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Motivation
• Search for Higgs boson (125 GeV) exotic decays into new light bosons (𝒂) in the four-tau final 

state

• 𝐻 → 2𝑎 → 4𝜏

• This search is generic but the 2HDM + S model is used as a benchmark for the analysis 
optimization and limit extraction
• The branching ratio of 𝑎 → 𝜏+𝜏− are dominant in the 2HDM + S for type-III Yukawa couplings with tan𝛽 > 1

• 4𝜏 channel has not been covered by ATLAS (first boosted 4𝜏 search at ATLAS).
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𝐻 → 𝟐𝒂 → 𝟒𝝉 searches at ATLAS

• Merged analysis: 
• Today’s focus

• 𝒂 mass range [4,15] GeV 

• di-muon + single muon triggers

• Boosted 𝒂 decays into merged di−𝜏

• Dedicated muon removal technique is developed to 
recover the tau performance 

• Only covering 𝜏𝜇𝜏ℎ𝜏𝜇𝜏ℎ final state

• Selecting 2𝜇𝜏ℎ pairs

• SS𝜇 and OS𝜇 channels

• Resolved analysis: 
• 𝒂 mass range [15,60] GeV

• 2𝑙2𝜏ℎ and 3𝑙1𝜏ℎ (𝑙 = 𝑒, 𝜇) channels

• Select SS dilepton to reduce backgrounds
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• Two 𝐻 → 2𝑎 → 4𝜏 searches in ATLAS using run 2 data 



Boosted low pt had-mu di-tau
• Because of the low mass of 𝑎, the distance between 𝜏𝑙 and 𝜏ℎ𝑎𝑑 will be very small even for low 𝑝𝑇

• Δ𝑅 𝜏𝑙 , 𝜏ℎ𝑎𝑑 ≈ 2𝑚𝑎/𝑝𝑇
𝑎

• The decay products of 𝜏𝑙 and 𝜏ℎ𝑎𝑑 are mixed in the detector. 

• The standard tau identification will no longer work 
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Standard tau identification efficiency
Merged taus



Muon removal technique
• Merged 𝜏𝜇𝜏ℎ𝑎𝑑 correction algorithm: muon removal technique

• Overlapped muons were removed from tau jet before the standard tau reconstruction and 
identification procedures.
• Muon tracks and associated energy will be removed

• Rerun the relevant official tau reconstruction and identification algorithm after muon 
removal.

• Use the official tau performance results after proper muon removal
• An extra efficiency uncertainty was extracted for the muon removal method
• The 𝜏ℎ𝑎𝑑 four-momentum is corrected to the same energy scale as isolated 𝜏ℎ𝑎𝑑 using a MC-

based correction method.

• Tau id efficiency was recovered after muon removal
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Muon removal

after Muon removal

TauJet

MuRmTauJet

before after



Region definition
• The events pass the preselection are then assigned to different regions:

• Two channels: 𝑆𝑆𝜇 and 𝑂𝑆𝜇
• 𝑆𝑆𝜇 channel is more sensitive to lower masses (𝑚𝑎 = 4,10 GeV)

• 𝑂𝑆𝜇 channel is to enhance the sensitivity for higher masses (𝑚𝑎 = [10,15] GeV) 

• Each channel has one signal region with Low Visible Mass (60 < 𝑚2𝜇𝜏ℎ𝑎𝑑
< 120 GeV) and 

one validation region with High Visible Mass (𝑚2𝜇𝜏ℎ𝑎𝑑
> 120 GeV).

