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Introduction

Q: How can we look for LLPs that do not
leave a reconstructable vertex?

A: Is the LLP charged? What can it couple
to? How long is its lifetime?

Rich field of signatures depending on the
answer to the above... answer

Just as displaced vertex LLP searches
require careful analysis of data, non-vertex
searches are challenging and varied

Focus on one search each for ATLAS & CMS

LHCP 9t Edition

disappearing or

displaced kinked tracks
multitrack vertices : &
: non-pointing

-
-'-
-

displaced leptons,
lepton-jets, or
lepton pairs

\‘\f
k ft /

trackless,
{ low-EMF jets

quasi-stable
: . charged ,Qarticles
multitrack vertices in the
muon spectrometer
LLPs with Disappearing Anorr.wallous
: tracks, Stopped lonizing
vertexing . .
C. Vazquesz Particles Particles, etc
- vazq E. Kuwertz C. Wulz

____ (converted) photons

emerging jets



https://indico.cern.ch/event/905399/timetable/?view=standard#284-large-radius-tracking-and
https://indico.cern.ch/event/905399/timetable/?view=standard#368-searches-for-disappearing
https://indico.cern.ch/event/905399/timetable/?view=standard#369-searches-for-anomalous-ion
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Displaced Leptons

Displaced Leptons

Previous ATLAS and CMS LLP searches for

lepton pairs mostly focused on leptons
with a shared vertex

Consider decay of charged LLP to lepton

and neutral daughter, ex: GMSB SUSY
slepton decay

Could reconstruct a kinked track, but no

need — focus on leptons, ignore slepton
tracks

No ISR/MET requirement needed
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https://arxiv.org/abs/2011.07812
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Reconstruction effiency

—_
D

—_
LN

—_
N

[N

o
o0

o
o

©
~

©
[\

o

Displaced Leptons

* Do not need slepton track, but do rely on displaced decay to suppress leptons from PV

* Need large radius tracking to reconstruct high-d tracks

* Standard tracking runs first

* Leftover hits used for large radius tracking allowing for dy up to 300 mm
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* Further modify lepton reconstruction to remove requirements on d, and the number of Pixel hits
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https://cds.cern.ch/record/2275635/files/ATL-PHYS-PUB-2017-014.pdf
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Displaced Leptons

Trigger on MS-only muon or loose
llp Oton”

Reduce backgrounds from interaction with
materials by requiring AR > 0. 2

Remove single muon cosmic ray muons by
tagging as cosmic muons with a inline
segment on the opposite side of ATLAS

Background “dominated” by:

* combinatorial fakes for pe and ee: estimated
witf}_ABCD method using the two leptons’
quality

* cosmic rays for pu: estimated with ABCD
using tag and quality info

Background <1 event, observation O events
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Lifetime [ns]

* Previous limits on slepton mass of “90 GeV from LEP for ji and €, and from

Displaced Leptons

 Limits on T limited due to branching fraction of 7 to leptons

* Lack of constraints on MET, jets, and vertices invites reinterpretation
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CMS,

LLPs in the Endcap MS

* CMS MS is wonderfully dense

Excellent coverage with sensitive muon
chambers to detect activity

Large amount of steel with full coverage to
absorb background

CMS Simulation Preliminary
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CMS,

LLPs in the Endcap MS

LLPs in CMS EMS

Seek isolated cluster of hits in the CMS MS
endcap

Trigger on MET from decay + ISR jet

Offline require pIsS > 200 GeV and at
least one jet with pr > 50 GeV

Suppress background from W and top
production by vetoing on hard electrons
and muons

Events
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-015/index.html
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Cluster Efficiency

LLPs in the Endcap MS

* Background suppressed by vetoing on clusters with any hits on innermost ¢-rings

of stations with least amount of shielding

CMS

* Reject clusters with |17| > 2.4 to suppress muon bremsstrahlung background
* Have a dedicated cluster identification algorithm with a factor of 3 suppression

of remaining background
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10 CMS,

LLPs in the Endcap MS

* Final background determined with
ABCD method using N,;;s and

Aqb(p""ss cluster)

* Predicted background: 2.0 + 1.0
* Observed events: 3

* Resulting limits best yetat ct > 100 m
for low mg

* Factor of 6 improvement for mg =7 GeV
* Factor of 2 improvement for heavier masses
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Ssummary

* Diverse array of signatures from LLPs that do not involve a
reconstructed vertex

* Challenges much the same as with vertex searches — triggering,
dedicated reconstruction, etc

* ATLAS & CMS have many ongoing searches in addition to recent
results — remain competitive

Look forward to continued LLP papers and
advances as we approach Run-lll and beyond!

