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—vidence for Dark Matter (

SOUrces

Introduction

DM) from a variety of astrophysical

Galactic cluster velocity dispersion

(Galactic rotation curves

Cosmic microwave background

Gravitational lensing

It DM Is particle-
porobed at the LHC

ke and has non-gravitational interactions, can be

Complementarity with direct and indirect detection

WIM

P Miracle

Assuming thermal production and subsequent freeze out, correct
relic abundance obtained for weak scale DM mass and coupling
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Overview

s-channel t-channel

'f DM can be produced at the LHC, there
must be some mediator which couples DM *
tO SM mediator

Mediator could be BSM or SM (Z or H) mediator
DM is invisible to ATLAS
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Overview

s-channel

'f DM can be produced at the LHC, there

must be some mediator which couples DM *
to SM

Mediator could be BSM or SM (Z or H)
DM is invisible to ATLAS
2 complementary search strategies:

mediator

Search for DM recoiling against visible
particles = broad MET excess
Search for decays of mediator to

SM — resonance at mediator mass

Events

/;‘\esonance
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Higgs Portal
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Higgs — Invisible

BSM(h_}ZZ*_}4V) ~ O 1 % Z(22)h | PLB 829 (2021) 137066

tth ATLAS-CONF-2022-007

H: m)( < mh/2, h_})()( |S aHOWGd VBF+y| EPuC 82 (2021) 105

ggF PRD 103 (2021) 112006

combo 2301.10731

Global fit of visible decay modes: B(h—=inv) < 13%
[Nature 607, 52-59 (2022)]

Many production modes to probe:
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[JHEP 08 (2022) 104]

Higgs — Invisible: VBF

SR | W(ev) Z(eo)

Distinctive topology - pair of highly-energetic forward jets with: N 5 1 ,
14
Wide pseudorapidity gap (Anj) N| -4
. . P7(j1) > 80 GeV
Large invariant mass (mj) .
P1(j2) > 50 GeV
Reject QCD by requiring large MET nit Mo <0
Dominant background: Z(w)+jets WBY > 1160 e
Anj 3.8
Background-enriched control regions (CRs) defined for Z(££), W(Lv), and QCD multijet A(DJ_J, >< 5
backgrounds™ ”
m; > 800 GeV
Simultaneous likelihood fit in signal region (SR) and CRs to 160 200 e
constrain backgrounds, test for presence of signal 20] 20]

SR6 | SR7 SR8 SR9 SR10
24%)| 8.7% 5.9% 6.5% 1.2%

W and Z have similar mass/couplings/spin = ow/o0z 2
constrained to SM prediction (NLO QCD/EWK)

Validated in events with 2 < Agjj < 2.5 -

SR1 SR2
71.4%] 15%

0.0

15 2 3.5 mj[TeV] 0.8 1 15 2 3.5 mj[TeV]

SR (and CRs) categorized in 16 bins of varying signal purity Sinel (B = 15%) Backgrund

[3.4]
SR11 SR12 SR13
3.9% 5.4% 0.9%

0% 10% 20%

*MET calculated by excluding charged leptons (“MET” =V pr) -

Niet ¥ 15 2 3.5 mj[TeV]
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[JHEP 08 (2022) 104]

Higgs — Invisible: VBF

background-only fit

_E4""|""|""|""|""|
m 10 - A TLAS Post background-only fit -
= F {s=13TeV, 139 fb” { -¢-Data
= _ VBF B. search 1 33\ Uncertainty
O 100t 4 B Strong W
LL |. 1 EW W
' '. ' 1 B Strong Z
102 & ) EW Z
® !
i o = . - Other
— e-fakes
I ' u-fakes
B = -==H(B,, =0.15)
1.5
ke - :
= » e 4 N @ 8 >; 0
Y A5
0.5 | 7@ Data/Post-fit - Uncertainty = —— Pr
W., CR W,.CR
Source Contribution to =10 (= 0.052)
Data stats. 0.029
V+ jets data stats. 0.022
MC stats. 0.014
Multijet 0.021
u/e-fakes 0.019
" " Lepton 0.017
U N C e rtal N t | e S (Lepton — muon only) 0.0049
(Lepton — electron only) 0.016
JER 0.015
JES 0.011
Remaining 0.012
V+ jets — theory 0.015
Signal — theory 0.0056

