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Anna Kaczmarska, IFJ PAN

How to find a black cat in a dark room
Especially when there is no cat

Quest for new physics is not for wimps
* A lot of searches performed by ATLAS so far, and all came empty-handed

A likelihood for any given search to find something interesting seems to be very
small...

 ..yet, the only way to find something is to keep looking!
And we are quite well motivated

The SM is our best tool o understand nature but it's not the ultimate onel
« Hierarchy problem? Dark matter? Neutrino masses? Matter/anti-matter
asymmeftry....
« Tention from SM predictions in B-physics measurements, muon g-2 anomaly etc.
Shift of paradigm: from seraches of the highest masses, and low background to
searches experimentally challenging, with low couplings, low masses eftc.

This talk will present a few of the most recent ATLAS results from the full Run-IT
data
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Extended scalar sector

8 TE

Extended scalar sector
appears in many extensions
of the SM (e.g. SUSY)

They allow for SM-like light
Higgs phenomenology and
bring additional Higgs

y

N
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. EWS: Additional EW Singlet Model

2
1
|

SM Higgs
doublet

SM == one scaler EW singlet

== Additional Field

* So far Higgs boson (125) looks like from SM, but consistent with SM # incompatible with BSM

Additional Higgs Bosons

Neutral CP Even
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boSons | Neutral Charged
| 2HDM: Two Higgs Doublet Model _ G tven Sl
Searches often interpreted | SM = another Higgs doublet = 0 (A <@>
in the contest of 2HDM | MSSM Pt L 5 P
(MSSM) ( )
Neutral

Rich phenomenology and | 2HDM + Singlet (complex) Model ~ _ CPEven cpodd .-\,
final states -> also exotic ' SM 4+ doublet & singlet = ‘9) ,»@, Higgses
Higgs decays (NMSSM) L it
Wide range of tested Double Charged
masses Higgs Triplet Model o + 2HDM

SM o= triplet @ Higgses

T T W courtesy of N. Ilic
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Dark photons from Higgs boson
decays via ZH production | ATLAS-CONF-2022-064

* Dark photon: predicted in hidden-sector models
with an unbroken dark U(1) gauge symmetry
* Model independent analysis
* Clean final state: I'l" y ygark (MET)
Massless and light dark-photon (up to 40 GeV)
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« No excess observed, limit set on BR(H.=_y¥ dark)
* For massless Vdark - BR(H—> YY dark) of at 95% CL

Improvement by factor 2
wrt previous (CMS) result
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Heavy resonances into Z/W and Higgs boson in

final states with leptons and b-jets arXiv:2207.00230
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* Search for heavy pseudoscalar A or new vector boson
decaying to Z/W boson and SM Higgs

* Heavy Vector Triplet W'/Z

* Generic 2HDM
 Resonance mass tested: 220 GeV - 2(A)/5 (W',Z") TeV

resolved merged
. . . . b b
« Signal regions according to OL/1L/2L and b-jet 5
multiplicity h o
« Two event categories depending on pt": resolved and A b A )
v, 4~ -
merged ! v
i Z Z
b
784 N
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* No significant excess observed
* Largest deviation from the SM expectation found at 500 GeV in ggA and Z', corresponding to significance of 2.1o
(1.1 0) local (global) (1.6 o local for bbA)
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SUSY searches strategy

104

pp, VS =13 TeV, NLO+NLL - NNLOgpgrex+ NNLL
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XX (higgsino)
X1 X1 (wino)
x'fx'g (wino)

250 500 750 1000 1250 1500
particle mass [GeV]

R-parity conservation vs RP violation

1750 2000

* RPC - large MET from weakly interacting LSPs
* RPV - more leptons/jets and less or no MET

* RPV - prompt or delayed LSP decay

Strong production
« Copious production
- Large MET in final state

Third-generation sparticles
* Naturalness -> mass of ~O(TeV)

— | - Lighter than other squarks

Electroweak production
 Coloured spartners too heavy

« Direct gaugino/higgsino/slepton production

' Long lived/metastable sparticles
« Supressed (effective) coupling
* Lack of phase space, e.g.mass
degeneraces (compressed searches)
« May induce non-trivial signals in
detectors
« displaced vertices
- disappearing tracks etc.

Anna Kaczmarska, IFJ PAN
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Same-sign 2L/3L from direct production of
winos and higgsinos ATLAS-CONF-2022-057

~+~()

. ~+~0 .
Wino Xi¥5 with Wh % Wino XiX; with WZ ¢
p . . . . . . .
« Direct production of winos and higgsinos in final

states with 2L SS (e/p) or 3L

* Models with and without R-parity conservation,
and with different RPV origin (L or B violating
terms)

'+ No deviations from SM predictions were

. observed

~+ For infermediate states including Wh (WZ),
@ wino masses up to 525 GeV (260 GeV) are

| excluded for' a blno of vanlshmg mass

paca ﬂth»c (FF)

= Err LI L o L
(a) Higgsino ¥:7) bRPV (b) Higgsino £0¢Y bRPV  (c) Higgsino £o¢y UDD RPV S 5001~ ,“—‘E’g‘?ﬁ, 1§gr§i"1m'”ary =
oo R 35 < v X AT = : ‘f"."ETJlftthjffiiL)
& E TS powtinay | Higgsino masses S P
- imoaso.  _oemew 1 | smaller than e E
1 cometet 440 GeV are [ o ]
Expected 20 E excluded in bRPV 200/ -
E ) ) E W\ j/;_:,_ ......................... ]
o1k + | First experimental L AT
- i | constraint on bRPV | L N AT
i models with degenerate 150 200 250 300 350 400 450 500 550 600
0 3 | higgsino masses. | m(7,/%,) [GeV]
TR e -
200 250 300 350 400 450 500 550 60(0) 650 700
mGCF) [GeV] . —— .
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Displaced vertices + jets
ATLAS-CONF-2022-054

