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Talk safety instructions

This talk will cover some of the most recent results by ATLAS, touching

Beyond EFT (Runlapproach)

Effective Field

_ Theories
Introduce new mediator (Z') and .
fermionic WIMPs
Few additional parameters .
{m)(' mys rgqr gDM} MOO'@/
g@/)er

More complete kinematic description

- Mono-Jet
- VBF Higgs + Ef***°
- VBF Higgs + EF**° +y
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and models

More complex model

Implements 2 Higgs doublets (5
Higgs bosons)

More parameters

{my, m,, my, tanf, g, a}

- Mono-H — yy
- Mono-H - bb



arXiv:2102.10874

Mono-Jet

q X
The analysis aims to find an excess in the ESS spectrum ) A
« Sensitiveto abroad range of different models thanks to its general signature &
* Dominantirreducible background: Z(— vv) + jets ! X
* SMpredictions constrained using
« NNLO QCD & nNLO EW corrections to V+jets processes * Atleastone Jet with
pr > 150 GeV

Z(—> wv) + jets Key Events selections:

W (= lipsev) + jets . Ejrpiss Trigger

Z(~ 1) + jets ~ W (= ) + jets Up to 3 additional

A jets
H o EMISS 5200 GeV No leptons
nor photons
eu
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Events / GeV

Data/SM

Mono-Jet

« Simultaneous likelihood fit to p¢¢°" distributions in CR to estimate SR total background
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tt + single top
Diboson

[0 Multijet + NCB
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Dirac fermion DM
B 9,= 0.25, g = 1.0

=== Relic density,Q.h* > 0.12 N
Perturbativity limit
——— ATLAS {s =13 TeV, 36.1 fb"
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bkg uncertainty reached in SR (1.2-4%)
No significant excess observed
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.. But many other interpretations! (backup)

4



ATLAS-CONF-2020-008

VBF H — invisible

Key Events selections:

>

* (Sub-) Leadingjet

pr > 60 (50) GeV
o EIUSS > 200 Gel 4

No leptons nor
photons

The analysis aims tofind an excessinthe m;; spectrum

Z(—= ) + jets

Z(—> vv) + jets
* Dominantirreducible background: « SM predictions constrained W (= lipsev) + jets

Z(— vv) + jets using orthogonal CRs
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http://cdsweb.cern.ch/record/2715447/files/ATLAS-CONF-2020-008.pdf

Events / 500 GeV

Ratio

VBF H — invisible

ATLAS-CONF-2020-008

 Simultaneous likelihood fit to m;; distributions in CRs to estimate SR total background

No significant excess observed
95% CL limit BRy_, ;5 =0.13

——
ATLAS Preliminary Post-fit —- Data A\ Uncertainty
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http://cdsweb.cern.ch/record/2715447/files/ATLAS-CONF-2020-008.pdf

. . s ATLAS-CONF-2021-004
VBF H — invisible+y

Key Events selections:

* (Sub-) Leadingjet
pr > 60 (50) GeV

4

« EMISS > 150 GeV * Noleptons

ZCR
Both a search for Hto inv. particles and H to Dark Photons

W(- ) + jets
 Dominantirreducible background:

Z(- ) +jets +y W (= ljpsev) + jets +y ~

« SMpredictions constrained using orthogonal CRs
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http://cdsweb.cern.ch/record/2758212/files/ATLAS-CONF-2021-004.pdf

VBF H — invisible+y

« Simultaneous likelihood fitto DNN score (or my)
distributions in CR to estimate SR total background
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http://cdsweb.cern.ch/record/2758212/files/ATLAS-CONF-2021-004.pdf
https://inspirehep.net/files/f09a1301b2681352dc14ddccb07bf12b

H — Inv.combination
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Run2 analysis:
e ttH
« VBF H - invisible

Combination of Run1+2 set a limit on the BRy_,;,,,, =0.11

Combined Combined Combined

Run 1 Run 1+2

Many others notincluded yet
(e.g. Mono-Jet, Mono-Z(Ll))

