Snapshot and projections of
long-lived particle

searches

9

ATLAS

EXPERIMENT

Alice Morris

on behalf of the B
ATLAS Collaboration 1IC15€

VVVVVVV



| LLP Slgnatu res EXPEI%MENT
- BSM physics with LLPs can produce many complex topologies
- E i tally challengi
Apetuneitaly chafiehsiis multitrack vertices in the
- Trigger muon spectrometer /
. meta-stable charged
- Reconstruction

- Time required

- Allows us to cover all
available phase space

displaced leptons,
lepton-jets, or
lepton pairs

displaced
multitrack
vertices

trackless,

disa|.3pearing or

particles

low-EMF jets /

emerging jets

non-pointing
(converted)
photons

2 kinked tracks ﬁl I CI



~ATLAS LLP summary

ATLAS Long-lived Particle Searches” - 95% CL Exclusion
Status: March 2019

ATLAS Preliminary
[Ldt=(34-36.1)fb Vs5=8,13TeV

Model Signature  [£adt [fb7] Lifetime limit Reference
RPV x? — eev/euv/uuv  displaced lepton pair ~ 20.3 X‘l’ Iife;ime' - Am_— " r7e0mm ) o :"('é)l—' 1'~;|T9V~ m()'(?)—l1~(;T;Vl 1504.05162
GGM )(? - 27G displaced vtx + jets 20.3 X‘I lifetime m(g)=1.1TeV, m(x])=1.0TeV 1504.05162
GGM 9 — ZG displaced dimuon 32.9 X(ll lifetime 0.029-18.0 m m(g)=1.1TeV, m(y?)=1.0Tev 1808.03057
GMSB non-pointing or delayed y 20.3 X‘l’ lifetime _ SPS8 with A= 200 TeV 1409.5542
AMSB pp — 3% xix;  disappearing track  20.3 [ X} lifetime  02230m m(xt)= 450 GeV 1310.3675
<§ AMSB pp — vix 3. xi X7 disappearing track 36.1 XT lifetime 0.057-1.53 m m(yy)= 450 GeV 1712.02118
P s pp - ilxix;  largepixel dE/dx  18.4 |} lfetime . 131:90m m(x})= 450 GeV 1506.05332
Stealth SUSY 2 ID/MS vertices 19.5 | §itetime oreoem m(2)= 500 Gev 1504.03634
Split SUSY large pixel dE/dx 36.1 | g lifetime >09m m(g)= 1.8 TeV, m(x{)= 100 GeV 1808.04095
Split SUSY displaced vix + EMss 32,8 | § lifetime 0.03-13.2m m(g)= 1.8 TeV, m(y})= 100 GeV 1710.04901
Split SUSY 0¢4,2-6jets +E;“iss 36.1 g lifetime 0.0-21m m(g)=1.8 TeV, m(x?)= 100 GeV | ATLAS-CONF-2018-003
H-ss low-EMF trk-less jets, MS vtx 36.1 [ s lifetime 0.18-120.0 m m(s)= 25 GeV 1902.03094
R FRVZ H — 2y4 + X 2 e p—jets 203  |[JANEHRE o0-3 mm m(yq)= 400 MeV 1511.05542
'; FRVZ H — 2y4 + X 2 e—, -, n—jets 3.4 | yqlifetime 0.022-1.113 m m(ya)= 400 MeV ATLAS-CONF-2016-042
% FRVZH — 4yqg + X 2 e—, u—, n—jets 3.4 vd lifetime 0.038-1.63 m m(yq)= 400 MeV ATLAS-CONF-2016-042
§ H— Z4Z4 displaced dimuon 32.9 Z 4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H— ZZ4 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.22-5.3m m(Zy)= 10 GeV 1811.02542
VH with H — ss — bbbb 1 —2¢ + multi-b-jets 36.1 s lifetime  0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
5 $(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o xB=1pb, m(s)= 50 GeV 1902.03094
§ $(600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5 m o x B=1pb, m(s)= 50 GeV 1902.03094
®(1TeV) »ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094
-. HV Z'(1 TeV) = ququ 2 ID/MS vertices 20.3 | s lifetime o x B=1pb, m(s)= 50 GeV 1504.03634
gﬁ HV Z'(2 TeV) — q.q, 2 ID/MS vertices 20.3 s lifetime o X B=1pb, m(s)= 50 GeV 1504.03634
vl PR L0 el PR B R A
0.01 100 o1 [m]
Lol Lol a1 el L1yl L1yl PR S S A
*Only a selection of the available lifetime limits is shown. 0.01 0.1 L 10 100 T [nS]

