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Long-lived particles
• Long-lived particles (LLPs) are abundant in the 

SM and well-motivated in other BSM models.
• LLPs give rise to experimentally unique 

signatures and unusual backgrounds.
• Projective geometry of detectors ⇒ necessitates 

special reconstruction methods.
• Require dedicated triggers, excellent knowledge of 

detector & its performance, …
• E.g., Exploit calorimeter detector-design and 

performance to search for LLP decays into 
electrons/photons.
• Projective geometry can be used to measure “non-

pointing”-ness.
• Time-of-flight to the calorimeter can be used to 

measure delayed objects
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GMSB Model and LLP signatures

•     /    , denoted by,   , decays to the long-lived neutralino,    .
• Mass and lifetime of     are free parameters in the GMSB model under study.

• Vary the mass between 135–925 GeV.
• Vary the lifetime between 0.25–1000 ns.

• Additionally, the decay of each     to either H/Z boson is a free parameter.
• Note: Force the decay of one of the H/Z boson to decay 100% to γγ (𝑒+𝑒-). 

• Based on the decay of the two   , four possible decay modes are available.
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<latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit>
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<latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit>
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<latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit>
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https://arxiv.org/abs/1006.4575


Displaced Calorimeter Vertices and Delayed Objects
• If the SUSY breaking scale is ~102 –103 TeV, the sparticle is long-lived such that it 

decays away from the primary collision vertex ⇒ displaced vertex.
• Finite flight path of the sparticle ⇒ H/Z boson decay products arrive at the calorimeter 

with a non-zero time of arrival ⇒ delayed objects.
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Trackless Calo-Vertexing
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Exploit the fine segmentation of the 
calorimeter and EM shower 
information to determine photon 
pointing.
Find the intersection of the two 
photon-pointing lines to localize the 
secondary vertex.
Calculate the displacement ρ, and its 
components VR and Vz.



LAr Clock: A 250 ps precision timekeeper!
• Timing resolution as a function of the cell 

energy can be expressed as:

   p0 = noise term, p1 = constant term
• Achieve a ~1 ns resolution during data-

taking. 
• Improve the resolution offline by performing 

a series of offline calibrations to achieve a 
~190–240 ps timing resolution.
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Offline Timing Resolution

Z → 𝒆+ 𝒆- standard candle



Selecting Photon Candidates
• For the analysis, the displaced electrons and photons are reconstructed as photon 

candidates.
• Object selections are applied to all signals, regardless of the final state                                .
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Parameter Selection Value

Photon multiplicity � 2

Photon h � 1 g with |h| < 1.37

E
max
cell [GeV] > 5

Leading (subleading) pT [GeV] > 40 (> 30)

Identification Medium

Isolation FixedCutLoose

Calorimeter Signal Gain MEDIUM or HIGH



Selecting Events
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Parameter Selection Value

Photon multiplicity � 2

Trigger

2015–2016 HLT g35 loose g25 loose

2017–2018 HLT g35 medium g25 medium

Timing [ns] 2 (-12, 12)

Dhgg > 0.1

mgg [GeV] > 60

VR [mm] 2 (0, 1500)

|VZ| [mm] < 3740

Sign of tg tg1 ⇥tg2 > 0

Two photons in an event with pT > 35 GeV 
and 25 GeV, and Loose (Medium) 
identification

Avoid events from adjacent bunches
Kinematic selections to mitigate trigger 
turn-on effects & improve vertex 
resolution

Ensure      decays before calorimeter

Require same-sign of photon time

�̃0
1

<latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit><latexit sha1_base64="nu/ZpLR0DTHhs4ufhvzfOLVEneI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amhslk2g6dTMLMRKgh+CtuXCji1v9w5984bbPQ1gMXDufcy733hClnSjvOt7W0vLK6tl7ZqG5ube/s2nv7bZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Eo+uJ33mgUrFE3OlxSv0YDwTrM4K1kQL70NOMRzT3yJAV97lTBLlbBHbNqTtToEXilqQGJZqB/eVFCcliKjThWKme66Taz7HUjHBaVL1M0RSTER7QnqECx1T5+fT6Ap0YJUL9RJoSGk3V3xM5jpUax6HpjLEeqnlvIv7n9TLdv/RzJtJMU0Fmi/oZRzpBkyhQxCQlmo8NwUQycysiQywx0SawqgnBnX95kbTP6q5Td2/Pa42rMo4KHMExnIILF9CAG2hCCwg8wjO8wpv1ZL1Y79bHrHXJKmcO4A+szx/bCJV3</latexit>



Defining the Analysis Regions

• Control Region (CR): 
• Derive the background model.
• Low        , high         ⇒ low signal contamination.
•                      to enhance statistics.

• Validation Regions (VRMET): 
• Validate extrapolation across         .
• Validate extrapolation across positive & negative    .

• Validation Region (VRtime):
• Validate extrapolation across        ,        ,      , and         . 

