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Outline

e LHC and ATLAS/CMS

All set,

e Standard Model and its

MREL

|2.8 BILLION YEARS AGO,
A FEW SECONDS BEFORETHE R
1 CREATION OF OUR UNIVERSE,, | Lets fire upthis
shortcomi ngs —_— Large Hadron Particle
eooll I || - =4 Colliderand see  }
= . E what happens!
° 10

e Searches for EWK SUSY
with a Higgs boson

ol

e Searches for Higgsinos

e Searches for Dark Matter in

association with a Higgs £5
bOSO N [CERN theory common room]

e« Where to go next
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Excellent performance of LHC and detectors

[https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2]
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Proton-proton data taking in Run 2 finished.
158 fb! proton-proton data delivered by the LHC 2015 -2018.

oct
Month in Year

UOIBIQIED §0Z [BHIU|

About 140 fb* available for analyses.
Significantly more data than in Run 1

Only very few analyses use the full dataset already, thus many more results to
come.
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What can we measure?

B
proton - (anti)proton cross sections
« Predictions for processes of the 10 ey 10
Standard Model 10° [ o —— 4 1
(cross section is measure on how 10 Tevatton  LHC 47

frequent a process occurs)

10° | : mé;ﬁ — 10° E
10° b | 3 10° :‘” %
4 : : AP s
o | —31"5 3
« Higgs boson productions: O e @ T 3% &
1 Higgs bosons in about 10%° 2F " 3" &
collisions Sl N L
(e.g. in 2017: about 3 million collisions © 10" by (£, 100 Gev) 5 >< 100G 38
per second) 3 . /) 0 & %
: : ] w -Q:J.
: ; 1 < §

. ' ] (4h]
: ! ] £

e Need to run complex algorithms

during data-taking to filter processes _ {

. . 10° [ M,=125 GeV 1 10°
we are really interested in.... ; : 1T
— trigger 10° L 5 | A

10_70.1WJ82012 o _'I Lo 1|0 B PP
Maybe unknown physics down there? — Js (TeV)
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Precision measurements of the Standard Model
I

Standard Model Total Production Cross Section Measurements satus: November 2019
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Completing Standard Modell: Higgs boson

[Phys. Lett. B 716 (2012) 1-29,ATLAS-CONF-2017-047]
CMS | E =7 Te‘\f,l L=5.1 b'Vs=8TeV,L=531"
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More Higgs bosons?

B
Many extensions of the Standard Model predict more than one Higgs boson:

e E.g. 2HDM models predict 5 Higgs bosons: two neutral CP even (h, H), one CP odd (A) and
two charged Higgs bosons (H")

e Can reinterpret measurements of the Higgs boson found in these models
e Can search for additional Higgs bosons
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arXiv:1906.02025 [hep-ex]
=== h couplings [k, Ky, K]
¥s =13 TeV,36.1-79.8 b
arXiv:1909.02845 [hep-ex]

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
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1000 2000
m, [GeV]

1 A :
200 300 400

05.12.2019 J. Lorenz, Searching for Dark Matter in association with Higgs bosons 8



Is there anything else?

SUPERSTRING
M-theory heterotic)

g, Grond suts)
Uni€ication

Matter

SM not perfect:

e No explanation for Dark Matter
(DM)

e No explanation for matter-
antimatter asymmetry

Plenty of ideas to solve
at least some of them

Lots of possibilities to
look for

THOUGHT OF
[Illustration by Hitoshi Murayamal]
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One solution: Supersymmetry (SUSY)

e Symmetry between fermions and bosons

e Supersymmetric partner particles to every Standard Model
particle

— roughly doubling of
number of particles wrt
Standard Model in the
Minimal Supersymmetric
Standard Model

Extended Higgs sector necessary

Supersymmetric partners of W, Z
and Higgs bosons mix to charginos
and neutralinos

Minimal Supersymmetric Standard Model (MSSM)

Q
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Motivations

e Supersymmetry can offer a Dark
Matter (DM) candidate

...If R-Parity conserved

« Higgs mass might get stabilized

=
B
e Inverse of s~ S
gauge S U Wiy
couplings —*
could be
unified in the
MSSM ] e T LT (e R DT E T
1 10° 10" 10’2 1 105 1019 ip'e
Energy, GeV Energy, GeV
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But not the only candidate for Dark Matter!

[https://www.nature.com/articles/nphys4049/figures/1 from
Nature Physics volume 13, pages 224-231 (2017)]

Some dark matter candidate particles

X, Picasso...

T T T T 7T T ¥
N IR I N T S - S S
,@\Q\Q\Q\g\g\g\g\o,@.@\0\0\9»{0.\0\0\0

Mass (GeV)

f Xv

indirect

Fermi-LAT, MAGIC,
Planck, H.E.S.S. ...
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https://www.nature.com/articles/nphys4049/figures/1

Dark matter models at colliders
I

q X q

Dark matter

particles invisible
to LHC detectors

B S this signature >

cannot directly be

detected

g X q

Initial state emission =
recoils against dark matter
particles

Generic model good for
sizable cross-sections, a
priori no assumptions on
specific model

Or detect dark
matter particles in
decay of other new
particles

— specific models/
extensions of SM
(like SUSY)
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Dark matter models with mediators
I

?
q X d X
—————
Mediator
particle
q X q X
Mediator particle can be SM particle (Z or H) or a new particle - either spin 1 or O -

vector-like particle or scalar-like, or
Two-Higgs-Doublet Model

qf
q X q W,Z
Vv H
V ) 7
q , X
q X

q
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Supersymmetric models

Usually only e
look at a
specific decay
chain -
. S
—¥ 3

In case of MSSM 124 free
parameters!

We cannot deal with that many

free parameters!*
*but sometimes we at least look at
certain reductions, like the pMSSM
with 19 parameters

Simplified model

q
p w
q ~0
- ~ Xl
—— >I TN
~ oF
Seo X -
g X1
p -
q/
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Many different simplified models

=+

=> Very different experimental signatﬁ/Fés to look for!*

* We can get back to complete SUSY model by combining different simplified
models/signatures.
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Searches for supersymmetric particles

Typically organize
searches from 'easy'
to 'more challenging'
— Cross section

[x]

=]

—— 8 TeV
------ 13-14 TeV

Cross Section [pb]
CRJ

& T 1 NI =T T LTI T TTI

e High cross section for g,
production of gluinos
and squarks if not too
heavy e

— early searches in
Run 2, many results . [ R = P
ava”able, not the [http://inspirehep.net/record/1326406]
focus of this talk

.
*
*
L]
*a
.

e Smaller cross section for chargino and neutralino production

— but obtain sensitivity by using much more data statistics
— profit significantly from the full Run 2 statistics
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Example signature

E. g. strong production:

% Possibly leptons
\\g\\“\\m’/ ) .
e =,,\W 2 Lightest supersymmetric
0mwS . .
~ ! particle (LSP): stable in R-
parity conserving theories
— missing transverse
X3 momentum
Rz