+ more since March 2019!




“Snapshot ATLAS

Highly ionising particles / magnetic monopole search arXiv:1905.10130
Prompt and displaced heavy neutral leptons arXiv:1905.09787
Displaced hadronic jets in calorimeter N arXiv:1902.03094
[ Heavy charged LLPs arXiv:1902.01636
= Displaced vertex + muon ATLAS-CONF-2019-006
é Multi charged LLPs arXiv:1812.03673
N Displaced hadronic jets in muon spectrometer arXiv:1811.07370
g Z + displaced hadronic jet arXiv:1811.02542
2 d Displaced muon vertex (non-collimated) arXiv:1808.03057
BSM H > 2a > 4b arXiv:1806.07355
Heavy charged LLPs (SUSY) arXiv:1808.04095
SUSY search reinterpretations for LLPs ATLAS-CONF-2018-003
%I:) Lepton-jets at HL-LHC ATL-PHYS-PUB-2019-002
_|I DV+MET at HL-LHC ATL-PHYS-PUB-2018-033
EI Disappearing tracks at HL-LHC ATL-PHYS-PUB-2018-031

4 g ICI



Displaced vertex + muon ATLAS
- Signature: displaced multi-track vertex and displaced ATLAS-CONF-2019-006
muon
p
- Model: RPV SUSY
- Large-radius tracking and displaced vertex ~< Nogi
reconstruction
p Adsk
- Signal regions from triggers:
SRt Eeio 55 m; € [1,2] TeV
- missing pr > 180 GeV
> 10°L ATLAS Preliminary - Data ﬁeaw' Flavor =
- muonpr> 60 GeV, Jnf < 2.3 T v dse] v e
(missing pr < 180 GeV) 10" e Trgger Selecton 777 a7 Tovo1 e
103_ Preselected DVs ( m)=(1.7TeV, 1 ns) —;.
- Muon spectrometer rejects cosmic and fake muons . > _
7
- Inner detector rejects heavy flavour background 10 _
%7
- Backgrounds calculated via transfer factors from 1 1// — E
CRs (data-driven) 10°E [V e T
2 4 6 8 10 12

DV
nTracks
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Displaced vertex + muon ATLAS

- Full Run 2 data (2016/17/18), 13 TeV, 136 fb-! ATLAS-CONF-2019-006

~a~ o~

Stop R-Hadron,pp —> tt, t > puj

> o
Predicted Obs © 28E ATLAS Preliminary
— 2.6 Vs=13TeV, 136 fbo’!, All limits at 95% CL
o ° . 24— -
Missing pr trigger SR 1 0.43 £ 0.16 £ 0.16 |0 = 2_4;_ S+ Expected Excl. Limit (+1,2 o, )
Muon trigger SR 1.88 +£0.20 £ 0.28 |1 2 2F === Observed Limit (+1,..")
o
L] = —
- my; < 1.7 TeV excluded for t; = 0.1 ns (older 1.6 2
. 14 £ 2 e T
limit from CMS was 1.4 TeV) o
- m;< 1.3 TeV for 1, = 0.01 - 30 ns 1072 107" 1 10 . 10
(1) [ns]
_ : PP > S [T RN AR L IR LR
Strictest limits for metastable stop decays via g 1oL ATLAS Prefiminary A i
RPV coupling for 0.01 < T < 100 ns S - (s=13TeV, L=136 " ____ Exp. limit ( 10,,)
"g - e\” limits at 95% CL T( t ) = 1.00 ns |
- Model-independent limits on # signal events g 107 17N i oo
. e E 0 70, . T = U. .
and oyis also derived S [ i, ]
g 10_3 | WA/Q/ p
. . 95 95 E E . ,ﬂ"'f":f-w.,,:..:,j“‘ o E
Signal Region Sobs Sexp (O vis)on [fb] = T E
. R e ——————
B Trigger SR 3.1 3170 0.023 S e
Muon Trigger SR 3.7 4. 2+1 o 0.027




