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We are still searching for SUSY…

■ The Standard Model (SM) described the fundamental elements 

of the matter and the interactions between them precisely.

■ Despite the huge success of SM, SUSY is strongly motivated by:

⚫ Hierarchy problem: transfer to little hierarchy problem.

⚫ Dark matter: if R-parity is conserved, SUSY will provide the LSP, a 

compelling candidate for DM particle.

⚫ the GUT: predict the SM forces unification at the high scale.

⚫ muon g-2 or W boson mass: the loop corrections from SUSY 

particle can explain the excess.

■ The minimal supersymmetric extension of the SM (MSSM)

⚫ Assume one partner for each SM particle.

⚫ We use Simplified Models signal in the searches to reduce the 
huge number of degrees of freedom in MSSM.

MSSM

Snowmass 2013

https://arxiv.org/pdf/1311.0299.pdf
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Exclusion limits on ATLAS

■ ATLAS-SUSY-Exclusion-

Limits

■ Search for direct production 

of Electroweakinos (charginos

& neutralinos) with ≥ 2 two 

hadronic taus final state.

Squark & Gluino are above 

2 TeV

Electroweakinos can be 

lighter

* The precise mass limits are very model dependent

Stop & Sbottom are above 1 

TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/
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Analysis Overview

■ Conference Note→ ATLAS-COM-CONF-2022-045

1、𝝌𝟏
+𝝌𝟏

−, 𝝌𝟏
±𝝌𝟐

𝟎 via stau deacy with ≥ 𝟐𝝉 + 𝑬𝑻
𝒎𝒊𝒔𝒔

Large MET is from LSP.

Published work with 2015-2016 data: Eur. Phys. J. 

C 78, 154 (2018) . Add C1N2 SS channel.

2、 𝝌𝟏
±𝝌𝟐

𝟎 via Wh decay with 𝟐𝝉 + 𝟏𝒍𝒆𝒑 + 𝑬𝑻
𝒎𝒊𝒔𝒔

2 had-𝜏 are from the Higgs decay; 1𝑙 is from the 

W boson decay. → first time in the ATLAS.

mass

𝝌𝟏
𝟎 (Bino)

ሚ𝒍/𝝉

𝝌𝟐
𝟎 𝝌𝟏

±(wino)

𝝌𝟑
𝟎 𝝌𝟒

𝟎 𝝌𝟐
±

(higgsino)

not accessible

(N2 C1)

(N1,LSP)

(mass in 
the middle)

https://cds.cern.ch/record/2813005/
https://link.springer.com/article/10.1140/epjc/s10052-018-5583-9
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𝝌𝟏
+𝝌𝟏

−, 𝝌𝟏
±𝝌𝟐

𝟎 via stau deacy with ≥ 𝟐𝝉 + 𝑬𝑻
𝒎𝒊𝒔𝒔

■ SR definition: 

⚫ C1C1, C1N2OS, and C1N2SS are 

optimized separately with cut & count 

method.

⚫ Each channel has one LM and one HM 

region, which are separated by 𝐸𝑇
𝑚𝑖𝑠𝑠

(=150 GeV) for the orthogonality, 

targeting at low or high C1/N2 mass 

regions. 

⚫ The main BKGs components are different 

in OS and SS channel. The methods of 

BKG estimations are different.
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Background estimation

■ BKG estimation strategy: Multi-jets, W+jets, Z+jet, 

Multi-boson, Top.

⚫ Multi-jet: mostly fake 𝜏.

◦ Data-driven ABCD method.

◦ Use “very loose” 𝜏-ID to define CR-B, VR-E, CR-A, 

use 𝑚𝑇2 and 𝑚𝑇𝑠𝑢𝑚 to define CRs and VRs.

⚫ W+jets: One real + at least one fake 𝜏

◦ WCR for SS/OS separately: normalization factor 

are obtained from CRs, validated in VRs.

⚫ Top: Components are different in OS and SS channel.

◦ SS: ≥ 1 fake 𝜏 contribution from 𝑡 ҧ𝑡 and 𝑊𝑡 , using 

TCR for normalization and validate in TVR.

◦ OS: Use MC simulation directly and validate in VRs.

⚫ Z+jets, Multi-Boson: real 𝜏 dominates (85-90%). Use 

MC simulation directly and validate in VRs.
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■ Post-fit yields in VRs and SRs

⚫ High purity of BKGs in each respective VRs.

⚫ The signal contamination is low in the above VRs.

⚫ Good agreement between data and the SM prediction. No excess in SRs.
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𝝌𝟏
+𝝌𝟏

−, 𝝌𝟏
±𝝌𝟐

𝟎 via stau deacy with ≥ 𝟐𝝉 + 𝑬𝑻
𝒎𝒊𝒔𝒔

■ (a) C1C1: SR-C1C1-LM and SR-C1C1-HM are statistically combined

⚫ The Chargino masses up to 970 GeV are excluded for decays to a massless neutralino

■ (b,c) C1C1+C1N2: SR-C1N2OS and SR-C1N2SS are combined for the production of 𝜒1
+ 𝜒1

− and 𝜒1
± 𝜒2

0

⚫ The Chargino masses up to 1160 GeV are excluded for a massless neutralino.

