Searches for longived particles,
lepton-jets, stable and meta
stable particles with the ATLAS
detector
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Overview of analyses
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Long-lived particles (LLPSs)

LLP lifetimes can originate from:
Nearly conserved symmetry
Low coupling between the particle and the final state
Mass degeneracy between the particle and the final state

LLPs typically decay into an undetectable exotic (dark matter
candidate), SM particles, or some combination

Different lifetimes give rise to different detector signatures:

Short decay length (~10mm) | Medium decay length (~100mmb Long decay length (>~1000mm
Displaced vertex Disappearing/Kinked track | Stable massive particle (SMF
secondary o/ o - -

ples =~
| vertex Q% e eaing
primary_, / momentum low b
vertex LLP :
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MetastableGluinos 8TeV, 20fb-1

Two ATLAS searches for promptly decaying SUSY aiiatexpreted in the
context of models withmetastable( sz ns lifetime)gluinos

Ogx® EAOOO6 Al Al UOEO
19 signal regions based on: [7, 8)90] jets, [0,1) Hb-tagged jets EMss

Owa EAOO6 AT Al UOGEO
15 signal regions based on: [2, 3,4 % Y BEM& OO

Decay models considered

stop is lightesssquark
g- tic]

squarksare mass degenerate 9
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g- qqc, q
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MetastableGluinos

Forttbardecay model, both analyses

can be used to set limits

Forggbar/gdecay model the -0 jet

analysis has no sensitivity
Jet multiplicity too low

Drop of signal acceptance with longer

lifetime is mostly caused by the

O#EAOCAA AEOA

Excluded forz=1ns,
Mz = 100GeV:

ttbar  m; <900GeV
qgbarg: m; <850

Matthew King,

ATLASCONF2014037
8TeV, 20fb-1

g ttF  m(E)=100 GeV
; 1500 :l T I T T 1I T | T T T T T T T T I T T T T | T T T T £
3 - ATLAS JLdt=203 "
= 1400 Preliminary Combined —
'% - ---- Expected limit (10,,,) =
1300 = == Observed limit (+105.5) =
1200 f_ 7-10 Jets Exp. _f
= === 2-6 Jets Exp. ]
1100 B —
1000 [ > ttbar -
900 —E
800 —
700 —
600 a1 41 4 e T
6 7
Lifetime [log10(ps)]
G- a@%, /9%,  m(,)=100 GeV
~ A~ 7 an A~ F__ RS AT T T ' AT AT LT R gl 2T Tt
AOET 1 &=fEAO  OA NadE OiofsvA
— N Preliminary Combined
'% C ===~ Expected limit (+15,,)
1400 — g2 Observed limit (£10pey. )
B 7-10 Jets Exp.
1200 = = = e o 2-6 Jets Exp.
1000 |-
800 |—
600 [
400 k=

IFIC

Lifetime [log10(ps)]



Muon+ Displaced vertex stev, 20

_ 6|
» Analysis conducted in the framework of “
long-livedneutralinodecay in RPV SUSY 'S L’f\é 4
Search for displaced vertices inside the inner detector 7 X
Ssoo X1,
i Vertex requirements: o7 o
Must be inside<180mm, 2|<300mmfiducialregion ¢

Must have matchingnuon candidate withp;>55GeV andlj|>1.5mm
Signal region requires:
High vertex mass to reduce background

p>2

High number of tracks to reduce fake vertex rate (?g
:ngl'lMH” o A'IIi'L:lﬂlSHI B 102
- F preliminary E ]
A Exclusions depend on _Em Jsmev x - ATLAS 83
E Ldt = 20.3 fb™ = preliminary |
model parameters ooy 1 3 ignal region ys =8 Tev
(masses, Z) ' JLdt=20.3ﬂ:"§ 2
W 0ata 2012 1.5
EXCIUded g | ; 1 Signal MC
A2 | @81 |8 Y8 ledERi-om S N
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Disappearing tracks

P

degeneratecharginosandneutralinos
00 OEAO OAEOADE

Leads tochargino, ,

P

Search for tracks with:

Inner silicon detector: Well measured

Outer straw tracks (TRT): Low (<5) number of

Must be isolatedp>75GeV

i Background sources
Interacting hadrons
Non-identified leptons
Mismeasured; tracks

