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WHY LONG-LIVED PARTICLES?

1 Recently, a comprehensive collec-
tion of the vast array of theoretical
frameworks within which LLPs nat-
urally arise has been assembled as
part of the physics case document
for the proposed MATHUSLA exper-
iment [2]. Because the focus of the
current document is on the experimen-
tal signatures of LLPs and explicitly
not the theories that predict them,
the combination of the MATHUSLA
physics case document (and the large
number of references therein) and the
present document can be considered,
together, a comprehensive view of the
present status of theoretical motivation
and experimental possibilities for the
potential discovery of LLPs produced
at the interaction points of the Large
Hadron Collider.

1
Introduction

Document editors: James Beacham, Brian Shuve

Particles in the Standard Model (SM) have lifetimes spanning an
enormous range of magnitudes, from the Z boson (t ⇠ 2 ⇥ 10�25 s)
through to the proton (t & 1034 years) and electron (stable).
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Figure 1.1: Particle lifetime ct, expressed in meters, as a function
of particle mass, expressed in GeV, for a variety of particles in the
Standard Model [1].

Similarly, models beyond the SM (BSM) typically predict new
particles with a variety of lifetimes. In particular, new weak-scale
particles can easily have long lifetimes for several reasons, includ-
ing approximate symmetries that stabilize the long-lived particle
(LLP), small couplings between the LLP and lighter states, and sup-
pressed phase space available for decays. For particles moving close
to the speed of light, this can lead to macroscopic, detectable dis-
placements between the production and decay points of an unstable
particle for ct & 10 µm. 1

The experimental signatures of LLPs at the LHC are varied and,
by nature, are often very different from signals of SM processes. For
example, LLP signatures can include tracks with unusual ionization
and propagation properties; small, localized deposits of energy in-
side of the calorimeters without associated tracks; stopped particles
that decay out of time with collisions; displaced vertices in the inner
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• LLP = “long lived particle”

• Travels a macroscopic distance before decaying (& 0.01 mm)
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WHY LONG-LIVED PARTICLES?
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• Hidden sectors with small couplings, sub-weak masses can resolve 
each of these open questions

baryons antibaryons
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WHERE CAN WE LOOK?
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mass/energy

viii 

The Priority Research Directions, in no particular order, are: 
 
 
PRD 1: Create and detect dark matter particles below the proton mass and associated forces, 
leveraging DOE accelerators that produce beams of energetic particles. 
 

 
 
Interactions of energetic particles recreate the conditions of dark matter production in the early 
universe.  Small experiments using established technology can detect dark matter production with 
sufficient sensitivity to test compelling explanations for the origin of dark matter and explore the nature 
of its interactions with ordinary matter.  These experiments draw on the unique capabilities of multiple 
DOE accelerators (Continuous Electron Beam Accelerator Facility, Linac Coherent Light Source-
II, Spallation Neutron Source, Los Alamos Neutron Science Center, and the Fermilab complex) to enable 
transformative new science without disrupting their existing programs. 
 
 
PRD 2: Detect individual galactic dark matter particles below the proton mass through 
interactions with advanced, ultra-sensitive detectors. 
 

 
 
Galactic dark matter passes through the earth undetected every second.  Recent advances in particle 
theory highlight new compelling paradigms for the origin of dark matter and its 
detection.  Revolutionary technological advances now allow us to discover individual dark matter 
particles with a mass ranging from the proton mass to twelve orders of magnitude below, through their 
interactions with electrons and nucleons in advanced detectors.  New small projects leveraging these 
theoretical and technological advances are needed and can be carried out by using DOE personnel, 
laboratories, and infrastructure, especially the underground infrastructure already built using DOE 
support. 
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WHEN DOES LHC WIN?
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“Heavy” LLPs:
M & 100 GeV
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• Includes strong/electroweak 
production of LLPs (SUSY, etc)

• Generally lots of energy in 
detector

• Challenging to do, but 
relatively robust program exists

See Laura and Yangyang’s talks!
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“Heavy” LLPs:
M & 100 GeV
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• Includes strong/electroweak 
production of LLPs (SUSY, etc)

• Generally lots of energy in 
detector

• Challenging to do, but 
relatively robust program exists

Hidden Valley:

• Low-mass LLPs coupled by 
mediator only accessible at LHC

M ⌧ 100 GeV
<latexit sha1_base64="00v1EPdcCrlmNUcJO5M4jskc/bc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4ELKTBV0WXShG6GCfUBnKJk004YmmSHJCGWYjb/ixoUibv0Md/6NmXYW2npC4HDOvdx7TxAzqrTjfFulpeWV1bXyemVjc2t7x97da6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK9zv/NIpKKReNCTmPgcDQUNKUbaSH374M5jzHUc79Q8jvRI8vSGtLO+XXVqzhRwkbgFqYICzb795Q0inHAiNGZIqZ7rxNpPkdQUM5JVvESRGOExGpKeoQJxovx0ekAGj40ygGEkzRcaTtXfHSniSk14YCrzHdW8l4v/eb1Eh5d+SkWcaCLwbFCYMKgjmKcBB1QSrNnEEIQlNbtCPEISYW0yq5gQ3PmTF0m7XnPPavX782rjqoijDA7BETgBLrgADXALmqAFMMjAM3gFb9aT9WK9Wx+z0pJV9OyDP7A+fwBLu5WW</latexit>

Search for Dark Sector at Collider

Mediator 
+ Dark 
sector 
dynamics

Dark sector 
particles decay 
back to SM

The new dark sector particles can decay 
slowly back to SM particles 
Æ Striking collider signature with
delayed/displaced particles
Æ Exciting new paradigm, but 
experimentally very challenging

If…instead of one type of dark matter 
particle, there is a “dark sector” with 
hidden particles & forces like the SM 
The dark sector may be accessed at a high 
energy collider through narrow “portal”, 
creating new dark sector particles

Energy

Inaccessibility

04/02/2019 Yangyang Cheng | Colloquium@Mudd 43

• Major challenge!
Strassler, Zurek 2006; Han et al., 2008; …

See Laura and Yangyang’s talks!
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LLPS AT LHC 
8 lhc llp community

detector or muon spectrometer; and disappearing, appearing, and
kinked tracks.

9

so where do we start?

24 April 2017Heather Russell, McGill University

displaced leptons, 
lepton-jets, or 
lepton pairs

displaced 
multitrack vertices

multitrack vertices in the 
muon spectrometer

quasi-stable 
charged particles

trackless, 
low-EMF jets

emerging jets

non-pointing 
(converted) photons

disappearing or 
kinked tracks

Figure 1.2: Schematic of the variety of challenging, atypical experi-
mental signatures that can result from BSM LLPs in the detectors at
the LHC. Shown is a cross-sectional plane in azimuthal angle, f, of
a general purpose detector such as ATLAS or CMS. From Ref. [3].

Because the long-lived particles of the SM have masses . 5 GeV
and have well-understood experimental signatures, the unusual sig-
natures of BSM LLPs offer excellent prospects for the discovery of
new physics at particle colliders. At the same time, standard recon-
struction algorithms may reject events or objects containing LLPs
precisely because of their unusual nature, and dedicated searches
are needed to uncover LLP signals. These atypical signatures can
also resemble noise, pile-up, or mis-reconstructed objects in the de-
tector; due to the rarity of such mis-reconstructions, Monte Carlo
(MC) simulations may not accurately model backgrounds for LLP
searches, and dedicated methods are needed to do so.

Although small compared to the large number of searches for
prompt decays of new particles, many searches for LLPs at the
ATLAS, CMS, and LHCb experiments at the Large Hadron Col-
lider (LHC) have already been performed; we refer the reader to
Chapter 3 for descriptions of and references to these searches. Ex-
isting LLP searches have necessitated the development of novel
methods for identifying signals of LLPs, and measuring and sup-
pressing the relevant backgrounds. Indeed, in several scenarios
searches for LLPs have sensitivities that greatly exceed the search
for similar, promptly decaying new particles (as is true, for ex-
ample, for directly produced staus in supersymmetry [4]). The
excellent sensitivity of these searches, together with the lack of a
definitive signal in any prompt channels at the LHC, have focused
attention on other types of LLP signatures that are not currently
covered. These include low-mass LLPs that do not pass trigger or
selection thresholds of current searches, high multiplicities of LLPs

H. Russell, LHC LLP Community workshop, 2017

• Events might not 
be recorded or 
reconstructed!
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NEW LLP STRATEGIES
• Many hidden sector models have additional features that aid with 

trigger, reconstruction, background rejection

hidden 
particles

displaced 
vertices

associated 
objects from 

primary vertex

high multiplicities 
of decay products
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NEW LLP STRATEGIES
Pick an LLP model 
& lifetime range

Well covered by 
existing search?
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NEW LLP STRATEGIES

Identify minimal 
strategy for 

rejecting bkd

Substantial 
improvement in 

sensitivity?

Yes

Start trying to 
convince 

experimentalist

No

Back to 
beginning…
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LLP STRATEGIES: GOAL
• Find most efficient way to cover the best motivated parameter 

space

• Identify gaps that can be filled with new search strategies or 
detector upgrades

MLLP (GeV)
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Z 0(500) ! LLP + LLP
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search for 1 hadronic 
vertex in tracker

J. Alimena et al. (incl BS),1903.04497; see also, e.g., Curtin et al., 2013; Csaki et al., 2015; Curtin, Verhaaren 2015
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LLP STRATEGIES: GOAL
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<latexit sha1_base64="w8pj0oawUK+FPDRioHY+62PkmOQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQoZSkCrosunFZwT6gCWUynbRDZ5IwcyOUUPBX3LhQxK3f4c6/cdJ2oa0HBg7n3Ms9c4JEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq05ANBM8Yk3gIFgnUYzIQLB2MLrN/fYjU5rH0QOME+ZLMoh4yCkBI/XsY+oBSb2KVyl7ksBQyUxOznt2yak6U+Bl4s5JCc3R6NlfXj+mqWQRUEG07rpOAn5GFHAq2KTopZolhI7IgHUNjYhk2s+m8Sf4zCh9HMbKvAjwVP29kRGp9VgGZjKPqBe9XPzP66YQXvsZj5IUWERnh8JUYIhx3gXuc8UoiLEhhCpusmI6JIpQMI0VTQnu4peXSatWdS+qtfvLUv1mXkcBnaBTVEYuukJ1dIcaqIkoytAzekVv1pP1Yr1bH7PRFWu+c4T+wPr8AYaTlTU=</latexit>