. q
* General search for heavy LLPs decaying in hadrons
*  B-number violating RPV, gaugino->qqq P - a
« Lifetime O(10) ns - decaying in the ID creating X1 > q
displaced verices (DV) with high mass and large track /A\”
multiplicity " g
. . . |
DV reconstruction possible up to 300 mm thanks to dedicted | p ! g
track reconstruction - Large Radius Tracking q
« Uses left-over hits after standard ftracking with looser | B B
impact parameters constrains ‘
« Dedicated secondary-vertex reconstruction algorithm | Signal Region  Observed Expected
* Nearly background-free search B . P
»  Small backgrounds from hadronic interactions and 'gh-pr Jet =030
instrumental effects Trackless jet SR 0 08305
< 1800 A "m.ns at.%:% CL T T E.WK RV i.u.(l.-',:)' v (_T qqq.) ———— . 2500 All limits at 95% CL Strong RPV %~ (LF), § — qgX " (— qaq)
> C ] = o T ]
S 1600 - ‘(3 - ATLAS Internal [
s L 4 | ar r Vs=13TeV, L =139 b i
E 1400 :—(. ,,,, _: " 2000 - my=2.4TeV :' !
1200:—'~~ | f 1500}, / |
1000F - e ¢
B E 1000 —
800 - L !
soof- ATLAS Internal ¢~ Obs. limit (+15US") E 500[— ~ Obs. limit (=1 0pl0) -
[ V(s=13TeV,L=139f" === Exp. limit (1 5yp) B - - - - Exp. limit (+1 O'exp)—— 4 ]
400:_ _: e |||I‘|-_ | ]
102 I1I(;*1 o 1I T 10 10° 107 1 10
¢ [ns] - 7 T [ns]
Observed limit above 1.5 TeV for lifetimes between 0.03 ns and 1 ns Stronger limits in strong production model
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Leptons, Z',

W' & LFV '
Kicked-off
With EB

In SG approval

In group approval
ATLAS circulation

Full Run 2 analyses
(Release 21)

leptoquarks

Accepted / Published

Unconventional
signatures &
Exotic Higgs

Doded
=S
.

M
ey
i

- | Jets & Dark Matter

I

‘\\ | Heavy Quarks & Tops
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« Single scalar leptoquark production model
(+4/3e, F=38+ L =-2)

« Decays into 34 generation: bt

* First ATLAS result for such a search

* mqg04-24TeV,A05-25

B‘ 102 ; I T T T T N T T T T N T T T T N T ] T. T T
& - ATLAS Preliminary —— Obs. limit
=) - Vs=13TeV, 139 f0" - Exp. limit
T 10k g5 <
- £ 95% CL Exp. = 1o o
= c
Q'F C Exp. + 20 3
o) B o(pp—tlQ) | §
it r=2.5 E o
=
©
X
=}
p
10—2 - — \"\._._.\... -
10°g | x x | E
500 1000 1500 2000 2500
m q [GeV]
No excess:

m(LQ) < 1.26 TeV, 1.30 TeV and 1.41 TeV are excluded
for Yukawa coupling to b1 of 1.0, 1.7 and 2.5, respectively
For the chosen LQ model, masses below 1.25 TeV are
excluded for all A above 0.5.

C I T I T T T I T T T I T T T I T T T I T T ]
= ATLAS Preliminary —rtgsgb&)) ]
Co= I T xp.) ]
F Is=13TeV, 130 1LQ+LQLQ, (Obs) 1
A 1LQ+LQLQ, (Exp) 3
Eol b L L L o
600 800 1000 1200 1400 1600 1800

m 4 [GeV]

CMS excess in similar analysis CMS-PAS-EXO-
19-016 => 3.40 for LQ mass of 2 TeV and A =25
but including t-channel
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« Semi-visible jets in strongly-interacting dark sectors

* First for both experiments in t-channel (non-resonant)

* The ratio of the rate of stable dark hadrons over the total
number of hadrons in the event => R,,, (free parameter of the

model)

'+ Reconstructed jets geometrically encompassing the dark

hadrons => semi-visible jets (SVJ)

| = 106 E. LI B e e B A L og
= E ATLAS Prellmlnary — Observed 95% CL 1
105 E\F =13TeV, 139 fb™ ---- Expected 95% CL
FR,,=0.8 ¥ Expected = 1o E
B Expected = 20 7
4
10 ?@,ﬁ -------- Theory (LO, A=1) E
108 E T, =
102 E
10 G
i i e 3
L ! ! ! ! L
1bOO 1500 2000 2500 3000 3500 4000 4500 5000
M, [GeV]

 The first limits on the SVJ t-channel

production for mediator masses ranging from

1000-5000 GeV, and for R;,, of 0.2-0.8.

« The observed limits increase from 2.4 TeV for

R,w=0.2t0 2.7 TeV forR,,, = 0.8

]

qdark

couples to a SM quark and a
dark quark

ddark :
final state
5‘3’ consisting of
SM hadrons
and dark

hadrons,

governed by

the R;,,

ATLAS Preliminary

Events

fraction

e Data
[ Multijet

]

Em Single top |
[ Diboson minm
‘/// Bkg.unc

= ow B R R 'f'lﬁr 'Iﬁ

mim -ﬁ"‘"ﬁuil-

{ ////’///////{/////79‘//////{////7///W//ﬂ

Data / Bkg.

Bln 1 B|n 2 Bin3 B|n 4 B|n 5 Bln 6 Bln 7 B|n 8 B|n 9
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| AN~ Summary 54N
8 Elres VRN 7 g #
) Several highlights presented from a broad ATLAS program searching for Physics fi
Beyond the Standard Model: 1

 No large deviations from Standard Model observed yet

« A lot of interesting results obtained with Run2 data, more to come
 Looking forward to taking more data with Run3 that recently started
A discovery could be around the corner!
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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ATLAS-CONF-2022-064

Table 3: Optimised kinematic selections defining the signal region for €+5‘7+E¥‘iss.

