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Rubin & Ford, ApJ, 159, 379

Steigman, astro-ph/0511534

Lots of data
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What can flavour say about this?
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What can flavour say about this?
(the people here)
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First, the “normal” 
matter
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Steigman, astro-ph/0511534

More baryons 
than antibaryons

Sakharov conditions: 
B violation (SM:☑) 
C & CP violation (SM:“☑”) 
Leave thermal eq. (SM:☒)

SM can’t quite do it
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Vanilla Leptogenesis
Heavy (≳109 GeV) 
sterile neutrinos 
decay out-of-eq.

Create lepton asymmetry ⇒
baryon asymmetry by SM 
sphalerons (violate B+L, 

conserve B-L)

Fukugita & Yanagida

However: hard to directly test & 
high reheat temperature 

problematic
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Resonant Leptogenesis
Light (~ GeV) sterile 
neutrino oscillations

Akhmedov, Rubakov & Smirnov; Asaka & Shaposhnikov

⇒ SM sphalerons transfer that 
into baryon asymmetry

One flavor in 
equilibrium, one not

Small couplings so lepton number approximately 
conserved but individual lepton numbers not

∑ (ni − n̄i) = 0, nj − n̄j ≠ 0

Out-of-equilibrium sterile neutrino decays 
after sphalerons turn off, does not cancel 

baryon asymmetry
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Resonant Leptogenesis Tests

SHiP Experiment
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Any other 
mechanisms?



Baryon-antibaryon oscillations

n

n

. . .

⇡

⇡

Present best limit comes 
from Super-K limit on lifetime 
of 16O: ⌧16O > 1.9⇥ 1032 yr
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DM & Nelson, PRD 94 076002 [1512.05359]

Proton decay is very constraining on ΔB=1 models. 
What if ΔB=2 instead?

⌧n!n̄ > 3.5⇥ 108 s
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or                                  )
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M12 −
i
2

Γ12 < 1.9 × 10−33 GeV



Baryon-antibaryon oscillations
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⇡

⇡

Present best limit comes 
from Super-K limit on lifetime 
of 16O: ⌧16O > 1.9⇥ 1032 yr
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Γ12 < 1.9 × 10−33 GeV
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Baryon-antibaryon oscillations
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DM & Nelson, PRD 94 076002 [1512.05359]

What if ΔB=2 operators had, e.g., ΔS=4?

Dominant constraints could be from colliders
�12, M12 could be much, much larger Kuzmin (’94)

Leads to oscillation of 
cascade baryons 
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Baryon-antibaryon oscillations

!14

Aitken, DM, Neder, & Nelson, PRD 96 075009 [1708.01259]

Introduce Majorana 
fermions that couple to 

baryons

They mediate baryon-
antibaryon oscillation & 
produce baryons out-of 

equilibrium



Baryon-antibaryon oscillations

!14

Aitken, DM, Neder, & Nelson, PRD 96 075009 [1708.01259]

Introduce Majorana 
fermions that couple to 

baryons

They mediate baryon-
antibaryon oscillation & 
produce baryons out-of 

equilibrium
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[1708.05808]
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Testing this scenario
Related operators can mediate 

heavy quark decay

branchings can be ~10-3

Also look for baryon oscillations:

PB!B̄ ⇠ |M12|2

�2
B

⇠ 10�5

+displaced vertices…
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How about dark 
matter?



Cohen, Lisanti, Pierce, Slatyer

PandaX-DM could interact via 
electroweak

!17

�DD ⇠ G2
Fµ

2

⇡
Y 2 ⇠ 10�39 cm2

✓
Y

1/2

◆2

but…⌦DM ⇠ 1

h�vi ⇠ m2

g2

⇠ 0.25

✓
m

mew

◆2 ✓gew
g

◆4
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And…
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Via Lactea

O(1000s) 
expected

30-40 seen

“Core vs. Cusp”

“Missing Satellites”

S. Tulin & H. Yu

Cracks in “Cosmological Standard Model”?



Self-interacting DM

!19

SIDM solutions to core-
cusp often have light 
mediators, coupled to 
SM through “portals”

See talk by Brian Shuve next!