LLP ! qq̄
<latexit sha1_base64="UuAPTNXGViwbENsqzcxfsi+I/B4=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVUlBgrGChaFDkehDaqLKcZ3Wqu2ktgOqoo4s/AoLAwix8gls/A1OmwFajnSlo3Pu1b33BDGjSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4XXmt+6JVDQSd3ocE5+jvqAhxUgbqWsfeRzpgeRprVafeJL2BxpJGT3AkRcgCUddu+SUnSngInFzUgI56l37y+tFOOFEaMyQUh3XibWfIqkpZmRS9BJFYoSHqE86hgrEifLT6SMTeGKUHgwjaUpoOFV/T6SIKzXmgenMzlbzXib+53USHV76KRVxoonAs0VhwqCOYJYK7FFJsGZjQxCW1NwK8QBJhLXJrmhCcOdfXiTNStk9K1duz0vVqzyOAjgEx+AUuOACVMENqIMGwOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w8YvpoC</latexit>

h(125) ! LLP + LLP
<latexit sha1_base64="g3etWUa5sjxxJQXGlz70PyepPTk=">AAACF3icbVC7TsMwFHXKq5RXgZHFokIqQoqSAoKxgoWhQ5HoQ2qiynGcxqrzkO2Aqqh/wcKvsDCAECts/A1OmgFajmTr6Jx7r6+PEzMqpGF8a6Wl5ZXVtfJ6ZWNza3unurvXFVHCMengiEW87yBBGA1JR1LJSD/mBAUOIz1nfJ35vXvCBY3COzmJiR2gUUg9ipFU0rCqW/mMlBN36tfNxvmxxenIl4jz6AFaAZI+D9JWqw1P1DUdVmuGbuSAi8QsSA0UaA+rX5Yb4SQgocQMCTEwjVjaKeKSYkamFSsRJEZ4jEZkoGiIAiLsNN9pCo+U4kIv4uqEEubq744UBUJMAkdVZouKeS8T//MGifQu7ZSGcSJJiGcPeQmDMoJZSNClnGDJJoogzKnaFWIfcYSlirKiQjDnv7xIug3dPNUbt2e15lURRxkcgENQBya4AE1wA9qgAzB4BM/gFbxpT9qL9q59zEpLWtGzD/5A+/wBE9OfNw==</latexit>

g̃ ! q + LLP
<latexit sha1_base64="xQiK17TwbXDCqYkG+IFWXnbwSe4=">AAACG3icbVDLSgMxFM3UV62vqks3wSIIQpmpgi6Lblx0UcE+oFNKJr1tQzMPkztKGfofbvwVNy4UcSW48G/MtF1o64HA4Zx7k5PjRVJotO1vK7O0vLK6ll3PbWxube/kd/fqOowVhxoPZaiaHtMgRQA1FCihGSlgvieh4Q2vUr9xD0qLMLjFUQRtn/UD0ROcoZE6+ZI7uSPxZAxj6qKQXUj6hinRHyBTKnygd/TE9RkOlJ9UKtVxJ1+wi/YEdJE4M1IgM1Q7+U+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k0muMT0ySpf2QmVOgHSi/t5ImK/1yPfMZJpRz3up+J/XirF30U5EEMUIAZ8+1IslxZCmRdGuUMBRjgxhXAmTlfIBU4yjqTNnSnDmv7xI6qWic1os3ZwVypezOrLkgBySY+KQc1Im16RKaoSTR/JMXsmb9WS9WO/Wx3Q0Y8129skfWF8/IRiiEQ==</latexit>

Z 0(500) ! LLP + LLP
<latexit sha1_base64="/Pg5bnxF9uEIGp+MhmkFB4hi1ME=">AAACDHicbVDLSgMxFM3UV62vqks3wSJWhDJTFV0W3bjoooJ9YGcomTRtQ5PMkGSUMvQD3Pgrblwo4tYPcOffmGlnoa0HLhzOuZd77/FDRpW27W8rs7C4tLySXc2trW9sbuW3dxoqiCQmdRywQLZ8pAijgtQ11Yy0QkkQ9xlp+sOrxG/eE6loIG71KCQeR31BexQjbaROvnB3WDyz7SNX0v5AIymDB+hypAeSx9Vq7djU2HTZJXsCOE+clBRAilon/+V2AxxxIjRmSKm2Y4fai5HUFDMyzrmRIiHCQ9QnbUMF4kR58eSZMTwwShf2AmlKaDhRf0/EiCs14r7pTO5Us14i/ue1I9278GIqwkgTgaeLehGDOoBJMrBLJcGajQxBWFJzK8QDJBHWJr+cCcGZfXmeNMol56RUvjktVC7TOLJgD+yDInDAOaiAa1ADdYDBI3gGr+DNerJerHfrY9qasdKZXfAH1ucPj5maEQ==</latexit>
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search for 1 hadronic 
vertex + prompt lepton

J. Alimena et al. (incl BS),1903.04497; see also, e.g., Curtin et al., 2013; Csaki et al., 2015; Curtin, Verhaaren 2015
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LLP STRATEGIES: GOAL
• Find most efficient way to cover the best motivated parameter 

space

• Identify gaps that can be filled with new search strategies or 
detector upgrades

MLLP (GeV)
<latexit sha1_base64="4RBM9x+RLxBq/cQWAufTDWyNafg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBEqSEmqoMuiC11UqGAf0IQwmU7boTNJmJkIJWTlxl9x40IRt36DO//GSZuFtp5h4HDOvdx7jx8xKpVlfRsLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMjSRgNSFNRxUgnEgRxn5G2P7rK/PYDEZKGwb0aR8TlaBDQPsVIackzD269xBEc1uuN1DnRjyM1FDwpX5PWceqZJatiTQDniZ 2TEsjR8MwvpxfimJNAYYak7NpWpNwECUUxI2nRiSWJEB6hAelqGiBOpJtMzkjhkVZ6sB8K/QMFJ+rvjgRxKcfc15XZlnLWy8T/vG6s+hduQoMoViTA00H9mEEVwiwT2KOCYMXGmiAsqN4V4iESCCudXFGHYM+ePE9a1Yp9WqnenZVql3kcBbAPDkEZ2OAc1MANaIAmwOARPINX8GY8GS/Gu/ExLV0w8p498AfG5w+pZpf4</latexit>

c⌧ (m)
<latexit sha1_base64="w8pj0oawUK+FPDRioHY+62PkmOQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQoZSkCrosunFZwT6gCWUynbRDZ5IwcyOUUPBX3LhQxK3f4c6/cdJ2oa0HBg7n3Ms9c4JEcA2O822trK6tb2wWtorbO7t7+/bBYUvHqaKsSWMRq05ANBM8Yk3gIFgnUYzIQLB2MLrN/fYjU5rH0QOME+ZLMoh4yCkBI/XsY+oBSb2KVyl7ksBQyUxOznt2yak6U+Bl4s5JCc3R6NlfXj+mqWQRUEG07rpOAn5GFHAq2KTopZolhI7IgHUNjYhk2s+m8Sf4zCh9HMbKvAjwVP29kRGp9VgGZjKPqBe9XPzP66YQXvsZj5IUWERnh8JUYIhx3gXuc8UoiLEhhCpusmI6JIpQMI0VTQnu4peXSatWdS+qtfvLUv1mXkcBnaBTVEYuukJ1dIcaqIkoytAzekVv1pP1Yr1bH7PRFWu+c4T+wPr8AYaTlTU=</latexit>

LLP ! qq̄
<latexit sha1_base64="UuAPTNXGViwbENsqzcxfsi+I/B4=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVUlBgrGChaFDkehDaqLKcZ3Wqu2ktgOqoo4s/AoLAwix8gls/A1OmwFajnSlo3Pu1b33BDGjSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4XXmt+6JVDQSd3ocE5+jvqAhxUgbqWsfeRzpgeRprVafeJL2BxpJGT3AkRcgCUddu+SUnSngInFzUgI56l37y+tFOOFEaMyQUh3XibWfIqkpZmRS9BJFYoSHqE86hgrEifLT6SMTeGKUHgwjaUpoOFV/T6SIKzXmgenMzlbzXib+53USHV76KRVxoonAs0VhwqCOYJYK7FFJsGZjQxCW1NwK8QBJhLXJrmhCcOdfXiTNStk9K1duz0vVqzyOAjgEx+AUuOACVMENqIMGwOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w8YvpoC</latexit>

h(125) ! LLP + LLP
<latexit sha1_base64="g3etWUa5sjxxJQXGlz70PyepPTk=">AAACF3icbVC7TsMwFHXKq5RXgZHFokIqQoqSAoKxgoWhQ5HoQ2qiynGcxqrzkO2Aqqh/wcKvsDCAECts/A1OmgFajmTr6Jx7r6+PEzMqpGF8a6Wl5ZXVtfJ6ZWNza3unurvXFVHCMengiEW87yBBGA1JR1LJSD/mBAUOIz1nfJ35vXvCBY3COzmJiR2gUUg9ipFU0rCqW/mMlBN36tfNxvmxxenIl4jz6AFaAZI+D9JWqw1P1DUdVmuGbuSAi8QsSA0UaA+rX5Yb4SQgocQMCTEwjVjaKeKSYkamFSsRJEZ4jEZkoGiIAiLsNN9pCo+U4kIv4uqEEubq744UBUJMAkdVZouKeS8T//MGifQu7ZSGcSJJiGcPeQmDMoJZSNClnGDJJoogzKnaFWIfcYSlirKiQjDnv7xIug3dPNUbt2e15lURRxkcgENQBya4AE1wA9qgAzB4BM/gFbxpT9qL9q59zEpLWtGzD/5A+/wBE9OfNw==</latexit>

g̃ ! q + LLP
<latexit sha1_base64="xQiK17TwbXDCqYkG+IFWXnbwSe4=">AAACG3icbVDLSgMxFM3UV62vqks3wSIIQpmpgi6Lblx0UcE+oFNKJr1tQzMPkztKGfofbvwVNy4UcSW48G/MtF1o64HA4Zx7k5PjRVJotO1vK7O0vLK6ll3PbWxube/kd/fqOowVhxoPZaiaHtMgRQA1FCihGSlgvieh4Q2vUr9xD0qLMLjFUQRtn/UD0ROcoZE6+ZI7uSPxZAxj6qKQXUj6hinRHyBTKnygd/TE9RkOlJ9UKtVxJ1+wi/YEdJE4M1IgM1Q7+U+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k0muMT0ySpf2QmVOgHSi/t5ImK/1yPfMZJpRz3up+J/XirF30U5EEMUIAZ8+1IslxZCmRdGuUMBRjgxhXAmTlfIBU4yjqTNnSnDmv7xI6qWic1os3ZwVypezOrLkgBySY+KQc1Im16RKaoSTR/JMXsmb9WS9WO/Wx3Q0Y8129skfWF8/IRiiEQ==</latexit>

Z 0(500) ! LLP + LLP
<latexit sha1_base64="/Pg5bnxF9uEIGp+MhmkFB4hi1ME=">AAACDHicbVDLSgMxFM3UV62vqks3wSJWhDJTFV0W3bjoooJ9YGcomTRtQ5PMkGSUMvQD3Pgrblwo4tYPcOffmGlnoa0HLhzOuZd77/FDRpW27W8rs7C4tLySXc2trW9sbuW3dxoqiCQmdRywQLZ8pAijgtQ11Yy0QkkQ9xlp+sOrxG/eE6loIG71KCQeR31BexQjbaROvnB3WDyz7SNX0v5AIymDB+hypAeSx9Vq7djU2HTZJXsCOE+clBRAilon/+V2AxxxIjRmSKm2Y4fai5HUFDMyzrmRIiHCQ9QnbUMF4kR58eSZMTwwShf2AmlKaDhRf0/EiCs14r7pTO5Us14i/ue1I9278GIqwkgTgaeLehGDOoBJMrBLJcGajQxBWFJzK8QDJBHWJr+cCcGZfXmeNMol56RUvjktVC7TOLJgD+yDInDAOaiAa1ADdYDBI3gGr+DNerJerHfrY9qasdKZXfAH1ucPj5maEQ==</latexit>
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search for 2 hadronic 
vertex + prompt lepton

J. Alimena et al. (incl BS),1903.04497; see also, e.g., Curtin et al., 2013; Csaki et al., 2015; Curtin, Verhaaren 2015
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UNCHARTED EXAMPLES
• Some simple signatures not currently covered:

Sterile Neutrino:

W+
µ+

N

µ+

e�

⌫̄e

e�
<latexit sha1_base64="+Prgj4dJ2cQd1CMxh1eXpNYsTWM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlyt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6GiNjA==</latexit>

