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Motivation for Dark Matter Searches @ ATLAS

Standard Model Production Cross Section Measurements

- The SM theory has successfully

Status: February 2022

ATLAS Preliminary
\s=5,7,8,13 TeV

explained almost all experimental
results and precisely predicted a
wide variety of phenomena!
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complete picture. Still some open 18s -~ T al-Eap
questions as hierarchy problem, the o &’ ®a W | L : :\“niu %E
origin of neutrino masses, the dark i ;
matter... e e

M. Verducci Searches for Dark Matter and Extra Dimensions with the ATLAS Experiment at the LHC

EWK



Exploring SUSY/EXxotics signatures

DM couples to SM: This can be studied at

colliders ! For example at LHC in pp = SM +
DM

e Many theories predicting DM + SM
interactions (DM searches widely use
simplitied models).

e Assuming an interaction between dark
matter and SM particles through mediators
(either SM or new as Higgs, Higgs-like, Z'
neutrino...).

LEPTONS

Dark matter searches include (1) direct searches for wea
with large missing transverse energy and (2) searches fo
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Many BSM models predict WIMPs as Dark Matter Candidate. In R-parity conserving SUSY models,

the lightest SUSY particle LSP is a candidate for dark
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matter.
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New Physics in ATLAS
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- In this talk we will explore some dark matter searches in ATLAS with the full Run-2 data of 139 fb-1

- Dark quark, Invisible Higgs decays, Higgs decays in dark photons, top + dark matter candidate
- Production of Winos and Higgsino, direct production of electroweakinos , production of charginos and
neutralinos decaying in taus

- Extra dimension limits on KK-states
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Search for non-resonant production of semi-visible jets

This is a search for semi-visible jets (SVJ) in the -channel

production mode (non-resonant search). A scalar bi-
fundamental mediator (®) acts as a portal between the SM and

dark sectors. It couples to a SM quark and a dark quark and
mediates the production of dark quarks.

e The ratio of the rate of stable dark hadrons over the total

number of hadrons in the event is correlated to Rinv, which
is a free parameter of the model.

e Atleading order the two SVJs are back-to-back and the
direction of the missing transverse momentum (EtMiss) direction

is aligned with one of the two reconstructed jets. Main Backgrounds:
W/Z+jets , tt and single top,

e This signature is dominated by background events from
multi-jets processes.

Multidets, Diboson
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https://link.aps.org/accepted/10.1103/PhysRevLett.115.171804
https://inspirehep.net/literature/2110194
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o Unprescaled EtMiss trigger: 70 GeV up to 110 GeV depending on
data taking year.

[ lllllll

o Events with offline EsMiss > 250 GeV are selected in order to have a 0

close to fully efficient trigger.

lllllll

o at least two jets within || < 2.8, the leading jet with pt > 250 GeV, 07001 02 03 04 05 06 0.7 0.8 09 i,
. . . b
other jets with pt> 30 GeV. Events with any electrons or muons are §..[ ATLAS Simulation sowaw, o5,
discarded_ » E Preliminary «== 1,06
S [ (s=13Tev,139fb" == 1,08
: cop . : : : > T lss s o T 2,0.4
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§ _ &= Total background
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107"
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1075t
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https://inspirehep.net/literature/2110194

§ m 1
Analysis Regions CONF-2022- S
= Bin 7 Bin 8 Bin 9
0.9
e Signal Region (SR): EtMiss > 600 GeV and Hy> 600 GeV Bin4 | Bin5 | Bin6
(Ht is the scalar sum of p7 of jets in the event) 0.6
e Control Regions (CR): the control regions are defined using Bnl | B2 | B3
the muon and b-tagged jet requirements with the same )
EtMissand Ht requirements as in the SR: 0 2 2.7 3.2
: [¢max — Ppin|
e 1L: exactly one muon and no h-tagged jet. Dominated by T Tmin
W+j ets events ‘% 7§ ATLAS Preliminary ot 022,  SignalM, [Tev1.R, =
g O g = S T E
e 1L1B: exactly one muon and exactly one h-tagged jet. 10° - Hoomca v mocey o Srgows 32§22 =
Dominated by semi-leptonic ## and single top quark processes. - v P T E
10* aMAMTAnRTAs 0 U CI— -
e 2L: two opposite charged muons with di-muons mass 66 e . 3
GeV <M, ,< 116 GeV, and no h-tagged jets. Only Z+jet events 102
= LTI ph S T
e Validation Regions (VR): 250 GeV <EMiss < 300 GeV and - T =~ S
300 GeV <EfMiss < 600 GeV with the same Ht> 600 GeV of % g W///*///////6//////;&///////.////%3///%/////?/%///// 2
the SR g " B|;11 B|n2 B|n3 B|n4 B|n5 B|n6 B|n7 B|n8 B|n9
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Results

The 95% CL upper limit on the semi-
visible jet production cross-section

as a function of mediator mass are

shown for invisible fraction of 0.2

(a), 0.4 (b), 0.6 (c), and 0.8 (d).
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https://inspirehep.net/literature/2110194

