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e Large number of searches for
BSM signatures done at the LHC

25m
e No clear sign of new physics, but still a lot
of unexplored models and parameter space P g, "R
T\ oot sodcap ous
e Many portals: vector (dark photons), scalar (dark Higgs), - =N e e
fermion (sterile neutrino), pseudo-scalar (axions) Musncigmbme  SaookiaGRs | Yaseten atclen ke
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NB1: full set of ATLAS public results can be found in AtlasPublic
NB2: some of the latest BSM searches using ML are in Daniel’s talk



https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://indico.fnal.gov/event/21471/contributions/259121/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-009/

ATLAS-CONF-2023-017

Squarks/gluinos Decaying Via Sleptons/W

Search for squarks or gluinos in final states with leptons
e Final state with exactly 2 same-sign leptons or at least 3 leptons (no charge requirement)

e Multiple (not exclusive) SRs to maximise the sensitivity to the various signal models
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

ALPs (Axion Like Particles)
Very light (pseudo) scalar particles L S—

e They appearin any theory with spontaneously broken global symmetry
e ALPs interactions grow with momentum

&

Existing constraints from JHEP 12 (2017) 044 - s
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e Couplingsinversely proportional to NP scale A,

e Non-thermal candidates for DM, explain unclear astrophysical
phenomena (e.g. TeV transparency, stellar cooling excess)

Interesting region for (g-2) anomalies
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ALPs Searches with AFP !@’ A1-A2 CON- 2023 002 et

Search for forward proton scattering with light-by-light scattering

e Fordi-photon masses >~ 20 GeV effective yy luminosity in pp collisions higher than Pb-Pb yv cross section can
be enhanced by BSM
e Resonance searchin m, dlstrlbutlons pair of photons in ATLAS + at least 1 proton tagged

in ATLAS Forward Proton (AFP) F\/:]>
e Proton-proton collision data recorded in 2017 @ 13 TeV (14.6 fb™) "
: et
AFP AFP et
Scattered Scattered i / P

proton proton 1 or both protons can dissociate

radiating a virtual photon

v Sty 2L m

e AFP > Roman Pots system (ATLAS-TDR-024, ATL-PHYS-PUB-2017-012)

o 4tracking units located at z=+205mand £ 217 m

o Each station has a silicon tracker made of four planes of edgeless silicon pixel
ATLAS BSM @ Aspen 2023 sensors (6 um resolution)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-002/
https://cds.cern.ch/record/2017378
https://cds.cern.ch/record/2273274

ALPs Sea rches With AFP !@D ATLAS-CONF-2023-002 sutng

Search for forward proton scattering with light-by-light scattering

e Selection based on proton energy loss fraction: £=1-E ATLAS Proliminary

scattered/ Ebeam

¢ Data
—— Background-only fit

I

protons produced in another collision
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Most significant excess at m, = 454 GeV, 2.51 o local

significance. Global p-value for null hypothesis > 0.5
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-002/

Many extensions of the SM introduce a dark/hidden sector (DS)

e DS containing a dark abelian gauge group U(1), gives rise to “vector portal”
- kinetic mixing between dark photon (DP) and SM hypercharge gauge boson (¢ ~105-10%)

> If U(1),, is broken > massive DP

PROMPT ' pispraced
LEPION JETS ' | £270M JETS

mm
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e Higgs portal: could observe deviations in
some SM Higgs decay channels

e Can explain DM, some astrophysical
observations (positron excess in cosmic
rays), muon anomalies, ...



Dark Photons via ZH !@D HDBS-2019:13

Search for dark photons produced through ZH using 139 fb™! of data

e Branching ratio of H > yy  with values up to a few % are possible for a
massless dark photon / heavy DS scenarios

e Lookfor
o resonant p+MET events (selection optimised for signal acceptance)
o 2 same-flavour, opposite-charge electrons or muons (trigger and Z

mass constraint)

e Relatively clean signal

e Signal sensitivity improved using a
classifier using 6 variables: Bl significance, m, P, m,. and

|EF™ + 571 - pif

7e
Pr

my = \/ZE%“i“p%[l s COS[A(D(EIFmSS,ﬁ% 1 p_}atio =

e 5-fold cross validation strategy:
o Samples divided into 5 subsets > 5 BDTs trained

m Each BDT training: 4 subsets used for training and 1 for testing

-> 5 BDT trainings = permutations of training-testing setups - used to compute
BDT score of data divided into 5 subsets in the same way

ATLAS BSM @ Aspen 2023



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13/

Dark Photons via ZH !@T G

Search for dark photons produced through ZH using 139 fb™* of data

qq and gg production ‘% Y,
e Backgrounds:

o Irreducible from VVy final states to decay leptonically
o Reducible: fake ETmiss (dominant), particle mis-identification (e ~ 7), jets not contained in the detector
acceptance, t > W(> 4)b

m e ~ yestimated using a “probe-e” CR (SR selection + extra e required): 21.0 + 2.4 (ee) and 20.4 * 2.1 (uu)

m Fake E_™* estimated using ABCD (CRs enriched with fake E_"™"**); residual E,™** (from e ~ y) and background (WVy, ...)
subtracted: 413 £ 50 (ee) and 581 * 64 (uu) events

m Others bkg estimated using MC simulation constrained by data in VR £10°FATLAS
& 10°EVs=13TeV,L =139 fo" 1o
108 E-SR, ee+uy, Post-fit 14F
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13/

