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• What is HNL?
• What is Muon Detector Shower(MDS)?
• How to search for HNL with MDS?
• What’s to expect in Run 3?

Outline
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Heavy Neutral Lepton

• SM is very successful, yet incomplete…
• Neutrino oscillation is a lab-accessible BSM effect!
- Established experimentally ~2000s
- Peculiarly light (but non-zero mass)

• But Left-handed weak currents cannot have mass term
• Idea: extend SM neutrino sector by adding new particle N
- Allow Majorana/Dirac mass term for SM neutrinos

• Gives SM neutrino mass via see-saw mechanism  
- Connected to other unsolved problems 

(Baryon asymmetry,  
DM candidate,   
Anomalous g-2 [1],[2],[3],[4],[5])
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https://www.sciencedirect.com/science/article/pii/0370269386911263?via%3Dihub
https://arxiv.org/abs/1711.02865
https://arxiv.org/abs/1807.07938
https://link.springer.com/content/pdf/10.1007/JHEP03(2022)042.pdf?pdf=button
https://arxiv.org/abs/2105.11462
https://www.sciencedirect.com/science/article/pii/0370269386911263?via%3Dihub
https://arxiv.org/abs/1711.02865
https://arxiv.org/abs/1807.07938
https://link.springer.com/content/pdf/10.1007/JHEP03(2022)042.pdf?pdf=button
https://arxiv.org/abs/2105.11462
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Theory landscape

• Simple idea, but can be realized in many different ways
- How many are there?
- What are their masses? 
- interaction with gauge bosons?
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Credit: R. Ruiz

https://indico.cern.ch/event/1109611/contributions/4771688/attachments/2444861/4189251/rruiz_LHCP22_NuLandscape.pdf
https://indico.cern.ch/event/1109611/contributions/4771688/attachments/2444861/4189251/rruiz_LHCP22_NuLandscape.pdf
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Experimental landscape

• Very rich phenomenon
• Searched for with all possible methods
- Collider & fixed target
- Nuclear decay
- Atmospheric/solar neutrinos

• Accessible production/decay mode  
depends on the HNL mass
- Kaon decays (e.g. NA62)
- B or D meson decay (e.g. Belle, LHCb)
- Below W,Z: 

- Above W,Z mass: 
decay to on-shell W/Z production

Z → Nν
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The CMS experiment at the LHC

• A lot of the above phenomenon can be accessed at the LHC

• CMS is a hermetic, general purpose  
detector submerged in strong  
solenoidal magnetic field 
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HNL searches at CMS
• Prompt HNLs:
- Probe different HNL models and/or final states (Multi-lepton /  / )
- 100 GeV ~ TeV
• Displaced HNLs:
- Typically type-I see-saw model, produced through W
-  ~1 - 10 GeV
• The list is growing!

2ℓ + j 2τ + 2j
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pdf

Prompt

Displaced

https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/barplot_ML_DLJ_FH_DIS_VBF_v1.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/barplot_ML_DLJ_FH_DIS_VBF_v1.pdf
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Muon Detector Shower (MDS)

• Teaching a particle detector new tricks
• LLP decays hadronically in the muon system:  

Shower is detected as multiple hits in either the CSC or DT chambers
• Steel between muon stations can act as absorbers in a sampling calorimeter
• Shielding of 12-27 interaction length (Background suppression factor ~107)
• Unique feature of CMS muon system
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SM particles seen at CMS LLP as Muon Detector Shower

https://www.symmetrymagazine.org/article/teaching-a-particle-detector-new-tricks?language_content_entity=und
https://www.symmetrymagazine.org/article/teaching-a-particle-detector-new-tricks?language_content_entity=und
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Muon Detector Shower (MDS)

• Sensitive to LLP with longer  ~O(1-10m)
• Good efficiency in both barrel and end-cap

cτ
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CMS-PAS-EXO-21-008 decay, H → S → dd̄ cτ = 1 − 10 m

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-008/index.html
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Muon Detector Shower (MDS)

• Cluster efficiency can be well parametrized by the hadronic energy and EM energy 
of the LLP
• Independent of LLP mass!
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EXO-20-015

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html
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Searching long-lived HNL with MDS

11
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Analysis Strategy

• Simple event topology:
- Prompt lepton + single MDS cluster

• Consider all decay modes of the HNL
- No penalty of signals due to W/Z branching ratios
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Long lived
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Figure 1: Feynman diagram for the production of a Majorana(left) and a Dirac(right) HNL
via a W boson and through its mixing with an SM neutrino. The prompt lepton from the
W boson serves as a clean signature for triggering, while the decay products of the HNL are
reconstructed as a cluster of muon detector hits.