Invisible Higgs-boson decays in vector-boson fusion

Direct search for Higgs bosons produced
via vector-boson fusion and subsequently
decaying into invisible particles
e This search targets the VBF production
process: distinct signature of a pair of
energetic quark-induced jets with a wide (a) Signal process
gap in pseudorapidity (Anjj) resulting in a
large invariant mass (mijj). )
e Higgs boson production via the gluon-gluon Z

fusion (ggF) and in association with a vector )

ooson (V H) are also considered as signal, q
out their contributions are smal compa red (c) Electroweak Z+ jets background (d) Diboson (ZV) background

to the VBF process after the selection.
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https://link.springer.com/content/pdf/10.1007/JHEP08(2022)104.pdf

Event Selection

e Events Selection
o Unprescaled EtMiss trigger: 70 Gev up to 110 GeV depending on data taking year
» no lepton candidate, nor a photon but 2,3,4 jets

» 3,4 from Final State Radiation FSR: cuts on centrality less than 1 and small invariant mass (with one of
leading two jets)

o EfMiss >160 GeV, which strongly suppresses the multijet background 14 Signa\ Regions
160 200 Emiss [GeV]

o prltiets > 140 GeV and two leading jets ”
Aijj < 2 : suppress the multijet

A¢u 4 A¢ll 4
2.0 2.0-

background 2 .
» The two leading jets must fulfil the

VBF topology requirements of I s 2 ss  mmv

opposite longitudinal hemispheres o

(niTni2 < 0), large pseudorapdidity Signal (B = 16%) / Backgrunc

separation (Anjj> 3.8), and large o — Sal

invariant mass (mjj> 0.8 TeV). " o o

T 0.0
Niet v 1.5 2 3.5 mij [TeV]
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https://link.springer.com/content/pdf/10.1007/JHEP08(2022)104.pdf
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These results are interpreted in the context of models where the
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Higgs boson acts as a portal to dark matter, and limits are set on
the scattering cross section of weakly interacting massive
particles and nucleons. More on Higgs2022 presentation.

Jet 2: p; =301 GeV
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https://indico.cern.ch/event/1086716/contributions/5053015/attachments/2544350/4381216/Higgs2022_songmingwang_09nov22.pdf
https://link.springer.com/content/pdf/10.1007/JHEP08(2022)104.pdf

H boson decays in dark photon in HZ production

This is a search for dark photons (yd) in Higgs boson
decay (H — yyd) produced in proton-proton collisions
through the Z H production mode where Z =1l (I = e, p)

e Final state consists of two same-tlavour, opposite-
charge electrons or muons, an isolated photon and
missing transverse momentum

* Analysis constraints on: Nan Back d
dln DbadcC groun S.

e Z boson mass for the two leptons W/Z+jets , 1t and single top,
Multidets, Diboson

* Photon and EtMiss originating from a SM Higgs
boson decay

M. Verducci Searches for Dark Matter and Extra Dimensions with the ATLAS Experiment at the LHC
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https://inspirehep.net/literature/2157039

Two same flavour, opposite sign, medium ID and loose isolated leptons,

An aIYSiS St rategy and Resu ItS with leading pr > 27 GeV, sub-leading pr > 20 GeV

Veto events with additional lepton(s) with loose ID and pt > 10 GeV

= - - 76 GeV < mygp < 116 GeV

Event Selection:
e Single lepton trigger.
o A set of cuts on offline level to identify Z and H decays

 Finally a boosted decision tree (BDT) algorithm was

implemented including 6 observables (according to their
ran kin g ): Veto events with b-jet(s)

Only one tight ID, tight isolated photon with EY. > 25 GeV

EMss > 60 GeV with AG(E™S, 57) > 2.4 rad

mee, > 100 GeV

Njet < 2, with p' > 30 GeV, [n] < 4.5

e S (EfMisssignificance), mTt, my, pT(y), Mily, and |pT|
e Several Control/Validation regions. For estimating the

_ ATLAS Preliminary

background from fake EtMissa data driven ABCD method e oediibanindent — Observed
- ' ---- Expected
was used. gl ZH H=>vy B Expected + 1o
Expected = 20

The observed (expected) upper limits on
BR(H— yyd) are at the level of 2.3% (2.8%) tor massless

6_

95% CL limit on BR(H-yy ) [%]

Yd, moving to 2.5% (3.1%) for mass (yd) of 40 GeV.

|E-'>'}I]1.SS + ﬁ‘;ﬁl _ pg;f 0 | L1 -1 | | | 1 | L1l | | | | L1 11
) = — 10 1 10
mr = \[2ESS5p[1 — cos| AG(EmSs, 7)]] pr e m, [GeV]
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Invisible particles produced in association with single top quarks

The search look for events with one top quark and missing transverse momentum
in the final state. The results are interred in terms of simplified models.
Experimentally: presence of a top quark and significant missing transverse momentum.

Single production of a vector-like Tquark via WTb
and ZTt vertices. The contribution via ZTt vertex is
highly suppressed by the requirement of a top quark
in the initial state.