S. Tulin & H. Yu
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Structure formation

Consider massive particles coupled 
to a light force (not gravity) carrier, 

i.e. radiation

e.g. baryon collapse 
resisted by photons

structure starts to form when no pressure 
(i.e. particles decouple from force carrier)

structures smaller than horizon size at  
decoupling are suppressed

Basic physics that sets the scales of 
structure formation



A model for 𝜈-DM interactions

!21

⌫l =
p

1� U2⌫ + UN

⌫h = �U⌫ +
p

1� U2N

L � ��L̄HN � yN̄��+ h.c. ! ��v⌫̄N � yN̄��+ h.c.
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mφ = 20 MeV
mφ = 40 MeV

si
n
✓ ⌧

DM can scatter on light 
(mostly active) neutrinos

Bertoni, Ipek, DM, & Nelson
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Bertoni, Ipek, DM, & Nelson 1412.3113 
Batell, Han, DM, & Shams Es Haghi 1709.07001 
De Gouvea & Kelly, …
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⌫4

Heavy neutrinos decay 
(invisibly) through dark 

sector

Fewer constraints than 
in visible decay case

τ sector less well probed

Mixing angle constraints

Matter effects—
see talk by D. 

Harris
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Probing with kinematics
Meson decays
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y2�Uμ 4�2=10-3, m4=10 GeV, mϕ=3mχ

mχ=15
MeV

mχ=60 MeV

m4=250 MeV
�Uμ 4�2=10-8

Also decays into DM:

E949: 1012 kaons 
NA62 increase by 
~order of mag.

E949

(μ energy smeared)
(See M. Zamkovsky’s talk)



Taus are a good place to look
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τ decays

Belle II: 0.8⇥ 109 ⌧+⌧�/ab�1

What about 
O(3-4k) ντ 

sample at SHiP? 



Conclusions
Only had time to show a (biased) sample of topics where 

cosmological observables have large interplay with those in 
“low energy” particle physics

There are a wealth of other examples

Flavour physics facilities have a lot to say about the 
baryon asymmetry of the Universe

Low energy particle physics experiments allow us 
to test non-CDM scenarios in arenas where the 

systematics are completely orthogonal

This is not the end of the story!



Backup
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Baryon Candidates

Dinucleon decay 
constraints 

“unavoidable”

Collider constraints 
“model dependent”



Other Probes?
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MeV energy neutrinos 
from SN scatter on DM

Resonance at can be in the right range

g=0.1, Mcutoff=107M⊙

g=0.3, Mcutoff=108M⊙

g=0.6, Mcutoff=109M⊙
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Electron neutrino fraction (SN1987A)
mχ=10 MeV, mϕ=20 MeV, ℓ=51 Kpc

Supernova neutrinos

(Study of effect on SNe complicated, 
ongoing with Nirmal Raj)
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A very simple model
(Some of the) Dark Matter weakly coupled to 

neutrinos, similar to majoron

This state decays to (only) neutrinos

Neutrinos redshift until today

J
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⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

⌫
<latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit><latexit sha1_base64="QzPQlzp7LG42rVgcii2BXB1/0uo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV7jjdc=</latexit>

