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Favorite collider candidate: WIMP

* Heavy, stable, & couples to SM
» Naturally accounts for observed relic density (WIMP Miracle)
» Should be produced atf the LHC
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EXPERIMENT
26.8%
Dark Matter

Dark Energy

Favorite collider candidate: WIMP

* Heavy, stable, & couples to SM
* Naturally accounts for observed relic density (WIMP Miracle)
» Should be produced atf the LHC

Complementary to dedicated DM experiments

“make it" “shake it"” “break it”
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Collider Direct detection Indirect detection

HEP2023 Joseph Haley 2b



Dipole
Intferactions

Effective Field
Theory

Simplified
Models

Complete

Contact
Interactions

HEP2023 Joseph Haley 3



£

L Simplified DM Models

EXPERIMENT

Benchmark models defined in
CMS/ATLAS Dark Matter Forum
Physics of the Dark Universe 27 (2020) 100371

« Dark matter assumed to be a Dirac fermion WIMP: ¥

* Boson mediator between SM and DM
» Spin-0: Scalar (S) or pseudo-scalar (P/a)

» Spin-1: Vector (V/Z’) or axial-vector (4)

* Minimal set of parameters: M, , Mmed . 9, 9q. Je

4 @ X 8 t(b)
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https://doi.org/10.1016/j.dark.2019.100371

This Talk

o ETmiss + X
> 7 + Eymiss
> tt + Eymiss
> Summary Plots

« H=invisible
> VBF + E;miss
> Combination

* Novel search for semi-visible jets

* Briefly advertise
» SUSY Electroweakinos
» Dark Higgs
> 2HDM+a H=1t




Phys. Letft. B 829 (2022) 137066

ATLAS Z(tf) + ETmiSS

EXPERIMENT

Interpreted in simplified DM models,
2HDM+a, and H=invisible

Select Signal Region (SR) with:
> Two opposite-charge leptons (e*e, ') q z X
> My € [76,106] GeV, AR, < 1.8
> EMis > 90 GeV, E;mis signif. > 9 med
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https://doi.org/10.1016/j.physletb.2022.137066

Phys. Lett. B 829 (2022) 137066

ATLAS Z(t6) + E{miss

Interpreted in simplified DM models,
2HDM+a, and H=invisible

Select Signal Region (SR) with:
> Two opposite-charge leptons (e*e, u* i) q z X

> My € [76,106] GeV, AR, < 1.8

> EMis > 90 GeV, E;mis signif. > 9 med
q X
Dominant backgrounds from ZZ and WZ
» Constrained using three Control Regions (CRs):
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E L[ 8/CR Non-res. Other .g Uncertainty ‘ué; 3 Uncertainty -
§ Uncertainty L% | &
_ e
| §
3 2f ‘ T B 5 1 B e
A S L S E < 1;~+---*---+ ------ o . Y et E
E 0.8F *", ' * E ‘5’ 0.5F + E 8 osg + E

£ 1 Il | ! ! | 1
e 0° 200 300 400 500 600 700 800 900
10?

HEP2023 T [Ge\;]og Joseph Haley ET™ [GeV] mr [GeV] )


https://doi.org/10.1016/j.physletb.2022.137066

Phys. Letft. B 829 (2022) 137066

ATLAS Z(t0) + ETmiSS

EXPERIMENT

Simultaneous profile likelihood fit in SR and three CRs

« Simplified DM and 2HDM+a model « H—=inv. uses Boosted
use ms distribution Decision Tree discriminant
% %' AL UL L IR LR IR IR L B '? _‘g 1000_’ I L L e '_
(0] - ATLAS e Data 2z B o - ATLAS * Data zz .
8 otk Vs=13Tev,130m" WWZ é;‘r":‘fa w [ (s=13TeV, 139" Mwz Zijets ]
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L 72 '
\][\/m (P + \/mz - (Em) l [p E;HSS] Good ogrgemen’r with
SM prediction -(

= Set limits on model parameters
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Phys. Letft. B 829 (2022) 137066

ATLAS Z(tf) + ETmiSS

EXPERIMENT

Limits on WIMP-nucleon cross-section complementary to direct detection

Lvnnd [ T T T T T T 1T I T T T T T L I T T T T T T T I_L [—
E L . E 430
S. =-.. B(H —inv)<0.16  ATLAS = s, 10 ATLAS
g1 . — g 10 {s =13 TeV, 139 fb”
3 B All limits at 90% CL Vs=13TeV, 139 fb" 7 B 107 Axial-vector mediator, Dirac DM
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Phys. Lett. B 829 (2022) 137066

ATLAS Z(t6) + E{miss

Limits on WIMP-nucleon cross-section complementary to direct detection

Lvnnd [ T T T T T T 1T T T T T T LI I_L i
E i _ q
5, ... B(H —>inv)<0.16  ATLAS -4 5 ATLAS
10 1 ) /s =13 TeV, 139 fo”
3 B All limits at 90% CL Vs=13TeV, 139 fb N B Axial-vector mediator, Dirac DM
2 = — =2 g =025g =1,g =0
a : X q x !
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Interpreting as SM Higgs — invisible: BR(H—inv.) = 0.003 = 0.09
« 45% better sensitivity beyond increase in luminosity!
« Competitive with VBF H=invisible

(Also interpreted in 2HDM+a and simplified DM parameters)
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https://doi.org/10.1016/j.physletb.2022.137066

2211.05426(Submitted to EPJC)
ATLAS it tW,tq) + E;™Miss

EXPERIMENT

Focus on DM with spin-0 mediator
« Important in models with Min. Flavor Violation
» Yukawa-like coupling to mediator « my ;

Combination of O, 1, & 2 lepton searches
Eur. Phys. J. C 80 (2020) 737, JHEP 04 (2020) 174, JHEP 04 (2021) 165
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https://arxiv.org/abs/2211.05426

2211.05426(Submitted to EPJC)
ATLAS tt (tWtq) + E{miss °

EXPERIMENT

Focus on DM with spin-0 mediator
* Important in models with Min. Flavor Violation
» Yukawa-like coupling to mediator «« my ;

Combination of O, 1, & 2 lepton searches
Eur. Phys. J. C 80 (2020) 737, JHEP 04 (2020) 174, JHEP 04 (2021) 165

« Set limits on 0/Ciheory VS. My ! !
2, T T T T T T T T T T I T T
sS30F .
= Exclude m, up to 370 GeV & 20| HOL ATLAS Preliminary |
= — {t1L
© oL === e s=13TeV, 139 6" |
- Z==== combination All limits at 95% CL 3
afF ===~ expected limits Scalar ¢, ¢—xX ]
3+ observed limits 9,=9,= 1
2F  DMstt and DM+t Dirac DM, m, =1 GeV

IIIIIIII

3x10~"
2x107"

---------------
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2211.05426(Submitted to EPJC)
ATLAS tt (tWtq) + E{m'ss

Focus on DM with spin-0 mediator
* Important in models with Min. Flavor Violation

» Yukawa-like coupling to mediator «« my ;