Dark Matter particle
production in association
with a single top quark:
resonant and non-resonant
cases

M. Verducci Searches for Dark Matter and Extra Dimensions with the ATLAS Experiment at the LHC 14


https://inspirehep.net/literature/2110187

Event Selection

e Events Selection

o Unprescaled EtMiss trigger: 70 GeV up to 110 GeV
depending on data taking year

o Offline EfMiss >250 GeV to reduce the number
of multijet background

e zero leptons and at least one large-R jet (large
radius defined as \/Aq§2 + An? =1.0)

e The leading large-R jet is then required to be
top-tagged and have a prt within 350 and 2500
GeV, and a mass between 40 and 600 GeV

o ADnin ( jet, ETMiss ), is required to be larger than
0.2 to remove the contribution from mis-
reconstructed EtMiss

» extreme gradient BDT by using several input
observables (XGBoost)

M. Verducci

Variable Description Resonant  Non-resonant VLQ
DM model DM model
E.Irm 58 Missing transverse momentum v v v
miss R . Er'rmss—PT(J)
Q E™ and large-R jet pt balance: By (7) v4 v v
N jets Small-R jet multiplicity v v v
AR Maximum AR between two small-R jets v v v
max
MT min (E,rrniss,b-jet) Transverse mass of E{“iss and the closest b-tagged jet. v v v
Mtop-tagged jet Mass of the large-R top-tagged jet v v
Ap ( 7 jets) Scalar difference of large-R jet pt and the sum Y Y
T of pr of all small-R jets.
Ht Sum of all small-R jet pT v v
Ht/ Errrniss Ratio of Hy and ENiss v v
AE (EfrniSS,J ) Energy difference between E,}“iss and the large-R jet v v
: Angular distance in the transverse plane between
AP(EZ",J . v v
¢( T ) ET" and large-R jet
PT (J ) Large-R jet pt v
mr (Efrn iss,j ) Transverse mass of the E,‘r‘rliss and large-R jet v
. Angular distance in the transverse plane between the
Ap(b-tagged jet,J) " T v
large-R jet and the leading b-jet
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Analysis Regions -

e zero leptons in the final state

o E{Miss> 250 GeV
e and at least one top-tagged large-R

jets.

 Two Signal Regions (SRs) with one or
zero b-tagged jet (SROb, SR1b)

N b-tagged jets

N

TVR1bLPhi

* Two Control Regions (CRs): TCR Nb-tuggedjers Afmin(/, E7™*) BDT score  Nporward-jrs

: _ TCR 2 € [0.2,1] - ]
dominated by tt events and VCR TVRIbLPhi 1 € [0.2,1] :

. . TVR1bHPhi (1f) 1 > 1 <0.5 - (2 1)
dominated by V+jets events TVR2bHPhi 2 > 1 : :
VCR 0 € [0.2,1] - ]

° ° ° VVR (1f) 0 > 1 <0.5 -(=1)

* Few Validation Regions (VR) SROb (1 0 S| N 1)

SR1b (1f) 1 > 1 > 0.5 - (=1
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Results

10°

production cross-section of the

. . 0
considered signal models as a | :
1
function of: |

2

3‘ LI ) l L B A l L I A | ' L B B | l L B A ' LI B A | ] LI B B | l L B A l LI : :E‘ 105 Ll L) L} L} l L) L) L) L] I L] Ll L) L) I L} L) L) L) ] L] L} L} L) I
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T h e 9 5 /o ‘ L u p p e r ‘ I I ' | It O n t h e - 103 Resonant DM model — 95% C.L. Obs. Limit - Non-resonant DM model — 95% C.L. Obs. Limit
o []95%C.L. Exp. 1o C a3 ] 95% C.L. Exp. 1o
o0 xq=o.e,yx=o.4 o 10 a=0.5,gx=1,mz=1OGeV
> m, = 10 GeV [ ]95% C.L. Exp. +2¢ > [ ]95% C.L. Exp. +2¢
B =)
T T
g g
© %

—
o

Bt i e s P A T PO D T
(a) the mass of the scalar o kN
particle ¢ in the resonant DM @ (b)
v o T
(b) the V mass in the non- o R ERiET
resonant DM production and i
10

(c) the vector-like T quark E
mass. |

el a1 el PN SRR B |
1000 1200 1400 1600 18002000 22002400 2600 2800
m; [GeV]
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Direct production of winos and higgsinos

A search for supersymmetry targeting the
direct production of winos and higgsinos.

e Simplified and complete models with and
without R-parity conservation are
considered:

e directly produced wino-like

electroweakinos with bino-like LSP in (a) Wino XXy with Wh (b) Wino Xi¥5 with WZ
RPC SUSY, Dark matter candidate
* higgsino-like electroweakinos with RPV

terms.
e Final states defined by either two leptons (e

or i) with the same electric charge, or at

least three leptons.

(a) Higgsino X li)? ? bRPV (b) Higgsino X ?)?g bRPV (c) Higgsino X (1)/? (2) UDD RPV
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Event Selection

e Events Selection

» lowest unprescaled dilepton and EfMiss triggers
were used with a logical OR combination.

» lepton offline prthreshold are set to be in the

plateau region of the corresponding trigger: 25
(21) GeV to 27 (27.3) GeV for electron (muon)

o Exactly one signal electron or muon, one to
three signal jets and large EfMiss

o All events are additionally required to contain
at least one large-radius (large-R) jet to probe
boosted SM boson decays.

e Events are categorised according to several
observables as the number of jets and b-jets,

E-Miss the effective mass or the transverse mass
mr.

