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Searches for Long-Lived
Particles at ATLAS & CMS:
An Overview

Yangyang Cheng
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LLP Search: Physics Motivation

SM particles can be €T (m)A Oy
long(ish)-lived when 0 o
the coupling is weak 10 1

1%

and/or the decay is <
suppressed. = 1017

1071 - Q@ @ rusy

10~2° 4 (c/o B. Shuve) VA
L/ ] | | | | | L5
4 | | I I I I |
10710 193 1 10 A (GeV)

Same principles apply to BSM physics:
small couplings and no definite mass scale = long-lived particles (LLPs)!
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LLP Search: Experimental Challenges

Object reconstruction:
* Conventional reconstruction methods often
do not work well for LLPs
» Standard methods to remove noise etc.
often remove our signals

* Increased vulnerability to background
* Rich final state: how to #CatchThemAll?

Background estimation:

e Particles do not point back to primary vertex:
* detector center: LLPs from SM, pile-up,...
* detector volume: conversion, ...
* outside detector: cosmics, beam gas, ...

* Limits from detector acceptance & resolution

Triggering:

Trigger strategy B:

trigger on decay products

— displaced objects, soft and/or with high
multiplicity, are very difficult to trigger!

Hidden sector Trigger strategy A:
dynamics trigger on production process: ISR or new
heavy particle(s) (e.g. HT)

ISR - high threshold leads to significant loss in

,_Kgﬂﬂ( Mediator signal efficiency
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LLP Search: Experimental Landscape

A broad range of signature-driven

ATLAS LLP
history

_ diséppearing or
displaced kinked tracks

multitrack vertices

LLP searches have been conducted
at ATLAS & CMS experiments with
LHC Runl & Run2 data.

c/o Heather Russell

/

V| non-pointiﬁg
\ _...-"" (converted) photons

. emerging jets
lepton-jets, or

lepton pairs

displaced
CMS Long-lived | [M5€F jg:::n W BSM :
Histor .'eptc’; ! trackless,
y W quar low-EMF jets
Graphic Credit: Jamie Antonelli photon
‘ M anything quasi-stable
disafpeiring displaced multitrack vertices in the charged Qartlcles
e & lepton muon spectrometer
_ s _ This overview talk will focus on the
displaced . & displaced . . .
dijet : photon experlmental signatures, trigger &
reconstruction strategies, and (very
snuun neutral | E i L-L .
o e | [BspEed . Not pictured: briefly) HL-LHC prospects
~— any charge vertex conversion stopped particles
03/29/2019
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Displaced Decays in the Tracker

Run2 outer rings

ATLAS Tracker n=0 1n=05 n=10 n=15 20
S | n=2.5

inner rings

rR= 1082 mm

TRT %

TRT

LR=554mm
(R =514 mm

< R =443 mm
SCT
R =371 mm

R =299 mm

Pixel IBL

(~3.2cm)

R=122.5mm
Pixels § R =88.5 mm
R =50.5 mm ‘

R=0mm

For LLPs that decay inside the tracking*
volume, displaced vertices or
disappearing/ kinked tracks may be 3
reconstruct.ed. g

* Focus on inner detectors for now;
cases with muons later. CMS Tracker

24 m
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Vertex reconstruction efficiency

Displaced Vertices: ATLAS

arXiv:1710.04901
13 TeV 33 fb-'

Run 2: DV+MET

PRD 92 (2015) 072004 .

Displaced hadronic decays g 300f

with a multi-track vertex: % o
* Cannot trigger on DV
Trigger on associated 100

8 TeV 20.3 fb!

Run 1: DV+e/y,
DV+jets, DV+MET

production of other
particles (jet, e/p, Ef™ss) 0

ATLAS
\\IIlIIII

Vs=13TeV,L=3281fb"
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Density of observed vertices [a.u.]