Two same flavour, opposite sign, medium ID and loose isolated leptons, 4y 4% 6% 1%
with leading pt > 27 GeV, sub-leading pt > 20 GeV @ Fake ET'ss
e
Veto events with additional lepton(s) with loose ID and pt > 10 GeV .V\Zr ’
O tt, tty, single top
76 GeV < myge < 116 GeV o wy
@ Higgs

Only one tight ID, tight isolated photon with E% > 25 GeV

EMSS > 60 GeV with AG(EMS, 57 > 2.4 rad

83%
mee, > 100 GeV o
ot up channel ee channel
Njet < 2, with pi° > 30 GeV, || < 4.5
Veto events with b-jet(s)
e ABCD method, based on E7"* and Aqb(??’ss,?TV) variables: Tl_
. N
2 B
MC pyMC Er (VR)
NfakeMET _ R NeNc _ NaeaNo W
- ' - yMC  pyMC 3
Np NeteNg <
D C’ (o]
o R takes into account possible correlation between the 2 variables

o Nx is number observed data in region X, after subtraction of the contribution 30 40 60 Emiss
from non fake ET"* backgrounds T
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Heavy scalars with FV decays in final
g States with multiple leptons and b-jets 1 < ~one.2022.030

@ ‘ & q Ptq t _
\Q/ q prg H Pt 1 4 Ptg H Pt t
« Search for heavy scalar H from generic 2HDM H M t M t
(interpreted also in RPV SUSY) = Tt L .

* First search targeting BSM 3 top production and @ ®) ©
first with 2HDM with flavour violation

* my=[200GeV,1TeV] | g "y
» tFCNC vertices allowed with Yukawa-like ! o S — 1 o o HI— 1
couplings pi+, Pry, P | g t g !
_— SRR e . .

(@ ©
« 17 Signal Regions (DNN trained to classify the — —— .
~different signal channels) + 10 Control Regions => 27 2SS, 31, 4l final states

analysis regions | pi=0.32, p;c=0.05, and p,=0.85

. . . . i Pit! 2iPgi=1 3
DNN trained over each SR region to separate signal | ATLAS Preliminary ®
and background ! m,, = 1000 GeV :
e — e — o5 &
- PR DSARS L R RS RN RN @
o | ATLAS Preliminary — Prediction 1 _, §
o s = 13 TeV, 139 fo” —— Observed limit o oe 2
& 10E 95% L. limits — Expocied lmit , ' o
o xpected limit +1o0 - L )
- 92HDM Expected limit =20 | "
1
|
'\ E "‘\.. 05
10—1 g _ ~ _ ! /
o ptt_0'4' ptu—0.2, p‘c—0.2 ptu/z Py =1 ptc/z ptl =1
] I ‘ I - ‘ | ‘ | ‘ - ‘ I - ‘ | ‘ | r T
200 300 400 500 600 700 800 900 1000 Most SlgnlflcanT deVIaflon obser'ved at mH-IOOO GeV with
m,, [GeV] Iocal SIghlflCGhCe of 2. 81 g
5th Symposium of the Duvusmn for Physics of
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Heavy scalars with FV decays in final

states with multiple leptons and b-jets ATLAS-CONF-2022-039

/v w /v

0 t/b
133
.
X ?‘{
1557
(a) (b) (c)

Figure 2: Signal diagrams for the RPV SUSY signals used as additional interpretation in the analysis. The subsequent
decay can lead to a final state with high multiplicity of leptons and b-jets which is targeted by the search.

Table 5: Input variables to the training of the DNN®4 and DNNSB discriminants.

Variable DNN®' | DNN®°®
Number of jets (Njers)

Sum of pseudo-continuous b-tagging scores of jets
Pseudo-continuous b-tagging score of 1st, 2nd, 3rd leading jet in pr
Sum of pr of the jets and leptons (Hr jers, Hr,1ep)

Angular distance of leptons (sum in the case of 3¢ and 4¢)

Missing transverse energy

Leading transverse momentum of jet -
Invariant mass of leading lepton and missing transverse energy -
Di/tri/quad-lepton type variable (associated to the number of electrons/muons in event) -

NSNS

SN NSNSNSSANANSN

5th Symposium of the Division for Physics of
Anna Kaczmarska, IFJ PAN 16 /12 Fundamental Interactions of the PPS, 21.10.2022



Heavy scalars with FV decays in final

states with multiple leptons and b-jets ATLAS-CONF-2022-039

Table 3: Event selection summary in the signal regions. Leptons are ordered by pr in the 2£SS and 4¢ regions. In the
3¢ regions the lepton with opposite-sign charge is taken first, followed by the two same-sign leptons in pt order. In
the lepton selection, 7, M, L stand for Tight, Medium and Loose lepton definitions. In the region naming, the “CAT
ttX” denotes the category based on the DN N output enriched in the signal process “ttX”. Each of these regions is

split according to the lepton charge of the same-sign lepton pair (“++” or “- -”).
Lepton category 2£8S 3¢ 4¢
Lepton definition (T,T) with > 1 p59% || (L, T, M) with > 1 p%9% || (LLLL)
(T, M) with > 2 b77% (L, M, M) with > 2 p77%
Lepton pt [GeV] (20, 20) (10, 20, 20) (10, 10, 10, 10)
mP575F [GeV] - >12
Im25=5F — mz| [GeV] - >10
Niets >2
Npjets 21 0% || 2277
Region split (sstt, ttq, ttt, tttq, tttt) X (Q*F,077) (ttt, tttq, tttt) X (Q*, 07) -
Region naming 2¢SS ++ CAT sstt 3¢ ++ CAT ttt 4¢
2{SS ++ CAT ttq 3¢ ++ CAT tttq
2¢SS ++ CAT ttt 3¢ ++ CAT tttt
2¢£SS ++ CAT tttq 3¢ —— CAT ttt
2SS ++ CAT tttt 3¢ —— CAT tttq
2(SS —— CAT sstt 3¢ —— CAT tttt
2(SS —— CAT ttq
2(SS —— CAT ttt
2£SS — CAT tttq
2(SS —— CAT tttt

5th Symposium of the Division for Physics of
Anna Kaczmarska, IFJ PAN 17 /12 Fundamental Interactions of the PPS, 21.10.2022



ATLAS-CONF-2022-039

accept conversion
candidate electrons

veto conversion
candidate electrons

no conversion
requirement

28SS
HF non-prompt £ CRs SRs [22], =1bj]
(2], 1] [TT or TM]
2¢tt(e) split: [++/- -] x [DNNCAT]
MexMex

pT Lsublead Pt fsublead

Pt Lsublead pPr Lsublead pr Lsublead

4L

SRs [=2], =1bj]
(4L]

Nevents

3¢

Conversions CRs
[LMM] [0bj]

N events

VW/ttZ CRs [LMM]
[2-3j, 21bj] [=4], =1bj]

=1Zcand. f =1 Zcand.