”%,Y — Jets + leptons + E ™

N
Iy, W
U
™ Jots

18
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Common to all searches in this talk: E_™

Invisible particles to the detector (like
neutrinos or dark matter particles) result
in a momentum imbalance in the
transverse plane to the proton-proton
collision

=> missing transverse momentum (E. ™) be

pipe

Calculated using the x- and y-
components:

Emigg _ Emiss,u Emiss,e + Emiss,y + Emiss,r + Emiss,jets Emiss,soﬂ
x(y) x(y) x(y) x(y) x(y) x(y) x(y)

underlying |l
event

A
Si-—underlying
| event

ATLAS Prelimin

ary

Z — ee Selection

(s =13 TeV, 140 fb™

—4- Data

BWz-ee

Ot

[]Diboson
MC Stat Errors

[/€0

/SE|IV/Yd uiad gam se|ye//:sdny]

9]
8
%
;
10° =
The soft term is composed of all tracks or energy 10t %
deposits not associated to a reconstructed A1 S
particle. "8 g
_.l
15_. P S 0 O i = ,Z
H . . 2 — N
E_™s can also arise from mis- e .++ 2
. . I 0.5 5 !
measurements or pile-up = important %06 200 300 400 st o
to minimize this! i
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Distinguish signal from background

Use kinematic variables to

discriminate signal from ,
background. SM (background)

Erigger threshold

Some analyses just use simple “signal region”
combination of cuts on kinematic SUSY
variables = ' cut-and-count', but also
more and more shape analyses or
analyses using more sophisticated
techniques, e.g. machine learnin i i
ques, e.g g maﬂ'_EFTJ“ E grrE)
% E LI N S B B S B B ) B ) B B B 3 jel:s LEPEth
0] [ ATLAS Preliminary _* gna2hoend#01 ]
o . N
S 10°EF (s=13TeV, 133 10" I W-jets - _ [ ~miss -] —>miss
S e S m.= \/ 2p E7*(1—cos([A (P, pr)]))
» L Z+jets - =
b= - [ Diboson i % ATILAS I l Io DataI I-W+jetls, 3
L%’ 10°E - M”gfje‘t I 2 10°L Vs=13TeV,36.1fb" WToaisM [Jiv il
- g]g@ ";%():(1800 - : 0'2 0 SR1Lbb-High [ i [Diboson 3
E i i ] o) . [CIsingletop [l Others A
10 43 50 M /RE)=(55075) GeV 3
? . g 8. Lﬁ 10 my > 2ool ';:vm (%?/%Z’Z?):(&S’O) = 3: g
v - = = o
% Yha) o
1 = 9 | e R A S
ERER. S
&) i T é 107 s
S 15 < <
~ { H . —_— p= = —
% 0;: %7 ) //’4./46‘/://47# /j///// /// // Z, Z % 1.517 s,
= - , e . : E 5 S .
: 1000 1500 2000 2500 3000 3500 G i ; i [ i 7 i i B i
meﬂ(incl,) [GeV] 50 100 150 200 250 300 350 400 450

m; [GeV]
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Essential to estimate the backgrounds
I

« Reducible backgrounds: backgrounds with
another final state in comparison to the
signal reducible

* Irreducible backgrounds: backgrounds show
the same final state as the signal

Standard Model
Top, multijets

vV, WV, VWV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds
ta,lalcrkeggrf:;din:nd Determined from data Dominant sources: normalise
incl. systematic Backgrounds and methods MC in data control regions
exp. and theor. depend on analyses Subdominant sources: MC
uncertainties as

Eﬁ'rf.ﬂﬁfers Validation

Validation regions used to

cross check SM predictions
with data

e blinded
Signal regions
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Decays of charginos/neutralinos/sleptons often studied in multi-
lepton signatures + E_™*: 1

But not only!

— 2,3 or 4 leptons
— rather clean signatures

e Main backgrounds:
 Irreducible: mainly diboson production, sometimes tt (+ X)
— estimation using control and validation regions
e Reducible: fakes = data-driven background estimation
« Often suppression of top backgrounds by (b-tagged) jet veto

05.12.2019 J. Lorenz, Searching for Dark Matter in association with Higgs bosons 22



Classification of searches for charginos and neutralinos

I
A
-0 ~0 ~+ -
X3 X1 X> X4
~0 ~+ ~0 =%
m : X9 X X3 X5
:
1
1
1
On- \J -0 -0 =0 <=  Only low-en-
shell X1 XD XD XL T reetic decay
W, Z, h products
Wino-Bino scenario Higgsino scenario

e Depending on parameters in the SUSY model, mass difference between LSP and lightest
charginos/next-to-lightest neutralinos sizeable (so that on-shell emission of W, Z, h
possible), or very compressed mass spectrum.

e Depends on the fraction of Wino, Bino, Higgsino component in LSP and lightest
chargino/next-to-lightest neutralino.
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Searches for Wino/Bino scenarios

e Pair-production of charginos or next-
to-lightest neutralino + chargino.

e Emission of on-shell (or not too much
off-shell) W, Z and Higgs bosons.

e Can use decay products of these to P
search for these signatures.

» |n case of emission of a Higgs boson, P
can exploit specific characteristics of

Higgs boson decays, e.g. decays into s T ane =
) Vs=13TeV, 36.1 fb" #5554 Total SM c

bB. T0 SR2-SF-loose . - jets =
2] . Vv -

g I Top =5

& 10° & Reducible <

....... 3?3 = (400,1) GeV i

e In case of emission of WW or WZ, A Lo b 0T o
relatively clean signature of or k. - N
three leptons — dedicated searches 7 IS
for this in multi-lepton channels. SR A N
P waanwnmw 0 K

e.g. search for 2 or 3 leptons + E_™* N ] 4 =

m;, [GeV]
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Often a Higgs boson is created in decays of
neutralinos.

Discovering corresponding signatures would
explicitly link Higgs bosons with
supersymmetric particles.

Necessary for SUSY solving hierarchy
problem!

Spezialized searches: Pair-production of
charginos and neutralinos; chargino decays
to W and LSP, neutralino to Higgs and LSP.

Different signatures depending on decay of
Higgs:

Hadronic (with bb),

1e/u+bb,

two same-sign leptons,

3 leptons,

le/u+yy

— different searches
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Fully hadronic decays - 36.1 fb!

Fully hadronic signatures are very difficult to cover in
searches for electroweak SUSY particles due to low
object multiplicity.

— Need additional handle for suppression of hadronic
backgrounds.

Achieved in this case by selecting events with two b-tagged
jets + 2-3 other jets.

Mass of two b-tagged jet system needs to be consistent with

First time targeting this decay
at LHC!