• 𝑍 + Jets control region is defined to measure the 𝜇𝜏 fake factors.
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Background estimation
• Prompt background

• Estimate using MC: 𝑞ത𝑞/𝑔𝑔 → 𝑍𝑍, 𝐻 → 𝑍𝑍4𝑙

• Non-prompt/fake background

• Data-driven fake factor method

• Measure the FF of 𝜇𝜏 in the 𝑍 𝜇𝜇 + jets(𝜇𝜏ℎ𝑎𝑑) control region

• 在此处键入公式。

• FF parameterized as function of 𝑝𝑇
𝑈𝑛𝑐𝑜𝑟𝑟 and prongness (FF(𝑝𝑇

𝑈𝑛𝑐𝑜𝑟𝑟 ,
prongness)) 

• Apply the FFs to 2𝜇𝜏ℎ𝑎𝑑 regions by using the events with at least one 𝜇𝜏ℎ𝑎𝑑
candidate failing ID

• F𝑎𝑘𝑒 𝜇𝜏1
𝑃𝜇𝜏2

𝑃 = 𝑭𝑭𝟐𝝁𝝉𝟏
𝑷𝝁𝝉𝟐

𝑭 + 𝑭𝑭𝟏𝝁𝝉𝟏
𝑭𝝁𝝉𝟐

𝑷 − 𝑭𝑭𝟏𝑭𝑭𝟐𝝁𝝉𝟏
𝑭𝝁𝝉𝟐

𝑭
𝑑𝑎𝑡𝑎

− ൣ

൧

𝑭𝑭𝟐𝝁𝝉𝟏
𝑷𝝁𝝉𝟐

𝑭 +

𝑭𝑭𝟏𝝁𝝉𝟏
𝑭𝝁𝝉𝟐

𝑷 − 𝑭𝑭𝟏𝑭𝑭𝟐𝝁𝝉𝟏
𝑭𝝁𝝉𝟐

𝑭
𝑡𝑟𝑢𝑡ℎ 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑀𝐶

• 𝑭𝑭𝟐𝝁𝝉𝟏
𝑷𝝁𝝉𝟐

𝑭, 𝑭𝑭𝟏𝝁𝝉𝟏
𝑭𝝁𝝉𝟐

𝑷: estimate the single fake 𝜇𝜏 events, fake 𝜇𝜏1 and fake 𝜇𝜏2

• 𝑭𝑭𝟏𝑭𝑭𝟐𝝁𝝉𝟏
𝑭𝝁𝝉𝟐

𝑭: estimate the double fake 𝜇𝜏, minus sign is to remove the double counting 
double-fake-𝜇𝜏 events
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A: µ𝜏1 pass ID, µ𝜏2 pass ID (SR,VR) 

B: µ𝜏1 fail ID, µ𝜏2 pass ID 

C: µ𝜏1 pass ID, µ𝜏2 fail ID 

D: µ𝜏1 fail ID, µ𝜏2 fail ID 

FF Z + jets 

SR/VR

𝑓

1 − 𝑓

= 𝑓/(1 − 𝑓)



Fake validation in HVM region
• Apply the fake factor (parametrized as 𝑓(𝑝𝑇

𝜏 , 𝜏𝑝𝑟𝑜𝑛𝑔𝑛𝑒𝑠𝑠)) to the HVM 

region using the two-object fake estimation equation 

• Testing the fake factor method in the HVM validation region

• The fake prediction is agreed with data within the uncertainties

• The relative difference between background prediction and observed data is 
considered as non-closure uncertainty (8%).
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𝑺𝑺𝝁 𝑶𝑺𝝁



Systematic Uncertainties

Standard systematics
• Experimental uncertainties (from CP group)

• Muon

• Tau

• Jet

• Lumi

• Pileup

• Theoretical uncertainties

• QCD (renormalization and factorization) scale 
uncertainties

• Cross-section k-factor normalization uncertainty

• QCD scale shape uncertainty

• PDF set uncertainties

Custom systematics
• Fake uncertainties

• Statistic
• fake_FF_1prong_stat_up

• fake_FF_1prong_stat_down

• fake_FF_3prong_stat_up

• fake_FF_3prong_stat_down

• Parametrization
• fake_FF_EtaBinning

• fake_FF_dRBinning

• fake_FF_MuTauPtBinning

• Composition
• fake_FF_Bcomposition

• fake_FF_2MuTau

• fake_FF_1jet

• fake_FF_2jets

• fake FF dRCut

• Non-closure
• fake FF Validation

• Moun Removal Technique Uncertainties
• Additional Reco+Id efficiency uncertainties
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Limited number of events in Z+jets CR

Dominant uncertainty for background

Dominant uncertainty

for signal



Results
• The observed number of events in data is consistent with the background prediction within 1σ in both 𝑆𝑆𝜇 and 𝑂𝑆𝜇

channels.