: A
Dark Photons via Rare Z Decays  ATLAS-CONF-2023-016 m

(First!) search for a dark photon and dark Higgs produced
via dark Higgs-strahlung in rare Z boson decays
e Final state: 4/(e/u from on shell DP, same-flavour opposite-charge) + X

e Dominant background from qq - 4/(modelled using MC and normalised to data)

Considering m
kinematic mixing () but large
enough to have prompt decays
(LLP example in Daniel’s talk)

Myt small

ol
2T
hd\%;:' L

/)

A <g

L Vel

e Subleading bkg from Z+jets, top-quark and WZj; with fake leptons, minor contributions (<5%) from ZZ > 4/,

tri-boson, tt + X (J/y, Y(bb), b jet vetoes)

e Signal selection:

m,,<m, -5 GeV (suppress qq - 4/

Quadruplet with smaller lepton-pair
mass difference

m/dlower) /mdlhigher) > 0.85 (ensure

originate from A’ decay)

Same (opposite) flavored leptons
required to have AR > 0.1 (0.2)

mN>5GeV

| So) 8 PR o e o g M N

Veto to suppress quarkonia bkg

ATLAS BSM @ Aspen 2023
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-016/
https://indico.fnal.gov/event/21471/contributions/259121/

| Long-Lived Particl
€] \  COVERED / Ong Ive ar IC eS
\ B/ CUMENT /WP
NS UEERRAHES . ;E:QJ‘;‘_RW o er (m) ‘ arXiv:1903.04497
\ / IMRECT PRoBUCTION =2 “/l le »
\__ _ [ — = g i
/ n _Te, " LLP in the SM
& 1 -+ ,r, .T.Bi
ZOUPLING M /o T N 7 oo | "...; .W.r(m ; t
: . ) : 1072 ’ Z.‘
Nature is plenty of particles with macroscopic detectable A ——————
10712 1078 1 > n
decay lengths i
e Not surprising that long-lived particles (LLP) might exist also
beyond the SM 4
=
e New particles might more likely labelled as background §
N~
A

e The particle lifetime is a free parameter in the model (sampled
from an exponential)

e Detector signatures strongly depend on boost/mass of the LLP

Need to adapt the search strategy!

LIFET/ME ~

ML heavily used in LLP searches (also with innovative approaches) - see Daniel’s talk
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https://arxiv.org/abs/1903.04497
https://indico.fnal.gov/event/21471/contributions/259121/

ATLAS Micro-Displaced Muons!&TLAs-CONF_Qozg-Olg

Search for pairs of "y with impact parameters in the mm range

e Target a gap in coverage smuon lifetime 1-10 ps between prompt and displaced slepton searches
e Selected muons with 0.1=|d | =3 mm (no selectiononz), m, 2 110 GeV (reduce contribution of muons from Z)
e Dominant background from semileptonic B-hadron decays bb - ¢t (Z/W+jets, top decays are negligible)

o d;and m,, used to define 8 regions (A-H)

110 < my.p- < 200 GeV Mysp-> 200 GeV est. bkg. g dt s RIS
Es Es3 NH =NA crT0 - rTo -y
: £
z 3 where:
=} -
: ot Nglata/Ngata,
- Ngata /Nglata,
06 0 iy phiti— — Ngata/NEata
0.3 0.3
0.1 PR E V: G
0.10.3 0.6 3 0.10.3 0.6 3
|do#+| mm |do++| mm
. . RECAST of slepton
Set of Regions | |do[" [mm] | |do['®% [mm] | |do|"" [mm)] | |do|"&" [mm] | my+,- [GeV] | Additional cut production with
1 >0.1 <03 >0.6 <3 200 prompt lepton search
2 >0.1 <03 >0.6 <3 140
>0.1 <03 > 0.6 <13 125 AR+~ > 3rad.
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Strongest sensitivity to GMSB

, HBE—uGuaG
.3.10 RN AN LA RRS LSS LR RARA RARRN RARRE RRRRR 6.g.
= . F ATLAS Prel:m::lary_ —— E 10 £
b 103 Vs=13TeV, 1307 __ o0 oq imis ] L
£ Al limits at 95% CL i 41058
- Slepton Signature E
102 E [ Displaced, PRL 127 051802 (2021) ]
I Intermediate, this work = 104
10k "] Prompt, EPJC 80 (2020) 123 3
F +410%
1k ]
g 4107
10~ 1
<10
1072 ]
41
10°k , 1
> N 1 3107
1074— .
Prompt

T ENEEE SRR TS SRR ST SR SN FEEr N
100 200 300 400 500 600 ZOO 800 900
m(, ) [GeV]

First (explicit) reinterpretation of a

prompt lepton search in the LL regime!