2 The CMS detector46

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,47

providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip48

tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator49

hadron calorimeter (HCAL), each composed of a barrel and two endcap sections.50

The ECAL consists of 75 848 lead tungstate crystals, which cover |h| < 1.48 in the barrel region51

and 1.48 < |h| < 3.00 in the two endcap regions. The excellent signal-to-noise ratio and sta-52

ble pulse shape of the ECAL sensors allow for timing measurements with the best resolution53

achievable at very large energies of better than 100 ps per hit [34]. The HCAL is composed of54

cells of width 0.087 in h and azimuth (f, in radians) for the region |h| < 1.74, progressively55

increasing to a maximum of 0.174 for larger values of |h|, along with the forward calorimeters56

extending the h coverage provided by the barrel and endcap detectors. Muons are measured57

in the range |h| < 2.4, with detection planes embedded in the steel flux-return yoke outside the58

solenoid and made using three technologies: drift tubes (DTs), cathode strip chambers (CSCs),59

and resistive-plate chambers (RPCs).60

The barrel DT chambers are located in regions of pseudorapidity |h| < 1.2 and are organized61

into 4 stations, labeled MB1 to MB4, comprised of rings of chambers each assembled between62

two layers of the steel flux-return yoke, while being divided along the beam axis in 5 wheels.63

The stations are located approximately 4, 5, 6, and 7 m away from the interaction point radially64

(r). In the first 3 stations, every DT chamber consists of 3 ”superlayers”(SL), each comprising65

4 staggered layers of parallel drift tube cells, giving a total of 12 layers. The innermost and66

outermost SLs measures the charge particle position in the r � f plane, while the middle SL67

measures the position in the longitudinal plane. The chambers in the last station (MB4) contains68

only two SLs that measures position in the r � f plane. The drift tube cells are designed to69

provide a uniform electric field such that the position of traversing charged particles can be70

inferred from measured arrival time and the constant drift velocity.71

The CSC detector covers a region of pseudorapidity between |h| = 0.9 and 2.4 and is composed72

of four stations in each endcap, labeled ME1 to ME4, which are rings of chambers interleaved73

between two layers of steel-flux return yoke at approximately the same value of z. The stations74

Prompt

HNL signals
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Analysis Strategy

• Prompt Lepton selections:
- One tight ID electron/muon for good triggering efficiency
- Dominated SM background: W+Jets

• Cluster selections:
- Improve S/B ratio
- Veto specific patterns of extra detector activities  

to suppress punch-through jets/ muon bremm.

• Cluster size (Nhit) as main discrimination
- ABCD method with  and cluster size

• Validate with control region(s)

Δϕ(cluster,lep)
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MET

5. Event Selection and Analysis Strategy 31

f = 1.15).403

In rare cases, signal events could duplicate clusters in barrel-endcap overlap region. The frac-404

tion of signal events for which this could happen is small at less than 1%. In these cass, we405

assign the events to the DT cluster category prioritizing because that choice leads to lower406

levels of background.407

5.2 Summary of event selection408

The event selection is summarized in Table. 11. We measure correction factors for the efficiency409

of various vetos using Z ! µµ events as documented in references [16, 34]. For CSC clusters,410

a correction of 2.8% is applied for the hit and segment veto efficiencies; a correction of 6.8%411

is applied for the muon veto efficiency; and a correction of 2.1% is applied for the jet veto412

efficiency. For DT clusters, a correction of 6.8% is applied for the MB1 veto. The uncertainties413

for these corrections are propagated and discussed in Section 7.2.414

Table 11: Summary of event selection. Prompt muon pT requirement is higher for 2017 dataset
as the trigger efficiency plateau is at 28 GeV. Prompt electron pT requirement is also increased
to 35 GeV for 2017 and 2018 dataset to remain in the trigger efficiency plateau.