• Signal Region (SR): 
• Search for possible SUSY signal(s).
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m��
<latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit><latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit><latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit><latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit>

Emiss
T

<latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit><latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit><latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit><latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit>

t�1 ⇥ t�2 > 0
<latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wjwLUf5tSTeTffs5QNexxpgUSr4=">AAACAHicbZBLSwMxFIXv+Ky16ujWTWgRXJVMN7oSwY3LCvYBbSmZNNOGJjNDckcoQ/du/CtuXCjir3DnvzF9INp6IPBxTsLNPWGqpEVKv7yNza3tnd3CXnG/dHB45B+XmjbJDBcNnqjEtENmhZKxaKBEJdqpEUyHSrTC8c0sbz0IY2US3+MkFT3NhrGMJGforL5fxn7eHTKtWTAlXZRaWPJj1abkitC+X6FVOhdZh2AJFViq3vc/u4OEZ1rEyBWzthPQFHs5Myi5EtNiN7MiZXzMhqLjMGZuaC+f7zIlZ84ZkCgx7sRI5u7vFznT1k506G5qhiO7ms3M/7JOhtFlL5dxmqGI+WJQlCmCCZkVQwbSCI5q4oBxI91fCR8xwzi6+oquhGB15XVo1qoBrQZ3FApwCmU4hwAu4BpuoQ4N4PAIz/AKb96T9+K9L+ra8Ja9ncAfeR/fDXWYrA==</latexit><latexit sha1_base64="wjwLUf5tSTeTffs5QNexxpgUSr4=">AAACAHicbZBLSwMxFIXv+Ky16ujWTWgRXJVMN7oSwY3LCvYBbSmZNNOGJjNDckcoQ/du/CtuXCjir3DnvzF9INp6IPBxTsLNPWGqpEVKv7yNza3tnd3CXnG/dHB45B+XmjbJDBcNnqjEtENmhZKxaKBEJdqpEUyHSrTC8c0sbz0IY2US3+MkFT3NhrGMJGforL5fxn7eHTKtWTAlXZRaWPJj1abkitC+X6FVOhdZh2AJFViq3vc/u4OEZ1rEyBWzthPQFHs5Myi5EtNiN7MiZXzMhqLjMGZuaC+f7zIlZ84ZkCgx7sRI5u7vFznT1k506G5qhiO7ms3M/7JOhtFlL5dxmqGI+WJQlCmCCZkVQwbSCI5q4oBxI91fCR8xwzi6+oquhGB15XVo1qoBrQZ3FApwCmU4hwAu4BpuoQ4N4PAIz/AKb96T9+K9L+ra8Ja9ncAfeR/fDXWYrA==</latexit><latexit sha1_base64="Z3vpufXH1ibZ4r7Uyhol0Nr4UzM=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5IUQU9S8OKxgv2ApoTNdtMu3U3C7kQoIXcv/hUvHhTx6h/w5r9x2wbR1gcDj/dmmJkXJIJrcJwvq7S2vrG5Vd6u7Ozu7R/Yh0cdHaeKsjaNRax6AdFM8Ii1gYNgvUQxIgPBusHkeuZ375nSPI7uYJqwgSSjiIecEjCSb1fBz7wRkZK4OfaAS6bxj9TI8RV2fLvm1J058CpxC1JDBVq+/ekNY5pKFgEVROu+6yQwyIgCTgXLK16qWULohIxY39CImKWDbP5Ljk+NMsRhrExFgOfq74mMSK2nMjCdksBYL3sz8T+vn0J4Och4lKTAIrpYFKYCQ4xnweAhV4yCmBpCqOLmVkzHRBEKJr6KCcFdfnmVdBp116m7t06teV7EUUYnqIrOkIsuUBPdoBZqI4oe0BN6Qa/Wo/VsvVnvi9aSVcwcoz+wPr4Bpv2aEA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit><latexit sha1_base64="Vwdlt9xCX3F8ZCENfWk3oHOupHQ=">AAACC3icbVBNS8NAEN34WetX1KOXpUXwVJJS0JMUvHisYD+gKWGz3bRLd5OwOxFKyN2Lf8WLB0W8+ge8+W/ctkG09cHA470ZZuYFieAaHOfLWlvf2NzaLu2Ud/f2Dw7to+OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WByPfO790xpHkd3ME3YQJJRxENOCRjJtyvgZ96ISEncHHvAJdP4R6rn+Ao7vl11as4ceJW4BamiAi3f/vSGMU0li4AKonXfdRIYZEQBp4LlZS/VLCF0Qkasb2hEzNJBNv8lx2dGGeIwVqYiwHP190RGpNZTGZhOSWCsl72Z+J/XTyG8HGQ8SlJgEV0sClOBIcazYPCQK0ZBTA0hVHFzK6ZjoggFE1/ZhOAuv7xKOvWa69Tc20a12SjiKKFTVEHnyEUXqIluUAu1EUUP6Am9oFfr0Xq23qz3ReuaVcycoD+wPr4BqD2aFA==</latexit>
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Emiss
T

<latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit><latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit><latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit><latexit sha1_base64="4Ptscx4ao8LiWyOZ7s2szuE/7Mw=">AAACEHicbVDLSgMxFM3UV62vUZduBovoqsyIoMuiCC4r9AVtLZk004YmmSG5I5ZhPsGNv+LGhSJuXbrzb0zbUbT1QODcc+7l5h4/4kyD635auYXFpeWV/GphbX1jc8ve3qnrMFaE1kjIQ9X0saacSVoDBpw2I0Wx8Dlt+MOLsd+4pUqzUFZhFNGOwH3JAkYwGKlrH7aB3oESyWV6k3xzwbRO0+5PXTWFXXRL7gTOPPEyUkQZKl37o90LSSyoBMKx1i3PjaCTYAWMcJoW2rGmESZD3KctQyUWVHeSyUGpc2CUnhOEyjwJzkT9PZFgofVI+KZTYBjoWW8s/ue1YgjOOgmTUQxUkumiIOYOhM44HafHFCXAR4Zgopj5q0MGWGECJsOCCcGbPXme1I9Lnlvyrk+K5fMsjjzaQ/voCHnoFJXRFaqgGiLoHj2iZ/RiPVhP1qv1Nm3NWdnMLvoD6/0LDMGfGw==</latexit>

