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* The CMS (Compact Muon Solenoid) muon system has played a key role _ : e graphite | ,g [ eataukEins
in many physics results obtained from previous runs of the LHC (Large H\D — lg):skehm ——
Hadron Collider) including the discovery of the Higgs boson readout strips :
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* The main goals of the CMS Muon system are identification, momenta HV TN |
measurement and triggering on muons - G"alph“e =t
spacer electrodes
« The Muon System consists of four gaseous detectors CMS RPC:
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8° 84.3° 78.6° 73.1° 67.7° 62.5° 57.5° 52.8° 48.4°

 Equipped with two gas gaps, each having 2 mm width and a copper readout plane between them
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* Cover both the Barrel and Endcap regions

- ‘ 19 oo * (the Barrel: W0, W+1, WH2)
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Method Description

* The Tag-and-Probe method was used to select high-purity & unbiased
(by the RPC system) muon samples to be used as Probes

Overall Efficiency Distribution

Number of Rolls

Tag-and-Probe method
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Tag

* One muon (Tag) is required to pass tight muon identification and
Isolation criteria and must match a trigger object used to accept

the event

* We then select a Probe muon, which is a tracker track matched
with at least one track segment in the DT or CSC

* The Tag-Probe pair have opposite charges and an invariant mass
within the range 70 < m,, <110 GeV, corresponding to the Z — Probe

utu~ resonance

RPC efficiency with Probe muons

pass pass
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: Number of Probe muons with matched RPC hit on the roll

Number of Probe muons without matched RPC hit on the roll

Mean (> 70 %): The average efficiency without underflow
% (< 70 %): The percentage of underflow

03 10 1 * Operatedin avalanche mode
S L T « Applied with high voltage to the graphite electrodes, which are coated on the surface of high-
e = EEE .. DriftTubes pressure laminate plates with bulk resistivity in the range of 1-6 x 101° Qcm
W { W B oem: - e nl <1.2 * With a gas mixture C,H,F, / iCoHq g / SFg (95.2 % /4.5 % / 0.3 %) and with 40 % relative humidity
:

e 3200 m? of active area
* (2300 m? in the Barrel, 900 m? in the Endcap)

* 0.8-1.3 cm of spatial resolution along ¢ direction
 (1-4 cm strip width)

* 1.5 ns of intrinsic time resolution
* (not fully exploited since limit of DAQ system)

Selection Criteria

Tag Muon Probe Muon
* Trigger matched * Tracker muon ID
* Tight muon ID * pr>10GeV
« Tightisolation cut « |n]<2.1
* e >0.25) Tag-and-Probe Muon Pair
* pr>30GeV
¢ |n|<2.4 * Opposite sign charges
+ 70 < my, <110 GeV
* AR > 0.1
106 CMS Preliminary Run 3 (13.6 TeV)
%1_75__""|""|"" 'I""I""I""I""__
O i ] 2022 (34.7 fb~1) -
S 1.50F [ 2023 (27.910) -
E 1.5] b
L i
1.00f i
0.75| b
0.50|- b
o.zsf— b

0 . ngﬂ\“' e — mx}!ﬁw ;-\3(| AV VY . W e e .
0 75 80 85 90 95 100 105 110
u*u~ (Tag-Probe) invariant mass [GeV]

(Invariant mass distribution of Tag-Probe pairs from Run 3 data)

Summary & Plan

CMS Preliminary Run 3 (13.6 TeV) CMS Preliminary Run 3 (13.6 TeV)
1 T T T 2 L L L L B
- = 250} -
1401~ RPC Barrel Tag-and-Probe method ] 2 | RPC Endcap Tag-and-Probe method 1
i ] - _ o
120} - - 7
i Mean (>70 %) % (<70 %) 22001 Mean (570 %) % (<70 %) |g’ 7
100 _ 2022 (34.7 fb™1) 95.0 % 1.0 % B % 2022 (34.7 fb1) 94.8 % 1.3 % %%
] 2023 (27.9fb™") 95.1 % 1.2 % < 150l ] 2023 (27.9b™") 94.8 % 1.5 % gﬁ b
[
i . ]
100 / :
50 : |
I =% "'I;-k_m
AL 4 i m—dzﬂﬂbﬁ:% 7 )70 Aly//// Ll
0 75 80 85 90 9 100 % 75 80 85 90
Efficiency [%] Efficiency [%]

The plots represent the overall efficiency of RPC rolls in the Barrel (left) and Endcap (right)

The underflow entries are from rolls with efficiency < 70 % caused by known temporary hardware problem

Entries from known hardware problems (long-term ones) or that fall under the CMS gas leak reduction

policy (Barrel only) are excluc
e 2022:110 chambers, 108 of w

eC
NIC

e 2023: 130 chambers, 129 of w

NIC

N are due to gas leak reduction policy

N are due to gas leak reduction policy

Overall efficiencies of RPC rolls (with above 70 % efficiency):

e 2022: 95.0 % for the Barrel and 94.8 % for the Endcap
e 2023:95.1 % for the Barrel and 94.8 % for the Endcap

For the first time, we measured the CMS RPC system
efficiency in Run 3 using the Tag-and-Probe method

Tag-and-Probe method provides a high purity muon
samples (Probes) that are unbiased by RPC system

We measured RPC efficiency with Probe muons:
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€roll = Nroll . Nroll
roll — T
pass fail Nall
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For this analysis, overall efficiencies of RPC rolls (with

efficiency above 70 %) are:
e 2022:95.0 % (the Barrel) and 94.8 % (the Endcap)
e 2023:95.1 % (the Barrel) and 94.8 % (the Endcap)

We plan to implement RPC efficiency measurement using
Tag-and-Probe method to the CMS central software

We plan to do same analysis for 2024 data, which is
ongoing at the moment
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