Izaguirre, BS, 1504.02470; see also Helo, Hirsch, Kovalenko, 1312.2900; Cottin, Helo, Hirsch, 1801.02734…

Other production modes: Atre et al., 2009; Basso et al., 2009; Fileviez Perez et al., 2009; Batell, Pospelov, BS, 
2016; Gago et al., 2015; Accomando et al., 2016
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UNCHARTED EXAMPLES
• Some simple signatures not currently covered:

Sterile Neutrino:

W+
µ+

N

µ+

e�

⌫̄e

e�
<latexit sha1_base64="+Prgj4dJ2cQd1CMxh1eXpNYsTWM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlyt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6GiNjA==</latexit>

Izaguirre, BS, 1504.02470; see also Helo, Hirsch, Kovalenko, 1312.2900; Cottin, Helo, Hirsch, 1801.02734…

LLP
Other production modes: Atre et al., 2009; Basso et al., 2009; Fileviez Perez et al., 2009; Batell, Pospelov, BS, 
2016; Gago et al., 2015; Accomando et al., 2016
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UNCHARTED EXAMPLES
• Some simple signatures not currently covered:

Sterile Neutrino:

W+
µ+

N

µ+

e�

⌫̄e

e�
<latexit sha1_base64="+Prgj4dJ2cQd1CMxh1eXpNYsTWM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5NGpeydlyt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6GiNjA==</latexit>

Izaguirre, BS, 1504.02470; see also Helo, Hirsch, Kovalenko, 1312.2900; Cottin, Helo, Hirsch, 1801.02734…

LLP
1 2 5 10 20 5010-7
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0.001

MN HGeVL

»V m
N
2

MN (GeV)
<latexit sha1_base64="IBZ0NPjsbbt7awIe5G1Gh/amcoU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iECqUkVdBl0YVulAr2AU0Ik+mkHTqThJmJUELBX3HjQhG3foc7/8ZJm4W2Hhg4nHMv98zxY0alsqxvo7C0vLK6VlwvbWxube+Yu3ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fijq8zvPBIhaRQ+qHFMXI4GIQ0oRkpLnnlw6905VadacThSQ8HTa9KenHhm2apZU8BFYuekDHI0Pf PL6Uc44SRUmCEpe7YVKzdFQlHMyKTkJJLECI/QgPQ0DREn0k2n8SfwWCt9GERCv1DBqfp7I0VcyjH39WQWUs57mfif10tUcOGmNIwTRUI8OxQkDKoIZl3APhUEKzbWBGFBdVaIh0ggrHRjJV2CPf/lRdKu1+zTWv3+rNy4zOsogkNwBCrABuegAW5AE7QABil4Bq/gzXgyXox342M2WjDynX3wB8bnD8b9lLs=</latexit>

LLP search

8 TeV, 20 fb�1
<latexit sha1_base64="05NOC4oUxWmk9yL5eUjYG+YaH2M=">AAACH3icbVC7TsMwFHXKq5RXgJElokJigCopCDpWsDAWqS+pCZXj3rRWnYdsB6mK8ics/AoLAwghtv4NTtqhtBzL0vG599rHx40YFdI0p1phbX1jc6u4XdrZ3ds/0A+P2iKMOYEWCVnIuy4WwGgALUklg27EAfsug447vs/qnWfggoZBU04icHw8DKhHCZZK6us3dn5H4rIY0pp9oZaP5Yj7SRPaqTpWzUXRc9On5NJK+3rZrJg5jFVizUkZzdHo6z/2ICSxD4EkDAvRs8xIOgnmkhIGacmOBUSYjPEQeooG2AfhJLm31DhTysDwQq52II1cXZxIsC/ExHdVZ+ZTLNcy8b9aL5ZezUloEMUSAjJ7yIuZIUMjC8sYUA5EsokimHCqvBpkhDkmUkVaUiFYy19eJe1qxbqqVB+vy/W7eRxFdIJO0Tmy0C2qowfUQC1E0At6Qx/oU3vV3rUv7XvWWtDmM8foD7TpL3h8opk=</latexit>

13 TeV, 300 fb�1
<latexit sha1_base64="cYgVdE5x3RxsdQuzbru5Yv6v/ks=">AAACIXicbVC7TsMwFHXKq5RXgJElokJigCppkehYwcJYpL6kJlSOe9NadR6yHaQqyq+w8CssDCDUDfEzOGmH0nIsS8fn3msfHzdiVEjT/NYKG5tb2zvF3dLe/sHhkX580hFhzAm0SchC3nOxAEYDaEsqGfQiDth3GXTdyX1W7z4DFzQMWnIagePjUUA9SrBU0kCv2/kdictiSK2afaWWj+WY+0kLOqk61kxzWfXc9Cm5ttKBXjYrZg5jnVgLUkYLNAf6zB6GJPYhkIRhIfqWGUknwVxSwiAt2bGACJMJHkFf0QD7IJwkd5caF0oZGl7I1Q6kkavLEwn2hZj6rurMfIrVWib+V+vH0qs7CQ2iWEJA5g95MTNkaGRxGUPKgUg2VQQTTpVXg4wxx0SqUEsqBGv1y+ukU61YtUr18abcuFvEUURn6BxdIgvdogZ6QE3URgS9oDf0gT61V+1d+9Jm89aCtpg5RX+g/fwCbRqjCg==</latexit>

prompt 
search

excluded

N mixing

Other production modes: Atre et al., 2009; Basso et al., 2009; Fileviez Perez et al., 2009; Batell, Pospelov, BS, 
2016; Gago et al., 2015; Accomando et al., 2016
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UNCHARTED EXAMPLES
Dark Higgs+Dark Photon:

Blinov, Izaguirre, BS, 1710.07635; see also Izaguirre, Stolarski, 1805.12136

�D
<latexit sha1_base64="TEr9H5OD0dV0YJzFyKeGjkUXz8c=">AAACCXicbVBLSgNBFOyJvxh/UZduGoPgKsxEQZdBXbiMYD6QjOFNpydp0t0zdPeIYcgJvIBbvYE7cespvIDnsJPMwiQWPCiq3uMVFcScaeO6305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagWgKWeS1g0znLZiRUEEnDaD4fXEbz5SpVkk780opr6AvmQhI2Cs9NDpgxDQTTtK4Jtxt1hyy+4UeJl4GSmhDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ok09xidW6eEwUnakwVP170UKQuuRCOymADPQi95E/M9rJya89FMm48RQSWaPwoRjE+FJBbjHFCWGjywBopjNiskAFBBji5r78jSLWrDFeIs1LJNGpeydlSt356XqVVZRHh2hY3SKPHSBqugW1VAdEaTQC3pFb86z8+58OJ+z1ZyT3RyiOThfv9OAmuU=</latexit>

�D
<latexit sha1_base64="TEr9H5OD0dV0YJzFyKeGjkUXz8c=">AAACCXicbVBLSgNBFOyJvxh/UZduGoPgKsxEQZdBXbiMYD6QjOFNpydp0t0zdPeIYcgJvIBbvYE7cespvIDnsJPMwiQWPCiq3uMVFcScaeO6305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagWgKWeS1g0znLZiRUEEnDaD4fXEbz5SpVkk780opr6AvmQhI2Cs9NDpgxDQTTtK4Jtxt1hyy+4UeJl4GSmhDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ok09xidW6eEwUnakwVP170UKQuuRCOymADPQi95E/M9rJya89FMm48RQSWaPwoRjE+FJBbjHFCWGjywBopjNiskAFBBji5r78jSLWrDFeIs1LJNGpeydlSt356XqVVZRHh2hY3SKPHSBqugW1VAdEaTQC3pFb86z8+58OJ+z1ZyT3RyiOThfv9OAmuU=</latexit>

�D
<latexit sha1_base64="TEr9H5OD0dV0YJzFyKeGjkUXz8c=">AAACCXicbVBLSgNBFOyJvxh/UZduGoPgKsxEQZdBXbiMYD6QjOFNpydp0t0zdPeIYcgJvIBbvYE7cespvIDnsJPMwiQWPCiq3uMVFcScaeO6305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagWgKWeS1g0znLZiRUEEnDaD4fXEbz5SpVkk780opr6AvmQhI2Cs9NDpgxDQTTtK4Jtxt1hyy+4UeJl4GSmhDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ok09xidW6eEwUnakwVP170UKQuuRCOymADPQi95E/M9rJya89FMm48RQSWaPwoRjE+FJBbjHFCWGjywBopjNiskAFBBji5r78jSLWrDFeIs1LJNGpeydlSt356XqVVZRHh2hY3SKPHSBqugW1VAdEaTQC3pFb86z8+58OJ+z1ZyT3RyiOThfv9OAmuU=</latexit>

Z
<latexit sha1_base64="IQgJCiyqydTjN+ifq7F36BTwv/k=">AAAB/HicbVBLTgJBFHyDP8Qf6tJNR2LiisygiS6JblxCIp8IE9LTvIEOPZ909xjJBC/gVm/gzrj1Ll7Ac9jALASspJNK1Xt51eXFgitt299Wbm19Y3Mrv13Y2d3bPygeHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q79VuPKBWPwns9jtEN6CDkPmdUG6n+0CuW7LI9A1klTkZK kKHWK/50+xFLAgw1E1SpjmPH2k2p1JwJnBS6icKYshEdYMfQkAao3HQWdELOjNInfiTNCzWZqX83UhooNQ48MxlQPVTL3lT8z+sk2r92Ux7GicaQzQ/5iSA6ItNfkz6XyLQYG0KZ5CYrYUMqKdOmm4UrT/OoBVOMs1zDKmlWys5FuVK/LFVvsorycAKncA4OXEEV7qAGDWCA8AKv8GY9W+/Wh/U5H81Z2c4xLMD6+gXeCpVo</latexit>

hD
<latexit sha1_base64="CfUZ9ongaNANNP/SvQcUicXQVXk=">AAACBHicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJdEXbjERB4GJqRTOtDQdiZtx0gmbP0Bt/oH7oxb/8Mf8DssMAsBT9Lk5Jx7c09PEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMYXk/85iNVmkXy3oxi6gvclyxkBBsrPQy6aUcJdDPuFktu2Z0CLRMvIyXIUOsWfzq9iCSCSkM41rrtubHxU6wMI5yOC51E0xiTIe7TtqUSC6r9dBp4jE6s0kNhpOyTBk3VvxspFlqPRGAnBTYDvehNxP+8dmLCSz9lMk4MlWR2KEw4MhGa/B71mKLE8JElmChmsyIywAoTYzuau/I0i1qwxXiLNSyTRqXsnZUrd+el6lVWUR6O4BhOwYMLqMIt1KAOBAS8wCu8Oc/Ou/PhfM5Gc062cwhzcL5+AeLWmLw=</latexit>

µ+
<latexit sha1_base64="IdNEZ4T0h5FDT8L5P3FlQEkpmR0=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIsgCGWmCrosunFZwWkL7VgyaaYNTTJDkhFL6cYfcKt/4E7c+if+gN9h2s7Cth4IHM65l3tywoQzbVz328mtrK6tb+Q3C1vbO7t7xf2Duo5TRahPYh6rZog15UxS3zDDaTNRFIuQ00Y4uJn4jUeqNIvlvRkmNBC4J1nECDZW8tsifTjrFEtu2Z0CLRMvIyXIUOsUf9rdmKSCSkM41rrluYkJRlgZRjgdF9qppgkmA9yjLUslFlQHo2nYMTqxShdFsbJPGjRV/26MsNB6KEI7KbDp60VvIv7ntVITXQUjJpPUUElmh6KUIxOjyc9RlylKDB9agoliNisifawwMbafuStPs6gFW4y3WMMyqVfK3nm5cndRql5nFeXhCI7hFDy4hCrcQg18IMDgBV7hzXl23p0P53M2mnOynUOYg/P1C7valv0=</latexit>

µ�
<latexit sha1_base64="cNht2WPqJ2vJoODd9sjGndc3qX8=">AAACAHicbVDLTgIxFL2DL8QX6tJNIzFxI5lBE10S3bjExAESGEmndKCh7UzajpEQNv6AW/0Dd8atf+IP+B0WmIWAJ2lycs69uacnTDjTxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6zhVhPok5rFqhlhTziT1DTOcNhNFsQg5bYSDm4nfeKRKs1jem2FCA4F7kkWMYGMlvy3Sh7NOseSW3SnQMvEyUoIMtU7xp92NSSqoNIRjrVuem5hghJVhhNNxoZ1qmmAywD3aslRiQXUwmoYdoxOrdFEUK/ukQVP178YIC62HIrSTApu+XvQm4n9eKzXRVTBiMkkNlWR2KEo5MjGa/Bx1maLE8KElmChmsyLSxwoTY/uZu/I0i1qwxXiLNSyTeqXsnZcrdxel6nVWUR6O4BhOwYNLqMIt1MAHAgxe4BXenGfn3flwPmejOSfbOYQ5OF+/vwqW/w==</latexit>

• Z can decay up to 6 leptons!

