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Long-lived Particles
in the CMS Muon System

Daniel Guerrero on behalf of the CMS Collaboration
DPF-Pheno Meeting: BSM Session
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Long-lived Particles, a gateway to BSM

- SM is an example of fundamental laws giving rise to long-lived particles (LLPs)
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Long-lived Particles, a gateway to BSM

- Majority of BSM searches probe short-lived or stable signatures
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Long-lived Particles, a gateway to BSM

- BSM frontier involving new particles (X) with long lifetimes (C7y) to be fully exploited!

;‘ SUSY, Dark Matter, Dark Photons,
| Higgs Portals, Heavy neutrinos, Vector-like Leptons |

)
Something new?

STABLE=MET

CMS
Detector

v e . T .- 3 Detector
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Long-lived Particles, a gateway to BSM

""" neutral displaced M BSM
charged HSCP dilepton M lepton
mmeem Ny Charge B quark
photon
B anything
disappearing /" displaced
track ¢ lepton
> (A A
0.."
displaced . ‘o,’ displaced
dijet = % photon
: A
displaced \ 4 displaced Not pictured:
vertex conversion out of time decays

Credit: CMS EXO

Rich expériméntal signatures: displaced vertex, displaced dijets, HSCPs, among others!
Common challenges: lack of triggers, low-level detector information, rare backgrounds, etc
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Unlocking the CMS Muon System to catch LLPs

R (m)

Daniel Guerrero (Fermilab)
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Unlocking the CMS Muon System to catch LLPs

Barrel region
Drift Tubes (DTs)

n 01 02 03 04 05 08 07 08 09 10 11 * Muon system acts as a sampling calorimeter:

6° 84.3° 786° 731° 67.7° 62.5°  57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n e
' ‘ 1 1.2 33.5°

R (m)

- 4 detector layers (active material) and steel (absorber)
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| t4rr * LLP decays induce a particle shower
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Unlocking the CMS Muon System to catch LLPs

Barrel region
Drift Tubes (DTs)

n 01 02 03 04 05 08 07 08 09 10 11 * Muon system acts as a sampling calorimeter:

6° 84.3° 786° 731° 67.7° 62.5°  57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n e

R (m)

- 4 detector layers (active material) and steel (absorber)

- LLP decays induce a particle shower

- Large background suppression from steel shielding

* Extra LLP coverage:

* Sensitivity to large lifetimes (> a few meters)

- Sensitive to LLP energy — very light LLPs, O(1 GeV)

S B S S | e - Broad range of LLP decays: qq, 777, KK, 7777, ee, vy
Endcap region
Cathode Strip Chambers (CSCs)

Muon System provides us with a unique opportunity to extend our LLP discovery reach!
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Muon Detector Shower (MDS) Signature

* Particle shower is reconstructed as a localized and large cluster of hits in the muon chambers

ArXiv:2402.01898
Accepted by PRD
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* High cluster reconstruction efficiency
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Muon Detector Shower (MDS) Signature

* Particle shower is reconstructed as a localized and large cluster of hits in the muon chambers

ArXiv:2402.01898
Accepted by PRD
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Muon Detector Shower (MDS) Signature

* Particle shower is reconstructed as a localized and large cluster of hits in the muon chambers

ArXiv:2402.01898
Accepted by PRD

* High cluster reconstruction efficiency
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- Backgrounds from punch-through jets, muon bremsstrahlung, cosmic showers/muons, pile-up, SM LLPs (e.qg. Kg)

* Run-2 searches: Neutral LLPs (PRL 127(2021)261804, ArXiv:2402.01898) and Long-lived HNLs (arXiv:2402.18658)
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CMS Experiment at the LHC, CERN
Data recorded: 2018-Jun-08 21:53:09.379718 GMT
Run/ Event / LS: 317626 / 292396821 / 214
CMS Interactive
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Search for Higgs to Neutral LLPs


https://cms3d.web.cern.ch/EXO-20-015/
https://cms3d.web.cern.ch/EXO-20-015/

Search for Higgs to Neutral LLPs: Strategy

O ’ ArXiv:2402.01898
4
P S/ 4 Accepted by PRD
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Twin Higgs/Dark Shower benchmarks
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Search for Higgs to Neutral LLPs: Strategy

P S/¥ + ArXiv:2402.01898
7 * Run-2 analysis based on MET triggers and MET>200 GeV Accepted by PRD
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Twin Higgs/Dark Shower benchmarks

Undgtected

Credit: C. Wang

Experimental Signature
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Experimental Signature

Daniel Guerrero (Fermilab)

* Run-2 analysis based on MET triggers and MET>200 GeV

* Events divided in 3 categories based on MDS cluster:

Credit: C. Wang

Search for nggs to Neutral LLPs: Strategy

ArXiv:2402.01898
Accepted by PRD

* Single CSC, Single DT cluster, and Double clusters

- Data-driven background model:

- ABCD method using N ... and A¢(MET, cls) as main signal discriminants

138 fb (1 3 TeV)

ﬂ IIII|IIII| IIIIIIIIIIIIIIII | IIIIIIIIIIII
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130 hit
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ABCD background estimate example: Single CSC cluster

1508
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https://arxiv.org/abs/2402.01898

Search for Neutral LLPs: Results

* No excess is observed above the background expectation

* Results are interpreted in 9 decay modes:

- Hadronic shower: bb, dd, KTK—, K'K°, z#t 7~

0

. EM shower: z°72°, yy, ete™

- Both: 777

- Excellent sensitivity: B(H — SS) ~ 1077 level

* LLP-mass independent

* First sub-GeV LLP sensitivity

ArXiv:2402.01898
Accepted by PRD
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- Most sensitive for m; ; p < 10 GeV (excluding S — u*u™)
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Twin Higgs model interpretations

(More interpretations in additional material)
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Search for long-lived HNLs: Strategy

ArXiv:2402.18658
Submitted to PRD

Dirac HNLs in W-decays
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Search for long-lived HNLs: Strategy

*Run-2 analysis based on single electron and muon triggers ¢, -4 to PRD

Dirac HNLs in W-decays

MET

Credit: M. Kwok
Experimental Signature
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Search for long-lived HNLs: Strategy

* Run-2 analysis based on single electron and muon triggers ¢, pmitted to PRD

- Events divided in 5 categories based on prompt-lepton and MDS clusters:
- Electron + CSC, Electron-DT, Muon-CSC, Muon-DT(MB2) and Muon-DT(MB34)

- Data-driven background model:

_ e
=

138 b1 (13 TeV)

- ABCD method: N, ... and A¢(lep, cls) as main discriminants An

. . - Muon channel only: Z — uu bkg from control regions
Dirac HNLs in W-decays

n T | | | | .
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& CWm Zoup s Y !
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o _
2.8 i
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: i
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0 B N
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Credit: M. Kwok : : :
Signal region background estimate

Experimental Signature
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* No excess is observed above the background expectation

Search for long-lived HNLs: Results

138 fo-1 (13 TeV)

CMS

ArXiv:2402.18658

Submitted to PRD

138 fo-1 (13 TeV)

B +1 std. deviation

- Observed
- - Expected

+1 std. deviation
+2 std. deviation

+2 std. deviation
= |

. . o CMS
Results interpretations: e
- - Expected
* Dirac and Majorana HNLs TN
=3
* All three lepton generations \
10"

- Complementary sensitivity to existing searches

Ve \2( | VNﬂ \2) as low as 8.6 (4.6) x 107°

1075}

. Most stringent constraints on |V, |*:

- Electron channel with my, = 2.1 - 3.0 GeV

» Muon channel with m,, = 1.9 - 3.3 GeV

Electron HNL 1
Majorana

107°F

— —
Muon HNL 7
Dirac ]

| o] IR B
10 15

2.5

3.0 35 4.0 1.0
MN [GeV]

Selected HNL interpretations

(More interpretations in additional material)
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Outlook to Run 3

- Run-2 MDS analyses relied on available MET and lepton triggers (M5-DP-2022-062

*New Run-3 L1 CSC High-Multiplicity Trigger (HMT) using number of CSC hits

- New Run-3 HLT paths targeting single and double MDS clusters

CMS Preliminary (13.6 TeV)
> B b L
c 1.4 CSC ME2/2
o | o — HLT threshold -
= oL ~Fully efficient + Data ]
= at offline thresholds
£ |
+ 10__ — I __
il H | :
0.8_— _|_-|_~\~ -
i -+ 1
0.6 s
: +
0.4 -
I +
02 -
oo—rv o L v v b L L
' 100 200 300 400 500 600 700
Max. ClusterSize(CA4)

Trigger efficiency as function of the largest CSC cluster size (N;;:,)
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Outlook to Run 3

- Run-2 MDS analyses relied on available MET and lepton triggers (M5-DP-2022-062

*New Run-3 L1 CSC High-Multiplicity Trigger (HMT) using number of CSC hits

- New Run-3 HLT paths targeting single and double MDS clusters
* Actively collecting and analyzing Run-3 data!