■ These limits significantly extend previous results in high C1/N2 mass region. And the SS channel 

makes an improvement at compressed and low C1/N2 mass region.

https://arxiv.org/abs/1708.07875
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𝝌𝟏
±𝝌𝟐

𝟎 via Wh decay with 𝟐𝝉 + 𝟏𝒍𝒆𝒑 + 𝑬𝑻
𝒎𝒊𝒔𝒔

■ SR definition: 

⚫ Two SRs are defined to cover low and high EWKino mass regions.

⚫ SRs are not orthogonal due to limitations from the available statistics in the 
dataset.
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Background estimation

■BKG estimation strategy:

⚫ 1 lep + 2 real tau : Multi-boson(dominates), Higgs.

◦ Multi-boson: estimated directly from MC 

simulation and a VR for validation.

⚫ 1 lep + 1 real 1 fake tau : top (dominates), Z+jets.

◦ Top: use a dedicated CR for normalization, 

and a VR.

⚫ 1 lep + 2 fake tau : W+jets dominates.

◦ 2 fake tau: Fake Factor method.

◆ Use CRs to extrapolate from two fake-fail-

medium (anti-tau,A) taus events to two 

fake-pass-medium (M) taus events.
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■Post-fit distribution:

⚫ The signal contamination is low.

⚫ good agreements in VRs and SRs. No excess in SR
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𝝌𝟏
±𝝌𝟐

𝟎 via Wh decay with 𝟐𝝉 + 𝟏𝒍𝒆𝒑 + 𝑬𝑻
𝒎𝒊𝒔𝒔

■ The best expected limits for SR-Wh-LM and SR-Wh-HM are used to derive limits.

■ Gaugino masses up to 330 GeV are excluded for a massless lightest neutralino.
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Summary

■ Searches for direct Ewkino pair production decaying via stau or Wh with at least two 

hadronically decaying taus in the final state have been presented. No excess is found. 

■ 𝝌𝟏
+𝝌𝟏

−, 𝝌𝟏
±𝝌𝟐

𝟎 via stau deacy with ≥ 𝟐𝝉 + 𝑬𝑻
𝒎𝒊𝒔𝒔:

⚫ With the full Run-2 dataset, the exclusion limits for high C1/N2 masses could be 

improved by 340–400 GeV compared to the previous result. 

⚫ And the sensitivity at compressed C1/N2 mass region is also improved by the 

addition of the C1N2SS channel.

■ 𝝌𝟏
±𝝌𝟐

𝟎 via Wh decay with 𝟐𝝉 + 𝟏𝒍𝒆𝒑 + 𝑬𝑻
𝒎𝒊𝒔𝒔:

⚫ The C1/N2 masses up to 330 GeV are excluded for a massless lightest neutralino.

⚫ Corporate with other Wh decay modes for a combined fit.
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CMS ■ CMSPublicResultsSUSY

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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CMS results

■ arxiv:2106.14246

https://arxiv.org/abs/2106.14246


18



19

Variables
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Samples

■ Data: full Run-2 data, corresponding to 139 𝑓𝑏−1 data collected between 2015 and 2018.

■ Background samples:

■ Signals:

⚫ Generated with MadGraph5_aMC@NLO 2.2.3 interfaced to Pythia 8.186 with the A14 tune.

⚫ bino-like LSP with wino-like C1/N2 

⚫ Assumed 𝑚 ǁ𝜏 = (𝑚 𝜒0
1 + 𝑚 𝜒1

± )/2 in the intermediate stau channel.
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Background estimation (Intermediate Stau channel)

■ Multi-jet :

⚫ ABCD-method

◦ 𝑇 = 𝑁𝐶/𝑁𝐵 . TF will be verified in VRs and 
applied on CR-A.

◦ 𝑁𝑀𝐽 = 𝑁𝐷𝑎𝑡𝑎 − 𝑁𝑜𝑡ℎ𝑒𝑟 𝑀𝐶

◦ Use “very loose” 𝜏-lepton identification 
criterion to define CR-B, VR-E, CR-A

◦ Use 𝑚𝑇2 and 𝑚𝑇𝑠𝑢𝑚 to define CRs and VRs.

■ Systematics 

⚫ Statistical uncertainty: stat. uncertainty in CRs 
from the limited number of events and the 
subtraction.

⚫ Experimental uncertainty: extrapolate from the 
total systematic uncertainty in CR-A to SR-D.

⚫ The correlation between the tau ID and the 
kinematics: the difference on TF between 𝑁𝐶/𝑁𝐵
and 𝑁𝐹/𝑁𝐸 .

Background estimation (Intermediate Stau channel)
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■ VR-F distribution:

⚫ Good agreement between data and 
the estimated SM background is 
found in VR-F.