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f̄
<latexit sha1_base64="kdd5iRIHmJrVimgR3py2ArQHe5o=">AAAB7XicbVDLTgIxFL3FF+ILdemmkZi4IjNookuiG5eYyCOBCemUDlQ67aTtmJAJ/+DGhca49X/c+TcWmIWCZ3Vyzr25554wEdxYz/tGhbX1jc2t4nZpZ3dv/6B8eNQyKtWUNakSSndCYpjgkjUtt4J1Es1IHArWDse3M7/9xLThSj7YScKCmAwljzgl1kmtXkg0jvrlilf15sCrxM9JBXI0+uWv3kDRNGbSUkGM6fpeYoOMaMupYNNSLzUsIXRMhqzrqCQxM0E2TzvFZ04Z4Ei5w0paPFd/b2QkNmYSh24yJnZklr2Z+J/XTW10HWRcJqllki4ORanAVuHZ63jANaNWTBwhVHOXFdMR0YRaV1DJleAvv7xKWrWqf1Gt3V9W6jd5HUU4gVM4Bx+uoA530IAmUHiEZ3iFN6TQC3pHH4vRAsp3juEP0OcPGsKO0Q==</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f̄
<latexit sha1_base64="kdd5iRIHmJrVimgR3py2ArQHe5o=">AAAB7XicbVDLTgIxFL3FF+ILdemmkZi4IjNookuiG5eYyCOBCemUDlQ67aTtmJAJ/+DGhca49X/c+TcWmIWCZ3Vyzr25554wEdxYz/tGhbX1jc2t4nZpZ3dv/6B8eNQyKtWUNakSSndCYpjgkjUtt4J1Es1IHArWDse3M7/9xLThSj7YScKCmAwljzgl1kmtXkg0jvrlilf15sCrxM9JBXI0+uWv3kDRNGbSUkGM6fpeYoOMaMupYNNSLzUsIXRMhqzrqCQxM0E2TzvFZ04Z4Ei5w0paPFd/b2QkNmYSh24yJnZklr2Z+J/XTW10HWRcJqllki4ORanAVuHZ63jANaNWTBwhVHOXFdMR0YRaV1DJleAvv7xKWrWqf1Gt3V9W6jd5HUU4gVM4Bx+uoA530IAmUHiEZ3iFN6TQC3pHH4vRAsp3juEP0OcPGsKO0Q==</latexit>
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UNCHARTED EXAMPLES
Dark Higgs+Dark Photon:

Blinov, Izaguirre, BS, 1710.07635; see also Izaguirre, Stolarski, 1805.12136

�D
<latexit sha1_base64="TEr9H5OD0dV0YJzFyKeGjkUXz8c=">AAACCXicbVBLSgNBFOyJvxh/UZduGoPgKsxEQZdBXbiMYD6QjOFNpydp0t0zdPeIYcgJvIBbvYE7cespvIDnsJPMwiQWPCiq3uMVFcScaeO6305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagWgKWeS1g0znLZiRUEEnDaD4fXEbz5SpVkk780opr6AvmQhI2Cs9NDpgxDQTTtK4Jtxt1hyy+4UeJl4GSmhDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ok09xidW6eEwUnakwVP170UKQuuRCOymADPQi95E/M9rJya89FMm48RQSWaPwoRjE+FJBbjHFCWGjywBopjNiskAFBBji5r78jSLWrDFeIs1LJNGpeydlSt356XqVVZRHh2hY3SKPHSBqugW1VAdEaTQC3pFb86z8+58OJ+z1ZyT3RyiOThfv9OAmuU=</latexit>

�D
<latexit sha1_base64="TEr9H5OD0dV0YJzFyKeGjkUXz8c=">AAACCXicbVBLSgNBFOyJvxh/UZduGoPgKsxEQZdBXbiMYD6QjOFNpydp0t0zdPeIYcgJvIBbvYE7cespvIDnsJPMwiQWPCiq3uMVFcScaeO6305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagWgKWeS1g0znLZiRUEEnDaD4fXEbz5SpVkk780opr6AvmQhI2Cs9NDpgxDQTTtK4Jtxt1hyy+4UeJl4GSmhDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ok09xidW6eEwUnakwVP170UKQuuRCOymADPQi95E/M9rJya89FMm48RQSWaPwoRjE+FJBbjHFCWGjywBopjNiskAFBBji5r78jSLWrDFeIs1LJNGpeydlSt356XqVVZRHh2hY3SKPHSBqugW1VAdEaTQC3pFb86z8+58OJ+z1ZyT3RyiOThfv9OAmuU=</latexit>

�D
<latexit sha1_base64="TEr9H5OD0dV0YJzFyKeGjkUXz8c=">AAACCXicbVBLSgNBFOyJvxh/UZduGoPgKsxEQZdBXbiMYD6QjOFNpydp0t0zdPeIYcgJvIBbvYE7cespvIDnsJPMwiQWPCiq3uMVFcScaeO6305uZXVtfSO/Wdja3tndK+4fNHSUKELrJOKRagWgKWeS1g0znLZiRUEEnDaD4fXEbz5SpVkk780opr6AvmQhI2Cs9NDpgxDQTTtK4Jtxt1hyy+4UeJl4GSmhDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ok09xidW6eEwUnakwVP170UKQuuRCOymADPQi95E/M9rJya89FMm48RQSWaPwoRjE+FJBbjHFCWGjywBopjNiskAFBBji5r78jSLWrDFeIs1LJNGpeydlSt356XqVVZRHh2hY3SKPHSBqugW1VAdEaTQC3pFb86z8+58OJ+z1ZyT3RyiOThfv9OAmuU=</latexit>

Z
<latexit sha1_base64="IQgJCiyqydTjN+ifq7F36BTwv/k=">AAAB/HicbVBLTgJBFHyDP8Qf6tJNR2LiisygiS6JblxCIp8IE9LTvIEOPZ909xjJBC/gVm/gzrj1Ll7Ac9jALASspJNK1Xt51eXFgitt299Wbm19Y3Mrv13Y2d3bPygeHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q79VuPKBWPwns9jtEN6CDkPmdUG6n+0CuW7LI9A1klTkZK kKHWK/50+xFLAgw1E1SpjmPH2k2p1JwJnBS6icKYshEdYMfQkAao3HQWdELOjNInfiTNCzWZqX83UhooNQ48MxlQPVTL3lT8z+sk2r92Ux7GicaQzQ/5iSA6ItNfkz6XyLQYG0KZ5CYrYUMqKdOmm4UrT/OoBVOMs1zDKmlWys5FuVK/LFVvsorycAKncA4OXEEV7qAGDWCA8AKv8GY9W+/Wh/U5H81Z2c4xLMD6+gXeCpVo</latexit>

hD
<latexit sha1_base64="CfUZ9ongaNANNP/SvQcUicXQVXk=">AAACBHicbVDLTgIxFL2DL8QX6tJNIzFxRWbQRJdEXbjERB4GJqRTOtDQdiZtx0gmbP0Bt/oH7oxb/8Mf8DssMAsBT9Lk5Jx7c09PEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMYXk/85iNVmkXy3oxi6gvclyxkBBsrPQy6aUcJdDPuFktu2Z0CLRMvIyXIUOsWfzq9iCSCSkM41rrtubHxU6wMI5yOC51E0xiTIe7TtqUSC6r9dBp4jE6s0kNhpOyTBk3VvxspFlqPRGAnBTYDvehNxP+8dmLCSz9lMk4MlWR2KEw4MhGa/B71mKLE8JElmChmsyIywAoTYzuau/I0i1qwxXiLNSyTRqXsnZUrd+el6lVWUR6O4BhOwYMLqMIt1KAOBAS8wCu8Oc/Ou/PhfM5Gc062cwhzcL5+AeLWmLw=</latexit>

µ+
<latexit sha1_base64="IdNEZ4T0h5FDT8L5P3FlQEkpmR0=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIsgCGWmCrosunFZwWkL7VgyaaYNTTJDkhFL6cYfcKt/4E7c+if+gN9h2s7Cth4IHM65l3tywoQzbVz328mtrK6tb+Q3C1vbO7t7xf2Duo5TRahPYh6rZog15UxS3zDDaTNRFIuQ00Y4uJn4jUeqNIvlvRkmNBC4J1nECDZW8tsifTjrFEtu2Z0CLRMvIyXIUOsUf9rdmKSCSkM41rrluYkJRlgZRjgdF9qppgkmA9yjLUslFlQHo2nYMTqxShdFsbJPGjRV/26MsNB6KEI7KbDp60VvIv7ntVITXQUjJpPUUElmh6KUIxOjyc9RlylKDB9agoliNisifawwMbafuStPs6gFW4y3WMMyqVfK3nm5cndRql5nFeXhCI7hFDy4hCrcQg18IMDgBV7hzXl23p0P53M2mnOynUOYg/P1C7valv0=</latexit>

µ�
<latexit sha1_base64="cNht2WPqJ2vJoODd9sjGndc3qX8=">AAACAHicbVDLTgIxFL2DL8QX6tJNIzFxI5lBE10S3bjExAESGEmndKCh7UzajpEQNv6AW/0Dd8atf+IP+B0WmIWAJ2lycs69uacnTDjTxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6zhVhPok5rFqhlhTziT1DTOcNhNFsQg5bYSDm4nfeKRKs1jem2FCA4F7kkWMYGMlvy3Sh7NOseSW3SnQMvEyUoIMtU7xp92NSSqoNIRjrVuem5hghJVhhNNxoZ1qmmAywD3aslRiQXUwmoYdoxOrdFEUK/ukQVP178YIC62HIrSTApu+XvQm4n9eKzXRVTBiMkkNlWR2KEo5MjGa/Bx1maLE8KElmChmsyLSxwoTY/uZu/I0i1qwxXiLNSyTeqXsnZcrdxel6nVWUR6O4BhOwYNLqMIt1MAHAgxe4BXenGfn3flwPmejOSfbOYQ5OF+/vwqW/w==</latexit>

• Z can decay up to 6 leptons!