Combination of O, 1, & 2 lepton searches ¢/a<x
Eur. Phys. J. C 80 (2020) 737, JHEP 04 (2020) 174, JHEP 04 (2021) 165 N
» Set limits oN 0/Ciheory VS. My ! !
2, T T T T T T T T T T I T T
830 _____ R
= Exclude m, up to 370 GeV Eool T oL ATLAS Preliminary |
= SIEES L
. . .. o) )
* Interpreting as H=invisible 0 == ttaL Is=13Tev, 139 6"
= .. o =
- Z==== combination All limits at 95% CL 3
Analysis Best fit Observed  Expected 4f ----- expected Ii.mi.ts Scalar ¢, ¢—>xX i
By iy upper limit upper limit 3F observed limits 9,=9,~1
€L 0.48+9%7 0.95 052193 2" DM+t and DMst Dirac DM, m, =1 GeV
0.35 0.40
tt].L _0.04t029 0.74 0'80t0.26 1 :— = R iy "~
0.22 0.18 -
ttH comb. | 0.08701% 0.40 0.307%13 Vo T: m RR—
10" ———
—1LL 1 |- ------ 1
8 910 20 30 40 50 102
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@ ATL-PHYS-PUB-2022-036
ATLAS

EXPERIMENT

Summary Plots: Spin-0 Mediators

Limit on 0/Ctheory ASSUMING g, =gq=1, m,=1GeV

Vs=13 TeV, 139 fb”' July 2022
> = - T T T T T T T T T T =
g E ! bb+ET"® OL, [JHEP 05 (2021) 093], (1) I ATLAS Preliminary 3
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/

@ ATL-PHYS-PUB-2022-036
ATLAS  Summary Plots: Spin-1 Mediators

EXPERIMENT

Leptophilic Vector mediator assuming g4=0.1, g,=0.01, g,=1

95% CL limits on m,, vs. My, 90% CL limits on WIMP-nucleon cross-sction vs. m,
= 1-6_'£"£""_' '|| ' AT T [T " — Dilepton (\-,—-‘IO_37 . \ —Dil?pton
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1 B W 7 139 fb"; PRD 103 (2021) 112006 i 1 0_41 — XENONA1T
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= A, P R B B 48 ATLAS limits at 95% CL, direct detection limits at 90% CL
0 0.5 1 1.5 2 2.5 3 3.5 4 10 ' ) > ' 3
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2
\
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« Similar results for Axial-Vector
 Also results for leptophobic couplings g4=0.25, g~=0, g,=1
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ATLAS New H=invisible Combination

Assume SM production cross sections, but H= E;Miss

Look in main production fopologies (- h
q X
v -
q Z
7+ ETmiss VBF + ETmiss
Phys. Lett. B 829 (2022) 137066 JHEP 08 (2022) 104

g g

t
H <X
t ————
t X

q. g . .
tt+E miss t VBF + ¥ + ETmlss jei' + ETmIss
2211 0T5426 Eur. Phys. J. C82 (2022) 105 Phys. Rev. D 103, 112006 (2021)
(see backup slides) (see backup slides)
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https://link.springer.com/article/10.1007/JHEP08(2022)104
https://doi.org/10.1016/j.physletb.2022.137066
https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://arxiv.org/abs/2211.05426
https://doi.org/10.1103/PhysRevD.103.112006

@ JHEP 08 (2022) 104

ATLAS VBF + E;miss

EXPERIMENT

Second highest rate and unigue signature
= most sensitive channel

« E;Miss + two forward jets in opposite hemisphere

> Large E;miss > 160 GeV
> Large An; > 3.8

» Large m; > 800 GeV AT LAS

> Ap <20 EXPERIMENT
= Reduce multijet Run: 279984
Event: 237776402
R2015-09-21 20:21:50 CEST
> Vetoe u y
= Reduce other backgrounds
mj=2.5TeV
> Allow up 3@ and 4th jet Ay = 4.0

if compatible with VBF FSR

Jet 2: p; =301 GeV

‘ [l' IDI
1

’ ’i .ﬂ
|
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https://link.springer.com/article/10.1007/JHEP08(2022)104

@JHEP 08 (2022) 104

ATLAS VBF + E;miss

EXPERIMENT

Dedicated VRs and CRs to validate and constrain backgrounds
16 SRs of varying purity and composition

10°E ATLAS
Vs =13 TeV, 139 fb™
VBF B, search , 22 Uncertainty
H I Strong W
[EW W
M Strong Z
EW Z
F B Other
T 1 I e-fakes
: '; 0 u-fakes
Multijet
=== H(B,, = 0.15)

10“,' A
ATLAS

Vs =13 TeV, 139 fb”

High-A0, VR (2<A¢ <2.5)

Post background-onlyjfit

N
L I L L L R E L LR B
Post visible lepton VR fit _;

-e-Data

10°

Events / Bin
Events / Bin

10° 10°

10

X = N . [
r -e Data/Postfit -\ Uncertainty = Pre-/Post-fit E 0.5l @ Data/Postfit > Uncertainty —— Pre-/Post-fit
Fake-e VR | W,, VR Fake-u VR W,, VR Z,VR OL VR W,, CR w,, CR Z,CR SR

.

HEP2023 Joseph Haley 13


https://link.springer.com/article/10.1007/JHEP08(2022)104

@JHEP 08 (2022) 104

ATLAS VBF + E;miss

EXPERIMENT

Dedicated and CRs to validate and constrain backgrounds
16 SRs of varying purity and composition

y.=

o 'A_ TLAS 1 Post visible lepton VR fit E o Post background-only fit
- s=13TeV, 139 fb . ~ Vs=13TeV, 139 fb" -e-Data
%) ° ,
= High-A¢, VR (2<A¢,<2.5) % VBF B, search , 22 Uncertainty
G>J 10° ' : g) H I Strong W
T i EW W
M Strong Z
10° . EW Z
B Other
- [ e-fakes
H '; I u-fakes
Multijet
«==H(B,, = 0.15)
.9 Ke)
] —
T ogf \ . ;
r -e Data/Postfit -\ Uncertainty = Pre-/Post-fit 5[, ~@= Data/Post-fit -\ Uncertainty —— Pre-/Post-fit
Fake-e VR | W,,VR | FakeuVR | W,, VR Z,VR OL VR W,, CR w,, CR Z,CR SR
-

Data consistent with SM = Set limit @ 95%CL
« Observed: B(H —inv) <0.145
« Expected: B(H—inv) <0.103
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@JHEP 08 (2022) 104