Owivp-nucleon [cM?]
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ATLAS-CONF-2020-052
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http://cdsweb.cern.ch/record/2743055/files/ATLAS-CONF-2020-052.pdf

dN/N

Mono-H - yy

Look for an excessinthem,, spectrum w
[
* Normalization and shape of non- .
resonant background obtained
. . . [
fitting the ., sidebands
(105 < m,, < 160 GeV) Di-photon trigger
10 T E Sy 1
- ATLAS ] O 14 ATLAS s High E7"* BDT tight boundary
B Vs =13 TeV, 139 fb™ ] g === High E7"* BDT loose boundary 0.9
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BDT Score

arxiv:2104.13240

No leptons i
A.._- X
ESS > 90 GeV N
) h

120 < m,, < 130 GeV s

AEMSS< 30 GeV
\

Difference beetween EIS from NN selected
vertex and EF'SS from hard scatter vertex

4 Signal regions defined using E7**S and
a BDT trained with :

SE%niss o pp/

EmlSS - E lSS/ z ET
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https://arxiv.org/pdf/2104.13240.pdf

Mono-H - yy
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SMresonant Higgs contribution ~30% of
total background, mostly from WH and ZH
production modes
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Limits at 95% CL
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https://arxiv.org/pdf/2104.13240.pdf

Mono- H — bb

Key Events selections:

Resolved region

« EMSS <500 GeV
2btagged />3 b tagged jets

Look for an excessin spectrum

Dominant backgrounds: tt, W/Z +HF

* Normalization corrected using CRs

ATLAS-CONF-2021-006

Merged region _
At least 2 b-tagged jets Large-R jet
) (R=1)

EMiss > 150 GeV w

No leptons

MIinAQ . miss > 20°
QOJEZMSS Variable-R Jets

0.02<R<04

Loose m; selection . EMiSS > 500 GeV

2btagged />3 b tagged jets

Z(—> )+ jets tt, W(— lv) + jets

el
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https://cds.cern.ch/record/2759211/files/ATLAS-CONF-2021-006.pdf
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ATLAS-CONF-2021-006

Z' masses upto 3.1
TeV excluded for 4
masses of 300 GeV
at 95% CL

Limits on the visible

cross section are set
with minimal
assumption
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https://cds.cern.ch/record/2759211/files/ATLAS-CONF-2021-006.pdf

onclusions

* Abriefsummaryinthe field of DM
searches as been presented, touching
Simplified Models and 2HDM models

* Somuch done and still on-going!