CMS Preliminary (13.6 TeV)
> B b b b I L
c 1.4 CSC ME2/2 -
o | o — HLT threshold -
= ol ~Fully efficient 4+ Data B
= at offline thresholds
,:Ii: 1.0_— —‘— —r— | y
-l B | i =
0 8 [ _|__|_‘\~ __ ‘ r 4_::_;;_:.
- —|— : : e é__
o ] % \E&
i + I o el 4 2
04t : 210 Hits
i + |
0.2|- . @
0.0 P S S S S M TRR CMS ExperimienT at L HC, CERN
100 200 300 400 500 600 700 Sjiiféi,iiid'a’:éﬁf‘é Oct 8 18:51:11 2022 CEST
Max. ClusterSize(CA4) Lumi section: 458
Trigger efficiency as function of the largest CSC cluster size (Ny;:,) Event triggered by the CSC HMT trigger in 2022
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Summary

- Innovative use of the detector is crucial to advancing LLP frontier now, Run-3 and the HL-LHC

CMS-DP-2022-062

- MDS: Great example of a fully integrated effort

- Theory, triggers, data management, algorithms, and analysis \

- MDS: powerful and complementary tool for LLPs searches B

* Run-2 search for Higgs decays to neutral LLPs (ArXiv:2402.01898)

uc,Fp riment at LHC, CERN
la

Jeu tO t.1 51:11 2022 CES 1
F 1F’1 19 /930593168
504

C
Da
R
Lu

* Run-2 search for Long-lived HNLs (arXiv:2402.18658)

Run-3 HMT trlggered event

* Run-3 brings new LLP strategies (e.g. MDS triggers) that could enable future discoveries!
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Search for Neutral LLPs: A x MET EHf.

—~ 1072
@)

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| T TTTH ArXiv:2402_01898

. Accepted by PRD
CMS Simulation — Single cluster (DT)
- == Single cluster (CSC)

— = Double cluster

T

Acceptance x p™ss efficien

107 F , \ =

- | \ -

I I \ _

i : \ N\

10—6 I I:IIIIII/ I IIIIIIII I IIIIIIII I IIIIIIII\I IIIIIIII | IIIIII\I‘
102 10" 1 10 10° 10° 10°

ct [mM]

Daniel Guerrero (Fermilab) Searches for LLPs with the CMS Muon System DPF-Pheno 2024


https://arxiv.org/abs/2402.01898

Search for Neutral LLPs: Background model

ArXiv:2402.01898
Accepted by PRD
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Search for Neutral LLP

S: Interpretations

ArXiv:2402.01898

— 10 CMS | 138107 (13 TeV) I o~ = 10 é)M | 138fb’1(1?1TeV) _
3 n = - 3 %)
£ L R 3 Accepted by PRD
. ) : . )
102 — 10—15 10225 — 10—15
10 - g " = X . 1CI\III$H o 188fb"(18TeV) 1CMS 138 fb™' (13 TeV)
1 : : 1E : S g E | g E |
102 E 102 E . ¢ -
10™ 5 = 107 = - T i T i
1072 = o 1072 a f X 107F R107':
5 3 3 C C a C C
10—3 — 10 | 10—3 10 | (@) - ] (@) -
E O @) = B T = B
10—4 _B(He SS) = 0.01 ?_ O\O 10—4 O\O p _§ B ] .g B
E o) o) — 102 - — 1Nn2L |
10— ' e [ s 10°° ] 1049 S 2 f g 107 3107 £
10 20 30 40 50 1 10 P 2 - 1 g - .
LLP mass [GeV] LLP mass [GeV] 27 > N 1 3> - ]
’ ’ - - = — . 1 ]
T 10° CMS _ 188b(83Tey) 5 T 1 CMS - 1380 (13TeV) 4 <s - O 107 —— mLLP=ggez Higgs boson portal O 107 —— mLLP=‘5"gex Higgs boson portal
L= 3 = 0,,0 3 ~ o F—— M p= e = NS F—— M = e =
g 10° ] n B 10° S—= KK ] n H \\\\ f % - —h— mtti:m GeV (Ew,EA) =(1,1) ] o A mtti=1o GeV (%m,EA) =(2.5,1) ]
5 B f » B ! S @ [ —%— m =15 GeV ] ® [ —%— m =15 GeV i
10 E 10-1% 10 E 10‘1% P | —+— m, =20 GeV | | —+— m, =20 GeV |
10 : 10 : —4 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 L1111l —4 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 L 11111l
| S | S 1010‘2 107" 1 10 10° 1 1072 107" 1 10 10°
1 = 1 = _
. 102 E . 102 £ f ct [m] ct [m]
10 o) 10 o) CMS 138 fb' (13 TeV)
10_2 % 10_2 % o /B‘\ 15 T T T 1T II| T T T TTTTT T T IIIIII| T T T TTTTH
107 10° 107 10° w. B{ :
@) @) i
LO Lo ~ X 107'F
10-51 : e '1'0 1049 10—51 : — '1'0 104 17 ﬁ -
LLP mass [GeV] LLP mass [GeV] L4 ~ o :
., CMS 138 b7 (13 TeV) ,CMS 138 b7 (13 TeV) A w E I |
E"IOE""W ' A R EEES ;1 a '€10§""'| ' D | 51 C’D\ ,4 ~ L10—2:_ —
— sf. S— ] w - sf. S—ete ] p _—_s—- w 3 = 3
5 100 VY ] 5 100 1 > 2 C ]
- - | = . | N S ~ S5 B ]
102 S 102 T — w _| |
0 = = X 0 = 3 X \If 77 O 10 —— M,p= g gex Higgs boson portal
E ] c E ] c ~ F —#— m,p,=00e _ 3
1: 7 S 1: 7 S p I?O - . m, =10 GeV (Em,EA) = (2.5, 25)5
10—2.§ 10—2.§ > o | mLLP = 15 GeV :
10—1 E 10—1 - f - —— mLLP = 20 GeV ]
GJ E q) - —4 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 L1 11111
10—2 o 10—2 o w 10
033 E P 102 10" 1 10 102
107 ) 107 E o ct [m]
10°° e ' — '1'0 1048 10°° ' ‘II ' — '1'0 i 10‘48
LLP mass [GeV] LLP mass [GeV]

