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Why long-lived particles?

suppressed phase space

small coupling

heavy off-shell mediator
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Why long-lived particles?

* theoretically motivated

* experimentally innovative

= may need dedicated triggers

= may require special
reconstruction algorithms

= unusual backgrounds
= simulation can be challenging

* adiscovery may already be waiting in our data
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Long-lived particle searches

* exciting times!

= thriving community in LHC
and beyond

see eg. arxXiv:1903.04497
J.Phys.G 47 (2020) 9, 090501

* experimental status
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= arich set of searches have been
performed using LHC Run-2 data

= still new incoming LHC Run-2 results

* Run-3 has started!
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m— 2010, 7 TeV, 45.0 pb™'
m— 2011, 7 TeV, 6.1 fb
— 2012, 8 TeV, 23.3 fb™"
m— 2015, 13 TeV, 4.3 fb™"
= 2016, 13 TeV, 41.6 fo'
w2017, 13 TeV, 49.8 fo'
— 2018, 13 TeV, 67.9 fb™"
m— 2022, 13.6 TeV, 41.5 fb™"
w2023, 13.6 TeV, 31.9 fb™'
— 2024, 13.6 TeV, 19.8 fb™
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Long-lived particle searches

disappearing or

T . d I d "
’ eXCItIng times! multitgc):l?gzrtices Klnk?dtrat':.‘lfs \
(. non-pointing
= thriving community in LHC 7 &\ ¢ (converted) photons
and beyond =>'_.:.;::.;
see eg. arxXiv:1903.04497 displaced leptons, / v B g ot
J.Phys.G 47 (2020) 9, 090501 i I :
epton pairs

« experimental status /

= arich set of searches have been
performed using LHC Run-2 data

\ | trackless,
{ low-EMF jets

. . : multitrack vertices in the
= still new incoming LHC Run-2 results muon spectrometer

quasi-stable

= Run-3 has started!

e this talk Heather Russell; 1903.04497

= a few recent highlights from the CMS experiment
= some results also covered in very recent CMS review articles

arXiv:2403.16134 : Enriching the physics program of the CMS experiment via data scouting and
data parking

arXiv:2405.13778 : Dark sector searches with the CMS experiment

submitted to the arXiv: Review of searches for vector-like quarks, vector-like leptons, and heavy
neutral leptons in proton-proton collisions at Vs = 13 TeV at the CMS experiment
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Selection of abserved exclusion

UDD, gi~+ths, my =2500 GeV'
UDD, ~tbs, my =2500 GeV'
UDD, -, m: = 1600 GeV'
UDD, E-dd, m = 1600 GeV'
LOD, £-+b1, m; = 600 GeV
LQD, -/, mi = 460 GeV
LOD, £-1, mi = 1600 Gev

GMSB, §-0G, my = 2450 GeV

GMSB, §-gG, my =2100 GeV.

Split SUSY, -qdx?, m=2500 GeV.

Split SUSY, g-adxf, mg=1300 GeV.

‘Spiit SUSY (HSCP), fz = 0.1, my = 1600 GeV'
MGMSB (HSCP) tang = 10, >0 , ms =247 GeV
Stopped £, =tx, mi=700 GeV.

Stopped . §-g0x?. fi,= 0.1, m;=1300 GV
Stopped 4, §-adx3 (), f; = 0.1 my =940 GeV'
AMSB, x =, m= = 700 GeV
G-0x3 or 4G TS =Kt my =
Gy or Qxt X523, m; = 2000 GeV, m,g = 1000 GeV
Tt or by, x: —xtn*, mi= 1100 GeV, my = 1000 GeV
GMSB, ¥ HGI50%)/ZG(50%), myz = 600 GeV

