAS \s =7 Te‘u‘,j Ldt=4.6fb"

1045 | 1 |||||||| Lol 1 |||||||| I| 1 IIIIIII| | IIIIIII| 1 IIIIIII|

1 10 10° 10° 1 10 10 10°
m, [GeV] m, [GeV]
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Dataset and event selection

e \/s=8TeV, 20.3 fb~1: arXiv 1404.0051, accepted by PRD

 The signal events are selected by requiring:
e Single lepton or di-lepton triggers
e A primary vertex with at least three associated tracks
* Two opposite-sign, same-flavor leptons balancing EXSS
* AG(EF"S, p¥)>2.5, [n*|<2.5, |pf — EF*%| /pi<0.5
e 76<m;;<106 GeV and no additional looser leptons or jets

4 SRs, with EmlSS > 150, 250, 350 and 450 GeV

new

- \?V?'tza %"ZZ " % 30 [T T ATLAS I T T T T T T T T T T T T T

+jets —livy -

mm WW/Top quark., Systematic Unc. © C I L=20.3fb" \s=8 TeV +Data ) wz 4
— Df, M.—=0.050 TeV Et o5+ - W/Z+jets ZZ-lvy ]
----- ZZ ¥ max.y, M=0.7 TeV w C Il WW/Top quark ]

ediator, m =1TeV, {=5 _GC) - .
_I- L=20.3 10" (s=8 TeV 5 20 Er>150 GeV E
m,=200 GeV ]
15 :‘: .
10 -
o ++ L ]
E O 1 —y-+-|—-|+-—r* -+-| L L L Mﬁi*
500 60 80 100 120 140
E'Tj iss [Gev] m“ [GGV]
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Results

* No excess is observed above SM expectation.

* EFT (heavy mediator)

ET"™ threshold [GeV]

Process 150 250 350 450
YA 41 +15 64+24 1.3+£0.50.3+0.1
W2z 80+3.108+040.2+0.10.14+0.1
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Results
e Simplified model (light mediator)
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/Z (hadronic)



Motivation

 Mono-jet and mono-y searches assume the same DM
coupling for up and down quarks [C(u) = C(d)].

* If the couplings have the opposite signas C(u) = —C(d),
the mono-W production will be dominant.
wW* u X

e \/s=8TeV, 20.3 fb~1: PRL 112, 041802 (2014).
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Event selection

e Jet definition:
e Large radius jet (large-R jet): Cambridge-Aachen algorithm with
distance parameter of 1.2
e Narrow jet (j): anti-k; algorithm with distance parameter of 0.4

* The signal events are selected by requiring:
o EINISS trigger
* > 1large-R jet, with pr>250 GeV, |n|<1.2, 50<m;¢;<120 GeV and
min(pr1, pr2) AR /m;je>0.4.
e <1 inot overlapping with the leading large-R jet(AR>0.9).
e Veto events with narrow jet A¢ (EMISS,1)<0.4.
e Veto events with any reconstructed electrons, muons or photons.

e Two SRs, with Ef15S > 350 or 500 GeV.
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Results

* No excess observed above the SM background expectation.
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¥ (leptonic)



Event selection
e \/s=8TeV, 20.3 fb~1: ATLAS-CONF-

2014'01 7 EU: 10° 5%@;2;200)12'
= \s=8TeV S wiro00
e Event selection: L © L=
10° z
. . Bl Top quark
e At least one primary vertex with 10° e
three associated tracks 10
1
e Electron channel: "
e Trigger on single electron with g b, ﬁ++++T -
pr>120 GeV g oL = .
 One isolated electron with p;>125 T
GeV, E7"'°°>125 GeV e -
% 7 S Preliminar " v ® Data 2012
 Muon channel: 5 T Gw g
« Trigger on single muon with p;>36 1o A=
10* Top quark
oev Soer
* One isolated muon with p;>45 GeV, 10°
EisS>45 GeV °
e Cut on my(L,E7"">®) to suppress O L _
non-W background ¢ of et :