Dedicated large-radius tracking (LRT) & secondary -100
vertex finding: |d0|<300mm (>2mm) & |z0|<1500mm
© ATLAS Simulation | | i 200
1.2 s=13Tev _— - T -
T Split-SUSY Model, §—>qﬁi? ] 3000t s T L
1~ Rehadron: m; = 1200 GeV, m , = 100 GeV, t= 1 ns — -300 -200 -100 O 100 200 300
. 8:-‘:.. "ﬁ"' + Standard Tracking ] X [mm]
8 J - .
. " ++*+++ } stnard+LRT ] Requiring >=1DV w/ mass >10GeV & nTracks >=5,
08 4, +++ L -1 > Effectively remove SM backgrounds
04k ' ++++ +++++ +++++i HH 1> Irreducible background from hadronic interactions
- +++*+++ H b 1 (lower mass & fewer tracks; apply material veto),
0'2? +++,+’+ ++++++_— merged vertices, & accidental crossings: data-
E | eettesetbey degbeed P : : :
% T s o k4,  driven estimation
R[mmk .
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Displaced Vertices: CMS

38.5 (13 TeV)

Hadronic LLP decays in dijet

& multijet channels %182_ CN|IS | |:| Bagkgrlound tlemplalte ‘_
+ HT trigger: 800 (900) GeV § _ | noa0Gev.a- 1k ]
e >=2 DVs, each >=5tracks & | e G170 mm i
* hitininnermost pixel™ o ™ cr=10mm 'j

* dVV: distance in xy A 1
between the two vertices o4/ [ “"!__ 1
with highest mass & ..i e 1

~ number of tracks 0.2} ’ «-... i
* Fit dVV templates for T i .
signal & background, B 05 T TR PG
binned by displacement arXiv:1808.03078 dyy (mm)

* Main background:
multijet & tt, esp. with b’s

dyy range

Predicted multijet signal yields
Fitted background yield Observed 0.3mm  1.0mm 10 mm

0-0.4mm 0.51 =+ 0.01 (stat) & 0.13 (syst) 1 28+07 35+08 1.0+02
0.4-0.7mm 0.37 £ 0.02 (stat) &= 0.09 (syst) 0 20+05 3709 05=+0.1
0.7-40mm  0.12 £ 0.02 (stat) = 0.08 (syst) 0 1.1+£03 11+£3 31+7
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Disappearing Tracks: ATLAS

pp — X

Charged particle with lifetime 0.01ns — 10ns
decays to invisible particle + soft charged particle:
 Trigger on Ey™iss
Two search channels

* electroweak: ISR jet + EMiss

* strong: multijet + Ey™iss N
e “Disappearing” tracklet reconstruction arXiv:1712.02118 x107°

* hits in each of the first four pixel layers & 1—P'ixe~'i | sct ' TRT jz -
. . e R Lk LT T T - - - . E
* no hits in the SCT layers 2 118 E
i =S 1.6 -
* jisolated; pT > 20 GeV T gl e
c Y =
* Backgrounds: S [ ;1‘4 3
L ) / 2 ool 129
— AW L = 0.6~ 1 £
b= = 4 - ® - q1 ©
(@) [ I (@) ) O s c - . . - «
0 1 7 ' 0 \ S i ATLAS Simulation o8 S
K @ 0'4__ = Fraction of chargino decays ] S
l‘ L (EW prod., m.. = 400 GeV, ri,=0.2nsE0-6 S
T r [ ) [ L * Pixel tracklets —0.4 S
- -~ X . = 0.2 Standard tracks o2 2
N : Ehe
Hadronic Lepton emitting fake 0 400 600 800 1000
interaction hard photon tracklet Decay radius [mm]
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Disappearing Tracks: CMS

