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The glory of the Standard Model
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Why do we need long-lived particles?

Even with such a
successful description of
Nature, a few major
pieces are missing in the
puzzle.
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Long-lived Standard Model extensions

These problems can be solved by adding BSM physics.
Several theoretical models predict additional long-lived particles (LLPs)

* Heavy neutral leptons, supersymmetry, hidden valleys, dark QCD, neutral
naturalness, Higgs portal, Z’ portal, ...

I~ e’ (M/A)" @
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Long-lived mechanisms

These problems can be solved by adding BSM physics.
Several theoretical models predict additional long-lived particles (LLPs)

Heavy neutral leptons, supersymmetry, hidden valleys, dark QCD, neutral
naturalness, Higgs portal, Z’ portal, ...
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Long-lived particles are already here!
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https://iopscience.iop.org/article/10.1088/1361-6471/ab4574

Modelling guidance

>
»

COMPLETE
THEORIES
(i.e. Susy)

Aljeiosusb

completeness

SIMPLIFIED MODELS

EFFECTIVE FIELD THEORIES
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Need to balance between generality
and completeness.

« Simplified Models are used as
guidance

* Few free parameters:

 Masses
* Couplings / lifetimes
* Nature of BSM particles

* Visualisation of results is easier
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The Large Hadron Collider

B lons B Protons M Antiprotons

Sources &
LINACS

LHC at CERN is the largest particle collider in the world
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The Large Hadron Collide

- ATLAS
— Preliminary

- PILHC Delivered
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LHC at CERN is the largest particle collider in the world

- pp collisions at Vs = 7 TeV (2010-2011)
- pp collisions at Vs = 8 TeV (2012)
- pp collisions at Vs = 13 TeV (2015-2018)

Today: full ATLAS Run 2 data (Vs = 13 TeV, 139 fb™)

DESY.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

What can be done at the LHC

A mass vs decay length map

Mass

EW

DESY.

4 N\ [/ N\ [ )
Traditional Massive LLP Detector-Stable
prompt Decay Massive LLP
searches Searches Searches
\_ VAN J \_ Y,
4 N N\ [ )
Large
A large . displacement
Light LLP
fraction of Slga rches searches and
the SM complementary
experiments
N J\ J y
| <

Tracker resolution

(~20 pm)

| F. Meloni | HEP seminar, Liverpool | 09/12/2020

LHC detectors
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The ATLAS experiment

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Detection environment
The pile-up challenge

In order to collect a large amount of
interesting data, we need to increase
the collision intensity

« Several pp interactions happen for
each bunch crossing

* Need robust reconstruction
techniques

Recorded Luminosity [pb "0.1]
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Detector performance

Impressive performance

* Precision attained in LHC Run 1

surpassed, even in a harsher

environment
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Detector performance
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Reconstructing tracks with large displacement
The ATLAS “large radius” tracking

Standard tracking is optimised for tracks originating from interaction point

Standard Large radius

Maximum dyp (mm) Q(D 300

Maximum zo (mm) 250 1500
Maximum |7| 2.7 5
Maximum shared silicon modules )| 2
Minimum unshared silicon hits 6 5
Minimum silicon hits i 7

Seed extension Combinatorial =~ Sequential
DESY | F. Meloni | HEP seminar, Liverpool | 09/12/2020 Page 27
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/

Reconstructing tracks with large displacement

Standard tracking is optimised for tracks originating from interaction point

Large radius tracking (LRT) is an additional pass of tracking with loosened impact
parameter and hit requirements

« Perform inside-out tracking using unused hits with loose cuts
» Output track collection merged with standard track collection

Standard Large radius

Maximum dy (mm) 10 300
Maximum zp (mm) 250 @

Maximum |7| 2.7 9
Maximum shared silicon modules I 2
Minimum unshared silicon hits 6 5
Minimum silicon hits 7 7

Seed extension Combinatorial =~ Sequential
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/

Reconstructing tracks with large displacement
The ATLAS “large radius” tracking

5 1.6 | I I I I I I I I I I I I I I I I I I I I I 1 I I I I I |
é 9 4 - ATLAS Simulation Preliminary e
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Displaced vertex reconstruction

