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Introduction & motivation
Search for isolated, opposite sign muon pairs that 
have 0.6 < |d0| < 3 mm using all ATLAS Run 2 data.

LLPs

link
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.051802


Muon selection cuts

Trigger: 2 muon objects with   GeV 

 GeV 

 
 mm 

Isolated 
 GeV 

Muons are of opposite sign 

After selection cuts bb ➔  µµ is the dominant background. Data driven method 
to estimate the expected number of background events in the signal regions. 

pT > 14
pT > 20
|η| < 2.5
0.1 < |d0| < 3

mμ+μ− > 110
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Background estimation
•  Use the data driven ABCD method to estimate the background in the 

signal region. 
 

Npred. bkg
D =

Ndata
B × Ndata

C

Ndata
A
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Background estimation
• The ABCD method is extended to further separate background and signal 

regions and allow for validation regions 
 
 
Npred. bkg

H =
Ndata

B × Ndata
C × Ndata

E

(Ndata
A )2
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Background estimate continued
• Three sets of overlapping regions are used to provide control and validation 

regions with low signal contamination  

• Set of Regions 1 has low signal contamination for smuon masses  GeV 

• Set of Regions 2   ‘’     ‘’      ‘’                   ‘’           ‘’     ‘’            ‘’         of  GeV 

• Set of Regions 3   ‘’     ‘’      ‘’                   ‘’           ‘’     ‘’            ‘’        GeV

≥ 300
200

< 200
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Validation

 A conservative uncertainty of 40% is assigned as non-closure systematic 
uncertainty in the three signal regions. 
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Results
• The observed number of events in all signal regions is found to be compatible with 

the background expectation within statistical and systematic uncertainties.  
• The results are used to set model-independent limits on the contribution of 

generic BSM signals in each of the SRs defined by the three sets of regions, 
assuming no signal contamination in the CRs. 
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Interpretation
•  A combined likelihood fit is performed in 

regions A, B, C, E, and H, including the 
possible signal contribution in the 
control regions.  

• As the Set of Regions 1 provides the best 
expected sensitivity across all the plane 
and therefore is the only set of regions 
used in the fit.  

• A search for direct slepton production with 
prompt decay, link.  is reinterpreted using 
the RECAST framework.  

• This is the first explicit reinterpretation 
of prompt lepton searches in the long-
lived regime in ATLAS. 
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https://link.springer.com/article/10.1140/epjc/s10052-019-7594-6


Reinterpretation
Hep data and RECAST for this analysis: 

COMING SOON!
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Thank you for listening!

X
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Systematics

• Uncertainties on a multiplicative factor that corrects for differences in 
trigger efficiency between data and MC are found to be within 5% for all 
signal samples and are applied as a systematic uncertainty to the number 
of expected signal events.  

• Remaining uncertainties that may arise due to the differences between MC 
and data include muon reconstruction efficiency, the scale and resolution of 
the momentum of the muon and are found to be negligible, < 1%, across 
all analysis regions and no systematic uncertainties are added in these 
categories. 
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Systematics continued
• Statistical uncertainties associated with the simulated MC samples are 

accounted for.  
• Theoretical uncertainties include cross section uncertainties of 1.6–3.9%. 
• Modelling uncertainties for the signal process, e.g. effects of varying the 

factorisation and renormalisation scales, initial and final state radiation, and 
underlying effects were found to be negligible and are not included as 
systematics. 

• In order for the exclusion fit to interpolate between the generated lifetimes and 
extrapolate above the generated lifetimes a re-weighting procedure is 
applied to the generated signal MC samples to provide smuon lifetimes 
between the generated lifetimes. A 12% uncertainty is applied when the 
lifetime is re-weighted to a higher lifetime.

13



14



15



16



17



100 200 300 400 500 600 700 800 900
) [GeV]

L
µ∼(m

Expected limits
Observed limits

Slepton Signature
 Displaced, PRL 127 051802 (2021)
 Intermediate, this work
 Prompt, EPJC 80 (2020) 123

ATLAS
-1=13 TeV, 139 fbs

All limits at 95% CL

G~ µ G~ µ → µ∼ µ∼

Prompt
4−10

3−10

2−10

1−10

1

10

210

310

410

 [n
s]

τ

1−10

1

10

210

310

410

510

610

 [m
m

]
τc

100 200 300 400 500 600 700 800 900
) [GeV]

R
µ∼(m

Expected limits
Observed limits

Slepton Signature
 Displaced, PRL 127 051802 (2021)
 Intermediate, this work
 Prompt, EPJC 80 (2020) 123

ATLAS
-1=13 TeV, 139 fbs

All limits at 95% CL

G~ µ G~ µ → µ∼ µ∼

Prompt
4−10

3−10

2−10

1−10

1

10

210

310

410

 [n
s]

τ

1−10

1

10

210

310

410

510

610

 [m
m

]
τc

18



19



Definition of d0

C = Centre of the detector 
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