13 TeV
e Signal lifetime: 0.1ns —100ns § 5 CMSSimuIaltjioln_ - =tIZt)ibolson .
* Trigger: pr™ss >100GeV - Clmocevi(osng Sl
* Disappearing track reconstruction: cE RN A
* isolated >55GeV track, originating from IP i -
* missing >=3 outer tracker hits 1 |
* associated calorimetry energy (dR<0.5) < 10GeV | ;
* Main backgrounds: ’
 Charged leptons kb L 15_
- |epton veto Number of missina auter hits
* Spurious tracks 3 Comamn e
—> estimated from data in large dO sideband 2 [ e T0GeVE (om0 R g
arXiv:1804.07321 i [ 70 GeVE (= 1000 em 553?,;
Run period LE;ttigited mg;ﬁfgii?ffio und e_}:sgls Observed events 7 o
2015 0.1+0.1 0! 0.1+0.1 1 0.5/~
2016A 20404401 04+£02+04 24+05+04 2
2016B 31+£06+£02 09+£044+£09 40+£07+09 4
Total 52408403 13+£04+10 65+09+10 7 i
R R e T
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Tracker Upgrade HL LHC Prospects

E 1400 ATLAS S.'mulatlon Prehmmary
E I Inclined Duals

1 200 | n= 1.0

1000

800

600

400

200=

=
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=)

w
=)

4.0
\

Both ATLAS & CMS trackers will be fully
replaced for HL-LHC conditions

* high granularity & radiation hard
extended |n|~4

tracking @ L1 hardware trigger

CMS: inner pixel + outer tracker w/
2-sided sensor modules (PS or SS)

e ATLAS: inner pixel + outer strip

q OOO

500

CMS L1 track trigger (L1TT)

* Two-sided sensor modules in OT
—>stubs: correlated hit pairs, consistent
with >=2GeV track

* Stubs form input to track finding at L1
trigger rate of 750kHz

03/29/2019

4500 2000 2500 3000 3500

tracker (silicon based; no more TRT)

z [mm]

“

-ll I
e d "‘

“stub’. .
~— /’\ pass

RERRRRRJEEE EVEERRRERERERREEEEEE

> sensors

FERRERERRER

1+4 mmI

ERRRRRE
*e
<100 yum

RERRRERRER

high p; low p+
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Displaced Decays with the ECAL

LAr hadronic /

end-cap (HEC) ==

end-cap (EMEC)

LAr electromagnetic
barrel (EMB)

1 an o4,
. 0031,
~=Cells in PS
Arjxa = D.025x0.1

n
03/29/2019

LAr forward (FCal)

Cells in Layer 3
ApxAn = 0.0245%0.05

< ATLAS liquid argon
calorimeter

CMS ECAL =2
(lead tungstate crystal)

Strip cellsin Layer 1

Yangyang Cheng | LLP Overview@Aspen
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Displaced Photons: ATLAS

Search for neutral LLP (350ps-100ns) decay to photon + invisible particle PRD 90 (2014) 112005
* Trigger: diphoton, >35(25)GeV, no timing constraint i ST:VSQ'SQD'1
« Offline: S Tl el elisln
MET Final Stat
e diphoton, >50GeV " e se

* |t]|<4ns to remove satellite bunches

ATLAS LAr ECAL provides both photon direction & time measurements .
- 8TeV analysis uses both pointing & timing (7TeV only used pointing) '
— data-driven Nx1D fit: in bins of |Z]|, 1D fit of photon time :
€1607| TT T [T T T T [T T T T [T T T T[T T T[T T T TTTT] - 0557 T : . : T - :
E 1 2 [ i '
=140— ATLAS e Z->ee (Data) ] T  ATLAS EMB [|<0.4, High gain '
%140j {s=8TeV  zvee MC) ‘ 1 é 0.50— ys=gTev +pu= 1?768;)':%.2955 — :
%1201 J.Ldt=20.3 " —— ?go E Ldt=203fb" _+_ 18 hj<0.4 Medium gai E :
ECCD - - sPssmc [ ] 2 0.45— p0=2.550-p:_l=0.299 - b
£100- I% 4 . :
g I b B ] :
80_— | l ] L B 1
- . - ] '
i i 0.35— — 1
60— L - - ] :
o 4 030 — ] l
40f 3 g - —+—_ | |
: *i.:#l : O 25: : \‘
20%:.95# ] . ; *: \‘
r - 1
B 7 C | ‘ | | | 11 | | | ]
O o800 508 400500605700 5 10 20 50 100 200

|Zo|’igin‘ [mm]