m��
<latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit><latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit><latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit><latexit sha1_base64="XlhUqotDA71bDjhQ0OpLuhI8pT4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi8cK9gPaECbbbbt0Nwm7m0IJ/SdePCji1X/izX/jts1BWx/M8Hhvhp19USq4Np737ZQ2Nre2d8q7lb39g8Mj9/ikpZNMUdakiUhUJ0LNBI9Z03AjWCdVDGUkWDsa38/99oQpzZP4yUxTFkgcxnzAKRorha4rw7w3RClx2WehW/Vq3gJknfgFqUKBRuh+9foJzSSLDRWoddf3UhPkqAyngs0qvUyzFOkYh6xraYyS6SBfXD4jF1bpk0GibMWGLNTfGzlKracyspMSzUivenPxP6+bmcFdkPM4zQyL6fKhQSaIScg8BtLnilEjppYgVdzeSugIFVJjw6rYEPzVL6+T1lXN92r+43W1flPEUYYzOIdL8OEW6vAADWgChQk8wyu8Obnz4rw7H8vRklPsnMIfOJ8/3OuTwQ==</latexit>

p��T
<latexit sha1_base64="9TGc+psPw4CrQaJKX05LUr6JcSM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQZcFNy4r9AVtDDfTSTt0JgkzE6GG4K+4caGIW//DnX/jtM1CWw/cy+Gce5k7J0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSkLbJOax7AWgKGcRbWumOe0lkoIIOO0Gk5uZ332gUrE4aulpQj0Bo4iFjIA2km+fJPfZYARCwKLnftbKfbvq1Jw58CpxC1JFBZq+/TUYxiQVNNKEg1J910m0l4HUjHCaVwapogmQCYxo39AIBFVeNr8+x+dGGeIwlqYijefq740MhFJTEZhJAXqslr2Z+J/XT3V47WUsSlJNI7J4KEw51jGeRYGHTFKi+dQQIJKZWzEZgwSiTWAVE4K7/OVV0rmsuU7NvatXG/UijjI6RWfoArnoCjXQLWqiNiLoET2jV/RmPVkv1rv1sRgtWcXOMfoD6/MHF+eVlA==</latexit><latexit sha1_base64="9TGc+psPw4CrQaJKX05LUr6JcSM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQZcFNy4r9AVtDDfTSTt0JgkzE6GG4K+4caGIW//DnX/jtM1CWw/cy+Gce5k7J0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSkLbJOax7AWgKGcRbWumOe0lkoIIOO0Gk5uZ332gUrE4aulpQj0Bo4iFjIA2km+fJPfZYARCwKLnftbKfbvq1Jw58CpxC1JFBZq+/TUYxiQVNNKEg1J910m0l4HUjHCaVwapogmQCYxo39AIBFVeNr8+x+dGGeIwlqYijefq740MhFJTEZhJAXqslr2Z+J/XT3V47WUsSlJNI7J4KEw51jGeRYGHTFKi+dQQIJKZWzEZgwSiTWAVE4K7/OVV0rmsuU7NvatXG/UijjI6RWfoArnoCjXQLWqiNiLoET2jV/RmPVkv1rv1sRgtWcXOMfoD6/MHF+eVlA==</latexit><latexit sha1_base64="9TGc+psPw4CrQaJKX05LUr6JcSM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQZcFNy4r9AVtDDfTSTt0JgkzE6GG4K+4caGIW//DnX/jtM1CWw/cy+Gce5k7J0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSkLbJOax7AWgKGcRbWumOe0lkoIIOO0Gk5uZ332gUrE4aulpQj0Bo4iFjIA2km+fJPfZYARCwKLnftbKfbvq1Jw58CpxC1JFBZq+/TUYxiQVNNKEg1J910m0l4HUjHCaVwapogmQCYxo39AIBFVeNr8+x+dGGeIwlqYijefq740MhFJTEZhJAXqslr2Z+J/XT3V47WUsSlJNI7J4KEw51jGeRYGHTFKi+dQQIJKZWzEZgwSiTWAVE4K7/OVV0rmsuU7NvatXG/UijjI6RWfoArnoCjXQLWqiNiLoET2jV/RmPVkv1rv1sRgtWcXOMfoD6/MHF+eVlA==</latexit><latexit sha1_base64="9TGc+psPw4CrQaJKX05LUr6JcSM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQZcFNy4r9AVtDDfTSTt0JgkzE6GG4K+4caGIW//DnX/jtM1CWw/cy+Gce5k7J0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSkLbJOax7AWgKGcRbWumOe0lkoIIOO0Gk5uZ332gUrE4aulpQj0Bo4iFjIA2km+fJPfZYARCwKLnftbKfbvq1Jw58CpxC1JFBZq+/TUYxiQVNNKEg1J910m0l4HUjHCaVwapogmQCYxo39AIBFVeNr8+x+dGGeIwlqYijefq740MhFJTEZhJAXqslr2Z+J/XT3V47WUsSlJNI7J4KEw51jGeRYGHTFKi+dQQIJKZWzEZgwSiTWAVE4K7/OVV0rmsuU7NvatXG/UijjI6RWfoArnoCjXQLWqiNiLoET2jV/RmPVkv1rv1sRgtWcXOMfoD6/MHF+eVlA==</latexit>

����
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Analysis Sensitive Variables
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tavg =
1

2
(|t�1|+ |t�2|)
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⇢ =
q
V 2
R + V 2

Z
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Background Estimation: An Overview
• Background estimation procedure is fully data-driven.