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f̄
<latexit sha1_base64="kdd5iRIHmJrVimgR3py2ArQHe5o=">AAAB7XicbVDLTgIxFL3FF+ILdemmkZi4IjNookuiG5eYyCOBCemUDlQ67aTtmJAJ/+DGhca49X/c+TcWmIWCZ3Vyzr25554wEdxYz/tGhbX1jc2t4nZpZ3dv/6B8eNQyKtWUNakSSndCYpjgkjUtt4J1Es1IHArWDse3M7/9xLThSj7YScKCmAwljzgl1kmtXkg0jvrlilf15sCrxM9JBXI0+uWv3kDRNGbSUkGM6fpeYoOMaMupYNNSLzUsIXRMhqzrqCQxM0E2TzvFZ04Z4Ei5w0paPFd/b2QkNmYSh24yJnZklr2Z+J/XTW10HWRcJqllki4ORanAVuHZ63jANaNWTBwhVHOXFdMR0YRaV1DJleAvv7xKWrWqf1Gt3V9W6jd5HUU4gVM4Bx+uoA530IAmUHiEZ3iFN6TQC3pHH4vRAsp3juEP0OcPGsKO0Q==</latexit>

f
<latexit sha1_base64="aj1VrWgqSrqkgqJ/bLgtsTmRK/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzD+M7g==</latexit>

f̄
<latexit sha1_base64="kdd5iRIHmJrVimgR3py2ArQHe5o=">AAAB7XicbVDLTgIxFL3FF+ILdemmkZi4IjNookuiG5eYyCOBCemUDlQ67aTtmJAJ/+DGhca49X/c+TcWmIWCZ3Vyzr25554wEdxYz/tGhbX1jc2t4nZpZ3dv/6B8eNQyKtWUNakSSndCYpjgkjUtt4J1Es1IHArWDse3M7/9xLThSj7YScKCmAwljzgl1kmtXkg0jvrlilf15sCrxM9JBXI0+uWv3kDRNGbSUkGM6fpeYoOMaMupYNNSLzUsIXRMhqzrqCQxM0E2TzvFZ04Z4Ei5w0paPFd/b2QkNmYSh24yJnZklr2Z+J/XTW10HWRcJqllki4ORanAVuHZ63jANaNWTBwhVHOXFdMR0YRaV1DJleAvv7xKWrWqf1Gt3V9W6jd5HUU4gVM4Bx+uoA530IAmUHiEZ3iFN6TQC3pHH4vRAsp3juEP0OcPGsKO0Q==</latexit>LLP
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UNCHARTED EXAMPLES
Dark Higgs+Dark Photon:

Blinov, Izaguirre, BS, 1710.07635; see also Izaguirre, Stolarski, 1805.12136
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• Z can decay up to 6 leptons!
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FIG. 5: Projected sensitivity to the scenario where mhD < mA0 , which gives rise to displaced decays of the dark
Higgs. Projections are shown for

p
s = 13 TeV and L = 40 fb�1. In the top panel, we compute the sensitivity for 10

signal events after cuts to " in the (mA0 , ") plane for di↵erent values of mhD (labeled in GeV); for each mA0 point we
have selected the hD lifetime that gives the optimal reach in ". In the bottom panel we compute the expected
sensitivity in the (mA0 , c⌧hD) plane for mhD = 15 GeV. The projected reach of the displaced search exceeds the
existing constraints from electroweak precision observables (LHCb prompt search, showing the envelope of the
exclusion contour) within the solid (dotted) black contours.

V. DISCUSSION AND CONCLUSIONS

In this article, we have shown that rare decays of the
Standard Model Z boson are powerful probes of hidden
sectors. Using a dark Abelian Higgs model as a bench-
mark, we have demonstrated how studying rare Z decays
into hidden sector particles can allow for the discovery of
exotic particles through the same interactions responsible
for generating hidden-sector particle masses.

Z decays into hidden-sector particles typically give rise

to large multiplicities of soft particles. When the hidden-
sector particles can decay leptonically, such as in the dark
Abelian Higgs scenario, this results in striking events
with up to six soft leptons. We have demonstrated a
range of prompt and displaced signatures that can oc-
cur in this model, providing a path for experimentally
discovering or constraining these new particles.

Crucial to the success of the strategies we outline in
this article is the fact that trigger and reconstruction
thresholds for leptons must be kept low. Because the Z
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Particles beyond the Standard Model (SM) can generically have lifetimes that are long compared
to SM particles at the weak scale. When produced at experiments such as the Large Hadron Col-
lider (LHC) at CERN, these long-lived particles (LLPs) can decay far from the interaction vertex
of the primary proton-proton collision. Such LLP signatures are distinct from those of promptly
decaying particles that are targeted by the majority of searches for new physics at the LHC, often
requiring customized techniques to identify, for example, significantly displaced decay vertices,
tracks with atypical properties, and short track segments. Given their non-standard nature, a com-
prehensive overview of LLP signatures at the LHC is beneficial to ensure that possible avenues
of the discovery of new physics are not overlooked. Here we report on the joint work of a com-
munity of theorists and experimentalists with the ATLAS, CMS, and LHCb experiments — as well
as those working on dedicated experiments such as MoEDAL, milliQan, MATHUSLA, CODEX-
b, and FASER — to survey the current state of LLP searches at the LHC, and to chart a path for
the development of LLP searches into the future, both in the upcoming Run 3 and at the High-
Luminosity LHC. The work is organized around the current and future potential capabilities of LHC
experiments to generally discover new LLPs, and takes a signature-based approach to surveying
classes of models that give rise to LLPs rather than emphasizing any particular theory motiva-
tion. We develop a set of simplified models; assess the coverage of current searches; document
known, often unexpected backgrounds; explore the capabilities of proposed detector upgrades;
provide recommendations for the presentation of search results; and look towards the newest
frontiers, namely high-multiplicity “dark showers”, highlighting opportunities for expanding the LHC
reach for these signals.
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1 Recently, a comprehensive collec-
tion of the vast array of theoretical
frameworks within which LLPs nat-
urally arise has been assembled as
part of the physics case document
for the proposed MATHUSLA exper-
iment [2]. Because the focus of the
current document is on the experimen-
tal signatures of LLPs and explicitly
not the theories that predict them,
the combination of the MATHUSLA
physics case document (and the large
number of references therein) and the
present document can be considered,
together, a comprehensive view of the
present status of theoretical motivation
and experimental possibilities for the
potential discovery of LLPs produced
at the interaction points of the Large
Hadron Collider.

1
Introduction

Document editors: James Beacham, Brian Shuve

Particles in the Standard Model (SM) have lifetimes spanning an
enormous range of magnitudes, from the Z boson (t ⇠ 2 ⇥ 10�25 s)
through to the proton (t & 1034 years) and electron (stable).
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Figure 1.1: Particle lifetime ct, expressed in meters, as a function
of particle mass, expressed in GeV, for a variety of particles in the
Standard Model [1].

Similarly, models beyond the SM (BSM) typically predict new
particles with a variety of lifetimes. In particular, new weak-scale
particles can easily have long lifetimes for several reasons, includ-
ing approximate symmetries that stabilize the long-lived particle
(LLP), small couplings between the LLP and lighter states, and sup-
pressed phase space available for decays. For particles moving close
to the speed of light, this can lead to macroscopic, detectable dis-
placements between the production and decay points of an unstable
particle for ct & 10 µm. 1

The experimental signatures of LLPs at the LHC are varied and,
by nature, are often very different from signals of SM processes. For
example, LLP signatures can include tracks with unusual ionization
and propagation properties; small, localized deposits of energy in-
side of the calorimeters without associated tracks; stopped particles
that decay out of time with collisions; displaced vertices in the inner

J. Alimena et al., arXiv:1903.04497, submitted to J Phys G
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<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

q
<latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit>

q
<latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit>

V
<latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit><latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit><latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit><latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit>

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

p
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X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

q
<latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit>

q
<latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit>

V
<latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit><latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit><latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit><latexit sha1_base64="Bu6cEyA+ShmszW4pUUbc6t50E28=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMG2hDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8hOYyu</latexit>

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>
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SM
<latexit sha1_base64="6IAgIDSN23RjSUB1+4lALTPryZc=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevEiVHRtYbuUbJptQ5PNkmSFsvRnePGg4tV/481/Y7bdg1YHAsPMe2TeRCln2rjul1NZWl5ZXauu1zY2t7Z36rt7D1pmilCfSC5VN8KacpZQ3zDDaTdVFIuI0040vir8ziNVmsnk3kxSGgo8TFjMCDZWCnoCm5ES+d3NtF9vuE13BvSXeCVpQIl2v/7ZG0iSCZoYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLEyyoDvNZ5Ck6ssoAxVLZlxg0U39u5FhoPRGRnSwi6kWvEP/zgszE52HOkjQzNCHzj+KMIyNRcT8aMEWJ4RNLMFHMZkVkhBUmxrZUsyV4iyf/Jf5J86Lp3Z42WpdlG1U4gEM4Bg/OoAXX0AYfCEh4ghd4dYzz7Lw57/PRilPu7MMvOB/f8DKROQ==</latexit><latexit sha1_base64="6IAgIDSN23RjSUB1+4lALTPryZc=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevEiVHRtYbuUbJptQ5PNkmSFsvRnePGg4tV/481/Y7bdg1YHAsPMe2TeRCln2rjul1NZWl5ZXauu1zY2t7Z36rt7D1pmilCfSC5VN8KacpZQ3zDDaTdVFIuI0040vir8ziNVmsnk3kxSGgo8TFjMCDZWCnoCm5ES+d3NtF9vuE13BvSXeCVpQIl2v/7ZG0iSCZoYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLEyyoDvNZ5Ck6ssoAxVLZlxg0U39u5FhoPRGRnSwi6kWvEP/zgszE52HOkjQzNCHzj+KMIyNRcT8aMEWJ4RNLMFHMZkVkhBUmxrZUsyV4iyf/Jf5J86Lp3Z42WpdlG1U4gEM4Bg/OoAXX0AYfCEh4ghd4dYzz7Lw57/PRilPu7MMvOB/f8DKROQ==</latexit><latexit sha1_base64="6IAgIDSN23RjSUB1+4lALTPryZc=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevEiVHRtYbuUbJptQ5PNkmSFsvRnePGg4tV/481/Y7bdg1YHAsPMe2TeRCln2rjul1NZWl5ZXauu1zY2t7Z36rt7D1pmilCfSC5VN8KacpZQ3zDDaTdVFIuI0040vir8ziNVmsnk3kxSGgo8TFjMCDZWCnoCm5ES+d3NtF9vuE13BvSXeCVpQIl2v/7ZG0iSCZoYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLEyyoDvNZ5Ck6ssoAxVLZlxg0U39u5FhoPRGRnSwi6kWvEP/zgszE52HOkjQzNCHzj+KMIyNRcT8aMEWJ4RNLMFHMZkVkhBUmxrZUsyV4iyf/Jf5J86Lp3Z42WpdlG1U4gEM4Bg/OoAXX0AYfCEh4ghd4dYzz7Lw57/PRilPu7MMvOB/f8DKROQ==</latexit><latexit sha1_base64="6IAgIDSN23RjSUB1+4lALTPryZc=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevEiVHRtYbuUbJptQ5PNkmSFsvRnePGg4tV/481/Y7bdg1YHAsPMe2TeRCln2rjul1NZWl5ZXauu1zY2t7Z36rt7D1pmilCfSC5VN8KacpZQ3zDDaTdVFIuI0040vir8ziNVmsnk3kxSGgo8TFjMCDZWCnoCm5ES+d3NtF9vuE13BvSXeCVpQIl2v/7ZG0iSCZoYwrHWgeemJsyxMoxwOq31Mk1TTMZ4SANLEyyoDvNZ5Ck6ssoAxVLZlxg0U39u5FhoPRGRnSwi6kWvEP/zgszE52HOkjQzNCHzj+KMIyNRcT8aMEWJ4RNLMFHMZkVkhBUmxrZUsyV4iyf/Jf5J86Lp3Z42WpdlG1U4gEM4Bg/OoAXX0AYfCEh4ghd4dYzz7Lw57/PRilPu7MMvOB/f8DKROQ==</latexit>