M. Verducci

ATLAS-CONF-2022-057

Main Backgrounds:

Irreducible: W Z, W=W= for b-jet-vetoing and tf +V
for the b-jet-agnostic selection

Reducible: mis-identification of the lepton (‘tfake/
non-prompt’) or the lepton charge (‘charge-tlip’).

§2) 16000 T T T T T T T T T
S = ATLAS Prelimina —
z 14000= t Data X Total SM F=13Tev, 1307 =
= . SS, 1), E™* > 50 GeV = _—
12000 Fake/Non-Prompt Charge Flip b5 =
10000 — =
8000 E— I Irreducible =
6000 — =
4000 F— —
2000 RIS =
1.6 s s s z s
5 14— g ; : =
& 0 8‘| : NN NN : Z NN N |
QO 061~ : > : : N ' : :
0.4

Searches for Dark Matter and Extra Dimensions

e, 0b 66, Tb ‘66, 52b e, 0b | oL, 1b ‘e, 52b° 1w, 06 L, 7B i, 52b: 3T, 06 - =31, 76 531, 526

Data event yields compared with the expected
contributions from the irreducible and the reducible

backgrounds after a loose preselection
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Analysis Regions

e Signal Region (SR): Wh scenario (2SRs) WZ (2SRs)

o Different Control Region (CR) and Validation Region
(VR) for reducible and irreducible backgrounds

All SR selection criteria are satistied except for that on mrs».

& [ ATLAS Preliminary ® Dat  Total SM o = ATLAS Preliminary ® oae —Towsu

o 1 04 :_ \s =13 TeV, 139 fb!  Charge Fiip Fake/Non-Prompt o - s =13 TeV, 139 fb'  ChargeFip Fake/Non-Prompt

2 2 wz I v o 10°F wz | [ =

1) _ gRW? Other B w-w: @ - gRWZ Other B v g

QC) 103 = Rh'gh'mrz -"'m(ﬁlig.f?)=(200.1)GeV qC) - Rlow-mTz ---'m()&/;g,)a)=(200,1)GeV 7]

it 5 my, = 100 GeV @ 10° = ., =100 GoV 3

: 10 E

10 = E llllllllllll E

1 = =

1 § §

10"k =

107! == .
21 0_2 = 21 0_2 :
n15E | | 1 @15

..\g 1 g + \ ¢ + | Tg 1 ; I I
T0.5 ¢ ! 7 805¢F ¢ 3
O 50 100 150 200 250 300 0050 100 150 200 250 300
m., [GeV] m,, [GeV]
wZ WZ
(a) Sthgh— m (b) SRlow—mTz

SR, SR,
etet | ei'uj: | /,ti/.li etet ’ ei'uj: | ﬂ:tﬂ:t
NgL(?) =2
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Results

In a wino-bino Wh-mediated model, NLSP masses of up to 525 GeV have

been excluded tor a massless lightest neutralino, while WZ topology is
between 190 GeV and 260 GeV (first time in ATLAS in SS final states!)
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TLAS-

Search for direct production of electroweakinos

1-lepton Search

Electroweak production of chargino-neutralino and

chargino-chargino pairs.

* |[n both scenarios the chargino decays into a W boson and
the lightest neutralino, and second-to-lightest decays into a
Z boson and the lightest neutralino.

 The signal signature for both processes is characterised by
a single isolated lepton, at least two jet, and missing

transverse energy.

Main Backgrounds:

tt pair; single-top; W/Z+jets; tt associated with an electroweak

boson (tt” + V); Higgs boson production (tt +h , V h); diboson
(WW, W Z, Z Z) and multiboson (VVV, with V =W, Z).
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Event Selection

» Events Selection
» Events are recorded with single lepton (electron and muon) triggers

o lepton offline prthreshold are set to be in the plateau region of
the corresponding trigger: 25 (21) GeV to 27 (27.3) GeV tor
electron (muon)

o Exactly one signal electron or muon, one to three signal jets and
large EMiss

o All events are additionally required to contain at least one large-
radius (large-R) jet to probe boosted SM boson decays.

» Analysis regions defined by: transverse mass (mr), effective mass,
(meff), Missing transverse energy significance (o(EtMiss ))* and the
invariant mass of the two leading jets, mjj

e Signal Region (SR): chargino-chargino scenario (C1C1-WW) and
chargino-neutralino scenario (C1N2-W2). Several Validation and Control
Regions

M. Verducci
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Results

Limits are set on the direct production of
the electroweakinos in simplified models.

* 7 7, model, masses of 7 75 rang

ing from 260 to

4720 GeV are excluded at 95% CL -

a masslessj('(l).
~_|_ ~—

e Inthe ¥ ¥

or

~t :
model, masses of 77 ranging from

260 to 520 GeV are excluded at 95% CL for a

massless )"('(1).

e The current search improves on the previous
ATLAS limit by around 100 GeV in m(y;) for a

mass\ess;?(l)
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Direct production of charginos and neutralinos decaying in tau leptons

Two searches for direct production of charginos 77 (C1) and ,
. -0 o . Intermediate stau
neutralinos y, (N2) with intermediate tau sleptons or Wh.

