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New Physics? Where?

* Do we need more data? More energy?
Are we looking in the right place?

* New Physics could be rich in either charged or
neutral Long-Lived Particles (LLPs)

* Unusual energy deposits
» Displaced vertices
* Long time-of-flight

» Exotic searches — unconventional backgrounds!
» Detector noise & Machine-induced background
* Fluctuations in energy deposits
» Data-driven approaches
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- Target: massive charged LLPs — Low 3 | "
 Pixel dE/dx information — Bethe-Bloch — 3y
* Mass estimate from By and momentum
» Selection exploiting missing ET and tracks with large dE/dx
8 signal regions targeting different LLP masses and lifetime regimes
c.g 185\|.‘1| T T | | ||||||E o 30 - , ———— =
L L = o 16:“\;‘--.._;r ATLAS E 5 - ATLAS Simulation il 35
ol ATLAS Simulation - o 141 21 pb™', Low-p_ Reco. = o o5 Vs=13TeV _~ . E
’ 85— s = 13TeVI m=2.2 TeV, Gluino _E % 12 #M ml <0.4 - > - Chargino m(y, )—1 3TeV t=10ns 03 g
1:6%— —+— m=1.3 TeV, Chargino _§ § 102— %? + igi?) ¢ ECO)II: —i é 203_ Signal Reglon (wio dEldx Red.) _: 8
145 | . —— m=400GeV,Stau o & & «ﬁf tpOFO  4pOFT X : .C=°
1_2;_ E I \ —; 5 6;— *’fgi.fﬁ ----OF0 Fit - OF1 Fit —; Llél 153_ _: 0.2
= 1. Acceptance E I = - S - .
0.8 /i ' - — = s - = 5 s 0.15
= [ . of this search . 2L 0o . o - -
0.6;— | | _; O: o %@99%ee-el-@-eeeeleeleeoeeﬁ 10_— ]
0'4_'_I_I_|_|—IJ _; L-if 25— j{ UL R | I |—_ B - 0.1
0.2ET | : = T 4 E 51— _
O— =R e T e e = _.(E 0%%%?%‘MAAAAAKAA‘&Q%&(»ooooooooooooooéocoou B B 005
05 1 15 2 25 3 35 4 O : E F-----
z _ 0 —— ——————1"
[Sy -2E | RN | | [ O R N -1 -1
N 1 s 3 4 567890 107" 2x10 1 2 3456 10
By Reconstructed Track Momentum [TeV]



%[N — 7(?[~W0] March 2022

S C 1 o .

8 1600 — ‘IDsis?p:;te?ari,ngVE;I;I 3ar):!\-/32\0<.02472 "o Expected |I.I'n|.tS

~ ~ 361b" (5=13 TeV oo %Eslfn"i:’ed iimits

31253_1 400 |— ® Stablecharged  arxiv:1902.01636 OSUSY ot incISuded

E ¥ 139 b, Vs=13 TeV e

S 1200 - Pixel dE/dx CERN-EP-2022-029 arXIV 1902.01 636

E E ATLAS Preliminary ; i H\'

5 1000 [- 5 .

= = i i i : :

o — L same—— - : :

— 800 - i 3 T
600 [ i i .
SR

I arXiv 2201.02472 7 A
200 [ ! ? .1 s
] | ] lIIlll! ] | ] IIIlll ] ] !I IIIlll !I I!I II(D
107 1 ! 10 :
(r form=0, py=1) ! Inner Detector ! Calo ' MS'! t[ns]
L1111l | LiL il | Lol | Lol I;
1072 107" 1 10

arXiv:2205.06013

Pixel dE/dx

» Background due to dE/dx fluctuations

 Fully data-driven background estimation (based on pseudo-data generation from CRS)

« Agreement with SM predictions in all-except-one SR

Complementarity with other ATLAS
LLP searches

ATL-PHYS-PUB-2022-013 ct [m]

3.60 local deviation from SM for m=1.4 TeV
(3.30 global significance)

Cross-checks with other subdetectors
suggest B~1 for these tracks
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1/N dN/dS(MDT dE/dx)

ATLAS-CONF-2022-034

q MCP
H ]
Multi-Charged particles
- Exotic heavy fermions with high electric charge (up to z=7) g NCP
» Long-lived — hits in the ID + MS — reconstructed as muons , MCP
» Missing ET, single muon and late-muon triggers for maximum signal acceptance %/4/
» Two signal regions defined on dE/dx significance and/or fraction of high- v
threshold TRT hits
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Multi-Charged particles