q
<latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit>

q̄�
<latexit sha1_base64="2/RwkOVXj4zpZwN9ObMnYU6z7vI=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ6KokI6q3oxWMFYwttKJPtpl262cTdjVBCf4QXDype/T/e/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIpynyaiES1QtRMcMl8w41grVQxjEPBmuHwZuI3n5jSPJH3ZpSyIMa+5BGnaKzU7ISoyONJt1J1a+4UZJF4BalCgUa38tXpJTSLmTRUoNZtz01NkKMynAo2LncyzVKkQ+yztqUSY6aDfHrumBxbpUeiRNmShkzV3xM5xlqP4tB2xmgGet6biP957cxEl0HOZZoZJulsUZQJYhIy+Z30uGLUiJElSBW3txI6QIXU2ITKNgRv/uVF4p/Vrmre3Xm1fl2kUYJDOIJT8OAC6nALDfCBwhCe4RXenNR5cd6dj1nrklPMHMAfOJ8/+MyO3Q==</latexit><latexit sha1_base64="2/RwkOVXj4zpZwN9ObMnYU6z7vI=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ6KokI6q3oxWMFYwttKJPtpl262cTdjVBCf4QXDype/T/e/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIpynyaiES1QtRMcMl8w41grVQxjEPBmuHwZuI3n5jSPJH3ZpSyIMa+5BGnaKzU7ISoyONJt1J1a+4UZJF4BalCgUa38tXpJTSLmTRUoNZtz01NkKMynAo2LncyzVKkQ+yztqUSY6aDfHrumBxbpUeiRNmShkzV3xM5xlqP4tB2xmgGet6biP957cxEl0HOZZoZJulsUZQJYhIy+Z30uGLUiJElSBW3txI6QIXU2ITKNgRv/uVF4p/Vrmre3Xm1fl2kUYJDOIJT8OAC6nALDfCBwhCe4RXenNR5cd6dj1nrklPMHMAfOJ8/+MyO3Q==</latexit><latexit sha1_base64="2/RwkOVXj4zpZwN9ObMnYU6z7vI=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ6KokI6q3oxWMFYwttKJPtpl262cTdjVBCf4QXDype/T/e/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIpynyaiES1QtRMcMl8w41grVQxjEPBmuHwZuI3n5jSPJH3ZpSyIMa+5BGnaKzU7ISoyONJt1J1a+4UZJF4BalCgUa38tXpJTSLmTRUoNZtz01NkKMynAo2LncyzVKkQ+yztqUSY6aDfHrumBxbpUeiRNmShkzV3xM5xlqP4tB2xmgGet6biP957cxEl0HOZZoZJulsUZQJYhIy+Z30uGLUiJElSBW3txI6QIXU2ITKNgRv/uVF4p/Vrmre3Xm1fl2kUYJDOIJT8OAC6nALDfCBwhCe4RXenNR5cd6dj1nrklPMHMAfOJ8/+MyO3Q==</latexit><latexit sha1_base64="2/RwkOVXj4zpZwN9ObMnYU6z7vI=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ6KokI6q3oxWMFYwttKJPtpl262cTdjVBCf4QXDype/T/e/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vYfdJIpynyaiES1QtRMcMl8w41grVQxjEPBmuHwZuI3n5jSPJH3ZpSyIMa+5BGnaKzU7ISoyONJt1J1a+4UZJF4BalCgUa38tXpJTSLmTRUoNZtz01NkKMynAo2LncyzVKkQ+yztqUSY6aDfHrumBxbpUeiRNmShkzV3xM5xlqP4tB2xmgGet6biP957cxEl0HOZZoZJulsUZQJYhIy+Z30uGLUiJElSBW3txI6QIXU2ITKNgRv/uVF4p/Vrmre3Xm1fl2kUYJDOIJT8OAC6nALDfCBwhCe4RXenNR5cd6dj1nrklPMHMAfOJ8/+MyO3Q==</latexit>

SM±
<latexit sha1_base64="p4UsCnpnblnVmCyhp7ZsZ+QNjnU=">AAAB93icbVBNS8NAFHypX7V+NOrRS7AInkoignorevEiVDS20MSy2W7apbubsLsRaugv8eJBxat/xZv/xm2bg7YOLAwz7/FmJ0oZVdp1v63S0vLK6lp5vbKxubVdtXd271WSSUx8nLBEtiOkCKOC+JpqRtqpJIhHjLSi4eXEbz0SqWgi7vQoJSFHfUFjipE2UteuBhzpgeT57fX4IUh51665dXcKZ5F4BalBgWbX/gp6Cc44ERozpFTHc1Md5khqihkZV4JMkRThIeqTjqECcaLCfBp87BwapefEiTRPaGeq/t7IEVdqxCMzOYmp5r2J+J/XyXR8FuZUpJkmAs8OxRlzdOJMWnB6VBKs2cgQhCU1WR08QBJhbbqqmBK8+S8vEv+4fl73bk5qjYuijTLswwEcgQen0IAraIIPGDJ4hld4s56sF+vd+piNlqxiZw/+wPr8AXdnkyk=</latexit><latexit sha1_base64="p4UsCnpnblnVmCyhp7ZsZ+QNjnU=">AAAB93icbVBNS8NAFHypX7V+NOrRS7AInkoignorevEiVDS20MSy2W7apbubsLsRaugv8eJBxat/xZv/xm2bg7YOLAwz7/FmJ0oZVdp1v63S0vLK6lp5vbKxubVdtXd271WSSUx8nLBEtiOkCKOC+JpqRtqpJIhHjLSi4eXEbz0SqWgi7vQoJSFHfUFjipE2UteuBhzpgeT57fX4IUh51665dXcKZ5F4BalBgWbX/gp6Cc44ERozpFTHc1Md5khqihkZV4JMkRThIeqTjqECcaLCfBp87BwapefEiTRPaGeq/t7IEVdqxCMzOYmp5r2J+J/XyXR8FuZUpJkmAs8OxRlzdOJMWnB6VBKs2cgQhCU1WR08QBJhbbqqmBK8+S8vEv+4fl73bk5qjYuijTLswwEcgQen0IAraIIPGDJ4hld4s56sF+vd+piNlqxiZw/+wPr8AXdnkyk=</latexit><latexit sha1_base64="p4UsCnpnblnVmCyhp7ZsZ+QNjnU=">AAAB93icbVBNS8NAFHypX7V+NOrRS7AInkoignorevEiVDS20MSy2W7apbubsLsRaugv8eJBxat/xZv/xm2bg7YOLAwz7/FmJ0oZVdp1v63S0vLK6lp5vbKxubVdtXd271WSSUx8nLBEtiOkCKOC+JpqRtqpJIhHjLSi4eXEbz0SqWgi7vQoJSFHfUFjipE2UteuBhzpgeT57fX4IUh51665dXcKZ5F4BalBgWbX/gp6Cc44ERozpFTHc1Md5khqihkZV4JMkRThIeqTjqECcaLCfBp87BwapefEiTRPaGeq/t7IEVdqxCMzOYmp5r2J+J/XyXR8FuZUpJkmAs8OxRlzdOJMWnB6VBKs2cgQhCU1WR08QBJhbbqqmBK8+S8vEv+4fl73bk5qjYuijTLswwEcgQen0IAraIIPGDJ4hld4s56sF+vd+piNlqxiZw/+wPr8AXdnkyk=</latexit><latexit sha1_base64="p4UsCnpnblnVmCyhp7ZsZ+QNjnU=">AAAB93icbVBNS8NAFHypX7V+NOrRS7AInkoignorevEiVDS20MSy2W7apbubsLsRaugv8eJBxat/xZv/xm2bg7YOLAwz7/FmJ0oZVdp1v63S0vLK6lp5vbKxubVdtXd271WSSUx8nLBEtiOkCKOC+JpqRtqpJIhHjLSi4eXEbz0SqWgi7vQoJSFHfUFjipE2UteuBhzpgeT57fX4IUh51665dXcKZ5F4BalBgWbX/gp6Cc44ERozpFTHc1Md5khqihkZV4JMkRThIeqTjqECcaLCfBp87BwapefEiTRPaGeq/t7IEVdqxCMzOYmp5r2J+J/XyXR8FuZUpJkmAs8OxRlzdOJMWnB6VBKs2cgQhCU1WR08QBJhbbqqmBK8+S8vEv+4fl73bk5qjYuijTLswwEcgQen0IAraIIPGDJ4hld4s56sF+vd+piNlqxiZw/+wPr8AXdnkyk=</latexit>

X0
<latexit sha1_base64="Q9fzWSd09bxDW3zFD3/w8py7Jww=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttLJvtpl262YTdiVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbT1wbkah7HKU8iGlfiUgwila6az263UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+lWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AEXOjVI=</latexit><latexit sha1_base64="Q9fzWSd09bxDW3zFD3/w8py7Jww=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttLJvtpl262YTdiVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbT1wbkah7HKU8iGlfiUgwila6az263UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+lWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AEXOjVI=</latexit><latexit sha1_base64="Q9fzWSd09bxDW3zFD3/w8py7Jww=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttLJvtpl262YTdiVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbT1wbkah7HKU8iGlfiUgwila6az263UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+lWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AEXOjVI=</latexit><latexit sha1_base64="Q9fzWSd09bxDW3zFD3/w8py7Jww=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWNFYwttLJvtpl262YTdiVBCf4IXDype/Ufe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPJsk04z5LZKJbITVcCsV9FCh5K9WcxqHkzXB4PfGbT1wbkah7HKU8iGlfiUgwila6az263UrVrblTkEXiFaQKBRrdylenl7As5gqZpMa0PTfFIKcaBZN8XO5khqeUDWmfty1VNOYmyKenjsmxVXokSrQthWSq/p7IaWzMKA5tZ0xxYOa9ifif184wughyodIMuWKzRVEmCSZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2xC8+ZcXiX9au6x5t2fV+lWRRgkO4QhOwINzqMMNNMAHBn14hld4c6Tz4rw7H7PWJaeYOYA/cD5/AEXOjVI=</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

Z �
<latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit><latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit><latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit><latexit sha1_base64="uIXTa+JibmGWf7JWSLPL/+WbZhs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9FLx6rGFtsS9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGPosFrFqBlSj4BJ9w43AZqKQRoHARjC8nviNJ1Sax/LejBLsRLQvecgZNVa6ezzulitu1Z2CLBIvJxXIUe+Wv9q9mKURSsME1brluYnpZFQZzgSOS+1UY0LZkPaxZamkEepONr10TI6s0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/zWqkJLzoZl0lqULLZojAVxMRk8jbpcYXMiJEllClubyVsQBVlxoZTsiF48y8vEv+0eln1bs8qtas8jSIcwCGcgAfnUIMbqIMPDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AId3jOM=</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

X
<latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit><latexit sha1_base64="od3efEfProDBo/UueZvfo0/ONKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAkP4yw</latexit>

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

g
<latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit><latexit sha1_base64="xFH30m88TT9fILn9dXgteByhM6E=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA67Iy/</latexit>

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

q
<latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit><latexit sha1_base64="83fwI0nShfakYn4NGBxfM07bbHI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtu1m03c3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0M/WbT6g0j+WdGScYRHQgeZ8zaqzUeOyWK27VnYEsEy8nFchR75a/Or2YpRFKwwTVuu25iQkyqgxnAielTqoxoWxEB9i2VNIIdZDNDp2QE6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PQvg4zLJDUo2XxRPxXExGT6NelxhcyIsSWUKW5vJWxIFWXGZlOyIXiLLy8T/6x6VfUa55XadZ5GEY7gGE7BgwuowS3UwQcGCM/wCm/Og/PivDsf89aCk88cwh84nz9KCozJ</latexit>
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Figure 2.1: Schematic illustrations of LLP production modes in
our simplified model framework. From top to bottom and left
to right: direct pair production (DPP); heavy parent (HP); Higgs
modes (HIG), including gluon fusion and VBF production (not
shown here is VH production); heavy resonance (RES); charged
current (CC).