• Tails of the timing distribution are not well-modeled in simulation.
• Sources of background:

• Mismeasurement of genuine and fake photons.
• Genuine and fake photons from satellite collisions.

• Derive background model from the timing distribution shape in the CR. 
• Perform simultaneous fit of tavg in categories of displacement ρ. 

Optimized choice of bins are:
tavg bins: [0.0, 0.2, 0.4, 0.6, 0.9, 12.0] ns.
ρ bins: [0, 80, 160, 300, 520, 2000] mm.
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Profile Likelihood Fit Procedure

• Perform a simultaneous fit of the tavg 
distribution in categories of ρ.
• Parameter-of-interest is the signal strength:

• Signal strength is correlated across ρ 
categories.
• Each ρ category has an independent 

background normalization factor.
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=

Nobs
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Excluding the Model with Confidence!
• In absence of signal, set exclusion limits on several model parameters.
• Exclusion upper limit calculated using the CLs method.
• Set 95% C.L. upper limits on the      production cross section               as a function of 

the     mass, lifetime, and decay modes                                . 

• Additionally, model-agnostic results provided for the high-timing bin (tavg > 0.9 ns) and no 
vertex categorization.
• Provide a simple cut-and-count analysis of the expected number of background events in 

the high-timing region.
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<latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dviNbg+Lkjye53kdEXM/GcLD57I=">AAAB93icbZBNS8MwHMb/9XXOqdWbeAkOQRBH60WPghePE9wLbnWkWbqFpUlJUmWU4sWv4sWDIn4Tb34b020H3Xwg4cfzJCT/J0w408bzvp2l5ZXVtfXSRnmzsrW94+5WmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6KrIWw9UaSbFrRknNIjxQLCIEWys1XP371BXscHQYKXkI6L32Ule7Kd5z616NW8itAj+DKowU73nfnX7kqQxFYZwrHXH9xITZFgZRjjNy91U0wSTER7QjkWBY6qDbDJCjo6s00eRVHYJgybu7xsZjrUex6E9GWMz1PNZYf6XdVITXQQZE0lqqCDTh6KUIyNR0QfqM0WJ4WMLmChm/4rIECtMjG2tbEvw50dehOZZzfdq/o0HJTiAQzgGH87hEq6hDg0g8AQv8AbvzrPz6nxM61pyZr3twR85nz/8d5Vl</latexit><latexit sha1_base64="dviNbg+Lkjye53kdEXM/GcLD57I=">AAAB93icbZBNS8MwHMb/9XXOqdWbeAkOQRBH60WPghePE9wLbnWkWbqFpUlJUmWU4sWv4sWDIn4Tb34b020H3Xwg4cfzJCT/J0w408bzvp2l5ZXVtfXSRnmzsrW94+5WmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6KrIWw9UaSbFrRknNIjxQLCIEWys1XP371BXscHQYKXkI6L32Ule7Kd5z616NW8itAj+DKowU73nfnX7kqQxFYZwrHXH9xITZFgZRjjNy91U0wSTER7QjkWBY6qDbDJCjo6s00eRVHYJgybu7xsZjrUex6E9GWMz1PNZYf6XdVITXQQZE0lqqCDTh6KUIyNR0QfqM0WJ4WMLmChm/4rIECtMjG2tbEvw50dehOZZzfdq/o0HJTiAQzgGH87hEq6hDg0g8AQv8AbvzrPz6nxM61pyZr3twR85nz/8d5Vl</latexit><latexit sha1_base64="McSMegJgPmJ3MuzAlzIIJZrJTd8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQSyJG7ssuHFZwT6wjWUyvW2HTiZhZqKUENz4K25cKOLWr3Dn3zhps9DWA/dyOOdeZu7xI86Udpxvq7C0vLK6VlwvbWxube/Yu3tNFcaSQoOGPJRtnyjgTEBDM82hHUkggc+h5Y8vM791D1KxUNzoSQReQIaCDRgl2kg9++AWdyUbjjSRMnzAcJecplk/S3t22ak4U+BF4uakjHLUe/ZXtx/SOAChKSdKdVwn0l5CpGaUQ1rqxgoiQsdkCB1DBQlAecn0hBQfG6WPB6E0JTSeqr83EhIoNQl8MxkQPVLzXib+53ViPah6CRNRrEHQ2UODmGMd4iwP3GcSqOYTQwiVzPwV0xGRhGqTWsmE4M6fvEia5xXXqbjXTrlWzeMookN0hE6Qiy5QDV2hOmogih7RM3pFb9aT9WK9Wx+z0YKV7+yjP7A+fwB0cJbE</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit><latexit sha1_base64="zxx7Hq+eczjLY7PiYtFvf/Iw380=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBEEsigl0W3LisYB/YxjKZTtuhk0mYmSglBDf+ihsXirj1K9z5N07aLLT1wL0czrmXmXv8iDOlHefbWlhcWl5ZLawV1zc2t7btnd2GCmNJaJ2EPJQtHyvKmaB1zTSnrUhSHPicNv3RZeY376lULBQ3ehxRL8ADwfqMYG2krr1/izqSDYYaSxk+IHqXnKRZP027dskpOxOgeeLmpAQ5al37q9MLSRxQoQnHSrVdJ9JegqVmhNO02IkVjTAZ4QFtGypwQJWXTE5I0ZFReqgfSlNCo4n6eyPBgVLjwDeTAdZDNetl4n9eO9b9ipcwEcWaCjJ9qB9zpEOU5YF6TFKi+dgQTCQzf0VkiCUm2qRWNCG4syfPk8ZZ2XXK7vV5qVrJ4yjAARzCMbhwAVW4ghrUgcAjPMMrvFlP1ov1bn1MRxesfGcP/sD6/AF1sJbI</latexit>
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Different model(s), same signature
RECAST
• Easy-to-use, containerized docker package to re-perform the analysis or to recast the 

analysis onto a different signal model.
• Provides a frozen copy of the entire analysis framework. Workflow designed to produce 