Pixel Layer-2 Track ® Secondary Vertex
Dedicated secondary displaced vertex e Required Hits
(DV) reconstruction algorithm _ o Allowed Hits
Pixel Layer-1

+ Forbidden Hits

 Two-track seed vertices from
high-quality tracks

Pixel B-Layer
 Merge nearby vertices IBL e
=K
* Lower-quality tracks not initially

preselected for vertex seeding are “ -
attached to compatible vertices §
o
§
m
2
Q-
wn
>_
I
o
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-013/

Displaced vertex reconstruction

Building on large radius tracks
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The ATLAS LLP search programme
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The ATLAS LLP search programme

Direct LLP Detection V4 > table l LLP Decay Detection
o eavy “ ,//
Stable hea & o

charged artl le | '
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The ATLAS LLP search programme

heavy charged ;

Direct LLP Detection

Stable heavy
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Disappearing
track
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Common analysis strategies
The path to discovery

1. Define a signal region (SR) based on
signal kinematic features (

e Often nearly background free! ‘\g’ /\ ‘
2. Build a background model: ? C l A
« LLP backgrounds are d \ (6 P\.)
non-standard T T W R
» Prefer data-driven to ( %
Monte Carlo based
» Keep it simple! “ABCD” |
-
3. Validate background model in Jar 4

dedicated regions

4. Look at the data!
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First example: displaced ID vertex + muon

Metastable 8 LLP Decay Detection

heavy charged

Direct LLP Detection

Stable heaw
charged particle

Monopole/HIP

Disappearing
track

-
-
—
-
- B
-
-
- -
o 5

-

e
—
-
-

Dilepton displaced

vertex
Stopped E
particles o
Displaced jets ©
(Calo-ratio) Displaced S
vertex in MS =



Displaced ID vertex + muon

q
p
P "
”’ /
~_ a3k
t < ,u
P 23k
q

Small A’ couplings result in a long-lived top squark

Use model as a benchmark but retain sensitivity to other signals

« The muon is not required to originate from the displaced vertex

DESY. | F. Meloni | HEP seminar, Liverpool | 09/12/2020
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.03200

Online selection strategy (trigger)

Leading muon p;

DESY.

MS trigger
Eff ~ 65%
depends on :
P N, d, E.™*° trigger

Eff ~ 100%
forany d;

Cluster based ETmiss

| F. Meloni | HEP seminar, Liverpool | 09/12/2020

Two complementary triggers for
displaced muons:

« Muon Spectrometer-only trigger
(p;(M) > 62 GeV, |n| < 1.05)

* New since Run 1: E_™"* trigger
(Pp(M) > 25 GeV, |n| < 2.5)

Keep selections fully orthogonal:

« Different backgrounds
(cosmic-ray vs fake muons)
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ATLAS

EXPERIMENT

Run 350013, LB 243
Event 842252132
Recorded 2018/5/10 23:47:17

Muon Stream Event




Displaced vertex selections

Loose preselection:
. ny < 300 mm and |z| < 300 mm
« Displacement: ny >4 mm

« Hadronic interactions veto via
data-driven material map built from
low-mass vertices

Signal displaced vertices:

o 23 tracks
. m,. > 20 GeV

pesv. | F. Meloni | HEP seminar, Liverpool | 09/12/2020

ATLAS 's=13 TeV, 136 fb™
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Muon selections

Dedicated vetoes to reject muons from
backgrounds:

» Cosmic-ray muon veto

* Events that have activity in the MS on the
side opposite to the muon are rejected

* Muons with matching segments on the
opposite side of the MS are rejected

DESY | F. Meloni | HEP seminar, Liverpool | 09/12/2020
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Muon selections

Dedicated vetoes to reject muons from
backgrounds:

» Cosmic-ray muon veto

* Events that have activity in the MS on the
side opposite to the muon are rejected

* Muons with matching segments on the
opposite side of the MS are rejected

* Heavy-flavour veto

* Muons are isolated from nearby ID tracks
and calorimeter energy deposits

DESY | F. Meloni | HEP seminar, Liverpool | 09/12/2020

Hadronicjet
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Muon selections

Dedicated vetoes to reject muons from
backgrounds:

« Cosmic-ray muon veto

* Events that have activity in the MS on the
side opposite to the muon are rejected

* Muons with matching segments on the
opposite side of the MS are rejected

* Heavy-flavour veto

* Muons are isolated from nearby ID tracks
and calorimeter energy deposits

» Fake-muon veto

* Muons are reconstructed from at least
three MS stations

*  Quality of fit y°/N, - < 8

DESY | F. Meloni | HEP seminar, Liverpool | 09/12/2020

Hadron ic jet
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Data-driven background estimation

N.. = TF X N

esv. | F. Meloni | HEP seminar, Liverpool | 09/12/2020 Page 44



Data-driven background estimation

Transfer factor Validation
determination regions  regions

| R

c
o
."(:_)
beF) Heavy-flavor CR | = C R
Ko) ,
e Transfer F fi ki d
c . ransfer Factor Transfer Factor Backgroun
g Cosmic-muon CR Measurement Validation C R ' Estimation
Full Muon Selection S R
Y 1, 1, < S
%0, % % . I “,
g 2 J fo %, g
)}O );.0 ‘S( G/G
Qﬁ? 04_@ 011’@ 01;6
o8,
)
DV Selection

DV uncertainties evaluated using sub-regions with different track multiplicity

Muon uncertainties evaluated varying d  requirements
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Events

Results

20

15} Highest m,, Presel. DV

10

DESY.

Muon trigger selection

RN RN
- ATLAS e Data | Heavy Flavor]
—Vs=13 TeV, 136 fb" -

Fakes Cosmics T
- Muon Trigger Selection =

| Full Muon Selection ~ -=--— (mw)=(1.0 TeV, 0.01 ns)

t

w/ >3 Tracks

- —> [ .
| -] l ]
-%:':_':‘:::i‘_‘;‘ ’Z’Eﬂﬂﬁzl-aﬁj........ e I
1 10 10? 10°

mpy [GeV]
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Events
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E.™** trigger selection

~ATLAS
" {s=13 TeV, 136 fb”

| ET™° Trigger Selection

— Full Muon Selection
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M
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Fakes' Cosmics

—
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""" (m,z)=(1.7 TeV, 0.01 nsH
)=(1.7 TeV, 0.1 ns) |




Interpretation

q
! t 4
Stop R-Hadron, pp — t1, t — g > e p

— - >‘/23k
> i g
© 28 ATLAS LA P
— 2.6 Vs=13TeV, 136 b, All limits at 95% CL )
L —
E 24 === Expected Excl. Limit (+1,2 5, )
22F = Observed Limit (+1c,..")
2
1.8\
1.4 R "y
1.2F
1IIIII 1 1 IIIIIII 1 1 IIIlIlI 1 1 IIIlIlI 1 1 lIlI'I'
1072 107 1 10 .~  10°
7( 1) [ns]

Best limits on top squark mass

* Prompt searches reach ~ 1.25 TeV
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Second example: displaced leptons

Metastable 8 LLP Decay Detection

heavy charged

Direct LLP Detection

Stable heaw
charged particle

Monopole/HIP

Disappearing
track

-
-
—
-
- B
-
-
. -
o 5

-

Dilepton displaced

vertex
Stopped E
particles o
Displaced jets ©
(Calo-ratio) Displaced S
vertex in MS =



Search for displaced leptons

’ 4
/ - ( ;‘
i G
[)

Gauge-mediated SUSY breaking

m(t) (GeV/e

%)

5

7 ADLO Preliminary

T @NLSP) Vs = 189-209 GeV
| 1 1 ] ) 1

&

g

observed limit

- - - expected limit
expected =10
expected =2 o

- PR |

PURUISS S S T S S R S S — L
-2 11 -10 -9 -8 7 -6

' log(t)

» Coupling to lightest supersymmetric particle (G) is gravitational and the
next-to-lightest SUSY particle (the slepton) becomes long-lived

Previous most stringent limits from LEP: exclude sparticles up to 90 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/

Electron

Simulated Signal Event
Selectron Pair Production é — eG

m(é) =500 GeV,7(é) =1 ns

DESY.