- Background due to random fluctuations of the energy loss

» Data driven (ABCD) background estimation

* No excess! — Limits set on MCP production cross section

o [pb]

for MCP mass up to ~1.7 TeV
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ATLAS-CONF-2022-054
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Jets + Displaced Vertices \. 7"~
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» (General search for heavy LLPs decaying in hadrons . g < qq
» Looking for an excess in multi-jet events with q

reconstructed Displaced Vertices

» DV reconstruction possible up to 300 mm thanks to Large Radius Tracking

» Two cut-and-count SR targeting different jet pr regimes
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wet’
Jets + Displaced Vertices

« Background: rare hadronic events, accidental track-crossing and
close-by secondary vertices

Expected Observed

« Jet-DV correlation is measured in a signhal-free CR and used to
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Displaced di-photon vertex

ATLAS-CONF-2022-051

 Target: heavy particles originating displaced H—yy or Z—ee

decays

* Benchmark model: gauge-mediated SUSY breaking with

long-lived NLSP

» Exploit LAr timing (tavg), 2D position (p) of the DV and combined

mass of the y pair
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wet’

Displaced di-photon vertex

- Background due to fake and mis-measured photons

ATLAS-CONF-2022-051

» Likelihood fit of tayg In different bins of p, background estimated from tavg

templates from CR

* No disagreement with SM observed — strong limits on neutralino masses and

lifetimes
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Other recent ATLAS
LLP results

Displaced Heavy Neutral Leptons

. ATLAS Prellmlnary(March 2022) 13TeV 36- 139 fb

arXiv:2204.11988
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95% CL observed limits

Contributing searches:

arXiv:2203.00587

Calorimeter, 139 b
arXiv:2203.01009

Tracker (LRT), 139 fb™’
JHEP 11 (2021) 229

e Tracker (b-tag), 36 fb™
JHEP 10 (2018) 031
Monojet, 139 fb™!
ATL-PHYS-PUB-2021-020

ATLAS-CONF-2020-052

LLP masses:
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Hidden Sector, m, = 125 GeV
Selected ATLAS results

Muon System (2 Vix Only), 139 fb™

Muon System (1 Vix + 2 Vitx), 36 fb™
Phys. Rev. D 99 (2019) 052005

Tracker+Muon System, 36 fb
Phys. Rev. D 101 (2020) 052013

H— inv, 7-8-13 TeV combination
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ATLAS Prellmlnary

{s=8-13 TeV, 20.3-139 fb™’

SM Higgs — Dark Photons

arXiv 2206.12181
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107"

1 10
Dark Photon mass [GeV]

FRVZ Model

H—2y d+X

m,, =125 GeV

90% CL observed limits

Displaced (139 fb™)
ATLAS-CONF-2022-001
W BR=10%
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B BR=1%
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Prompt (20.3 fb™)
JHEP 02 (2016) 062
BR=10%

Monojet (139 fb™")
ATL-PHYS-PUB-2021-020
BR=50%

Non-ATLAS searches
JHEP 06 (2018) 004
Vector-Portal-only limits
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All ATLAS public results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/

Summary

« ATLAS is a powerful probe for LLP models giving unconventional
signatures

* Many analyses looking for it, but no new physics have been found yet!

* Run-3 just started, many new ideas to extend the ATLAS reach:
 Large-radius tracking now available for all events
* New triggers
* Trigger-level analysis
* New ideas for combination & reinterpretation

Stay tuned!
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MCP - Calibration

» Pixel dE/dx is calibrated following the process of
the dedicated analysis

» TRT dE/dx and fut are corrected for detector
occupancy, geometrical effects

- MDT dE/dx measurement is corrected taking into
account the different response of the detector in
different regions

1/N dN/dS(TRT dE/dx)
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Pixel dE/dx - Background

dE/dx - and 1/ptsampled from CR to generate toy values of m

Toy mass distribution normalised to data in a signal-free region

ATLAS
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A R,q4 to closest track jet
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Jet + DV - background

« DV are more likely to be found when many jets are present

* CR defined with inverted jet-pt requirements w.r.t. SR and requiring =3 track-jets in the event

» DV identification probability (ppv) obtained from CR

* pov ~ #jets with matched DV in CR / # number of track-jets in CR

* pov is then applied to SR jets — estimate of background DV
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Closure test performed in multiple VR
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