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vy Why long-lived particles? TLAS,

* In the first years of the LHC, new physics searches focused mostly on particles

> quasi-stable, decaying outside the detector — ct210m
> promptly decaying near the interaction point (IP) — ct=<1um

= optimal performance: use of all sub-detectors,
best efficiency and resolution, IP constraints
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5 Benchmark models )

INEN ATLAS
C

* Models with quasi-degenerate mass states, small couplings, or highly
virtual mediators can lead to LLPs, e.q.:

» SUSY: RPV models, split SUSY, GMSB, AMSB, etc.

> Hidden sectors: scalar portal, dark photon, ALPs, heavy
neutrinos, etc.

> Magnetic monopoles

e Typical benchmark models used to interpret LHC results
> SM-like or BSM Higgs: H — XX — 4f with scalar or vector X
> SUSY: electroweakino/gluino/slepton/squark pair production

> Heavy neutral leptons (HNL) with (semi-)leptonic decays
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* Models with quasi-degenerate mass states, small couplings, or highly
virtual mediators can lead to LLPs, e.q.:

» SUSY: RPV models, split SUSY, GMSB, AMSB, etc.

> Hidden sectors: scalar portal, dark photon, ALPs, heavy
neutrinos, etc.

> Magnetic monopoles

e Typical benchmark models used to interpret LHC results
> SM-like or BSM Higgs: H — XX — 4f with scalar or vector X
> SUSY: electroweakino/gluino/slepton/squark pair production

> Heavy neutral leptons (HNL) with (semi-)leptonic decays

Searches will be presented following a signature-driven
(rather than model-driven) criterion
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0 LLP signatures

C
 LLPs produce characteristic and "unusual” signals in ATLAS & CMS

> displaced track with large impact parameters

......
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O LLP signatures

 LLPs produce characteristic and "unusual” signals in ATLAS & CMS
> displaced track with large impact parameters

> disappearing track with missing outer hits

Sep 7, 2022 D. Trocino — Search for long-lived particles at ATLAS & CMS — IPA2022



- LLP signatures

(=
 LLPs produce characteristic and "unusual” signals in ATLAS & CMS

> displaced track with large impact parameters
> disappearing track with missing outer hits

» displaced vertex (DV) from ID or MS tracks
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) LLP signatures

C
 LLPs produce characteristic and "unusual” signals in ATLAS & CMS
> displaced track with large impact parameters
> disappearing track with missing outer hits
> displaced vertex (DV) from ID or MS tracks
» displaced and delayed CAL jet
- not pointing to the IP

- delayed w.r.t. p-p collision
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> displaced track with large impact parameters

> disappearing track with missing outer hits
> displaced vertex (DV) from ID or MS tracks
» displaced and delayed CAL jet

- not pointing to the IP

- delayed w.r.t. p-p collision

- low ECAL/HCAL energy ratio

> high-multiplicity shower in MS
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> displaced track with large impact parameters

> disappearing track with missing outer hits
> displaced vertex (DV) from ID or MS tracks
» displaced and delayed CAL jet

- not pointing to the IP

- delayed w.r.t. p-p collision

- low ECAL/HCAL energy ratio
> high-multiplicity shower in MS
> unusual ionization levels

- multiply/fractionally charged particle

- slow, heavy particle
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” Typlcal backgrounds in LLP searches A@)S

. EXPERVIMENT

e Common background sources emerge in many LLP searches

> Random track crossings

- Main background for many searches

- Reduced by requirements on vertex quality
and other vertex-related quantities

fake DV X %

» |nteractions in the detector material

- \eto vertices in the detector layers

p-p collisions

> Cosmic rays

- Generate displaced tracks or
anomalous energy deposits

- Veto back-to-back muons and
use detector timing

> Beam-induced backgrounds (BIB)
- Anomalous early deposits in the calorimeter barrel

- Use shape and time of deposits to veto
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Common background sources emerge in many LLP searches

>

Random track crossings

Main background for many searches

Reduced by requirements on vertex quality
and other vertex-related quantities
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>

Beam-induced backgrounds (BIB)

Anomalous early deposits in the calorimeter barrel

Use shape and time of deposits to veto
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ATLAS

. EXPERVIMENT

e Common background sources emerge in many LLP searches
> Random track crossings
- Main background for many searches

- Reduced by requirements on vertex quality
and other vertex-related quantities

» |nteractions in the detector material

- \eto vertices in the detector layers

> Cosmic rays

- Generate displaced tracks or
anomalous energy deposits

- Veto back-to-back muons and
use detector timing

> Beam-induced backgrounds (BIB)
- Anomalous early deposits in the calorimeter barrel