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATL-PHYS-PUB-2

021-009

ATLAS Preliminary

Status: March 2021 [Ldt=(36-139) b V5=8,13TeV
Model t,y Jetst ET™® [rdt[ib'] Limit Reference
@  ADD Gy +8/q Oepry 1-4] Yes 139 | Mp 112TeV n=2 2102.10874
S ADD non-resonant yy 2y - = 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
€  ADD QBH = 2j = 37.0 | Mu 89TeV n=6 1703.09127
@  ADD BH multijet - >3] - 36 | My 9.55TeV. =6, Mp =3TeV, rot BH 1512.02586
£ RS1Guk -y 2y - =z 139 [ Gk mass 45TeV K/ Mg =0.1 2102.13405
° Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/M, 1.0 1808.02380
8 BukRS Gkx —» WV — fvqq 1eu 2j/1J  Yes 139 | Gyk mass 2.0 TeV k/Mp = 1.0 2004.14636
El Bulk RS gxk — tt 1eu 21Db,21J/2) Yes 36.1 8kk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP leu 22b23j Yes 361 KK mass 1.8 TeV Tier (1,1), BAMY - tr) =1 1803.09678
SSM Z’ — ¢t 2epu — - 139  |'Z"'mass 5.1 TeVv 1903.06248
0 SSM Z’ — 1t 27 = = 36.1 Z’ mass 242 TeV 1709.07242
= Leptophobic Z’ — bb = 2b = 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oeu >1b>2J Yes 139 Z’ mass 4.1 TeV rm=12% 2005.05138
8 ssMW ity Teu - Yes 139 | W mass 6.0 TeV 1906.05609
o SSM W’ — 1v ir - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g) HVT W — WZ — fvggmodel B 1e,u 2j/1Jd Yes 139 W’ mass 4.3 TeV 8v = 2004.14636
T HVT Z’ — ZH model B 0-2epu 1-2b Yes 139 Z’ mass 3.2TeV v = ATLAS-CONF-2020-043
S HVT W — WH model B Oeu >1b>2J 139 | W mass 3.2TeV gv = 2007.05293
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2u 1J - 80 | Wg mass 5.0 TeV m(Ng) = 0.5TeV, g, = gr 1904.12679
Clqqqq - 2j - 37.0 A 21.8TeV 1, 1703.09127
o Clttqq 2e,pu - - 139 A 35.8 TeV m 2006.12946
QO Cleebs 2e 1b - 139 |A 1.8 TeV g =1 ATLAS-CONF-2021-012
Cl uubs 2u 1b . 139 A 2.0 TeV g =1 ATLAS-CONF-2021-012
Cl tttt >teu 21b21j Yes 36.1 A 2.57 TeV |Cae| = 4n 1811.02305
Axial-vector med. (Dirac DM) Oeput1y 1-4j Yes 139 Mped 21TeV 8q=0.25, g, =1, m(x)=1 GeV 2102.10874
= Pseudo-scalar med. (Dirac DM) O e,u, 7,y 1-4j Yes 139 Mmed 376 GeV 84=1, g,=1, m(x)=1 GeV 2102.10874
Q  Vectormed. Z’-2HDM (DiracDM) O e, u 2b Yes 139 | Mmea 3.1 TeV tanp=1, gz=0.8, m(x)=100 GeV | ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a Oeu 2b Yes 139 Mied 520 GeV tanp=1, gy=1, m(x)=10 GeV ATLAS-CONF-2021-006
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes  36.1 my 3.4TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 1% gen 2e 22j Yes 139 | LQmass 1.8 TeV B= 2006.05872
Scalar LQ 2" gen 2u >2j Yes 139 | LQmass 1.7 TeV B= 2006.05872
Q| Scalar LQ 3 gen 17 2b Yes 139 | LQ; mass 1.2 TeV B(LQ5 — br) =1 ATLAS-CONF-2021-008
= Scalar LQ 3" gen Oeu >2j,>2b Yes 139 | LGS mass 1.24 TeV BLQ - tv)=1 2004.14060
Scalar LQ 3 gen >2e,pu,21r21j,>21b - 139 | LQS mass 1.43 TeV BLQY — tr) =1 2101.11582
Scalar LQ 3" gen Oep,>1r 0-2},2b Yes 139 |LQgmass 1.26 TeV BLQS — bv) =1 2101.12527
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
SL VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
S & VLQTsaTsalTss > Wit X 285)23en>1b>1] Yes 361 |Tsamass 1.64 TeV B(Toj = Wi)=1, (T We)=1 1807.11883
T 8— VLQ Y —» Wb+ X leu 21b,21] Yes 36.1 Y mass 1.85 TeV B(Y - Wh)=1, cg(Wh)=1 1812.07343
VLQ B - Hb+ X Oepu >22b,>1 Yes 798 |Bmass 1.21 TeV singlet, k5= 0.5 ATLAS-CONF-2018-024
VLQ QQ —» WqWq 1eu >4 Yes  20.3 1509.04261
-8 fé) Excited quark ¢* — qg - 2j = 139 q° mass 6.7 TeV only u* and d*, A = m(q") 1910.08447
2 S Excitedquark ¢* — gy 1y 1j - 36.7 q° mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
;) € Excited quark b* — bg - 1b1j - 36.1 b* mass 2.6 TeV 1805.09299
(] § Excited lepton £* Beu - = 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A =16TeV 1411.2921
Type Ill Seesaw lepu >2j Yes 139 |'N®mass 790 GeV 20008.07949
LRSM Majorana v 2pu 2] - 36.1 Ng mass 3.2Tev m(Wg) =4.1TeV, g, = gr 1809.11105
@  Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
= Higgs triplet H** — (1 3eut . N 20.3 DY production, B(Hj* — (7) =1 1411.2921
6 Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - — - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
Vs=13TeV  5=13TeV ....|1 R | . MR | A M
partial data full data 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).
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http://cdsweb.cern.ch/record/2758784/files/ATL-PHYS-PUB-2021-009.pdf

Backup
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Monojet 2017 event display black

Mono-jet Event Display

I I AS Run: 337215
2546139368

Event:

E X P E R I M E N T 2017-10-05 10:36:30 CEST jet p;
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https://twiki.cern.ch/twiki/pub/AtlasPublic/EventDisplayRun2Physics/Monojet_2017_event_display_black.png

Mono-jet results - WIMP nucleon o,
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Mono-jet results - squark pair production
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ATL-PHYS-PUB-2018-043

Mono-jet results - HL-LHC
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ATL-PHYS-PUB-2020-021

Mono-jet mono-photon combination
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Mono-H — yy -a-2HDM
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Mono-H —» yy -a-2HDM
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Mono-H — yy -Zj
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Mono-H — yy/bb -36fb~! combination
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