ATLAS

EXPERIMENT

Dedicated

VBF + E,miss

16 SRs of varying purity and composition

and CRs to validate and constrain backgrounds

s >\ A ———————— —
o = ATLAS Post visible lepton VR fit 3 @ F ATLAS Post background-onljj fit E
> E {s=13TeV, 139 b - ~ E Vs=13TeV, 139 1b" -e-Data
S - H'Qh’AQ’” VR (2<A¢“<2-5|) o , oa g L VBF B, search, ) ] e . Uncertainty
SR 3 o : - : : o : e Ce 3 Q 10°Le o » ¢ : ., B . - Strong W
- ol 1. E. e : [ ‘ : . | ] H . og ® % ° i %o *% oo .. ' o Y “ ~ Eww
E i \0 . E E N E o i ® pe . E :. J Strong Z
10t ‘ ‘io Lo \.‘;0 . _ ng_ 1 1 1] i . o...o. ‘ ' oy Z\I/r\:;
i E é E : . - " ' )g . i ' e-fakes
10 * ¢: z 10 £ T 41 — ,L\[/hjélit::ts
' 1 ‘ ! 5 ‘ Analysis Best fit By _iny &0
o 12k i 5 I : miss _(y 10+0.19
E 1; N .. e "._+ *_ § E |+| ,._*. Jet + ET 0.09_0.20
0'85 -8~ Data/Post-fit Uncertainty =~ = Pre-/Post-fit 055 -@- Data/Post 1 +0_17
Fake-e VR | W,, VR | Fakew VR | W,,VR Z,VR OL VR w,, CF VBF + E$JSS + Y 0'04—0.15
tf + EDS 0.08 +0.15
Data consistent with SM = Set limit @ 957%CL z(— ¢£) + E™s | 0.00 £ 0.09
« Observed: B(H —inv) <0.145 VBF + Eiss 0.05 +0.05
- Expected: B(H=inv) <0.103 Run 2 Comb. 0.04 + 0.04
= Combine with other Run 2 searches, Run 1 Comb. ~0.0210:14
plus previous Run 1 combination...
Run 1+2 Comb. 0.04 +0.04
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@ Paper in preparation
ATLAS H=inv. Combination

EXPERIMENT

Upper limits on B(H=inv.) at 95% CL

0.3
0.2

= = | | | _
1 = A LAS Preli E
cnzT: 09 Is = 7Tevre4|r;1|][1bary —— Observed  —
- 0.8 F =8 TeV,203 b —. Eﬁgected E
2 i = T V 1 f N -
£ 07F s=13 TeV, 139 fb’ = :
g 0.6;— _;
a 05 E
3 -
o 0.4 :
3 E
3 -
> 3

0.1
0E—— I N | | | =
< &\ < > & ) O ©
5@"‘6« £ S\ i) o 'LC’O(O
QQ 1 A\ $°° ?\\)(\ 0(\’\"
X
Sensitivity , +4%
dominated 22% gain gain



@ Paper in preparation
ATLAS H=inv. Combination

EXPERIMENT

Interpret in models where Higgs is portal to DM WIMP
« Set limits on WIMP-nucleon cross section at 90% CL
« Complementary to direct detection experiments

& | | ' L ! ot —
[\ .. -1 By_. ., <0.093
:E, i ATLAS Preliminary = "—™
c 37 [ 5 Alllimits at 90% CL
S 107° \s= 7TeV, 4.7fb —
S i Vs= 8TeV, 20.3fb" ] Higgs Portal WIMP:
:':l = Vvs=13TeV, 139fb" - —— Scalar
= 104 F 5
03 — — Majorana
E — Vectorer
~45 &
1 O R - Y= '—‘_T VectorUV model, o =0.2
a9 F m, = 65 GeV :: Other experiments:
10777 F attering ] Xenon1T-Mig
= ~oherent elastic neutrino—nu(‘!eus scattering -
- o — DarkSide-50
1 0—53 P m, = 100 GeV :: = =1 PandaX-4T
| | | _— = LUX-ZEPLIN
107" 1 10 107 10°
Mywe [GeV]
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal
» Focus on t-channel (can probe high masses)

Signal: 2 semi-visible jets (SVJs)
> High Hr = Ljeror and high E;™ close to a jet
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (@) acts as portal
» Focus on t-channel (can probe high masses)
Signal: 2 semi-visible jets (SVJs)
> High Hr = Ljeror and high E;™ close to a jet

- ~
. \ A
1 A
L <
N\~
~
N ~ - v

stable dark hadrons
all stable hadrons

Ripy =
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal
» Focus on t-channel (can probe high masses)
Signal: 2 semi-visible jets (SVJs)
> High Hr = Letor and high E{™s close o a jet

» 21 additional jet to suppress dominant multijet background
> Veto e, u, and 22 b-tags to suppress other backgrounds
* Fit 9-bin distribution of two discriminating variables

| ATLAS Simulation  SignalM_[TeV},R, | | ATLAS Simulation  SignalM_ [TeV},R,

= £
o [a1]
=10k L =10k L
. s E Preliminary === 1,06 2 E Preliminary === 1,06
—_ S F Vs=13Tev,139fb" == 1,08 S F Vs=13Tev,139fb" == 1,08
< - =
3 | H 2600GeV, E™™ 2600 GeV .5 os & L H,>600GeV, E™* >600 GeV ... o oo
= Bin 7 Bin 8 Bin 9 5 = Phr SRR e 2,06 5 = chr SR 2,06
c 1= eaa 3,0.2 c 1= eans 3,0.2
2 i 3,0.4 2 i 3,0.4
0.9 § §
L L
Bin 4 Bi Bi
in in 5 in 6 10 10-
0.6
Binl | Bin2 | Bin3 D B 102k
0
0 2 2.7 3.2 :
10° 1073 pasiae

|pmax — dpyinl 0 01 02 03 04 05 06 07 08 09 1

bal _ |PpT(j)+pT(j2)| _ :
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Sensitive to strongly coupled dark sector
» Scalar mediator (®) acts as portal

» Focus on t-channel (can probe high masses)

Signal: 2 semi-visible jets (SVJs)

> High Hr = Lepr and high EfM close to a jet =
» 21 additional jet to suppress dominant multijet background
> Veto e, u, and 22 b-tags to suppress other backgrounds
« Fit 9-bin distribution of two discriminating variables
4 )
SR
— 1 "g ATLAS Preliminary . ’\Dﬂatla“ Signal M, [TeV], R
B Q 10" fs=13Tev, 139" £ Waids Lo o8
= Bin 7 Bin 8 Bin 9 w F s - — 308
10 ;l;;_?:(i)tOGeV, ET'* > 600 GeV E[S)Iiggfufp g: 82
0-9 10° g //./.E:.kg.:.n :
Bin 4 10* iy TLLLL SR | ‘-"‘hh:.-.:.:.-.;"--“-h..ﬁ.
10°
0.6
102
Bin 1 106 ... _"-'“"'.'I":rm“‘s' """" .?._.,m-_-,-_pﬂl““mi ,,,,,,,,, P
: | . s
0 2 y 27 ; i? @ 1W//7’////%//V/%///W//////(///A/M/%W/%
max — i g 0‘9:— l l 1 1 1 l l l 1 _E
i 8 Bin1 Bin2 Bin3 Bin4 Bin5 Bin6 Bin7 Bin8 Bin
. J ]
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@ ATLAS-CONF-2022-038
ATLAS Dark matter to semi-visible jets