Higgs mass; mass of 2 other jets consistent with W mass. - — Useful for tt
+ requirements on ETm'SS, and contransverse mass: mcr = \/2PT' (1 + cos Adpp), suppression
(%5) L ATLAS I : l. Data hW+je:s ;‘ 300%2'2; IHIV\'”«I"X'{iﬂI LSRR S S R U R
S 50 Vs=13Tev,36.1fb" NToasm  [Hz+ets 8 C ATLAS
£ SRHad-High Wi Oiv = o5ol- Vs=13TeV, 36.1 fb™, All limits at 95% CL .
P [Jsingle top [l Diboson T3 C - - Expected Limit (+10,,,)
GCJ fi il m(%f/ig,%?):(SS0,0) 2 \g - s bcorved Lt (16%57) o L
FTEE | AR O HES I N M E)=(700,0) GeV 2005_ i By _E
150 o
1002— —
S0l 3
20 80 140 200 260 320 380 440 500 00050500 550600 650 ; 700
me; [GeV] m(x,/%;) [GeV]
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1 lepton + 2 photons - 36.1 fb!

R
H—yy+W-Iv+E ™
very clean signature (although small branching ratio).

Select m, consistent with Higgs mass + multiple criteria on

transverse mass variables to reject backgrounds containing W
bosons.

e Two background categories: non-peaking and peaking backgrounds.

« Peaking backgrounds (Wh) from MC. Small excesses in both SRs
e Non-peaking backgrounds from side-band fit. of p, = 0.027 and 0.087
> = T T I T I T I T | = = T T T il
8 SC ATLAs e Pai = % 12— A'TLAS ' e | 0
To) B Vs=13 TeV, 36.1 fb-1 %TOtaI.SM 5 S)) - Ys=13 TeV, 36.1 fb'1 N Total SM -
- L SRiLyy-a [l Peaking Wl.w i —~ 10 SRiLyy-b [l Peaking Wh =
iR e m, /GeV < 130 [ Other peaking i 1) = [ Other peaking -
GC) - . : [ INon-peaking . GCJ C [ INon-peaking ]
Lﬁ . - o m(ﬁ/%Zﬁc‘?FU 50,0) GeV 5 Li 8 By m, /GeV < 130 o m(ﬁ/iz’i‘:):“ 50,0) GeV il
IS ] O MR T . m(x,/%,X;)=(250,100) GeV | r N [ (/% %)=(250,100) GeV
: : 6 ® —
2 - [ i E = ]
C : a N\ ¢
1_— ® % 5 —_ _—
~ p
w s ; ) i ; : ;i ‘ | Cho |
110 120 130 140 150 160 110 120 130 140 150 160
m,, [GeV] m,, [GeV]
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Improved 1 lepton + 2 photons analysis for 139 fb™

BN [ATLAS-CONF-2019-019]

e Re-look at signal regions with excesses in 139 fb™.
e Improved background and signal model:
+ Peaking background and signal described by double-sided Crystal Ball functions
+ Non-peaking backgrounds (side-band) by fitting  fi.a(x: b, {ax}) = (1 — x)P xZi-0 a7 los’

e Data consistent with background estimates.

>10:-'|"-'|-'-'|""S'R'L """" s >35_'|"-'|-'-'|-"'S'R'L """" ]
3 oF ATLAS Preliminary 5 t1 A = 3 - ATLAS Preliminary : t1 YY-b .
- —4— Data : - —+— Data .

= . - 30 . —

= sk s=13TeV, 139" . Non-resonant Bkg = = C s=13TeV,139fb" Non-resonant Bkg  J
2 & — Fitted Signal E il — Fitted Signal E
g - SM Higgs = g - SM Higgs .
M eF —— Total = PN —— Total e
55 E g :

3 E = ¥

e E 101 E

2F — EpEE —— E

F = B o

1= = B N

OE' | : l e A5 =0 s s l ] 0:. e Ao e, N e TR P il e Pl e
110 140 150 160 110 120 130 140 150 160

m,, [GeV] m,, [GeV]
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1 lepton + 2 b-jets (139 fb?)

[GeV|

1

X

Ml -o

@ SRLM

SRLM3

SRMM3

SRLM2

SRMM2

SRHM2

SRLM1

SRMM1

SRHM1 |

[arXiv:1909.09226]

Define three regions in the phase space with
different kinematics due to different mass
differences between charginos/next-to-lightest
neutralino and LSP

— low mass, medium mass, high mass

Particular powerful variables to select signal
and suppress backgrounds:

« m,,: selects peaking signal

« m_: suppression of backgrounds with W

bosons B
« m_: Suppression of tt backgrounds

« E™>:due to LSP escaping

4 A 4 A

mr mecT
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1 lepton + 2 b-jets (139 fb?)

Validation regions defined to check
extrapolation directions.

[arXiv:1909.09226]

Dominant backgrounds tt, single top, W+jets

— irreducible, estimated via control regions
— low m_for W+jets

— m,, sidebands and low m__for tt
— high m__and m,, sideband for single top
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1 lepton + 2 b-jets (139 fb?)

[arXiv:1909.09226]
5103 ?ET:I:: TeV, 139 fo” : t? i ;:';?,Ig:esglp
- TelusbB+EF% B Wajets [l Di-/Multiboson
= i Others
émz
E Slight overshoot in data, but consistent

with background expectations.
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2 §§§mm§§§§§§bbb—lb—'—bv—»—b"ﬁ'\ iiZOHWhZOXOW—HVh—)bb
& E’ = ; G é "E_ ::E _E‘ E :E EU EU Eo Eo Eo Eo EO EO Eo g z g — 5 0 0 I1 T : T [ 2= 3 S [ | | | g = TTrTT ; O N N ) : ¢ S 3
£ g £ S %5 & ¢ 6§ 5 259 5 325 5§ 83 5 28 8 S ki [ il T I T T T g
= C vy @ L g £ & © 2 2 @ 2 2 ¢ 2 s s = I =
= > > 2 > > = E 8§ 5 B2 = E S S5 = O - ATLAS 3
2 = 5 == =2 8= : & 3 @ 0] 450K —
4 258 B ble £ iy C {s=13TeV, 139 fb™!, All limits at 95% CL 3
?5‘_ 4005_ ~ - - Expected Limit (+10,,,) _E
S 350 ;_ ——— Observed Limit (1 clsh“sv) _;
300F e =
E s ] =
~ Z -
250__ l\ e
E y S -
200 . =
. . . . . L] : \ :
Powerful exclusion limits due to multi-bin fit. 150E = | 3
o ; -
- 1 =1
100 : E
= ! =
50 ‘\ ==
OllllllllllllIllllllllllllllll I s B =) ] 1 lll:

200 300 400 500 600 700 800 900 1000
m(~+ ~") [GeV]
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Multi-lepton
I

Can also select decay modes of h > WW or = 77
— leptonic signatures

Selection of two leptons (e or u) of the same charge
— Good background suppression (i.e. tt), but precise
estimate of fake background needed

Or: Selection of events with three leptons

Channels more sensitive towards smaller mass differences.