Results

* No significant excess is observed.
e 95% CL limiton M™ in EFT framework.
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Higgs invisible decay



Aotivation

e The Higgs boson is discovered by the ATLAS/CMS.
e Best-fit mass in ATLAS is at my=125.4 GeV. [arXiv:1406.3827]

* |n some extensions of SM, the Higgs boson can decay to stable or
long-lived particles invisible in the detector, which can be dark matter

candidates.
* This decay is allowed only if m, < my/2

e The only invisible SM decay of Higgs bosonis H —» ZZ* — 4v, which
this search is not sensitive to.

e ZH production mode with leptons and large EI5S is studied.

q
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Dataset and event selection

e \/s=7(8) TeV, 4.5(20.3) fb~*
e Phys. Rev. Lett. 112, 201802 (2014)

e The selection is very similar to Mono-Z (leptonic) search with some
optimization based on a Higgs boson as the mediator:

A

o« EMISS590 GeV and Agp(ERiSS, pn ISS)<o 2
o AG(EMISS pl1y>2.6, Adp(l, 1)<1.7, |p¥ — EMIss| /pli<0.2

e The E%mss distribution is fitted to extract the echu5|on I|m|t

c 10 ATLAS ® Daa £ 100  ATLAS | " e pam | '
- Zboson
o 107 (5=8TeV, [Ldt=20.3 " M 2ooson g 10° (S=7TeV, [Lat=45f" M Zooon
106 ZH = ¢¢ +inv. B 7o quark s ZH — ¢¢ +inv. B oo quark
] ww 10 w
10 P Wz evet (inclr) 10* P Wz - fvee (inclr)
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I SM Higgs (m, = 125.5 GeV) 103 I sM Higgs (my = 125.5 GeV)
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Results

* No significant excess is observed above SM backgrounds.
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(hadronic)

* The limit is set on o0 X BR Higgs invisible decay in
association with a W or Z boson.

PRL 112, 041802 (2014).
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Summary

* The dark matter searches are being performed in ATLAS
with the Run-I dataset into various mono-object final states

* No significant excess beyond SM is observed in any channel.
* The limits are interpreted for EFT and simplified models.

* The Higgs boson as a light mediator is studied in association
with W or Z bosons

e |t gives stringent limit on the low mass DM-nucleon cross section.

e At the coming 13/14 TeV runs, the dark matter search in
ATLAS will have a better sensitivity. Please stay tuned!

* Theoretical inputs are welcome!
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ATLAS detector slice
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Mono-jet: Background CRs

* Minor contributions from multi-jets, tt, single-top, non-
collision background and di-bosons

e <1% in SRs

 The major backgrounds are W/Z+jets processes.
e Z - vv, W = lv with misidentified leptons or hadronic decaying t

e Define various CRs to study TF N /NMC

t/EmlSS
. NMC miss' . yield with only jet and EMIsS klnematlcs cut

jet/Er
* SR expectation Npmdwted (Ndata Né)fl{(g:c’ther) XTF

* Object definitions are modified in CRs:
e Electrons: tighter quality cut on shower shapes and higher pr cut
* Muons: require muon spectrometer track and higher pr cut

e In SR Emlss is calorimeter-based. In CRs, define:
. Emlss ,no ezlﬁqrpiss + ﬁ%lectronsl

. EmiSS,M_ ~miss muons

T =1PT pT
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Aono-jet: Background CRs

e W/Z leptonically decaying processes are used as CRs:
* One or two opposite-sign same-flavor leptons
o W - ev+jets: EPISS>25 GeV, 40<mp<110 GeV, EXN55™° € s used
e W — uv+jets: EmlSS“>25 GeV, my>40 GeV

o 7 > ee+jets: 66<mee<116 GeV, EFMSSM0€ s ysed
e 7 TeV analysis only

* Z — pu+jets: 66<m,,<116 GeV

 The multi-jet backgrounds are normalized in the CR requiring
A¢p (E7"°%jet)<0.4 and extrapolated to SR.