• No excess is found. The fake prediction shows very good agreement with the data.

• 95% CL upper limits are set on (𝜎(𝐻)/𝜎𝑆𝑀(𝐻))(B(𝐻 → 𝑎𝑎 → 4𝜏) using the 𝐶𝐿𝑆 method.

• The upper limits for each signal mass are obtained by using pseudo-experiment method.

• The observed (expected) limit ranges from 0.033 (0.044) to 0.10 (0.13) for 𝑚𝑎 = 10 GeV and 𝑚𝑎 = 4 GeV.
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Summary

• The ATLAS search for Higgs exotic decays in the four-𝜏 final state has been 
presented

• A muon removal technique is the first time used in an ATLAS analysis to reconstruct merged 
di-𝜏 decays.

• The efficiencies of merged taus are improved by an order of magnitude.

• No significant excess of data over the SM background expectation is observed.

• Upper limits at 95% CL. are set on (𝜎(𝐻)/𝜎𝑆𝑀(𝐻))B(𝐻 → 𝑎𝑎 → 4𝜏), ranging from 3.3% at 
𝑚𝑎 = 10 GeV to 10% at 𝑚𝑎 = 4 GeV.

• The analysis has been already pre-approved (unblinded) and will get group 
approval in the next couple of weeks.

• We are planning to publish this analysis in the end of this year.
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Backup



Tau Reco and ID Efficiency after Muon Removal
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Muon Removal

Muon Removal

➢ The efficiencies of merged taus

were recovered (improved by an 

order of 10)

➢ Δ𝑅 has very small effect on the tau 

efficiencies after the muon removal



Tau momentum correction results
• The corrected 𝑝𝑇 is calculated:

• 𝑝𝑇
𝑂𝐿,𝐶𝑜𝑟𝑟 = 𝑝𝑇

𝑂𝐿,𝑈𝑛𝐶𝑜𝑟𝑟/𝑅(𝑝𝑇
𝑂𝐿,𝑈𝑛𝐶𝑜𝑟𝑟 , 𝑛𝑝, 𝑝𝑇

𝜇
)

• where the 𝑅 is the ratio of reco 𝑝𝑇
𝑂𝐿 to reco 𝑝𝑇

𝑖𝑠𝑜 in 
the same truth 𝑝𝑇, parameterized as function of 

𝑝𝑇
𝑂𝐿,𝑈𝑛𝐶𝑜𝑟𝑟 , 𝑛𝑝 and 𝑝𝑇

𝜇
.

• After correction, the average reco 𝑝𝑇
𝑂𝐿 is 

consistent with average reco 𝑝𝑇
𝑈𝑛𝑂𝐿

• After the 𝑝𝑇 correction, the mean value of 
𝑝𝑇
𝑟𝑒𝑐𝑜/𝑝𝑇

𝑡𝑟𝑢𝑡ℎ is moving to 1, which means the 
average 𝑝𝑇

𝑟𝑒𝑐𝑜 is corrected to 𝑝𝑇
𝑡𝑟𝑢𝑡ℎ. 

• The resolution of 𝑝𝑇
𝑂𝐿 also improves a lot after 

the correction.
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𝜼 and 𝝓 correction results
• The 𝜂 and 𝜙 resolutions are improved very significantly after the correction.
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𝜂 resolution

𝜙 resolution

figures for approval



Analysis strategy
• Signal selection:

• Focusing on the mass range of 4 < 𝑚𝑎 < 15 GeV

• Only considering 𝑎 → 𝜏𝜇𝜏ℎ decay mode (23% branching ratio of di-𝜏 decay)

• Using the muon removal technique to resolve the merged di-𝜏 identification

• Select two 𝜇𝜏ℎ𝑎𝑑 pairs with 60 < 𝑚2𝜇𝜏ℎ𝑎𝑑
< 120 GeV

• SS𝜇 and OS𝜇 channels are considered based on the sign of final two 𝜇 to improve the 
sensitivity