- Use shape and time of deposits to veto
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. Typical backgrounds in LLP searches

e Common background sources emerge in many LLP searches

> Random track crossings
- Main background for many searches

- Reduced by requirements on vertex quality
and other vertex-related quantities

» |nteractions in the detector material

- \eto vertices in the detector layers

> Cosmic rays

- Generate displaced tracks or
anomalous energy deposits

- Veto back-to-back muons and
use detector timing

> Beam-induced backgrounds (BIB)
- Anomalous early deposits in the calorimeter barrel

- Use shape and time of deposits to veto
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Final state
in beam pipe
in ID
in ECAL or HCAL

Displaced jets inID and MS
and vertices in MS

plus Z

plus muon
Emerging jets
Displaced taus

Displaced/delayed photons

within ID, no vertex

Displaced within ID, vertex

dileptons within ID, high-rate

within MS
HNL with displaced leptons
Stopped particles
HSCP
Highly ionizing multi-charged
particles in Pixels (low cT)
HEC & monopoles
Fractionally charged particles

charginos pairs

Disappearing
tracks

SIMPs

gluino to charginos

Latest LLP searches (by final states)
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Searches with hadrons
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 (General search for multi-jet + DVs within the ID

> > 2 jets (trigger and offline), > 1 DV associated to at least 1 jet

> Main backgrounds: nuclear interactions, combinatorics,

long-lived SM hadrons

- measured in control regions in data

> Final selection relies on a multi-variate analysis

» No excess observed — limits on benchmark models

95.9 fb' (13 TeV)
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= Background predictions
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e Search for multi-jet + DVs within the beam pipe

> >4 jets, trigger on Hr =X pr(jet)
> > 2 vertices with displacements < 2 cm

- mostly SM backgrounds: b-jets,

prompt vertices with a bad track \ d ----- B
..'.,,:f.-'v"'“"' BV
> Distance dvv between 2 DVs sensitive to % v
several RPV SUSY scenarios

- 0 events observed in signal region
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e Search for heavy LLPs decaying to jets in ECAL

>

Events / 0.5 ns

Sep 7, 2022

Pushing to larger ct: jets in ECAL y/

e XPERIMENT £ /

thS Lett. B 797 (2019) 134876

TeV-scale particles that cross the ID (~1 m)
before decaying hadronically

- low B, indirect path — delayed jet, At ~ ns

CMS ECAL time resolution ~200 ps (ET > 50 GeV)
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https://www.sciencedirect.com/science/article/pii/S0370269319305908?via=ihub

1 Pushing to larger ct: jets in HCAL

C

 LLPs decaying hadronically in HCAL

> Dedicated CalRatio triggers, based on low ECAL/HCAL energy ratio

> Main backgrounds: multi-jets, BIB, cosmics

»  MVA-based selection:

per-jet NN tagger + per-event BDT

> No significant excesses, limits on SM-like & BSM H — SS decays
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* Two different strategies for LLP hadronic decays in the MS

-0 Pushing to larger crt: jets in MS

» ATLAS: DVs fitted from MS tracklets

- dedicated trigger

- no matching activity in the ID and CALs

> CMS: MS hit clustering

- triggering on MET

IR B e L ]

J =

- restricted to MS endcaps (CSC)

> Comparable sensitivity on SM H — SS scenario
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https://arxiv.org/abs/2203.00587
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.261804

Searches with leptons

Sep 7, 2022 D. Trocino — Search for long-lived particles at ATLAS & CMS — IPA2022 14



1 Displaced leptons

 Generic search for displaced ee, en, up pairs e
within the Pixel and with no vertex requirements - ) 7/ g
- . p \i\\ ————— G
> Sensitive to a broad suite of models RN
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.051802
https://link.springer.com/article/10.1140/epjc/s10052-022-10027-3
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e Search for di-muon vertices in the ID and MS

B Large ct: muons in ID + MS

> Three pp categories: ID-ID, ID-MS, MS-MS
> Complementarity, ct ~ 100 pm-1 km

> Limitson BSM H — SS — 2u+X

. 97.6 fb" (13 TeV) °
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mg Large ct: muons in ID + MS

C

e Search for di-muon vertices in the ID and MS
> Three pp categories: ID-ID, ID-MS, MS-MS
> Complementarity, ct ~ 100 pm-1 km
> LimitsonBSM H — SS —»2u+ X

> Limits on a Hidden Abelian Higgs Model (HADM)
with dark photons: H — ZpZp — 2pu+ X