Object Muon Channel Electron Channel
Lepton pT > 25(28)GeV, |h| < 2.4 pT > 30(35)GeV, |h| < 2.4
Lepton TightID, Irel < 0.15 TightID
Lepton Nlepton=1
MET pmiss

T > 30 GeV
CSC cluster Nrechits > 50
CSC cluster No ME-11/ME-12 hits matched within DR < 0.4
CSC cluster No muons with pT > 20 GeV,|h| < 2.4 within DR(cls, µ) < 0.8
CSC cluster No jets with pT > 10 GeV,|h| < 3.0 within DR(cls, j) < 0.4
CSC cluster No RE1/2 rechits matched within DR < 0.4
CSC cluster No MB1 segments or RB1 rechits matched within DR < 0.4
CSC cluster �5ns < tcluster < 12.5ns
CSC cluster tspread < 20ns
CSC cluster Cut-based ID, see [15]
DT cluster Nrechits > 50
DT cluster No more than 1 MB1 hits within DR < 0.5
DT cluster No jets with pT > 20 GeV,|h| < 3.0 within DR(cls, j) < 0.4
DT cluster No muons with pT > 10 GeV,|h| < 2.4 within DR(cls, µ) < 0.8
DT cluster Matched to >= 1 RPC hit(s) in the same wheel within Df < 0.5
DT cluster Not more than 8 MB1 hits in the adjacent wheel within Df < p/4
DT cluster Mode of the BX of RPC hits=0, RPC matched within Df < 0.5
DT cluster Veto cluster near DT chimneys within DR < 0.3

around ((h, f) = (0.3, 1.7)or(�0.3, 1.15))
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Cluster selection

• Reject punchthrough jets:

• Veto clusters matched to jets (ΔR < 0.4)


• Reject muon bremsstrahlung shower:

• Veto clusters matched to muons (ΔR < 0.8)


• CSC: 

• Veto clusters with RecHits in ME-1/1, ME-1/2

• Veto clusters that are matched to RE1/2 hits

• Veto clusters that are matched to  

MB1segments or RB1 hits

• DT:


• Veto clusters with > 1 RecHit in MB1 and in 
adjacent wheel 


• Veto region with no instrumentation (DT 
chimney) 

14
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Event selection summary

15

Event-level selection: 
suppress QCD  
 backgrounds

Veto background sources:
Punch-through jets 
Muon brem.

Timing selection:
Remove OOT pileup
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ABCD background estimation

• After cluster selections, background clusters  
and leptons are uncorrelated
- Use ABCD method with  and 
- Signals are back-to-back with cluster with large 
• Use Out-of-Time(OOT) and  

in-time large   
region as validation of ABCD method region

Nhits Δϕlep
Nhits

Δϕ(cls, MET)
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Figure 2: Definition of the ABCD plane. The size of the blue boxes illustrates the relative
amount of expected events in each of the bins, with bin B and C having the majority of the
event yields.

for events in the category with a prompt muon and a MDS cluster in the DT detector, we sep-303

arate events into subcategories DT-MB2 and DT-MB3/4 categories, depending on whether the304

majority of hits in the cluster fall in the MB2 station or the subsequent stations of the DT detec-305

tor. This subcategorization is motivated by the fact that the background size and composition306

is different for clusters in the MB2 station due to thinner shielding in front of it.307

The ABCD background estimation procedure is validated using events in the early out-of-time308

(OOT) validation region (VR), defined as events passing all analysis cuts except the time re-309

quirements described in Section 4.1 and required to have a negative cluster time. Additionally310

the background estimation procedure is validated in the in-time VR, defined as events with311

azimuthal angle between the MDS cluster centroid position and the ~pmiss
T , Df(cluster,~pmiss

T ) >312

0.7, which is signal depleted because the MDS and ~pmiss
T are aligned in the same direction, since313

~pmiss
T is calculated solely from tracker and calorimeter information and the momentum of the314

HNL will be undetected. The observed and predicted yields for these validation regions are315

summarized in Table 1 and show that the ABCD method accurately predicts the background316

yields.317

Table 1: Validation of the ABCD method in the OOT and in-time validation regions.

Event Category Validation Region A B C D Npred.,D
Muon, DT-MB2 OOT 8 5706 775 0 1.09± 0.39
Muon, DT-MB3/4 OOT 9 482 69 1 1.29± 0.46
Electron, DT OOT 10 2638 285 2 1.1 ± 0.4
Muon, CSC OOT 87 25935 3342 9 11 ± 1
Electron, CSC OOT 28 11027 1319 2 3.4 ± 0.6
Muon, DT-MB2 In-time 6 4156 398 1 0.57± 0.24
Muon, DT-MB3/4 In-time 7 638 87 1 0.95± 0.38
Electron, DT In-time 7 1945 173 0 0.6 ± 0.2
Muon, CSC In-time 20 6181 422 1 1.4 ± 0.3
Electron, CSC In-time 5 2612 190 0 0.4 ± 0.2