LF— Whi %, mGE/E)-mE) = 130 GeV %% - Wh, %, mE,) =0 GeV
(>,.J | T T T | T T T | T T T | T T T I T T ¥ I T T T T T T 5 T T I ¥ T T T | T T T | T T T T T . T T T T T T | T 3 T T il
? 10— ATLAS - @ — 1lbb i
= E \s=13TeV, 36.1 fb” . A — 0lbb |
S - —1lbb —1l - 3 3l
© m 3l —obzgrved _____________________ B © — P
g F—FF --.expected el o CC) 10 —1lyy =
— i S niminbed e BRSPS sl e _ = — observed E
B e e e E ---expected N
| EASUBTESY a2l S g - | A
e =t o ]
o
$o b T s e e o
o R ] i 1B S
| L | L | L 1 L | | L L | | L L I L L L I L L L | L L L | 1 1 I 1 1 1 1 | 1 L 1 1 | 1 | 1 1 | 1  ; 1 1 | 1 1 1 1 | 1 | 1 k | 1 1
140 160 180 200 220 240 260 280 200 300 400 500 600 700 800

m(c/x;) [GeV] m(c/x;) [Gev]
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Searches for neutralinos with decays to a Higgs
[ATL-PHYS-PUB-2019-044]

Nice complementarity of the different searches:

1 e/u+ bb covers
bulk of the plane.
Strong limit since

Hadronic analysis
covers high

P Tt R T e R & iR b irar (P D AT neutralino/
200 300 400 500 600 700 800 900 chargino masses.

m(x/72) [GeV]

Y x. > Whyy {s=13 TeV, 36.5- 139 fb October 2 . .-
R l>l :I 1 I 1 ¥ T 1 I I T 1 1 | 1 1 1 T I 1 1 I T | T T T § | T 1 1 1 I 1 1 T T Small uncertalntles.
Same'§|gn 8 400:— ATLAS Preliminary Alllimits at 95% CL/]
analysis = - 11bb [arXiv:1909.09226] ~ eees Expecte .
sensitive to s 350 0lbb [arXiv:1812.09432] L A =
1 C —— 11bb [arXiv:1812.09432] - ]
|0Véer m?lsses € | 300 1lyy [CONF-2019-019] e A =
and smaller - —— " [arXiv:1812.09432] . by "
mass splittings. | 250F — Twlaxvisizossz L0 \ =

1e/u+yy.
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Chargino/neutralino production with different decays

CMS combined different EWK searches

[JHEP 03 (2018) 160]

CMS pp — X5X3  35.91b (13 TeV)
;‘ B 1555 I =mliss I 1= lEaalnanl l | | | | | | I | e | T I_
[ 350:_ _— > 3 (WH) —_— 27 0Nn-Z (WZ) "'EXpeCted _:
O, [ —1£2b (WH) —2¢30ft(WZ)  _—Qpserved -
5 300k H— yy (WH) — 37 (W2) =
= / & S e i z
E 2 & &% ] -
7 H 250: @% CM53$$£004 " p I rf/f S
P %g‘/ ...... 52(1) 200: 3 P R : : ' 550
- e = ey \\ !
p g s 0 E ] w
X \ 150_— Wl
Wi : : .
1007 1 Searches with 2 or 3
Differentdecay @ U . 7 AT 1 leptons
modes of H - 50 &
different final states i
9 1 Iepton + 2 b-jets 0 : 2 % Y/ 11 | | = | L1 :1 | |§ ||y | | |:
— 2 photons 100 200 300 400 500 600
— 3 leptons m, = m., [GeV]
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Higgsinos searches

B
Naturalness arguments requires light higgsinos with similar masses.

Scenario 1 Scenario 2: Scenario 3:
GMSB higgsino NLSP higgsino LSP ultra-compressed higgsino LSP
DA
é W*/Z* = undetected fermions W*/Z* — leptons W*/Z* — undetected fermions
Am ’ & Am % %
M fewGev $ v 7 i:] ~few GeV i vV };] ,,30{,& mev* ¢ . %ﬁ
h/Z
4 G
b J
p wz [b p
o LT 5 X1
- Yy =0
" 7 ,fg o ’ p % Y
p : b N
N, -
hh/hZ/2ZZ +MET soft £+¢- + jet(s) + MET disappearing track

[B. Hooberman, SUSY17]
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Compressed higgsinos/sleptons

I [ATLAS-CONF-2019-014]

e epe . . > 0.9—'"-w""l'"'I""llil'l"/‘bw"w""—:
Significant lower invariant mass m, for Gl e R
. . . ~ F =0 ~0 wmo/blno rewe| hted
models with Higgsinos g o7pniR)-( e ) < o
. .« . = Higgsino ]
— analysis requiring extremely low e s
energetic leptons and low m, 3 E
. 0.4 e
— using electrons down to p_= 4.5 GeV and ik
muons down to p_= 3 GeVand m = 1GeV 0.2F .
— huge progress in reconstruction of low ot :
energetic leptons o = 0 B 20 % W 5 o
Truth m, [GeV]
> 40_ ASE L T N R A S S L SE AL BN A R
3 E imi ® Data =< Total SM 3
(3. 35;_ gzﬁ?fe\lzrﬁlf)r?b'r‘]ary Diboson ﬁFake/nonprompt _:
; 305_ SFHIAewkino~high—E'T“'ss tci).t:ingie top [ Z(=t0)+jets _i
E’ 25%— wee m(iz, %)) = (130,100) GeV _f
] E_ wee m(zz, zf)= (155,150) GeV _E
Two searches:
« Direct production of higginos using m, E —
« Direct production of sleptons using m_, = 5
s H

a

— key is estimation of fake backgrounds!
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Compressed higgsinos/sleptons
B

. . . g 5 e e = e T G B G Gm i me v G i R i G B mm i i e o e e s e ) e
N O Slgn Iﬁca nt exceSS See n GC) 3 ATLAS Preliminary %Total SM Fake/nonprompt .Z(—m:)ﬂets Others
° S 10F Go1sTev, 12007 Lo i . B
m , single top Diboson Data SS
10°
10 ’
1
1071 S (0 |
8 T T T T TPV S T T T TILTT TTTTCT T T T T T T EF T T T
5 2 ] T
g 0 l,..ll - _.._I_-_-__Il-_ .I---l.--_ll s
B g -
o Lidaiiii ittt il iviliiiig .
S LR LR R L L B DL i E S|ept0n Slgna|
SRup-m, [GeV] | SRee-m, [GeV]'! SRuw-m, [GeV] |SRee-m, [GeV] ' SRuu-m [GeV] s['aeii}f"” SRy [GEV] reglons
high-ET™** low-ET™%, high-Am low-ET*, low-Am T /
— T T T T T ‘ T T T T | T T T T i p— T T T T T T T l T T T T T T T T T T T T | T T T | T T T T
> o 1 50 - -
() === Expected limit (+10exp) ] % - === Expected limit (£10exp)
O === Observed limit (+10theory) A () F —— Observed limit (+10eon
d y Y
— LEP X7 excluded ] Hills [ ATLAS 8 TeV 7, g excluded |
RS ATLAS 13 TeV excluded =5 ATLAS 13 TeV 7,  excluded
od ATLAS 8 TeV excluded 7 s 10 LEP &g excluded 3
12 \E/ C ]
N L .
S E < 5t .
ATLAS Preliminary 1 [ e 1
J/S=13TeV, 13911 | r ATLAS Preliminary 1
¥ ] A = _1 |
65 shanaiii Vs=13TeV, 139 fb
All limits at 95% GL T ee/ iy, i shape fit
o> >22>2$ (Wino) ] 1 = Al I|m|t~s at 95°/~o cL =
B = 2%, x5 —» W C pp— & gl U 08,0 le ]
1L m(x9) x m(x9) > 0 : 0.5 3
S S S S R S S B S S 0 S R 00 o PRl AT S
100 150 200 250 300 350 400 ) e MR | WSRO RS TS o) S e R 1oy