97.6 fb' (13 TeV)

E‘ 108 I 1 ] 1 1 I 1 ] 1 1 I 1 1 ] I (HI ZI ZI ) ] 1I/ 1 ] I
- B(H— =1%
9O, 10’ CMS — B(H—>z§zg) = 0.1%
3¢ 6 95% CL exclusion contours B(H—Z,Z;) = 0.05%
© 10 B(H—>Z,Zp) = 0.01° i
B(H—>Z,Z) = 0. i
L
K ZD
H----- oo
10 Hp 70 ;

1

m(Zp) > 10 GeV ~ 10”

(from trigger) 107 *‘ f

_3 1 1 1 1 I 1 1 1 1 I [ 1 [ [ I [ [ [ I
10 20 30 40 50

m(Z,) [GeV]
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C

e | ow mass di-muon vertices within Pixel detector

> Scouting: very-high-rate triggers with limited event
content stored, to ensure affordable data throughput

- di-muon masses > 300 MeV
- limited information for analysis

> Limits on HADM dark photon model: H — ZpZp

101fb ' (13 TeV)

[a)

N

, B(Zp - pp) from JHEP 02 (2015) 157 T g
10 )
=

Q

cTE® [mm]

10°

10

10

10°

-1 | | -5
f] 1 2 3 4 5 6 7 8910 20 30 40 50

m, [GeV]
500 MeV ’

10

CMS Supplementary 101 fb™' (13 TeV)

>
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0} Xy
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https://link.springer.com/article/10.1007/JHEP04(2022)062

,N/'ER Very low mass: collimated particles

(s
 Dark photons decaying to collimated ee, upn, qq pairs in HCAL or MS

> dark-photon jets (DPJs)

. . . -DPJ
- ee/qq in HCAL, CalRatio triggers 3
- uupin MS, dedicated MS-only triggers
- MVA taggers to reject background calo §
(BIB, cosmics, multi-jets) :
> Limits on HADM model for dark photon mass > 17 MeV *
[ I T TTT II 2 ’111(!';) T TTTI I I T TTTI |
w -4| B . | £
10°F ATLAS E f
Z Vs=13TeV, 139 b1 1
i 90% CL limits i
5 HAHM Model
10 E my=125 GeV = T f
- - - K
£17 MeV = 2va ] Hoono-- -
- — D ZD _
107 E f
10| mmm BR= 10.0% = f
— [ BR= 5.0% -
@ BR= 1.0% ]
— [ BR= 0.5% -
10—8 . B BR= 0.1% _
E ] | I I I | | I I I | | ] I I I | E

0.1 1.0 10.0
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https://arxiv.org/abs/2206.12181

___EXPERIM

arXiv:2204.11988 [hep-ex]

e Search for a heavy neutrino N in Type-l seesaw model JHEP 07 (2022) 081
» DecayW—->{N-—-> L0+ ("v s, prompt,
o ’ s tnigger
v\vx/t/‘/‘/i‘é;.%“ d I d
>  For my = 20 GeV, long-lived N (ty ~ my™) . Pl ’Srf ace
N\\ -,e,,+:-ve ex

- '—£" form a DV, reconstructed within the ID

- displaced ee, e, up with opposite charge

> Dominant backgrounds after selection:
- ATLAS: fake DVs from random track crossings

- CMS: SM hadron decays (especially b hadrons)
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https://arxiv.org/abs/2204.11988
https://link.springer.com/article/10.1007/JHEP07(2022)081
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 EXPERIMENT I

arXiv:2204.11988 [hep-ex]

e Limits on v.—N mixing angles |U,|* for Majorana or Dirac N JHEP 07 (2022) 081
> CMS: single-flavor couplings (e-N, u—N), €+CMS ee,
no lepton flavor mixing — ££' =ee, uu P
W e,
» ATLAS: more realistic model (2QDH) - " ATLAS: ee, ey, pu
with lepton flavor mixing — L' =ee, e, up N ° ¢’
W+
Vell

10-2 138 fb ' (13 TeV)

~~ F I I I I I I E [V I | 1T I [ | T T T I T T I T T | T T | T T I T
<~ PATLAS — obs95%CL | Z10°FCM —— Observed a
& [ Majorana, 2QDH (IH) ——- epO%CL | \C S 6 oxpecied -
21073 - lo ] R S DELPHipompt ]
o : 126 ] 10°F N 1 N e DELPHI displaced 3
D ] 3 — . CMS 31 prompt (2016) -
I - ]
& 1074 E 107 E
= i - | -
=5 105k O W -
s | < -
~ 10—6 L _: 10 ; E
] 5=13TeV, L= 13910 107 Majorana 3