John Stupak - University of Oklahoma

Inclusive

. % 105 B ATLAS Post-fit -®-Data N Uncertainty i
signal (5 el .
. = (s=13TeV, 139" Bkg-only Mstongw [EWW 3
region S 10% & B strong 2 EWZ
LO B other Muljet 3
— _
» 10° --H(B,, = 0.15) §
[= i S —e— §
g 2 R
g 100 e :
10 b
1;_:'::::'::::'::::':::::::::::::.::
1_4:_ -IQ-Data/Bk'g \\\IUncertaintly —Fl>re-/Post-fi{ | _:
g { of :_ - 1+Signal/Bkg e ‘ ------ :
3 T S T Ciisie-u NN U O
T 1@,&%\\\%\\@%\\%{\%@@%\%\%&
0. 8?'

Sherpa tends to
overestimate (strong) Z-+jets 1000 1500 2000 2500 3000 3500 4000 4500 5000

production at large m; mjj [GeV]

95% CL uppler limit on B(h—inv)

Observed Expected +1l0c -l +20 20

0.145 0.103 0.144 0.075 0.196 0.055




[2211.05426]

Higgs — Invisible: tth

Adapted from a stop search [EPJC 80 (2020) 737]

Consider 0,1, and 2 final states

Includes a new 0, low-pt channel
Further subdivided into 25 SRs

Dominant backgrounds: tt, ttZ(vv), and Z+jets

Constrained in dedicated CRs
Triggers: MET, b jet, lepton
Reclusters A = 0.4 jets into large-R jets for top tagging

John Stupak - University of Oklahoma 8


https://indico.cern.ch/event/1199314/contributions/5189807/

[2211.05426]

Higgs — Invisible: tth

£ F L T S ——— -
0¢ final state S7F geme ms T S :
B Z+jets iz ]
Low-pT1 channel 107 W beson MOTE, _(E‘LH);S =
EmISS 10; .
MET>160 GeV, § = > 10 | ‘

\/O’L(l - pir) 1

Categorize events based on presence/mass 2

Of |eadlﬂg Jet (pT > 200 Ge\/) SROX SRWX SRTX SRATO SRATW SRATT SRBTO SRBTW SRBTT
—~ 10 = — 10 e .
E/ g ATLAS E 7<:, of ATLAS E

- (s=13 TeV, 139 fb™ 3 g gF Vs=13TeV, 139 fb" -

f, 8E - f, 8t E Analvs Best fit Observed Expected
- Expected E " -F Observed E nalysis B gy L

- | . - | - H—siny upper limit  upper limit

- -~ ttoL-low é - — ttOL-low ttOL 0.48%05 0.95 0.520%
Sk i i = S inAati = : .

- -- - ttOL combination s - — ttOL combination . 0.35 0.40
4E 4t tt1L —0.047533 0.74 0.80735¢
3F IPEASE- 3 =
i3 E i E tt2L ~0.08703 036 0.4070 15
T 1 = tTH comb. | 0.087) 2 0.38 0.307 50

Comiedgterbm T v b bvnv b b bvv v by a1y . - —

%01 02 03 04 05 06 07 08 09 1 %04 02 03 04 05 06 07 08 09 1
BHelnv BH—>|nv
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[2301.10731]