Cell Energy [GeV]



Delayed Photon/ Jets: CMS

A

CMS ECAL: good timing & energy resolution but no pointing
For Run2 displaced photon search, include ECAL cluster shape ECAL
information in the trigger & OOT photon reconstruction:

OOT photon cluster shapes more elliptical than prompt photons /Lz; Bhoton
Trigger: single displaced photon (>60GeV+shape) + HT (>350GeV) A raviting
OOT photon reco: OOT seed + photon energy, shape, iso etc. e o
Signal selection: >=1 tightly-ID OOT photon, >=3 jets, HT>400GeV — 7
Data-driven background fitted in 2D of vs photon time

CMS Preliminary 137 o' (13 TeV)

| RecHit Energy in SC (GeV) [rhEcut: 1.0 | o 10" ‘ ‘ —— PR e
°2.65 NEW delayed jet sea rch Lfcj 107 [ ] Beam halo background 3
258 . . . o [ ] core and satellite backgrounds 5
- with ECAL timing (~200ps & _, [0 Cosmic bakground :
T . c ——§— Observation E
254 resolution for >50GeV) 2>2¢ =| | = e GMSS m; = 2400 GeV, o7, = 1m -
Sl ] miss w10 O GMSB m; = 2400 GeV, 7, =10m 5
| Trlgger: ET >1206€V L - T GMSB m; = 2400 GeV, c1, =30 m J
25: . . -

o8 Signal selection: -

246 Ermiss >300GeV =
““GMSB ct = 2191 mm jets: pT >30GeV, time delay ~ -
2.42) . E
St s s es o ee  >3NS & small time spread, =

: . 107 = =

large HCAL fraction CMS-PAS-EXO-19-001 =

1 ‘ 1 1 ‘ 1 L 1 | L 1 L | L 1 L | L L 1 ‘ 1

2 4 6 8 10 12



Displaced Decays with the HCAL

Tile barrel Tile extended barrel
ATLAS ATLAS & CMS experiments have hadronic
calorimetry with different materials and designs.
tie Dodrankc —> Searches for non-prompt jets at both

% vy experiments take advantage of the HCAL designs
enctcop EMED) —— A, AN - in triggering and reconstruction.

CMS HCAL System

1
LAr electromagnetic

barrel R =/ HCAL HO :
"’ > y LAr forwa \
TILECAL CELLS A “\—aq\ M‘T\_\ o ‘T\\ MAGNET COIL \ \ \ \
" NRRg

- 0 Q1 02 93 g4 g5 ‘9.5 t?}u LA

- 1.2

4“ - DECE] l?l:lc"ﬁi}fl?l?cfﬁﬁﬂ (o)

i ]JI m D3
A5 N f .

Y V|7 . Upgraded

c1 ez Jes fo gos o fo7 fos HCAL
R ol 7 r

B1 B2 I3 m BS na B7 ‘m-: nu
25 mnln na]m].mlm'as nu mn

L L F, o,

D, 05 10 15 20 25 30 35 40 45 S0 55 &0
Zim)
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Efficiency
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Displaced Jets: ATLAS

Narrow, trackless jets that appear in the

o D -
S It

arXiv:1902.03094

i . _ (m,,m_)=(600,150) GeV |
7ATl;AS Simulation —=— (mm.)=(200,50) GeV |
— Vs=13TeV  )=(

—¥— (m m,)=(125,25) GeV

*fl||ed markers: high- E CalRatio trigger
_open markers: low- E CaIRat|otr|gger

:\VA‘

|
TT_T+

P

~-
)

-y=

%EIJ

'N'.IHI‘HH‘\\H‘\I\\l\\\\‘HI\‘HI\‘HH‘IHI

0 50 100 150 200 250 300 350 400 450 50!
LLP p_[GeV]

03/29/2019

MLP L, [m]

N\
[ ]