- : L L L L L :I | L1 1 | L1 1 | L1 1 | 111 | 111 | 11 | 111 | L1 1 | 111
1075 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 18 20
m_y [GeV] m, (GeV)
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Direct detection searches
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. Multiply charged particles (MCPs) ATLAS

e Search for heavy multi-charged particles in ID and MS

> Electric charge 2-7e d MCP

,Y*+ZO

» Reconstructed as muons in ID and MS

> dE/dx significance from three sub-detectors q ;::
- Pixel, TRT, MDT
> No excess — limits on MCP mass vs charge , W

ATLAS Preliminary I\F s=13TeV, 139 fo’!

=< = 3 o
o - 250 © = 1 ! | ]
W 30F [1Data - © © 1800~  ATLAS Preliminary _
> = mSignal (m=500 GeV, z=2) - = S, - 1 -
N 25 [Signal (m=2000 GeV, z=2) #8500 € § 1600k Vs =13 TeV, 139 fb’ i
E - _ ) — P —.
o 20F _ signal region — % DE_ - / i
- - . Y— O - -
15F- : JBS150 2 = 1400 .
— — () (- L _
C . o) o B i
10E El E = 1200 B
e D 100z = ]
- = - --e- Expected 95% CL limit (median) ]
o= A B _ E 1000— I Expected 95% CL limit (+10) .
= 35 50 - Expected 95% CL limit (+20) ]
—5F — 800 —e— Observed 95% CL limit —
- - [ | | | | ]
= T T T T 2 3 4 5 6 7
1075 10 15 20 25 30 O
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https://cds.cern.ch/record/2810156/files/ATLAS-CONF-2022-034.pdf

iy

e

1 Fractionally charged particles (FCPs) &8

e Search for particles with charge < 1e in ID and MS ) 59.7 5" (13 TeV)
f‘% 103 CMS Preliminary ¢ Search region
> FCPs reconstructed as high-pr muons £ 19 — Binomialfit L contolregion
S 10 Signal (M = 100 GeV)
' ' g 1o —8i38 —gig}ge
> Large number of ID hits with low dE/dx SR T “asose
=2
P

> Data compatible with background
— limits on FCP mass vs charge

S 15 F
138 fb™ (13 TeV) S o5t
a 1 | 1 | 1 1 1 I 1 I I 1 1 I 1 I I I I _ E§ 1 ;: ° L ] L] { ] ¢ l i
| » . —] N 05 E. ) ) ) . . . . .
S b CMS Preliminary Upper limits at 95% CL 6 2 4 6 & 10 12 14 16 18
i 2] T —— Observed - Nhits
= > - - - Expected -
> 0.8[- I = 1o —
'\% [ [ ]x20 _
Q [ —
S 07F :
© P .
o 06 =
0.5 —
0.4 —]
- OPAL 74 pb™ (91 GeV) -
03F =
— 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 —_
50 200 400 600 800 1000
Mass (GeV)
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¥

2 Fractionally charged particles (FCPs)

INEN | |
e Search for particles with charge < 1e in ID and MS 50.7 f" (13 TeV)
f‘:; 103? CMS Preliminary ¢ Search region
» FCPs reconstructed as high-pr muons 5100 — Binomial it 1 conelregion
S 10°E Signal (M = 100 GeV)
qh> 105; ...... Q=e —Q=009e¢
. . Pe! - —Q=0.8e Q=23e
> Large number of ID hits with low dE/dx £ 10°F —Q=05e
2 10
. . 2 [
» Data compatible with background ‘1003
— limits on FCP mass vs charge 1k
© 15 E
RE 1f
138 fb™' (13 TeV) 2 98
) L s e B B R E§15==...¢li
B . . — » 05 E, , , , . . . . .
5 oF CMS Preliminary Upper limits at 95% CL 0 2 4 6 8 10 12 14 16 18
2 e v —— Observed - Niits
:E; - - - - Expected
c 0.8 9 E * ;cc’, "4 | Run-1 results from CMS for 2/3¢ and 1/3e FCPs not shown
L 07 - — | Results with Run-1 [*] uncovered an issue with the FCP
E - 4 |simulation in the muon chambers, now corrected for Run-2
0.6 [— .
© - 7] - No impact on Sig vs Bkg method (from tracker)
05— ] - Affects selection efficiency in trigger/offline reconstruction
= n for charges of 1/3e
04 - OPAL 74 pb™ (91 GeV) B — Errata for Rup-1 analysis are comir_lg _
0.3 — ] — Run-2 PAS will be held until errata is submitted
S SNV B = [ P9V REVIEW D 87, 092008 and JHEP07 (2013) 122
50 200 400 600 800 1000 il - )
Mass (GeV)
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N/E,;? Highly ionizing particles