NTuples, perform fits, and calculate exclusion limits as a function of the      mass and 
lifetime parameters.

HEPData 
• Published data-tables for all the plots published in the paper. 
• Also published tables for the signal acceptance, efficiency, and event cutflow for several of 

our signal final states. 
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https://gitlab.cern.ch/recast-atlas/susy/ana-susy-2020-28
https://www.hepdata.net/record/ins2654099


Calo-vertexing performance

• Use the calo-vertexing to localize, in 2D, 
the LLP decay vertex.
• Calo-vertexing method is built on the idea 

of photon pointing.
• Prompt events produced within the 

beamspread used to measure pointing 
resolution as a function of displacement in 
the z-direction.
• Can we improve on the photon pointing 

resolution?
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Improving the calo-vertexing performance…

• Could develop a feed-forward neural 
network with a combination of low- and 
high-level input variables.
• E.g., 3D position of the cell with the 

maximum deposited energy, cell peaking, …
• May improve the pointing resolution → could 

improve performance of calo-vertexing 
method.
• Possibility to use a DNN to provide a three-

dimensional localization of the LLP decay 
vertex.
• Better vertex-localization → reduce 

backgrounds in signal-rich (high-
displacement) regions-of-interest.
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DNN?

Can we use Deep Neural Networks to more accurately estimate displaced vertices? 



Summary
Presented a search for long-lived particles in a SUSY GMSB model: 

Novel, unexplored signature of displaced vertices with delayed photons.

• Search optimized the LAr calorimeter at the ATLAS experiment as a vertexing and a 
timing detector.
• No evidence of LLPs in BSM model (yet); set strong exclusion bounds on the SUSY 

model explored in this search.
• For a branching fraction of 100% of      to H or Z bosons, highest excluded     masses are 

369 GeV for Higgs and 704 GeV for Z bosons.
• Provide a model-independent interpretation for any BSM theories involving displaced and 

delayed photons.
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https://arxiv.org/abs/2304.12885


The Landscape Tomorrow
• Calo-vertexing developed for this analysis could be used in several LLP analyses 

searching for displaced photons or electrons.
• Vertexing method using calorimeter-only information could also complement tracking-based 

vertexing methods such as Large Radius Tracking.
• Although powerful, the calo-vertexing technique could be improved for future analyses.

• Machine-learning-based approach to improve vertex resolution, vertexing in 3D, ...
• Besides vertexing, timing information from the LAr calorimeter is a powerful tool 

to search for delayed objects.
• Timing information from the calorimeter can provide a complimentary method to study 

displaced jets, (micro-) displaced electrons, …
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Detoured and Delayed: Let’s dive into the world of displaced objects!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/


Run: 359593
Event: 761048468
2018-08-31 17:54:12 CEST

Thank you!

dpanchal@utexas.edu

mailto:dpanchal@utexas.edu
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Electromagnetic Barrel (EMB) Layers
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Calo. Variables used in photon identification
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Category Description Name Loose Medium Tight

Acceptance |h| < 2.37, with 1.37  |h| < 1.52 excluded – X X X
Hadronic leakage Ratio of in the first sampling layer of the

hadronic calorimeter to of the EM cluster (used

over the range |h| < 0.8 or |h| > 1.52)

Rhad1 X X X

Ratio of in the hadronic calorimeter to of the

EM cluster (used over the range 0.8 < |h| <
1.37)

Rhad X X X

EM middle layer Ratio of the energy in 3 ⇥ 7 h ⇥ f cells over the

energy in 7 ⇥ 7 cells centered around the photon

cluster position

Rh X X X

Lateral shower width,q
(SEih

2

i )/(SEi)� ((SEihi)/(SEi))2, where Ei
is the energy and hi is the pseudorapidity of cell

i and the sum is calculated within a window of

3 ⇥ 5 cells

wh2 X X X

Ratio of the energy in 3 ⇥ 3 h ⇥ f cells over the

energy of 3 ⇥ 7 cells centered around the photon

cluster position

Rf X

EM strip layer Lateral shower width,p
(SEi(i � imax)2)/(SEi), where i runs over all

strips in a window of 3 ⇥ 2 h ⇥ f strips, and

imax is the index of the highest-energy strip

calculated from three strips around the strip

with maximum energy deposit

w3 X

Total lateral shower widthp
(SEi(i � imax)2)/(SEi), where i runs over

all strips in a window of 20 ⇥ 2 h ⇥ f strips,

and imax is the index of the highest-energy strip

measured in the strip layer

wtot X

Energy outside the core of the three central

strips but within seven strips divided by energy

within the three central strips

Fside X

Difference between the energy associated with

the second maximum in the strip layer and the

energy reconstructed in the strip with the mini-

mum value found between the first and second

maxima

DE X

Ratio of the energy in the first layer to the to the

total energy of the EM cluster

f1 X

Ratio of the energy difference between the max-

imum energy deposit and the energy deposit in

the secondary maximum in the cluster to the

sum of these energies

Eratio X X



Satellite Collisions
• LHC radio frequency cavities sort protons 

into bunches. Satellite bunches arise from 
spillover into adjacent bunches.
• Population satellite bunches is ~103 times 

smaller than the main bunch.
• At collision times of ±5 ns, the satellite-

satellite bunches collide at the center of the 
detector.
• Effect of satellite collisions clearly visible in 

timing distributions of electrons/photons.
• Well documented in previous studies: 

8 TeV study, 13 TeV timing calibration.
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• Timing distributions of genuine photons are 
narrower than those of fake photons.