Daniel Guerrero (Fermilab) Searches for LLPs with the CMS Muon System DPF-Pheno 2024


https://arxiv.org/abs/2402.01898

CMS Higgs to LLPs Summaries

CMS LLP Summary Plots

CMS Preliminar August 2023 CMS Preliminar August 2023
Y Yy
< 1 =\ T e e e e Y — Displaced leptons < 1 =TT T g e n e T - Displaced leptons
> — 3  X—eeluy, mX=50 GeV P4 = q X—eeluy, mX=30 GeV
i B | 2110.04809 1 B |  2110.04809
o ~1l. B e 1
= 10 't 5 —Dimuon scouting = 10 g 3 =Dimuon scouting
0 = 4 B(X—uw)=0.13, m_=40 GeV @ - 4  B(X—uw)=0.14, m_=20 GeV
.. o B . 2112.1?769 X S B 7 2112.1?769 T
CMS Preliminary August 2023 2 a2k | 2 a2 o
/ | = 10k = — Displaced dimuon = 10“¢& 5 — Displaced dimuon
P e 1 Il T rrrrm ™ T TTTIgT LILSULILLL T rrrrm T rrrrm T rrrrm LU E E
) — IR U o ! K // 3 : : = = 3 B(X—uw=0.13, m =40 GeV = = 3 B(X—uu)=0.14, m =20 GeV
7)) — P I I LY = Z + displaced jets = - 4 Ex0-23-014 - - 4 EX0-23-014
1\ B PR O o s ] 21 1(?1'13218 2 1073k = —Z + displaced jets 2 10°%: - —Z + displaced jets
c B . )r / . / | 117 fb™, 13 TeV -] | X—bb, m =55 GeV S = T  X—bb, m =15 GeV
E . A\ / . / m. =15 GeV (_-13 4 2110.13218 Cl) 4 2110.13218
| 1 ' 4 _ = S - — — —
s 4 K 4l B . 4l . .
- 1 RS N R ; /’ = = m, =40 GeV X 107E S Rt e Gev X 107E T Rt s Gov
O 1 O_ — - : / .'. -z] ——ms=55GeV o - - 2012.01581 o = 7 2012.01581
= = o/ / LK/ - - . 5| | —Ms Clust 5| | —Ms Clust
- . / / 3 / ] Dlsplaced jetS 10 S N I R R T T I = R 2 rl:1$=65r5$GeV 10 S I I R R I R I = R :WSj?GeV
= - A / N/ = 2012.01581 1 2 43 4% 108 106 EXO-21-008 1 3 5 106 EXO-21-008
N | S -7 / N / _ 132fb'1.13TV 100 1 10 10° 10° 10" 10° 10" 10 10" 1 10 10° 10° 10* 10° 10° 10
q) B l‘ ‘ ': / a ’ € Ct [mm] Ct [mm]
o Ly Sy c-- my=15 GeV High X Low mass
o) .\ S Iy igh mass N
= 1 0_2 - : ( 3 - TS © CMS Preliminary August 2023
— -\ [ / R/ q = m;=55GeV < 1 Vo ' 5 — Dimuon scouting
O - 2\ ‘,‘ / \ KA / ] >’F = ; 1 B(X—uw=0.24, m =2 GeV
C \\ . R/ 7]  MS Clusters - - 21218769
O\O - \ //" \ R/ h%SS%4d . EXO-21-008 % 107" = T —MS Clusters
‘ e . — - X—1r, m, =7 GeV
g N DR \\ // 1 13717 13 TeV = - T Exoettos
-3 ‘\ v \__Z “-- My =15 GeV E 10_2 = = --MS Clusters
107° = - oot~ "o = =my =40 GeV = - 3 Xo KO m=1.5 Gev
= | | | | | | 3 ——m =55GeV o) : ] EXO2T008
L1l L 1 1 1itil L 1 1 1itil L 1 1 1itil L 1 1 1itil L 1 1 1itil L 1 1 1itil L 1 1 1itil % 10—35_ _E_ --MSClusterS
2 3 4 5 6 7 - = 3 X—=yy,m=0.4GeV
1 10 100 10° 10° 10" 10" 10 3 - 1 Exoz160s
Ct, [mm] o 10k |
Lo — -
[ ] m - ]
Hadronic-only LLP decays T :
107 g E
Mol v ol | | Lol Lol pol Lol AR