EXPERIMENT

Set limits on cross-section and coupling vs. Mg and Ry,

3‘ El 1T I LU l'l |' T I LU T l T T I T T | L l?
o [ATLAS Preliminary — Observed 95% CL ]
10°Vs =13 TeV, 139 fb ---- Expected 95% CL o
E - [ Expected + 1o 3
104% Rinv_ 0.2 Expected + 26 E_
E™., Theory (LO, A=1) 3
10°
10%E E .
E ] 95% CL upper limits on A
10 L .'/:'/-';4-./,,/,"4"/’“/' — Siheory (fb) for A=1:
3 R 3 325 137 7.03 3.95 2.45 1.62
C ”ﬁn/y%lyﬂ o M, . Y] 4
A U I IR B BT B B é ATLAS Prelimina <
1 bOO 1500 2000 2500 3000 3500 4000 4500 5000 =
. x 08 Vs=13TeV, 1391 (e)]
§ 10 ? T T T l UL l.l l. T [ LI I T T T l T T T T l T T T I T T T 4? ) - X :
b EATLAS Prel|m|nar_)1/ — Observed 95% CL - Semi-visible jet t-c %-
105L Vs =13 TeV, 139 fb ---- Expected 95% CL =)
g - I Expected + 16 3 06k o
104; Rinv- 0.8 Expected * 26 _; (@)
£, Theory (LO, A=1) 3
10° ]
E 0.4
102
' 1.5
g T T ool
A S S B A I R A 0
1b00 1500 2000 2500 3000 3500 4000 4500 5000 55 3 35 4 4.5 5
Mo [GeV] Mo [TeV]
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)

LAS Searches for Electroweakinos

EXPERIMENT

Three searches for direct neutralino/chargino production
£ l

v
* Lepton+jet
ATLAS-CONF-2022-059

=0
X1

« Same-sign/irilepton
ATLAS-CONF-2022-057

 Di-tau
ATLAS-CONF-2022-042

See talk by Tomohiro Yamazaki on SUSY searches
(BSM session after the coffee break) 17
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-042

L Many more new results...

Higgs decaying to dark photons (ZH— ¢tyy,)
2212.09649 (Submitted to JHEP)

= -
4 ’g:v 10— ATLAS P — Observed
rcz);o‘(y > Y £ - i::liTev,Lﬂsgfb - Expected
7+ E’ 8~ ’ 4! [ Expected + 16
+ M y s - Expected + 26
8 H € 6
g 1
Y 2 C
R

Higgs+DM with H—=1z
ATLAS-CONF-2022-069

< 1600
8 [ ATLAS Preliminary 2HDM+a model, sin(©) = 0.35, tan(B) = 1
o i = ~ {s=13TeV, 139 fb"
Interpret in 2HDM+a E s BTNt
« Set limits on heavy Higgs masses 1200~ —— Observed imi
a —< -
’ t ,—” B
d : -
9 t N /a// X g 800_—
! '"'(\\ t A | K N
t ™ 600}—
g9 h\\\ g - N :
' h\‘< 400
T+ B B
2097.’.’.’.’1....|....|....|....|....|....| ........

|
00 150 200 250 300 350 400 450 500 550

HEP2023 Joseph Haley m. [GeVl 18


https://arxiv.org/abs/2212.09649
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-069/

£

L Conclusion

EXPERIMENT

Many new DM results from ATLAS!
« Complementary to direct and indirect detection experiments

- Probing a wide range of final states and models

» Complete list of ATLAS dark matter results (many more not shown today):
hitps://twiki.cern.ch/twiki/bin/view/AtlasPublic/

> Also see related talks by Tomohiro Yamazaki, Neza Ribaric, and Anna Ivina

« Significant gains from previous results

» Larger data set + improved analysis
tools + re-optimized selections +
improved background modeling

Unfortunately, still no signs of
dark matter at the LHC

... BUut much more data to analyze in Run 3!
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Thank you!

DOE for supporting this research
The ATLAS Collaboration

« Complete list of ATLAS dark matter results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/

The HEP2023 Organizers!
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@ 2211.07175 [hep-ex]

ATLAS S(Ww) + ETmiSS

EXPERIMENT

W ~J
Search for dark Higgs (= wWw—=-{vqq) \" W\W\‘q
« Interpreted in two-mediator model /j e ¢
with vector Z'=yy and scalar S=ww h W e
Select events with \, R

« E;miss > 200 GeV
1 high-pr lepton (e/u)
» Two categories for W—qq

» Merged: large-R jet with 2-prong substructure

+ Use “track-assisted reclustering” (TAR)
to remove overlapping leptons

» Resolved: two small-R jets

« CRs to constrain dominate W+jets and # backgrounds

HEP2023 Joseph Haley 15
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@ 2211.07175 [hep-ex]

ATLAS S(WW) + E,miss

EXPERIMENT

« Reconstruct S=WWw—=qqtv up to N et i e
. . . . . c Merged SR == tt‘ ===s Prefit Fackground
ambiguity from missing neutrino & a0 Postit =P
: . . : [ oo r 30
* Fit mgmn distribution in Merged NN ;
§v&;§; N |
and Resolved SRs Te i MR
« No significant excess lzm x\\\\ T \\ N
= Set limits on mediator masses s b
8 07150 200 250 300 350
— mI" [GeV]
o 400 ATLAS Preliminary
) 3 = 1 c T [ T T T T | T ¥ T T [ T T T T [ T T T ¥ [ T ¥
-—‘-n - E_13 TeV, 139 b S F ?_TLAS |_:I‘_re\|/im1iggr¥b I Whiets \\:\\ Stat.+Sys. Uncertainty _|
[ ~ C Vs = , -1 9 Multiboson Data ]
= 350- - Expected Limit (+10) ‘g 200: Resolved SeR 0t ===+ Pre-fit Background
: m D o Postit o T
300F- - - - - Expected Limit (+20) w150} —_— e T Zijets m§_= 2201'3 ge\\/ E
E —— Observed Limit 100- ?;;.a.ﬂsfs.gfb 3
oo | L T Relic Density N E
E 50 ]
B Dark Higgs model £ S ’
200 [ JHEP 04 (2%197) 143 = L L . '
N w 1S T T
N 9.=0.25,g =1, 8 \ - y :
150 §in6=0.01, m =200 GeV < ;gé\\ NN W\\&\\\N\\&\W
:I 1 I 11 IEI l 1 | I | 11 1 I L1 1 1 I 11 11 I 11 11 | 11 11 8 - I ‘1é0‘ l ‘ I260' ‘ I ‘Zéo‘ I ‘ ‘360l I I .350‘ -
500 1000 1500 2000 2500 3000 3500 4000 mmin [GeV]

m,. [GeV]
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@ATL—PHYS—PUB—QOQQ—O%
ATLAS Dark Higgs Summary Plot