GMSE, x1=~HG(50%)ZG(50%), myg = 300 GeV

GSE SPSB, y=y6, 2= 300 GeV

GMSB, co-NLSP, /16, mj =270 GeV

H-ZoZo(0.1%), Zo-+ii, M = 125 GeY, Mx = 20 GEV
H=ZoZ0(0.1%), Zo=pi(15.7%), m: = 125 GeV. my =5 GeV'
H-2JK(10%), X-ee, My = 125 GeV, my =20 GeV
H-XX(0.03%), X~ mwr = 125 GeV, mx =30 GeV
H-XX(10%), X-bb, me = 125 GeV, mx =40 GeV
H=)0K(10%), X-bb, my = 125 GeV, my = 40 GeV.
H-XX(10%), X-+bb, mu = 125 GeV, mx =40 GeV'
H-XX(10%), X7, Mo = 125 GeV, mx = 7 GeV

dark QCD, ms,,, = 1500 GeV, i, = 10 GeV, agonstic
dark QCD, ms,, = 1500 GeV, i, = 10 GeV, GHN
H=)0K(10%), X-bb, my = 125 GeV, my = 40 GeV.
H-XX(10%), X-5d, my =125 GeV, mx = 40 GeV
HJ0K(10%), X=TF, My = 125 GeV, my = 40 GeV

600GeV.m ;= 1575GeV

LLP results in

EXPERIMENT

Overview of CMS long-lived particle searches

CMSs Preliminary

March 2024
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Long_lived_particle_summary_plot

CMS-PAS-EXO-18-002

Search for Heavy Stable Charged Particles

* striking signature

e approach 1: ionization in strip detectors

Events / bin

= muon trigger, 2017-2018 data

= isolated high-momentum, central track
= large ionization (dE/dx) in the tracker

= background from pixel-strip independence

CMS Freliminary 101 fb™' (13 TeV)
10°E p >200GeV, F"**>09 ¢ Daa
1 0.5 Total bkg unc.
1 04 HSCP gluino 1800 GeV
03 ——— HSCP stau 557 GeV
102 Background
1
10
1 L
107
10°%
10—3 A 1 I - : : ]
1_
0_
-1 -
0 0102 0304050607 0809 1

Strips
Gi
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Events / bin

(Data-Bkg)/c

note: also beta measured
iIn muon detector
- follow up analysis

approach 2: mass spectrum

= background using pT-vs-ionization

101 o' (13 TeV)
'3 I Data | I
= Background

HSCP § (m=1600 GeV)

HSCP g (m=2000 GeV

——— HSCP % (m=557 GeV)

102k | HSCP 7 (m=871 GeV)

T T
Mass approach Signal Region

_ll.l.lllll..I.IULIlLI._
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html

Search for Heavy Stable Charged Particles

data well described by background

CMS-PAS-EXO-18-002

CMS Preliminary 101 fb' (13 TeV)

95% CL Upper Limits

—— Observed Limit

f=====2 Expected Limit +15, +2¢
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Cross Section [pb]

= jonization method: better limits at low signal
= mass method: more efficient at large masses

=
<
[#+]

1074 |

-IIIIlllllIJIJJJIIIIIIIIII

* interpretation in terms of many long-lived signals (eg. stau, gluino, stop,...)

CMS Preliminary 101 1o
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html

Search for Heavy Stable Charged Particles

. * additional interpretation for |charge| = 2e particle g o e a3
S SwpomamE e
o = triggered by 3.30 excess from ATLAS [JHEP 06 (2023) 158] = £ o 1
@) . . e .
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= = incompatible with the data E ”ﬁm
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-002/index.html

Search for Displaced Jet Pairs

Hidden sector

Higgs mixed with new scalar can L
lead to long-lived decays with jets g

= m(S) <m(H)/2
= |ots of phase space for hadronic decays

CMS-PAS-EXO-23-013
°

also other models, eg. RPV gluinos, stops

data selected with dedicated displaced-jet trigger VI R IRE

= factor 4-17 (!) improvement from

-g | T T T TTT I| T T T TTTT0T | T T T T TTT ||
improved displaced jet trigger for Run3 ©10°= CMS simulation Preliminary =
3 E Run-3 displaced-jets trigger efficiency E
5 - Run-2 displaced-jets trigger efficiency g
 also new displaced vertex reconstruction £ | i
algorithm Dy WMmETEY oy §
g 8} E H—S55,5>bb —ITI:=15GEV E
D r a
= -
10 P
E \#f:’:f:—-'/ﬂ ]
1E E
q | | - ]l | 1 L1111 | | L 11l IF
1 10 10? 10°
CT, [mm]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html
https://cds.cern.ch/record/2865844