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-018/

ATLAS Displaced Jets in the Tracker SUSY-2018-13

Search for LLP decaying into hadrons in events with multiple jets and a displaced vertex
e 2-7 high-pT jets + =1 DV with = 5 tracks and mass > 10 GeV

r T T T T ]
[ ATLAS Simulation 3

?, 1.2
=] [ Strong RPV: m(g) = 1800 GeV, m(¥;) = 850 GeV,t=1ns |
s e Bl
o Additional dedicated SR for lower pT jets 8 ok e o
§ oo ‘ N ﬂu |
. . . S 0.6~ ¢
e Dedicated LLP reconstruction techniques £l e ’m ]
(ATL-PHYS-PUB-2017-014) " oaf ‘-’..*.,..,.,.“ M‘ ]
A : ; b
e Background from hadronic interactions, accidental R
crossings, and merged vertices estimated using an
& 5 X L - & 5 Strong RPV, pp — g4, § - qaqx3, X3 - qqq
inclusive data-driven technique predicting the displaced = 10%¢ amas | m@-zmocey 3
vertices rates for all sources and validated in several VRs S [ Vs-13Tev, 130" o b et ]
i :'8 101:_ ........ T()??)=1Ons —
3 EATAS oo ot oot & g Ci=1ns 3
] N 10*E StongRPV:m(@ =24 Tev' —e—Data I a B C 1(%9) =0.1ns 7
Invariant mass for - SN e it i ool S o0 T(49) =001ns
preselected DVs IR Aol cromings o Prediction + 10 J
with =5 tracks N o e IO e N O S s
g ; 10—1
P4 1? ___________________________
S0 S O (S e :
-2 -2 AR PR T TSN
10 e 0% 500 1000 1500 2000
124 16 18 20 m(x%) [GeV]
= 5:rk DV mass [GeV] Limits for gluino pairs in the Strong RPV
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https://cds.cern.ch/record/2275635
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/

ATLAS-CONF-2022-051

ATLAS Displaced/Delayed Photons

Search for displaced production of H/Z from a neutral LLP

e 2y/2efrom H/Z (vertexing using only LAr precise timing info) + ETrniSS

05; ATLAS Preliminary  — opserved — m() = 100 GeV
« £ . . . . . — - E {s=13TeV
— v — )=
e Selection using pointing/timing info R ogom)  Feene TR
x x  Middle Layer E -~ Theory (J,) p
E ) =

e Background: processes with real and fake photons Ui

95% C.L.limit on o(p p — 2 %) o]

o Data-driven bkg estimation using a CR with low ETmissvalues

e Binned profile likelihood fit of ke performed
simultaneously across five ¢ categories

Search for delayed and nonpointing photons from LLPs SUSY-2019-14

e 2y +triggering on prompt leptons ‘|

e Pointing/timing info and shape fit of timing distribution = [ZZ Zzz

e Background from prompt y, e/jets misidentified [’ e 8 s:—?:“?i;vwsfb oo
as photons - estimated using data control samples &7 ) :‘ o

e Look for lifetimes O(10 ns) - f . TZ

e Resultsinterpreted in terms of m ., m ., LLP lifetime " |

ATLAS BSM @ Aspen 2023 St 15



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-14/

...and Many More Results!

No significant excess in BSM searches has been observed yet

e More Run-2 analyses are progressing and Run-3 has just started... (&

RECAST: high-mass resonances y + ETrniSS

(ATL-PHYS-PUB-2023-003)
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Some Summary Plots - Heavy Particles