_Displaced dimuons

Vertex efficiency

Signature: y*+u- from a vertex more than several cm from IP

Models: general gauge-mediated SUSY (GGM) and H > ZpZp
(dark sector)

Use MS standalone tracks, increases fiducial volume in dy,
extrapolate tracks back to ID

Pass at least 1 of 4 triggers, two for high masses (GGM), two
for low masses (dark sector)

Two signal regions for high and low masses

O. 1 5 T T T | T LI | T T LI LI | LI T
- ATLAS Simulation — m., =300 GeV
[ Vs =13TeV — m.. =700 GeV
SRyign m.. =1000 GeV
0.1— ' _
[
— ‘ \_LI_L
0.05— o | = _
I i — L
O i 1 PR I TR S S T Y TR S |=|=|=#:_|_l—l_|f
0 50 100 150 200 250

Leading muon |d0| [cm]

Total efficiency

HRRLLLY IR IR, IR LLLL IR LLLY IR LLLY IR L IR
- ATLAS Simulation — m., = 300 GeV

:\E=13T9V —mio=700GeV i

0.1 SRyign m. = 1000 GeV ]

0.05— _

O_ 1 IIIIIIII 1 IIIIIIII“‘:\;:‘I*— l L IIIIIII[ 1 IIIIIIII L L LLLLLL
107" 10° 10° 10* 10° 10° 10’

ct [cm]

- -
- -
-—

m, € [20,60] GeV

arXiv:1808.03057

i




_Displaced dimuons ATLAS

arXiv:1808.03057

- Loose selections and trigger strategy leads to high

eficiency for range of topologies and kinematics 2 " E' | aTLas E
% 10 \E=137To%\év 32.9 fb’! —~
- Mo = e -
- Limits set with 32.9 fb-1 of 2016 data E - — Observed -
= 1= 1 - Expected =
8_ = +10 -
. . . . % 10—1 :— f ~ —:
- Lifetime ranges excluded for each mass point in o 7 f B -28=1
= " 5.(1100 GeV) = 0.163 pb
GGM and dark sector models T aatets Gg(e)p—
S - -
) 10‘3;— ------------ GGM —;
- Values of coupling parameter € ~ 10-8 excluded for : -
10—4 vl v v vl vl vl vl
20 <mgz, <60 GeV 10" 1 10 102 10° 10* 10° 10° 107
ct [cm]
w 10_4§ rryrrrryrrrr[rrrr[rrrr T T T T T [T T[T TTT T E B‘ 103; AL L L rrrrmm T rrrTTg T T n I%
- ATLAS s 2 - ATLAS ]
10° dark sector = % 12 | Vs=13TeV 329fb" =
= ] ] o - m, =40 GeV ]
o0 é— e\(’i ; : t23,_1Tev - Excluded at 95% CL, B(H— Z,Z,) = 10% . E 10 - jg,'?,?eeé‘t’fg E
- Excluded at 95% CL, B(H— Z,Z;) = 1% ] g’_ - 129 B(Z, - ) =0.137 1
107 g = S e A 4 BH-5Z,7)=01 -
o[ \ : o F :
107 E ® 10 N _ A BH->Z,7)=001 5
5 . & - -
-9 = — —2 | _ |
107E ——— 107 dark sector
10_10? _§ 10—3;_ vl vl v vl vl vl il vl III:;T
10—11_||||I||||||III|||I|||l]|||l|||l||||l||||ll|||||— 10_1 1 10 102 103 104 105 106 107
20 25 30 35 40 45 50 55 60 ot [em]
m, [GeV]