N bjets

N bjets

3¢

SRs [=2], =1bj] =0Z cand.

[LTMor LMM ]
split: [++/- -] x [DNNCAT]

DNNsB

SR

Figure 3: Illustrative sketch of the definition of the signal and control regions. At the bottom of each region box the
corresponding observable used in the simultaneous fit as described in Section 8 is shown.
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Heavy scalars with FV decays in final

states wu’rhI multiple leptons and b-jets ATLAS-CONF-2022-039

=03 206 |
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r 7 200 r R
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0 01 02 03 04 05 06 0.7 0.8 0.9 p1 0 01 02 03 04 05 06 0.7 0.8 0.9 0
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P 10009 L 800 O,
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L ATLAS Preliminary : 400 [ ATLAS Prelimiriary \ \
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0.05— ' - \ 300 01—t S l
- —— Observed limit 3o - —— Observed limit .
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[ ;o 200 L [ A ‘ 200
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© (d)

Figure 14: Observed (solid line) and expected (dashed line) exclusion limits on the scalar mass as a function of the
coupling under different assumptions: (a) psc = pPrus (b) pr =0, (¢) pse =0, and (d) p;r = 0.
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Heavy resonances into Z/W and Higgs boson in
final states with leptons and b-jets

arXiv:2207.00230

Table 2: Topological and kinematic selections for each channel and category as described in the text. '™ Applies in
the case of only two central jets. ) Applied only for the W’ search. A higher threshold (80 GeV) is used for the
single-electron channel. U Applied only for my,;, > 320 GeV. 2 Only the two leading VR track-jets matched by
ghost-association to the large-R jet are considered when classifying events into b-tag categories. Events are further

classified according to the number of b-tagged jets in the events.

Variable

Resolved

Merged

Common selection

Number of jets

>2 small-R jets (0, 2-lep.)

>1 large-R jet

2 or 3 small-R jets (1-lep.) > 1 VR track-jets (matched to leading large-R jet)ﬂ
Leading jet pr [GeV] > 45 > 250
my, [GeV] 110-140 (0,1-lep.), 100-145 (2-lep.) 75-145
0O-lepton selection

EMSS [GeV] > 150 > 200
St [GeV] > 150 (120%) -
Ag;; <7Tn/9 -
PSS [GeV] > 60
AG(EF™, pT™) <n/2
AG(EXSS, p) >2n/3
min [A¢(EX*, small-R jet) > /9 (2 or 3 jets), > /6 (> 4 jets)

Thad 0(<1™)

>9 if my,, < 240GeV,

ET" significance S

>6.6+0.01-my,

if 240 GeV < my,;, < 700 GeV,

> 13.6 if my,, > 700 GeV,
1-lepton selection
Leading lepton p [GeV] > 27 > 27
ENSS [GeV] > 40 (80") > 100

prw [GeV]
my y [GeV]
AR(L, )

> max [150, 710 = (3.3 - 10° GeV)/th]

> max [150, 394 - log(my /(1 GeV)) — 2350]

<300
>2.0

2-lepton selection

Leading lepton pt [GeV]
Subleading lepton pt [GeV]

EPS | \JHy [VGeV]
pr.ee [GeV]
mye [GeV]

> 27
> 20

> 27
> 25

< 1.15 +8x 107 - my, /(1 GeV)

>20+9 -y /(1GeV) =320 '

c [max [40, 87 = 0.030 - my,,/(1 GeV)],97 +0.013 - my,, /(1 GeV)]

Anna Kaczmarska, IFJ PAN
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Heavy resonances into Z/W and Higgs boson in
final states with leptons and b-jets

arXiv:2207.00230

‘é ATLAS 95% CL limit 95% CL limit
= {s =13 TeV, 139 fb™ —— Observed limit {s=13TeV, 139 fo! —— Observed limit
N 10 & 7z combined (OL+2L) limit ~ -------. Expected limit ‘W' combined (OL+1L) limit ~ ------- Expected limit
_T \ [ Expected =1 s.d. [ Expected =1 s.d.
T 1k ‘\ [ ] Expected =2 s.d. il [ ] Expected =2 s.d.
— - HVT Model A, gv=1 3 — - HVT Model A, gv=1
g \\\ — — HVT Model B, gv=3 . — — HVT Model B, gv=3
5 10" = \\\ ------- Expected limit (OL) 5 o X e Expected limit (OL)
- N Expected limit (2L) . \ Tl Q\ ————— Expected limit (1L)
107 Nao--. = 102
10—3 = '-.-_~_-_~_-_~_-_~.-_._._~_. .... - — 10—3
E S ~ oo
10—4IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\>NIIIIIIII 10—4 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘E’\[III
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
m,,, [GeV] m,, [GeV]
. T She!
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ATLAS Preliminary
hMSSM, 95% CL limits
Run2, Vs =13 TeV .