HCAL (or on edge of ECAL)

e “CalRatio” trigger: >60(30)GeV large
Multi-Layer Perceptron (MLP): HCAL
MVA to determine jet decay position ——
from energy deposits in each ECAL & s
HCAL layer; trained on signal, multi-jet ,":Eclll:[ther:grgy
background, beam-induced background
Ao 5
35!g§g1§mmmn 0% o tacks
3; = 0.003 & Good
?__I 0.0025 prediction
25 o 0.002 with visible
0.0015 effect from
0.001 Calorimetry
5 ' 0.0005 lAYers
| 0
15 2 25 3 35 4
Truth L, [m]
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Jets /0.02

Inclusive Displaced Jets: CMS

2.6 b7 (13 TeV)

Trigger: >=2 jets w/ pT>40GeV; HT>500GeV

£ 10 g CMS = IIZExp.limit + 10,
Displaced jet tagging: o ok} | == Obs. imi
* based on PV compatibility, displacement - - TZOG;VV
. oo . . = 102 ks — mXD= €
significance, & emission angle (track, parent) £ '*¢ ] B m =00 Gev
* tag==2or>=3 jets S oL -
. . . Q E E
Inclusive final state with no lepton veto S ]
m 1= =
tracks < :Jet Jet E
PV Ztracksf—‘PV Pt o » ol
tjet(PV) = T, s 1 10 102 o) [103 ]
. CT mm
tracks | arXiv:1711.0912 °
2.6 (13 TeV) 26" (13 TeV) 2.6 (13 TeV)
_III|III III|III|III_ N _IIII|IIII|IIIIIIII|IIII|II\I|IIII|IIII_ w 7IIII|IIII|IIIIIII||IIII|IIII|IIII|IIII7
"CMS } Data ] © CMS t Data ] o 014 CMS t Data s
§ Multijet < 01z fMutiet 1 2 L, Multijet
i3 —1mm 3 o ~1mm 1 0 —1mm
: 10mm 1 @ 01 10mm 7 © F 10mm ]
j" ~100mm ] ° 100 mm 0 ~ 100 mm ]
_ 4 — 1000 mm | 0.08 — 1000 mm ] C — 1000 mm |
10 =i 3 | BN i 0.08_— —
EL{ . 0.06 =l ] L
F s . s 1 0.061 .
L R L | 0.04 A - Y E
10 Ejg 1 ' T ; BN L ) . 0.04: _,_I—n_—|1_5_
r i T = 1 002 o o T LH—._j L 0.02 = .
] i "—LE_:_; C T
] N I R I IR B 0 B I S L e , . B
0 0.2 04 0.6 0.8 1 —1 —05 0O 05 1 15 2 2.52D3 —35 -3 —25 2 —1 5 1050 05
Jet o, log, (IP5,) log, | (©,p)
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Emerging Jets: CMS

Dark QCD shower Qok
& hadronization Trigger: HT>900GeV
g Signal selection: 4 jets passing pT & HT cuts; of which
o XDI;,,/” . 2 “emerging” jets or 1 “emerging” jet + large P™'ss
- * “Emerging” jets: tracks w/ large impact parameters
N q & less jet pT associated w/ prompt tracks
o Xbr S Background: SM four-jet process with B’s and/or
significant pT mismeasurement (fake P1™s)
Pair production of scalar Qb =10 g BRLA L -
mediators X, each decay arXiv:1810.10069 £ | oms : et imi Ims g
to q_dark & q pairs \\ ”\. é i m, =5GeV =+== Expected limit + 10 ; -§
i N 153 4
- two QCD jets, °© I B
. . = , O
two emerging™* jets - =5
* few tracks starting AN\ - I S
: - | E
at a distance 0B Lo s
- o)
C S
L 1
P O
LT > 1 X
N TEENE cwm e rerern s &
'\\ 400 600 800 1000 1200 1400 1600 1800 2000

My [GeV]
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Fraction of Jet TileCal Energy

Calorimetry Upgrade: HL-LHC Prospects
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Additional spacial

segmentation info

< at ATLAS TileCal
and CMS HGCAL »
can provide e
shower profile info .=
in triggering & = ®
identifying LLP o305