E⌫ ' mJ

2

adecay
atoday

<latexit sha1_base64="59+wWmwvlp5UIqp+5V9xsntGkkA=">AAACJHicbVDLSsNAFJ34rPVVdekmWARXJSmCgpuiCOKqgn1AU8JkctMOnZnEmYlQQj7Gjb/ixoUPXLjxW5w+BG29MHDuOfdy55wgYVRpx/m0FhaXlldWC2vF9Y3Nre3Szm5Txakk0CAxi2U7wAoYFdDQVDNoJxIwDxi0gsHFSG/dg1Q0Frd6mECX456gESVYG8ovnV36nkg9RTnceZHEJOP+dZ5V80mD/cyT3A6B4GGe/7Q6DketXyo7FWdc9jxwp6CMplX3S29eGJOUg9CEYaU6rpPoboalpoRBXvRSBQkmA9yDjoECc1DdbGwytw8NE9pRLM0T2h6zvzcyzJUa8sBMcqz7alYbkf9pnVRHp92MiiTVIMjkUJQy49IeJWaHVALRbGgAJpKav9qkj0062uRaNCG4s5bnQbNacQ2+OS7XzqdxFNA+OkBHyEUnqIauUB01EEEP6Am9oFfr0Xq23q2PyeiCNd3ZQ3/K+voGxVimvA==</latexit><latexit sha1_base64="59+wWmwvlp5UIqp+5V9xsntGkkA=">AAACJHicbVDLSsNAFJ34rPVVdekmWARXJSmCgpuiCOKqgn1AU8JkctMOnZnEmYlQQj7Gjb/ixoUPXLjxW5w+BG29MHDuOfdy55wgYVRpx/m0FhaXlldWC2vF9Y3Nre3Szm5Txakk0CAxi2U7wAoYFdDQVDNoJxIwDxi0gsHFSG/dg1Q0Frd6mECX456gESVYG8ovnV36nkg9RTnceZHEJOP+dZ5V80mD/cyT3A6B4GGe/7Q6DketXyo7FWdc9jxwp6CMplX3S29eGJOUg9CEYaU6rpPoboalpoRBXvRSBQkmA9yDjoECc1DdbGwytw8NE9pRLM0T2h6zvzcyzJUa8sBMcqz7alYbkf9pnVRHp92MiiTVIMjkUJQy49IeJWaHVALRbGgAJpKav9qkj0062uRaNCG4s5bnQbNacQ2+OS7XzqdxFNA+OkBHyEUnqIauUB01EEEP6Am9oFfr0Xq23q2PyeiCNd3ZQ3/K+voGxVimvA==</latexit><latexit sha1_base64="59+wWmwvlp5UIqp+5V9xsntGkkA=">AAACJHicbVDLSsNAFJ34rPVVdekmWARXJSmCgpuiCOKqgn1AU8JkctMOnZnEmYlQQj7Gjb/ixoUPXLjxW5w+BG29MHDuOfdy55wgYVRpx/m0FhaXlldWC2vF9Y3Nre3Szm5Txakk0CAxi2U7wAoYFdDQVDNoJxIwDxi0gsHFSG/dg1Q0Frd6mECX456gESVYG8ovnV36nkg9RTnceZHEJOP+dZ5V80mD/cyT3A6B4GGe/7Q6DketXyo7FWdc9jxwp6CMplX3S29eGJOUg9CEYaU6rpPoboalpoRBXvRSBQkmA9yDjoECc1DdbGwytw8NE9pRLM0T2h6zvzcyzJUa8sBMcqz7alYbkf9pnVRHp92MiiTVIMjkUJQy49IeJWaHVALRbGgAJpKav9qkj0062uRaNCG4s5bnQbNacQ2+OS7XzqdxFNA+OkBHyEUnqIauUB01EEEP6Am9oFfr0Xq23q2PyeiCNd3ZQ3/K+voGxVimvA==</latexit><latexit sha1_base64="59+wWmwvlp5UIqp+5V9xsntGkkA=">AAACJHicbVDLSsNAFJ34rPVVdekmWARXJSmCgpuiCOKqgn1AU8JkctMOnZnEmYlQQj7Gjb/ixoUPXLjxW5w+BG29MHDuOfdy55wgYVRpx/m0FhaXlldWC2vF9Y3Nre3Szm5Txakk0CAxi2U7wAoYFdDQVDNoJxIwDxi0gsHFSG/dg1Q0Frd6mECX456gESVYG8ovnV36nkg9RTnceZHEJOP+dZ5V80mD/cyT3A6B4GGe/7Q6DketXyo7FWdc9jxwp6CMplX3S29eGJOUg9CEYaU6rpPoboalpoRBXvRSBQkmA9yDjoECc1DdbGwytw8NE9pRLM0T2h6zvzcyzJUa8sBMcqz7alYbkf9pnVRHp92MiiTVIMjkUJQy49IeJWaHVALRbGgAJpKav9qkj0062uRaNCG4s5bnQbNacQ2+OS7XzqdxFNA+OkBHyEUnqIauUB01EEEP6Am9oFfr0Xq23q2PyeiCNd3ZQ3/K+voGxVimvA==</latexit>

What sort of flux can we imagine?