* CRs are defined according to p). " and EMISS cuts in SR
e 17 (13) CRs for 7 (8) TeV analyses

. W — tv+jets , Z — 7T +]jets
SR process | Z — vi+jets i ] W — ev+jets o
W — pv+jets Z — pt T +jets

W — ev+jets
W — pv+jets
7Z — ete +jets
Z — putp~ +jets

CR process W — pv+jets W — ev+jets Z — putp~+jets
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baCkgrOu nd y‘ie

e 1- and 2-muon CRs
e W+ y and Z + y enriched CRs
e Evaluate the data/MC ratios x = N93ta /yMC
e Apply k'sto W + y and Z + y MC expectation in SR

« W /Z +jets background is estimated according to fake factors:

e Rate of e-faking-y is studied in a data sample of Z candidates as a
function of pr and ||

e Rate of Jet-faking-y is studied in a CR of non-isolated y candidates,
or the y’s passing loose ID but failing tight ID

* The y+jets or multi-jet backgrounds are normalized in the
CR requiring A¢ (E7"'°%,jet)<0.4 and extrapolated to SR.
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Z': background yield

 The dominant background process is SM ZZ — llvv
e Estimated from NLO MC.
e A 35% theoretical systematical uncertainty is assigned.

 Minor background processes include
e WZ - qq’'ll and ZZ — llqq: estimated from NLO MC

e tt > lvblvb, Wtand Z - 1T
e Obtained from eu CR which is otherwise defined the same as SR
* Expect contributions ee: uu:eu =1:1:2
e WW — lvlv process is estimated in the same way

o 7 — ll+jets

e Consistent results using ABCD method based on EMSS and n', and using

extrapolation from fitted distributions of EX5S and A¢p (E515S, pi) at small values.
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 Minor background contributions are estimated with MC.

e Define W /Z+jets enriched CRs with similar selection as SR
except that the muon veto is inverted.
e Other background contribution is subtracted using MC expectation.

e Derive two extrapolation factors for Z = vv+jets and W /Z+jets as
functions of mx.

> S L L L e —r . 1 1 r 11 = > - L L L L L e e L R e
% ..o ATLAS 203fo' (s=8Tev  — Data 4 ® 35F o m — D5(ud) x20  —
S 2501 S0 T 30 Gov Z(v)+jet O “FE SR:ET > 500 GeV —_ DEEL% PR
= - - Br [ —— W/Z(e/uw/t)+jet I 2 30 =4
= 200/ I Top g = O E =
c B I I - Diboson 7 g 25 il =
S | 7/ uncertainy 1 ¢ TF -t — ]
* 150 - @O 20k =

—— D5(u=d) x100
/ | = = D5(u=-d) x1

50— —_
e e
% 6 7 8 9 100 r#:e?[ae\}]zo m,, [GeV]
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EFT operators

Name| Operator [Coeflicient
D1 Wda | mg/M?
D2 Y’ XY img /M3
D3 YTV tmg /M 3
D4 i ”y 5 Y fj",r 5 q my /;"I. f;:j
D5 | ¥'xdv.a | 1/M:
D6 | Xv"V°xqvuq | 1/M?
D7 | xv"xqw’q | 1/M?
D8 |y xT@vuv’a| 1/M:?
D9 | {o"xq0,uwG 1/M?2

D10 (Yo, Xdoasy| i/M?

D11 | xGuG"™ | ag/4M}
D12 | ¥v°xGwG* | ias/AM?
D13 | %xG..G"™ |ia,/AM3
D14 | %7°XG G | a/AM?

