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What is Astroparticle Physics?



What is Astroparticle Physics?

Particle Astrophysics?
Particle Cosmology?

• Apply methods and tools from particle physics to astrophysics 
and cosmological systems

• Use of astrophysical and cosmological observations to learn 
about fundamental physics and BSM

• Provide quantitative predictions from/for observational evidence 
(CMB, BBN)

• Explain origin of high-energy particles produced in our current 
universe (neutrinos, cosmic rays, photons)



Lecture 1 

1. A short introduction to cosmology
2. The early Universe thermal history
3. Boltzmann equations for thermal relics

Main reference: 
Kolb & Turner, “The Early Universe” (1988) 

Chapters 1-3, 5



Observational cosmology
Observational evidence supports the 

standard model for cosmology

Ex: Derive Planck fundamental scales (mass, length, time)



Universe expansion
Empirical observation: Mpc-distant galaxies show velocity 
recession through Doppler red-shift of their spectra



Universe expansion
Interpretation: Red-shift as Doppler effect due to an 
expanding universe

Hubble law (1929)

Validity: (i) Peculiar motion of 
galaxies can be avg to 0; (ii) 
Small peculiar velocity (z < 0.1)



The cosmic microwave background (CMB)
• ’40: Predicted by Gamov, within the theory of Hot Big Bang
• ’64 (Nobel ’73): Observed by Penzias & Wilson as uniform radio 

white noise in the sky

Best evidence for universe isotropy on large scales



The cosmic microwave background (CMB)
• ’40: Predicted by Gamov, within the theory of Hot Big Bang
• ’64 (Nobel ’73): Observed by Penzias & Wilson as uniform radio 

white noise in the sky
• ’92: COBE: (i) Measurement of BB spectrum and CMB 

temperature (2.728 K); (ii) Angular coherence of temperature 
fluctuations on degrees scale 

Evidence for correlations 
in T on large angular scales

Theory



The cosmic microwave background (CMB)

Astronomy: Roen Kelly

Entering the era of precision cosmology 
of LCDM



Hu & Dodelson 2002

CMB anisotropies and LCDM

https://arxiv.org/abs/astro-ph/0110414


Hu & Dodelson 2002

CMB anisotropies and LCDM

https://arxiv.org/abs/astro-ph/0110414


What can we infer about the universe?
• The universe is a physical, dynamical (expansion) system 
• The early universe (before recombination) is a thermodynamical 

system (plasma, relativistic fluid)

- We can study the 
ensemble properties of 
the system

- Following one single 
evolutionary parameter, 
i.e. the temperature 

- The relativistic degrees of 
freedom are set by 
fundamental particle 
physics 



The standard cosmological model (LCDM)
Cosmological principle: Valid on sufficiently large scales, it 
postulates the spatial homogeneity and isotropy of the 
spatial part of the metric 



The standard cosmological model (LCDM)



The standard cosmological model (LCDM)



The standard cosmological model (LCDM)
Cosmological principle => R(t) can only increase, 
decrease or being constant

R(t) solution determined by the energy-momentum 
tensor 

Perfect fluid description applies



The standard cosmological model (LCDM)



The standard cosmological model (LCDM)

Equation of state:



The standard cosmological model (LCDM)
Friedmann model: How does R(t) evolve with time? 



The standard cosmological model (LCDM)
Friedmann model: How does R(t) evolve with time? 

Hubble parameter:



The standard cosmological model (LCDM)
Friedmann model: How does R(t) evolve with time? 



The standard cosmological model (LCDM)
Friedmann model: How does R(t) evolve with time? 



The standard cosmological model (LCDM)

Scale factor



Ex: The universe as thermodynamic system should evolve through 
equilibrium states. The 1st principle of thermodynamics holds.

dU = - p dV
Demonstrate how the density evolves with R.

The standard cosmological model (LCDM)



Ex: The universe as thermodynamic system should evolve through 
equilibrium states. The 1st principle of thermodynamics holds.

dU = - p dV
Demonstrate how the density evolves with R.