m(x3) = m(x7) [GeV] m(l,.r) [GeV]
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Disappearing tracks
B

Long-lived chargino decaying
to invisible + pion
— disappearing track

Addition of IBL in LS1
allowed reconstruction of
smaller minimal track
lengths down to 12 cm

— pixel-only tracklets L R R ST
% 50 L Soft 2¢, 139 fo~', CONF-2019-014, m(x9) = m(x?) + 2Am(x:, 79
] g Disappearing track, 36.1 fo~", PHYS-PUB-2017-019, m(x2) = m({9) |
J Q) 2 1
= L LEP2 Y7 excluded
p 10/1\— 20 i . —»5 j'rj(ioieiical prediction for pure Higgsino |
~0 .

X 1 H 1 O = —

l>< o

N -
5E Il

~0 I

~+ 1 <
p X 1 ~ 2 ES fiehis =i =l
N ___-----"""" ATLAS Preliminary

+ 1E0----" i Vs=13TeV .
™ . pp — X7, X9 XXy Xi 3 (Higgsino) 7
05 . All limits at 95% CL —
. . . r HifiL — Observed limits = = Expected limits
Old LEP limits partially | T —————

R | | S eS| NS rA | [ K
100 120 140 160 180 200
m(x7) [GeV]

superseded now.




Searches for dark matter in BSM mediator searches

B
X Pure production of dark matter
particles invisible, need some
R other SM particle the dark
\ matter particles are recoiling
against.

Can also search for

E_™  1wo possibilities: decays of mediator

« Radiation in the initial state. E particle to SM
e Emission of SM particle from : particles.
mediator. :
q q/v/V X E q f
: I,
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Examples

T [Phys. Rev. D 97 (2018) 092005] [arXiv:1911.03947]
|
Emission of particle from |n|t|al state : Search for a di-jet resonance
|
— e.g. mono-jet . ; ’
|
a «ﬁ—f X :
| Pu '
5 > L v Zy
35.9 b (13 TeV) :
> 106 | [ | | | G | | [ I | P | | { i | | | | |—§ . q va a5
© = ; s 37 (13 TeV)
9 105 CMS =~ E(:ZS)—an. 3 : % 1 3 ‘ l . Dat'a ' l l
[%2) moanet = = = Axial-vector,m =20 TeV E 1 = 0 — Fit method
B e ] = %/NDF = 36.63/ 38
g) 10 ; 5 :VW):JJ:: § 1 ﬁ 1 02 O )I;Zatio method
w 10? I wwwzizz E : E:: 10 ___’;:('::::\f)‘o‘” 92
a B Top quark 1 S qg (4.0 TeV)
10 E Zy(ll), y+jets 3 ! B 1 - --qq (6.0 TeV)
] 1 S
10¢ 1 107!
|
' 1072
10" : 1g®
1020, |, , | " : 10451 m; > 1.5 TeV
.g 12— [ o L) Tl [l e e [T | L = m|<25’ |An|<11
i reasonexropomne==== I B GG SV
% 0.9 —0— 1 ,C\ 4: //A ....... _:
9\ 08 1 1 | 1 1 1 I 1 | 1 | 1 1 1 I 1 I | 1 1 1 I g > B >
g 2 T T | T T T I T T T | T T T | T T T | T T T I -9 "é‘ 2; -----
e | 1 I 1 1 1 | 1 1 1 I 1} l | | 1 1 1 | 1 1 1 (I“ 8_2: ..................... 1
400 600 800 1000 1200° 1400 : g D _4F . : : I =
pe* [GeV] . = 2 3 4 5 6 7.8
i . Dijet mass [TeV]
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Mono-h

Search for dark matter produced in association
with a SM Higgs boson decaying to bb

 Signal regions for the resolved (two small-R jets) and
merged regime (one large-R jet)

* Signal region without leptons, control regions with 1
(WH+jets, tt) or 2 leptons (Z+jets).

leptons
A

2

—

ET*°[GeV]

—

0 H
1

2

500
H 350
200
> -

Nb-tags

Simultaneous
fit to

chandido’re
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Mono-h

Search for dark matter produced in association
with a SM Higgs boson decaying to bb

 Signal regions for the resolved (two small-R jets)
and merged regime (one large-R jet)

Resolved Regime R=0.4 Merged Regime
150 < MET < 500 GeV L+% \an MET > 500 GeV L %
| | R=0.4 > 60T e
8 [ ATLAS Preliminary g;ﬁ,h ]
o o o . o o miss . 50 [ Vs=13TeV,79.8 1" Diboson (ait|
« Binned in b-jet multiplicity and E.™* to increase & > . .. . oimon B+ singieop -
epe . . . . B T ET* > 500 Gev B Z:jete a
sensitivity, simultaneous fit in mass of Higgs £ 40" zbtags e
candidate. T R ialles: o .
LIJ 30_ — = [TIONO- -, =
L m, = 1400 GeV, m, = 600 GeV
[ Osignat = 3:75 fb ]
20 < =
10 =
E 1 5:_I T T T | T T T T | T T T T T T T T | —:
w Tk 3
No excess seen. ® 1@*\\\\\\\\\\@%&\\\\\%\\%%\;&%
© 0.5 —+__+_ _+_ i =
) - YE e e e e il e ey =
50 100 150 200 250
m, [GeV]
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Improvements: E_™ Significance

B [ATLAS-CONF-2018-039]
E_.™ Significance S provides information on how likely the measured E_™ is due to a resolution
fluctuation. EmlSS

— formerly used for this S =

vHr

New development: Object-based Significance: s E“’“SS

Z V; ) Egﬁss)
!E_rll‘lisslz

=> 8= Covariance Matrix for each object
0T (1 - pLT)

Depends on longitudinal variance and the correlation between longitudinal and transverse measurements.