Higgs — Invisible: Combination

/<-\ | | L | T T | | | T T | T T | |
. . . . ~ B ATLAS . Jet+Emiss N
E 1 O B Tmiss N
Statistical combination of all searches = 107> . vor ey
' e aamam {T+E™MSs — . .
. . . = Observed Z+ T// Emiss — Uncerta”ﬂ: eS
Searches for h—invisible are largely e VB -
I — Run2 Comb. ] Source of uncertainty Run2 Runl+2
orthogonal o » - fummOSi/typﬁ pile up 00050005
I ] eptons otons : :
: N : . . Jets 0.013 0.013
Overlapping data (signal MC) events Ak 1 Flavour tagging 0.002  0.001
—_ -, - E7es 0.004 0.003
- 0) o) T
o | o 2 - All experimental 0.024  0.023
Negligible impact of [imit i A ] V-tjets modelling 0.019  0.018
O (et ) J.l.le.‘T"l“\, x“fl.hf‘l“l‘l NN NN NN R Other baCkgrOund MOde].llng 0014 0014
£ . ATLAS 7 By <0.093 -02-0.1 0 0.1 02 03 04 0.5 0.6  Data-driven Backgrounds 0.011  0.010
-% e - - i} — Al limits at 90% CL BH . Slgnal Modelhng 0002 0003
g 107 F TN f S R i All theory 0.025  0.024
O - N S = eV, 20. N iggs Porta ; : :
L?: _ \ B s =13 TeV. 13910 I Scalar Analysis Best fit By _in || Observed 95% U.L. | Expected 95% U.L. Total systematic uncertainty | 0.037 0.035
= 104 N\ = | Jet + Emiss —0.0970 30 0.329 0.38370 107 Data statistics 0.011 0.011
= - S — Majorana T
© T, S~ — _ Vo VBF + EIMsS 4 y 0.041017 0.375 0.34670 o3 Background normalization 0.012 0.012
[ '\"*., — ector 7 miss )
1074 [ T 3 VectorEFT 1+ Ex 0.08 +0.15 0.376 0-295%%%;55 Total statistical uncertainty | 0.017 0.016
N ) e T UV model, o = 0.2 N miss +0.
: P 1 trer exosriments. AR B e . Total uncertainty 0.041  0.039
» m, = 65 GeV_, .+~ e T e periments: VBF + E; 0.05 + 0.05 0.145 0.10375 pas
1074 & e e e T XenontT-Mig Run 2 Comb. 0.04 + 0.04 0.113 0.08070:031
i herent elastic neutrin N gizg'mggg Run 1 Comb. —0.02+914 0.252 02651950
10°58 - . pan d'c;X—IgT Run 1+2 Comb. 0.04 & 0.04 0.107 0.0777 0 059
> = - LUX-ZEPLIN : .
B(h—inv) < 13% from visible channels
107 1 10 102 10°
Mywe [GEV] John Stupak - University of Oklahoma 10



S-Channel Simplified Models
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Simplified Models

Assume DM Is a Dirac fermion

Consider CP-even and CP-odd mediators

mediator

Spin-1: flavor-independent couplings to SM

Spin-0: Yukawa-like couplings to SM (minimal
flavor violation scenario)

ME [- and resonance-pbased searches — probe
different regions of high-dimensional phase space mediator

John Stupak - University of Oklahoma



[PRD 103 (2021) 112006}

MET-Based Searches

ISR is dictated by SM — model-independent ¢ Vg X

MONO-] |PRD 103 (2021) 112006

mono-y JHEP 02 (2021) 226

Systematics limited — precise background estimates vital MON0-Z(£) 75 e20 (2022) 137066

mediator
Mono-|et
ow/0z constrained to SM prediction (NLO QCD/EWK) q < | |
1500 axial-vector mediator
. . . . . . . ! | | | | I I T T T
Simultaneous likelihood fit in SR and CRs used to constrain dominant > | |
- ATLAS Expected limit= 2 o, B
Z _’VV baC kg rOU n d g L {s=13TeV. 139 fb™ Expected limit+ 1o, | |
2 o : - = = - Expected limit
E B A>.<|al vectc?r mediator o O od limit (& 10;255303'8) a
| Dirac fermion DM % Relic densi’[y,QCh2 >0.12 |
Requirement SR W = uv Z - upu W - ev Z > ee Top - E A | L B 3 9,=0259 =10 Perturbativity limit
7L ¢ Data - | o .. » ]
Primary vertex at least one with > 2 associated tracks with pt > 500 MeV G 1° = (s=13TeV, 139 b IS Standard Model w. unc. 1000 —95% CL limits ATLAS |s = 13 TeV, 36.1 fb
miss o 10% = Signal Region \Z/(B: ;”*ll’fts _ - |
- T € _F p)>150 GeV W
Trigger EF™ single-electron single- L%’ 108 T VBF Wi - v jots E |
electron ] 04 tf.+ single top N
|p%nss + s = Ili)/lll?ltoi?;n+ NCB f |
) ) . . > 10° & == m( %) = (600, 580) GeV = _
| Emiss . |p$1ss + |p$1ss + |p$1ss + |p$ISS + Iz)g(gﬂG)LV o = m(x,XZA)=(1,2000) Gov 3 o
precoﬂ cut T pT(/l)| > pT(,U,U)l > pT(€)| > pT(ee)I > iss 102 -= DE, M, = 1486 GeV 500 ]
T 200 GeV |pss +
200 GeV 200 GeV 200 GeV 200 GeV T ol T
pr(e)| > =TT ek 7
200 GeV i ]
Jets up to 4 with pr > 30GeV, || < 2.8 E = T e A
|A¢(]ets’prTeco1])| > 04 (> 06 lf 200 GeV < E%]iss S 250 GGV) - 12;_' ....... L] S L L] L L . L] L L L] .. }'+ ..... L L [ e —
1.1:_ ............................................................................................................................................. i E
Leading jet pr > 150GeV, [17] < 2.4, fon/ fonax > 0.1 S — H __________ = |3 -
a 8'25::ff::??%fé??“ﬁ:%??%E?:F?fii::f?%%‘%??“ﬁ%ﬁ%ﬁ%ﬁ%‘ﬁ?ﬁfiﬁf:ff:fffﬁt%iﬁﬁéé%@%iﬁii:ff:f:fff:f:ff:f]}:f: 0 L L2,
200 400 600 800 7000 1200 0 1000 2000