ATLAS BSM @ Aspen 2023

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2023 fL dt = (3.6 — 139) fo~! Vs=13TeV
Model ty Jetsi ET™ [rdqm™ Limit Reference
——T T — T — T T
2 ADD Gkk +g/q Oeputy 1-4j Yes 139 Mp 11.2TeV n=2 2102.10874
S ADD non resonant yy 2y - - 36.7 | Ms 8.6 TeV. HLZ NLO 1707.04147
2  ADDQBH - 2j - 139 | M 9.4 TeV 1910.08447
E ADD BH multijet - 23] - 36 | Mu 9.55 TeV , Mp = 3 TeV, rot BH 1512.02586
4 RS1 Gui — vy ¥ - - 139 | Gk mass. 45TeV [ 210213405
©  BulkRS Gkx —» WW/ZZ multi-channel 361 | Guk mass 2.3TeV 1808.02380
Bulk RS Gk — WV — fvqq leu  2j/1J  Yes 139 | Gyxmass 20TeV 2004.14636
Bulk RS gk — tt Teu 21b,21J2 Yes 36.1 Bkk Mass. 3.8 TeV 1804.10823
2UED / RPP lepu 22b,23) Yes 36.1 KK mass. 1.8 TeV Tier (1, n B(A“ Do tt) =1 1803.09678
SSM Z' — ¢t 2en = = 139 [Z"mass 5.1TeV 1903.06248
SSM Z' = 1t 27 - - 361 |2z mass 2.42 TeV 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 Z' mass. 2.1 TeV 1805.09299
Leptophobic Z’ — tt Oepu 21b,22J Yes 139 |2 mass 4.1 TeV r/m=12% 2005.05138
SSM W’ — ¢v Teu el Yes 139 | W’ mass 6.0 TeV' 1906.05609
SSM W’ — v 17 - Yes 139 | W’ mass 5.0 TeV. ATLAS-CONF-2021-025
SSM W’ — tb = 21b,21J - 139 | W’ mass 4.4TeV ATLAS-CONF-2021-043
HVT W' - WZ - tvggmodel B 1eu  2j/1J Yes 139 [Wmass 4.3TeV av=3 200414636
§' HVT W' —» WZ — ¢v €'’ modelC 3eu 2j(VBF)  Yes 139 [ W’ mass 340 GeV gven=1,g=0 2207.03925
HVT W’ — WH — évbbmodelB  1e,u  1-2b,1-0] Yes 139 | W’ mass 3.3TeV 8y =3 2207.00230
HVT Z’ — ZH — ¢t/vvbb model B 0;; 2 e, p 1-2b,1-0j Yes 139 2’ mass 32Tev gv=3 2207.00230
LRSM Wg — uNg 1J - 80 | Wg mass 5.0 TeV. m(Ng) = 0.5 TeV, g1 = gr 1904.12679
Cl qqqq - 2j - 370 |A 21.8TeV 77, 1703.09127
—  Clétqq 2eu - - 139 A 3B8TeV 7, 200612946
O Cleebs 2e 1b = 139 (A 1.8 TeV. 2105.13847
Cl pubs 2u 1b - 139 A 2.0TevV & 2105.13847
Cl tttt 2leu  21b21j Yes 36.1 A 2.57 TeV. 1Cae| = 4n 1811.02305
Axial-vector med. (Dirac DM) - 2j - 139 | Mimed 38TeV 25, g=1, "'(X) '“ Tev ATL-PHYS-PUB-2022-036
§ Pseudo-scalar med. (Dirac DM) O e,u,7,y 1-4] Yes 139 | Mime 376 GeV. 3 2102.10874
Vector med. Z'-2HDM (Dirac DM) 0 e, 2b Yes 139 |mz 3.0TeV gz_OS (x mo GeV 210813391
Pseudo-scalar med. 2HDM+a  multi-channel 139 m; 800 GeV 8=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1%t gen 2e Yes 139 LQ mass. 1.8 TeV B= 2006.05872
Scalar LQ 2™ gen 2u Yes 139 mass. 1.7 TeV. B= 2006.05872
Scalar LQ 3" gen 17 Yes 139 [LQymass 1.2TeV 2108.07665
O ScalarLQ 3" gen Oep >2,22b Yes 139 [LOymass 1.24 TeV 2004.14060
= Scalar LQ 3" gen 26,217 >1 e 139 | LQ;mass 1.43 TeV 2101.11582
Scalar LQ 3 gen Oe,u,2170-2],2b Yes 139 (RS 1.26 TeV. 2101.12527
Vector LQ mix gen multi-channel 21j, 21b  Yes 139 [ LQymass 2.0 TeV 1, Y:M coupl. ATLAS-CONF-2022-052
Vector LQ 3" gen 2epu1 21b Yes 139 LQj mass 1.96 TeV. B(LQY — br) = 1, M coupl. 2303.01294
VLQTT - Zt + X 2e/2p/>3eu 210, 21) - 139 T mass 1.46 TeV. SU(2) doublet 2210.15413
g g VLQ BB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
TS VLQTs;3Tss|Toz > We+ X 2(SS)>3eu>1b,>1) Yes 361 | Tsamass 1.64 TeV B(Ts3 > W)= 1, ¢(TssWi)=1 1807.11883
g VLQ T - Ht/Zt lepu 21b23] Yes 139 | Tmass SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
8 VY- Wb 1eu 21b,21) Yes 36.1 Y mass B(Y - Wb)=1, cr(Wb)=1 1812.07343
> VLQ B - Hb Oeu 22b, 21,210 - 139 B mass SU(2) doublet, xg= 0.3 ATLAS-CONF-2021-018
VLL 7 — Zr/Hr multi-channel 1] Yes 139 |’ mass 898 GeV SU(2) doublet 2303.05441
B'E Excited quark ¢" - qg - 2 j - 139 [latimass 6.7 TeV only u and d*, A = m(q") 1910.08447
2 Excited quark ¢* — qy 1y - 367 |a mass 53TeV only u” and d*, A = m(q") 1709.10440
Excited quark b* — bg = 1 b 1 i - 139 | b" mass 3.2TeV 1910.08447
&' Excited lepton r* 27 22 - 139 | mass A=46TeV CERN-EP-2023-008
Type Ill Seesaw 2.3.4 e 22] Yes 139 NO mass 910 GeV 2202.02039
LRSM Majorana v - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, g = gr 1809.11105
Higgs triplet H** — W*W=* 2,3, 4 e, (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961
Higgs triplet H** — £€ 2.3.4 e, (SS) - 139 | H#* mass 1.08 TeV DY production 2211.07505
Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, ] = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g] = 1gp, spin 1/2 1905.10130
Vs=13TeV  y5=13TeV sl - R . PR | N PR | s P
i =
partial data  full data 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).
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Some Summary Plots - LLP

