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I Rqre 4-” decay Di-muon resonances

CMS Preliminary L=0.2fo" (Vs = 13.6 TeV, 2023)
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* New Run 3 inclusive di-muon trigger (2024) LITO1

enables further 4u searches at CMS ] _
CMS is leading the Way!

O\% @ Marco Buonsante - ERC - 18/06/2025 D 2


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111101
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I Rqre 4-” decay Di-muon resonances
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Search for the B?S) — 4u decay

* The SM decay only via FCNC - very small BR
(0(10719 — 10712) > BSM physics could modify it

 CMS Run3 data (22-24) = HLT_DoubleMu4_3_LowMass
(171.5 fb~1H)

* Current exp. ULs ~ 30% better than LHCb
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CMS preliminary 2022+2023+2024, 171.5 fb™' (13.6 TeV)
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=BPH-24-007&tp=an&id=2881&ancode=BPH-24-007
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| Rare 4 decay

CMS Preliminary L=0.2fo" (Vs = 13.6 TeV, 2023)
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(171.5 fb~1H)
* Current exp. ULs ~ 30% better than LHCb

BR(B? - 4pu) < 5.7x1071° @95% C.L.

CMS preliminary 2022+2023+2024, 171.5 fb™' (13.6 TeV)
@ T T T T T T T T T T —5&’4:4#.{ o " /
s BO Category Al s First observation of ' — 4u
TN BR 4.0e-10 = ) Projection (300 fb~?) CMS Preliminary 2024
C 3 [ ] =
ask E | R Never observed and
o 3 5fbt ol 2
oL E | 7 sensibile to NF Fut | n - asssssaom
- ] CMS 2022-2023 o 1" = 001060 :+0.00086
15E E / 62.4 b * Clear S|gna| peak “ o= 034570 2000058
1 i 4| | [ |0 il 1 LHCb M % N!.I:]m; 123112 ~
, [JHEP 03 (2022) 109] ° BR CompUtOtlon " N.m'= 16916
0.5 . /
i relative ton’ — 2u2m
0 4‘6I48HE‘3 ‘52‘545J658E13‘6|264 sm[ee-oi, let00] 428 566 8.6 11.88 1077 S {
’ ) ’ ' ' ' 4“ mass BR(B?—)4M) onQOIng 8.5 : 0.6 ¢ 0.7 0.8 0!9 1I 1!1 Mas1s‘.2
CADI Line: BPH-24-007 Started a few months ago
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Machine Learning for DQM

Ongoing effort by the CMS DQM team (and sub-detector groups) to automate
monitoring - and DC - using machine learning

Present Future (HL-LHC)
DQOM relies on ML to assist L1111
real-time human shifters, enabling = — +
L : - J[ML|E
monitoring of fast identification = -
histograms of potential issues TTTTT1
Effective granularity: ~ Run Expected granularity: 1 (or few) LS(s)

ML models already developed for ECAL and HCAL, with ongoing work for the Tracker.
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https://doi.org/10.1007/s41781-024-00118-z
https://doi.org/10.3390/s23249679

| Machine Learning for muon-DQM

CMS CR -2025/007

* Goal: Develop a flexible ML anomaly o oS e zplamgsets) o CMS Py 7205 2028 130 e
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detection tool = °F 02 T e ]
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* Inputs: Occupancy plots from muon z: ° g ]
: o ]
system sub-detectors 2f o ]
* Tested with CSC occupancy plots 150k : :_ ;
LSs (from 2024 data taking) a
GlobalX (m) GlobalX (m)
* Next Steps: Include the model in the Input: CSC occupancy Final output: anomaly
online DQM workflow plot (integrating over map for shifters
10-20 LSs)
ResNet Autoencoder Prospects:

UHH\H Preliminary study
Ls/lﬂmlﬂnmﬂun—> Encoder | Decoder | s HHH ongoing on extend
sl iiNs. UD[I [o= the tool to the GEMs
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https://cds.cern.ch/record/2924481/files/CR2025_007.pdf
https://cds.cern.ch/record/2924481/files/CR2025_007.pdf
https://cds.cern.ch/record/2924481/files/CR2025_007.pdf

Thanks for your attention!