107" 1 10 10% 10° 10* 10° 10° 10
ct, [mm]

Note: It does not include Run-3 displaced jets results Very-low mass

Daniel Guerrero (Fermilab) Searches for LLPs with the CMS Muon System DPF-Pheno 2024


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Long_lived_particle_summary_plot
https://cds.cern.ch/record/2893044?ln=en

CMS

138 fb~' (13 TeV)

wa Obpserved

- - Expected
= T T T | T T T T T T T

Bl +1 std. dewatlon
+2 std. deviation

|VNe|2

1074

10-5}

Electron HNL
Majorana

CMS

L [ R B
2.5 30 35 40

my [GeV]

138 b~ (13 TeV)

- Observed

- - Expected
B T T T T I T T T T T T T

I +1 std. deviation
+2 std. deviation

Vigl?

1074

1075¢

L L L LB

Muon HNL |
Majorana

CMS

25 3.0 35 40

my [GeV]

138 b~ (13 TeV)

- Observed
- - [Expected

B +1 std. deviation
+2 std dewatlon

|VNT|2

1072f

1073F

10_4:—

Tau HNL |
Majorana |

1.0 1.5

Daniel Guerrero (Fermilab)

‘2.0‘ — ‘2_5
my [GeV]

Search long-live

CMS 138 fo-! (13 TeV)

- Observed B +1 std. deviation

- - Expected +2 std. devuatlon
N BN T Er '
>§ 1031 Electron HNL |

1074

10‘5E

Dirac

10—6 [ | ' B SRR SR
1.0 1.5 2.0 2.5 3.0 3.5 4.0

mn [GeV]

CMS 138 fo! (13 TeV)

e Observed I +1 std. deviation

- - Expected +2 std. deviation

N U L L L B B

e -3 _|

=107 Muon HNL -

= Dirac

104 =

10_5: E
10—6 ] ] Ll ] Ll ]

T30 35 40
mn [GeV]

CMS 138 fo! (13 TeV)

W\ Observed Bl +1 std. deviation

- - Expected +2 std. deviation
o 10—1 T ‘ e ]
z : Tau HNL 1
= Dirac .
10‘2E -
10‘3E -
1074 E

| | ! ! |

1.0 1.5

CMS 138 fb~! (13 TeV)
Majorana HNL '

m-N [GéV]

0.0 0.1 0.2 03 04 05 06 07 0.8 09 1.0 1.0
fe

CMS

Dirac HNL
CTlo=1m

138 b1 (13 TeV)

1
. N
N

my [GeV]

300

77777 7
00 0.1 02 03 04 05 06 0.7 08 09 1.0 1.0
fe

Searches for LLPs with the CMS Muon System

HNL Interpretations

ArXiv:2402.18658

Submitted to PRD

CMS 00 138 fo=1 (13 TeV)
1.0
Majorana HNL g 35=
my = 1.5GeV 0.9 'TD'
: 13.0 5
—2.5
—2.0
—1.5
1.0
A 0.5
e Y Y Y N0
00 01 02 03 04 05 0.6 07 08 09 1.0

fe

CMS
Dirac HNL

138 b1 (13 TeV)

: I3.5
-~ \o08 :3.0

7

CTo [M]

2.5

NN 0.4 .

2.0

0

0.5

7

0.0 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0

fe

DPF-Pheno 2024



https://arxiv.org/abs/2402.18658

CMS HNL Summary

CMS LLP Summary Plots

1072

1073

1074

107°

10°°

ARIN [GeV]

CMS Preliminary 138 fb~1(13 TeV) CMS Preliminary  42-138 fo=1(13 TeV)
':f | |.||||||| | | ||||||| | | ||||||| | | ||||||| | E (\I_ 0 || | |.||||||| | | ||||||| | | ||||||| | | ||||||| I_
- Dirac 1 =z 19°F Dirac
E — Observed 3 > [ = Observed ]
- --- Expected 1 = 10 'E--- Expected —
- : 2| / _
- 4 : 107¢ }/gf‘ :
- /[ _ = ]
: R E i i
- :.7/ ] 1073 3 =
10-4| Muon Channel _
Electron Channel- - J, — SR o7 oar ot ]
- Prompt 1£ + 2 displaced £ . -5 i N/ Prompt 12 + >=1 displaced jet )
C = JHEP 07(2022) 081 ] 10 = T arXiv:2312.07484 E
| Prompt 12 + >=1 displaced jet_] = Prompt 1£ + MDS .
- T arXivi2312.07484 = - T arXiv:2402.18658 ]
N ___ Prompt 1¢ + MDS ] 1 0—6 | __ B-parking 28+ m _
B arXiv:2402.18658 . = arXiv:2403.04584 3
— ___ Prompt 3¢=(e, mu, 1) = - ___ Prompt 3¢=(e,mu, 1) .
= arXiv:2403.00100 = = arXiv:2403.00100 -
—_1| | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | : 10_7 I| | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| |
100 101 102 103 104 100 101 102 103 104