Lint = �g

2
J⌫⌫ + h.c.

<latexit sha1_base64="yh3yLjrxatJvWqiVcOVb5IHGiFw=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCIJZ2CHoRhl5EPExwL7CWkmbpFpamJUmFUfo5vPhVvHhQxJt48duYdT3o5kMCP/7/5yF5/kHCqFS2/W0sLC4tr6xW1qrrG5tb2+bOblvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wehq4nceiJA05vdqnBAvQgNOQ4qR0pJvOpmLEYO3uZ+5IoKUq/zixA0Fwtkgz+r5jctTfY4Ld2hhK/fNmm3ZRcF5cEqogbKavvnp9mOcRoQrzJCUPcdOlJchoShmJK+6qSQJwiM0ID2NHEVEelmxWg4PtdKHYSz05QoW6u+JDEVSjqNAd0ZIDeWsNxH/83qpCs+9jPIkVYTj6UNhyqCK4SQn2KeCYMXGGhAWVP8V4iHSuSidZlWH4MyuPA/tuuVovjutNS7LOCpgHxyAI+CAM9AA16AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sCfMr5+AA81oNo=</latexit><latexit sha1_base64="yh3yLjrxatJvWqiVcOVb5IHGiFw=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCIJZ2CHoRhl5EPExwL7CWkmbpFpamJUmFUfo5vPhVvHhQxJt48duYdT3o5kMCP/7/5yF5/kHCqFS2/W0sLC4tr6xW1qrrG5tb2+bOblvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wehq4nceiJA05vdqnBAvQgNOQ4qR0pJvOpmLEYO3uZ+5IoKUq/zixA0Fwtkgz+r5jctTfY4Ld2hhK/fNmm3ZRcF5cEqogbKavvnp9mOcRoQrzJCUPcdOlJchoShmJK+6qSQJwiM0ID2NHEVEelmxWg4PtdKHYSz05QoW6u+JDEVSjqNAd0ZIDeWsNxH/83qpCs+9jPIkVYTj6UNhyqCK4SQn2KeCYMXGGhAWVP8V4iHSuSidZlWH4MyuPA/tuuVovjutNS7LOCpgHxyAI+CAM9AA16AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sCfMr5+AA81oNo=</latexit><latexit sha1_base64="yh3yLjrxatJvWqiVcOVb5IHGiFw=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCIJZ2CHoRhl5EPExwL7CWkmbpFpamJUmFUfo5vPhVvHhQxJt48duYdT3o5kMCP/7/5yF5/kHCqFS2/W0sLC4tr6xW1qrrG5tb2+bOblvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wehq4nceiJA05vdqnBAvQgNOQ4qR0pJvOpmLEYO3uZ+5IoKUq/zixA0Fwtkgz+r5jctTfY4Ld2hhK/fNmm3ZRcF5cEqogbKavvnp9mOcRoQrzJCUPcdOlJchoShmJK+6qSQJwiM0ID2NHEVEelmxWg4PtdKHYSz05QoW6u+JDEVSjqNAd0ZIDeWsNxH/83qpCs+9jPIkVYTj6UNhyqCK4SQn2KeCYMXGGhAWVP8V4iHSuSidZlWH4MyuPA/tuuVovjutNS7LOCpgHxyAI+CAM9AA16AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sCfMr5+AA81oNo=</latexit><latexit sha1_base64="yh3yLjrxatJvWqiVcOVb5IHGiFw=">AAACGnicbZBNS8MwGMdTX+d8q3r0EhyCIJZ2CHoRhl5EPExwL7CWkmbpFpamJUmFUfo5vPhVvHhQxJt48duYdT3o5kMCP/7/5yF5/kHCqFS2/W0sLC4tr6xW1qrrG5tb2+bOblvGqcCkhWMWi26AJGGUk5aiipFuIgiKAkY6wehq4nceiJA05vdqnBAvQgNOQ4qR0pJvOpmLEYO3uZ+5IoKUq/zixA0Fwtkgz+r5jctTfY4Ld2hhK/fNmm3ZRcF5cEqogbKavvnp9mOcRoQrzJCUPcdOlJchoShmJK+6qSQJwiM0ID2NHEVEelmxWg4PtdKHYSz05QoW6u+JDEVSjqNAd0ZIDeWsNxH/83qpCs+9jPIkVYTj6UNhyqCK4SQn2KeCYMXGGhAWVP8V4iHSuSidZlWH4MyuPA/tuuVovjutNS7LOCpgHxyAI+CAM9AA16AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sCfMr5+AA81oNo=</latexit>

⌧J =
32⇡

|g|2mJ
= 2.10⇥ 109 yr

����
10�15

g

����
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eV

mJ
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<latexit sha1_base64="DDzua/5yx3Y+l0dIXj9ejdemGEk="></latexit><latexit sha1_base64="DDzua/5yx3Y+l0dIXj9ejdemGEk="></latexit><latexit sha1_base64="DDzua/5yx3Y+l0dIXj9ejdemGEk="></latexit><latexit sha1_base64="DDzua/5yx3Y+l0dIXj9ejdemGEk="></latexit>

DM 1812.08178; Chacko, Du, & Geller 1812.11154
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Potential Fluxes

�̃⌫ =
d(a3ñ⌫)

dE⌫

���
a=2E⌫/mJ

=
2⌦J

E⌫

⇢cr,0

mJ

e
�t/⌧J

H⌧J
<latexit sha1_base64="XSI79Q70OqAMda+IyEsezA8R82U="></latexit><latexit sha1_base64="XSI79Q70OqAMda+IyEsezA8R82U="></latexit><latexit sha1_base64="XSI79Q70OqAMda+IyEsezA8R82U="></latexit><latexit sha1_base64="XSI79Q70OqAMda+IyEsezA8R82U="></latexit>