* Intermediate stau: decay to the lightest neutralino only through
intermediate tau sleptons (stau) / tau sneutrinos.
e Final states with two same-sign (SS) or opposite-sign (OS) tau-
epton pairs.
e Intermediate Wh: decay via the lightest neutral Higgs boson (h),

consistent with the SM Higgs boson, a W boson and two neutralino.
e Final state contains two hadronic tau-leptons from the Higgs

poson decay and one charged light lepton from the W boson
decay.

SM backgrounds containing both real and misidentified

tau-lepton as: tt pair; single-top with W; W/Z;W/Z+jets; Intermediate \Wh
Higgs boson production; diboson (WW, W Z, Z Z); multijets.
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Analysis Strategy

Several Signal Regions ,
*The main signatures studied include those with two hadronically Validation and Control driven
decaying tau-leptons tauhagtaunad: by di-tau leading kinematics

e[ow jet activity and large missing transverse momentum pr Miss and transverse mass
from the neutralinos and neutrinos. combination

o| owest unprescaled light lepton trigger (Wh) and di-tau trigger

1 I 1 I 1 I I 1 I I I 1 | I 1 I 1 ' I 1 I I I I 1 ' 1 1 | —
¢ Data << SM Total

> =
stau o F -

( ) (oD o B ATLAS Prel'mmary1 Mis-IDt [ Multi-boson B
eTau-leptons identification is based on: T WE (s=13Tev, 130 B Top quark [l Z+jets
@ [ FFVR-Wh pre-fit B Higgs Wjets :
e Tau identification weights obtained from tracks inthe ID and ¢ wp~— - M,y %) = (225, 75) GeV
L Z
three-dimensional clusters in the calorimeters 10? .

*Tau candidates are required to have one or three associated
charged-particle tracks (prongs) and the total electric charge
equal to +/-e

eRecursive neural network discriminant is used to reject jets that
do not originate from a hadronically decaying tau-lepton

Data / SM
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Results

Intermediate stau ago P 2% MY 52X 0%,
§ 7005 ATLAS Preliminary SR-C1C1-combined
. — i ’ -1
Chargino masses up to 970 GeV are excluded for decaysto o« [ = - ™% Expected Limit (415,
600 msmemgz o susy
a massless neutralino in the direct production of chargino coof. Mlimisatessecy T ObseedimiE S
pairs. For production of chargino pairs of mass-degenerate 200F-
charginos and next-to-lightest neutralinos, chargino masses 3005
up to 1160 GeV are excluded for a massless neutralino. 200
X%, & Wh+2x %’ 100F- ‘
< 250f T oC Y A B B BT
8 . ATLAS Preliminary SR-Wh-combined 0 200 400 600 800 1000
= [ Vs=13TeV, 139 fb" m.. [GeV]
é* 200_— I - - - - Expected Limit (x10,,,) 1
- AI)I!‘Iimi)tf; at 95% CL ——— Observed Limit (+16,_,.)
150
oof Intermediate Wh
: N Gaugino masses up to 330 GeV are excluded
50— N , .
: for a massless lightest neutralino
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New phenomena in multi-body invariant mass

Search for resonances in events with at least one .

e/u

isolated lepton (e or 1) and two jets (including b-

q Ve/vu ore/u

jets) ;
q
e Deviations from a smoothly falling background e
. . y J J Simplified DM
hypothesis are tested in three- and four-body
invariant mass distributions, setting a model-
independent limits on generic resonances. In

addition, the invariant mass was used to study:
e dark-matter models with an axial-vector mediator,

the Sequential Standard Model with W' and Z’ KK with Radion Composite Lepton

bosons, models with left-right symmetry, composite

resonances breaking lepton-tlavour universality and Main background: multijets.
radion models
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Analysis Strategy and Results ¢ .fmere . 2
- 1062_ \s=13 TeV, 139 fb™ — Background fit _g
o Events Selection - e =
e Events are recorded with single lepton (electron and :Z_ %
muon) triggers 102
e SR: least one isolated lepton (e or u) with pr= 60 GeV “E Diets | =
and at least two jets (overlap removal applied) 2 f S = —— I = E?
» The invariant masses are constructed by combining the 8 ofaR e n el oAbt a L
two jets having the highest prwith one or two leptons: g S T
Mijl, Mijll, Mibl, Mpb| _ EI..,....|....|....,|.].|....,..Tjj§"[TeV]
* Results 2 10 To15Tov, 150"+ ot
e SSM models: W'< 2.5 TeV is excluded with m(W'-Z')< 250 GeV. © _ '"-'"f’:chted%%cL _
e Radion model, with mass splitting between a radion ¢ and W' 1 ------ .20

small (250 GeV), ¢ mass below 1 TeV is excluded.

e Composite lepton model with a Z' boson: m(Z') < 1.3 TeV and
masses of the composite leptons < 500 GeV are excluded

M. Verducci Searches for Dark Matter and Extra Dimensions with the ATLAS E
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Conclusions

The large data statistics of the full Run-2
dataset allows to address difficult BSM and
SUSY scenarios, using advances in analysis
techniques.

Presented few new analyses. No significant
excess seen — stronger exclusion limits.