24N [GeV]

Dirac HNL

1072

1073

1074

107°

107

42-138 fb~1(13 TeV)

Muon Channel

Prompt 12 + 2 displaced ¢

= JHEP 07(2022) 081
Prompt 12 + >=1 displaced jet

T arXivi2312.07484

. Prompt1¢ + MDS
arXiv:2402.18658

___ B-parking 2¢ +m
arXiv:2403.04584

— Prompt 3= (e, mu, 1)
arXiv:2403.00100

CMS Preliminary 138 fb~1(13 TeV) CMS Preliminary
':fl | |.||||||| | | ||||||| | | ||||||| | | ||||||| IE C\l_ 01 | |.||||||| | | |||||||
- Dirac 1 "z 10°F Dirac

E — Observed E > [ = QObserved

- --- Expected ] 10 1E--- Expected

- ? 2|

; / : 10-21

- y/ _ -

- v’ E :

: :«7/ ] 1 0_3 3

r |

- ] 1074E

Electron Channel- - _),

- Prompt 12 + 2 displaced £ 5| N/

- = JHEP 07(2022) 081 ’ 10 =

| ___ Prompt 1¢ + >=1 displaced jet_J -

g arXiv:2312.07484 3 Z

B ___ Prompt 12 + MDS N 1 0—6 |

- arXiv:2402.18658 - g

= ___ Prompt 3¢=(e,mu, 1) = -

= arXiv:2403.00100 = -

—_ll | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| I: 10_7 I| | | IIIIII| | | IIIIII|
100 10’ 102 103 104 100 10’ 102

24N [GeV]

Majorana HNL

103 10*
M [GGV]

DPF-Pheno 2024

Daniel Guerrero (Fermilab)

Searches for LLPs with the CMS Muon System



https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Long_lived_particle_summary_plot