500 1000 1500 2000 2500 3000 350

00 Dages |
Tront

hadronic decays. e

 Calorimeter upgrades (ECAL electronics + HGCAL) at CMS
will provide precise timing (10s of ps) for high energy
photons in barrel + high energy hadrons/photons in endcap
* MIP Timing Detector (MTD) outside tracker volume at
CMS, can provide precision timing (~30ps) for charged
hadrons & converted photons down to a few GeV.

i

Magnetic field
"Ooff"

Lyy [mm]

03/29/201Y
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Displaced Decays with Muon System

n 0.1 0.2 03 0.4 05 06 0.7 0.9 1.0 1.1
B° 843" 786" 73.1° B7.7° 62.5° 57.5% 52.8" 43 4 44.3° 40.4° 36.8” 8
Thin-gap chambers (TGC) -8 T e il g 12z
é B . ; ) p oTe : - -
: —_—— : ¥ csCs
Cathode strip chambers (CSC) ® [ B - o reeed 1 30
A | 14 217
[
N
\ 5 16 228°
R F 17 207
o s B | 1o 18
— 1 19 17.0°
E Solencid magnet | 20 154°
3 — L2 140°
- 22 126°
& | 23 N5
N - - 24 104°
> 2 - |25 94"
; ECAL | !
3 30 57°
1 Slllwn %
\ . tracker i
\ ",_ﬁ_ﬁ 40 21°
) e e o W | | } T 50 0.77°
‘V Barrel toroid E AT LAS °0 1 2 3 4 5 6 7 8 9 10 1 12 zqm)
Resistive-plate muon
chambers (RPC) t
End-cap toroid Sys em

IID'I'EI'-nInrl 12 m

CMS muon
system =

Y

E..Z___ - e = T T IO F

20 w1 14 2 w8 & a 2m
03/29/2019 Yangyang Cheng | LLP Overview@Aspen




Displaced Muons: ATLAS

High mass

P

Low mass

* Opposite-sign muons with vertex up to
4m from interaction point

* Two search regions: high & low mass

* Muon reconstruction: starting from MS
tracks and extrapolate to IP; small

7 displacement matched to ID tracks

Signal type Trigger

Description

Thresholds arXiv:1808.03057

miss

. or
High mass '
single muon

missing transverse momentum
single muon restricted to the barrel region

EP™ > 110 GeV
muon || < 1.05 and pt > 60 GeV

collimated dimuon
Low mass

two muons with small angular separation

pt of muons > 15 and 20 GeV and AR, < 0.5
pt > 6 GeV for all three muons

trimuon three muons
£ S I R
S i”':jT V mer All muon candidates (MS-only or matched to tracks) form
— Vs = e .
g s « data, SR muon pairs = extrapolate from MS to find vertex
2 low . ey
2 5 — angular separation > 0.1, vertex position |r|<4m & |z|<6m
u data, SRhigh ) . . ..
4 = dimuon mass > 15GeV to remove conversion & multijet

AL .

1 1 | 1 1 1 1 | 1 Il
8667200 =100 0 100

1 | | B 1 1
200 300

Signed Mo [em]

- Background estimated from same- & opposite- sign dimuon
} CRs in data for prompt & non-prompt muons