Run3 started this year! Possibility to identify
not yet covered phase-space and prepare
new search strategies for Run-3! b YO

= ' i 5 ot |
e For any comments or questions you can send me an email to / / \
monica.verducci@cern.ch
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ATLAS SUSY Searches™ - 95% CL Lower Limits

ATLAS Preliminary

March 2022 \s=13TeV
- -1 - -
Model Signature  [Ld:t [ Mass limit Reference
. L} | | | L} | | L ] L _' L} | | L} L}
3q, q_,qj/‘l’ 0e,p 2-6 jets E'ﬁ!ﬁf 139 1.85 m(¥})<400 GeV 2010.14293
@ mono-jet  1-3jets EP™ 139 | § [8x Degen] 0.9 m(G)-m(¥})=5 GeV 2102.10874
S F—qak) Oep 2-6jets EMS 139 |z 2.3 m(¥})=0 GeV 2010.14293
b F4 Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
B 3 g Tep 2-6 jets _ 139 |2 2.2 m(¥})<600 GeV 2101.01629
3z, —qg(tOX] ee, pu 2jets  EP™ 139 |2 2.2 m(¥})<700 GeV CERN-EP-2022-014
B 7 goqqWZty Oepu  7-11jets EMS 139 |z 1.97 m(F}) <600 GeV 2008.06032
S SSe.u 6 jets 139 |2 1.15 m(g)-m(¥})=200 GeV 1909.08457
= 28, Bt 0-1e,u 3b EMs 798 g 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe.u 6 jets 139 4 1.25 m(g)-m(¥})=300 GeV 1909.08457
b1 by Oe.u 2b EMSs 139 | by 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b, X1)<20 GeV 2101.12527
w o bby, by—b¥y — bh) Oe,u 6b Eﬁ?‘*" 139 | b Forbidden 0.23-1.35 Am(¥3,7])=130 GeV, m(¥})=100 GeV 1908.03122
§ 2 271 2b EFS 139 | by 0.13-0.85 Am(3,¥])=130 GeV, m(¥})=0 GeV 2103.08189
[$] . 2
§--§ i, il_m'},’ 0-1e,u = ljet  EP™ 139 1 1.25 m(¥})=1GeV 2004.14060,2012.03799
<8 ni, 71—>Wh,€",’ 1epu 3jets/1 b E!,'.‘fss 139 f Forbidden  0.65 m(¥})=500 GeV 2012.03799
S 5 fi, h—>%by, 11516 127 2jetsb EP™ 139 |7 Forbidden 1.4 m(71)=800 GeV 2108.07665
2 £ Qi1 hooX) /& ik Oe,u 2¢ E7S 361 | @ 0.85 m(t})=0 GeV 1805.01649
, T ¥
eI 0e,pu mono-jet  EF™* 139 i 0.55 m(7,.&)-m(¥})=5 GeV 2102.10874
7111, fi—tls, X9 —Z/h) 12ep 145 EP™ 189 |7 0.067-1.18 m(¥5)=500 GeV 2006.05880
iy, h—i +Z Bepu 1b EFS 139 | f Forbidden 0.86 m(¥})=360 GeV, m(f,)-m(¥|)= 40 GeV 2006.05880
XS via wz Multiple ¢/jets _ E.Z.:?SS 139 ,\j;/,f" 0.96 m(¥})=0, wino-bino 2106.01676,2108.07586
ee, jiu >1ljet EF™ 139 | X, /X, 0.205 m(¥T)-m(¥})=5 GeV, wino-bino 1911.12606
XiX| via WW 2e,u Emss 139 ¥ 0.42 m(¥")=0, wino-bino 1908.08215
XX via Wh Multiple ¢/jets EPss 139 | X/¥; Forbidden 1.06 m(¥!)=70 GeV, wino-bino 2004.10894, 2108.07586
> ‘g YiXi viaZy, /v 2ep EF™ 139 X 1.0 m(Z,7)=0.5(m(¥} )+m(¥})) 1908.08215
e FTh 2T Eps 139 |7 [FL TR N0HE08 0.12-0.39 m(t")=0 1911.06660
O i rlg, (-6 2e,u Ojets  Ep™ 139 |7 0.7 m(E))=0 1908.08215
ee, i >ljet EF™ 139 |7 0.256 m(f)-m(¥})=10 GeV 1911.12606
Af, A—hG(72G 0e,pu >3b  ERS 361 | A 0.13-0.23 0.29-0.88 BR(T) — hG)=1 1806.04030
4epu Ojets Ex'™ 189 |/ 0.55 BR(Y) — ZG)=1 2103.11684
Oepu =2largejets E™ 139 | A 0.45-0.93 BR(¥| — ZG)=1 2108.07586
Direct ¥| ¥| prod., long-lived Y| Disapp. trk 1 jet EMs 139 ,\:’I 0.66 Pure Wino 2201.02472
o] X, 0.21 Pure higgsino 2201.02472
)] .
é’ % Stable g R-hadron pixel dE/dx EPS 139 |2 2.05 CERN-EP-2022-029
o T Metastable z R-hadron, 3—qg¥) pixel dE/dx Ep"™ 139 g [v(g) =10ns] 2.2 m(t})=100 GeV CERN-EP-2022-029
S 8 I~ Displ. lep EF™ 139 | &Q 0.7 r({)=0.1ns 2011.07812
~l . , 7 0.34 1({)=0.1ns 2011.07812
pixel dE/dx EF™ 139 7 0.36 f)=10ns CERN-EP-2022-029
R X -zt 3e,u 139 1.05 Pure Wino 2011.10543
XX [0S — WW/ZEtetyy depu Ojets  EF™ 139 1.55 m(t})=200 GeV 2103.11684
28, 2-qg%1, X1 — qqq 4-5 large jets 36.1 1.9 Large 17, 1804.03568
S T ik, K] - tbs Multiple 36.1 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& i, i—bX7, X7 — bbs > 4b 139 Forbidden 0.95 m(¥i)=500 GeV 2010.01015
fiy, ij—bs 2jets +2b 36.7 0.61 1710.07171
nt, h—ql 2e,u 2b 36.1 0.4-1.45 BR(f, —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f1 —qu)=100%, cost,=1 2003.11956
X1 1% /X1, ¥ ,—tbs, X{ —bbs 1-2epu =6 jets 139 | X} 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]