Flux is given by

Width determined by range 
of redshifts for decay
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C𝜈B capture on Tritium
t1/2 ' 12 yr

<latexit sha1_base64="IQUV+rznh4pXjDAeMp3kNDKuC+4=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVNiqDLohuXFewFmhAm00k7dGYSZyZCCdGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb8YcKo0o7zbZWWlldW18rrlY3Nre0de3evreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44uprUO/dEKhqLWz1OiM/RQNCIYqSNFdgHOsjc03ruKcrJHXTrD5knORzLPLCrTs2ZCi6CW0AVFGoG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAegYF4kT52fSEHB4bpw+jWJonNJy6vycyxJUa89B0cqSHar42Mf+r9VIdXfgZFUmqicCzRVHKoI7hJA/Yp5JgzcYGEJbU/BXiIZIIa5NaxYTgzp+8CO16zTV8c1ZtXBZxlMEhOAInwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Znz9S7Za8</latexit><latexit sha1_base64="IQUV+rznh4pXjDAeMp3kNDKuC+4=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVNiqDLohuXFewFmhAm00k7dGYSZyZCCdGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb8YcKo0o7zbZWWlldW18rrlY3Nre0de3evreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44uprUO/dEKhqLWz1OiM/RQNCIYqSNFdgHOsjc03ruKcrJHXTrD5knORzLPLCrTs2ZCi6CW0AVFGoG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAegYF4kT52fSEHB4bpw+jWJonNJy6vycyxJUa89B0cqSHar42Mf+r9VIdXfgZFUmqicCzRVHKoI7hJA/Yp5JgzcYGEJbU/BXiIZIIa5NaxYTgzp+8CO16zTV8c1ZtXBZxlMEhOAInwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Znz9S7Za8</latexit><latexit sha1_base64="IQUV+rznh4pXjDAeMp3kNDKuC+4=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVNiqDLohuXFewFmhAm00k7dGYSZyZCCdGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb8YcKo0o7zbZWWlldW18rrlY3Nre0de3evreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44uprUO/dEKhqLWz1OiM/RQNCIYqSNFdgHOsjc03ruKcrJHXTrD5knORzLPLCrTs2ZCi6CW0AVFGoG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAegYF4kT52fSEHB4bpw+jWJonNJy6vycyxJUa89B0cqSHar42Mf+r9VIdXfgZFUmqicCzRVHKoI7hJA/Yp5JgzcYGEJbU/BXiIZIIa5NaxYTgzp+8CO16zTV8c1ZtXBZxlMEhOAInwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Znz9S7Za8</latexit><latexit sha1_base64="IQUV+rznh4pXjDAeMp3kNDKuC+4=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVNiqDLohuXFewFmhAm00k7dGYSZyZCCdGNr+LGhSJufQp3vo3TNgtt/WHg4z/ncOb8YcKo0o7zbZWWlldW18rrlY3Nre0de3evreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44uprUO/dEKhqLWz1OiM/RQNCIYqSNFdgHOsjc03ruKcrJHXTrD5knORzLPLCrTs2ZCi6CW0AVFGoG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAegYF4kT52fSEHB4bpw+jWJonNJy6vycyxJUa89B0cqSHar42Mf+r9VIdXfgZFUmqicCzRVHKoI7hJA/Yp5JgzcYGEJbU/BXiIZIIa5NaxYTgzp+8CO16zTV8c1ZtXBZxlMEhOAInwAXnoAGuQRO0AAaP4Bm8gjfryXqx3q2PWWvJKmb2wR9Znz9S7Za8</latexit>