p-rreCOiI [Gev] m [Gev]
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[ATL-PHYS-PUB-2022-036]

Resonance-Based Searches

Resonan rch N o 1 |
eSONance searches car be @ [ ATLAS Preliminary Vs =13TeV,3.6-139fo '
interpreted in DM simplified

July 2022
models

95% CL upper limits
Observed
- -- Expected

—— Boosted dijet + ISR
36.1 fb

Phys. Lett. B 788 (2019) 316

| I/m,=0.15
05 | 17/m_.=0.1

High mass: limited by small 0.4F "

Cross section 0.3k

— Boosted di-b-jet + ISR

80.5fb™
ATLAS-CONF-2018-052

—— Resolved dijet + ISR

79.8 & 76.6 fb™
Phys. Lett. B 795 (2019) 56

Resolved di-b-jet + ISR

79.8 & 76.6 b
Phys. Lett. B 795 (2019) 56

— Dijet TLA

3.6& 293 b
Phys. Rev. Lett. 121 (2018) 081801

A single vy
( trigger

Low mass: limited by trigger 02
and background rejection |

~ -
= -

q f

Di-b-jet

243 & 139fb™

Y + jets
trigger

Phys. Rev. D 98 (2018) 032016
JHEP 03 (2020) 145

Dijet

139 fb

JHEP 03 (2020) 145

0.1

mediator ‘

| J Jet angular
|Y?2| <0.3 r' Phys Rev. D 96 (2017) 052004
0.05 . — tsfmrfebgonance (1L)
O 04 __ Axial-vector mediator "’ _ Eur. Phys. J. C 78 (2018) 565

_ _ 5| < 0.6 7
m,=10TeV,g =1.0 \A izl < —— tf resonance (OL)

! e L bbbl JHEP 10 (2020) 61
q 7 0.03;50 200 1000 2000

. D et + lepton
mZ' [G eV] JHEP 06 (2020) 151

John Stupak - University of Oklahoma 14



m, [TeV]

1.6

1.4

1.2

0.8

0.6

0.4

0.2

Vector mediator, Dirac DM
g, = 0.1, g = 0.01, g = 1
All limits at 95% CL

T T T T [T T &= Dilepton
- ATLAS Prelimir / Oﬂ:‘She” d 139 b”; PLB 796 (2019) 68
- / A
s =13 TeV, 29 ! med—yx |} on-shell Dijet
[ ’ 139 fb™"; JHEP 03 (2020) 145
med— ..
- July 2022 e XX Dijet TLA
, 4 Q / 29.3 fo™': PRL 121 (2018) 081801
7 QN Q)°\ 4
b v 0o? 7/ — bb resonance
\é\/ / 139 fb™'; JHEP 03 (2020) 145
7 Q@‘\\O/ | E;["SS + J et
{be / 139 fb'; PRD 103 (2021) 112006
&/ miss
&, — B4y
/ 139 fb'; JHEP 02 (2021) 226
/7

2 25 3 35

4

m, [TeV]

G, (x-nucleon) [cm?]

|

[ATL-PHYS-PUB-2022-036]