2.3.1 Production Modes

Motivated by our over-arching UV frameworks, we can identify a
minimal set of interesting production modes for LLPs. Schematic
diagrams for each production mode are shown in Figure 2.1. These
production modes determine LLP signal rates both by relating the
LLP production cross section to meaningful theory parameters
such as gauge charges or Higgs couplings, and by determining the
kinematic distribution of the LLP. Additionally, a given production
mechanism also makes clear predictions for the number and type
of prompt objects accompanying the LLP(s). These prompt AOs can
be important for both triggering on events with LLPs and for back-
ground rejection, particularly when the LLP has a low mass or de-
cays purely hadronically, and they can be either SM states (leptons,
/ET, tagging jets) or BSM objects such as Z0 or dark photons [150,
177, 178].

• Direct-Pair Production (DPP): here the LLP is dominantly pair-
produced non-resonantly from SM initial states. This is most
straightforwardly obtained when the LLP is charged under a
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Particles beyond the Standard Model (SM) can generically have lifetimes that are long compared
to SM particles at the weak scale. When produced at experiments such as the Large Hadron Col-
lider (LHC) at CERN, these long-lived particles (LLPs) can decay far from the interaction vertex
of the primary proton-proton collision. Such LLP signatures are distinct from those of promptly
decaying particles that are targeted by the majority of searches for new physics at the LHC, often
requiring customized techniques to identify, for example, significantly displaced decay vertices,
tracks with atypical properties, and short track segments. Given their non-standard nature, a com-
prehensive overview of LLP signatures at the LHC is beneficial to ensure that possible avenues
of the discovery of new physics are not overlooked. Here we report on the joint work of a com-
munity of theorists and experimentalists with the ATLAS, CMS, and LHCb experiments — as well
as those working on dedicated experiments such as MoEDAL, milliQan, MATHUSLA, CODEX-
b, and FASER — to survey the current state of LLP searches at the LHC, and to chart a path for
the development of LLP searches into the future, both in the upcoming Run 3 and at the High-
Luminosity LHC. The work is organized around the current and future potential capabilities of LHC
experiments to generally discover new LLPs, and takes a signature-based approach to surveying
classes of models that give rise to LLPs rather than emphasizing any particular theory motiva-
tion. We develop a set of simplified models; assess the coverage of current searches; document
known, often unexpected backgrounds; explore the capabilities of proposed detector upgrades;
provide recommendations for the presentation of search results; and look towards the newest
frontiers, namely high-multiplicity “dark showers”, highlighting opportunities for expanding the LHC
reach for these signals.

Editors:
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ment Editor, Simplified Models), Martino Borsato(3) (Backgrounds, Upgrades), Yangyang Cheng(4)

(Upgrades), Xabier Cid Vidal(5) (Experimental Coverage), Giovanna Cottin(6) (Simplified Mod-
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pretations), David Curtin(9) (Simplified Models), Jared A. Evans(10) (Simplified Models, Exper-
imental Coverage), Simon Knapen(11) (Dark Showers), Sabine Kraml(12) (Reinterpretations),
Andre Lessa(13) (Reinterpretations), Zhen Liu(14) (Simplified Models, Backgrounds, Reinterpre-
tations), Sascha Mehlhase(15) (Backgrounds), Michael J. Ramsey-Musolf(16) (Simplified Models),
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1 Recently, a comprehensive collec-
tion of the vast array of theoretical
frameworks within which LLPs nat-
urally arise has been assembled as
part of the physics case document
for the proposed MATHUSLA exper-
iment [2]. Because the focus of the
current document is on the experimen-
tal signatures of LLPs and explicitly
not the theories that predict them,
the combination of the MATHUSLA
physics case document (and the large
number of references therein) and the
present document can be considered,
together, a comprehensive view of the
present status of theoretical motivation
and experimental possibilities for the
potential discovery of LLPs produced
at the interaction points of the Large
Hadron Collider.

1
Introduction

Document editors: James Beacham, Brian Shuve

Particles in the Standard Model (SM) have lifetimes spanning an
enormous range of magnitudes, from the Z boson (t ⇠ 2 ⇥ 10�25 s)
through to the proton (t & 1034 years) and electron (stable).
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Figure 1.1: Particle lifetime ct, expressed in meters, as a function
of particle mass, expressed in GeV, for a variety of particles in the
Standard Model [1].

Similarly, models beyond the SM (BSM) typically predict new
particles with a variety of lifetimes. In particular, new weak-scale
particles can easily have long lifetimes for several reasons, includ-
ing approximate symmetries that stabilize the long-lived particle
(LLP), small couplings between the LLP and lighter states, and sup-
pressed phase space available for decays. For particles moving close
to the speed of light, this can lead to macroscopic, detectable dis-
placements between the production and decay points of an unstable
particle for ct & 10 µm. 1

The experimental signatures of LLPs at the LHC are varied and,
by nature, are often very different from signals of SM processes. For
example, LLP signatures can include tracks with unusual ionization
and propagation properties; small, localized deposits of energy in-
side of the calorimeters without associated tracks; stopped particles
that decay out of time with collisions; displaced vertices in the inner

J. Alimena et al., arXiv:1903.04497, submitted to J Phys G

LLP potential & 
studies with 

upgraded detectors

high multiplicities 
of LLPs, dark 

showers
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WHAT’S NEXT AT LHC?
• LHCb trigger upgrade will allow fully online reconstruction in LHC 

Run 3 (starting 2021)

• LHCb prospects generally under-explored
see P. Ilten et al., 2016; A. Pierce et al., 2017; S. Antusch et al., 2017; BS, Peskin, 2016 

Examples of new ideas:

• Search for “true muonium” in 
displaced e+e�
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• Search for displaced hadronic 
LLPs in exclusive decays

Cid Vidal, Ilten, Plews, BS, Soreq, in progress

Cid Vidal, Pospelov, BS, Tsai, Zurita, in progress
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WHAT’S NEXT AT LHC?

detector upgrades 
(see Zhen’s talk!)

new LHC detectors (see 
Gaia’s & Iftah’s talk!)
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LOWER ENERGY PROBES
• B factories are lower energy but high 

intensity: best current sensitivity to many 
hidden sectors! (see Gerald’s talk!)

• There currently aren’t many 
LLP searches

Blinov, BS, in progress

• Simple model:
e+e� ! �A0, A0 ! XX
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NEW PARTICLES & PARADIGMS
• Expanding interest in LLPs from hidden sectors and other 

theoretical motivations

• Exquisite understanding of detectors allows for ultra low 
backgrounds for LLP searches

• Growing excitement means more resources and person-power for 
LLP searches

• Upgrades to LHC detectors leading to new ideas for LLP 
reconstruction

• Plethora of new low-energy experiments probing very light, very 
rare production of LLPs
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BACKUP SLIDES
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WHY LONG-LIVED PARTICLES?
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• What could make � ⌧ M?
<latexit sha1_base64="NnlTb41nwOj7U0Lx4s2dga0GW90=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgt4setCLUMF+QHcp2TRtQ5PsmmQLZenv8OJBEa/+GG/+G9N2D9r6YODx3gwz88KYM21c99vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Qa8qZpHXDDKetWFEsQk6b4fBm6jdHVGkWyUczjmkgcF+yHiPYWCnwb7EQGPmco/urTrHklt0Z0DLxMlKCDLVO8cvvRiQRVBrCsdZtz41NkGJlGOF0UvATTWNMhrhP25ZKLKgO0tnRE3RilS7qRcqWNGim/p5IsdB6LELbKbAZ6EVvKv7ntRPTuwxSJuPEUEnmi3oJRyZC0wRQlylKDB9bgoli9lZEBlhhYmxOBRuCt/jyMmlUyt5ZufJwXqpeZ3Hk4QiO4RQ8uIAq3EEN6kDgCZ7hFd6ckfPivDsf89ack80cwh84nz9355E/</latexit>

Symmetries/off-
shell decays:

Small phase space:

W+
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• But are events even recorded/reconstructed?
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WHAT’S NEXT AT LHC?
• True muonium
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e+e�) ⇡ 98%, while the sub-dominant decay mode has
BR(TM ! 3�) ⇡ 1.7% . The TM lifetime at leading
order is

⌧TM ⇡ 6

↵5mµ
⇡ 1.8 ⇥ 10�12 sec . (4)

Given the expected boost of TM within LHCb and the
relatively long proper lifetime of 0.53mm, the decay of
TM into e+e� within LHCb will typically produce a re-
solvable displaced vertex. Higher order predictions of
the mass and lifetime than those derived here are avail-
able [21, 23]; however, it is unlikely that LHCb will be
sensitive to these higher order corrections.

III. DISSOCIATION OF TRUE MUONIUM

Because TM is a bound state rather than an ele-
mentary particle, there are some significant di↵erences
between TM and dark photon phenomonology. Most
importantly, TM can disassociate when the constituent
muons of the bound state interact with the detector ma-
terial, resulting in a separated µ+ and µ� with an invari-
ant mass near the mass of TM, mTM.

The TM disassociation cross section is estimated to
be [24, 25] �TM!µµ ⇡ 13Z2 b , where Z is the atomic
number of the material inducing the dissociation. The
bulk of the material traversed by TM within LHCb prior
to its decay is the aluminum RF-foil and the silicon
VELO sensors. Since both aluminum and silicon have
similar Z and number densities, the mean free path for
TM traversing the material of the detector is,

��1 = �TM!µµna ⇡ 13mm�1 , (5)

where the number density is na ⇡ 6.0 (5.0) ⇥
1019 atoms/mm3 [26] and Z = 13 (14) for alu-
minum (silicon). Thus, the probability of TM dissoci-
ating is given by

Pdis = 1 � e�x/� , (6)

where x is the distance of the material traversed. The
RF-foil has a nominal width of 0.2mm and the VELO
sensors a nominal width of 0.25mm. Consequently, every
encounter of TM with material in the VELO results in
a minimum dissociation probability of Pdis & 90%.

Given the expected material budget of the LHCb de-
tector during Run 3 [27], the boost distribution for TM
produced within LHCb acceptance, and Pdis, roughly
half of the TM produced is expected to dissociate with-
out decaying into an e+e� final state. The radial flight
distance distribution of the TM which does decay into
e+e�, is compared to the expected e+e� background
in Fig. 1. On average, TM has a higher boost than
the background, resulting in a flatter distribution that
is abruptly truncated by dissociation.

This dissociation gives rise to a signal of µ+µ� origi-
nating from the regions of high material density at LHCb.

0 2 4 6 8 10

radial flight distance [mm]
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1 ]
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FIG. 1: Normalized radial flight distance distributions for
(blue) the TM ! e+e� signal and (red) the e+e� background
from B-hadron decays.