CMS LLP Sum

mary

Overview of CMS long-lived particle searches

CMS LLP Summary Plots

CMS Preliminary March 2024
UDD, §-tbs, mz = 2500 GeV g 2104.13474 (Jets with displaced vertices) [[I0.0006=0:09 1 140 fb?
UDD, §-tbs, mz = 2500 GeV g 2012.01581 (Displaced jets) [ 0l003 =11 132 fp?
UDD, t-dd, m; = 1600 GeV £ 2104.13474 (Jets with displaced vertices) [[I0.00035=0:08'm! 140 fb~1
UDD, t=dd, m;= 1600 GeV ; 2012.01581 (Displaced jets) [ 0i002=1:32'm 132 fp?
LQD, £+, =600 Gev f | 1s0s0s0s2(@u+2jetsy  <003m 3651
LQD, Fbl, m; = 460 GeV i 211004809 (Displaced leptons) ~ 00001-10m 118 b
LQD, t-bl, m;=1600 GeV t 2012.01581 (Displaced jets) [I0:005=0:24 132 fb~?
GMSB, §-gG, mg = 2450 GeV g 2012.01581 (Displaced jets) 0.006—0.55 m 132 fb~!
GMSB, §-gG, mg = 2100 GeV g 1906.06441 (Delayed jet + MET) 0.32-34m 137 fb~!
Split SUSY, g-qdx?, mg=2500 GeV g 2012.01581 (Displaced jets) 0.007-0.36 m 132 fb~!
Split SUSY, g-qdx?, ms = 1300 GeV g 1802.02110 (Jets + MET) <lm 36 fb~t
Split SUSY (HSCP), fzg = 0.1, mg = 1600 GeV g CMS-PAS-EX0O-16-036 (dE/dx) >0.7m 13 fb?
mGMSB (HSCP) tanB =10, u>0, m; =247 GeV T CMS-PAS-EX0O-16-036 (dE/dx + TOF) >7.5m 13 fb?
(@) Stopped £, t=tx?, mi =700 GeV f 1801.00359 (Delayed jet) 60-1.5e+13m »{39fb!
& Stopped g, §—qqgx?, f3o=0.1, mz=1300 GeV g 1801.00359 (Delayed jet) 50-3e+13 m 39 fb!
> Stopped g, g-qqx3(uux?), fzo=0.1, mg =940 GeV G 1801.00359 (Delayed pp) 600-3.3e+12 m 39 fb!
g AMSB, x *-xn*, my= =700 GeV x* 2004.05153 (Disappearing track) 0.7-30m 140 fb~1
w0 G-qqx? or q,,4, X5 X5 ~xIn =, mg=1600GeV,myo = 1575GeV y 1909.03460 (Disappearing tracks + jets with My;) 0.11-10m 137 fb~!
G-qx} or g'xi*, xi" =»xin*, mg=2000 GeV, m,e =1000 GeV  y 1909.03460 (Disappearing tracks + jets with My;) 0.26-2m 137 fb~!
t-tx? or byit, xiF->xdn*, mg=1100 GeV, my = 1000 GeV Xi 1909.03460 (Disappearing tracks + jets with Mr,) 0.25-9m 137 fb!
GMSB, x{-HG(50%)/ZG(50%), mye = 600 GeV X° 2212.06695 (Trackless jets + MET) 0.04-12 m 138 fb?
GMSB, x9-HG(50%)/ZG(50%), myo =300 GeV X2 2212.06695 (Trackless jets + MET) 0.05-24m 138 fb~!
GMSB SPS8, x?-VG, myo =400 GeV X0 1909.06166 (Delayed y(y)) 0.2-6m 77 fb1
GMSB, co-NLSP, I-IG, mj=270 GeV / 2110.04809 (Displaced leptons) 5e-05—2.65 m 118 fb~1
H-ZpZp(0.1%), Zp—uu, my =125 GeV, my =20 GeV X 2205.08582 (Displaced dimuon) 5e-05-5m 98 fb!
H-2ZpZp(0.1%), Zp-uu(15.7%), my =125 GeV, my=5GeV X 2112.13769 (Displaced dimuon scouting) 0.0001-0.25m 101 fb~!
H-XX(10%), X»ee, my =125 GeV, my =20 GeV X 1411.6977 (Displaced dielectron) 0.00012-25m 20 fb™! (8 TeV)
- H-XX(0.03%), X=Il, my =125 GeV, my =30 GeV X 2110.04809 (Displaced leptons) 0.001-0.12 m 118 fb~!
2 H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV X 2012.01581 (Displaced jets) 0.001-0.53 m 132 fb!
5 H-XX(10%), X—bb, my = 125 GeV, my = 40 GeV X 2110.13218 (Displaced jets + Z) 0.004-0.248 m 117 fb~!
+ H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV X 2107.04838 (Hadronic decays in CSCs) 0.12—-450 m 137 fb~!
g H-XX(10%), X-»T1T, my =125 GeV, my=7 GeV X 2107.04838 (LLP decays in CSCs) 0.02-23 m 137 fb~!
2 dark QCD, my,,, = 1500 GeV, mg,,, =10 GeV, agonstic Xdar 2403.01556 (Emerging jet + jet) 0.003-0.3m 138 fb™?
e dark QCD, my,,, = 1500 GeV, m,, . =10 GeV, GNN Xgark  2403.01556 (Emerging jet + jet) <0.4m 138 fb!
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.0005-2.5m 35fb~1 (13.6 TeV)
H-XX(10%), X—dd, my = 125 GeV, my = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.0005-2.5m 35 fb~! (13.6 TeV)
H-XX(10%), X-TT, my =125 GeV, my =40 GeV X CMS-PAS-EXO-23-013 (Displaced Jets Run3) 0.001-0.5m 35 fb~1 (13.6 TeV)
1 1 1 1 1
1077 10~ 1073 1071 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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UMSM, [Ven|2 =1.0, V|2 =1.0 M 0.04-124TeV 1806.10905 (= 1j + 2p) 36 fb?
£ Type-lll Seesaw Heavy Fermions, Flavor Democratic M 100—980 GeV 2202.08676 (3¢, =4L,1t+ 3,21+ 2{,3t+ 1,1t +2[,2t+ 1{) 137 fb~!
‘:-,. Type-lll Seesaw Heavy Fermions, B = 1.0, B, =B;=0.0 M 100-990 GeV 2202.08676 (34, = 44,1t +34,2t+ 24,3t + 1, 1T+ 20,2t + 1i) 137 fb!
% Type-lll Seesaw Heavy Fermions, B, =1.0, B.=B;=0.0 M 0.1-1.065 TeV 2202.08676 (3¢, =4{,1t+3(,2t+2(,3t+ 1,1t +2/,27t+ 1{) 137 fb~L
= Type-lll Seesaw Heavy Fermions, Br=1.0, B.=B,=0.0 M 100—-890 GeV 2202.08676 (3¢, =z 4,1t + 3,21+ 2{,3t+ 1,1t +2/,21+ 1{) 137 fb1
UMSM, |Ven|2 = 1.0, Vw2 = 0.0 M 0.01-124 TeV' 2403.00100 (3e) 138 fb~!
LRSM Wg(eNg), My, < My,( = 200GeV) M| 0.1-4.7 TeV| 2112.03949 (2e + 2j) 137 fb!
LRSM Wr(eNg), My, = 0.5My, M 0.1-4.8 TeV 2112.03949 (2e + 2j) 137 fb!
LRSM Wg(UNR), My, < My,( = 200GeV) M 0.1-5TeV 2112.03949 (2p + 2j) 137 fb~!
LRSM Wr(uNg), My, = 0.5My, M 0.1=5.4TeV 2112.03949 (2 +2j) 137 fb~1
~§+ @ LRSM Zg(eNg), Mz, < 0.5My,(=100GeV) M 0.1-2.79TeV 2307.06959 (2e, = 4j) 137 fb~1
g LRSM Za(eNw), My, = 0.25M5, M 0.1-3.59 TeV. 2307.06959 (2e, = 4j) 137 fb~!
LRSM Zg(uNR), Mz, < 0.5Mp,(=100GeV) M 0.1-4.38 TeV 2307.06959 (2p, = 4j) 137 fb~!
LRSM Zg(uNg), My, = 0.25Mz, M 0.1-4.1TeV 2307.06959 (2, = 4j) 137 fb~1
Composite Fermions Ne, My, <A M 0.5-6 TeV 2210.03082 (2£ + 2j) 137 fb~!
Composite Fermions N, My, <A M 0.5-6.1 TeV 2210.03082 (2p + 2j) 137 fb~!