𝛽-decays with long lifetime

� = 3.8⇥ 10�45 cm2
<latexit sha1_base64="Uw9ecMGgOgLKL7qoSoaC1grZ7ZQ=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplasRuh6MZlBfuAzrRk0kwbmmSGJCOUYdy78VfcuFDErR/gzr8xbWehrQcCh3PO5eYeP2JUadv+tpaWV1bX1nMb+c2t7Z3dwt5+U4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dD3xW/dEKhqKOz2OiMfRQNCAYqSN1CsUXUUHHF2elaquppwox+4mp5Xz9CFxJYeYd8upSdklewq4SJyMFEGGeq/w5fZDHHMiNGZIqY5jR9pLkNQUM5Lm3ViRCOERGpCOoQKZvV4yPSaFx0bpwyCU5gkNp+rviQRxpcbcN0mO9FDNexPxP68T66DqJVREsSYCzxYFMYM6hJNmYJ9KgjUbG4KwpOavEA+RRFib/vKmBGf+5EXSLJccw28rxdpVVkcOHIIjcAIccAFq4AbUQQNg8AiewSt4s56sF+vd+phFl6xs5gD8gfX5A/Tqmkg=</latexit><latexit sha1_base64="Uw9ecMGgOgLKL7qoSoaC1grZ7ZQ=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplasRuh6MZlBfuAzrRk0kwbmmSGJCOUYdy78VfcuFDErR/gzr8xbWehrQcCh3PO5eYeP2JUadv+tpaWV1bX1nMb+c2t7Z3dwt5+U4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dD3xW/dEKhqKOz2OiMfRQNCAYqSN1CsUXUUHHF2elaquppwox+4mp5Xz9CFxJYeYd8upSdklewq4SJyMFEGGeq/w5fZDHHMiNGZIqY5jR9pLkNQUM5Lm3ViRCOERGpCOoQKZvV4yPSaFx0bpwyCU5gkNp+rviQRxpcbcN0mO9FDNexPxP68T66DqJVREsSYCzxYFMYM6hJNmYJ9KgjUbG4KwpOavEA+RRFib/vKmBGf+5EXSLJccw28rxdpVVkcOHIIjcAIccAFq4AbUQQNg8AiewSt4s56sF+vd+phFl6xs5gD8gfX5A/Tqmkg=</latexit><latexit sha1_base64="Uw9ecMGgOgLKL7qoSoaC1grZ7ZQ=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplasRuh6MZlBfuAzrRk0kwbmmSGJCOUYdy78VfcuFDErR/gzr8xbWehrQcCh3PO5eYeP2JUadv+tpaWV1bX1nMb+c2t7Z3dwt5+U4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dD3xW/dEKhqKOz2OiMfRQNCAYqSN1CsUXUUHHF2elaquppwox+4mp5Xz9CFxJYeYd8upSdklewq4SJyMFEGGeq/w5fZDHHMiNGZIqY5jR9pLkNQUM5Lm3ViRCOERGpCOoQKZvV4yPSaFx0bpwyCU5gkNp+rviQRxpcbcN0mO9FDNexPxP68T66DqJVREsSYCzxYFMYM6hJNmYJ9KgjUbG4KwpOavEA+RRFib/vKmBGf+5EXSLJccw28rxdpVVkcOHIIjcAIccAFq4AbUQQNg8AiewSt4s56sF+vd+phFl6xs5gD8gfX5A/Tqmkg=</latexit><latexit sha1_base64="Uw9ecMGgOgLKL7qoSoaC1grZ7ZQ=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplasRuh6MZlBfuAzrRk0kwbmmSGJCOUYdy78VfcuFDErR/gzr8xbWehrQcCh3PO5eYeP2JUadv+tpaWV1bX1nMb+c2t7Z3dwt5+U4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dD3xW/dEKhqKOz2OiMfRQNCAYqSN1CsUXUUHHF2elaquppwox+4mp5Xz9CFxJYeYd8upSdklewq4SJyMFEGGeq/w5fZDHHMiNGZIqY5jR9pLkNQUM5Lm3ViRCOERGpCOoQKZvV4yPSaFx0bpwyCU5gkNp+rviQRxpcbcN0mO9FDNexPxP68T66DqJVREsSYCzxYFMYM6hJNmYJ9KgjUbG4KwpOavEA+RRFib/vKmBGf+5EXSLJccw28rxdpVVkcOHIIjcAIccAFq4AbUQQNg8AiewSt4s56sF+vd+phFl6xs5gD8gfX5A/Tqmkg=</latexit>

Long, Lunardini, Sabancilar

Tiny rates but a crucial target

�Dir. =
1

2
�Maj. =

4

yr

✓
MT

100 g

◆⇣ n⌫

56 cm�3

⌘

<latexit sha1_base64="mhqBvG1PTwEKLQ42kOeY8lX0y0E="></latexit><latexit sha1_base64="mhqBvG1PTwEKLQ42kOeY8lX0y0E="></latexit><latexit sha1_base64="mhqBvG1PTwEKLQ42kOeY8lX0y0E="></latexit><latexit sha1_base64="mhqBvG1PTwEKLQ42kOeY8lX0y0E="></latexit>

)
<latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit>

)
<latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit>

!
<latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit> !<latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit>

⌫
<latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit><latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit><latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit><latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit> e�

<latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit><latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit><latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit><latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit>

p
<latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit>

p
<latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit>

p
<latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

PTOLEMY Experiment (100 g T)

DM 1812.08178; Chacko, Du, & Geller 1812.11154
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𝜈 from DM decay on Tritium