e Search for heavy charged LLPs in the ID T 30F "

o C ATLAS Simulation 0.
. . > 25 - Chargino m(7.) = 1.3 Te‘\(/g . l?; gi\; ,
> Large dE/dx measured in Pixel layers g : St Rdgon (o oo ey
= - 0.
> dE/dx ~ By = p/m — mass estimate s °F "
4 % 10F 0
> Compare dE/dx measurements with a P el sk Z'(
data-driven background template . e

) 0 107 2x10™ 1 2 3456 10

Signal' Chargino pail’ prOdUCtion P Xi @Lp) S Reconstructed Track Momentum [TeV]

; .

1 06 T T T T | T T T T | T T T T | T T T T | T T T T
10°e- ATLAS (s=13Tev, 139 fb™'
SR-Inclusive_High p‘Trk >120 GeV, | < 1.8

m(g) = 2.2 TeV, m(%) = 100 GeV, 1(§) = 10 ns
103 - m(y,) = 1.3 TeV, 1(%,) = 10 ns
--=-m(T) = 400 GeV, 1(7) = 10 ns

+ Observed

— Expected

Entries / 100 GeV
S

Overflow

1
107
R I s = T
108 L T
-CID)'10§_'"'|'f1u|"l"|'l"|""_§
S 1 a
Syl vl lv vl vy vl vy v ]
8 0 1000 2000 3000 4000 5000

m [GeV]
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v Highly ionizing particles

iy

¥

e Search for heavy charged LLPs in the ID
> Large dE/dx measured in Pixel layers

> dE/dx ~By = p/m — mass estimate

7r:l:
> Compare dE/dx measurements with a P el
data-driven background template .
. . . . p >~<1¥(LLP) S 56(1)

- signal: chargino pair production N

1 06 | T T T | T T T T | T T T T | I T T T | T T T |
ATLAS {s=13TeV, 139 fb
SR-Inclusive_High p‘Trk >120 GeV, | < 1.8

m(g) = 2.2 TeV, m(%) = 100 GeV, 1(§) = 10 ns
108 -+ m(t;) = 1.3 TeV, 7(x,) = 10 ns + Observed
--=-m(T) = 400 GeV, 1(7) = 10 ns

—
o
&)

— Expected

Entries / 100 GeV
Q

Overflow

Pixel dE/dx [MeV g~ cm?]

30 T T
C ATLAS Simulation 0.
o5 s =13TeV
- Chargino m(%.) = 1.3 TeV t=10ns 0.
n Signal Region (w/o dE/dx Req.) '
20— 0.:
15:_ 0.:
- 0.
10—

C 0.
St 0.
0_1 B PE—— i
107 2x10™ 1 2 3456 10

e EXxcess in the high-dE/dx region

Reconstructed Track Momentum [TeV]

» 3.60 local (3.30 global) significance

> B~0.5from dE/dx, but B~ 1 from time-of-flight

- also, no excess in other related analyses
(e.g. multi-charged particles)

1
107
SN i) FEEL S | _ o . . . . .

10 il T LENREES - incompatible with this signal!

10_3 wILL T T EJ | I --I"-I“-l R B N
_qo)' 10 E_ T T T T |+| f 1 |‘| T A T T | T T T T | T T T T _E
Rl #+ * -
910—1im wylb vl v 0 vy w | ows w | ow s w ]
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Sep 7, 2022 D. Trocino — Search for long-lived particles at ATLAS & CMS — IPA2022

20


https://arxiv.org/abs/2205.06013

e

INEN
C

RPV UDD, §-tbs, ms = 2500 GeV
RPV UDD, §-tbs, ms = 2500 GeV
RPV UDD, t-+dd, mi= 1600 GeV
RPV UDD, t-+dd, mi= 1600 GeV
RPV LQD, t=bl, mi= 600 GeV
RPV LQD, t-bl, mi= 460 GeV
RPV LQD, t-bl, mi= 1600 GeV