Background estimation (Intermediate Stau channel)
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W+jets

■ W+jets

⚫ 𝑊 → 𝜇𝜈 process is used for WCR 
definition.

⚫ Require exactly one muon and one tau.

⚫ Single muon trigger.

■ Multi-jet contribution in 𝑊CR/VR 

⚫ OS-SS method:
𝑁𝑀𝐽(𝑂𝑆) = 𝑁𝐷𝑎𝑡𝑎(𝑆𝑆) − 𝑁𝑜𝑡ℎ𝑒𝑟𝑆𝑀(𝑆𝑆)

■ 𝑊CR:

⚫ 73–85% purity in all 𝑊 control and 
validation regions.

⚫ Good data/SM agreement observed in 
pre-fit distribution.

⚫ Negligible signal contamination.

Background estimation (Intermediate Stau channel)
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Top in SS channel

■ Top background estimation for C1N2SS

⚫ one or two fake tau contribution from 𝑡 ҧ𝑡 and 𝑊𝑡 in SR-C1N2SS-HM.

⚫ Dedicated TCR & TVR for HM (high contribution in SR). 

⚫ Top purity is more than 83% in two regions.

⚫ Negligible signal contamination.
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Other Background Estimation

■ Irreducible Backgrounds:

⚫ OS channel: Top, Z+jets, Multi-boson.

◦ At least 1M1T tau selection in all VRs.

◦ Top-VR: use B-jets to increase purity.

◦ Z-VR & MB-VR: use angular requirement, visible mass cut, 𝑚𝑇2 for orthogonality & purity…

⚫ SS channel: Z+jets, Multi-boson

◦ MB-VR definition: 

◆ Two OS muon, single muon trigger

◆ B-jet veto. 

◆ MET>100 GeV , Δ𝜙(𝜇, MET) ≤ 1.75
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Background estimation (Intermediate Wh channel)

■ Fake 𝝉-lepton background:

⚫ Fake Factor method

◦ Use CRs to extrapolate from two fake-fail-medium (anti-tau,A) 
taus events to two fake-pass-medium (M) taus events.

◦ Workflow: AA->MA->MM

𝑁𝑓𝑎𝑘𝑒𝑠 = 𝑁𝑑𝑎𝑡𝑎 − 𝑁≥1 𝑇𝑟𝑢𝑡ℎ 𝜏 𝑀𝐶

◦ FFCR-Wh: use very loose tau to increase the statistics, two SS 
tau is used for the orthogonality. FFVR-Wh is a superset of SR. 

◦ FFs for the leading tau and sub-leading tau, for the 1p and 3p 
are obtained from FFCR-Wh separately.

■ Systematic: 

⚫ Stat. Uncertainty from the CR and limited stat. in OS AA region.

⚫ Systematic uncertainty: 30% flat syst on the subtracted MC.

⚫ Check the agreement on the quark/gluon contribution between CR 
& SR.
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Top (Intermediate Wh channel)

■ Top

⚫ Sub-dominant in LM. Negligible in HM

⚫ The main contribution is 𝑡 ҧ𝑡 with one W boson 
decay to lep and the other to a tau. The 
second tau is a jet-fake tau.

■ TCR & TVR:

⚫ definition:

◦ 1 to 2 b-jets requirement and 𝑚𝑇𝑠𝑢𝑚 cut.

◦ Loose visible mass to increase the 
statistics.

◦ split by 𝑚𝑇2

⚫ The purity in TCR&TVR are 73–81%.

⚫ Good data/SM agreement observed in pre-fit 
distribution in TCR, and post-fit distribution in 
TVR.

⚫ Negligible signal contamination.



Background estimation (Intermediate Wh channel) 28

Multi-boson (Intermediate Wh channel)

■ Multi-boson

⚫ WZ dominates: two real tau in both SRs.

⚫ estimated from MC simulation and validated in a 
multi-boson enriched region (𝑀𝐵VR-Wh) with 
61% purity.

◦ The 𝑚𝑇2 cut makes MBVR to be orthogonal 
to SRs.

⚫ Good agreement in MB-VR.
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Systematic Uncertainties

■ Experimental uncertainty following CP recommendations:

⚫ Tau lepton and jet energy scale/calibration and resolution, tau ID, pile-up, MET modelling,
triggers SF uncertainty, and so on.

⚫ Wh channel also includes the lep systematics and single lep triggers SF uncertainty.

■ Theoretical uncertainty following CP recommendations:

⚫ the renormalization scale, factorization scale, and PDF+𝛼𝑠 uncertainty.

⚫ ISR, FSR, Hard scattering, and hadronization for Top.

⚫ X-sec uncertainty.

■ Multi-jet / Fake tau estimation.
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Systematic Uncertainties

■ Statistical uncertainty from MC.

■ Experimental uncertainty: tau and jet energy calibration and resolution, tau ID, and MET 
soft-term resolution.

■ Theoretical uncertainty: main reducible background in each regions.

■ Multi-jet / Fake estimation