e | [ o B



Multi charged LLPs

£

L

EXPERIMENT

LA N L L L L L L

L | LU | T
e Z—u'u data

o . . . . . . . ,?f 101 Z-pw MC -
- Signature: muon-like particles with high ionisation losses A | R P L i
along track in several subdetectors, traversing whole detector & “ ¢ E
g 10°¢ ; =
. . . = - e ATLAS i
- Model: long-lived multi-charged particles (MCPs) = 0tk | .
\s=13TeV, 36.1 fb
- mumcp = 50-1400 GeV, |g| = 2e, 2.5¢, 3e, ... 7e 10°F
. . of : Y/
- “Blue-sky” search, but some models predict multi- e WU TR “5%,1' o
charged new particles , Sipixel dEidx)
5 P arXiv:1812.03673
- Single muon trigger g 1T
L o . > 12k ATLAS Teoy  Observed
- Limited by timing window (f > 0.6) ’ 11002 m13ToV, 361 1 ot T
- Addition of MET trigger to accept slow, high-mass ey —ovesss weds
MCPs (~20% of signal) el bYz:50 2250 7
2§ —DY2z=7.0 2=7.0 :
0% S I
- Background: high pT muons (data-driven estimate), N, ) 5
instrumental (removed with material veto) 104 .
| 10°——556—"400 600 800 7000 1200 1400
= 2015+2016 data, 36.1 fb_ MCP mass [GeV]
- 0 events observed forz=2and z > 2
: || = ze
20 25 30 35 40 45 50 55 60 65 70
Lower mass limit [TeV] | 0.98 1.06 1.13 1.17 120 1.22 122 121 1.19 1.16 1.12

e V(eq
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Heavy charged LLPs ATLAS

10

Signature: heavy charged particles with large ionisation energy loss and time-of-flight,
reaching at least the ATLAS hadronic calorimeter

Models: arXiv:1902.01636

- R-hadrons: gluinos or stops (full-detector or MS-agnostic)

-  EW SUSY: staus or charginos (use ID & MS)

Trigger on single muon or MET

Candidate velocity (f) calculated from time of flight (ToF) and dE/dx, combined with
momentum to estimate mass

- Accurate ToF measurements need custom calibrations (position within Tile cell of
particle impact, or run-to-run timing measurement fluctuations)

- dE/dx measurements come from Pixel detector

LT
\\\\ ////

d[m] 6.0 5.0 4.0 3.0 2.0 1.0

\\TﬁH

N
T~ \
ATLAS SS N

Vs=13TeV, 36.1 fb’




Heavy charged LLPs ATLAS

= 3000
. . > -
- Background estimate: data-driven, randomly sample & | ATLAS
o1 . . . = I Vs =13 TeV, 36.1 fb ]
mass values from probability density functions derived £ 2500 ©Ewocted e ShANadMSagno
. . . I Observed -Rhad-FullDe |
from distributions of p, Bror, (PYy)dr/dx é o T
= 20001
. . =
- Analysis on 201542016 data (36.1 fb-!) with no g | : ]
significant excess in 16 search regions 1500F . e
: ' ' &
L w
. : 1000+ — e
- Lower limits set on particles mass for R-hadrons, staus 10 .20 30: 40 50

n=0 By=1  Calorimeter :Muon Spectrometer: T[nS]

and charginos A i ot
3 4 5678910

[m]