While nearly half of the TM produced is a considerable
fraction of the total signal, the dissociated µ+µ� signal is
di�cult to reconstruct and su↵ers from large irreducible
backgrounds. The two muons will be nearly collinear
and will typically share hits within the VELO, resulting
in poorly defined tracks. Additionally, since the disso-
ciation occurs in material, the conversion background of
� ! µ+µ� can no longer be eliminated with a material
veto without eliminating the signal itself. Therefore, for
the remainder of the paper we focus on the 50% of signal
events which decay via TM ! e+e�.

IV. PROPOSED LHCB SEARCH

We propose searching for TM as a displaced e+e�

resonance. Since TM behaves like a dark photon, the
signal rate can be calculated directly from the o↵-shell
photon rate as given by the prompt e+e� spectrum
data [14, 28, 29]. For any initial (Y ) and final (X) states,
the ratio between the number of Y ! X TM ! X e+e�

events, STM, and the number of prompt e+e� events,
Y ! X�⇤ ! Xe+e�, BEM, is fixed. For the e+e� in-
variant mass within the range of |mee � mTM| < 2�mee ,
where �mee is the e+e� invariant mass resolution, this
ratio is given by

STM
BEM

⇡ 3⇡

16

mµ

�mee

↵3 ⇡ 20MeV

�mee

1.2 ⇥ 10�6 . (7)

The dominant source of o↵-shell photons in the mass
range mTM ⇡ 211 MeV is from ⌘ ! ��⇤ decays.
We therefore focus on searching for TM produced from
⌘ ! � TM decays with a TM ! e+e� final state. The
signal can be fully normalized by the data using the pro-
cedure outlined above. The ratio of Eq. (7) must be
corrected by the di↵erent acceptance and e�ciency fac-
tors for a displaced e+e� signal relative to the prompt

• Trigger, background under 
control

dissociation

Cid Vidal, Ilten, Plews, BS, Soreq, in progress

• Discovery possible with 15/fb!
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(8 × 10−3). The p-values are consistent with the naive
expectation p(S)w/R, where p(S) is the p-value without
the “look-elsewhere effect”, w is the width of the mass
region under study, and R is the average value of Ri. We
do not include the other modes in the calculation of the
p-values. Doing so would naively multiply the p-values
by about six. Further study provides strong indication
for material-interaction background in the 0.212GeV/c2

region. Specifically, most of the 34 µ+µ− vertices with
mµ+µ− < 0.215GeV/c2 occur inside or at the edge of
detector-material regions, including 10 of the vertices
that also pass the e+e− selection criteria and 10 that
pass the π+π− criteria. Thus, the peak is consistent
with misidentified photon conversions and hadronic in-
teractions close to the mass threshold. We conclude that
a significant signal is not observed.
Systematic uncertainties on the signal yields are cal-

culated for each scan fit separately. The dominant un-
certainty is due to the background PDF, and is evalu-
ated by repeating the scans with n = 20, which is the
maximal plausible value for n that does not lead to a
large probability for false-signal detection. This uncer-
tainty is a few signal events on average, and generally
decreases with mass. An additional uncertainty is eval-
uated by taking Ri from events with pT < 0.8GeV/c or
pT > 0.8GeV/c. To estimate uncertainties due to the
weak signal PDF dependence on r and m, we repeat the
scans after obtaining Hi

S from signal MC events with ei-
ther r < 4 cm or r > 4 cm, as well as from signal MC
events from adjacent mass regions. The uncertainty due
to the signal mass resolution is evaluated by comparing
the mass pull distributions of K0

S
mesons in data and

MC, whose widths differ by 5%. A conservative uncer-
tainty of 2% on the signal reconstruction efficiencies is
estimated from the K0

S
reconstruction efficiency in data

and MC. Smaller uncertainties on the efficiency, of up
to 1%, arise from particle identification, and signal MC
statistics. The total uncertainties on the efficiency are
reported in the efficiency tables [25].
Observing that the likelihood LS is a nearly normal

function of the signal yield, it is analytically convolved
with a Gaussian representing the systematic uncertain-
ties in nS , obtaining the modified likelihood function L′

S .
The 90% confidence level upper limit US on the signal
yield is calculated from

∫ US

0
L′dnS/

∫∞

0
L′dnS = 0.9. Di-

viding US by the luminosity yields an upper limit on the
product σ(e+e− → LX) B(L → f) ϵ(f). This limit is
shown for each mode as a function of m0 in Fig. 2, and
given in the supplemental material [25].
Determining the efficiency from the B → XsL signal

MC sample, we obtain upper limits on the product of
branching fractions B(B → XsL)B(L → f) for each of
the final states f . These limits are shown in Fig. 3.
In conclusion, we have performed a search for long-

lived particles L produced in e+e− collisions. No signal
is observed, and upper limits on σ(e+e− → LX) B(L →
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FIG. 2: The 90% confidence level upper limits on σ(e+e− →

LX)B(L → f)ϵ(f) as a function of L mass for the Υ (4S) +
off-resonance sample (red lower points) and for the Υ (3S) +
Υ (2S) sample (blue upper points). The limits include the
systematic uncertainties on the signal yield.

f) ϵ(f) and on B(B → XsL)B(L → f) are set at 90%
confidence level for six two-body final states f . We pro-
vide detailed efficiency tables to enable application of our
results to any specific model [25].
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LOWER ENERGY PROBES
• BaBar and Belle II are e+e- colliders

• Lower energy but high intensity: best 
current sensitivity to many hidden sectors!

(see Gerald’s talk!)

• There currently aren’t many LLP searches
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(8 × 10−3). The p-values are consistent with the naive
expectation p(S)w/R, where p(S) is the p-value without
the “look-elsewhere effect”, w is the width of the mass
region under study, and R is the average value of Ri. We
do not include the other modes in the calculation of the
p-values. Doing so would naively multiply the p-values
by about six. Further study provides strong indication
for material-interaction background in the 0.212GeV/c2

region. Specifically, most of the 34 µ+µ− vertices with
mµ+µ− < 0.215GeV/c2 occur inside or at the edge of
detector-material regions, including 10 of the vertices
that also pass the e+e− selection criteria and 10 that
pass the π+π− criteria. Thus, the peak is consistent
with misidentified photon conversions and hadronic in-
teractions close to the mass threshold. We conclude that
a significant signal is not observed.
Systematic uncertainties on the signal yields are cal-

culated for each scan fit separately. The dominant un-
certainty is due to the background PDF, and is evalu-
ated by repeating the scans with n = 20, which is the
maximal plausible value for n that does not lead to a
large probability for false-signal detection. This uncer-
tainty is a few signal events on average, and generally
decreases with mass. An additional uncertainty is eval-
uated by taking Ri from events with pT < 0.8GeV/c or
pT > 0.8GeV/c. To estimate uncertainties due to the
weak signal PDF dependence on r and m, we repeat the
scans after obtaining Hi

S from signal MC events with ei-
ther r < 4 cm or r > 4 cm, as well as from signal MC
events from adjacent mass regions. The uncertainty due
to the signal mass resolution is evaluated by comparing
the mass pull distributions of K0

S
mesons in data and

MC, whose widths differ by 5%. A conservative uncer-
tainty of 2% on the signal reconstruction efficiencies is
estimated from the K0

S
reconstruction efficiency in data

and MC. Smaller uncertainties on the efficiency, of up
to 1%, arise from particle identification, and signal MC
statistics. The total uncertainties on the efficiency are
reported in the efficiency tables [25].
Observing that the likelihood LS is a nearly normal

function of the signal yield, it is analytically convolved
with a Gaussian representing the systematic uncertain-
ties in nS , obtaining the modified likelihood function L′

S .
The 90% confidence level upper limit US on the signal
yield is calculated from

∫ US

0
L′dnS/

∫∞

0
L′dnS = 0.9. Di-

viding US by the luminosity yields an upper limit on the
product σ(e+e− → LX) B(L → f) ϵ(f). This limit is
shown for each mode as a function of m0 in Fig. 2, and
given in the supplemental material [25].
Determining the efficiency from the B → XsL signal

MC sample, we obtain upper limits on the product of
branching fractions B(B → XsL)B(L → f) for each of
the final states f . These limits are shown in Fig. 3.
In conclusion, we have performed a search for long-

lived particles L produced in e+e− collisions. No signal
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f) ϵ(f) and on B(B → XsL)B(L → f) are set at 90%
confidence level for six two-body final states f . We pro-
vide detailed efficiency tables to enable application of our
results to any specific model [25].
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(8 × 10−3). The p-values are consistent with the naive
expectation p(S)w/R, where p(S) is the p-value without
the “look-elsewhere effect”, w is the width of the mass
region under study, and R is the average value of Ri. We
do not include the other modes in the calculation of the
p-values. Doing so would naively multiply the p-values
by about six. Further study provides strong indication
for material-interaction background in the 0.212GeV/c2

region. Specifically, most of the 34 µ+µ− vertices with
mµ+µ− < 0.215GeV/c2 occur inside or at the edge of
detector-material regions, including 10 of the vertices
that also pass the e+e− selection criteria and 10 that
pass the π+π− criteria. Thus, the peak is consistent
with misidentified photon conversions and hadronic in-
teractions close to the mass threshold. We conclude that
a significant signal is not observed.
Systematic uncertainties on the signal yields are cal-

culated for each scan fit separately. The dominant un-
certainty is due to the background PDF, and is evalu-
ated by repeating the scans with n = 20, which is the
maximal plausible value for n that does not lead to a
large probability for false-signal detection. This uncer-
tainty is a few signal events on average, and generally
decreases with mass. An additional uncertainty is eval-
uated by taking Ri from events with pT < 0.8GeV/c or
pT > 0.8GeV/c. To estimate uncertainties due to the
weak signal PDF dependence on r and m, we repeat the
scans after obtaining Hi

S from signal MC events with ei-
ther r < 4 cm or r > 4 cm, as well as from signal MC
events from adjacent mass regions. The uncertainty due
to the signal mass resolution is evaluated by comparing
the mass pull distributions of K0

S
mesons in data and

MC, whose widths differ by 5%. A conservative uncer-
tainty of 2% on the signal reconstruction efficiencies is
estimated from the K0

S
reconstruction efficiency in data

and MC. Smaller uncertainties on the efficiency, of up
to 1%, arise from particle identification, and signal MC
statistics. The total uncertainties on the efficiency are
reported in the efficiency tables [25].
Observing that the likelihood LS is a nearly normal

function of the signal yield, it is analytically convolved
with a Gaussian representing the systematic uncertain-
ties in nS , obtaining the modified likelihood function L′

S .
The 90% confidence level upper limit US on the signal
yield is calculated from

∫ US

0
L′dnS/

∫∞

0
L′dnS = 0.9. Di-

viding US by the luminosity yields an upper limit on the
product σ(e+e− → LX) B(L → f) ϵ(f). This limit is
shown for each mode as a function of m0 in Fig. 2, and
given in the supplemental material [25].
Determining the efficiency from the B → XsL signal

MC sample, we obtain upper limits on the product of
branching fractions B(B → XsL)B(L → f) for each of
the final states f . These limits are shown in Fig. 3.
In conclusion, we have performed a search for long-

lived particles L produced in e+e− collisions. No signal
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LOWER ENERGY PROBES
• Backgrounds can be mitigated with 2 DVs or > 2 tracks

• Potentially extremely good sensitivity!
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sensitivity to 40 events at Belle II

• Simple model:

• Require both LLPs to decay 
within 0.5 cm < Lxy < 30 cm

e+e� ! �A0, A0 ! XX
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• Sensitivity to particular 
production & decay modes 
ongoing

Blinov, BS, in progress