EXPERIMENT

July 2022
; B T T I T T T I T T T | T T T T T T | T | T T T T I ] '
() - ATLAS Preliminary . | —— EPss4+VV(qqqq), 139 fb!
O, - Vs =13 TeV, 79.8 - 139 o' Limits at 95% CL . PRL 126 (2021) 121802
Ew 400 - —— Observed N e _ y
Y A Y Expected B - ET +WW(qq€\)), 139 fb
. 1 ATLAS-CONF-2022-029
s Dark Higgs model R :
300 JHEP 1704 (2017) 143 — —— ETS+bb, 79.8 fb
B 1 ATL-PHYS-PUB-2019-032
- 0q=0.25, gy =1 .
i sin@=0.01, my=200 GeV Thermal Relic Density
i 1 —_. >
2001— | Q:h=>0.12
100— -
L 1 1 1 1 1 1 1 1 1 1 l 1

1 I I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1
500 1000 1500 2000 2500 3000 3500
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£

)
S

ATL-PHYS-PUB-2022-036

95% CL exclusion limits:

* My Vs (M =my=m;.)
> m,=10GeV
> g,=1
> sin6=0.7
> tanB =1
— 2000 N ——
> _ATLAS Prellmlnary ofm>20% ]
@ - Vs=13TeV, 139 fb -
O, 1800 juy2022 " uiDM+a, Dirac DM
< » Limits at 95% CL '*'r; Z10GeV, g =1 i
; iy R
£ 1600 5 sind = 0.7, tanBX_ 1.
14007 Mo
1200 N .
N E
¢ma‘\‘,.r-("'“" :
800 “‘r« .
600 ]
~Ma ]
400 == —:
100 200 300 400 500 600 700 8C
m, [GeV]
HEP2023

o/ Gtheory

10?

10

* O/Oy, VS. SINB
10 GeV

> m,=

2HDM+a Summary Plots

> m, =200 GeV

> my=

My = Mpy=

600 GeV

- ATLAS Preliminary’

" {s =13 TeV, 36.1-139 fb" 2HDM+a Dirac DM

" July 2022

Limits at 95% CL
— Observed
-- Expected

m,=10GeV,g =1
x
m, = 200 GeV

m, =m, =m, =600 GeV

tanp = 50: E:iss+b5

tanp = 0.5: E:"ss+tf, titt
tanp = 1: all others

02 03 04 05 06 07 08 0

Joseph Haley

Sind

—ET"+, 36.1 b
EPJC 78 (2018) 18, JHEP 06 (2018

—E"°+bb, 36.1 o
EPJC 78 (2018) 18

—ET"**+Z(q@), 36.1 b
JHEP 10 (2018) 180

—titt, 36.1 fb™'
JHEP 09 (2017) 088

— —MiSS
ET

+h(bb), 139 fb"
JHEP 11 (2021) 209

—ET+Z(ll), 139 fb”
PLB 829 (2022) 137066

ET*+Wt, 139 fb™
EPJC 81 (2021) 860

Htb, 139 fb™
JHEP 06 (2021) 145

h(inv), 139 fb™
ATLAS-CONF-2020-052

ET+h(yy), 139 fb”!
JHEP 10 (2021) 13

— Combination
m|ss (bB) ?ISS+Z(”)

37
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LAS Searches for Electroweakinos

EXPERIMENT

Three searches for direct neutralino/chargino production

» Lepton+tjet
» Emis > 200 GeV, o(Ems)> 12
> lisolated e or
» 1-3 small-R jets and
large-R jet w/ W or Z-tag
« Same-sign/trilepton

» Emiss > 50 GeV, o(EmMs)> 6
» 2 same-sign e/u or 3 leptons
> 21 jet, 0 b-tags

 Di-tau
» 22 t=hadronic candidates
> 0 b-tags
» + SR-specific criteria

HEP2023 Joseph Haley



\TLAS Searches for Electroweakinos

Split intfo multiple SRs (also CRs and VRs) to ’rorge’r d|fferen’r signals

(and backgrounds) PUE TS ey Liie mowo
9 E otal iooson =

g 5 F fs=13TeV, 1391fb e o W-jets B Singletop

8 102 = EWK 2nd-wave, 1e/u + jets + f Others -

S E 3

z —

T
-

>
F
\
\

» Lepton+tjet
> 12 SRs used for WW and WZ channels

5
© b
3 _— H —
. - . . <
> Main splitting criteria: & 3 % % : i @ P 3 3 3
miss 2§ : : : 2 s = : =
W/Z-tag, me(8+ E™SS), Mgk Ps § 8 5 6 ¢ R
£ L T L R A A = ATLAS Preliminary T o ToalsM 3
c i ata _— -
g ATLAS Preliminary + Daa etk 210 f5=13Tev, 13910" -z - -

Vs=13 TeV, 139 b Fake/Non-Prompt
fi+V

« Same-sign/irilepton
» 12 SRs for Wh, 5 SRs for WZ

> Main criteria: E;miss, o (E;miss ), :
Lepton number/flavor, R
My, MyMin
ATLAS Prelirr:inary ' 4 Data QS‘MTcta\.Mulli—bosun 3 ATLAS  Prelimina
10° V5 =13TeV, 139 fb" I Top quark Wzies W Higes E X

1s=13TeV, 139"

* Di-tau

> 4 SRs for Wh, 16 SRs for
intermediate stau channels

Number of events

(N s~ Norea) / O

> Main criteria: E;mss, N_,
A(1),15), AR(1),15), M(ty,75)

M1y Mg mTy = min [max (mTl(PTl, qr), mr2(Pr2, PT° - QT))]
qr
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)

L Electroweakino Limits

EXPERIMENT

No significant deviations from SM

= Seft limits on DM particle masses
in simplified models for various
decays

X1¥X;T production decaying

o e . LT, = WW 0, W - v, W - q§
via infermediate WW = d00p
) - ATLAS Preliminary
» Lepton+tjet = 30 Vs=13 TeV, 139 b, All limits at 95% CL
E C
- L ------ Expected Limit (£1 64p)
> Exclude m(x;*¥) = [260,420] GeV for 300 Observed Limit (1 555"
massless LSP 250
> Exclude LSP mass below 130 GeV for soofF-
m(x,*) = 400 GeV -
150[— el
100}~ \
soF- 1 :'
0::IIIII’I':.:IIIIIIIIIIII'I‘;IIIII’IIIIIIIIIIIIIIIIIII
200 300 400 500 600 700 800 900 _ 1000

m(x,) [GeV]
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L Electroweakino Limits

EXPERIMENT

No significant deviations from SM N R AR

. : 8 [ ATLAS Prelimi
= Set limits on DM particle masses S O (5213 Tov, 130 Al s at % L ‘
in simplified models for various S o
decays 250 !