3
%) 105 T T T T T T T T T T T T T T T T T T T o) 10 | 3
[ [wrm— -
5 o . Data = F ATLAS :
a 10 'f_‘TLAS ) [ Background S C fs =13 TeV, 36.1 fb" ]
10° s=13TeV,36.11b Background unc. 5 , - — Eheon‘, F:jrid:ﬂion .
o b} N e xpected + 16 -
10? _ w 10 E N\ e Expected * 2¢ =
10 * = % F —e— Observed limit ]
"_l_l_u—l_’_‘—l' e i SR-2Cand-FullDet |
1 O SR-1Cand-FullDet
10 E
107" = .
1072 C i
L S S S S S S S = =
) 3 B — = 3
© — = E Ny N s -
s 2E E i i
8 1E = - .
= = = -1 i
.57 0 — 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | W 1 O E Chargl no
n E | |
Maeiocion g g 2 g 8 z g 2 g 8 z « 500
rT.lToF, low § % § % § § ,% § E E § § g § g %
[GeV] IL JL JL ]

Rhad-MSagno Rhad-FullDet 1Cand-FullDet 2Cand-FullDet arXiv:l 9020 | 636




_Displaced hadronic jets

- Signature: two narrow, trackless, displaced hadronic
jets with high Enap/Eem (CalRatio jets) i _ 2 -z L f
-—C3_
- Model: hidden sector H/® >ss>ffff s = C< !

P
mg € [125,1000] GeV

m, € [5,400] GeV

- Custom trigger relies on CalRatio and trackless
feature of jets

- Two triggers for low- and high-Er regions

High-ET presel BIB-weight = 0.34

. o) ) '6' | [ T I
- Backgrounds: SM QCD multijets, beam induced E [ ATLAS BIB data
()
. E - _ -1
background (BIB), cosmics = s=13 TeV, 33.0 fb"
5 1.4 7\ 1T ‘ TTTT ‘ rTTT ‘ rTTT ‘ rTTT ‘ TT \(\ ‘ 1T \)‘ \(\6\0\0‘1\5\0\)\ ‘G\ \\/\ \7 c>)‘ 1.4 _I TTT | TTTT ‘ TTTT | TTTT ‘ TTTT | TTTT ‘ TTTT | |é(|)|0|1|5|0| ||G| |\} |_ 20 ]
m_,m_)= y e . . y = , .
§  [ATLAS Simulaton  (oToTC0 1§ [ATLAS Simulation (v To0oe it ] .
£ 1217 Vs=13TeV —— (m..m)=(125,25) GeV ] £ 120 1s=13TeV —¥— (m,m)=(12525) GeV ;
| filled markers: high-E_ CalRatio trigger ]  filled markers: high-E__ CalRatio trigger i 7
1 jopen markers: |OW'ET CalRath trigger i 1 __open markers: low-E CalRaﬁo trigger ] B
. B T ] 0§
i ] - | | _—_— _
0.8 - 0.8 ——— . :
* I : s ]
0.6 g &’ S - 0.6 |- Ea | -
) 3 s T ]
0.4 - 0.4 ﬁ_-%‘} R u'r—:(lr:__ 20
i - ]
0.2~ ~ 021~ = B Cluster z [m]
- ] O
O 7\ 111 ‘ 111 ‘ 111 ‘ 11| ] O :I_*-L"é"—l 111 ‘ 1111 | 1111 ‘ 1111 | 1111 ‘ 1111 | 1111 | 1111 | 111 |_
0 05 1 45 5 0 50 100 150 200 250 300 350 400 450 500

arXiv:1902.03094

Truth L, [m] LLP p_ [GeV]
I 2 y T nﬁ I l c I



_Displaced hadronic jets

- Multilayer perceptron trained on signal MC
samples to predict displaced jet decay position

- Per-jet BDT to classify jets as signal, multijet or
BIB

- Per-event BDTs to distinguish signal and
background events

- Data-driven background estimate using ABCD
method (two ABCD planes/signal regions)