— Observed -
--- Expected

200

300 400

1000
m, [GeV]

[ gg/bb H/A, H/A - 1t
139 fo'!
Phys. Rev. Lett. 125 (2020) 051801
[ tb) H', H" > 1v, 36.1 fb
JHEP 09 (2018) 139
[ b(b) H/A, H/A — bb
27.8 fo”
Phys. Rev. D 102 (2020) 032004
[ H - ZZ - 4llivy, 139 b
Eur. Phys. J. C 81 (2021) 332
A — Zh, h — bb, 139 fb™
arXiv:2207.00230
[ tb) H', H > tb, 139 fb'!
JHEP 06 (2021) 145

— 3 H - WW — Ivlv, 36.1 fb”

Eur. Phys. J. C 78 (2018) 24
B H — hh — 4b/bbyy/bbrtr

126 - 139 fb™

ATLAS-CONF-2021-052
—===h couplings [k, K, K]

36.1-79.8 fo

Phys. Rev. D 101 (2020) 012002
[ ttH/A, H/A — tt, 139 fb”

ATLAS-CONF-2022-008

2000
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22 /12

5th Symposium of the Division for Physics of

Fundamental Interactions of the PPS, 21.10.2022



ATLAS Diboson Searches - 95% CL Exclusion Limits

ATLAS Preliminary

Status: June 2021 £=(36.1-139) fb! \Vs=13TeV
Model Channel’ Strategy* Limit Reference
Bulk RS (knr, = 35,Ag =3TeV) R — WW,ZZ - wqq, (vqq, ({qq resolved, boosted l I I Eur. Phys. J. C 80 (2020) 1165
Bulk RS (kxr. = 35, Ag = 3TeV) R — WW, ZZ - qqqq boosted JHEP 06 (2020) 042
. RS1 (k/Mp; = 0.01) Gkk = vy resolved arXivi2102.13405
§ RS1 (k/Mp, = 0.05) Gk = Yy resolved arXiv:2102.13405
§ RS1 (k/Mp = 0.1) Gkk =y resolved arXivi2102.13405
Sl Buk RS (k/Mp, =0.5) Gr — WW — evay resolved Eur. Phys. J. C 78 (2018) 24
g Bulk RS (k/Mp; = 1.0) Gk = ZZ — (et witt resolved Eur. Phys. J. C 81 (2021) 332
- Bulk RS (k/Mp; = 1.0) Grk — WW — ey resolved Eur. Phys. J. C 78 (2018) 24

Bulk RS (k/Mp; = 1.0)

Gy — WW, ZZ — vvqq, {vqq, ttqq

resolved, boosted

0.3-2.0 TeV

Eur. Phys. J. C 80 (2020) 1165

Bulk RS (k/Mp; = 1.0) Gkk = WW,ZZ — qqqq boosted 1.3-1.8 TeV JHEP 06 (2020) 042
HVT (gr = -0.55, gy = -0.56) W' — WZ - 't resolved 0.25-2.26 TeV Phys. Lett. B 787 (2018) 68

HVT (gr = ~0.55, gy = ~0.56)
HVT (g = -0.55, gy = ~0.56)
HVT (gr = -0.55, gy = -0.56)
HVT (gr = —0.55, gy = —0.56)
HVT (gr = -0.55, gy = —0.56)
HVT (gr = ~0.55, gy = —0.56)
HVT (gr = -0.55, gy = —0.56)
HVT (gr = -0.55, gy = —0.56)
HVT (gr = -0.55, gy = —0.56)
HVT (gr = 0.14, gy = -2.9)

Gauge bosons

HVT (gr = 0.14, gy = -2.9)
HVT (gr = 0.14, gy = -2.9)
HVT (gr = 0.14, gy = -2.9)
HVT (gr = 0.14, gy = -2.9)
HVT (gr = 0.14, gy = -2.9)
HVT (gr = 0.14, gy = -2.9)

W’ — WZ - vvqq, fvqq, tlqq
W’ — WH — {vbb
W' — WZ - qqqq
W’ - WH — qqbb
Z' - WW — evuy
Z' - WW - {vqq
Z" — ZH — vvbb, (tbb
Z' - WW - qqqq
Z' - ZH — qqbb
W' - WZ - 't
W’ - WZ - vvqq, fvqq, ttqq
W' — WH — (vbb
W' — WZ — qqqq
W’ - WH — qqbb
Z' - WW - fvqq
Z' — ZH — vvbb, ttbb

resolved, boosted
resolved, boosted
boosted
boosted
resolved
resolved, boosted
resolved, boosted
boosted
boosted
resolved
resolved, boosted
resolved, boosted
boosted
boosted
resolved, boosted

resolved, boosted

0.3-3.9 TeV Eur. Phys. J. C 80 (2020) 1165

0.4-2.95 TeV ATLAS-CONF-2021-026
1.3-3.4 TeV JHEP 06 (2020) 042
1.5-2.9 TeV Phys. Rev. D 102 (2020) 112008
0.2-1.3 TeV Eur. Phys. J. C 78 (2018) 24
0.3-3.5 TeV Eur. Phys. J. C 80 (2020) 1165
0.3-2.9 TeV ATLAS-CONF-2020-043

1.3-2.9 TeV JHEP 06 (2020) 042

1.5-2.2 TeV Phys. Rev. D 102 (2020) 112008
0.8-2.46 TeV Phys. Lett. B 787 (2018) 68

Eur. Phys. J. C 80 (2020) 1165

. 08-43TeV|
. 083.15TeV|

ATLAS-CONF-2021-026

1.3-3.6 TeV JHEP 06 (2020) 042
1.5-3.2 TeV Phys. Rev. D 102 (2020) 112008

0.8-3.9 TeV
0.8-3.2 TeV

Eur. Phys. J. C 80 (2020) 1165

ATLAS-CONF-2020-043

HVT (gr = 0.14, gy = -2.9) Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = ~2.9) 2" — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
1 1 1 1 1 1 1 1
0.2 0.4 0.6 0.8 1 2 3 4 5

Vs=13TeV W Vs=13TeV
£=36.1fb 'l £=139fb!