The ABCD background prediction in the bin D of the signal regions is found in Table 2 for318

each of the event categories considered in this search. The event yields for the A, B, and C are319

shown, as well as the prediction for the background in the signal enhanced bin D.320

In the prompt muon event categories, Z ! µµ events constitue a significant background source321

MET

Muon system

prompt-lepton

PU clusters

Backgrounds

Δϕ(cls, MET)

MET
HNL signals
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ABCD background estimation

• After cluster selections, background clusters  
and leptons are uncorrelated
- Use ABCD method with  and 
- Signals are back-to-back with cluster with large 
• Use Out-of-Time(OOT) and  

in-time large   
region as validation of ABCD method region
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Figure 2: Definition of the ABCD plane. The size of the blue boxes illustrates the relative
amount of expected events in each of the bins, with bin B and C having the majority of the
event yields.

for events in the category with a prompt muon and a MDS cluster in the DT detector, we sep-303

arate events into subcategories DT-MB2 and DT-MB3/4 categories, depending on whether the304

majority of hits in the cluster fall in the MB2 station or the subsequent stations of the DT detec-305

tor. This subcategorization is motivated by the fact that the background size and composition306

is different for clusters in the MB2 station due to thinner shielding in front of it.307

The ABCD background estimation procedure is validated using events in the early out-of-time308

(OOT) validation region (VR), defined as events passing all analysis cuts except the time re-309

quirements described in Section 4.1 and required to have a negative cluster time. Additionally310

the background estimation procedure is validated in the in-time VR, defined as events with311

azimuthal angle between the MDS cluster centroid position and the ~pmiss
T , Df(cluster,~pmiss

T ) >312

0.7, which is signal depleted because the MDS and ~pmiss
T are aligned in the same direction, since313

~pmiss
T is calculated solely from tracker and calorimeter information and the momentum of the314

HNL will be undetected. The observed and predicted yields for these validation regions are315

summarized in Table 1 and show that the ABCD method accurately predicts the background316

yields.317

Table 1: Validation of the ABCD method in the OOT and in-time validation regions.

Event Category Validation Region A B C D Npred.,D
Muon, DT-MB2 OOT 8 5706 775 0 1.09± 0.39
Muon, DT-MB3/4 OOT 9 482 69 1 1.29± 0.46
Electron, DT OOT 10 2638 285 2 1.1 ± 0.4
Muon, CSC OOT 87 25935 3342 9 11 ± 1
Electron, CSC OOT 28 11027 1319 2 3.4 ± 0.6
Muon, DT-MB2 In-time 6 4156 398 1 0.57± 0.24
Muon, DT-MB3/4 In-time 7 638 87 1 0.95± 0.38
Electron, DT In-time 7 1945 173 0 0.6 ± 0.2
Muon, CSC In-time 20 6181 422 1 1.4 ± 0.3
Electron, CSC In-time 5 2612 190 0 0.4 ± 0.2

The ABCD background prediction in the bin D of the signal regions is found in Table 2 for318

each of the event categories considered in this search. The event yields for the A, B, and C are319

shown, as well as the prediction for the background in the signal enhanced bin D.320

In the prompt muon event categories, Z ! µµ events constitue a significant background source321

CSC clusters

OOT

In-time

OOT CROOT CRIn-time CR
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Closure test result

• Good agreement for closure tests both in-time/OOT validation regions 
• Repeated this test with relaxed cluster selections in W+Jet MC
• Also obtained good agreement (with limited statistics)

18
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 background in muon channelZ → μμ

• Bkg not tested in the closure-test :  bkg
•  could be an addition background process if

• One muon not reconstructed, 
but creates showers in the muon system

• Since muon is not reconstructed, 
create fake MET in the event

• 4 steps to predict the Zmumu bkg:
1. Define Zmumu-enriched CR region  

(inverting ME11/12 and MB1 veto)
2. Subtract ABCD background in CR
3. Measure the transfer factor from CR to SR  

with  sample
4. Multiply the transfer factor to the Zmumu  

component in CR:

Z → μμ
Z → μμ

tt̄

19

 backgroundZ → μμ

Muon system

Tracker

Muon 
(missed)

Muon

Shower

Zmumu Bkg in SR = Zmumu Bkg in CR x T.F
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 background summaryZ → μμ

• Summary of  background prediction

• Checked additional validations with MC and data

Z → μμ

20

 CRZ → μμ CRW + J T.F.  SRZ → μμ

 Zmumu Bkg in CR x T.F = Zmumu Bkg in SR
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Systematics uncertainties
• Background unc. dominated  

 by statistical unc. of ABCD method
- And uncertainty of T.F. for muon channel

• Uncertainty of cluster properties measured  
with tag-and-probe method in  brems
- Corrections are applied to account for differences  

between data/MC if necessary
- Uncertainties are propagated as systematic unc. 