2003—

~ L~ . . 1503— D
X;% X0 production decaying E \
via intermediate WZ i3
* Lepton+jet R R

m(z)/m@.) [GeV]

> Exclude m(%,t/%,°) = [260,420] GeV for

X = WZ T, (FF)

massless LSP S 300 S
8 : VATLArsv Prfebliminary
= =13 , 139 fb!
> EquLidNeOLSP mass below 40 GeV for = 250F i atsm oL
m(X]_/XQ ) ~ 80 GeV % [~ - Expected Limit (+1c,,,)
200 o
- Same-sign/trilepton ek 1 eE)
S 4T 1501~
> Exclude m(x;¥/x,°) = [190,260] GeV for -
- -
massless LSP 100 B\/@@/,
L qy -7
> Exclude LSP mass below 30 GeV for sob- e
M(x;*/x%) = 210 GeV -
100150 TR0 350
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L Electroweakino Limits

PERIMENT

No significant deviatfions from SM

S

S
= Sef limits on DM particle masses <
in simplified models for various E
decays

X1 X0 production decaying
via infermediate Wh

« Same-sign/trilepton
> Exclude m(x;*/x,°) < 520 GeV for

500

400

300

200

100

150 200 250 300 350 400 450 500 550 600

T %thx (FF)

ATLAS Prellmlnary
Vs=13 TeV, 139 fb!
Al limits at 95% CL

- - Expected Limit (+10,,,)

O o Observed Limit (£ e,
__ ATLAS 13 TeV, 36.1 fbo!
L PhysRevD.100.012006

m(x./%.) [GeV]

~+~0

XXy —>Wh+2><x

— 250
massless LSP E " ATLAS Preliminary SR-Wh-combined
— B - -1
> Exclude LSP mass below 170 GeV for 2 2000 BASTOV, 190007 oy Expected Limit (+1 64,
= + - O ~ F M.:=M_o
Mxi/x’) = 400 GeV - Al lmits at 6% CL = Observed Limit (+1 0, ,)
- Di-tau 150r
> Exclude m(x;*/x0) = [80,330] GeV for 100b-
massless LSP .
> Exclude LSP mass below 70 GeV for 50
M(x;*/x%) = 240 GeV -
C I 11 //I 11 1 1 1 11 1 1 1
0106150 200 250 300 550 400 450
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ATL Much more SUSY

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

March 2022 Vs =13TeV
Model Signature  [£dt (b7 Mass limit Reference
4, G—a¥) Oe,pu 26jets  ER 139 1.85 m(¥))<400 GeV 2010.14293
» mono-jet  1-3jets  EP 139 ¢ [8x Degen.] 0.9 m(g)-m(¥1)=5GeV 2102.10874
% 28, —qa) Oep  2:6jets EP™ 139 |2 23 m(E})=0GeV 2010.14293
S z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
B @ gl Teu 2-6 jets 139 |2 2.2 m(¥})<600 GeV 2101.01629
O 73 5-qq(COY) ee,up 2jets  EFS 139 | % 2.2 m(¥)<700 GeV CERN-EP-2022-014
B gz goqqWZt Oep  7-1tjets EPS 139 |& 1.97 m(F)) <600 GeV. 2008.06032
g SSe.u 6 jets 139 | & 1.15 m(z)-m(¥})=200 GeV 1909.08457
S gt 0-1ep 3b EPs 798 | & 2.25 m(¥?)<200 GeV ATLAS-CONF-2018-041
SSe.u 6 jets 139 |z 1.25 m(z)-m(¥1)=300 GeV 1909.08457
biby Oe,u 2b  EPS 139 | B, 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; ¥1)<20 GeV 2101.12527
o o by, bi—b¥S > bt Oe.p 6b ER 139 |5 Forbidden 0.23-1.35 Am(¥S, §1)=130 GeV, m(¥})=100 GeV 1908.03122
E S 27 2b Epise 139 by 0.13-0.85 Am(¥3,%1)=130 GeV, m(¥})=0 GeV 2103.08189
§§ B i Olen  ljet EM 139 |7 1.25 ()=t GeV 2004.14060,2012.03799
e 8 hhiowbt Teu  Bjets/th EMS 139 | Forbidden ~ 0.65 m(¥})=500 GeV 2012.03799
g) ‘g iy, [ -%1by, 71 -1G 1271 2jets/ b EP™ 139 i Forbidden 14 m(7,)=800 GeV 2108.07665
= 2 i, ot /&, el Oe.p 2c B 361 @ 0.85 m()=0 GeV 1805.01649
Rels] Oe,u mono-jet  E™* 139 i 0.55 m(i),&)-m(¥})=5GeV 2102.10874
i1, -0, X9 Z/ht) 12eu t4b  EPN 139 | 0.067-1.18 m(¥3)=500 GeV 2006.05880
iy, i +Z 3ep 1b  EPS 139 |4 Forbidden 0.86 m(¥})=860 GeV, m(7, )-m(¥})= 40 GeV 2006.05880
XS viawz Multiple ¢/jets . Efif" 139 ,ﬁ/,f; 0.96 m(¥})=0, wino-bino 2106.01676,2108.07586
ee, >ljet  EPS 139 | RN 0.205 m(¥T)-m(¥})=5 GeV, wino-bino 1911.12606
XX viaww 2eu EPS 139 i 0.42 m(})=0, wino-bino 1908.08215
XY via Wh Multiple ¢/jets EP™ 139 | Xj/%; Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
> g XiXi vialy /v 2epu P 139 | 1.0 m(Z,7)=0.5(m(¥)+m(¥})) 1908.08215
DL # el 27 Epss 439 | T (L TR OG0 0.12-0.39 me)=0 1911.06660
S firlig, (-6 2e,u Ojets  Ep 139 |7 0.7 mE)=0 1908.08215
ee, ppt >1jet EMs 139 |7 0.256 m(?)-m(¥})=10 GeV 1911.12606
HH, H—hG|2G Oe,u >3b Efﬁ"f“ 36.1 it 0.13-0.23 0.29-0.88 BR(/\‘/‘; — hG)=1 1806.04030
4o Ojets  Ep 139 | @ 0.55 BR(Y) — ZG)=1 2103.11684
Oe,u > 2large jets E7"™ 139 i 0.45-0.93 BR(Y| — ZG)=1 2108.07586
Direct ¥'{ X7 prod., long-lived ¥ Disapp. trk  Tjet — Ep™ 139 [¥p 0.66 Pure Wino 220102472
2% 0.21 Pure higgsino 2201.02472
1% .
E % Stable g R-hadron pixel dE/dx EP'® 139 r4 2.05 CERN-EP-2022-029
&E  Metastable g R-hadron, g—qqt! pixel dE/dx EPs 139 |2 [x(@ =10ns] 2.2 CERN-EP-2022-029
S 8 &~ Displ. lep EMs 139 |&i 0.7 2011.07812
~ . i@ 0.34 2011.07812
pixel dE/dx ERs 139 |7 0.36 CERN-EP-2022-029
XX X ze—eee 3ep ) 139 Pure Wino 2011.10543
XX IS > wwyzeettvy 4ep Ojets  EP™ 139 1.55 m(¥})=200 GeV 2103.11684
22, g-qq¥, X > qqq 45 large jets 36.1 1.9 Large A7), 1804.03568
S il X o ks Multiple 36.1 m(E})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—bY¥T, XT — bbs > 4b 139 Forbidden m(¥})=500 GeV 2010.01015
niy, i1—bs 2jets+2b 36.7 1710.07171
i, fi—qt 2epu 2b 36.1 0.4-1.45 _ BR(\i—be/bu)>20% 1710.05544
1u DV 136 1.6 BR(7i —qu)=100%, cost;=1 2003.11956
YIS, 0, tbs, Vi —bbs 12e,u  >6jets 139 | & 0.2-0.32 Pure higgsino 2106.09609
. ) . - 1
Only a selection of the available mass limits on new states or 10 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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@ Eur. Phys. J. C82 (2022) 105