• Background estimation:
• Prompt background are estimated from MC

• Non-prompt/fake background are estimated using a data-driven Fake Factor Method

• Background model is verified in signal-like validation regions (VRs) 

• Interpretation:
• Upper limits on 

𝜎𝐻

𝜎𝑆𝑀
× 𝐵𝑅(𝐻 → 𝑎𝑎 → 4𝜏) are extracted from benchmark 2HDM + S model 

by using CLs method and pseudo-experiment method.
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Data and simulated samples
• Data: 

• Full 𝑝𝑝 collision dataset collected by ATLAS during Run 2 of LHC (L = 140 fb−1)

• Signal simulation:
• Powheg + Pythia8 + AFII, ggF production, 𝐻 → 𝑎𝑎 → 4𝜏
• 2lep2had tau filter
• 𝑚𝑎= 4, 6, 8, 10, 12, 14, 15 GeV 

• Background simulation:
• Prompt background

• 𝑞ത𝑞/𝑔𝑔 → 𝑍𝑍∗: Sherpa 2.2.2
• 𝐻 → 𝑍𝑍∗: Powheg + Pythia8
• Triboson, 𝑡 ҧ𝑡 + 𝑍/𝑊: Sherpa

• Non-prompt background (only used for fake composition study and signal optimization)
• 𝑡 ҧ𝑡: Powheg + Pythia8
• 𝑍/𝑊 + jets: Sherpa
• Single top: Powheg + Pythia8
• Semi-leptonic diboson: Sherpa
• Dijet: Powheg + Pythia8

• Derivation: 
• Customized TAUP6
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https://gitlab.cern.ch/atlas/athena/-/blob/21.2/PhysicsAnalysis/DerivationFramework/DerivationFrameworkTau/share/TAUP6.py


Trigger
• Combination of single muon and di-muon triggers:
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The efficiency of different trigger set in run2 trigger 

menu (in percent %)

➢ Since the muons in the signals are close to the hadrons, only 

triggers without isolation requirements are considered.

➢ The proposed trigger set efficiency is comparable with other 

trigger sets.

➢ The combined trigger efficiency SF is directly obtained from the 

official TrigGlobalEffciencyCorrectionTool (twiki).

https://twiki.cern.ch/twiki/bin/viewauth/Atlas/TrigGlobalEfficiencyCorrectionTool


Object definition
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• The requirements of the baseline and signal objects are summarized:

• The standard Overlap Removal was skipped for muons and taus. The taus with Δ𝑅 𝜏ℎ𝑎𝑑 , 𝜇 < 0.001 were removed to 
save the signal efficiency and to delete 𝜏ℎ𝑎𝑑 reconstructed from 𝜇 track.

• The baseline 𝑑0/𝜎𝑑0 requirement is looser than usual to increase the muon efficiency from tau decay.

• No isolation requirement for the signal muons.

• Uncorrected tau momentum is used in the tau object selection.

• 𝑅𝑁𝑁 > 0.01 for the baseline tau is to increase the statistics for fake estimation.

• Selecting the closest 𝜇𝜏ℎ𝑎𝑑 pairs with Δ𝑅 𝜇, 𝜏 < 0.4 and 𝑚𝜇𝜏ℎ𝑎𝑑 < 15 GeV.

table for approval



Event selection

• Trigger:

• Combination of single muon and di-muon triggers

• Object selection:

• Non-isolated muons with loose 𝑑0/𝜎𝑑0 < 7 requirement 

• Baseline tau (RNN > 0.01) for fake estimation

• Signal tau requires Medium RNN ID working points

• Event selection in the SRs:

• Leading 𝑝𝑇
𝜇
> 14 GeV

• Leading 𝑝𝑇,𝜏
𝑈𝑛𝑐𝑜𝑟𝑟 > 30 GeV, subleading 𝑝𝑇,𝜏

𝑈𝑛𝑐𝑜𝑟𝑟 > 25 GeV

• 2 signal 𝜇𝜏ℎ𝑎𝑑 pairs (Δ𝑅 𝜇, 𝜏ℎ𝑎𝑑 < 0.4, 𝑚𝜇𝜏ℎ𝑎𝑑 < 15 GeV and 𝜏ℎ𝑎𝑑 passing Medium RNN ID)