_>'§ LRSM Wg(TNR), My, = 0.8My, M 1-3.52 TeV 1811.00806 (2T + 2j) 36 fb!

E;‘; LRSM WR(TNR), My, = 0.2My, M 1-3.75TeV 1811.00806 (2T + 2j) 36 fb~!
Displaced Majorana HNL, |Vey|2 = 1.0 x 1073 M 4.36-12.52GeV!  2201.05578 (2e + 11) 137 fb~1
Displaced Majorana HNL, |V,y|?=1.0 x 107> M 2.37-1324GeV.  2201.05578 (2u + 11) 137 fb~!
Displaced Dirac HNL, |Vey|? = 1.0 x 107> M 4.58-14.11GeV| 2201.05578 (2e + 14) 137 fb~!
Displaced Dirac HNL, |Vyy|?=1.0 x 107> M 2.63-14.93GeV  2201.05578 (2u + 11) 137 fb~!
Displaced Majorana HNL, |Vey|? =1.0 X 107> M 2.9-11 GeV CMS-PAS-EX0-21-013 (1e, = 1j) 137 fb!
Displaced Majorana HNL, |V,y|?=1.0 x 107> M 2.1-124GeV  CMS-PAS-EX0-21-013 (1p, = 1j) 137 fb~!
Displaced Dirac HNL, [Vey|2=1.0 x 1075 M 3-122GeV  CMS-PAS-EX0-21-013 (1e, = 1j) 137 fb~!
Displaced Dirac HNL, |Vyy|? =1.0 x 107> M 27-12.8GeV.  CMS-PAS-EX0-21-013 (1p, = 1j) 137 fb~?
S Displaced Majorana HNL, |Vey|2=5.0 x 1073 M 1.3-2.6 GeV CMS-PAS-EX0-22-017 (e + MDS) 137 fb~1
% Displaced Majorana HNL, |V,y|?=5.0 x 107> M 1.3-2.7 GeV CMS-PAS-EX0-22-017 (u + MDS) 137 fb~!
= Displaced Majorana HNL, |Vyy|?=1.0 x 1073 M| 1.25=1.9GeV CMS-PAS-EX0-22-017 (e/p + MDS) 137 fb~1
Displaced Dirac HNL, |Vey|? =5.0 X 107> M 1.45-2.9 GeV CMS-PAS-EX0-22-017 (e + MDS) 137 fb~!
Displaced Dirac HNL, |V,y|? =5.0 x 107> M 1.45-3.1 GeV CMS-PAS-EX0-22-017 (4 + MDS) 137 fb~!
Displaced Dirac HNL, |Vy|?=1.0 x 1073 M 1.3-2.1 GeV CMS-PAS-EX0-22-017 (e/p + MDS) 137 fb~L
Displaced Majorana HNL, [Vey|? = 1.0 x 1075 M 41-13GeV'  CMS-PAS-EX0-21-011 (2e, 1j) 138 fb~!
Displaced Majorana HNL, |V,y|?=1.0 x 1073 M 3.5-15.5GeV  CMS-PAS-EX0-21-011 (2p, 1j) 138 fb~!
Displaced Dirac HNL, |Vey|? =1.0 X 107> M 45-141GeV  CMS-PAS-EX0-21-011 (2e, 1j) 138 fb~!
Displaced Dirac HNL, |V,y|> = 1.0 x 107> M 4-16.5GeV| CMS-PAS-EX0-21-011 (2, 1j) 138 fb~!

Displaced HNL from B meson decay, |V, y|>=5.0 x 107> M 1.1-3 GeV 2403.04584 (BParking) 42 fp~1
§ Type | Seesaw VBF SSWW, |V,|? = 1.0 M 010523 TeV| 2206.08956 (2u+2j) |137 fb~!

L L L L L L L L 1 L L L L L L L L 1 L L L L L L 1 L L L L L L L L 1 L L L L
1073 1072 1071 10° 10!

Mass Scale [TeV]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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