High-E_ Selection main data High-E_ preselection
E -5 A‘TL-I-A‘S T ‘ T T ‘ T 7 2 J\l\\\\‘\\\\‘\\\\‘\\\\‘\\d\\t‘ \2\()\1\6‘\\.\\‘\\\\ TT]
[ | L4 ata main |
2 .1 W 8 rooamas T
o {s=13 TeV, 33.0 fb 6 [0} - s=13TeV, 33.0fb e— (m_,m)=(1000,150) GeV 1
3 0.4 : ] 'S : (m,.m )=(600,150) GeV -
g {5 S 1 —+— (m,,m)=(400,100) GeV
Wa B A = - —=— (m,,m)=(200,50) GeV 7
£ 03 _ =i - 1 s @ —— (m,,m)=(125,25) GeV
T LR T o
. WO TR | 107 E
02 AT RS S i
-.- - - - u h
e 1= = -
01 H = ] C :
D : C 1 - 2
: —3; O: (. F eep B =
O | | E | | | | | | O 10 ;\|(\)H\‘\T'\#\Hrﬂ-\‘\ﬂr\?ﬂu‘rgu\‘uH*HHM?
0 1 2 3 4 5 -04-0.3-02-0.1 0 0.1 0.2 0.3 0.4

Y AR, Get, tracks) High-E_ per-event BDT

13

E T
7 5 Vs=13TeV
5 351
= =
3_
f.-_l

“ATLAS Simulation

clean jets matched to CalRatio LLP

-9 0.18_ T 1 I T 11T | T T T 1 I T T 1 I]BIIBI T T ] T T T 71 I T 1 ]
O - o -
«— 0.16 ATLAS multijet A
o C1s=13 TeV, 33.0 fo"' —e— (m_,m)=(1000,150) GeV ]
S 0.14F (m_,m_)=(600,150) GeV
= L (m,,m,)=(400,100) GeV ]
c 0.12C (m,m,)=(200,50) GeV ]
- [ (m_,m)=(125,25) GeV -
0.1~ o =
B 45 _
0.08F ++., e -
B wl?- ° ]
- ve + -
0.061 e . —
B vl +'x "+ .
M Vv' * ovv. N —
C Va o " ]
0.02__ [ —
8 L s % . % ittt IV i—‘-é—l—_

3 0310 4 0.35 0.36 0.37

Signal-weight

arXiv:1902.03094

i




_Displaced hadronic jets ATLAS

- Limits set using 10.8 fb-1 of 2016 data for low-Er and 33.0 fb-! for high-Er

— 102 T T II“I\{II T T T T TTTT T T T L TTTT ,I T T — 10: T T T TTTT T T T mTTTT T T T mTTTT —
O v ‘ . 1 Ne) = =
Qo Y / S . o = 3
@ B Y '." .," 7] @ B ]
) - R o . T = =
$ s = 73
Q 10 = o = Qq - PR
X I NN S S AP <. 3 X . AT A
5 ST NS S 0 oA ] o = &
c " i c - ]
o - = O : :
I= 1 = I= = =
— il = — = 3
o - ATLAS . S a0 1
2 - Vs=13TeV 10.8fb" m, =125 GeV, low-E_selection - 2 107 m,, = 1000 GeV, high-E_selection 5
107'e — 100% B, _, ., mg =55 GeV ---- my =15 GeV - e mg = 400 GeV .
- E 3 —

O C— 10% By, _, . m,=40GeV - - my=8GeV 3 O ul ATLAS --- m, =150 GeV 7
2 - 1% By, _, ., --mg=25GeV — m,=5GeV A 2 107E Vs=13TeV 330" — m, =50 GeV E
m 1 1 1 L1111 I 1 1 1 11 111 | 1 1 1 11 111 I 1 1 1 Lr) _ 1 1 11 111 | 1 1 1 11111 I 1 1 1 11111 | 1 1 1 ]

o ] o 1

10 1 10 10 1 10

s proper decay length [m] s proper decay length [m]

- Combined limits with results from MS jets search (arXiv:1811.07370)