Search for Displaced Jet Pairs

2 GNN-based LLP taggers

CMS-PAS-EXO-23-013

* background predicted from data

= using decorrelation of the 2 taggers

Steven Lowette — Vrije Universiteit Brussel
BPS General Scientific Meeting — 29 May 2023

= using relation between tracks and Displaced Vertex

Events

= GNNq: displaced activities during the LLP decay
= GNN;,: lack of prompt activities during the LLP production

34.7 b (13.6 TeV)
| I

» I T ]
105_5 CMS t Data E

E Prehmmary - Predicted background E
10* Goromer 098 . mg=40GeV,cy =1mm

- gg —H,H—=SS 3
103__ S—-bg mg =40 GeV, ¢ty =10 mm __

E BH—=SS8)=1% .o ms = 40 GeV, e, = 100 mm 3
107 -
10_E ==========

E j

B bemeccamaat Feeeseasae
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html

Search for Displaced Jet Pairs

CMS-PAS-EXO-23-013

 stringent constraints on considered models

34.7 fb' (13.6 TeV)
a ;Illllll T T ||||||| T T ||||||| T T ||||||| T E
D 4L CMS 4
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= e JHEP 03 (2022) 160 E
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» data well described by background prediction

6/6¢),(99—H)

107"
1072

1073

= outperforming previous results by a lot, with less data!

34.7 fb' (13.6 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html

Search for Displaced Muon Pairs

« dark Higgs mixed with Higgs pt
N~
3 = decay back to SM via dark photon
<
3 = also other models, eg. RPV SUSY K Zp e
19 : : : H----- oo
o * Selection: at least 1 diplaced muon pair Hp Zp :
LU
I . - - .
” e+ new improved triggers for displaced dimuons developed fc
= improvements at L1 trigger f
to avoid beamspot constraint
= improvements in high-level
trigger to lower thresholds (13.6 TeV)
1 1 1 T 1 T - 1
§ 0.9- CMS  simulation
% 0.8 Hozzo Run 2 (2018)
s 07 m(H) = 125 GeV — Run3(2022)
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% 01”7
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https://inspirehep.net/literature/2760892

Search for Displaced Muon Pairs

. . . o CMS simuiati Run 2 (2018) Run 3 (2022)
* large improvement retained in 8 10f worz T s —sasa
- offline selection over Run-2 analysis E 1 ey me oot — Comins
o * background prediction matches data
o
T similar sensitivity obtained as Run-2 e —
but with only 1/3rd of the data set SR E E
Olo qp2 107 1 10 10° 10° 10*
;ﬁ 1 [E LELRLLLL B LLLL BRI LRI LR LR CT [Cm]
%~ EcCMms
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https://inspirehep.net/literature/2760892

Outlook

LLPs are theoretically motivated, and experimentally motivating

Going to great lengths to mine LHC Run-2 data for signs of LLPs

= impressive list of results, still new ones coming in
= |arge diversity in signatures and approaches

= formidable ingenuity in analyses

= several recent new results from CMS presented

LHC Run-3 has taken off swiftly

= detector improvements in LHC LS2
= new and improved triggers and data taking strategies
= other experiments weighing in as well

Also HL-LHC will bring a big boost to LLPs

= only started to scratch the surface of new detector capabilities

= still other detectors being planned

Steven Lowette — Vrije Universiteit Brussel
BPS General Scientific Meeting — 29 May 2023
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