Name| Operator [Coefficient
Cl | xixag | my/M2
C2 | x'xav’q | img/M?
C3 | y Tr'}ﬂ Y7 q 1/M?
C4 'ﬂr'?“ vyt g 1/M 2
C5 | X"xGuwG" | as/AM?2
C6 | xIxGu G | ia/4M2
R1 Y2qq mg/2M?
R2 | x*|q  |img/2M]
R3 | ¥*G WG | as/8M2
R4 | ¥*GwG"™ | ias/8M?
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MSUGRA

MSUGRA/CMSSM: tan(B) =

30,A =-2mg, >0

Status: LHCP 2014
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L Observed  arXiv: 1404.2500 _
600 —
500 —
400 —
300 —
— 1
0 1000 2000 3000 4000 5000 6000
m, [GeV]

51



tf, production, T~ t ¥, It>Wb¥, /t—c¥, Status: Moriond 2014

S- e L e e B I B B
8 400 ATLAS Preliminary  1,,=20-21"Vs=8 TeV L, =4.7 " s=7 TeV_7
?. o ~ [ | UL.E—) t io 0L CONF-2013-024 OL [1208.1447] ]
e - =EILt-oty 1L CONF-2013-037 1L [1208.2590] -
350 - EEaLtoty 2L [1403.4853) 2L [1209.4186) ]
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400 —

ATLAS Preliminary 20.3-20.7 fb’, /s=8 TeV

Status: Moriond 2014

~t—Q -
~ = PP}, X, Via L/ v, 31, arxiv:1402.7029
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[ — pp—)if’ig, via "T'L/ Vo 2T, ATLAS-CONF-2013-028
: pp—)i;}a, via "T'L/ Vo, 27T, ATLAS-CONF-2013-028
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AMSB model

. 290 tanB=5u>0
Phys. Rev. D S & L Observed 95% CL limit (+1,,,, )
88 112006 g e "._ .......... Expected 95% CL limit (+1c,,,)
’ = 210} % . ATLAS (Is =7 TeV, 4.7 fo™, EW prod.)
(2013) E*Nr C ALEPH (Phys. Lett. B533 223 (2002))
b N Theory (Phys. Lett. B721 252 (2013))
200 N ~ ‘Stable’ f
- ATLAS )
190 -
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e
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Large extra dimensions

 Models of large extra dimensions can provide solutions to so-
called hierarchy problem of SM.

e Arkani-Hamed, Dimopoulos, Davil model (ADD)
e Gravity propagates in 4+n dimension bulk space
SM fields confined to 4 dimensions. n extra dimensions (ED).
4D Plank scale Mp; linked to fundamental Plank scale in 4+n dims
M3~ M5 R
Mp < Mp if R is of O(mm), R = size of extra dimensions

Conservation of KK-parity = lightest KK state is stable
 Phenomenology similar to SUSY, but no DM candidate (graviton moves in EDs)

e At LHC, gravitons can be produced in association with jets or photons,
leading to mono-jet or mono-photon detector signatures.

& 4 4

P>
Pt & q

9‘)99

Extra-dimension
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ADD interpretation

e Results of mono-y and mono-jet searches can be interpreted in
context of ADD model.

* 95% CL limits set on Mp as function of number of extra dimensions

Mono-jet, 7 TeV, 4.6 flo—1 Mono-y, 7 TeV, 4.6 fb™ 1
— 5 — |
> - I 1 | 4 > - -
2 = 222 95%CL Observed limit, LO (= 1022, ) 7 Ig. 2= ... ATLAS \f_-?TeVILdt 46 —
= A4S : L - - 95%CL Expected limit, LO (+ 10,,)) o ?""'l -------------------------------------------
% | ——— ' —— 95%CL Observed limit ATLAS 2010, LQ = 18 It il T
% e ATLAS ] 16:— """"" —
;ﬂ T 1 [s=7TeV, j L=47fb" § L 95% CL limits, NLO Theory

3 = 1.4F ===~ ATLAS Observed Limit + 1g (theory)
- =o===c==c . ] <L A ATLAS Expected Limit (+ 1¢)
L -1

t— g ! ! ! L
Number of extra dimensions Number of Extra Dimensions
Mono-jet, 8 TeV, 10.5 fb™1
95% CL observed lower 3.88 3.16 2.84 2.65 2.58

limit on Mpy [TeV]
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