::}EJ 1 T T I T | T T T T | T I
s | : — depends on input objects to E™* and their
Q2 08 A-. 3 o 4o . . . .
£  ATLAS B Y ! uncertainties; good discrimination between
E . Simulation Preliminary ‘\\ _ real and fake ETmiss
=4 06 fs-13Tev a 7
‘é - 2 b-tag, Resolved SR i | . . L
4L = Objectbssed E" Signifcance - Objecjc-based Etmiss significance shows
g i —e— Event-based EJ"* Significance &Y Superior performance‘
25 0.2 _ A . [miss _“; . .
i i i First results show also good modeling for full
B T R o S S D Run 2 data.
0 01 02 03 04 05 06 07 08 09

Signal Efficiency (eg)
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Improvements: VR track jets

B [ATLAS-CONF-2018-039]

c>)‘ T T T | T T T T | T T T T | T T T T

= 4= ATLAS Simulation Preliminary it

2 L fe=13TeV . -

. . = B -6-- FR 0+1+2 b-tag —#— VR 0+1+2 b-tag -

For the merged signal region = " Z.2HDM ; _

. . ) . 0.8 -G FR1btag  —# VR1b-tag _

improvements for high Z' masses in the - By RO i

identification of the two-b-tagged jets by e [ Merged SR : i

using variable radius track jets e N

(&) - i

(&) e il

P < 04+ -

R — Ref(pr) ® — B B ARG B e i

PT L e e e e ]

e 27

with p = 30 GeV, Ry, = 0.02 and Ry.x = 0.4 E | | | e

i 1000 1500 2000 2500 3000

. . m,. [GeV]
Instead of using two small R=0.2 track jets.
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Mono-h

Limits set on mass of mediator (Z') and boson A. Dark
matter mass fixed, as well as coupling strength and mass
of other Higgs bosons.

; 1000 : T I T T T T | T T T T | T T T T I T T T T | T T T T l T ]
[ - ATLAS Prelimi — Observed 95% CL :
O, o900F J/5=13 ;:\;rr;ga:¥b_1 ====1 Expected 95% CL (+1c)—
N - 5 Ll —-- PRL 119, 181804 .
= 800 h(bb) + E?"SS: Z’+2HDM simplified model —
- tang=1,97=0.8 m =100 GeV, my = my: = 300 GeV 1 Improvements
7001 —
= 1 | due to use of
600 A VR track jets.
. 500 =
Region - ]
where 400:_ : _:
object-based . 1
i = | 1 | Ah 1
E mISS 1855 | | | L | 1 | | 1 | 1 1 | | | | I N | |
T 500 1000 1500 2000 2500 3000
significance my [GeV]
gets relevant.
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Reinterpreation of the mono-h search for dark Higgs models

[ATL-PHYS-PUB-2019-032]

Dark Higgs model:

« Additional Higgs boson s.

» Motivated by need to generate
masses in DM sector.

e Can relax DM relic abundance
constraints by opening up
additional annihilation channel.

-(49-5' LSSEF) VLB o P [, S e T SR st S S (S S e W ) B
= e MG5aMC@NLOS|muIat|on : i:bml/n It 1N
= b
Decays depend on G s HH
mass of s - [l \ g
for small masses i 1 Decays s > WW,
s— bb - \ i . 77, HH topic of
i 4 1 | future analyses
Thus e
reinterpretation of i r"
mono-h search ees SEE——
possible.
0.0 5550 ‘15'0 200 550 300 350
m [GeV]
05.12.2019
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Reinterpreation of the mono-h search for dark Higgs models

RECAST/CERN analysis
preservation efforts

Mono-h search preserved in RECAST -
one of the first analyses preserved at
ATLAS!

Allows analysis of any other signal
model/scenario in the future using the
original (preserved) analysis software with
minimal effort.

Exclusion limits up to a Z' mass of 3.2 TeV.

Event Generation w Event Selection

[ATL-PHYS-PUB-2019-032]

Data Archive
Observed Data

[ Background Estimate

Signal Estimate

120

100

80

60

T | T T T | T T ] | T T T | T T T | T

- ATLAS Preliminary
: V/5=13TeV, 79.8f "

~ s(bb) + Ess: dark Higgs model
© gg=0.25g, =1.0, m =200 GeV

—— Observed limit
Expected limit
(1o and +20)

--=-+ Relic density

| | | 1 | | | 1 | | | | 1 | I | | | |

1 n L I 1 1 1 1 I 1 L | 1 ‘ 1 L L 1 | 1 1 1 1
1000 1500 2000 2500 3000 3500

500

mz [GeV]

Partial Likelihood CInference B{Resull]
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Mono-h searches at CMS

I [arXiv:1908.01713 [hep-ex]]
35.9 fb™' (1 3 TeV)
E ~ T T T T T | T
L0tk CMS — Combination— h(ZZ)_
O'Y E Z-2HDM, Dirac DM W tl1sd  —h(WWk
hes for h — bb + E ™ i AR mA—$88CC§\\; t2sd. —h(yy) 3
— bb + O = e —h(bb —h(tt) ]
« Searches for SN 10k o 2059~ 1, tanp- 1 (bb) (t7)

case of low Z’' masses in
certain models not sensitive .
(as then relatively low E_™* 10

needed).
— Study other channels like Tk 0= Gl i ot
h = 1t and h = vy, and also el
h - ZZ and h—> WW + E_™

Sohd(dashed)hnes: i
observed (expected) 95% CL

T TTTTI
1 IIIIIII|

T IIIIII|
L1 IIIIII|

I

he W IIII|

T TTTI
(AR

e« Combination of all channels.

—
S
T IIIIIII_L

L1 IIIIIII

10—2 1 1 el e g ! !
500 1000 2000 3000

m,. [GeV]
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Summary of searches for dark matter in BSM mediator models

I [JHEP 05 (2019) 142]

1.6

| Dijet
Vs =13 TeV, 37.0fb™
PRD 96, 052004 (2017)

— Dijet TLA

Vs =13 TeV, 29.3fb™
PRL 121 (2018) 0818016

~ Dijet + ISR

Vs =13 TeV, 155"
Preliminary ATLAS-CONF-2016-070
= {t resonance

Vs =13TeV, 36.1 b
EPJC 78 (2018) 565

[ | Dibjet
Vs =13 TeV, 36.1 b
PRQ 98 (2018) 032016
 ET%+jet

Vs =13TeV, 36.1 b
JHEP.1801 (2018) 126

— E_r|‘[1ISS+,Y

Vs =13TeV, 36.1 b
Eur. Plhys. J.C 77(2017) 393

= EreLZ(1)
Vs =13 TeV, 36.1 fb”!