• To capture the shape difference, define templates 
by varying photon ID requirement.

• Purity fraction, fTT = Ngenuine/Ntotal varies by analysis 
region and by ρ category.

• Perform a rescaling per ρ category to match the 
purity fraction observed in the SR. 



𝐸!"##$%& reweighting

• Timing resolution is inversely related to the 
deposited cell energy.
• Photon object timing is calculated from the 

time associated with the         .
• Perform a          reweighting to account for 

the difference in the          spectra of the 
CR and the SR photons.
• Reweighting is performed separately for 

the real- and fake-enhanced templates, 
and for each ρ category.
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Emax
cell

<latexit sha1_base64="8LMTSMIJSl6U0+Lteed1JYRLQvE=">AAAB9XicbVDLSgNBEOyNrxhfUS+Cl8EgeAq7HjTHgAgeI5gHJJswO5lNhszMLjOzalj2P7x4UMSrv+A3ePNvnDwOmljQUFR1090VxJxp47rfTm5ldW19I79Z2Nre2d0r7h80dJQoQusk4pFqBVhTziStG2Y4bcWKYhFw2gxGVxO/eU+VZpG8M+OY+gIPJAsZwcZK3etuKvBj1ksJ5TzrFUtu2Z0CLRNvTkrVowvzCQC1XvGr049IIqg0hGOt254bGz/FyjDCaVboJJrGmIzwgLYtlVhQ7afTqzN0apU+CiNlSxo0VX9PpFhoPRaB7RTYDPWiNxH/89qJCSt+ymScGCrJbFGYcGQiNIkA9ZmixPCxJZgoZm9FZIgVJsYGVbAheIsvL5PGedlzy96tTaMCM+ThGE7gDDy4hCrcQA3qQEDBE7zAq/PgPDtvzvusNefMZw7hD5yPH2vqlJI=</latexit><latexit sha1_base64="gDBmHCNLHpP34HrOPdHgl1BEEu4=">AAAB9XicbVDJSgNBEO2JW4xb1IvgpTEInsKMiOYYEMFjBLNANno6NUmT7p6hu0cNw5z8CS8eFPHqt+jNv7GzHDTxQcHjvSqq6vkRZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdxopClYY8VA2faOBMQtUww6ERKSDC51D3h5djv34HSrNQ3ppRBG1B+pIFjBJjpc5VJxHkIe0mFDhPu/mCW3QnwIvEm5FC+eDcfNKzx0o3/9XqhTQWIA3lROum50amnRBlGOWQ5lqxhojQIelD01JJBOh2Mrk6xcdW6eEgVLakwRP190RChNYj4dtOQcxAz3tj8T+vGZug1E6YjGIDkk4XBTHHJsTjCHCPKaCGjywhVDF7K6YDogg1NqicDcGbf3mR1E6Lnlv0bmwaJTRFFh2iI3SCPHSByugaVVAVUaTQE3pBr8698+y8Oe/T1owzm9lHf+B8/AD7bZW9</latexit><latexit sha1_base64="gDBmHCNLHpP34HrOPdHgl1BEEu4=">AAAB9XicbVDJSgNBEO2JW4xb1IvgpTEInsKMiOYYEMFjBLNANno6NUmT7p6hu0cNw5z8CS8eFPHqt+jNv7GzHDTxQcHjvSqq6vkRZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdxopClYY8VA2faOBMQtUww6ERKSDC51D3h5djv34HSrNQ3ppRBG1B+pIFjBJjpc5VJxHkIe0mFDhPu/mCW3QnwIvEm5FC+eDcfNKzx0o3/9XqhTQWIA3lROum50amnRBlGOWQ5lqxhojQIelD01JJBOh2Mrk6xcdW6eEgVLakwRP190RChNYj4dtOQcxAz3tj8T+vGZug1E6YjGIDkk4XBTHHJsTjCHCPKaCGjywhVDF7K6YDogg1NqicDcGbf3mR1E6Lnlv0bmwaJTRFFh2iI3SCPHSByugaVVAVUaTQE3pBr8698+y8Oe/T1owzm9lHf+B8/AD7bZW9</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="if+NgY/I011Is1iwyhJ0gMqzGaE=">AAAB6nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCygn1AX2TSO21okhmSjFqG+R9uXCjiD3LnvzF9LLT1QODjnIR7c8JEcGN9/9srbGxube8Ud0t75f2Dw8pRuWniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh5GaWtx5RGx6rBztNsCfpSPGIM2qd1b/tZ5I+54OMoRD5oFL1a/5cZB2CJVRhqfqg8tUdxiyVqCwT1JhO4Ce2l1FtOROYl7qpwYSyCR1hx6GiEk0vm2+dkzPnDEkUa3eUJXP394uMSmOmMnQ3JbVjs5rNzP+yTmqjq17GVZJaVGwxKEoFsTGZVUCGXCOzYuqAMs3droSNqabMuqJKroRg9cvr0LyoBX4tuPehCCdwCucQwCVcwx3UoQEMNLzAG7x7T96r97Goq+AtezuGP/I+fwC+IZF+</latexit><latexit sha1_base64="if+NgY/I011Is1iwyhJ0gMqzGaE=">AAAB6nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCygn1AX2TSO21okhmSjFqG+R9uXCjiD3LnvzF9LLT1QODjnIR7c8JEcGN9/9srbGxube8Ud0t75f2Dw8pRuWniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh5GaWtx5RGx6rBztNsCfpSPGIM2qd1b/tZ5I+54OMoRD5oFL1a/5cZB2CJVRhqfqg8tUdxiyVqCwT1JhO4Ce2l1FtOROYl7qpwYSyCR1hx6GiEk0vm2+dkzPnDEkUa3eUJXP394uMSmOmMnQ3JbVjs5rNzP+yTmqjq17GVZJaVGwxKEoFsTGZVUCGXCOzYuqAMs3droSNqabMuqJKroRg9cvr0LyoBX4tuPehCCdwCucQwCVcwx3UoQEMNLzAG7x7T96r97Goq+AtezuGP/I+fwC+IZF+</latexit><latexit