Tracks / GeV

4 In this analysis results
can be interpreted in
terms ofam, as well as

cz
03/07/2014

Data / Fit

Analysis considers AMSB models with mass
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Long-lived neutral particles stev, 2o

In model considered; a Higgs boson decays to twoh” 0 f
long-lived neutral particlesn(), which each decay\O‘ —
to a fermiorrantifermion pair Py f

w 0.16 ———T T
Events are selected using the X 0141 ;\Auﬁi};ﬁuifgggf’a E
specialist LLP Calatio trigger ~§ 0120 e E;g:::;ggg:; n
searches for jet with highlad:EM ~ © ¢ 4 meetv |
calorimeter energyatio jets 006t | E
Require exactly 2 jets with: EZZ_ E
Both jets: IR A
L N 2 3 4 5
log, (E/Ecy) > 1.2 109, (E,/Ecyy)
No good tracks in ID with Exclusions for different BRI - p,p, )
p>1GeV
At least one jet matching the
Calratio trigger 126 10 0.10- 4.38 0.13-2.30
Leading jetE > 60GeV 126 25 0.27710.01 0.37-5.12
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Long-livedsleptons 8TeV, 16fb-L

10

Analysis searches for charged LLPs witlrdm Sem IA&Aithmmaw o
Interpreted in the context of GMS&au S 5
Directly reconstruct the LLP and measus@ndb 2 5
b drom dE/dx measurements in the pixel detectors b bum T

b from Time of Flight measurements in calorimeter and MS ™ %4:'
—] B S | T

Require two LLP candidate tracks wiph>50GeV and<0.95 B
Signal region is set by calculating candidate masses and Ema ATLAS Prelminary J
applying a mass cut g . Jrmisont
Cut value depends o, ~ mass in GMSB model being|£ 7, ", i
evaluated Coe H * """ weromimpen
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7TeV, 5fb1 & 8TeV, 23fb-t

Long-lived, stopped, Fhadrons
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Summary

Long-lived particle and_eptonicjet signatures, if observed, would be
clear indications of new physics.

However, there has been no hint of such signatures in the analyses
conducted thus far.

Further analysis of the LHC 2012 data is ongoing
Analyses of these unusual signatures can be challenging to perform!

Run2 particularly represents new potential for discoveries

Higher energy threshold and luminosity
Detector upgrades open new avenues for analysis
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Non-pointing photons 7TeV, 4.8fb?

4 Analysis model: SPS8 GMSB
Longlived ¢, decays tg G+

= T
a 0'_ATLAS Preliminary
Q. r Data 2011
218 \s 7 TeV, [ Ldt = 4.8 1"
6 L —¢— Data (Signal Region)

14— Best S4B Fit, p = 0.20£0.19
SPS8 MC, A=120 TeV, 1=6 ns

i Search fofg™ssplus:

Pointing distribution

I Bkg Only Fit %’ IIIII .

Pairs of&; > 75GeV photons not o T
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7TeV, 1.9fb-1
Long-lived weakly interacting particles

Same model a8TeVpaper h° D, f
h°- pp,, followed by p, - ff D O 7
Decays are identified by reconstructing no. ofRolsfrom punchthrough jets

vertices in theMuon Spectrometer (MS)

Events triggered using the specialist LLP
MuonRoltrigger
searches for jetike clusters oRolsin MS

Require 2 back to back, isolated vertices in MS

Exclusions for 100% BF( - p,p0, )

U% 3 E - I QEI%ICI: Lirnit: m,‘=|120 Gal, mﬂ|.=20 GaV l

g asf o Semnmenn oo

E §_|: -------- 95% CL Limit: m =140 GeV, m:=dﬂl Gay _:
120 20 0.5-20.65 el ATLAS :

= 15[ JLdt:‘I_Qd o’ =
120 40 1.60- 24.65 2 5= 7Tev ;
140 20 0.45-15.8 il e E

0.5H -

140 40 1.10- 26.75 ’ :

N === P I L ]
UU 5 10 15 20 25 30 35

03/07/2014 MattheW Klng, I FIC m, proper decay length [m]


http://arxiv.org/abs/1203.1303
http://arxiv.org/abs/1203.1303