3 105 T T ™ IIIII T T ’LIIIIII T T T IIIIII T T T TT % [ .gllllil T IllHII[ T !I.IIHI T T NI T |I|I'|l! T LTI T I!lllll{ RN
o ATLAS \s=13TeV 3 1
2 10*E~ me =200 GeV, m_ =50 GeV — s TEei
1 CRIimit[10.8fb'] —— Obs. Q E
& 10% R — MS21imit [36.1 fo'] ===+ Exp.  To s - i ATLAS
" CR+MS2 limit = T i {s=13Tev
g 10 E 107 CR+(MS1+MS2) limit E
= 10 2 b e :
5 % L m; = 8 GeV =
o | 7 I o m.=15GeV
ol 102 m, = 25 GeV =
o) @) :
i Fasi —— mg=40GeV ]
o 10 32 5 ]
_| o T €: JHEP 10 (2018) 031 ]
(.())1072 o2 _e —— m, = 20 GeV -
LO(\) 3 0— m, = 30 GeV
@10—3 1 a3l 1 13l 1 L 3 a3l 10_ E_ ? +m5=60GeV _E
1 10 102 C ;Illlll | IIIIIII| 1 IIIIIII| 1 | IIIIII| | IIIIIII| | IIIIIII| | IIIIIII| [
_3 . _ 3
s proper decay length [m] 10* 10° 102 107 A 10 10° 10

14 arXiv:1902.03094 s proper decay length [m] I l‘ :I



_Displaced hadronic jet + Z L

- Signature: prompt leptons and one displaced CalRatio jet arXiv:1811.02542 [+

- Model: H/® > Z(> 1) Zp(> qq) p .
Z

- Trigger on prompt lepton S/H

- Cuts on tracks per jet and CalRatio to remove SM backgrounds “d g

- Cuts on jet timing to remove BIB and out-of-time pileup g

- Background estimation: using SM W +jets data mg € [125,500] GeV ¢

o . m, € [5,200] GeV
- Limits set using 36.1 tb-!1 of 2015/16 data v

- Expands previous search with addition of higher me models

—_~ — 3_— ™ T T Trr T T 1T 1T T+ — 3_— T T Tl T TrT T ™ T T TTrT T ™ T T Trr T+
& g 10 ' ATLAS ' ] g 10°F ) ATLAS ' E
N ~ Is=13TeV, 36.1fb" ] =~ f Vs=13TeV, 36.1fb" ]
T N~ 95% CL, Limits 1 N ol 95% CL Limits 1
T N 10°F m,, = 250 GeV E N 10°F Y m,, = 500 GeV E
o T () I — m, =10 GeV T F . (c) F — m, =20 GeV ]
=y - FR A — m, =50 GeV Y : PRI — m, =100 GeV
o 10\ % o e m, =100 GeV o 10F o5 e m,, =200 GeV
X E X E B
o i o i
1E -\t A e e - 1E
10—2 | _ T § T E
- m, = 125 GeV ] % T S g ] % N
L ATLAS —_— mzd =5 GeV _ ‘b’ 1 0—1 - = \b/ 1 0_1 D ~. .........
[ (s=13TeV,36.1 fb' = m,, =10GeV 7 g 1 g
95% CL Limits = m; =15 GeV
10—3 1 llllllll 1 1 IIIHIl 1 1 IIIIII| 1 L1 11111l 10—2 L L \Illlll L L I\VII\l Il il IIII\Il L bl L L UL 10—2 L L ||||||| 1 L \|||||| L L |\|||\| L Ll Ll
1072 10 1 10 10° 1072 107 1 10 10° 1072 10 1 10 10?
c t[m] c t[m] ct[m]

15




_Projections for HL-LHC ATLAS
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HL-LHC ATLAS upgrade ATLAS

17

- Inner Tracker (ITk) Run2 1D

- Greatly enlarged silicon tracker - 2x radius
and 4x length of current silicon array, 3x area

- Improved tracking capability

T T
1066 563 514 1000 [mm]

- Tile and LAr: electronics improvements

2x 4 layers (Quadruplet) of Micromegas
detectors / NSW sector

- Muon system:
- Readout improvement to face higher trigger ~ ~
rates ' '

- New small wheels (also for Run 3) x4 inpers Chondiriied)