Z → μμ

21

7. Results and interpretation 11

energy scale uncertainty, and the prompt electron or muon trigger and the selection efficiencies.396

Finally, the statistical uncertainty from the limited number of simulated events used to calculate397

the signal yield prediction is also propagated and ranges between 5 and 10% depending on the398

mN and lifetime. A full list of systematic uncertainties affecting the predicted signal yield is399

summarized in Table 4.400

Table 4: Summary of systematic uncertainties affecting the signal yield prediction. For DT
clusters, the systematics uncertainties due to jet and muon vetos are found to be negligible,
and are omitted here.

Systematic Uncertainty Object Size of unc.
Luminosity - 1.6%

Pile-up - 1%
W cross section - 3.8%

W pT - 1.6%
Trigger Muon < 0.1%

Identification Muon 0.4 � 0.5%
Isolation Muon 0.2 � 0.6%
Trigger Electron 0.2 � 0.3%

Identification Electron 2.2 � 8.0%
Jet energy scale MET 2.0%

Cluster reconstruction CSC cluster 13%
Cut-based ID CSC cluster 5.1%

Jet veto CSC cluster 0.06%
Muon veto CSC cluster 4.5%

CSC readout CSC cluster 1.0%
Hits and segment veto CSC cluster 0.1%

Cluster time CSC cluster 0.9%
Cluster time spread CSC cluster 2.8%

Cluster reconstruction DT cluster 16%
MB1 veto DT cluster 7.4%

7 Results and interpretation401

Figure 3 shows the expected and observed number of events in the signal regions of the differ-402

ent event categories and the corresponding background predictions. The observed yields agree403

overall with the predicted background in all channels.404

In absence of excess of data over the background prediction, exclusion limits on the HNL pro-405

duction cross sections are evaluated using the modified frequentist approach [63–65], with the406

binned profile likelihood ratio as the test statistics. The likelihood is constructed as the product407

of Poisson distributions of observed events with a mean value of predicted events in each bins408

of the ABCD plane, across all 5 event categories. The predicted events in each bin include the409

background yields predicted with the ABCD method, plus the Z ! µµ background contribu-410

tion for bin Ds and the signal yields obtained from simulated events. Systematic uncertainties411

of the predicted events are included in the likelihood as nuisance parameters with Gaussian412

constraints. The asymptotic formulae [66] are used to evaluate the exclusion limits for each413

HNL signal scenarios.414

Due to the lower pT thresholds for the prompt muon, the signal yields in the muon channel is415

Signal systematics

Muon system

Tracker

Muon(probe)

Muon (tag)

Shower 
(PU)
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Result

• No significant excess observed 
- ~1 sigma fluctuation in electron channel
• Proceed to set limits on HNL coupling v.s. mass plane

22

PAS-EXO-22-017

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-017/index.html


Martin Kwok | Search for HNL with muon system

Limits on Majorana HNL

• Probes low-mass/small coupling parameter space
• ~2.3x better than EXO-21-013 in electron (muon) channel at 2GeV
- Sensitivity driven by CSC channel
• Flavour independence:
- Can set limit on -HNL as well, triggered with muon/e from prompt-  decay
- Worse limit than electron/muon type due to trigger acceptance

τ τ

23
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Limits on Dirac HNL

• Also interpreted as Dirac HNL model
• MDS do not distinguish the charge of the lepton final state
- Not reconstructing the sign of the 2nd lepton
- Same efficiency/cross-section limit for Dirac/Majorana HNL

24
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Figure 1: Feynman diagram for the production of a Majorana(left) and a Dirac(right) HNL
via a W boson and through its mixing with an SM neutrino. The prompt lepton from the
W boson serves as a clean signature for triggering, while the decay products of the HNL are
reconstructed as a cluster of muon detector hits.