PLB 776 (2017) 318

| e 1B ETRY()
0 0.5 1 1.5 2 2.5 3 3.5 Ys =13 TeV, 36.1 fb™

JHEP 10 (2018} 180

o

Dijet + ISRy
N

m, [TeV]

1.4

vlet TLA

1.2

Iﬁllllllllllll

Q)’

0.8

0.6

0.4

ator, Dirac DM

0.2

i g x g J

Zya Zya
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Summary of searches for dark matter in BSM mediator models

[JHEP 05 (2019) 142]

e e ' ' s — titt
iR T | |~ W . g JHEP 09 (2017) 088
i \s=13TeV,36.1fbo" |
Limits at 95% CL
\‘ \‘ — Observed _E?iSS +Z(Il)
“‘ \‘ -- Expected | PLB 776 (2017) 318
% % 2HDMua, Dirac DM
B m, = 10 GeV, g, = 1 —E™* 4 1(ob)
§  My=my=my, =600 GeV PRL 118 (2017) 181804
. . sin6=0.35 o
] 2 B L e il
< P | BET*+h(yy)
- Lo anf=1 1 PRD 96 (2017) 112004
‘- :/ T
‘-‘ L .' E ------ ] _E_I’IljiSS +ft
------ B 7 === eesmnmamammenennnt EPJC 78 (2018) 18
.............. :: 5.. JHEP 06 (2018) 108
- . - r/m, > 20%
! iy =h(inv) ys=7,8 Tev;4.7,20.3 fo"

100 150 200 250 300 350 400 450 500 550 MHEP11 (2015206
m, [GeV]
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Comparison to non-collider dark matter searches

For specific models
and parameter
assumptions
comparison between
collider and direct
detection
experiments possible

— collider
experiments cover
dark matter masses
down to 1 GeV in
these models

[JHEP 05 (2019) 142]

107 T BDiet

Dijet fs = 13 TeV, 37.0 fo’!

PRD 96, 052004 (2017)

Dijet TLA fs = 13 TeV, 29.3 fb"!

PRL 121 (2018) 0818016

Dijet + ISR s =13 TeV, 155 b
ATLAS-CONF-2016-070 (Preliminary)

—tt resonance
¥s=13TeV,36.1 b
EPJC 78 (2018) 565

B= Dibjet
Vs=13TeV, 36.1 b’
PRD 98 (2018) 032016
— —MisS
ET™+X

ET**+y fs = 13 TeV, 36.1 fb'

Eur. Phys. J. C 77 (2017) 393
ET+jet fs = 13 TeV, 36.1 fb"
JHEP 1801 (2018) 126

ET®*+Z(ll) ¥s = 13 TeV, 36.1 fb!
PLB 776 (2017) 318

ET**+V(had) {5 = 13 TeV, 36.1 fbo!
JHEP 10 (2018) 180

— CRESST Il

arXiv:1904.00498

o, (x-nucleon) [cm?]

E

—— XENON1T
Vector mediator, Dirac DM N
— PandaX

1 0_47 gq =0.25, gl =0, g% =1 PRL 117, 121303 (2016)
ATLAS limits at 95% CL, direct detection limits at 90% CL — DarkSide-50

il PRL 121, 081307 (2018)

1 10 102 10° —LUX

PRL 118, 021303 (2017)
/ e

g, = 0.1,9 =0.01, g =1

Vector mediator, Dirac DM

Comparison only valid for a very specific

[] L] ] '
ATLAS limits at|95% CU direct detection limits alI 90% CL model with SPeCIﬁC parameters'
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New directions

So far no dark matter particles discovered (although fluctuations present in
some SUSY searches), but may hide in more difficult scenarios!

o Comprehensive search program for DM - be aware of the model
dependency!

« Particular interest in models with Higgs bosons, due to need to generate
mass for the DM particles/link the Higgs bosons to the DM sector.
+ for SUSY: Higgs needs to be linked to SUSY particles to solve hierarchy
problem!

m(;, X3) [GeV]

« Only getting now sensitive to difficult SUSY EWK scenarios
— Small Higgsino masses motivated by naturalness arguments. ’I

A

0.2t 1 . L i . |
80 100 120 140 160 180 200

» Using sophisticated modern techniques helps! ity o
— Separate signal from background better by using shape differences
— Machine learning, boosted jets, multi-bin/shape fits

» Not covered in this talk, but comprehensive search program: long-lived
particles ’
— E.g. disappearing track searches
— Also new particle experiments proposed, e.g. FASER, ShiP, ...




Where we might go to with HL-LHC

e [ATL-PHYS-PUB-2018-043, ATL-PHYS-PUB-2018-048]
;‘ E ] 8 R e ) L e e v ) o) S e T ’iiioﬁwtiohrio—)1e/l.L+bB+E-rpiss
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EX - \/§.= 13 TeV, 3 ab exp. sys. x1, th. sys. x1 ] 91 OOO_ ATLAS Simulation Pre“minary S155] 95% CL exclusion (+10,,)
1 200__ /E\;(Ial-\'ieCtO-I' M;dr\l/lator exp. sys. x1/2, th. sys. x1/2 5 Cf;v— E:'I 4 TeV, 3000 fb_1 === 5o discovery
o amaticisd i = 800 All limits at 95% CL
1 000; 9,=025,9, =1 exp. sys. x1/4, th. sys. x1/4  _| =

I 95% CL limits
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e Expected to reach limits up to ~1200 GeV for specific
chargino/neutralino decays for HL-LHC

o Dark matter searches also reaching limits in 2.5 - 3 TeV ballpark (on the
mediator)

e Searches not only profit from higher statistics, but also from
improvements in techniques, like machine learning
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...and what we could do at future colliders

B [CERN-ESU-004]

Constraints from relic density:
e Pure Wino: 3 TeV
e Pure Higgsino: 1.1 TeV

Indirect Detection Pure Higgsino 1 90% CL Direct Detection Projection ] Pure Wino
FCC-hh | Indirect Detection |
LE-FCC | FCC-hh ]
FCC-eh | LE-FCC I
T | FCC-eh ]
) ) ] HE-LHC ]
HL-LHC I 2a, Disappearing Tracks . .
———————————————————————————————————————————————————————————— HL-LHC | 20, Disappearing Tracks
CLIC 3000 ]  Kinematic Limit: Vs /2 | e S i et
e T 20. Indirect Reach 3000 Kinematic Limit: V's /2 ]
CLIC1s500 ] | 20, Indirect Reach
ILC 1 ] e I I
(S - (o —
f \
Thermai ) | Thema srons)
0.1 0.2 0.5 1 2 5 0.1 0.5 1 5 10
M, [TeV] M, [TeV]

Fig. 8.14: Summary of 20 sensitivity reach to pure Higgsinos and Winos at future colliders.
Current indirect DM detection constraints (which suffer from unknown halo-modelling uncer-
tainties) and projections for future direct DM detection (which suffer from uncertainties on the
Wino-nucleon cross section) are also indicated. The vertical line shows the mass corresponding
to DM thermal relic.
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Summary