ATLAS VBF + y + E miss

EXPERIMENT

Similar to VBF, but require a high-p; photon
« Smaller cross section, but much higher signal purity
» Higher signal efficiency and background rejection

EXPERIMENT

Run: 349111 jj mass: 2568 GeV

Event: 814652241 MET: 296 GeV
2018-04-29 05:25:35 CEST mT: 264 GeV

photon pT: 64 GeV
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Eur. Phys. J. C82 (2022) 105

ATLAS VBF + y + E;miss

EXPERIMENT

Similar to VBF, but require a high-p; photon
« Smaller cross section, but much higher signal purity

» Looser selection, then use Deep Neural Net (DNN) to improve
sensitivity

AL R L DL AL IR RN B R L L L B B
- ATLAS Post-fit i
- Ys=13TeV, 139 b |-e-Daa

» | VBF+y B search N NN 2 Uncertainty
10 o bt EW Z+y
i N3 I Strong Z+y

100 EW Way

4 I Strong W+y
W tTy/Vyy
«eq B 7+jet
1M e—y

e Limit on B(H=inv)
@ 95% CL:
Observed: > 0.37
Expected: > 0.34 10

Events / Bin

ety
W jet—e
== H(B,, =0.37)

S N B

Ratio
T

0.5

1
+' -@- Data/Post-fit \\\Uncertalnty — Pre-/Post-fit
0 025 06 08 1/0 055 oe 0.8 10 025 06 08 10 025 06 10 025 06 08 1 DNN Score

Fake-e CR W, CR W ,CR ZI CR SR

Rev.Cen.
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@ ATLAS-CONF-2022-012
ATLAS ETmiSS + tW

EXPERIMENT

Dominant single-top final state for 2HDM+a

Target events with 0 or 1 lepton from top
decay and hadronic W decay

> W-tagged large-R jet or two small-R jets

> Combined with previous 2 lepton analysis

ATLASPeImInry "UData | —TotalSM £10: | ATLAS Preliminary  « D'a T ot sM

* Six CRs to constrain main T R =
backgrounds (f, tt, W/Z+jets, tfZ)

300 350 400 450 500 550 600 650
T

S ATLAS Preliminal ry » Data — Total SM s ATLAS Prelimina ry » Data -—-T 1a| SM
2108 Vs =13TeV, 139 fo™" o ft Sm_glaf 210° V5=13TeV, 139 o -t ¢
w e th . Wijets B Z+jets w CR(Wets) . Wijets -Z+|s|s
1o Ry, ( -Db son 14 10t e -Db son =14
Bkg.-only Post-fit i Other: Bkg.-only Post-fit [ Others

2
5‘05 ATlAsPelmnary « Data — Total SM ]
2 Vs =13TeV, 1390 -" Single t B= ‘31\/13“, Y
w CRiSingle - Wiiets - Zijets I Wets
10* g CR(Single ) 1 Diboson =14 1 n
Bkg.-only Post-it = Others
10° E
102 3
10_
1
= 2
fodf O ]
a0
250 300 350 400 450
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@ ATLAS-CONF-2022-012
ATLAS ETmiSS + tW
b

EXPERIMENT

Dominant single-top final state for 2HDM+a

Target events with 0 or 1 lepton from top
decay and hadronic W decay

» W-tagged large-R jet or two small-R jets

» Combined with previous 2 lepton analysis

» Six CRs fo constrain main

. -'g 5 R L '.' T S. ,
backgrounds (1, tt, W/Z+jets, 1) s E rare son  mal = Snglert
B =i
* Three SRs (binned in E;mss) jof [ Bra-only Posti s Others
> t W= had had / had lep /lep had 10°

10

1

(0]
2
g 2F
= 0
c
S-2F
- ] © 3 < v 3 b= o ) < 0 Q
@ 82 5% &% =% 5% & & a & & a5
o [is o i o 3 2 S S o &z
%) %) @ @ %) 5 ¢ F+¢ E¢ F*2 3 o
£ £z £z £z £z @
o o o o o
w (2] w w w
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@ ATLAS-CONF-2022-012
ATLAS ETmiSS + tW
b

EXPERIMENT

Dominant single-top final state for 2HDM+a

Target events with 0 or 1 lepton from top
decay and hadronic W decay

» W-tagged large-R jet or two small-R jets

» Combined with previous 2 lepton analysis

° N ° M = T I T T T T | T T T T | T T T T | T T
Six CRs to constrain molq g 1400 ATLAS Prefiminary
backgrounds (1, tf, W/Z+jets, ftZ) = ) . (s=13 TeV, 139 fb"

£ i T . Al limits at 95% CL

» Three SRs (binned in Eymiss) 100

- - - Expected

i1csexp
> TW = had had /hadlep /lep had 1000 — Observed
Interpret in 2HDM+a model 500  __DMtSR.
.. — DMt SR,
« Seft limits on my: vs. my and tanf DMt SR,,”
600 2HDM+a, Dirac DM

ml=10GeV,gx=1,tanB=1

 Also other 2HDM+a results in o
sin=1/12, m . =my, =m,

suMmMAry NOte (ATL-PHYS-PUB-2022-036) 400 & .
100 200 300 400 500 600
m, [GeV]

III|III|III|IIII‘4IIII

— DMt SRComb :
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Phys. Rev. D 103, 112006 (2021)
ATLAS E-miss + jet

Sensitive to Pseudo-scalar and Axial-vector mediators

Select events with:

q g X
> Large missing momentum: E;Ms > 200 GeV
> High-p jet from initial state radiation: p{¢' > 150 GeV 9q 9x
Za
> Veto eventswithe, i, 7, v
q X

Main backgrounds from W/Z+jets (?0%), plus top

« Shapes modeled by state-of-the-art
Monte Carlo simulation

> NNLO QCD + NLO EW

e}

10 [ ALas T e 1"
E (5=13 TeV, 139 fb" 2 E
%‘ Z(~> up) Control Region =~ Standard Model w. unc. E
10* ._ P (i) > 150 GeV Z(— ) +jets

E VBF Z(— Il /vv) + jets

Z(Iulu) CR Diboson

tt + single top

Events / GeV
2,

« Normalization determined from data ‘°

» Four W/Z+jets Control Regions (CRs)
enriched in W(ev), W(uv), Z(ee), Z(uu)

Data/SM

» One top CR enriched in tt + single top
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Phys. Rev. D 103, 112006 (2021)
ATLAS ETmiSS + jet

EXPERIMENT

ATLAS |

% 107 ¢ Data
0] Vs =13 TeV, 139 fb™ 5332 Standard Model w. unc.
. . . . g 10°F Signal Region — A
Perform profile likelihood fit g O s 150 ey
L|>J 10 S R VBFW( V) +jets
1o b
. . . . [0 Multijet + NCB
3 ~
» Simultaneous fit in five CRs and 10°8
102 L === DE, M::MSGGeV

one Signal Region (SR) .