New Small Wheel (NSW) sTGC detectors / NSW sector

- More advanced and flexible muon
reconstruction algorithms will be possible

Active

- Timing detector: W [ N

- Improve track-to-vertex association in
forward region




DV+MET at HL-LHC ATLAS

- Signature: at least 1 displaced vertex + missing Et

- Model: gluino R-hadron pair production, decaying to SM
quarks + stable neutralino

- Efficiency estimated using simple particle-level selection and
run 2 reinterpretation material

ATL-PHYS-PUB-2018-033
- Improvements to tracking and vertexing performance from ITk
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DV+MET at HL-LHC @

- 50 discovery potential for gluino masses up to 2.8 TeV for a 100 GeV neutralino, within
sensitive lifetime range of 0.1 < T < 10 ns

ATL-PHYS-PUB-2018-033

- In absence of gluino pair production, masses up to 3.4 TeV could be excluded

Gluino R-Hadron, g—qqy°, m(x°) = 100 GeV Gluino R-Hadron, g—qqy°, m(x°) = 100 GeV
< 40001 < 40001
(O] - . . . . (O] — . . . .
O ag0of- ATLAS Simulation Preliminary S ag00f- ATLAS Simulation Preliminary
zg C  {s=14 TeV, 3000 fb™, All limits at 95% CL, nB=0.02*0.0; zg C  {s=14 TeV, 3000 fb™, All limits at 95% CL, nB=1.8%3
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3200— 3200
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— Phys. Rev. D 97 (2018) 052012 — Phys. Rev. D 97 (2018) 052012
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Disappearing tracks at HL-LHC @

Variable SR Selection
Lepton veto pt [GeV] >20
min{A¢(jet;_4, EX)} > 1
EsS [GeV] > 300
Leading jet pt [GeV] > 300
Leading tracklet pt [GeV] > 150
- Signature: disappearing track in inner detector APET, k) <0
- Model: chargino decay via neutralino and very soft pion ATL-PHYS-PUB-2018-03 1
- If mass of chargino and neutralino are ~degenerate the
chargino can be long-lived J
p
- Latest ATLAS results using the 2015-2016 dataset excluded 0
wino masses below 430 GeV with chargino lifetime 0.2 ns
- Truth level analysis with parameterised detector response p .
-
7

- Select events with short tracks, no leptons, large MET

20




£

EXPERIMENT

Disappearing tracks at HL-LHC

Large gain in disappearing track sensitivity at
HL-LHC
ATL-PHYS-PUB-2018-03 |

Discovery potential:

Pure wino: mass < 450 GeV

Pure higgsino: mass < 150 GeV

Exclusion potential:

Pure wino: mass < 850 GeV

Pure higgsino: mass < 250 GeV

More tracking and vertexing improvements:

ATL-PHYS-PUB-2019-01 |
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~Summary ATLAS

- Many interesting sear ches happemng at the ATLAS experiment, e /:nguttlTptfl

m O re th an I h ave de S C rib e d h e re Displaced hadronic jets in calorimeter

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminar, ¥
A PP = Heavy charged LLPs

Si ) Lifetime limit

Displaced vertex + muon
Multi charged LLPs

Displaced hadronic jets in muon spectrometer

Z + displaced hadronic jet

Run 2 Results

Displaced muon vertex (non-collimated)
BSM H > 2a > 4b

Heavy charged LLPs (SUSY)

SUSY search reinterpretations for LLPs

g Lepton-jets at HL-LHC
G — DV+METat HL-LHC
5 o [ 0 o sl :_EI Disappearing tracks at HL-LHC
- Upgrades to ATLAS experiment will bring improved sensitivity to
LLP searches
93m 2x 4 layers (Quadruplet) of Micromegas

detectors / NSW sector

4

2x 4 layers (Quadruplet) of
PRSI, Jeeniagi Soleeies TCmee 5SS New Small Wheel (NSW) sTGC detectors / NSW sector

Run2 ID 1 ITk

/
25m

T 1
1066 563 514 1000 [mm]

- Many more analyses in the works...

22




