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Super Symmetry

Generation All SM particles have a
S B 0|

Supersymmetric particle partner
which has spin different by half
an integer and a larger mass

Bosons

However illusive SUSY insists on being it is an elegant model that could solve many of the
unanswered guestions in the SM, such as the hierarchy problem and can provide a viable dark
matter candidate.
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Search for RPV SUSY - stop to b jet and lepton SUSY-2018-37

Number of b-tagged jets > 1 Jo J1
Lo ) my, , asymmetry
2 opposite sign 0 )
leptons mbz,” — mbf
el i Jo  Ji
0 |
My T My,



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-37/

Search for RPV SUSY - stop to b jet and lepton SUSY-2018-37

Dominant backgrounds are: ttbar, single top and Z + jets
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Search for RPV SUSY - stop to b jet and lepton SUSY-2018-37

Results significantly extend the mass exclusion limits on the “B — L stop” model
from previous ATLAS searches

ATLAS Preliminary
V=13 TeV, 140 fb!
Observed 95% CL mass limit
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Search for RPV SUSY with 6 - 10 jets JHEP 05 (2024) 003

are the dominant background

2 complementary analysis methods are used:

. - use Jet kinematics and event shapes in a semi
data driven method for background extrapolation

\(é-’—-l?é%v 140 b background
; Total Uncertainty o - USe M L tO

["Im(@) =1.5TeV

address the combinatorial
assignment problem to reconstruct
the gluino mass
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Search for RPV SUSY with 6 - 10 jets JHEP 05 (2024) 003

Limits set on the production of gluinos in the gluino direct decay and cascade
decay models in UDD scenarios of RPV SUSY

gg production, g — qqx?{, x{ — dqq

- ATLAS
- /s =13TeV, 140 fb™
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ATLAS Best expected limits

All limits at 95% CL
(s=13 TeV, 140 fb™ —IrrC])Ibssgrved = -
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c x BR [pb]

Expected 2 ¢

— EXxpected jet counting

— Expected mass resonance
=== Theory (NNLO+NNLL)

All limits at 95% CL
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Submitted to JHEP

Stop to top or charm Analysis

Target 3 regions of parameter

space:
P Number of b-tagged jets > 1

. Am(i,, 7)) > m(7) - highly

boosted c-jets
O leptons

. Am(f,, )“('(1)) > m(t) -moderate p;
c-jets .
. E;:HSS
e Am(t, )?(1)) ~ m(t) low p; c-jets,
require a high p+ Initial state
radiation jet to trigger on

Number of c-tagged jets > 1
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Submitted to JHEP

Stop to top or charm Analysis

For boosted/moderate regions a cut-and-count analysis is used. Large radius top-tagging
to distinguish from SM backgrounds

For the compressed region, Am(f;, )"('(1)) ~ m(t), use a neural network to distinguish
between background and signal

ATLAS Z+jets B Wjets ATLAS tt Bl W-jets
Vs =13 TeV, 139 b’ tt Il Others Ys=13 TeV, 139 fb Z+jets B Single-top
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Stop to top or charm Analysis Submitted to JHEP

The results to date at the LHC on a search for BSM physics in
this final-state signature
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Compressed Displaced Track Analysis  Accepted by PRL

Initial state radiation jet p, > 200 GeV

Higgsinos with masses near the |

electroweak scale can solve the Jet

hierarchy problem and provide
a dark matter candidate

E"s > 600 GeV
If the mass splitting of the Higginos

IS Compressed”
O(Am(y,~, )(10)) ~ 1 GeV the

lifetime of the )(1— isct ~ O(1) mm

“Mildly displaced” track with 2 > p, > 5 GeV and
significance of the tracks transverse impact

parameter S(d,) > 8
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Compressed Displaced Track Analysis  Accepted by PRL

Dominant kgrounds:
O a baC g ou dS + Data &TotalSM

» W — v, a pion or lepton from a low p; ATLAS acDwack [ Wats (4 rack

(s=13 TeV, 140 fb™
- W-+jets (r,, track)  Other

T decay

(Signal m(%"), Am)=(125, 1.0) GeV
- === (Signal m(x.), Am)=(150, 0.5) GeV
- e (Signal m(;’Z1), Am)=(125, 0.35) GeV