A
S

w

oo

A
S

wW

O

1
<

N

o

A

<
AN
~

| IIIII|T| | IIIlI|T| I IIIIII|I | IIIIII|| | IIIIII|'| L

s =13 TeV, 29.3-139 fb”
July 2022

Dilepton

Dijet

miss
\ XENON1T MIGD Er™+X

DarkSide-50

] IIIIII|,| L

Vector mediator, Dirac DM
g, = 0.1, g = 0.01, g, = 1

ATLAS limits at 95% CL, direct detection limits at 90% CL

| llIIl|,|,| | IIIII|,|,| L LB

John Stupak - University of Oklahoma

10 102 10°
m, [GeV]

— Dilepton
139 fb"; PLB 796 (2019) 68
— Dijet
Dijet, 139 fb™'; JHEP 03 (2020) 145
Dijet TLA, 29.3 fb™"; PRL 121 (2018) 081801

— bb resonance

139 fb™'; JHEP 03 (2020) 145

miss
EE?SSW, 139 fb'; JHEP 02 (2021) 226
ET"+jet, 139 fo''; PRD 103 (2021) 112006
XENONA1T
PRL 121 (2018) 111302
— PandaX

PRL 127 (2021) 261802

— DarkSide-50

PRL 121 (2018) 081307

— XENON1T MIGD

PRL 123 (2019) 241803
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2RADM+a Model

CP conserving type-2 2H

DM (in the alignment and decoupling limit) with additional pseudoscalar

Gauge invariant, renormalizable, UV complete

Mixing between A and a couples SM to DM

14 parameters — 5 (assumptions)

Complicated phenomenology with additional signatures:

tW + MET tt/blar ;r/bl\/\ET t/b resonance

John Stupak - University of Oklahoma 17



[ATLAS-CONF-2022-069]

Mono-h(r7)

mono_h(bb) JHEP11(2021) 209
t -7
9 D ) a //< ) g —— - < ) mono-n(yy)  JHEP10(2021)013
u>- A <:/ 0 A v mono_h(m-) ATLAS-CONF-2022-069
g 1299900000000 t h\\\\ T g - - T
t 1‘1~\\
™ T Common SR Preselection
Search for h—=zhth in association with MET AR(1,,Ty) <9
o | met > 50 GeV
Optimized separately for low- and high-mass A Meyis(T1, o) e [40,125] GeV
| | my 4+ m > 100 GeV
Di-thag + MET trigger allows reduced MET threshold (150 GeV) Charge(Ty, 75) q(m) % q(m5) = —1
Nb—jet 0
Fake factor” method used to model background with fake tr Low,,, SR High,,, SR
Assumption: Niight/Nicose = T N initiated AR(T, 7) < 106,1.9) <2
P t|ght/ loose (pT, 7, WNtrack, g/q ) mict ] o 400 CeV
. . m’! > 50 GeV -
Measure Niignt/Nicose In fake-enriched CR mi 95 Gev ]
My (7_1, 7_2) > 75 GeV - [40, 125] GeV

Apply this ratio to loose t candidates to obtain fake tau contribution m +m7 Binning  [100, 250,400,550, 00] GeV  [400, 750, 0] GeV

Backgrounds with real T (Z+jets, ttbar) normalized to data in CRs

Modeling checked in 4 VRs

migt = (pr(m) + pr(ra) + P2 = (pa(r) + Pa(72) + DT = (py (1) + py (1) + pI™)?

John Stupak - University of Oklahoma 18



Significance

Significance

Events

Events

25

20

15

10

lOW Ma

ATLAS Preliminary
Vs=13 TeV, 139 fb’*
Low_, SR

Post-fit

‘{\III|IIII|III_

¢ Data
Top
B Higgs
Diboson

—+4—-SMzt1c
B Z(t7)
I Fake Taus

ono-h(r7)

[ATLAS-CONF-2022-069]

= = = = m,=2800GeV, m =300GeV,sin®=035 —
m, = 400 GeV, m_= 150 GeV, sin ® = 0.35 —]

— my = 600 GeV, ma =250 GeV, sin® =0.7

=LA B L —r 1 T
:— ATLAS Preliminary ¢ Data —~4— SMt1c —:
—  V{s=13TeV, 139 b’ Lqp _— g(? . -
— . B Higgs B Fake Taus —
— High_, SR Diboson =
—  Postfit = = = = m,=800GeV, m =300GeV,sin@=035
;7 — M, =1000 GeV, m =150 GeV, sin®=0.35

nigh ma_

m, = 600 GeV, m_ =250 GeV, sin® = 0.7

m; + m?2 [GeV]