Dedicated lepton identification

> I L L I T L I | Y P ) I LI | L [ LI | LI} I L 1 I LI 1 1 I 1 LI I 1 LI I 1 L a0 | 1 LI I 1 LI
) B 1 |
_E 1~ ATLAS Simulation -1 o  standard tracking, standard ID alg. —
2 [ m() =500 GeV, () = 1ns, e/ 1 ° standard tracking, modified ID alg. |
ul L Is=13TeV == o extended tracking, standard ID alg. -
0.8 i* —‘=B=* m  extended tracking, modified ID alg. "
0.6 ¢ 4+ = + a
i 4 T +
. ﬂw ++ i {}_& —#—_._
0.4:— ":}{:::} i —:— ¢_¢_¢- _
N i
0.2 o -+ ha -
- - 1 .
0- Gﬁ PRI B ; L1 |--| &W—I—I‘—'—l PR T R * bl
0 50 100 150 200 250 0 50 100 150 200 250

Electron |d,| [mm] Muon |d, | [mm]

» Exploit tracks from “large radius” reconstruction

 ldentification algorithms modified for this search
* Remove requirements on |d | and the number of hits matched to the track
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Dedicated lepton identification

>‘ I L [ | T I T L T I T T T T I LI | T T ' T T LI} I 1] T T 1 I LI 1 1 I 1 1 1 1 I 1 LI I 1 T 1 1 I 1 LI 1 I 1 1 1 T
%) E 1 i
_E 1~ ATLAS Simulation -1 o  standard tracking, standard ID alg. —
2 [ m() =500 GeV, () = 1ns, e/ 1 e  standard tracking, modified ID alg. |
ul L Is=13TeV == o extended tracking, standard ID alg. -
0'8§* —'=B=* m  extended tracking, modified ID alg. "
-~ -+ - T -*-_*_
- Thy - 4 -
0.6 ¢ o —4 + ]
I L T
[ Tas. T 1 ¢¢ —#—__._
o= — Ho —— T % -
Lal:ge L - 1 ¢_B_
Radius 4 %2 | T ra—
Tracking [ e —o— . T —o—
ﬁ- % |||||l|*|||l--lfﬁm=°:h=m=“1—l—lllnn*lll
0 50 100 150 200 250 0 50 100 150 200 250

Electron |d,| [mm] Muon |d, | [mm]

» Exploit tracks from “large radius” reconstruction

 ldentification algorithms modified for this search
* Remove requirements on |d | and the number of hits matched to the track
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Dedicated lepton identification

c>>‘ —I L L I T L T I T T T T I L T T I T T LI} I 1] T T l- I LI 1 T I 1 1 1 I 1 LI I 1 T LI | I 1 L 1 I 1 1 1 T
_E 1~ ATLAS Simulation -+ o  standard tracking, standard ID alg.
3‘:_3 [ m() =500 GeV, () = 1ns, e/ 1 e  standard tracking, modified ID alg. |
ul L Is=13TeV == o extended tracking, standard ID alg. -
0'8_1* —'=€=* m  extended tracking, modified ID alg. "
0.6 * 44" = + a
Dedicated - ++' T T +
edica (IaD _ w T T o
La':ge 0 2__ 1+ _—_ - -
Radius “T . il .
Tracking i egg: ==l . 1 o
ﬁ PRI BT |*| | me' P [ *l e e
0 50 100 150 200 250 0 50 100 150 200 250
Electron |d,| [mm] Muon |d,| [mm]

» Exploit tracks from “large radius” reconstruction

e I|dentification algorithms modified for this search
* Remove requirements on |d | and the number of hits matched to the track
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Event selection

Select two leptons (ee, py, ep) with p.> 65 GeV and [d | > 3 mm

* No requirements on the charge (retain sensitivity to other models)

Trigger requirements (and limitations):
* Single- and di- photon triggers p;> 140, 50 GeV
* Muon spectrometer only trigger p_. > 60 GeV and |n| <1.07

Main backgrounds arise from:

« Cosmic ray muons
» Algorithmic fakes
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Algorithmic fakes

Dominant in SR-ee and SR-ep

» Mostly originates from “large radius”

fake tracks.
 More fake electrons than fake
muons

Estimated using ABCD method

Validation:

« Heavy-flavour inverting the isolation
requirement

* Fake-lepton contribution inverting
and varying the requirements on
track quality and lepton consistency

DESY | F. Meloni | HEP seminar, Liverpool | 09/12/2020

l
J
—

LcaJ§u8 ele Acon
BN

Page 55



Cosmic ray muons

Dominant background for SR-pp

* One cosmic ray muon can be
reconstructed as two correlated high |d |
muons

Time to traverse detector ~ 1 bunch crossing

* Muons more likely to be more poorly
reconstructed

* Add requirement on timing (t,°*® < 30 ns)

« Also apply cosmic muons tagging as in
previous DV analysis

Background estimated with ABCD
(with cosmic tag and muon quality
requirements)
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Results

Region SR-ee SR-up SR-eu
Fake + heavy-flavor ~ 0.46 +0.10 - 0.007+2:0%
Cosmic-ray muons - 171 N -

Expected background 0.46 +0.10 0.11*329  0.007*5-057

Observed events 0 0 0

Uncertainties estimated from non-closure of ABCD estimations in
validation regions.

« Statistical uncertainties largely dominant
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Interpretation

M= 1GIG, le e, 1]

'g' 105 T | TTTT | TTTT | T TTT I T TT I TTTT | TTTT | 71T | T 1T
'6' . ATLAS - - = - Expected limits |
§ 10 s=13 TeV. 139 iy’ —— Observed limits
= ool Alllimits at 95% CL coNLSP o
&
102_ DELL,R ] TO hal/
- % 1 wegMeso,
ax, W/fch e £, n
es./ ed l‘h y
10° - e
10°" —
1072 —
10—3 || | | I | | L1 11 | L1 11 l L1111 | | | | | | | L1 11 | L1 11

100 200 300 400 500 600 700 800 900

Comparing with LEP, for a slepton lifetime of 0.1 ns:

* €y, Mg, T excluded up to 580 GeV, 550 GeV and 280 GeV
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The many other results | didn’t talk about

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

ATLAS Preliminary

Status: May 2020 JLdt=(18.4-136) fb! V5=8,13TeV
Model Signature  [£dt[fb™] Lifetime limit Reference
RPV ¥ — uq displaced vtx + muon 136 E|ifenrlne | — ———— ———— o ':11('?)':‘1I.;I1'ev S 2003.11956
RPV 4 — eev/euv/uuy  displaced lepton pair ~ 32.8 | x? lifetime 0.003-1.0 m m(g)=1.6 TeV, m(x})= 1.3 TeV 1907.10037
GGM )(? 76 displaced dimuon 32.9 )(‘1’ 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 | x? lifetime . o00854m SPS8 with A= 200 TeV 1409.5542
AMSB pp - x:\0, x7x;  disappearingtrack  20.3 | x* lifetime . 02230m m(xs)= 450 GeV 1310.3675
AMSB pp — xix3. x;x;  disappearing track 36.1 )(f lifetime 0.057-1.53 m m(y;)= 450 GeV 1712.02118
AMSB pp — x50, xix;  largepixeldE/ox 8.4 | x* lifetime . 13190m m(y;)= 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 large pixel dE/dx 36.1 g lifetime >0.9m m(g)= 1.8 TeV, m(x?)= 100 GeV 1808.04095
Split SUSY displaced vtx + Ef'ss 328 | g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(y3)= 100 GeV 1710.04901
Split SUSY 0(,2-6jets+EM= 361 | glifetime 0.0-2.1 m m(g)= 1.8 TeV, m(y})= 100 GeV | ATLAS-CONF-2018-003
H-ss ID/MS vtx, low EMF/trk jets 36.1 | s lifetime 0.12-116 m m(s)— 25GeV 1911.12575
FRVZ H > 2y4 + X 2 e-, u-jets 203  |[FANEHHE 0-3mm m(ya)= 400 MeV 1511.05542
FRVZH — 2yy + X 2 u-jets 36.1 v4 lifetime 1.5-307 mm m(yq)= 400 MeV 1909.01246
FRVZH — 4y, + X 2 u—jets 36.1 v4 lifetime 3.7-178 mm m(yq)= 400 MeV 1909.01246
H— ZyZ4 displaced dimuon 329 Z, lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H— 7z 2 e,y + low-EMF trackless jet36.1 | Zq lifetime 0.21-5.2m m(Zy)= 10 GeV 1811.02542
VH with H — ss — bbbb 1 -2 + multi-b-jets 36.1 s lifetime B(H — ss)= 1, m(s)= 60 GeV 1806.07355
$(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o x B= 1 pb, m(s)=50 GeV 1902.03094
(600 GeV) — ss low-EMF trk-less jets, MS vix36.1 | s lifetime 0.04-21.5m o X B=1pb, m(s)= 50 GeV 1902.03094
P(1TeV) - ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m ¢ x B=1pb, m(s)= 150 GeV 1902.03094
N—> W¢e displaced vix (uu or pe) + u 36.1 N lifetime 0.44-37 mm m(N)= 5 GeV, LNC 1905.09787
I N— W¢ displaced vix (uu or pe) + p 36.1 N lifetime 0.64-22 mm : | | m(N)=5 c:ev, LNV 1905.09787
0.1 1 10 100 cT [m]
- V5=13TeV  V5=13TeV
partial data full data el el el el el Ll
- 0.01 0.1 1 10 100