» Fit pyecol = | pr | of system recoiling

Data/SM

against hadronic activity

(|ﬂ SR: pTrecoiI = ETmiss)

> 1.5-4.2% total uncertainty on

E Z(— pp) Control Region N\\\ Standard Modelw. unc. g
(i) > 150 GeV Z(— ) + jets
VBF Z(— Il /vv) +ets

Z(Iulu) CR Diboson

tt + single top

8 e
10°F ATLAS ' " o R (wv)
F {s=13TeV, 139 fb' E I

Events / GeV
3,

- Pr

background prediction

e Fit consistent with SM

= Set limits on DM production

cross-section and parameters

Data/SM
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Phys. Rev. D 103, 112006 (2021)
ATLAS ETmiSS + jet

EXPERIMENT

Limits on Axial-Vector Mediator:

;1500 . . : : I : : . : I . I . % 10_37% 1 1 |||||]I I LR T I ||‘|||I 1 LA
O] - ATLAS Expected limitx 2 0, 1 L, a8l
(.2. L (s=13 TeV. 139 fb" Expected limits 10,,, i —10 E
" . - = = - Expected limit -
g | I/;\)).(lal-\f/ecto.r m;(::lator 222 Obgerved lmit (s 10750 g 10—39 e
| Ulraciermion === Relic density,.h® > 0.12 i S -
g,=025¢ =10 Perturbativity limit 8 1 0‘40 -
1000 95% CL limits ——— ATLAS{s=13TeV,36.1f5" | 0 3
- i R 1 0—41 -
o' F
010
_43 -
B . 1 0 r’
500 ] 1 0—44 - ATLAS 90% CL limits
- . 45 g Vs=13TeV, 139 f5" ——— XENONAT
i . 1077 F Dirac Fermion DM LUX
| |} | _46 - 9,= 0.25, g = 1.0 —— Axial-Vector Mediator
3 1077 ¢
B F
T - B ? — -
o | I \ . ] |:| 1 | 10—47T ol Lol Lol Lo
0 1000 2000 2 3 N
1 10 10 10 10
m,, [GeV] m, [GeV]

See paper for additional limits on pseudo-scalar model, squark production, large
extra-dimensions, and invisible Higgs
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@ JHEP 02 (2021) 226

ATLAS Emiss + 4

EXPERIMENT

q vy X q

Select events with 7% o

> Isolated photon, med
oy > 150 GeV

. q 7 q
> E;miss > 200 GeV, o . T T T
ETmiss 5|gn|f > 8.5 § ATLAS eljet fakes [ Wy Z(lyy BZ(vv)yy
» No leptons W \s=13Tev,139fo" [My+jets =~ —SMTotal ¢ Data -
» Up to one jet ]
10° E

Fit SR and 4 CRs
in bins of E;miss 107

« Normalization of

main backgrounds & 10
. (()] 1
from fit fo data o
g O
9O
=
= -1
o 3% 8 g E E 8§ 8 5 5 8 § 8B E 8 8§ B B
S =) o =) A =) =) =) A =} =) =) A =) o =) A
g &8 8§ " §&8§g " g8 8 ", g8 8"
o 1 Muon CR 2 Muon CR 2 Electron CR SR
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@JHEP 02 (2021) 226

ATLAS y + E;miss

EXPERIMENT

& FT
= 900: 7 = 900: ‘ £ saf !
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ATLAS top-tagging

|dentify high-pr top quarks (“boosted-tops”)

« Large-radius jet with highly collimated
sub-jets, including one b-jet

= Deep Neural Network top-tagger

« Uses kinematics (jet mass, py, etc.)

N
o
(=)

ATLAS Simulation Preliminary ~ Top tagger: i

and dispersion of jet constituents /s =13 Tev — Contained, &, = 50% -
Trimmed anti-k, R=1.0 jets — Contained, &g, = 80%
(N-subjettiness, splitting scales, and 150 Py >350 GeV. Inl <20  Incuaive, o - 0%

energy correlation functions) ATL-PHYS-PUB-2020-017

100

T e e e e e e e e e e e ——————— -~

Background rejection (1/€bkg )

V4 . \

{ Inclusive top-tagger ! 50

: allows some of decay R o T v e S

! productions to fall P e 3
: Y ! R B o A A s e

i oufside large-R jet | 0500 1000 1500 2000 2500 3000 3500 4000

: ' Jetp_[GeV]

\ /)

) .. R4

(Some analyses define their own custom taggers, but idea is the same)
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)

L Collider Strategy

EXPERIMENT

—— \
« Resonance searches: y—ji/bb/tt/it q VA A
o ETmiss + X
» DM particles escape detection 4
= | meiss | = ETmiss
> Recoil against SM object(s) q X
= X =jet, 3, W, Z, H/S, tt/bb, tW, ... ~ 7
This talk:

* A selection of the
most recent ATLAS
dark matter searches
= ETmiss + X

« Allresults using the
full Run 2 dataset
= 139 fb! of pp collisions
at Vs =13 TeV
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ATLAS Interpreting DM Production

EffeCTlve fleld Theory (EFT) Name Operator Type of interaction
D1 ;n—l% XXqq Scalar, WIMP-quark
D5 # XY XqVua Vector
DS ﬁ XYY’ XaV.7°q Axial-vector
D9 ﬁ XM XG0 g Tensor
D11 ﬁfﬁ XXGuw Gy | Scalar, WIMP-gluon
C1 Ex'xag Scalar, WIMP-quark
C5 0o ve. wGu | Scalar, WIMP-gluon

> Only two parameters: DM mass (m,) & interaction scale (M- or A)
» Good approximation if momentum transfer is less than mediator
mass (my)

q

Simplified models
» Valid for higher momentum fransfer
> But more parameters: m,, my, 9q. 9,. I’
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@ JHEP 08 (2022) 104

ATLAS VBF + E;miss

EXPERIMENT

Dedicated VRs and CRs to validate and constrain backgrounds
16 SRs of varying purity and composition

Interpret in models
where Higgs is portal
to DM WIMP
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« Set limits on WIMP-nucleon & 107E B, <0127 ATLAS 3
cross section at 90% CL 5 = Alllimits at 90% CL {s=13TeV, 139 fb" 5
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o . =
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detection experiments S L el S apoens e P AT
o) 39 - T, RE% Vectorgpr =imi Cresstll

10 :: T #545 Nectoryy complete model ::

-
-
-
-
-----------
-----
- -

[ Teus scatterin
astic rwulrum-nu(leus scattering

coherent el

—_
I

(8]

=

107! 1 10 10° 10° 10
Mye [GEV]

HEP2023 Joseph Haley 13c


https://link.springer.com/article/10.1007/JHEP08(2022)104