GMSB, §~gG, mg= 2450 GeV
GMSB, §~gG, mg= 2100 GeV
Split SUSY, g-qdx3, m; = 2500 GeV
Spiit SUSY, §-qdx?, m; = 1300 GeV
Spiit SUSY (HSCP), fi5=0.1, mg = 1600 GeV
:i MGMSB (HSCP) tang =10, u> 0 , m: = 247 GeV
Stopped t, t->tx], m: = 700 GeV
Stopped §, §-adx?, fz, = 0.1, m;=1300 GeV
Stopped §, §-adx2(uuxd), f= 0.1, m; = 940 GeV
AMSB, x = =x%1*, m,- = 700 GeV
GMSB SPS8, x=1G, myo = 400 GeV
GMSB, co-NLSP, 1=/G, mj=270 GeV

H=Z0Z5(0.1%), Zo-pp, my =125 GeV, my =20 GeV
H-=ZpZp(0.1%), Zo=pp(15.7%), my =125 GeV, my =5 GeV
H-XX(10%), X»ee, my =125 GeV, mx =20 GeV
H-XX(0.03%), X=I, my=125 GeV, my=30 GeV
H-=XX(10%), X=bb, my =125 GeV, my =40 GeV
H-=XX(10%), X~bb, mx =125 GeV, mx =40 GeV
H-XX(10%), X~bb, my =125 GeV, mx =40 GeV

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

Higgs+Other

Summary plots

ATL-PHYS-PUB-2022-007 ATEAS T ey e
.. e \
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107"
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Hidden Sector, m, = 125 GeV
Selected ATLAS results
95% CL observed limits

Searches:

—.— Muon System (2 Vtx Only), 139 fb™!
arXiv:2203.00587

—..— Muon System (1 Vix + 2 Vtx), 36 fb™'
Phys. Rev. D 99 (2019) 052005

—.— Calorimeter, 139 fb™'!
arXiv:2203.01009

—— Tracker+Muon System, 36 fb ™’
Phys. Rev. D 101 (2020) 052013

«euuee. Tracker (LRT), 139 fb™

36-139 fb

] Illllllsr L 1111l

107

10° 10* 10° 102 10" 1

Overview of CMS long-lived particle searches

CMS Preliminary

3-140f71 (8,13 TeV)

10

§ 2104.13474 (Jets with displaced vertices) [N 00006=0/09)H] 140 fb* (13 TeV)
§ 2012.01581 (Displaced jets) [IINENGG60s=1m 132 b7 (13 TeV)
i 2104.13474 (Jets with displaced vertices) [N000035= 0081 140 fb* (13 TeV)
t 2012.01581 (Displaced jets) [ o0=1Eam 132 b~ (13 TeV)
P | 180805082(2u+2jets)  <003m 3617 (13TeV)
t 118 b (13 TeV)
t 2012.01581 (Displaced jets) [IIININNGG05=024H 1327 (13 TeV)
§ 2012.01581 (Displaced jets) 0.006-0.55 m 132 b (13 TeV)
§ 1906.06441 (Delayed jet + MET) 032-34m 137 b (13 TeV)
] 2012.01581 (Displaced jets) 0.007-0.36 m 132 b (13 TeV)
§ 1802.02110 (Jets + MET) i ! <lm 36 b~ (13 TeV)
g (CMS-PAS-EX0-16-036 (dE/dx) : S07m (13 b7 (13 TeV)
T CMS-PAS-EX0-16-036 (dE/dx + TOF) >75m (137~ (13 TeV)
i 1801.00359 (Delayed jet) ' 60-15e+13m (397 (13 TeV)
§ 1801.00359 (Delayed jet) ‘ 50=3e¥13m »(39 b~ (13 TeV)
g 1801.00359 (Delayed pp) 600-33e+12m |39 (13TeV)
x* 2004.05153 (Disappearing track) 07-30m 140 fb~* (13 TeV)
© 1909.06166 (Delayed y(v)) 02-6m 77 7% (13 TeV)
i 2110.04809 (Displaced leptons) i 5e-05-2.65m 118 fb* (13 TeV)
X 2205.08582 (Displaced dimuon) i 5e-05-5m 98 fb~ (13 TeV)
¥ [2112.13769 (Displaced dimuon using scouting) i 0.0001-0.25 m 101 b~ (13 TeV)
X 1411.6977 (Displaced dielectron) ! 0.00012-25 m 20 b~ (8 TeV)