LHCP 9t Edition
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* Non-vertex based LLP search

CMS Preliminary

Summary Plots

3-140fb~1 (8, 13 TeV)

RPV UDD, g—tbs, ms = 2500 GeV § CMS-PAS-EX0-19-013 (Disp. vertices) [ 0:0006=0:097i
RPV UDD, g-+tbs, m; = 2500 GeV § 2012.01581 (Displaced jets)
RPV UDD, t-dd, m: = 1600 GeV i CMS-PAS-EX0-19-013 (Disp. vertices) [N GI000S5=0" 081
RPV UDD, t—=dd, m; = 1600 GeV f 2012.01581 (Displaced jets)
RPV LQD, {-bl, mi = 600 GeV t
RPV LQD, {-bl, m;= 600 GeV f CMS-PAS-EX0-16-022 (Disp. e +disp. W) *
RPV LQD, -bl, mz = 1600 GeV t 2012.01581 (Displaced jets)
GMSB, §-gG, mg= 2450 GeV g 2012.01581 (Displaced jets) 0.006-0.55m
GMSB, g—»g(";, mg = 2100 GeV g 1906.06441 (Delayed jet + MET) 0.3?—34 m *
Split SUSY, §-qdx{, m; = 1300 GeV § 1802.02110 (Jets + MET) } 3 1 mx
Split SUSY (HSCP), f;, = 0.1, my = 1600 GeV § * CMS-PAS-EX0-16-036 (dE/dx) >0.7m
»u  MGMSB (HSCP) tang =10, u>0, me = 247 GeV 7 CMS-PAS-EX0-16-036 (dE/dx + TOF) >7.5m
a& Stopped £, f—»t;(]“. mg =700 GeV f 1801.00359 (Delayed jet) 60-1.5e+13 m
Stopped g, §—+qGx?, 5= 0.1, mg = 1300 GeV g 1801.00359 (Delayed jet) 50-3e+13m
Stopped g, g-qax3(uux?), fzo="0.1, mz = 940 GeV g 1801.00359 (Delayed pp) 600—3.3e+12 m
AMSB, y* —=x{n*, my= =700 GeV x* 2004.05153 (Disappearing track) 0.7-30 m*
GMSB SPS8, x{-+yG, mye = 400 GeV X 1909.06166 (Delayed y(y)) 02-6m *
H-XX(10%), X—ee, my =125 GeV, my =20 GeV X 1411.6977 (Displaced dielectron) ! 0.00012-25 m
E H=XX(10%), X-pp, my =125 GeV, my =20 GeV X 1411.6977 (Displaced dimuon) ! 0.00012-100 m
e H=XX(10%), X—bb, my =125 GeV, mx = 40 GeV X 2012.01581 (Displaced jets) 0.001-0.53 m
dark QCD, my,, =5 GeV, mx,, = 1200 GeV Xpxl 1810.10069 (Emerging jet + jet) 0.0022-0.3m
1 1 1 1 1
1077 1073 1073 107t 10! 103
ct [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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77 b~} (13 TeV)

20 fb~! (8 TeV)
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132 fb~! (13 TeV)
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* Non-vertex based LLP search

