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Abstract
Two searches for the direct production of charginos and neutralinos with intermediate tau slepton or Wh decaying into final states 

with at least two hadronic 𝜏 are presented. This analysis uses a dataset of pp collisions with an integrated luminosity of 139 fb-1. 

Intermediate Stau Channel

Wh Channel

Introduction

⚫ Light sleptons could play a role in the co-annihilation of neutralinos in 

the early universe.

⚫ Models with light stau decaying to light neutralinos are consistent with 

dark matter searches.

⚫ Independent studies of all three lepton flavours are necessary.

Motivation Intermediate Stau Channel Wh Channel

Event Selection Background Estimation

⚫ Reducible backgrounds (fake 𝜏):

⚫ Multi-jet: data-driven ABCD method

⚫ W+jets, top(SS,HM): MC simulation 

shape normalized to data

⚫ Irreducible backgrounds (real 𝜏):

⚫ Z+jets, top, multi-boson

⚫ Estimation from MC simulation

⚫ Dedicated VR for each process

ABCD Method

⚫ Six orthogonal regions using two 

uncorrelated variables

⚫ 𝑁𝐷/𝑁𝐴 = 𝑁𝐶/𝑁𝐵
⚫ VRs for transfer validation and 

systematic uncertainty from 

correlation

C1N2: OS and SS regions

Separated LM and HM signal regions

Event Selection Background Estimation Fake Factor Method

⚫ Reducible backgrounds (fake 𝜏):

⚫ 2 fake 𝜏: W+jets, fake factor 

method

⚫ Top: normalized to data

⚫ Irreducible backgrounds (real 𝜏):

⚫ Multi-boson: MC simulation

⚫ Dedicated VR for each process

Model-dependent LimitsKey Kinematics
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⚫ Get the fake transfer factors in SS CR for 

the 2 leading taus; then apply to OS region

⚫ Anti-𝜏 (A): fail medium id

⚫ Medium 𝜏 (M): pass medium id

⚫ Three CRs: AA, MA, MM.

𝑁𝑓𝑎𝑘𝑒𝑠 = 𝑁𝐴𝐴,𝑓𝑎𝑘𝑒𝑠 × 𝐹𝐹𝜏1
𝐶𝑅 × 𝐹𝐹𝜏2

𝐶𝑅

Fakes in CR: 𝑁𝑓𝑎𝑘𝑒𝑠 = 𝑁𝑑𝑎𝑡𝑎 − 𝑁𝑀𝐶
≥1 𝑡𝑟𝑢𝑡ℎ 𝜏

𝐹𝐹𝜏1
𝐶𝑅 =

𝑁𝑓𝑎𝑘𝑒𝑠,𝑀𝐴

𝑁𝑓𝑎𝑘𝑒𝑠,𝐴𝐴
, 𝐹𝐹𝜏2

𝐶𝑅 =
𝑁𝑓𝑎𝑘𝑒𝑠,𝑀𝑀

𝑁𝑓𝑎𝑘𝑒𝑠,𝑀𝐴

FFs for leading/sub-leading 𝜏, for 1p/3p 𝜏 are 

obtained separately in bins of 𝑝𝑇 , 𝜂 .

The stransvese mass 𝑀𝑇2 is defined as
MT2 ≡ min

𝑞𝑇
max 𝑚𝑇 Ԧ𝑝𝑇𝜏1 , Ԧ𝑞𝑇 , 𝑚𝑇 Ԧ𝑝𝑇𝜏2 , Ԧ𝑝𝑇

𝑚𝑖𝑠𝑠 − Ԧ𝑞𝑇

Where transverse mass 𝑚𝑇 is
𝑚𝑇 Ԧ𝑝𝑇 , Ԧ𝑞𝑇 ≡ 2(𝑝𝑇𝑞𝑇 − Ԧ𝑝𝑇 ⋅ Ԧ𝑞𝑇)

The 𝑀𝑇2 distribution from 2 pair-produced 

particle has a upper bound at the mother 

particle mass, which is W mass for ttbar, 

WW backgrounds and 𝜒1
±/ 𝜒2

0 mass for our 

SUSY signal.

The two SRs are not orthogonal because of 

limited statistics.

For stau channel, exclusion limits were improved by 340-400 GeV with massless LSP.

For wh channel, it’s the first exclusion limit from C1N2 Wh 1ℓ2𝜏 channel.