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2023 fL dt = (32.8 — 139) fo~! Vs=13TeV
Model Signature  [£dt[b] Lifetime limit Reference
RPVT - uq displaced vtx + muon 136 i lifetime N ! 5 0.003-6.0 m T m(f)=14 Telv 2003.11956
RPV i — eev/euv/uuv  displaced lepton pair  32.8 ,\7? lifetime 0.003-1.0 m m(g)=1.6TeV, m(¢9)= 1.3 TeV 1907.10037
RPV ¥ - qqq displaced vt + jets. 139 | &) lifetime 0.00135-9.0 m m(2)=1.0TeV 2301.13866
GGM Y - ZG displaced dimuon 329 [0 lifetime 0.020-180m  m(2)=1.1 TeV, m(3)= 1.0 TeV 1808.03057
GMSB non-pointing or delayedy 139 [ ¥} lifetime 0.24-24m m(3, G)= 60, 20 GeV, By= 2% 2209.01029
GMSB 7 - (G displaced lepton 139 | Zlifetime 6-750 mm m(F)= 600 GeV 2011.07812
§ GMSB 7 — G displaced lepton 139 | # lifetime 9-270 mm m(F)= 200 GeV 2011.07812
P avss pp— ¥i¥%. %1 %;  disappearing track 136 [y lifetime 0.06-3.06 m m(¥})= 650 GeV 2201.02472
AMSB pp - 7573, #1771 large pixel dE/dx 139 | Xy lifetime 0.3-30.0m m(F})= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 361 | § lifetime 0.1-519m B(g > 58)= 0.1, m(g)= 500 Ge! 1811.07370
Split SUSY large pixel JE/dx 139 | g lifetime >045m m(g)=1.8TeV, m(3)= 100 GeV. 2205.06013
Split SUSY displaced vix + E™s 32,8 |  lifetime 0.03-132m m(g)=18TeV, m(¥3)= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets +EM™*  36.1 g lifetime 0.0-21m m(g)=1.8TeV, m(¢3)= 100 GeV | ATLAS-CONF-2018-003
Hoss 2 MS vertices 139 | slifetime 0.31-724m m(s)=35GeV 2203.00587
® H—-ss 2 low-EMF trackless jets 139 s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
S | VHwith H > ss - bbbb 2+ 2displ. vertices 139 | s lfetime 4-85 mm m(s)=35 GeV 2107.06092
g;: FRVZH — 2y4+ X 2 p—jets 139 4 lifetime] 0.654-939 mm m(ya)=400 MeV 2206.12181
@ | FRVZH -4y, +X 2 p-jets 139 | ya lifetime 2.7-534 mm m(ya)= 400 MeV 2206.12181
- EEZ3 displaced dimuon 329 | Z4lifetime 0.009-24.0 m m(Z;)= 40 GeV 1808.03057
H— 22, 2, u + low-EMF trackless jet36.1 | Zq lifetime 0.21-5.2m m(Zg)=10 GeV 1811.02542
(200 GeV) — s low-EMF trk-less jets, MS vix36.1 | s lifetime 0.41-51.5m % B=1pb, m(s)= 50 GeV 1902.03094
§ (600 GeV) — ss low-EMF trk-less jets, MS vix36.1 | s lifetime 0.04-21.5m % B=1pb, m(s)= 50 GeV 1902.03094
(1 TeV) - ss low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.06-52.4m & x B=1pb, m(s)= 150 GeV| 1902.03094
W — N¢,N — ey displaced Vix (uupe, ee) +p 139 | N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — Nt N - ety displaced vix (uu.ue, ee) + 1 139 N lifetime 3.1-33mm m(N)= 6 GeV, Majorana 2204.11988
:%‘ W — NE,N - ety displaced vix (uuue, ee) + e 139 | N lifetime 0.49-81 mm m(N)=6 GeV, Dirac 2204.11988
W o NE,N - éey  displaced vix (uuue, ee) + e 139 | N lifelime ) ) 0.39-51 mm I | I m(N)=6 Ge\: Majorana 2204.11988
0.001 0.01 0.1 1 10 100 cT [m
Vs=13TeV  ys=13TeV
partial data full data L il il sl
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100
7 [ns]

