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Introduction
• DM+HF presents unique experimental signature 

• Final states: tt + ETmiss, b(b) + ETmiss 

• Theoretical motivation: Yukawa-like couplings  
between mediator and SM quarks 
• Expect stronger couplings for tops, b’s interesting in  

case coupling is only present to down-type quarks
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• Both collaborations presented results on these searches recently 

• CMS: dataset of 2.2\fb was analysed for DM + tt (0L, 1L) and DM + b(b)  
→ Presented by Kevin Kai Hong Sung 

• ATLAS: full ICHEP dataset of 13.2/fb was analysed for DM + tt (0L, 1L, 2L) and  
DM + b(b)  
→ Presented in this talk



DM + tt
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Analysis strategy
• Analyses share final state (tt + ETmiss) with searches for SUSY stops 

• Performed in same analysis group with similar strategy for triggers, variables, 
cuts, … 

• Dedicated DM SRs 

• Observed significant overlap: DM SRs sometimes perform well for stop signals 
and vice versa 

• Share background estimation strategy: define background-enriched CRs to 
normalise MCs in combined fit 

• Optimised for discovery: cut and count in few number of bins 
• Optimised for mediator masses of 350 GeV, 100 GeV (only 1L) and  

10 GeV (only 2L)
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Event selection

5

0L 1L 2L

0ℓ (e, µ) 1ℓ (e, µ, 25 GeV) 2ℓ (e, µ, OC, 25/20 GeV)

ETmiss trigger (calo-based, 80 GeV (2015) / 100 GeV (2016)) 2ℓ trigger

against QCD: Δ𝜙(jet,ETmiss) > 0.4 against resonances:  
mℓℓ > 20 GeVhadronic tau veto
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Event selection
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0L 1L 2L

0ℓ (e, µ) 1ℓ (e, µ, 25 GeV) 2ℓ (e, µ, OC, 25/20 GeV)

ETmiss trigger (calo-based, 80 GeV (2015) / 100 GeV (2016)) 2ℓ trigger

against QCD: Δ𝜙(jet,ETmiss) > 0.4 against resonances:  
mℓℓ > 20 GeVhadronic tau veto

# jets/b’s ≥ 6 / 2

ETmiss [GeV] ≥ 300

ETmiss /√(HT) [√GeV] >14

mTb,min [GeV] > 200

mj,R=1.2 [GeV] > 140/60

ΔR(b,b) > 1.5

transverse mass with b closest to ETmiss  
rejects tt (1L)

mass of reclustered jets: top ‘reconstruction’ 
rejects non-top backgrounds

rejects Z+jets
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Event selection
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0L 1L 2L

0ℓ (e, µ) 1ℓ (e, µ, 25 GeV) 2ℓ (e, µ, OC, 25/20 GeV)

ETmiss trigger (calo-based, 80 GeV (2015) / 100 GeV (2016)) 2ℓ trigger

against QCD: Δ𝜙(jet,ETmiss) > 0.4 against resonances:  
mℓℓ > 20 GeVhadronic tau veto

# jets/b’s ≥ 6 / 2

ETmiss [GeV] ≥ 300

ETmiss /√(HT) [√GeV] >14

mTb,min [GeV] > 200

mj,R=1.2 [GeV] > 140/60

ΔR(b,b) > 1.5

low Mmed high Mmed

# jets/b’s ≥ 4 / 1

ETmiss [GeV] ≥ 300 ≥ 330

HTmiss,sig [√GeV] > 14 > 9.5

mT [GeV] > 120 > 220

amT2 [GeV] > 140 > 170

min(Δ𝜙(ETmiss,j) > 1.4 > 0.8

Δ𝜙(ETmiss,ℓ) > 0.8
reconstruct decay branches,  
accounting for lost particles  
rejects tt (2L)

favours DM-like  
event topology
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Event selection
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# jets/b’s ≥ 4 / 1

ETmiss [GeV] ≥ 300 ≥ 330

HTmiss,sig [√GeV] > 14 > 9.5

mT [GeV] > 120 > 220

amT2 [GeV] > 140 > 170

min(Δ𝜙(ETmiss,j) > 1.4 > 0.8

Δ𝜙(ETmiss,ℓ) > 0.8

low Mmed high Mmed

# jets/b’s ≥ 1 / 1

ETmiss [GeV] ≥ 180 ≥ 260

|mℓℓ - mZ| (SF) > 20 GeV

mT2ℓℓ [GeV] > 120

Δ𝜙boost < 1.0

exclude Z peak

angular difference between 
pTmiss and pTmiss + pTℓ1 + pTℓ2
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Event selection
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Results - 0L
• SR was optimised for high mediator masses 

• No significant excess of events was observed in the DM+tt SR (SRE) 
• Good agreement between predicted distributions and data (e.g for ETmiss/√(HT))
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Results - 1L
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• Reasonable data - MC agreement in 
validation regions 

• Excess seen in three SRs  
→ SRs are NOT orthogonal! 
• Largest deviation: 3.3 sigma in DM_low (region 

optimised for Mmed = 100 GeV)
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Results - 2L
• Data agrees well with prediction 

• No excess observed in low- or high-Mmed SRs

8



E. Gozani, J. Gramling, ATLAS DM+HF, DMWG meeting, 20.09.2016

Interpretation
• As said, simple cut-and-

count approach 

• Exclusion reach up to  
350 GeV in Mmed for  
g = 3.5 
(exp slightly higher) 

•  Excess in 1L visible as 
deviation of observed 
from expected limit 
• 2L slightly more sensitive 

to off-shell/low-Mmed

9
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Interpretation
• As said, simple cut-and-

count approach 

• Exclusion reach up to  
350 GeV in Mmed for  
g = 3.5 
(exp slightly higher) 

•  Excess in 1L visible as 
deviation of observed 
from expected limit 
• 2L slightly more sensitive 

to off-shell/low-Mmed
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Side remark: 
ATLAS plots are 2D, but for g=3.5 

(no meaningful exclusions for g=1) 
CMS plots are for g=1 but lose 2D 

information (no mDM axis) 
→ ideally both?

1L

0L

2L

1L
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Selection and Results
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Radial distance of b-jets

Momentum imbalance  
of b-jets
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Selection and Results
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Selection and Results
• Data and prediction in good agreement 

• Not yet able to exclude couplings of 1 or 3.5  
→ present upper limits  
in 𝜎/𝜎(g=1)
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Conclusions
• ATLAS presented results for 13.2/fb on DM + tt searches in  

0L, 1L and 2L channels 

• Analyses optimised for high(-ish) Mmed → high(-ish) ETmiss cuts  

• Strategy optimised for discovery: few bins, cut-and-count 

• 0L, 1L slightly stronger for higher Mmed, 2L slightly better for  
off-shell/low Mmed 
• Exclusions for g=3.5 presented in mDM - Mmed plane: reach up to 350 GeV in Mmed 

• Excess of 3.3 sigma observed in 1L low-Mmed DM SR  
→ to be seen with full 2016 dataset 

• Interesting results also for DM + bb  
→ sensitivity to be improved with more statistics
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Selection DM+b(b)
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Selection DM + tt (1L)
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Results DM + tt (1L)
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CRs - DM + tt (0L)
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Results - DM + tt (0L)
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Results DM + tt (2L)
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