Displaced Muon Vertices: ATLAS

5~ 0-7:‘“‘\"“l\“"'l““\""““"“:“‘il‘:
LLP hadronic decays with vertices between end of HCAL & I - R
start of 2" muon station 2 05 I
Trigger: cluster of three (four) muon ROIs in the barrel 2 047 parelvrioes o BN
(endcaps) within dR<0.4; no tracking or calo requirements LR S oo RS
3 o020 o ﬂ*ﬁﬁfw P
- L T R LA R B B o e T e . Q C T ﬂ':'-i-ﬂ-:-o -
S ol ATLAS Simuaton .. 1~ Two strategies: o o1 o o R
£ S f * >=2DV Qg e TR
3 g;: P § o .+ 1DV +associated objects 7 T
g 0'5éBarrerertices 'D'_D_ ) -D-G‘ E E Vertex reconstructlon uses % 0.4?: ::jgg:;:v é 23 Ei S é
S o4e Tl < tracklets from multilayer g O e I
= = - T H = . = " E Barrel vertices T ' =
DE gz: - Qg i é MDT hlts § 0'25?1MSVX+AO strategies i;H SENEal i E
i =, <! — o 025 ignal region T T i3
s e (3.0 Backgrounds: punch- Som 3 {'«-%_J'ﬂ I
ST p S I - b B i -collisi S o4 RENE0 s
Oy g L L 0 through jets & non-collision 2 00 %@Jfl ;
arXiv:1811.07370 Long-lived particle L, [m] 00E e ?r:kll}i L '}Li ;8 E
/ expected <1, Observed O Long-lived particle ny [m]
2MSV At least 2 MS verti
X eas vertees Region A Expected background B C D
IMSVaTets Exactly 1 MS vertex Barrel 14 15 + 3 (stat.) + 3 (syst.) 2,057 25 3.414
At least 2 jets with Et > 150 GeV  Endcaps 4 11 + 3 (stat.) +9 (syst.) 560 15 761
IMSVxe pmiss  Exactly 1 MS vertex Barrel 224 243 +38(stat) £29 (syst.) 42 132,000 22,800
T miss . , - S . 21
ET™ > 30 GeV Endcaps 489 497 + 51 (stat.) + 30 (syst.) 94 165,800 31,390
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< Single
displaced
leptons not

from the same
vertex; focused
on e-mu state

Displaced Muons: CMS

Higgs decay to light bosons to

muon pairs: extended to be “
sensitive to .
small displacement ho——— .
(inside pixel volume): n

dxy<9.8cm, dz<46.5cm
Tri-muon trigger: 15, 5, 5GeV,

g CMS-PAS-EXO-16-022 « Backgrounds: bb-bar, J/Psi, EW
S CMS 35.9 b (13 TeV)
w F
| {5 M— arXiv:1812.00380
g 10 30 " BaBar LHCb ]
= S ATLAS i ..
g - o [ | Additional
CR III SRII 2 N :
%’ = E 10-5b Ls:@gf_l_: 0.1% | CMS CMS RunZ2
RS I uro \\Q : analysis-in-
T\.n o 10 & [y ]
= IS —— E CHARI. . progress on
IS N R 1 .
: 10 7t E137 ATLAS ¢ o > i dISp/GCEd
e : LSND (long-lived) ~ .
S CRIV : | dimuon/
" -8 J .
: 1075 > pp—h—2n 2y +2n_4u+X | lepton jets ...
O LELEELEN AELEL N NN IIIIIIIIIII. 10-9 I I I T
0 100 200 500 1000 - 100000 0.1 ] 10 100
03/29/2019 p ldol [um] Yangyang Cheng | LLP Overview@Aspen My, [GeV] 22



Fraction of tracks

dE/dx [MeV g'cm?]

Heavy Stable Charged Particle: ATLAS

< ATLAS pixel detector dE/dx measurement improves
with IBL: reduces tails at both low & high ends

Highly-ionizing, slow-moving heavy particles can be
identified at ATLAS with dE/dx from tracker and TileCal
time of flight: 1.3-2.5ns timing resolution; o(B)~0.1

E =
: e ATLAS
= ﬁf "y (s=13TeV
m i :—i v Data Pixel w/o IBL
C ﬁ;J ‘]._1 ® Data Pixel
g S _
0% i o~ MC Pixel w/o IBL
E i .. -~ NC Pixel
u i .l
10° L *t':r';_'g___:
Eoo -
b T S SRS S
L - ~
104 ol i;ﬁ,,, e o
= T
C : +‘4__‘ ’_,_‘ ........
- -
o
} 11| ‘ I I ‘ I | I I ‘ L1 \ | I - ‘ | | I |
0
dE/dx [IVIeVg ch]
10
.FarXiv:1604.04520 ATLAS
Data 2015, ys =13 TeV
8
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- . p..po ol
: e :
1000 R - . —
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HSCP & Stopped LLPs: CMS