< 1600
3 _ ATLAS Preliminary SHDM-+a model, sin(®) = 0.35, tan(B) = 1
= 1400~ Vs=13TeV, 139 fb’
— o - imit (=1
_ Limits at 95% CL Expected Limit (£10,)
1200 — —— Observed limit
1000
800
600 B
400 ]
20 I/lllllllllllllllllllllllllllllllllllllllllll
900 150 200 250 300 350 400 450 500
m, [GeV]

John Stupak - University of Oklahoma

550



m, [GeV]

2000

FATLAS Preliminary T/m >20% 7
1800-F=13Tev 36.1 - 139 fb’ -
T July 2022 o 2HDM+a, Dirac DM _
- Limits at 95% CL 4
1600 &= - , —Observed m, =10 GeV, g,=1-
Y - Expected sing = 0.35, tanB =1 .
-__ ..... ' mA — mH — mHi _—
1400 <. -
1200F ; ~
1000, Ry ’j —:
1 *s o‘. —\—m‘(\. -
s nart ™ e =Ma ..~ -
800 / m,x -
s A :

100 200 300 400 500 600 700 800
m, [GeV]

Summary

—ErM*4+7(q9), 36.1 b
JHEP 10 (2018) 180

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

—ET4Z(1l), 139 b
PLB 829 (2022) 137066

ET+Wt, 139 fb”
EPJC 81 (2021) 860

H'tb, 139 fb™
JHEP 06 (2021) 145

h(inv), 139 fo'!
ATLAS-CONF-2020-052

ET*+h(yy), 139 fb™!
JHEP 10 (2021) 13

—= Combination
mISS (bB) mISS (”)

tan 3

[ATL-PHYS-PUB-2022-036]

—tftf, 36.1 fb™
JHEP 09 (2017) 088

—ET"+f, 36.1 fb”
EPJC 78 (2018) 18

JHEP 06 (2018) 108
—E™+h(bb), 139 fb
JHEP 11 (2021) 209

ET4+Z(Il), 139 fb!
PLB 829 (2022) 137066

ET*+Wt, 139 fb”
EPJC 81 (2021) 860

H'tb, 139 b’
JHEP 06 (2021) 145

h(inv), 139 fb
ATLAS-CONF-2020-052

ET*+h(yy), 139 fb™
JHEP 10 (2021) 13

ATLAS Prelimifafy 108
\s =13 TeV, 36.1/- 139 fb™ :
JU|y 2022 -
10 = Limits at'95% CL . —
- — Observed i
3|l
1 m =
1 2 :
§ AP s S e R R
L "// gg/m>20% A
-ﬁ.' 5}. | | | ‘Iul | ‘
100 150 200 250 300 350 400 450 500

John Stupak - University of Oklahoma

m, [GeV]

— Combination
ET**+h(bbB), ET**+Z(ll)
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Strongly-Interacting DM
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SM

quarks

leptons

Dark QCD

( Dark Sector . [1712.09279]

Mediator :

U
P s o

© - E
dgd :63
Dark sector with QCD-like strong interaction =
Once produced, dark guarks undergo QCD-like
shower (in dark sector)
Confines at a scale A\qg = dark hadrons with range of 7% of Invisibles (in a jetigo

ifetimes/masses
Flavor diagonal dark hadrons: decay to SM
Flavor off-diagonal dark hadrons: invisible

Modeling of non-perturbative dark shower is complicated

number of stable dark hadrons>

total number of hadrons

Bottom up approach: ignore underlying physics and
parameterize shower in terms of lifetime and Ry, = <

John Stupak - University of Oklahoma 22



SM

quarks

leptons

Dark QCD

[1712.09279]
Dark Sector L2
C o
Mediator
Ud » ||
O - :
5 Q
dg D =
Dark sector with QCD-like strong interaction -
Once produced, dark guarks undergo QCD-like
shower (in dark sector) e
100
Confines at a scale A\qg = dark hadrons with range of % of Invisibles (in a jet)

ifetimes/masses
Flavor diagonal dark hadrons: decay to SM
Flavor off-diagonal dark hadrons: invisible