X 2110.04809 (Displaced leptons) | 0.001-0.12m 118 fb* (13 TeV)
X 2012.01581 (Displaced jets) | 0.001-0.53 m 132 b (13 TeV)
X 2107.04838 (Hadronic decays in CSCs) ] 0.12-450 m 137 b (13 TeV)
X 2110.13218 (Displaced jets + Z) 0.004-0.248 m 117 b (13 TeV)
Yox 1810.10069 (Emerging jet + jet) 0.0022-03m 16 b~ (13 TeV)

| | | . .
1077 10-° 1073 10-! 10! 10°
ct [m]
ICHEP 2022

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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® JHEP 11 (2021) 229
: 5 --e. Tracker (b-tag), 36 fb™
I JHEP 10 (2018) 031
2¢{p | ---- Monojet, 139 fb™
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

v Conclusions and outlook

Lj e o AN e SR
e In the last few years, ATLAS and CMS produced an impressive suite of

LLP searches

> Continuous effort to use the full potential of each sub-detector

> Complementarity of different sub-detectors and techniques

e Still room for improvement and gaps to cover
> New triggers for displaced signals
> New dedicated reconstruction and analysis tools (e.g. based on ML)

> Re-interpretation of prompt analyses for small displacements
(e.g. see )

> Extension to poorly covered channels (e.g. displaced taus)
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1 Tracking for displaced particles

(e
e The ATLAS standard tracking is optimized for prompt particles

> A dedicated large-radius tracking £ A comaston iy E
is run at a later stage on ~1% of \< Piplaced acrons o Carge radus acks
the recorded data, using left-over — E~iew.. e
hits from the standard tracking < Zz x‘f E

- in Run-3 LRT is incorporated M. T
with the standard tracking e e
00-.- 50 100 150 200 25OrprOd [mrﬁ?O

CMS Preliminary Simulation Vs = 13TeV

e In CMS, this approach is included P
: . s [Be0geecer 280028800000 0e
in the standard tracking I oToenatseeittsisissd MS alone
S
| § . - "THHH* . .
e CMS also developed dedicated — AR
displaced-muon algorithms, using o oo,
the MS alone or ID + MS e ID + MS
B Displaced-uAlgo:izl::HMuon oo D{}D{}{} o
OO—I.I I l1IOI = I2|0I - l3|OI - I4|0I - I5|0I I F'IGO_

Production Radius [cm]
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1 Displaced jets

e (General search for multi-jet + DVs within the ID
> > 4-7 jets in trigger and offline
> >1 DV (nho jet-DV matching)

> Main background from nuclear interactions,
low-mass resonances, combinatorics

- measured in data from DV-jet correlations electroweak RPV model

> No excess observed — limits on RPV SUSY benchmark models

All limits at 95% CL Ewk RPV %’ (LF), %’ (= qqq)
4-track control reg/on < 180 R T i
>1O4§' """" L B L LA AL LR AL B = () = .
S S ATLAS Prellmlnary Trackless jet selection {s=13 TeV, 139 fb' 3 0] 1600 e ——— ]
P 10° Es® EWK RPV %’ LF —e— Data E EO*F E """""""""""""" E
§ ) . ----- t=0.1 ns, mx) = 900 GeV Hadronic interactions | 1400 P TR ]
o5 =
it 10 E o ©=0.1ns, M) = 700 GeV Merged vertices E TR ]
g 10 é_ 5 Accidental crossings é 1200 :_ < :
E E 3 - - d ]
- & 1000~ e -
z 1z T/ - eﬁc\“d .
] :' : 800_— ]
107 =i i | B i
ST f i T 600 ATLASPreliminary ~ —— Obs. limit (+1 o)
%’ 1_55?’ 4 / : : \s=13TeV,L =139 b === Exp.limit (H10,) -
3 1 //% / _ 400 -
g 0.5 . ¢ / ; . ; 2 CT — 3 mm _<- ----- L R el Al e e & Eb ks e mespasennnEnaafannnnnns I.....I...I...I..I..I..IE 3 m
0 5 10 40 45 50 1072 107" 1 10

4 trk DV mass [GeV]
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https://cds.cern.ch/record/2816338

) Displaced jets

 (General search for multi-jet + DVs within the ID
> > 4-7 jets in trigger and offline
> >1 DV, no jet-DV matching

> Main background from nuclear interactions,
low-mass resonances, combinatorics

- measured in data from DV-jet correlations strong RPV model

» No excess observed — limits on RPV SUSY benchmark models

) All limits at 95% CL Strong RPV %’ (LF), § — qa%_ (— qqq)
. 4-track control region — o rr —— R

> 10" g T T N R R AR > 2500~  KinematicallyForbidden .

& S ATLAS Prellmlnary High-p_jet selection Vs=13 TeV, 139 fb" 3 o} - ATLAS Preliminary ;A

P 10° Ege StrongRPVY’LF,m(@=18TeV —e— Data E N o000k Vs=13TeV, L =139 b .