Searc phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Post-Fit Distributions

92 bins after the EMiss >
600 GeV and Ht > 600

GeV cuts

Scale Factor after the Fits

Process kfF
Z+jets 1.18 + 0.05
W tiets 1.09 + 0.04

Top processes
Multyjet

0.64 + 0.04
1.10 = 0.04
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Post-Fit Distributions
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Post-Fit Distributions

Comparison of data and SM
predictions for the event yields in
each validation region. SR targeted

for the DM non-resonant production.

w i | | 1 | | | 1 | |
§ - ATLAS  Preliminary éData [WTop W Z+jets
L 10°F Vs=13TeV, 139 fb" W-jets [l Single top Diboson
- Monotop WY ~-Uncertainty — Pre-Fit Bkg.
" Post-Fit
10°F
10°
10°
10
g |
e 1.25 — e e e ™ e e T T L, e —
I s WJ//W%///A//A%Z-VWZA%////-///V/-///////%/-/f/;%ﬂ/
o 0.75

TVR TVR VVR TVR VVR TVR VVR TVR VVR1f TVR
1bLPhi  2bHPhi Res. 1bHPhi  Non-Res. 1bHPhi vLQ 1bHPhi vLQ 1bHPhi1f

9 IIIIlll'lllllllllIlllllllllllllllllll_l g :lllllllllllllllllIllllllllllllllllll_
& [ ATLAS Preliminary ® Data W Top 3 [ ATLAS Preliminary ® Data Wi Top
W 10°E s =13 TeV, 139 fo ' MZHeEts Wiets = @ " Vs =13TeV, 139 fp' MIZHets Wijets
B Single top | Diboson 3 104 MiSingle top 1 Diboson  _
Monotop itV /2 Uncertainty 3 = Monotop itV ~z-Uncertainty =
) TCR — Pre-Fit Bkg. il - VCR — Pre-Fit Bkg. -
10°E" Post-Fit E | Post-Fit

10°

10°

Y | - s e e e I B L e o
d 1286 S 1256 S
g : //é@*/‘/#/{/;é//w;;///%//////// ////////////% g 1E /@///#//M//W/{%%WM%
Q 0.75 Q 0.75 r
057300 400 500 600 700 800 900 1000 057300 400 500 600 700 800 900 1000
ET* [GeV] ET* [GeV]
(a) (b)

Comparison of data and SM prediction
for the EtMiss distribution in control
regions targeting (a) tt” and (b) V+jets
processes. SR targeted for DM resonant
oroduction.
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Event Yield

SR CR 1L CR 1L1B CR2L

Z+jets 8490 + 260 11.6 1.4 22+0.6 1120+40
W+jets 5820 + 300 3190 £ 170 351 £ 41 -

tt 920 + 70 350 + 29 304 + 24 -
Single top 533 +47 358 + 29 290 + 25 -
Multyjet 850 + 100 28 £ 11 7.7 £ 3.1 -
Diboson 757 + 10 187 +9 345+ 2.8 -
Total background 17370 £+ 280 4120 £+ 100 990 + 35 1120 + 40
Data 17388 4136 999 1124
Signal:

My=1TeV, Riny=0.6 180000 =+ 40 000 : _ _

220000 = 50 000 - - _

M. Verducci

M¢=1 TCV, Rinv=0-8
M¢=2 TCV, Rinv=0-4
M¢=2 TCV, Rinv=0-6
M¢=3 TCV, Rinv=0-2
M¢=3 TCV, Rinv=0-4

4100 -
5800 -
117 4

= 900
- 1300
- 26

170 -

- 40
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Limits

Ri nv

0.8

0.6

0.4

0.2

95% CL upper limits on A

Oineory (f) fOr A=1:
32.5 13.7

ATLAS Preliminary
(s =13 TeV, 139 fb!