2 The CMS detector46

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,47

providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip48

tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintillator49

hadron calorimeter (HCAL), each composed of a barrel and two endcap sections.50

The ECAL consists of 75 848 lead tungstate crystals, which cover |h| < 1.48 in the barrel region51

and 1.48 < |h| < 3.00 in the two endcap regions. The excellent signal-to-noise ratio and sta-52

ble pulse shape of the ECAL sensors allow for timing measurements with the best resolution53

achievable at very large energies of better than 100 ps per hit [34]. The HCAL is composed of54

cells of width 0.087 in h and azimuth (f, in radians) for the region |h| < 1.74, progressively55

increasing to a maximum of 0.174 for larger values of |h|, along with the forward calorimeters56

extending the h coverage provided by the barrel and endcap detectors. Muons are measured57

in the range |h| < 2.4, with detection planes embedded in the steel flux-return yoke outside the58

solenoid and made using three technologies: drift tubes (DTs), cathode strip chambers (CSCs),59

and resistive-plate chambers (RPCs).60

The barrel DT chambers are located in regions of pseudorapidity |h| < 1.2 and are organized61

into 4 stations, labeled MB1 to MB4, comprised of rings of chambers each assembled between62

two layers of the steel flux-return yoke, while being divided along the beam axis in 5 wheels.63

The stations are located approximately 4, 5, 6, and 7 m away from the interaction point radially64

(r). In the first 3 stations, every DT chamber consists of 3 ”superlayers”(SL), each comprising65

4 staggered layers of parallel drift tube cells, giving a total of 12 layers. The innermost and66

outermost SLs measures the charge particle position in the r � f plane, while the middle SL67

measures the position in the longitudinal plane. The chambers in the last station (MB4) contains68

only two SLs that measures position in the r � f plane. The drift tube cells are designed to69

provide a uniform electric field such that the position of traversing charged particles can be70

inferred from measured arrival time and the constant drift velocity.71

The CSC detector covers a region of pseudorapidity between |h| = 0.9 and 2.4 and is composed72

of four stations in each endcap, labeled ME1 to ME4, which are rings of chambers interleaved73

between two layers of steel-flux return yoke at approximately the same value of z. The stations74
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Mixed-HNL coupling 

• Flavour independence opens up  
mixed coupling interpretation

- Constrains the sum of relative  
couplings to 1

• Selected several benchmark 
at the edge of our sensitivity

25
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Figure 6: Observed upper 95% CL limits on the Majorana (top) and Dirac (bottom) HNL mass
(left) and proper lifetime (right) as a function of relative coupling to the three lepton genera-
tions, considering a fixed proper decay length of 1m and a fixed mass of 1.5GeV respectively.
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Can we do better in Run 3?

26
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Muon Shower Triggers 

• Many CMS run 2 LLP analysis do NOT have  
a dedicated LLP trigger
- Major CMS Run 3 effort
• In MDS’s case, the signal acceptance is ~O(1%)
- Potentially huge signal gain from  

triggering on MDS

• “Simple” algorithm is not simple to implement
• But!  

Commissioned successfully 2022 data taking!

27

DP note

Event display in 2022 data

Overview MDS trigger (HMT) logic

https://cds.cern.ch/record/2842376/files/DP2022_062.pdf
https://cds.cern.ch/record/2842376/files/DP2022_062.pdf
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Muon Shower Triggers 

• New L1 seeds triggering based on hit multiplicities in CSC chambers
- Runs clustering algorithm in HLT  
• Active for majority of 2022 data taking
- Linear with PU, fully efficient for HLT
• Analysis effort on-going!

28

Rate v.s PU in 2022 data L1 Efficiency in 2022 data
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Muon Shower Triggers in 2023

• New capability enabled  
many new ideas for LLP triggers!

• Double-shower (lower thresholds)
• Heavy Ion run triggers 
• Cross-triggers with taus
• + many more!

29

Double shower events  
from signal MC
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HNL prospects

• Simple parametrization of cluster efficiency made extrapolation easier
• Can probe down to  with full HL-LHC data|VτN |2 ∼ 5 × 10−7

30
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|VτN |2 |VeN |2

https://arxiv.org/pdf/2210.17446.pdf
https://arxiv.org/pdf/2210.17446.pdf
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• CMS has a lot of on-going effort for searching for HNLs
- Latest addition: Muon Detector Shower(MDS) is a power new tool
- Search with Run-2 data improves previous CMS limits ~2.3x at around 1-3 GeV

- Stay tuned for Run 3 results!

Summary
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Figure 6: Observed upper 95% CL limits on the Majorana (top) and Dirac (bottom) HNL mass
(left) and proper lifetime (right) as a function of relative coupling to the three lepton genera-
tions, considering a fixed proper decay length of 1m and a fixed mass of 1.5GeV respectively.
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