*small-radius (large-radius) jets are used in resolved (boosted) events

Twith€ = p, e

Excluded mass range [TeV]
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Two Higgs Doublet Model (2HDM)

* Generic class with second Higgs doublet. Four variants to couple

SM fermions to the 2HDs (no FCNCs): | tordard Model/@ §
* Type I: all quarks and leptons couple to only one doublet e @ g
* Type II: one doublet couples to up-type quarks, the other to | & @ g

down-type quarks and leptons: ,MSSM-like" _ _ o 8
* Lepton-specific: couplings to quarks as in the Type I model | \ g

and to leptons as in Type II | Teentomtiewsh (4

* Flipped: couplings to quarks as in the Type IT model and to S

leptons as in Type I Phys. Rev. D 101 (2020) 012002
!%‘ ATLAS (] Obs. 95% CL
;E Vs=13TeV,24.5-79.81b" x  Best Fit Obs.

« 5 Higgs bosons: h,H, A, H*, H
* Free parameters: tanp (ratio between the vevs of the doublets), | 2HDM Type-l

a (mixing angle between h and H) and m, B:
*  Minimal Supersymmetric SM (MSSM) is a special case of 2ZHDM:

« “type IT" with fixed a
« numerous benchmark models: hMSSM, m,mod* etc. ] i

m,=12509GeV,ly |<25 - Exp. 95% CL
§ ——SM

« SM Higgs results give big constraints on 2HDM. Data prefers
alignment limit: cos(p- a)=0 - h recovers properties of the SM ,

Hi S | W I T TN T YN T SO SO SO
99 B I

cos(f-a)
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Table 1: Signal region definitions designed for the Wh model. The variables are defined in the text.

Wh Wh
SRhigh—mTz SRlow—mTz
ete ‘ et/,tt ‘ ’ut,ui ete ‘ ei,ut ‘ ﬂt,ut
NgL(¢) =2
Nsig (£) =2
Charge(() same-sign
pr(0) > 25GeV
Njets (PT > 25 GeV) >1
Npjets =0
mjj < 350 GeV
mr2 > 80GeV < 80GeV
m%ﬂn - > 100 GeV
S(EXSs) > 7 >6
ErTnlSS > 75 GeV > 50 GeV
Wh .
L . SRhiEh—ng'l' € [75,125)
EIS binning (GeV) SRgngh_mn-zz € [125,175) -
Wh .
SRhigh—mT2_3' € [175, +o00)
4 The EEF“SS binning applies separately to each flavour channel of SRl‘;‘i/g ’;]_mw.

Table 3: Signal region definitions designed for bBRPV model. The variables are defined in the text.

bRPV
SRZt’ -SS

bRPV
SR5,

NgL(?) -
pt (©) > 20 GeV for (sub)leading leptons
Rjes (pT > 25 GeV) > 1
Nsig(€) =2 =3
Charge({) same-sign -
mry > 60 GeV > 80GeV
Efmiss > 100 GeV > 120 GeV
Meff - > 350 GeV
Np-jets =0 -
Riets (p1 > 40 GeV) >4

Mexe, My*

ur

¢ [81,101] GeV

Table 2: Signal region definitions designed for WZ model. The variables are defined in the text.

Events

Significance

SRyignrors SRy mrs
NgL(¢) =2
Nsig(€) =2
Charge({) same-sign
pr(€) > 25GeV
njets (pT > 25 GeV) > 1
Np-jets =0
mj; < 350 GeV
mrs > 100 GeV < 100 GeV
mipin > 100 GeV > 130 GeV
ETS > 100 GeV > 140 GeV
Mef - < 600 GeV
AR(C*, %) - <3
S(ET™): € [0,10)
Spread(®) > 2.2
Bins S(ET™): € [10,13) -

S(EF™): € [13, +c0]

AR(£*,0%) > 1

mTy = min [max (mT,£1 (PT.0- 4T )> .0, (PT.005 PE™ — qr ))]

qr

mr(pr.qr) = V2(prgT - PT 4T )-

T T
ATLAS Preliminary ¢ Data = Total SM
10° (s =13 TeV, 139 fb” wz [ Nl
Fake/Non-Prompt Charge Flip
B v Other

[SSSSSWSSSST

|Illl| IIIIIlI]| LI

WZ
SF‘Iow-mT2

bRPV
SRZSS

bRPV
SR,
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Same-sign 2L/3L from direct production of
winos and higgsinos ATLAS-CONF-2022-057

T, > Wh 27, (FF)

Background . = Fr—T RS R 3
groun Wino Wh non-Wh E 500~ ATLAS Preliminary i
Type — i atoon o1 .
- — S L imits a % n
1. CR/VR defined for WZ! and W=W= | 1. CR/VR defined for WZ! and VR for ttV & 400f- - -Boecsstmi 1o, E
Irreducible . . P :
2. Other small backgrounds are estimated using full Monte-Carlo samples 300:— ATLaS (9 Tev, 361 g
200F =
3. Charge flip rates are estimated in MC and corrected using the Egamma SFs 1005_ _E
Reducible - ;
. 4. Fakes: using Matrix Method and 7 AR S D N V.

4. Fakes: using Fake Factor Method MCTemplate mithod as 3 crosscheck 150 200 250 300 350 400 450 500 550 600

%17) [GeV
T Note that the WZ would be normalised in the respective CR in W and non-Wh. /%, (GeV]