Tracks / bin

Searches for HSCP on CMS uses Energy loss can result in particles “stopping” in the
dE/dx measurement in the inner detector = large lifetimes (107-7 — 1076s)
tracker & time-of-flight in the e Decay in the calorimeter:
muon system | sz c e asynchronous hadronic activity
Two strategies: ' — p—2+ ‘  E>70GeV, |n|<1, 2 BX away from collisions
e tracker-only 1_ 4 o e Decay in the muon system:
e tracker + TOF :a T L * displaced muon pairs; 2 BX away from collisions
0 e 12917 (13 TeV) * displaced standalone muon reco, pT>50GeV
cCMS Tracker + TOF 3 3 2016:36.2fb ' (13 TeV) i
ﬁPre”mfnafy - g 104;_ [ R | T LA A B E N A |_; COsmlcs
¢ Observed ? o | CMs arXiv:1801.00359 -
10 a | 4 | Data-based SM prediction ] © E ¢ Data =
E| ) F . . . 3
e |:| Stau (M = 494 GeV) i o 102 ;DCosmlc ray muon simulation 3
_ 1 2 E =g ot =
- .l CMS-PAS-EXO-16-036 1 <« F (m;= 1000 GeV, m,, = 625 GeV, m,, =250 GeV)
102 4 4 2 F- ~MCHAMP > et (|Q| 2e, mMCHAMP—soo Gev) 1
= % = 5 E
= ks E LKLE - E Signal
- 10°* —
10° : 150 NI =
0 500 1000 1500 ~100 -50 0 50 100

Mass (GeV) Aty [ns]
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Muon Upgrade: HL-LHC Prospects

1CI'\.!S Phase 28:mufat;on Preliminary 14 TeV, <PU> 0
y = T T T3 . . . . .
§ gof ~mee 2 HSCP: heav ' slow-moving, highly-ionizing 2 muon system
s 09F Boptetete,, o 24 =
5 osE : . 3+ RPCupgrade: ~1.5ns TOF resolution to each RPC station
3 “s 7 > RPC-HSCP trigger: linear fit to time vs distance from IP
0.6 * - — .
ose | [lh? .. 2 * Improve mass resolution:
0af s E * Ph2 trigger level comparable to Ph1 offline level
03F . " =3+ Ability to trigger on, at the correct BX, HSCP with velocity
0'2} + +++ Ww -.'-I' _: ~
015— L*N —t—‘Phase-zﬂPC -HSCP trigger .' —E as IOW aS B 0.25
o L] A e eov) ) * Increase reconstruction efficiency for low B
0 0.2 0.4 0.6 08 . 1
o . - CMS Phase-2 Simulation Vs=14 TeV, <PU>=200
N B i e e e e
: / T 0<|.1:<09
b \ / . ‘© .3 —®— Directions-based w/o L1TrkVeto
\ / é New GEM stations: ® 10 o Directions-based with medium L1TrkVeto
. . - L 3
) "
-\ 7 high pT displaced g | =
\ / muonvslowpT ~ ;. . e a o o
e 1‘ - prompt muon
.}4 L1 track trigger: used 10!
ME

L\~

CMS-TDR-17-003
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Muon trigger P, threshold [GeV]
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Conclusions & Outlook

Long-lived particles are predicted in a wide range of BSM scenarios
Rich, exotic final states present unique, under-explored search opportunities
— Broad range of lifetime & decay products

Various signature-driven LLP searches performed on ATLAS & CMS experiments

— Results have broad reinterpretation value

— Challenges in trigger, reconstruction, & background estimation
Detector and trigger upgrades @HL-LHC bring tantalizing prospects

— Increased forward acceptance and improved resolution

— New timing & L1 trigger capabilities open up new possibilities

—> Stay tuned for Zhen’s talk!
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