Ee� = Eend +m⌫ + E⌫ ' Eend +m⌫ +
mJ

2

adecay
atoday

<latexit sha1_base64="xTGisGCWC83pEwOYscCvEaOVi9Y="></latexit><latexit sha1_base64="xTGisGCWC83pEwOYscCvEaOVi9Y="></latexit><latexit sha1_base64="xTGisGCWC83pEwOYscCvEaOVi9Y="></latexit><latexit sha1_base64="xTGisGCWC83pEwOYscCvEaOVi9Y="></latexit>

The electron energy gap can 
be larger in this case

⌧J > trec
<latexit sha1_base64="yD1iDcsFXcoEH2k19Z+MjUgbh/o=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEVyURQVdSdCOuKtgLNCFMppN26EwSZk7EEvIqblwo4tYXcefbOG2z0NYfBj7+cw5zzh+mgmtwnG9rZXVtfWOzslXd3tnd27cPah2dZIqyNk1Eonoh0UzwmLWBg2C9VDEiQ8G64fhmWu8+MqV5Ej/AJGW+JMOYR5wSMFZg1zwgWXB3BUHuKYkVo0Vg152GMxNeBreEOirVCuwvb5DQTLIYqCBa910nBT8nCjgVrKh6mWYpoWMyZH2DMZFM+/ls9wKfGGeAo0SZFwOeub8nciK1nsjQdEoCI71Ym5r/1foZRJd+zuM0AxbT+UdRJjAkeBoEHnBzLIiJAUIVN7tiOiKKUDBxVU0I7uLJy9A5a7iG78/rzesyjgo6QsfoFLnoAjXRLWqhNqLoCT2jV/RmFdaL9W59zFtXrHLmEP2R9fkD1wmUTA==</latexit><latexit sha1_base64="yD1iDcsFXcoEH2k19Z+MjUgbh/o=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEVyURQVdSdCOuKtgLNCFMppN26EwSZk7EEvIqblwo4tYXcefbOG2z0NYfBj7+cw5zzh+mgmtwnG9rZXVtfWOzslXd3tnd27cPah2dZIqyNk1Eonoh0UzwmLWBg2C9VDEiQ8G64fhmWu8+MqV5Ej/AJGW+JMOYR5wSMFZg1zwgWXB3BUHuKYkVo0Vg152GMxNeBreEOirVCuwvb5DQTLIYqCBa910nBT8nCjgVrKh6mWYpoWMyZH2DMZFM+/ls9wKfGGeAo0SZFwOeub8nciK1nsjQdEoCI71Ym5r/1foZRJd+zuM0AxbT+UdRJjAkeBoEHnBzLIiJAUIVN7tiOiKKUDBxVU0I7uLJy9A5a7iG78/rzesyjgo6QsfoFLnoAjXRLWqhNqLoCT2jV/RmFdaL9W59zFtXrHLmEP2R9fkD1wmUTA==</latexit><latexit sha1_base64="yD1iDcsFXcoEH2k19Z+MjUgbh/o=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEVyURQVdSdCOuKtgLNCFMppN26EwSZk7EEvIqblwo4tYXcefbOG2z0NYfBj7+cw5zzh+mgmtwnG9rZXVtfWOzslXd3tnd27cPah2dZIqyNk1Eonoh0UzwmLWBg2C9VDEiQ8G64fhmWu8+MqV5Ej/AJGW+JMOYR5wSMFZg1zwgWXB3BUHuKYkVo0Vg152GMxNeBreEOirVCuwvb5DQTLIYqCBa910nBT8nCjgVrKh6mWYpoWMyZH2DMZFM+/ls9wKfGGeAo0SZFwOeub8nciK1nsjQdEoCI71Ym5r/1foZRJd+zuM0AxbT+UdRJjAkeBoEHnBzLIiJAUIVN7tiOiKKUDBxVU0I7uLJy9A5a7iG78/rzesyjgo6QsfoFLnoAjXRLWqhNqLoCT2jV/RmFdaL9W59zFtXrHLmEP2R9fkD1wmUTA==</latexit><latexit sha1_base64="yD1iDcsFXcoEH2k19Z+MjUgbh/o=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1gEVyURQVdSdCOuKtgLNCFMppN26EwSZk7EEvIqblwo4tYXcefbOG2z0NYfBj7+cw5zzh+mgmtwnG9rZXVtfWOzslXd3tnd27cPah2dZIqyNk1Eonoh0UzwmLWBg2C9VDEiQ8G64fhmWu8+MqV5Ej/AJGW+JMOYR5wSMFZg1zwgWXB3BUHuKYkVo0Vg152GMxNeBreEOirVCuwvb5DQTLIYqCBa910nBT8nCjgVrKh6mWYpoWMyZH2DMZFM+/ls9wKfGGeAo0SZFwOeub8nciK1nsjQdEoCI71Ym5r/1foZRJd+zuM0AxbT+UdRJjAkeBoEHnBzLIiJAUIVN7tiOiKKUDBxVU0I7uLJy9A5a7iG78/rzesyjgo6QsfoFLnoAjXRLWqhNqLoCT2jV/RmFdaL9W59zFtXrHLmEP2R9fkD1wmUTA==</latexit>