DESY.  *Only a selection of the available lifetime limits is shown.

7 [ns]

LLP summary plots



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-011/

A word on re-interpretation

Real-life experiment Simple reinterpretation framework

do o . .
) .. Unconventional objects are

; ; model
_Q\kjgsiﬁ';-ﬁ-’*’-*f’{ﬁi e i T tricky to emulate
cean [fuona | cxpemen We provide parameterised
S Tig ........................ --Ezuciﬁl';‘zij'—- efficiencies such that they can
Athena [Reconsiucton| <~ > | e be used for reinterpretation
s [ | b Nug outside the collaboration
LTSQ; credit : NS, = (A () S) - (- atet)
. (I)‘se R Plots and Tables of HEPDATA information
: ::;II;LS;:;S Simulation
" Look for this in HepData and document

the public pages

o
T A L T

released on paper publication

Vertex reconstruction efficiency

o
)

« Complete statistical
likelihoods are released

S T R | Lo P L
0 100 200 300
Truth vertex R, [mm]
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Summary

LLP searches are a particularly creative field

Special techniques across the experiment are required to be optimal:
« Trigger
« Reconstruction
» Data-driven estimation for unconventional backgrounds

Most of Run-2 results using the full integrated luminosity are yet to be released!

Relatively clean signature:

« Search sensitivity ~ will linearly grow with luminosity
and remain interesting for years to come.

* Discovering something new is an important step
Perhaps not what

* Finding out what we have discovered will be we think!
even more interesting!
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Thank you!

A CHRISTMAS GIFT FOR PHYSICISTS:

THE. FIXION

A NEW PARTICLE THAT EXPLAINS EVERYTHING

ANISOTROPIES IN EARLY UNIVERSE.
(BUTADDs FAINT FOLARIZATION
FOR BICEP3 To FIND)

TRIGGERS SIBERIAN SINKHOLES

TRANSPORTS NEUTRINOS FASTER THAN
ST LIGHT BUTONLY ON CERTAIN DAYS
THROUGH ONE ARER OF FRANCE.



https://xkcd.com/1621/

Lifetime and detection

Different tools and strategies for different decay lengths

g (R-hadron) — qq %, : M(%,) = 100 GeV March 2019
%' 3000 — @ RPCOL2-6 jets arXiv:1712.02332 (Ys=13 ‘(Iev, s6f’)  ATLAS Preliminary
| ——@— RPC OL 2-6 jets ATLAS-CONF-2018-003 (Ys=13 TeV, 36 fb™
O, _ Displaced vertices arXiv:1710.04901 (Vs=13 TeV, 33 fb") -@ - Expected
S = Pixel dE/dx arxiv:1808.04095 (Ys=13 TeV, 36.1 fb™) -eo— Observed
\E/ | —@— Stable charged arXiv:1902.01636 (Ys=13 TeV, 36.1 fb™) 95% CL limits
< 2500 [~ Stopped gluino arxiv:1310.6584 (Vs=7,8 TeV, 5.0,23 fb’)
S B : : o
E -
& 2000 =
= -
(@) L
- L
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1000 | : . . :
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o . e e ©
4 | RN &
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-020/