3 5 - e - ©=0.1ns, m’) = 50 GeV Hadronic interactions S i my=2.4 TeV " i

E’ 10 E LT ©=0.1ns, m(x’) = 450 GeV Merged vertices E L i P -

g 10 Accidental crossings 1500 y '_:" ]

_Q E E — ! < d "_ —

— _ —f e : -

g B 7 —,.' . )(G\Ud ’ -

z 1= L/ e : ]

Shr 1000/ —

) /%/// /// :

3 | B 500l Obs. limit (+1cpoo) N

2 15E e, —a W : 5 [ o Bedimit(loeg) oo ]

I 1 SRR oo .
g 0-5 ‘ : : : A ‘ ! 4 CT — 3 mm —< 1 L 1 Jo Ll LJl i L. oL I LJI L. I o i - v_l 3 m

0 5 10 15 20 25 30 35 40 45 50 1072 10! 1 10
4-trk DV mass [GeV]
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 Displaced and delayed H — yy or Z — ee in ECAL

Sep 7, 2022

Normalized Entries / 200 ns

Displaced photons

> H/Z produced in decays of heavy, slow LLPs
> Di-photon triggers for both yy and ee
> ECAL time resolution ~ 100 ps and segmentation
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 Displaced and delayed H — yy or Z — ee in ECAL
> H/Z produced in decays of heavy, slow LLPs

> Di-photon triggers for both yy and ee

v

ECAL time resolution ~ 100 ps and segmentation
- use photon time and di-photon 2D vertex

> No excess observed — limits on GMSB scenarios
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e | ow mass di-muon vertices within Pixel detector

Scouting: very-high-rate triggers with limited event

CMS Supplementary
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 Dark photons decaying to collimated ee, upn, qq pairs in HCAL or MS

Upper limit on B(H— 2y )
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dark-photon jets (DPJs)

. . . -DPJ
ee/qq in HCAL, CalRatio triggers 3
up in MS, dedicated MS-only triggers
MVA taggers to reject background calo §
(BIB, cosmics, multi-jets)
- S
Limits on HADM model for dark photon mass > 17 MeV
/ w 4 \\“- T T TTTT T T TTTI T T T T TTTT |
//////// /// // w'e
- VS=13TeV, 139 b1 J
5 B 90% CL limits ]
7 -5 HAHM Model
= 10 mu=125 GeV =
. - H - 2vq :
- 10" =
ATLAS 4 k- (m_, m )=(125,0.017) GeV | —i 10'7; = BR= 10.0% —f
Vs=13 TeV, 139 fb — (m: m, (125, 0.1 GeV 3 " mmm BR= 5.0% E
HAHM Model (my, m,” %)=(125, 0.4) GeV 7 C  mmm BR= 1.0% u
ggF selection, c+u — = (m, m,’ %=(125, 2) GeV = - @ BR= 0.5% .
95% CL limits = (m myd)=(125 10) Gev 3 1078 = BR=10.1% -
Lol Lol Lol 1 ] = I Lol Lol Lol =
3 0.1 1.0 10.0
10 10° 10 10° Dark Photon Mass [GeV]
ct [mm]
D. Trocino — Search for long-lived particles at ATLAS & CMS — IPA2022 X


https://arxiv.org/abs/2206.12181

b

B
\.
u
e

A
INEN
(%

e Search for heavy charged LLPs in the ID
> Large dE/dx measured in Pixel layers
» dE/dx~py = p/m — mass estimate

> Compare dE/dx measurements with a

data-driven background template

signal: chargino pair production

> 1 06 T T T T | T T T T | T T T T | T T T T | T T T T
8 10° ATLAS {s=13TeV, 139 b
o 4 SR-Inclusive_High p‘Trk >120 GeV, | < 1.8
o 10 m(g) = 2.2 TeV, m(%) = 100 GeV, 1(§) = 10 ns
T q0%E T m(¥,) = 1.3 TeV, 1:()2%) =10ns + Observed
—~ -=-m(@) = 400 GeV, 1(3) = 10 ns
8 1 02 — Expected
D 3
< 10 E
L 1 e)
107 g7
10281 37 e
10_3 J: :1;-I | | | | --I-- 1 EJ j 1 1 --I---I---[ L1 __L | | | J: l 1
- [ T T T T | T I T I‘I T A T T | T T T T | T T T T i
B 19 ! f T
o (Lt * | :
- § TT e %
910—1im welb ovl v v v vy o vw | ow e | wy o w ]
S 0 1000 2000 3000 4000 5000
m [GeV]

Sep 7, 2022

2 Highly ionizing particles
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