• 60 < 𝑚2𝜇𝜏ℎ𝑎𝑑
𝑈𝑛𝑐𝑜𝑟𝑟 < 120 GeV

• 𝑆𝑆𝜇 channel: same-sign charge muons

• 𝑂𝑆𝜇 channel: opposite-sign charge muons and 𝑚𝜇𝜇 < 50 GeV
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Event selection (1)
• Event selection in the SRs:

• Leading 𝑝𝑇
𝜇
> 14 GeV

• Leading 𝑝𝑇,𝜏
𝑈𝑛𝑐𝑜𝑟𝑟 > 30 GeV, subleading 𝑝𝑇,𝜏

𝑈𝑛𝑐𝑜𝑟𝑟 > 25 GeV

• 2 signal 𝜇𝜏ℎ𝑎𝑑 pairs (Δ𝑅 𝜇, 𝜏ℎ𝑎𝑑 < 0.4, 𝑚𝜇𝜏ℎ𝑎𝑑 < 15 GeV and 𝜏ℎ𝑎𝑑 passing Medium RNN ID)

• 60 < 𝑚2𝜇𝜏ℎ𝑎𝑑
𝑈𝑛𝑐𝑜𝑟𝑟 < 120 GeV

• 𝑆𝑆𝜇 channel: same-sign charge muons

• 𝑂𝑆𝜇 channel: opposite-sign charge muons and 𝑚𝜇𝜇 < 50 GeV
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𝑆𝑆𝜇 channel cutflow table

table for approval



Event selection (2)
• Cutflow table for 𝑂𝑆𝜇 channel:
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Fake factor measurement in 𝒁 + jets region
• Fake Factor parameterized as 𝑓(𝑝𝑇

𝑈𝑛𝑐𝑜𝑟𝑟 , 𝜏𝑝𝑟𝑜𝑛𝑔𝑛𝑒𝑠𝑠)

• Nominal binning:
• 𝑝𝑇

𝑈𝑛𝑐𝑜𝑟𝑟: (20,30), (30,40), (40,500) GeV
• prongness: 1 prong, 3 prong

• Other parameterization and binning strategies are used to estimate the FF shape uncertainties
• 𝜂 𝑈𝑛𝑐𝑜𝑟𝑟: barrel (0,1.37), endcap (1.52,2.5) 

• 𝑝𝑇
𝑈𝑛𝑐𝑜𝑟𝑟 , 𝑝𝑇

𝜇𝜏
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Nominal
figure for approval



Fake composition uncertainties
• Due to the fake composition difference between Z + jets CR and SR/VR

• Estimated by measuring the FFs in regions with different fake composition

• With/without Bjets

• With 1 or 2 jets

• 2𝜇𝜏ℎ𝑎𝑑 region

• Δ𝑅 < 0.4(0.2)

• Apply the new FFs to SR/VR using the same fake estimation equation
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Additional tau efficiency SF uncertainty
• Taking the average difference between merged tau and standard taus

• Medium RNN

• Object level uncertainty: 1-prong: ±8%, 3-prong: ±10%

• Event level uncertainty: take into account two merged taus
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1-prong 3-prong



Average 𝑚𝜇𝜏ℎ𝑎𝑑 distributions in SRs
• The binning of each signal mass point is optimized to make the statistical error of signal + 

background of each bin around 20% and never 0 background events in each bin.

• The edge of each bin is manually chosen to separate the shape of the signal and background. 