I
ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

October 2019 Vs =13 TeV
. - ar
Model Signature  [Ldt [ Mass limit Reference
33, G—gt) Oe,p 2-6jets EPS 139 |g [10x Degen] 1.9 m(7})<400 GeV ATLAS-CONF-2019-040
o mono-jet  1-3jets EP 361 0.71 m(g)-m(¥))=5 GeV 1711.03301
£ ot Oeu  26jets Ep™ 139 |2 2.35 m(¥))=0GeV ATLAS-CONF-2019-040
% 2 Forbidden 1.15-1.95 m(¥})=1000 GeV ATLAS-CONF-2019-040
v 3epu 4jets %1 |2 1.85 m(F))<800 GeV 1706.03731
o ee, iyt 2jets  ET  36.1 z 1.2 m(z)-m(¥1)=50 GeV 1805.11381
S gz gogqWzh Oeu  7-Mjets EP' 361 | 18 m(¥}) <400 Gev 1708.02794
3 SSe,u 6 jets 139 |z 1.15 m()-m(t})=200 GeV 1909.08457
< +
= g gt O-1epn 3b EFs 798 | 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 | & {1E25) m(z)-m(¥})=300 GeV ATLAS-CONF-2019-015
biby, by —bR)jE Multiple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(bY})=1 1708.09266, 1711.03301
Multiple 36.1 | B Forbidden 0.58-0.82 m(¥})=800 GeV, BR(b¥))=BR(t¥})=0.5 1708.09266
Multiple 139 | B, Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(¥)=1 ATLAS-CONF-2019-015
o bbb —b¥3 — bhi) Oe,p 6b EPs 139 |5 Forbidden 0.23-1.35 Am(P3,79)=130 GeV, m(¥})=100 GeV 1908.03122
xS by 0.23-0.48 Am(B3, ¥))=130 GeV, m(¥})=0 GeV 1908.03122
§E SN ) E ~ -
§.§ iy, > Wb or ) 02ep O2jets/12bEP™ 361 | 1.0 mE)=1 GeV 1506.08616, 1709.04183, 1711.11520
e g Nhh SWbE) leu  3Bjetstb EP™ 139 | & 0.44-0.59 m(¥))=400 GeV ATLAS-CONF-2019-017
gg hi, [ >1by, 151G Tr+tept 2jtsitb EMS 361 |4 1.16 m(#)=800 GeV 1803.10178
= 2 A, ok /68, eock) Oe.p 2c  EPS 361 |e 0.85 m(¥))=0GeV 1805.01649
S0Es) v i 0.46 m(7 &)-m(¥})=50 GeV 1805.01649
Oe,u mono-jet  EP™ 36.1 i 0.43 m(i, &)-m(¥})=5GeV 1711.03301
hb, hoh +h 1-2epu 4b EP* 361 [ 0.32-0.88 m(¥})=0 GeV, m(7,)-m(¥})= 180 GeV 1706.03986
by, h—i +Z 3eu 1b EP® 139 [ Forbidden 0.86 m(¥?)=360GeV, m(7)-m(¥})= 40 GeV ATLAS-CONF-2019-016
TERS via wz 2-3e,u e a5 i.*/)?; 0.6 m@)=0 1403.5294, 1806.02293
ee,pup >1 EFs 139 | 0.205 m¥i)-m(t))=5 GeV ATLAS-CONF-2019-014
XK via Ww 2ep Ems 139 | 0.42 m(E))=0 1908.08215
Y via Wh 0-1ep  2b2y EMS 139 | ¥/¥; Forbidden 0.74 m(E))=70 GeV ATLAS-CONF-2019-019, 1909.09226
T ~ -~ - P by
= § Nifivial/v 2e.pn EFs 139 B 1.0 m(Z,7)=0.5(m(¥; }+m(E?)) ATLAS-CONF-2019-008
WS 22 1oot) 27 EMs 439 |7 (L #r) INIOHE0/3] 0.12-0.39 mE?)=0 ATLAS-CONF-2019-018
Tirbig, I-e8) 2ep Ojets  ENS 139 |7 0.7 mE)=0 ATLAS-CONF-2019-008
2ep >1 Emss 430 [i8 0.256 m(B-m(¥})=10 GeV ATLAS-CONF-2019-014
HHA, A—hG|ZG Oepu >13p =ENS o860 ):4 0.13-0.23 0.29-0.88 BR(Y! — h()=1 1806.04030
depu Ojets EF™  36.1 i 0.3 BR(¥! — ZG)=1 1804.03602
B o Direct¥{¥i prod., long-lived ¥i Disapp. trk ~ 1jet  EP 361 | ¥ 0.46 Pure Wino 1712.02118
=8 % 015 Pure Higgsino ATL-PHYS-PUB-2017-019
G S
g"g Stable g R-hadron Multiple 361 |z 2.0 1902.01636,1808.04095
S S Metastable g R-hadron, g—qg¥) Multiple 36.1 m(¥))=100 GeV 1710.04901,1808.04095
LFV pp—v, + X, Vr—eu/et/ut epL,eT,ut 3.2 A31,=0.11, A132/133/233=0.07 1607.08079
TERT IR — ww)zeeeevy depu Ojets  EFs 361 m(¥})=100 GeV 1804.03602
22 g—qa¥1. X — qqq 4-5 large-R jets 36.1 Large 17, 1804.03568
n>. Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
EN 77, isit) 7D s ths Multiple 36.1 m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
fhf, hi—bs 2jets+2b 36.7 1710.07171
fhi, fi—ql 2ep 2b 36.1 BR(7 —be/bu)>20% 1710.05544
1u DV 136 BR(f —qu)=100%, cosf,=1 ATLAS-CONF-2019-006

*Only a selection of the available mass limits on new states
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

or

10! 1

Mass scale [TeV]



Backup
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ATLAS detector

25m \— N /
W\ \II‘ \_\, | //
<'/ f :

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiafion tracker

Semiconductor fracker



ATLAS and CMS detector




Loopholes? Analysis of electroweak searches by Gambit
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Due to little excesses at different places two
interpretations:
e Potential model that could result in the
excesses,
e Shortcomings of current searches.
Conclusion is that current searches are not
sensitive to longer decay chains.

[arXiv:1809.02097]

Likelihood combination of various LEP,
ATLAS and CMS searches for
electroweakinos:
— using best possible signal region in case
of the multi-bin signal regions in cases
where no information on correlations
provided, else approximation of full
likelihood of search.

— ;}3;{2 production, with e.g.
W24 o W™+ oW W4
_ }“C;'XE production, with e.g.
T WELY S WE+Z+ 10
— i’; ):%’ production, with e.g.
GoWEER 822+ 8- Z2+24 0
— ;{f;' }:2’ production, with e.g.
o WEL o WE+Z+ 70,
XWX > W+ W+
_ i;" ):f{ production, with e.g.
oWt -oWE+ 2+, 8- Z+ %0
— i;" ):g production, with e.g.
o= h+xf=2h+WE+0 9> 2+
— }“j X%’ production, with e.g.
Ko WEHRL R = W 43 = W W+ 38
- X}L X} production, with e.g.
f{j _>Z_|_)"d_ —)Z—I—I’V_F‘l‘i'(l;v
Noh+x3—=h+Z4+%8
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