* Low EMF jet from neutral LLP
decay does not use vertexing

Summary Plots

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

ATLAS Preliminary

Status: March 2021 JI dt = (18.4 - 139) fh1 V’- =8,13 TeV
Model Signature  [£dt [b'] Lifetime limit Reference
LS LARLL | ML | ML | T T T T r oo T
RPVE - ug displaced vix + muon 136 | Elifetime 003-6.0 m m(t)=14 TeV 2003.11956
HPV,\r‘l’ — eev/euv/uuy displaced lepton pair 32.8 )(‘l’ lifetime 0.003-1.0 m m(d)=1.6TeV, m(y})=1.3Tev 1907.10037
GGM ) - ZG displaced dimuon 329 |} lifetime 0.029-18.0 m m(g)=1.1TeV, m{x)=1.0 TeV 1808.03057
GMSB non-pointing or delayed y  20.3 | " lifetime . o08sam SPS8 with A— 200 TeV 1409.5542
GMSB 7 — (G displaced lepton 139 | Flifetime 6-750 mm m(f)= 600 GeV 2011.07812
> | GMSBF— 16 displaced lepton 139 | #lifetime 9-270 mm m(f)= 200 GeV 2011.07812
qg, AMSB pp — rix. v x; g disappearing track 136 |y lifsime 0.06-3.06 m mi{x} )= 650 GeV ATLAS-CONF-2021-015
AMSB pp — x £, ¥ 4 arge pixel dE/dx 184 |7 lietime | 131e0m m{x})= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 § lifetime 0.1-519 m B(g — 5g)= 0.1, m{§)= 500 Ge' 1811.07370
Split SUSY *Iarge pixel dE/dx 36.1 g litetime >0.9m m(g)=1.8TeV, m(x])= 100 GeV 1808.04095
Split SUSY displaced vix + E 328 | g lifetime 0.03-13.2m m(E)= 1.8 TeV, m(x})= 100 GeV 1710.04901
Split SUSY 04,2-6jets +ET= 381 | glifetime 0.0-21 m m{g)= 1.8 TeV, m(x!)= 100 GeV | ATLAS-CONF-2018-003
A
H—ss ID/MS vix, IWUHEE 36.1 s lifetime 0.12-116 m m(s)= 25 GeV 1911.12575
VH with H — ss — bbbb 2 + 2 displaced vertices 139 s lifetime 3.6-62 mm m(s)= 25 GeV ATLAS-CONF-2021-005
?‘} FRVZ H — 2y, + X 2 e—, p—jets 203  |[FNEHRE o-3mm m{ya)= 400 MeV 1511.05542
EI:; FRVZ H — 2y + X 2 ji-jets 36.1 |y lifetime 1.5-307 mm m{ya)= 400 MeV 1908.01246
g FRVZ H = dyq + X 2 p-jets 36.1 | yalifetime 3.7-178 mm m{yq)= 400 MeV 1908.01246
T yzz displaced dimuon 329 | Zqlifetime 0.009-24.0 m m(Z,)= 40 GeV 1808.03057
H - ZZy *2 e, u + low-EMF trackless jet36.1 Z4 lifetime: 0.21-5.2m m(Z;)= 10 GeV 1811.02542
©(200 GeV) — ssJ\;\aerMF trk-less jets, MS vtx 36.1 | s lifetime 041-51.5m o x B=1pb, m{s)= 50 GeV 1902.03094
§ ®(600 GeV) — sEﬂwEMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
B(1TeV) = ss *\W—EMF rk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m  x B=1pb, m(s)= 150 GeV| 1902.03094
N Wt displaced vitx (uu of e) + 1 36.1 | N lifetime 0.44-37 mm m{N)=5 GeV, LNG 1905.09787
% N Wi displaced vix (uu of we) + 1 36.1 | N lifetime 0.64-22 mm m(N)=5 GeV, LNV 1905.09787
P | il ol el sl L
0.01 0.1 1 10 100 cT [m
- VE=13TeV  E=13TeV
partial data full data e
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.
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https://arxiv.org/abs/1902.03094
https://arxiv.org/abs/1811.07370

CMs,

Delayed Photons

Consider photon resulting from a
neutral LLP decay

* Shower axis will not align with IP-
originating photon

* Photon timing will be < ¢

Use a dedicated photon trigger
targeting skewed shower shape

Remove prompt timing
requirement for reconstruction and
use the spatial distribution of
energy to ID candidates

Saw order of magnitude
improvements in limit on
neutralino lifetime
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https://arxiv.org/abs/1909.06166