(a) Wino X 1523 with Wh

Table 7: Model-independent statistical analysis for SRs optimised for the Wh, WZ and bRPV models: 95% CL upper

limits on the visible cross section, (EO’)?SS, and on the number of signal events Sggs. The ngp is the expected 95% _ soolf et e
CL upper limit on the number of signal events, given the the expectation (and +1¢ variations) of background events. E - ATLAS Preliminary .
The last two columns report the CLy, value for the background-only hypothesis, the one-sided pg-value and the local = 250 Pyl -
.. . . .o e c -7 7
significance Z (the number of equivalent Gaussian standard deviations). € - - Expected Limil(+10,) I .
200 :_ — Observed Limit (=1 0525%) - -7 _:
Signal channel (ec)> [fb] S% Saa,  CLy  po(Z) 1501 E
u o .
Wh 14.3 C N ]
SRhigh_mT2 0.28 39.3 33975, 0.66 0.34(0.41) 100 «@m ]
Wh 11.7 u .
SR0w s 0.24 33.0 29.57 " 0.63  0.33(0.43) 50F . v 3
wZ 6.8 Eo- Z .
SRy 0.13 18.7 24.47% 0.12  0.50(0.00) T TN ]
SRWZ 0.04 5.9 4 4+1.8 0.81 0.22 (O 76) 100 150 200 250 300 350
low—mr) . . ©1-0.8 . : . /5% [GeV
SRORPY 0.16 226 25875 029 0.50 (0.00) M%) [GeV]
SRORPY 0.44 61.4 93.059 0.02 0.50 (0.00) (b) Wino £33 with WZ
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Displaced vertices + jets
- ATLAS-CONF-2022-054

Table 2: Summary of the signal region selections. The x in the nj; trackless jet notation refers to the jet pr threshold in
GeV. All jets are required to have || < 2.5.
Signal Region | High-pt jet SR Trackless jet SR g T T Ty
:g 1'2; ATLAS Silyulation Preliminary0 7:
njzest(l)f 4 or n.le('lzoz Sor Faill;ligh— DT jeltofelection, 0 ngﬁjpzfm@ﬂsoo Ge\:nggaiszgéi\%%;;s E
. S e Ak, L 4 —4— Standard + b
Jet selection iy 2 6 or iy 2 7 My 2 4 or Migp 2 Sor S ol . WA, =
nd3>6o0rn >17, s L% S E
jet jet g 06] * WA a
n’o . >1or n>0 L> T i “%’# # ]
trackless jet trackless jet 3 oa4f % ‘ ‘H -
[ r % ]
Rov < 300 mm, |zpv| < 300 mm, e IR o, +++*++ E
DV pre-selection min([7py = Fpv]) > 4 mm. x*/npos < 5. B e i
NG ected tracks = 2» Pass material map veto .j -~
= e ———
nTracks 25
mpv >10 GeV
4 ) 4 ) 4 )
7/ 4 7’ /
’ s /‘/ ’
[ \0' ) \Q' ) [ ]
§ / _J
’ Hadronic Merged Vertices Accidental
SM Decays Interactions (H!) (MV) Crossings (AX)
* SM LLP just decays * SMLLP hits and interacts  + Two DVs close together + Random track crossing
naturally in flight with detector material get reconstructed as a DV makes it appear
higher N, higher m DV higher N and higher m
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" . . ooy
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
March 2022 Vs=13TeV

Model Signature  [Ldt (™) Mass limit Reference
3, G- g%, Oep  2Bjets  EPS 139 1.85 m(¥})<400 GeV 2010.14293
2 mono-jet  1-3jets EP™ 139 | § [8x Degen] 0.9 m(g)-m(¥1)=5GeV 2102.10874
8. g—qa¥ Ocp  26jets  EP™ 139 |& 23 m(T)=0GeV 2010.14293
z Forbidden 1.15-1.95 m(¥))=1000 GeV 2010.14293
@ @ Wi Teu  26jets ) 139 |2 2.2 m(¥})<600 GeV 2101.01629
oz 2-qa(LOX,) ee.pup 2jets  EF™ 139 | & 2.2 m(})<700GeV CERN-EP-2022-014
B gz gogqWZE) Ocr  7-1jets EFS 139 | 1.97 miF}) <600 GeV 2008.06032
% SSeu 6 jets 139 |z 1.15 m(z)-m(¥))=200 GeV 1909.08457
S g, gty 0-1epu 3b Eps 798 | & 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSepu 6 jets 139 g 1.25 m(z)-m(¥})=300 GeV 1909.08457
byby Oep 2b  EPS 139 | B 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(by X1)<20 GeV 2101.12527
s byby, by—b¥3 — bh¥] Oe.p 6b  EP™ 139 |B Forbidden 0.23-1.35 Am(P3,71)=130 GeV, m(¥])=100 GeV 1908.03122
-g 27 2 EMs 139 |G 0.13-0.85 AT 72)=130 GeV, mit1)=0 GeV 210308188
§-§ iy, o] 0-1epn zljet  EPS 139 |7 1.25 m(¥})=1GeV 2004.14060,2012.03799
:§ Al —WhE] Teu  3Bjetsnb Ep 139 |# Forbidden | 0.65 m(¥})=500 GeV 2012.03799
§«S iy, i—=tby, 71 -16 127 2jetstb EP™ 139 |& Forbidden 14 m(#)=800 GeV 2108.07665
3 i, Ri— ok 1 &, Emcky Oep 2c - Epe 361 |z 0.85 m(T})=0GeV 1805.01649
o] Oe.u mono-jet  EP 139 | & 0.55 m(f, ,a-m(if)=s GeV 2102.10874
iy, [0, X —Z/h¥) 1-2e,pu 1-4b  EPS 139 |7 0.067-1.18 m(¥3)=500 GeV 2006.05880
by, hoi +Z Bepu 1b EPS 139 | & Forbidden 0.86 m(¥}))=360 GeV, m(7, - m(t})= 40 GeV 2006.05880
X viawz Multple C/jets —  EP™ 139 [ 0.96 m(E4)=0, wino-bino 210601676, 2108.07586
e zljet  ERs 139 [REE 0205 m(E7)-m(E})=5 GeV, wino-bino 191112606
XX, viaww 2ep EPs 139 | 0.42 m(¥})=0, wino-bino 1908.08215
Xi % viaWh Multiple ¢/jets EP™ 139 | ¥/} Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
> g XX via 5L /v 2ep EPs 139 | 1.0 m(Z,#)=0.5(m(¥})+m(¥})) 1908.08215
me o 27 Ep™ 139 |7 (L TR IN0HE0I] 0.12-0.39 mi})=0 1911.06660
= RN 2eu Ojets  Ep 139 |7 0.7 m(})=0 1908.08215
ee, 2ljet Eps 139 |7 0.256 m(f)-m(¥)=10 GeV 1911.12606
AR, A—hG[2G Oe.p 23b  Ep 361 | 0.13-0.23 0.29-0.88 BR(Y] — #G)=1 1806.04030
dep Ojets  EM™ 139 0. BR(Y) — ZG)=1 2103.11684
Ocu >2largejets EM™ 139 |7 0.45-0.93 BR(Y, — 2G)=1 2108.07586
Direct ¥ ¥; prod., long-lived ¥ Disapp. trk  1jet  EPs 139 i; 0.66 Pure Wino 2201.02472
fl 0.21 Pure higgsino 2201.02472
17 > .
g % Stable g R-hadron pixel dE/dx E’"f“ 139 (] 2.05 CERN-EP-2022-029
. Metastable  R-hadron, g—»qq)z? pixel dE/dx E"“_’s 139 & [r(& =10ns] 22 m(¥})=100 GeV CERN-EP-2022-029
§’ i, i—-6G Displ. lep EPs 139 & 0.7 ) 2011.07812
~ . T 0.34 2011.07812
pixel dE/dx E?”‘ 139 o 0.36 CERN-EP-2022-029
XX I s ze-tee 3eu ) 139 Pure Wino 2011.10543
XiXT XS — WW)zeeeevy 4ep Ojets  EM™ 139 1.55 m(¥})=200 GeV 2103.11684
2, =g\, X = qqq 45 large jets 36.1 1.9 Large 1/, 1804.03568
S ih, o) X 5 bs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—b¥7 , X7 — bbs > 4b 139 Forbidden m(¥;)=500 GeV 2010.01015
iy, 1—bs 2jets+2b 36.7 1710.07171
i, =gt 2epu 2b 36.1 0.4-1.45 BR(7) —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f —qu)=100%, cosf,=1 2003.11956
T, X ,—ibs, X] —bbs 12e,u  >6jets 139 | X} 0.2-0.32 Pure higgsino 2106.09609
* . . gy —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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Leptoquark in b7 in s— and t—channels