• The overflow bin is added to the rightmost bin of each distribution.
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𝒎𝒂 = 𝟒 GeV

𝑺𝑺𝝁 𝑶𝑺𝝁 𝑺𝑺𝝁 𝑶𝑺𝝁

𝒎𝒂 = 𝟖 GeV



Average 𝑚𝜇𝜏ℎ𝑎𝑑 distributions in SRs
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𝒎𝒂 = 𝟔 GeV 𝒎𝒂 = 𝟏𝟎 GeV 𝒎𝒂 = 𝟏𝟐 GeV 𝒎𝒂 = 𝟏𝟒 GeV 𝒎𝒂 = 𝟏𝟓 GeV

𝑺𝑺𝝁 𝑺𝑺𝝁 𝑺𝑺𝝁 𝑺𝑺𝝁 𝑺𝑺𝝁

𝑶𝑺𝝁 𝑶𝑺𝝁 𝑶𝑺𝝁 𝑶𝑺𝝁 𝑶𝑺𝝁



Observed yields in SRs

• The observed number of events in data is consistent with the background 
prediction within 1σ in both 𝑆𝑆𝜇 and 𝑂𝑆𝜇 channels.

• No excess is found. The fake prediction shows very good agreement with the data.
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The discrepancy between truth and reco visible mass

• The variable “average 𝑚𝜇𝜏
𝑣𝑖𝑠” is used for the final fitting.

• average 𝑚𝜇𝜏
𝑣𝑖𝑠 = (𝑚𝜇𝜏1

𝑣𝑖𝑠 +𝑚𝜇𝜏2
𝑣𝑖𝑠 )/2, 

• 𝑚𝜇𝜏
𝑣𝑖𝑠 = 2𝑝𝑇

𝜇
𝑝𝑇
𝜏 cosh 𝜂𝜇 − 𝜂𝜏 − cos 𝜙𝜇 − 𝜙𝜏 , (𝑚 = 0, 𝐸 ≫ 𝑚)

• The reco average 𝑚𝜇𝜏
𝑣𝑖𝑠 shifts to lower value compared to 

the truth value.

• The reason is because we only re-calculate the RNN ID 
variables in the muon removal algorithm, but not re-
calculate the tau momentum variables (𝑝𝑇 , 𝜂, 𝜙).

• Solution : Correct the tau momentum in the SR and VR.

• Only taus having charged tracks overlapped with muon should be 
corrected

• The total number of events for each region keeps the same
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How to correct the tau momentum
• Step 1: Correct the 𝑝𝑇

𝜏

• In the same truth 𝑝𝑇 bin, the average reco 𝑝𝑇 are different for the taus with OL muon and without OL muon.

• We can make the ratio of overlapped tau 𝑝𝑇 to unoverlapped tau:
• OL taus: having charged track overlapped with muon; UnOL: no charged track overlapped with muon

• 𝑅(𝑝𝑇
𝑂𝐿, 𝑝𝑇

𝜇
, 𝑛𝑝, 𝜂) = 𝑝𝑇

𝑂𝐿/𝑝𝑇
𝑈𝑛𝑂𝐿

• Fit the ratio with a function

• Correct the 𝑝𝑇
𝑂𝐿 to p𝑇

𝑈𝑛𝑂𝐿 using 𝑝𝑇
𝑂𝐿/𝑅
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How to correct the tau momentum

• Step 2: Correct the 𝜂𝜏 and 𝜙𝜏

• After correcting the 𝑝𝑇 , we have:

• Ԧ𝑝𝜇𝜏(𝑝𝑇
𝜇𝜏
, 𝜂𝜇𝜏 , 𝜙𝜇𝜏)

• Ԧ𝑝𝜏(𝑝𝑇
𝜏 , 𝜂𝜏 , 𝜙𝜏)

• Ԧ𝑝𝜇(𝑝𝑇
𝜇
, 𝜂𝜇, 𝜙𝜇)

• Where variables marked with green color are already known, variables marked with red color are 
unknown

• According to the momentum conservation, we have Ԧ𝑝𝜇𝜏 = Ԧ𝑝𝜇 + Ԧ𝑝𝜏
• We solve the equation:

• 𝜙𝜏 = 𝜙𝜇𝜏 − 𝑠𝑖𝑛−1[𝑝𝑇
𝜇
/𝑝𝑇

𝜏 𝑠𝑖𝑛(𝜙𝜇 − 𝜙𝜇𝜏)]