Prompt top squarks

{s=8,13TeV, 20.3-139tb " July 2020
I I I 1 1 | 1 1 I I I I 1 I 1 1 1 I 1 T T
ATLAS Preliminary

= 900
O
S, 800

LI = Observed limits

= = Expected limits

t.t, production Data 15-18, V5 = 13 TeV, 139 fb
o e Q & ~ 0~ 0~ ~0
9 ‘_700 Limits at 95% CL Ty x 0L, 1, —1x, /> bWy /1, > bif x
1t 2 P [2004.14060]

& =1L > 1K/ T, bWE, /T, bff 7
[ATLAS-CONF-2020-003,
ATLAS-CONF-2019-017]

— 2L T, >t/ T, > bW, /T, bif 7
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[ATLAS-CONF-2020-046]

Data 15-16,¥s = 13 TeV, 36.1 fb ™'
= ;1 —>ti? /L - bWi?/’f1 - bff' i?
[1709.04183, 1711.11520,
1708.03247, 1711.03301]
& 11 —>ti?
[1903.07570]

Data 12, Vs = 8 TeV, 20.3 b ™

Y ~0 ~0 % , ~0
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Prompt slepton limits

May 2020
; 600 i | I I I I | I I I I I I I I I | I I I I | 1 I I 1 | I I I I | I I I I |
O " ATLAS Preliminary 8TeV,20.3fb~" 7 €[&,/i] arXiv:1403.5294 ]
O] ; 3 Soft 2¢ 7€ [8 ] arXiv:1911.12606 -
~. 9500 | s=13TeV, 139 2( 7c8 /i arXiv:1908.08215 ]
6-1\— i pp — EZ,RKZ,R’ 7 — @Z? 27 hafjronlc £=T arXiv:1911.06660 i
P - LEP /ip excluded ]
~— 400 | Aulimits at 95% CL —
E B — QObserved limits ]
i - == Expected limits i
200 ~ Bl
100 - l
i |I'I | 1 1 | | 1 1 | | 1 1 | ‘n 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 | 1 ]
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The ATLAS tracking detector

3512.0
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CMS

Overview of CMS long-lived particle searches

CMS Preliminary

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

RPV UDD, §-tbs, my = 2200 GeV
RPV UDD, §-tbs, my= 2500 GeV
RPV UDD, f-+dd, m; = 1300 GeV
RPV UDD, f-dd, m; = 1600 GeV
RPV LQD, f-+bl, m; = 600 GeV
RPV LQD, E-bl, m; =600 GeV
RPV LQD, f=bl, m; = 1600 GeV

e e @

CMS-PAS-£X0-19-021 (Disp. jets) 00 S024H

GMSB, 96, m; = 2450 GeV

GMSB, §-gG, my = 2100 GeV

Split SUSY, §=qgyx}§, mg = 1300 GeV

Split SUSY (HSCP), fzg = 0.1, my = 1600 GeV
MGMSB (HSCP) tang = 10, u> 0, m; = 247 GeV
Stopped ¢, t-ty?, m; = 706 GeV

Stopped §. §-qqx7, fzo = 0.1, my = 1300 GeV
Stopped g, G=qax3(ux?), fag = 0.1, my =940 GeV
AMSB, x*=x3n*, my- = 700 GeV

GMSB SPSB, x?-+YG, my = 460 GeV

3R @O @

CMS-PAS-EX0-19-021 (Disp. jets) I 0,006 0155 7
190606441 (Delayed jet + MET) 03234 m

2004.05153 (Disappearing track) [ 0730 M)
1909.06166 (Delayed y(y)) [/ D2=6m)