Estimated using a semi data driven

Pem— SR-Low
method = R . SR-High
: — snedinpppes g
. . \ h
e Z — vu(17) + jetsand W — £ + jets, M

¢ = e, i - hadrons in the jets with with
measurably long lifetimes

A MR \\\\\\\\\\L\\\\\\\\\\W&\

Data / SM

Estimated using fully data driven
method, ABCD method

2 signal bins in $(d,)) (sensitive to lower/
higher Am)

12


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/

Compressed Displaced Track Analysis  Accepted by PRL

Result bridges a long-standing INn the sensitivity of Higgsino searches

ATLAS
V/Ss=13TeV, 136140 fb~

PP — XaX71sXaX1: X3X1> X7 X, (Higgsino)

m(X3) = m(X3) +2Am(X7, X3)

3¢ + Soft 2/
Disappearing track, m(xs) = m(x?)
LEP2 {7 excluded

* Theoretical prediction for pure Higgsino

All limits at 95% CL

SUSY
+1 Otheory)

--- Expected Limit (+10exp)
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pMSSM Electroweak Scan JHEP 2024 (2024) 106

. pMSSM Parameter
Results from 8 ATLAS SUSY Run 2 searches used in . . ,
. . Ratio of the Higgs vacuum expectation values for the two doublets
pM SSM SCans tO Set COnSt ral ntS on eleCt roweak prOd UC’[IOH Pseudoscalar (C P-odd) Higgs boson mass parameter
. . Higgsino mass parameter

of charginos and neutralinos Bino, wino and gluino mass parameters

As, Ap, A Third generation trilinear couplings

: Mg, M., M > M;, M5, First/second generation sfermion mass parameters

The pMSSM consists of 19 parameters, the scans use 5 M, My, My My Mz, Third generation sfermion mass parameters

parameters relevant for the electroweak production

79%3 —bb @ A/ funnel

2 scans are performed, one with an additional constraint on fis = 2 g & B

| M| < 500 GeV to focus on low-mass bino models Gy 5 models that
satisfy the DM
relic density
constraint
Qh* <0.12

Wino-like r SRR

Higgsino-like . . TL AS
Bino-like ¥ EWKino scan

BinoDM scan .
Before relic density constraint .-
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pMSSM Electroweak Scan

Number of models

Frac. excl.

ATLAS

EWKino scan

J/s=13TeV,140 fb~

All considered models

After non-DM external constraints —

After ATLAS Run 2
+ non-DM external constraints
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Combinations of electroweakino and slepton searches Submitted to PRL

Statistical combinations of

previous ATLAS searches for ATLAS (s=13 TeV, 139 fb”
charginos and neutralinos Al lmits at 95% OL
using various decay channels combination
In general the combination AN _‘;;;:::"" oy
extends the mass reach of the . Y indiidual Anaiyses
produced SUSY particles by 5 - = Expecied Limk
30-100 GeV £/ ' _itxcﬁﬂi?}lme%e
1 B arXiv:2106.01676
' 1|
Sensitivity of the original e .
searches Is Improved by the , ~\ | - %r?i‘sz:2204.13072
combinations: lowering — soo 800 I s
by 15%- (~i/560) (GeV]
40%
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Summary & Outlook

* No signs of Supersymmetry, however, a lot of phase space has been
excluded and results can be to other models with
similar final states.

* Currently taking data in Run 3, many analyses are developing exciting,
new, novel analysis techniques to probe difficult to reach regions of

phases space. Working on great improvements in flavour tagging:
LINK.

* Plans are a foot for HL-LHC, more collision = access to probe rarer
processes!

* Find all our public SUSY results here: LINK and summary plots here:
LINK.
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yybb + EY’Z”‘iSS Analysis

3 Signal Regions:

. E?iss < 100 GeV optimised for low m()"('(l))

« 100 < m(bb) < 140 GeV (bs from h)
e 60 < m(bb) < 100 GeV (bs from 2)

o EY’Z”‘iSS > 100 GeV optimised for high m()??)

e 35 < m(bb) < 145 GeV (h & 2)
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yybb + EY’Z”‘iSS Analysis