ATLAS BSM @ Aspen 2023
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Some Summary Plots - SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2023 Vs=13TeV
Model Signature  [Lar[fb'] Mass limi Reference
T T T ——
4. g-qt) Ocp  26jets EPS 139 185 m(i?)<400 GeV 2010.14293
2 monojet  1-3jets ER™ 139 |G [x Degen] 09 m(g)m())=5GeV 210210874
-§ 2. 2-qat) Oep 26jets P 139 | & 23 m(P)=0GeV 2010.14293
S H Forbidden 1.15-1.95 m(¥1)=1000 GeV 2010.14293
3 Teu — 26jets 139 |2 2.2 mi%)<600 GeV 210101629
Q37 goqaOY) e 2jets  EMS 139 |z 2.2 m(E})<700 GeV. 2204.13072
= 0 f ]
® | g5 goqqWZK Oep  7-11jets EMS 139 |z 1.97 mi¥}) <600 GeV 2008.06032
§ 8 Emaamen SSeu  6jets | 130 |& 115 B0 Gov 1909.08457
= gl 0-1eu 3p  Eps 139 |g 245 m(¥})<500 GeV 2211.08028
SSeu  6jets 139 |z 125 (@Fm(E)=300 GeV 1909.08457
biby Oep 2bh Eple 139 | b 1.255 mu’l]“<4m6ev 2101.12527
by 0.68 10 GeV<Am(b; ¥1)<20 GeV 2101.12527
o5 hb, by—bT3 — bh] Oep 6b  EP™ 139 |B Forbidden 0.23-1.35 1908.03122
5 S 27 2h  EPs 139 [B 0.13-0.85 2103.08189
gg Qi o] 0-1ep 2 ljet  EP™ 139 |4 1.25 m()=1 GeV 2004.14060, 2012.03799
- §, i, > WhE) 1en Bjets/t b ERS 139 | & Forbidden ~ 0.65 m(¥})=500 GeV 2012.03799
83 i, iisTiby, 716 127 2etsb EPS 139 |7 Forbidden 14 m(F 2108.07665
T L i, ookl /@, tock) Oep 2¢ . Ep= 351 [ m¥ 1805.01649
B Ocp  monojet EPS 439 |7 055 m(F,3)-m(E; 2102.10874
iy, —otbs, X9z R 12eu 1-4b  EFS 139 |R 0.067-1.18 m(iY, 2006.05880
bis, i +Z 3epu b B 139 | & Forbidden 0.86 m(#})=360 GeV, m(i;)-m(¥} 2006.05880
X0 viawz Multiple ¢/jets e 139 i;n"' 0.96 m(¥)=0, wino-bino 2106.01676, 2108.07586
ceun  xljet  EPS 139 [FEE 0.205 m(F)-m(E})=5 GeV, wino-bino 1911.12606
BT viaww 2ep 3 139 | & 0.42 m(¥)=0, wino-bino 1908.08215
X1 ¥3 via Wh Multiple ¢/jets Epss 139 | ¥/¥y  Forbidden 1.06 2004.10894, 2108.07586
.. XX vial /v 2ep Ep= 139 [ 1.0 £.9)=0.5(m(¥})+sm(¥}) 1908.08215
= § 7%, Tt 27 EMs 439 |7 [FLoR) 0608 0.12-0.39 m(E)=0 1911.06660
WS Girlig, 00 2en  Ojets  EPS 139 |7 07 . @)=0 1908.08215
ee, jp >ljet  EMS 139 |7 0.256 m(H)-m(¥))=10 GeV. 1911.12606
AH, H-hG|2G Oep >3h 36.1 i 0.13-0.23 0.29-0.88 sn&j’ e 1806.04030
dep Ojets £ 139 | & 0.5 BR(T} - 7 2103.11684
Ocp >2largejets EF 139 | & 0.45-0.93 BR(Y} — 70 2108.07586
2epn =2jets  EPS 139 | @ 0.77 BR(F] — ZG)=BR(F! — iG; 220413072
Direct ¥ ¥; prod., long-lived ¥} Disapp. trk  1jet  EP™ 139 5; 0.66 Pure Wino 2201.02472
i 021 Pure higgsino 2201.02472
@
E Q  Stable g Rehadron pivel dE/dx Eps 139 |z 2,05 2205.06013
é"f Metastable § R-hadron, g—qq¥} pixel dE/dx Ers 139 | & @ =10ns] 2.2 m(¥})=100 GeV 2205.06013
S g i, -G Displ. lep Ep 139 & 0.7 2011.07812
~ o 034 2011.07812
pixel dE/dx Epss 139 ¥ 0.36 2205.06013
3ep 139 Pure Wino 2011.10543
dep Ojets  Epis 139 1.55 m(P)=200 GeV 2103.11684
4-5 large jets 36.1 19 Large 4, 1804.03568
~ Multiple 36.1 m})=200 GeV, bino-fike ATLAS-CONF-2018-003
& >4b 139 Forbidden m(¥})=500 GeV 2010.01015
iiy, [y —bs 2jets+2h 36.7 1710.07171
iy, =gt 2ep 2bh 36.1 0.4-1.45 BR(i) —be/bu)>20% 1710.05544
1u Y 136 16 BR(7, —)=100%, cost,=1 2003.11956
XS, 0 b, X{ —bbs 12eu  >6jets 139 | 0.2-0.32 Pure higgsino 2106.09609
1
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