1801.00359 (Delayed py)

H=XX(10%), X—ee, my =125 GeV, mx=20 GeV X

H=XX(10%), X=spt, my; = 125 GeV, my =20 GeV  x

H=XX(10%), X~+bb, my; =125 GeV, mx =40 GeV X
Xo

dark QCD, my,, =5 GeV, my,, = 1200 GeV K

107*

1073 1072 1071 10° 10!
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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CMS

CMS Preliminary 140 fb™ (13 TeV)

t - dd —— Observed £ 16, _§ 0° §
S CMSdisp.jets ~ ===: Expected +10,, ] o
< 3000 1 %
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& 2500 210 ©
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T g
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1500 O
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; , 107
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LHCb

Regions where B(H" — 7y my) > 50% is excluded at 95% CL

— 80 0 11 11 R B B MR BRI
RS, == ATLAS 20.3 fb~! at 8 TeV
% ol — LHCb 2.0 fb-! at 7-8 TeV —
= = CMS 18.5 fb! at 8 TeV
= 60| i
50 —
40 al
30 —
20 —
10 —
AR AR AR AR R R A1 S SN NN
10~ 1073 1072 102 10° 10! 10?
my cr [m]
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https://doi.org/10.1140/epjc/s10052-017-5178-x

Online selection strategy (trigger)

The typical trigger algorithms cannot be used

to select displaced leptons

DESY.

Electrons are targeted with photon triggers

Muons are targeted with MS-only information

No efficiency dependence vs |d |

No requirements on additional jets in
Events, which would have been needed
to use missing energy triggers

| F. Meloni | HEP seminar, Liverpool | 09/12/2020
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DV+mu signal uncertainties

Source of uncertainty Relative impact on € for signal events [%]
Total 18-20
Tracking and vertex reconstruction 15
Displaced muon efliciency 10-12
Prompt muon efficiency (0.01-0.7) & (0.9-4.0)
ISR modeling in MC simulation 3
Pileup modeling 0.37-2.2
Hadronic energy scale and resolution (affecting Efr“iss) 2ol
Integrated luminosity of dataset 1.
Trigger efficiency <0.2
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Displaced leptons uncertainties

Background Uncertainty Value [%]
statistical 18
e Gakes-and heavyfiavor isolation non-closure 11
fakes non-closure 6
total 22
statistical +257 / -129
isolation non-closure 92
eu: fakes and heavy-flavor T g
total +273 / -159
statistical +180 / -95
Rgood |do| dependence 38
Mp: cosmic muons estimate variable 16.5
Rgooq definition muon 13
total +185 / -104

pesv. | F. Meloni | HEP seminar, Liverpool | 09/12/2020

Page 72



Comparison with LEP

Lifetime [ns]

DESY.

SR-pp

Expected Limit ¢-10,,,)

Observed Limit 10
LEP IIR excluded

SUSY)
theory/ —

5 éRéR%eéeé, SR-ee 5 ﬁRﬁH%uéué,
10 T T I T T T T I T T T T | T T T T | T T T T | T T T T | T T T T I T T T T E‘ 10
ATLAS Expected Limit (-16,,,) -6- ATLAS
102 Vs=13TeV, 139 i Opsarved %inc;itd&wtiifb - £ 102 Vs=13TeV, 139 i
All limits at 95% CL Er EREIEE k5] All limits at 95% CL
|
10’ B 10—
10° - 10°—
107! . 107
10°° B 102
10_3 g 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 10_3 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 E
100 200 300 400 500 600 700 800 100 200 300
m(e) [GeV]
'fL'fL—méré
@ 10" e
A= ATLAS Expected Limit ¢-16,,,)
2 /‘/-\—T|=I'1 3 TeV, 139 fb" Observed Limit (16505
= imits at 95% CL LEPZ, excluded
:"_I:
10°— -
107" —
10—2||||||||||||||||||||x|:|||||||||||
| F. Meloni | HEP seminar, Liverp 50 100 150 200 250 300 350 400

m(®) [GeV]

400

500

600

700 800
m(ix) [GeV]
Page 73



My ATLAS detector gslides sketch