Dominant background from non-resonant
events: no peak around m,, ~ m;, GeV =3

from prompt diphoton events and jets
masquerading as photons

Estimate using data driven techniques
(‘2x2D sideband method’)
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yybb + EY”I‘"SS Analysis Submitted to PLB

cross-section for higgsino pair-production pure-higgsino branching fraction to hG

i 0 ~t~0 ~0~0 ~ ~ ~
PP = XXy Xy A Xy s Xy Tpo %q = NG 0r ZG

| I | | | I I | | | I | I \\ Y | I | | | | | I | | | | I I
NG A3
~ g‘
&

—— Observed Limit
STy Expected Limit ATLAS

Expected Limit £1 ¢ _ y
Expected Limit 2 ¢ Vs=13 TeV, 139 fb

m== Theoretical pred. All limits at 95% CL
ATLAS

\s = 13 TeV, 139 fb™
All limits at 95% CL

B(3, — hG)=100%, m(G)=1 MeV

Excluded above limit line here
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Electroweakinos and staus JHEP 05 (2024) 150

2 < 7’s in final state

Increased sensitivity with machine learning for the direct stau
production channel

The data driven ABCD method is used to estimate the mulitjet
background. Other backgrounds are estimated by normalised MC
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Electroweakinos and staus JHEP 05 (2024) 150

Zfi(: — 2 x Tv(VT) > 2 X ’WZ:

ATLAS
Ys=13TeV, 139 fb
All limits at 95% CL

- - - - Expected Limit (+1 6,,,)

ATLAS SR-C1C1-combined
s=13 TeV, 139 fb™

m.=(m _+m_.)/2
T 7 X

1

All limits at 95% CL —— Observed Limit

Expected Limit (£1 6,,,)

ATLAS (Observed) Phys. Rev. D 101 (2020) 032009
. LEP observed

100 150 200 250 300 350 400 450 500 550
m(T_g) [GeV]

800 1000
m. [GeV]

Ty — W) VT(TV) = WETTVWK, 1K~ 2X T (T1) - 2 x s
~+~0

~0
T - ;(1)(2—>Wh+2><)(1
A TL A S Expected Comb. Limit (+1c,,)

Vs =13 TeV, 139 fb™ Combined observed
SS observed

ATLAS SR-Wh-combined
Vs=13 TeV, 139 fb™

m.: = Mo
x1 x2

m. = (m_ +m..)/2
X 2
All limits at 95 % CL

SS expected
OS observed

Expected Limit (1 6,,,)

M-:= m..o
X1 Xz

- - - - OS expected All limits at 95% CL —— (Observed Limit

200 400 800 1000 1200 1400
m),(i,m)NCO [GeV]

300 350 400 450
MM [GeV]
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Electroweakinos and staus JHEP 05 (2024) 150

0 o\ e ~0 ~0 ~+~F ~ e ~0
x:xz — VTT(VV),TVTT(VV) — VY TT(VV)X, x:;"(:—> 2x (V1) = 2 X VY

350

ATLAS
300 E=1 3 TeV, 139 fb—1 — — — - Expected Comb. Limit (x1c

Combined observed

250 - (m-io + M.)ie SS observed

All limits at 95 % CL

exp)

- - — - SS expected

OS observed
200 An - - — - OS expected
150
100

50

100 150 200 250 300 350 400 450 500 550
mf’m'ic" [GeV]
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Search for higgsinos in HH(4b) +E¥‘m Accepted by PRD

2 search channels:

* | ow-mass Higgsinos using b-jet triggers

» Multijet background estimate is fully >3 b-jets
data driven .
» Optimised b-tagger Ezri}lss
« High-mass using EY’?”‘iSS trigger
e Background estimate via normalised O leptons

MC

* Improved signal/background
discrimination via multivariate
techniques
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Search for higgsinos in HH(4b) +E7’”’i‘iSS

ATLAS

Ys=13 TeV, 139 fb’
High-mass channel
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Accepted by PRD

¢ data stat. + syst. uncertainty
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Search for higgsinos in HH(4b) +E7’”’J‘iSS

A TLAS NLO+NLL HH prod. £ 1o
Vs=13 TeV, 126-139 fb" Observed limit

Expected limit
SRt
+ 26
Observed, Phys. Rev. D 98 (2018) 092002
Expected, Phys. Rev. D 98 (2018) 092002
All limits at 95% CL

Cross-section [fb]
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+ 20
All limits at 95% CL
H— hGorZG
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