Semi-visible jet t-channel

7.03

3.5

3.95

2.45

4.5

1.62

My (TeV)
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Signal Region (SR): Wh scenario (2SRs) Zh (2SRs) and RPV2 (2SRs)

SRWh SR
Sthggi—m—m SRl‘gle_ mr high—mT low—mT>
| e:tﬂ:t | #:tﬂ:l: etet ‘ e:l:#:t | u:t#:t
NgL(?) =2 NgL(¢) =2
NSig(g) =2 Nsig(£) =2
Charge({) same-sign Charge(?) same-sign
pt(f) > 25 GeV pt(€) > 25GeV
Niets (pT > 25 GeV) > 1 Riets (pT > 25 GeV) > 1
Np-jets =0 Np-jets =
mjj < 350 GeV m;; < 350 GeV
mry > 100 GeV < 100 GeV mr2 > 80 GeV < 80GeV
" > 100 GeV > 130 GeV mr™ - > 100 GeV
Emiss > 100 GeV > 140 GeV S(Ep™) 27 > 6
Meff — < 600 GeV ET™ > 75GeV > 50 GeV
AR(£%, £%) _ <3 SR5RTSS SRERPY | SRyt mr, -1 € [75,125)
S(E'}anS): e [0, 10) ET™ binning (GeV)* h—mT2'2: € [125, 175) -
Spread(®) > 2.2 NzL(?) - high-mzp,™>- € [175, )
Bins S( E}l{liss); € [10,13) — pt (©) > 20 GeV for (sub)leading leptons  ° The E{I‘iss binning applies separately to each flavour channel of SRlvl‘i’g ';l_mm.
S(ET™): € [13, +00] Riets (pT > 25 GeV) > 1
AR(€*,€¢*) > 1 Nsig (£) =2 =3
Charge(?) same-sign -
mr > 60 GeV > 80 GeV
Emiss > 100 GeV > 120 GeV
Mef = > 350 GeV
Rp-jets =0 -
Njers (pT > 40 GeV) >4 —
Mete*, My* — ¢ [81, 101] GeV
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Analysis Regions

e Signal Region (SR): chargino-chargino
scenario (C1C1-WW) and chargino-
neutralino scenario (C1N2-W2).

e SRLM, SRMM and SRHM indicate low
(LM), medium (MM) and high (HM) mass

Variable

C1C1-WW model
SRLM

SRMM SRHM

SRLM

CIN2-WZ model
SRMM SRHM

Niep (p1 > 25 GeV)
Niet (pT > 30 GeV)
Nlarge—Rjet (PT > 250 GCV)
EZ™ [GeV]

Ag(€, EL™
large-R jet type
mt [GeV]

W-tagged
120-200 200-300

> 300

1
1-3
> 1
> 200
<2.6

120-200 200-300

Z-tagged
> 300

Exclusion SR

meg [GeV] (excl.)

[600-850, > 850]

[600-850, > 850]

. | my;[GeV] (excl.) [70-90, - ] [80-100, - ]
differences, respectively. The 0 gmis (excl.) [> 12, > 15] [> 12, > 12]
- ‘e Discovery SR
reqwrements. on mt additionally make meg [GeV] (disc.) >600 >600 >850 | >600 >850 > 850
the three regions mutually exclusive. m;;[GeV] (disc.) : : : 80-100 : :
0 i (disc.) > 15 >15  >15 | >12 >12 > 12
Variable WDBIL and T Variable DB2L . . .
CR | VR1| VR2 CR | VR e Control Region (CR) and Validation
Nlep (pT > 25 GCV) 1 Nlep (p']‘ > 25 GCV) 2 Re iOn VR o
N (p(; - 3goG(§V\)I) 0 r WDBIL: > 0B Niew (pr > 53 GeV) o3 gton (VR
b—jet (PT > e or , > U lIor 10p : . .
Nirge-rit (P > 250 GeV) > 1 N""J"'I‘Zﬁs‘; FGiQ,]G V) N (2)00 e WDB1LC/VR (single-lepton diboson
i“j(z [Ec;nev; 2229;) AG(E ET™) <2.9 lvww and WH+jets), TC/VR (tt™ ),DB2LC/
large-R jet type W-tagged e 7705_ l950 VR (chargino and neutralino search
Mest [GeV] [600-850,> 850] mjjveto [GeV] -9 9
O i <12 | <12] >12 TEp > 12 > 10 with two leptons and two jets)
mr [GeV] 50-80 | >80 | 50— 120 mr [GeV] 50 — 200 | 200 — 350 30
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Results

e/n a natural RPV model with bilinear terms mass-

degenerate higgsinos lighter than 4«
been excluded.

5 [pb]
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107"

102

H

T Tl

. . ~t~0,-0_0 ~3~0 ~0-0 +

iggsino % %,/X, X, bRPV, XX, = NVWW, ¥ 3, — FFWW

lIllIlIllIllllIlllllllllIllllIlllllllllllllllllll:
ATLAS Preliminary —— Theory pp - ¥ X/XX, -
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Expected + 26
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Analysis Regions

Additional requirements are used to define several orthogonal
regions:

* signal regions (SRs) optimised to maximise the sensitivity to
the target signal models;

e control regions (CRs) designed to measure the normalisation
of the main contributing background processes;

e and validation regions (VRs) to check the backgrouna
modelling in regions kinematically closer to the signal
regions.

 The control and validation regions are detined to have a
negligible signal contribution.
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