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

ATLAS BSM @ Aspen 2023
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Paired Produced Higgsinos - SR Selection / Event Yield
requirement SR1h | SR1Z SR2 ATLAS-CONF-2023-009
|m., —125GeV| < 5GeV
B < 100 GeV > 100 GeV
My € (100,140) GeV [ € (60,100) GeV | € (35, 145) GeV
pr’ > 90 GeV -
p:}v/mw > 04 >0.2

Channel SR1h SR1Z SR2
Observed events 3 5 2
Total SM events 3.940.6 6.4+ 1.0 1%L 0.5
vy events 2.5:0.5 3.7+0.7 0.88 £ 0.26
~j events 0.47 +0.28 0.8+ 0.5 0.24 4+ 0.15
j7y events 0.088 4+ 0.014 0.27 4 0.04 0.00 & 0.6
jj events <0.01 0.07 £ 0.05 022t
ttH events 0.41 4+ 0.04 0.297 + 0.025 0.27 & 0.06
Higgs (other) 0.40 £0.08 1.22 +0.26 0.064 £+ 0.011
(ea)oo. [fb] 0.03 0.04 0.03
okl 4.8 5.5 4.8
5 Y B.7tas 46535
p(s =0) 0.50 0.50 0.43

ATLAS BSM @ Aspen 2023
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-009/

Squarks/gluinos Decaying Via Sleptons/W

ATLAS-CONF-2023-017

ATLAS BSM @ Aspen 2023
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-017/

ALPs with AFP - Efficiency x Acceptance
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Figure 2: Signal selection efficiency times acceptance as a function of ALP mass my for the (a) exclusive and
(b) single-dissociative process. The ratio of the number of the generated MC events and the selected events is given
(black points) and is parameterised by an analytical function (red solid line). The linear (black dashed line) and cubic
(blue chain line) interpolations of the black points are used to derive the envelopes (cyan filled region) which are
regarded as systematic uncertainties.

ATLAS BSM @ Aspen 2023
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ALPs with AFP - Proton Fractional Energy Loss

l;‘o.z_! ||”,|‘\||||||||||||||||||||||[/|/:
W . \/>". ATLAS Preliminary J
SN s=13TeV, 146 b ]
0.16 ‘ A-side‘match
'! ’ Q,-,si'de match
0.12f | £
0.08[: =
0.04¢
05 0.2
f =1-E scattered/ Ebeam g

Figure 5: (£5,, £,,) distribution of the selected data candidates after the full event selection in m,,, € [150, 1600] GeV
with m.,,, contours (blue) and y,,, contours (black). The range of £, in which forward proton matching is possible,
[0.035 — &, 0.08 + &4, is indicated by the yellow rectangle for each side. Events passing the matching selection on
the A(C)-side are represented by the red dots (green triangles). No event passed the matching selection for both A
and C-sides.
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Dark Photons via ZH - Signal Selection and Event yield

ATLAS BSM @ Aspen 2023

Table 3: Optimised kinematic selections defining the signal region for €+€'+7+E}“i“.

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

with leading pt > 27 GeV, sub-leading pt > 20 GeV

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

76 GeV < myp < 116 GeV

Only one tight ID, tight isolation photon with E;{ > 25 GeV

EPs > 60 GeV with Ap(EXsS, 57) > 2.4 rad

Mmeey > 100 GeV

Njee < 2, with p¥** > 30 GeV, ] < 4.5

Veto events with b-jet(s)

BDT bin SR0-0.50 SRO0.50-0.64 SR0.64-0.77 SRO0.77-0.88 SR 0.88-0.96 SR0.96- 1 VVy CR
Observed 910 84 59 72 42 6 32
Post-fit SM background 910 + 29 85.5£8.7 599+7.3 69.7+7.8 41.6 +6.1 73+£2.0 31.4+5.4
Fake E;’““ 800 + 34 72.1:48.3 45.7+6.5 532+7.1 279 +£6.1 2019 2. lt32"51
e~y 21.5+2.0 3.33 £0.62 3.75+0.74 64x+1.1 5.7+1.4 1.47£0.25 1.24+0.07
VVvy 44 + 12 53+1.6 58+1.7 64+138 57+1.9 330£097 273+64
tt, tty, single ¢ 42+ 15 43+1.5 34+1.2 3.6+1.2 2.13+£0.80 0.50+0.18 0.63+0.22
Wy 33+ 1.5 0.39+£0.18 1.18 £0.55 - 0.04 + 0.02 - -
ttH, VH 0.15+£0.02  0.03 £0.01 0.04 £0.01 0.06 £0.01 0.09+0.03 0.02+0.01 0.17f%‘_'l§
Pre-fit SM background 900 + 120 90 + 35 65 +27 53 +24 35+£22 7.8 +4.4 24 +4.7
Signal (ZH — yvya) 51+1.3 1.98 £0.51 32+£1.0 55+1.6 11.1+£3.1 149+1.9 -
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Dark Photons via ZH - Uncertainties