)
<latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit>

!
<latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit> !<latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit><latexit sha1_base64="a4H+/Dey3F+8neMyKiB8KwjKcSM=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluyE1XIqEt1Cg5N1UcxqHknfC8e2s3nnk2giVPOAk5UFMh4mIBKNoLb+nxXCEVGv11K/W3Lo7F1kFr4AaFGr2q1+9gWJZzBNkkhrje26KQU41Cib5tNLLDE8pG9Mh9y0mNOYmyOcrT8mZdQYkUtq+BMnc/T2R09iYSRzazpjiyCzXZuZ/NT/D6DrIRZJmyBO2+CjKJEFFZveTgdCcoZxYoEwLuythI6opQ5tSxYbgLZ+8Cu2Lumf5/rLWuCniKMMJnMI5eHAFDbiDJrSAgYJneIU3B50X5935WLSWnGLmGP7I+fwBwr2RjQ==</latexit>

⌫
<latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit><latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit><latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit><latexit sha1_base64="g/r2zRJl77BgkBCl/QQ42PcXWuE=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dCTWd+tejVvLrIKfgFVKNTou1+9QcKyGKVhgmrd9b3UBDlVhjOB00ov05hSNqZD7FqUNEYd5PNVp+TMOgMSJco+acjc/T2R01jrSRzazpiakV6uzcz/at3MRNdBzmWaGZRs8VGUCWISMrubDLhCZsTEAmWK210JG1FFmbHpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/5Hz+AF7ljdc=</latexit> e�

<latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit><latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit><latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit><latexit sha1_base64="GnudSR12sKi/XfpmrfysvKvMnMw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8GJJRNBj0YvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNYPphxgn5EB5KHnFFjrXt8POuVK27VnYksg5dDBXLVe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYsShqh9rPZqhNyYp0+CWNlnzRk5v6eyGik9TgKbGdEzVAv1qbmf7VOasIrP+MySQ1KNv8oTAUxMZneTfpcITNibIEyxe2uhA2poszYdEo2BG/x5GVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3I+fwDnHI2I</latexit>

p
<latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit>

p
<latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit>

p
<latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit><latexit sha1_base64="Pxex4gxdEG6Av/OmfvhlQK0fZNY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYyKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/aG4z0</latexit>

n
<latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit><latexit sha1_base64="yQeyt1ATXRuagWZEsCnmGpLGA/Q=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYclCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/XE4zy</latexit>

ñ⌫ ⇠ 10

cm3

✓
10 eV

mJ

◆

<latexit sha1_base64="HBAaSCvejfwdheEQDFqm5RgvAhg="></latexit><latexit sha1_base64="HBAaSCvejfwdheEQDFqm5RgvAhg="></latexit><latexit sha1_base64="HBAaSCvejfwdheEQDFqm5RgvAhg="></latexit><latexit sha1_base64="HBAaSCvejfwdheEQDFqm5RgvAhg="></latexit>

R =
2.42

yr

✓
MT

100 g

◆✓
f⌫e

1/3

◆✓
ñ⌫

100 cm3

◆

<latexit sha1_base64="Pc12vjnO9x+Xy9eaGvxREi5toPQ="></latexit><latexit sha1_base64="Pc12vjnO9x+Xy9eaGvxREi5toPQ="></latexit><latexit sha1_base64="Pc12vjnO9x+Xy9eaGvxREi5toPQ="></latexit><latexit sha1_base64="Pc12vjnO9x+Xy9eaGvxREi5toPQ="></latexit>
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DM 1812.08178; Chacko, Du, & Geller 1812.11154
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Baryogenesis via flavon decays
Froggatt-Nielsen model

Flavon/antiflavon decay:

Flavon-antiflavon 
asymmetry ⇒

Left-handed 
lepton 

asymmetry
⇒

Turned into baryon 
asymmetry via 

sphalerons

1-10 TeV scale 
flavors required:

Chen, Ipek, & Ratz 1903.06211

(Arise in a “theory of flavor”)