• 𝑝𝑇
𝜇𝜏
= (𝑝𝑇

𝜏 cos𝜙𝜏 + 𝑝𝑇
𝜇
cos𝜙𝜇)/𝑐𝑜𝑠𝜙𝜇𝜏

• 𝜂𝜏 = 𝑡𝑎𝑛ℎ−1[(𝑝𝑇
𝜇𝜏
𝑡𝑎𝑛ℎ(𝜂𝜇𝜏) − 𝑝𝑇

𝜇
𝑡𝑎𝑛ℎ(𝜂𝜇))/𝑝𝑇

𝜏 ]

• Finally, we can correct 𝜂𝜏 and 𝜙𝜏 using the above formulas. 
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Fit the ratio 𝒑𝑻
𝑶𝑳/𝒑𝑻

𝑼𝒏𝑶𝑳

• The function used to fit the 𝑝𝑇 ratio is the energy resolution parametrization function:

• energy resolution parameterization: 
𝜎𝐸

𝐸
=

𝑎

𝐸
+ 𝑏 +

𝑐

𝐸

• 𝑅(𝑝𝑇
𝑂𝐿, 𝑝𝑇

𝜇
, 𝜂, 𝑛𝑝) = 𝑝𝑇

𝑂𝐿/𝑝𝑇
𝑈𝑛𝑂𝐿 =

𝑎

𝑝𝑇
𝑂𝐿 + 𝑏 +

𝑐

𝑝𝑇
𝑂𝐿

• The barrel and endcap have almost the same ratio curves, so I merged them into one ratio curve for final 
parameterization:

• 𝑅(𝑝𝑇
𝑂𝐿, 𝑝𝑇

𝜇
, 𝑛𝑝) = 𝑝𝑇

𝑂𝐿/𝑝𝑇
𝑈𝑛𝑂𝐿 =

𝑎

𝑝𝑇
𝑂𝐿 + 𝑏 +

𝑐

𝑝𝑇
𝑂𝐿
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Visible mass 𝒎𝝁𝝉
𝒗𝒊𝒔 correction results

• The reco 𝑚𝜇𝜏
𝑣𝑖𝑠 is consistent with truth 𝑚𝜇𝜏

𝑣𝑖𝑠 after tau momentum correction.

• The 𝑚𝜏
𝑣𝑖𝑠 has a relatively large effect on 𝑚𝜇𝜏

𝑣𝑖𝑠 for the lower mass signal. If we consider truth 

𝑚𝜏
𝑣𝑖𝑠 = 0, reco 𝑚𝜇𝜏

𝑣𝑖𝑠 is also consistent with truth 𝑚𝜇𝜏
𝑣𝑖𝑠 for lower masses after correction.
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before correction
after correction

after correction

𝒎𝝁𝝉
𝒗𝒊𝒔 = 𝟐𝒑𝑻

𝝁
𝒑𝑻
𝝉 𝐜𝐨𝐬𝐡 𝜼𝝁 − 𝜼𝝉 − 𝐜𝐨𝐬 𝝓𝝁 − 𝝓𝝉

𝒎𝝉
𝒗𝒊𝒔 = 𝟎,𝒎𝝁 = 𝟎

𝒎𝝉
𝒗𝒊𝒔 ≠ 𝟎,𝒎𝝁 ≠ 𝟎

before correction after correction

after correction after correction



Correction check in validation region
• The tau momentum correction is applied for both data and background in the VRs, then 

the relevant variables are re-calculated after tau momentum correction.

• The fake prediction still agrees with data after correction.
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before correction
after correction

before correction after correction

before correction after correction after correctionbefore correction

1.03 1.56 0.94 1.33

𝑺𝑺𝝁 O𝑺𝝁



Correction check in cross-check region

• The fake prediction still agrees with data in the cross-check region after correction.
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before correction after correction

before correction after correction
0.96 1.33



Average 𝑚𝜇𝜏
𝑣𝑖𝑠 (𝒎𝒂 = 𝟔, 𝟖 GeV)

• The same binning strategy is used for 𝑚𝑎 = 6,8 GeV signal.
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before correction after correction

before correction after correction

before correction after correction

before correction after correction



More cutflow table
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Limits for 𝑺𝑺𝝁 and 𝑶𝑺𝝁
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CMS latest results
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CMS PAS SUS-24-002

https://cds.cern.ch/record/2911497