Modeling of non-perturbative dark shower is complicated

number of stable dark hadrons>

total number of hadrons

Bottom up approach: ignore underlying physics and
parameterize shower in terms of lifetime and Ry, = <

John Stupak - University of Oklahoma 22



Semi-Visible Jets

[ATLAS-CONF-2022-038]

Search for (prompt) semi-visible jets
produced through a -channel mediator

Large MET, aligned with et

DM searches typically veto small
A®(],MET) to reject QCD

[1712.09279]
107 ' ' 10" ,
2 — QCD 2 — QCD
10~2H = Semi-visible Jet | | i > Semi-visible Jet |
| WIMP ol | WIMP
&~ ! - 10 - =1
3 1078 3 b
S o |
T 107 Tﬁ 10-1} -
5 o | %
10-5 S% 8 1 L,
O _9 O —_— - |
e ]_O L. L
1076 = i I ' 2 l L, WJ
500 1000 1500 0 1 2 3

Fr (GeV) Ad  John Stupak

SR;:

Ht > 600 GeV
MET > 600 GeV

>2 |ets

<1 b-tag

Ad(M

—Tjet) < 2

O leptons

and Z+
VRS wit

- University of Oklahoma

N reduced M

=

CRs for W+jets (1p/0b), top (1p/1b),
jets (2u/0b)

23



[ATLAS-CONF-2022-038]

Semi-Visible Jets

SR binned in terms of |}ji-Pjo| and phal =

No excess over SM

Excludes mediator masses >2.4-2.7 TeV for 0.2<Rin<0.8 (A

wn =

c TLAS Preliminary o Data __ SonalM[TeVL R =

o - 13 TeV, 139 b ) Wjets cexe 108 =

LLI R Em Z+jets  nnn 2,0.4 —

i O 1 2,0.6 —

>600 GeV, E'™ >600 GeV g Single top mimi 302 —=

Post-Fit (] Diboson mim 3,04 =

’/// Bkg.unc -

........ =

IIIIIII wmEnEn h--- - E_

2 e

......... o I ]

IIIIIIIIIIIIIIII IniImiInml .:I.IIIIIIII.II.IIIII.III
IIIIIIIIIIIIIIIIIIIIIIIIIIIII [ HLEnnnnnnnnn
......... T o PR
IIIIIII Iminimin pimimimr [ pimir I
1 O |||||||| |- .|-|-|-|:§ Himinimin .? ''''''''''''''
Fimimim
. EEEEELET 1

(@))
o

2 %%////////)///////.//////M/////.///////&////A/////%//%
©
©
N

Bin1 Bin2 Bin3 Bin4d Bin5 Bin6 Bin7 Bin8 Bin9

o [fb]

10

10°

10°

10

1) + i)

‘ﬁT(jl) ‘ + ‘ﬁT(jZ) ‘

:I 1 ] | | I I | | I | ] | | I | | I I
- ATLAS Preliminary
=s = 13 TeV, 139 fb”

— Observed 95% CL
--- Expected 95% CL

1000

-R.,=0.6 Expected + 1o
2 Expected + 2¢
=, e Theory (LO, A=1)
' I' '//”‘/'/%yf/./;
00 1500 2000 2500 3000 3500 4000 4500 5000
My [GeV]

John Stupak - University of Oklahoma

0.6F

0.4

0.2F

_ 1
B
< Bin 7 Bin 8 Bin 9
0.9
Bin 4 Bin 5 Bin 6
0.6
— 1 ) Bin 1 Bin 2 Bin 3
0
0 2 2.7 3.2

|bj1-Die]
95% CL upper limits on A

O'heory (fb) for A=1:

32.5 13.7 7.03 3.95 2.45 1.62

ATLAS Preliminary
Vs=13TeV, 139 fb™

Semi-visible jet t-channel

2.5 3 3.5

M, (TeV)

24



Conclusion

ATLAS has a strong DM search program

Wide range of models/signatures probed
Complementarity between:

Colliders and direct/indirect detection experiment

Visible and MET-based searches

Various visible final states

No significant evidence for DM yet

Results shown here are based on =5% of the anticipated LHC luminosity

Stay tuned!
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Higgs — Invisible: tth
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Higgs — Invisible: tth
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Higgs — Invisible: Combination
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Source of uncertainty Run2
Luminosity / pile up 0.005
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Jets 0.013
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Total uncertainty 0.041
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