b T
@ LQ— b7 in events w/ 7 and > 1 b-jets
@ Range of coupling strengths and masses tested

CMS Prefiminary 137 fo! (13 TeV) 37 fb (13 Tev) CMS Preliminary 137 b7 (13 TeV)
108 ? Vector LQ 2000 GeV x 25 ¢ Observed = — ET \‘ T i IE : 95% CL upper limits ~— Single Nonres.
E Total signal fit ggtg. in=1b ig . CMS Freliminary  ahebrved 1 % — Observed — Pair —Total
T oo " 4 73 E - Median expected 15 - Expected Expected by B anomalies
E Q:SEQB 21[,1;;:434”!» E =3 o BN I 68% expected ] % [1168% expected Vector, f=1, k=1
£ 3 - unc. 182 L < 3 E 25 o —
10* E = 2 3 x"" m?;t/\? ;et:(rped‘d 3 g) F ]
E ES] 1* R 3 ‘theory,LO 1 (__:_ 2: 5
r 1 = E < h=25 Pt 1 E ~ —
10 1€ F e . 33 °F ]
E E g o Mm e 1 8 r ]
Wb 1 510 i 1 15[ 3
: 18 b e B ]
[ ] j 102 E 1 1
1.6 &) ; ; E E
14E 1 X10°E E 0.5 1
o E 3 .
125 8 E 3 r Z : ]
1F P I RN AR PRI ERUN ARV PRI SRV PR A E i ]
E 10 ) ST I RN & | N
Y y— 600 800 1000 1200 1400 1600 1800 2000 éZOO 500 1000 1500 2000 2500 300(
Log,[S/(S+B)] Leptoquark mass [GeV] Leptoquark mass [GeV]

@ Significant 3.40 excess for a LQ mass of 2 TeV and A = 2.5

9/27

E T ‘ T T T ‘ T T T ‘ T T ‘ B
IJ\J ATLAS Preliminary o Daia Others 4 %104?\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\E
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Semi-visible jets, t-channel
ATLAS-CONF-2022-038

Analysis preselections

1. No electrons / muons ( p; > 7 GeV)

2. Looking at events with MET trigger (trigger is fully efficient, tests in backup slide), MET > 200 GeV

w

At least 2 jets with leading jet p. > 250 GeV, other jet p, > 30 GeV and |eta| < 2.8, jet cleaning LooseBad (also
TightBad selection applied on data leading jet, for NCB treatment)

4. Dead-tile correction, LAr, SCT error veto
5. DeltaPhi(closest jet, MET) < 2.0
6. B-tagged jets <2
7. Taujets (p; > 20 GeV) <1
Key variables for this analysis:

e MET

e Scalarjet pT sum, HT

e DeltaPhi (closest jet, MET)

e p, balance (between closest and farthest jet from MET)

|Pra) + Pr()] o
IPETT(jil)l e T;Té?Z)I The resultant MET direction is

aligned along one of the jets.

Avapr(r,j2) =

e Maxminphi |Ad(farthest jet, MET) - Ad(closest jet, MET)|

Deepak Kar, Xifeng Ruan, Sukanya Sinha

The region with MET>600 GeV and HT> 600 GeV after the pre-selection is defined as the SR.
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Semi-visible jets, t-channel
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Table 2: Scale factors for each background processes obtained from simultaneous fit using SR, 1L CR, 1L1B CR and
2L CR. Top processes denotes merged contributions from ¢7 and single top processes.
Process k2P
Z+jets 1.18 £ 0.05
W+jets 1.09 + 0.04
Top processes  0.64 + 0.04
Multijet 1.10 = 0.04
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95% CL upper limits on A

Otheory (fb) for A=1:
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Figure 7: The grid shows the observed 95% CL upper limit on A with M4 on the x-axis, R,y on the y axis. It also
includes over each M4 column the predicted cross-section for that specific mass value as a reference.
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