BDT bin 0-050 0.50-0.64 0.64-0.77 0.77-0.88 0.88-0.96 0.96-1
[e] [e] [%o] [e] [e] [e]
Total (statistical+systematic) uncertainty 3.1 10 2 11 15 28
Statistical uncertainty 3:1 9.9 12 11 14 16
Fake ET"* shape 0.17 0.97 0.40 0.55 2.8 18
Jet E scale and resolution 0.02 3.3 2.1 0.47 2.1 13
Electron, photon E scale and resolution ~ 0.04 0.45 0.75 0.46 1.7 5.6
Muon E scale and resolution 0.08 0.17 0.15 0.91 1.2 4.1
Fake E%li“ data-driven 0.50 0.28 0.18 0.04 0.40 3.5
ET"™ soft term scale and resolution 0.26 0.16 0.59 0.49 0.20 2.8
Electron trigger/ID/iso/reco eff. 0.01 0.10 0.10 0.01 0.17 1.0
Muon trigger/ID/iso/reco eff. 0.01 0.07 0.08 0.06 0.03 0.84
Flavour tagging eff. <0.01 0.08 0.10 0.04 0.02 0.82
Electrons faking photons data-driven 0.02 0.08 0.06 0.06 0.07 0.73
Photon ID/iso/reco eff. 0.01 0.07 0.08 0.04 0.09 0.61
Reweighting of (u) in MC simulation 0.08 0.10 0.32 0.46 0.09 0.48
Top normalization 0.08 0.06 0.06 0.02 0.09 0.13
Theoretical VVy 0.04 0.02 0.16 0.04 0.13 0.49
Theoretical fake E%‘iss 0.05 0.11 0.12 0.22 0.29 0.45
Theoretical top 0.09 0.05 0.17 0.10 0.04 0.28
Theoretical Wy 0.04 0.10 0.18 0.05 0.13 0.24
Theoretical Higgs 0.01 0.05 0.04 0.02 0.08 0.05

ATLAS BSM @ Aspen 2023



Micro-Displaced Muons

SUSY-2020-09 (to be

updated when public)

LENEE N S DN D DI S PN NS S D e B R A 4
- ATLAS Preliminaly t
o \
—Vs =13 TeV, 139 fb | 35555 |Expected Background
| ke
e

Observed Data

Events
w

10

Il

|

A
-
E
A

102

SN

T IIP/ T T TTTI0
*
>
-
| llllllll

10

Set of Regions 1

}

Set of Regions 2

| 5% IIIIIII

| S| lllllll

|
| Set of Regions 3
|
|

05F

-0.5

Ndﬂ!a

(=]
T IIIIIIIII'
- R
i m

vd v5 v6 Vv7i vB v4 Vv5 v6 Vv7 v8 v4 5

<
(=]
<
-~
<
(=]

Region

ATLAS BSM @ Aspen 2023

, RR—u Gua
& 10t T . T
S, [ ATLAS Preliminary___ .. .. 4108 £
e 10° ?G=_13VT3V' 139 'g‘ —— Observed limits ] 5‘—‘
[ Allmits at95% L e 410 g
1 02 E (] Displaced, PRL 127 051802 (2021) ]
F Intermediate, this work <410*
10 Prompt, EPJC 80 (2020) 123 E|
E_ 4 103
1E k|
F 4102
107"E 1
— 1°
102 E
B 41
10k 1
; 4107
10 1
Prompt
A I T T A T PR T P
100 200 300 400 500 600 700 800 900
m(i,) [GeV]
, BRR—w Gué
& 10 e . E
£, ; [ ATLAS Prellm:_r'mry_ - Expectod s E 10 €
b 103 s=18TeV 130" __ oo imits ] e
[ Alllimits at 95% CL ) 410° 8
F Slepton Signature E!
102k [ Displaced, PRL 127 051802 (2021) ]
F Intermediate, this work <410%
10k Prompt, EPJC 80 (2020) 123 E
+410°
1E E|
3 +410?
107" ]
E > 410
107 PO i
10°%F ]
g 4107
107 1
Prompt

Lol b by
100 200 300 400 500

600 700 800 600
m(i,) [GeV] 57



https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?id=15366
https://atlas-glance.cern.ch/atlas/analysis/papers/details.php?id=15366

Displaced Photons

ATLAS-CONF-2022-051

Search for displaced production of H/Z from a

neutral LLP

Source of early photons through
satellite bunches - background source

but also helpful to tune reconstruction
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/

Delayed Photons

SUSY-2019-14

Search for delayed and nonpointing photons from LLPs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-14/