sha1_base64="sXGnYxhwK9PBvzNYwRa7NenY/+U=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0v5hgQwWME84C8mJ30JkNmdpeZWTUs+x9ePCji1X/x5t84SfagiQUNRVU33V1+LLg2rvvtrK1vbG5tF3aKu3v7B4elo+OmjhLFsMEiEam2TzUKHmLDcCOwHSuk0hfY8ifXM7/1gErzKLw30xh7ko5CHnBGjZX6N/1U0qdskDIUIhuUym7FnYOsEi8nZchRH5S+usOIJRJDwwTVuuO5semlVBnOBGbFbqIxpmxCR9ixNKQSdS+dX52Rc6sMSRApW6Ehc/X3REql1lPp205JzVgvezPxP6+TmKDaS3kYJwZDtlgUJIKYiMwiIEOukBkxtYQyxe2thI2poszYoIo2BG/55VXSvKx4bsW7c8u1ah5HAU7hDC7AgyuowS3UoQEMFDzDK7w5j86L8+58LFrXnHzmBP7A+fwBDPSS0A==</latexit><latexit sha1_base64="sXGnYxhwK9PBvzNYwRa7NenY/+U=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0v5hgQwWME84C8mJ30JkNmdpeZWTUs+x9ePCji1X/x5t84SfagiQUNRVU33V1+LLg2rvvtrK1vbG5tF3aKu3v7B4elo+OmjhLFsMEiEam2TzUKHmLDcCOwHSuk0hfY8ifXM7/1gErzKLw30xh7ko5CHnBGjZX6N/1U0qdskDIUIhuUym7FnYOsEi8nZchRH5S+usOIJRJDwwTVuuO5semlVBnOBGbFbqIxpmxCR9ixNKQSdS+dX52Rc6sMSRApW6Ehc/X3REql1lPp205JzVgvezPxP6+TmKDaS3kYJwZDtlgUJIKYiMwiIEOukBkxtYQyxe2thI2poszYoIo2BG/55VXSvKx4bsW7c8u1ah5HAU7hDC7AgyuowS3UoQEMFDzDK7w5j86L8+58LFrXnHzmBP7A+fwBDPSS0A==</latexit><latexit sha1_base64="gDBmHCNLHpP34HrOPdHgl1BEEu4=">AAAB9XicbVDJSgNBEO2JW4xb1IvgpTEInsKMiOYYEMFjBLNANno6NUmT7p6hu0cNw5z8CS8eFPHqt+jNv7GzHDTxQcHjvSqq6vkRZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdxopClYY8VA2faOBMQtUww6ERKSDC51D3h5djv34HSrNQ3ppRBG1B+pIFjBJjpc5VJxHkIe0mFDhPu/mCW3QnwIvEm5FC+eDcfNKzx0o3/9XqhTQWIA3lROum50amnRBlGOWQ5lqxhojQIelD01JJBOh2Mrk6xcdW6eEgVLakwRP190RChNYj4dtOQcxAz3tj8T+vGZug1E6YjGIDkk4XBTHHJsTjCHCPKaCGjywhVDF7K6YDogg1NqicDcGbf3mR1E6Lnlv0bmwaJTRFFh2iI3SCPHSByugaVVAVUaTQE3pBr8698+y8Oe/T1owzm9lHf+B8/AD7bZW9</latexit><latexit sha1_base64="gDBmHCNLHpP34HrOPdHgl1BEEu4=">AAAB9XicbVDJSgNBEO2JW4xb1IvgpTEInsKMiOYYEMFjBLNANno6NUmT7p6hu0cNw5z8CS8eFPHqt+jNv7GzHDTxQcHjvSqq6vkRZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdxopClYY8VA2faOBMQtUww6ERKSDC51D3h5djv34HSrNQ3ppRBG1B+pIFjBJjpc5VJxHkIe0mFDhPu/mCW3QnwIvEm5FC+eDcfNKzx0o3/9XqhTQWIA3lROum50amnRBlGOWQ5lqxhojQIelD01JJBOh2Mrk6xcdW6eEgVLakwRP190RChNYj4dtOQcxAz3tj8T+vGZug1E6YjGIDkk4XBTHHJsTjCHCPKaCGjywhVDF7K6YDogg1NqicDcGbf3mR1E6Lnlv0bmwaJTRFFh2iI3SCPHSByugaVVAVUaTQE3pBr8698+y8Oe/T1owzm9lHf+B8/AD7bZW9</latexit><latexit sha1_base64="gDBmHCNLHpP34HrOPdHgl1BEEu4=">AAAB9XicbVDJSgNBEO2JW4xb1IvgpTEInsKMiOYYEMFjBLNANno6NUmT7p6hu0cNw5z8CS8eFPHqt+jNv7GzHDTxQcHjvSqq6vkRZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdxopClYY8VA2faOBMQtUww6ERKSDC51D3h5djv34HSrNQ3ppRBG1B+pIFjBJjpc5VJxHkIe0mFDhPu/mCW3QnwIvEm5FC+eDcfNKzx0o3/9XqhTQWIA3lROum50amnRBlGOWQ5lqxhojQIelD01JJBOh2Mrk6xcdW6eEgVLakwRP190RChNYj4dtOQcxAz3tj8T+vGZug1E6YjGIDkk4XBTHHJsTjCHCPKaCGjywhVDF7K6YDogg1NqicDcGbf3mR1E6Lnlv0bmwaJTRFFh2iI3SCPHSByugaVVAVUaTQE3pBr8698+y8Oe/T1owzm9lHf+B8/AD7bZW9</latexit><latexit sha1_base64="gDBmHCNLHpP34HrOPdHgl1BEEu4=">AAAB9XicbVDJSgNBEO2JW4xb1IvgpTEInsKMiOYYEMFjBLNANno6NUmT7p6hu0cNw5z8CS8eFPHqt+jNv7GzHDTxQcHjvSqq6vkRZ9q47reTWVpeWV3Lruc2Nre2d/K7ezUdxopClYY8VA2faOBMQtUww6ERKSDC51D3h5djv34HSrNQ3ppRBG1B+pIFjBJjpc5VJxHkIe0mFDhPu/mCW3QnwIvEm5FC+eDcfNKzx0o3/9XqhTQWIA3lROum50amnRBlGOWQ5lqxhojQIelD01JJBOh2Mrk6xcdW6eEgVLakwRP190RChNYj4dtOQcxAz3tj8T+vGZug1E6YjGIDkk4XBTHHJsTjCHCPKaCGjywhVDF7K6YDogg1NqicDcGbf3mR1E6Lnlv0bmwaJTRFFh2iI3SCPHSByugaVVAVUaTQE3pBr8698+y8Oe/T1owzm9lHf+B8/AD7bZW9</latexit><latexit sha1_base64="sXGnYxhwK9PBvzNYwRa7NenY/+U=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0v5hgQwWME84C8mJ30JkNmdpeZWTUs+x9ePCji1X/x5t84SfagiQUNRVU33V1+LLg2rvvtrK1vbG5tF3aKu3v7B4elo+OmjhLFsMEiEam2TzUKHmLDcCOwHSuk0hfY8ifXM7/1gErzKLw30xh7ko5CHnBGjZX6N/1U0qdskDIUIhuUym7FnYOsEi8nZchRH5S+usOIJRJDwwTVuuO5semlVBnOBGbFbqIxpmxCR9ixNKQSdS+dX52Rc6sMSRApW6Ehc/X3REql1lPp205JzVgvezPxP6+TmKDaS3kYJwZDtlgUJIKYiMwiIEOukBkxtYQyxe2thI2poszYoIo2BG/55VXSvKx4bsW7c8u1ah5HAU7hDC7AgyuowS3UoQEMFDzDK7w5j86L8+58LFrXnHzmBP7A+fwBDPSS0A==</latexit>

Emax
cell
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Lifetime Reweighting Procedure
• Reweight exponential decay of the source          

     lifetime to target of choice:

• Use generated points at 2, 10, 20, and 50 
ns to extrapolate to [0.25, 1000] ns.
• Validate the procedure by reweighting 

between generated lifetimes.
• Discrepancy between reweighted 

distributions within statistical error.
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Statistical Analysis
• Perform statistical analysis by constructing the likelihood function:

• Profile likelihood ratio is the ratio between the global and conditional maximum likelihood:

• Profile likelihood ratio is the test statistic used to calculate p-value and confidence limits.
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Signal Region Fit Characteristics

• Background-only fits to the Signal Region tavg 
distributions show no significant deviation…
• Except for the one event in the highest ρ 

category and the highest tavg bin.
• Event was recorded in Run 359593, 

on August 31, 2018.
• Single-bin-event was studied further to 

understand the event characteristics.
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Single-bin-event Characteristics
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Sensitive Analysis Variables

tavg 3.13 ns

Vertexing r 559.7 mm

Event-level Variables

Emiss
T 79.5 GeV

hµi 43.9

PVz �29.8 mm

VR 554.2 mm

VZ 78.7 mm

Photon-object Variables

Leading Photon Subleading Photon

Photon ID Medium Tight

pT 65.3 32.4 GeV

E(g) 187.1 32.7 GeV

Emax
cell gain Medium High

Emax
cell 53.4 GeV 6.3 GeV

h(g) �1.71 0.12

tg 5.82 ns 0.45 ns

zg 2578.1 mm �11.6 mm

Diphoton Variables

mgg 108.6 GeV

pgg
T 84.4 GeV

Dhgg 1.8

Dfgg 1.13