The standard cosmological model (LCDM)



Thermal history of the universe



Thermal history of the universe

Homogenous and isotropic universe



Thermal history of the universe



Thermal history of the universe



Thermal history of the universe



Thermal history of the universe



Thermal history of the universe



Thermal history of the universe



Thermal history of the universe



Thermal history of the universe



Cold relic history very sensi0ve to details of decoupling because of rapid 
varia0on of Yi                         Sensi0vity to new physics through: 
• Interac0on rate, i.e. interac0on type 
• Number of rela0vis0c d.o.f for the evolu0on of H(T)

Yi ⌘
ni

s
⇠ nia

3 comoving number  
density

T � mX Y rel
X ⇠ const

Y non�rel
X ⇠ e�mX/TT ⌧ mX

YX(Tf.o.) = Y0

Thermal decoupling (freeze-out)



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 

ṅ = �3Hn+
g

(2⇡)3

Z
d
3
p

E
C[f ]

L[f ] = C[f ]

Non-rela0vis0c relic, in equilibrium through processes

ṅ = �3Hn� h�vMøli(n2 � n
2
eq)

n = nX + nX̄

XX̄ $ aā

h� · vMøli =
R
�(s) · vMølf1(p1)f2(p2)d3p1d3p2R

f1(p1)f2(p2)d3p1d3p2
vMøl ⌘

p
(p1 · p2)2 �m2
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2
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Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)
Formal deriva0on: phase space density evolu0on, collisional Boltzmann equaDons 



Thermal decoupling (freeze-out)



Relic abundance: Hot relic



Relic abundance: Hot relic
Hot relic, non-relativistic today

Cowsik-McClelland bound: Cosmological bound on the 
mass of a stable, light neutrino species 
Cowsik, R. and McClelland, J., Phys. Rev. Lett. 29, 669 (1972)



Relic abundance: Cold relic



Relic abundance: Cold relic



Relic abundance: Cold relic



Relic abundance: Cold relic



The WIMP “miracle” or coincidence
Theory prediction

Experimental measure

(⌦h2)0 ⇠ 0.1
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The WIMP “miracle” or coincidence
Theory prediction

Experimental measure

(⌦h2)0 ⇠ 0.1
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The WIMP “miracle” or coincidence
Theory prediction

Experimental measure

(⌦h2)0 ⇠ 0.1
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Lecture 2 

1. Observational evidence for dark matter
2. Fundamental properties of dark matter
3. The dark matter landscape
4. Searches for WIMPs

References in the slides



1. Observational evidence for dark 
matter



Dark matter gravitational evidence

Cosmic microwave background

Large Scale structures

Galaxy clusters

Rota0on curves

~kpc

~Mpc

~Gpc

Dark maPer cons0tutes about 85% of 
the maPer content of the Universe.

Baryonic 
MaPer

Planck 2015

We do not know what most of the 
Universe is made of!

Dark MaPer

Dark Energy



Flat galacDc rotaDon curves

’70/’80: observa0on of spiral 
galaxies,  
rota0on supported systems like 
the Milky Way

V. C. Rubin and W. K. Ford, Jr., ApJ 159, 379 (1970);  
V. C. Rubin, N. Thonnard and W. K. Ford, Jr., ApJ 

238, 471 (1980)

v2c (< R) = R
d�tot

dR
=

GM(< R)

R

v2c ⇠ constant

M(< R) ⌘ 4⇡

Z R

0
r2⇢(r)dr

⇢(r) / 1

r2

Data are well described by an addi0onal “maPer" component, 
but also MOND works at these scales 

v2c / 1

R
Predicted from visible light:

Observed: 



Dark maPer in the Coma Cluster

Abell 1656 
~ 103 galaxies 
~ 1 Mpc radius

F. Zwicky, Helvetica Physica Acta (1933) 6, 110–127; 
ApJ (1937) 86, 217 

Pioneering applica0on of the virial theorem in 
astronomy 

2hT i+ hUtoti = 0 U(r) / r�1

T = N
m

2
hv2i

hUtoti ⇠ �3

5

GNM2

R
gravita0onal poten0al of a self-gravita0ng 
homogeneous sphere of radius R

M ⇠ O(1)
Rhv2i

GN
⇠ 3⇥Mvisible



X-rays and gravitaDonal lensing

Mass in clusters is in the form of hot, 
intergalactic gas, which can be traced via X 
rays: X-luminosity and spectrum constrain the 
mass profile 

Lewis, Buote & Stocke, ApJ (2003), 586, 135 

Strong gravitational lensing around galaxy 
cluster CL0024+17, demonstrating at least 
three layers projected onto a single 2D image.

Massey, Kitching & Richard, Rept.Prog.Phys. 73 (2010)





SegregaDon of maPer in clusters
Bullet Cluster (1E 0657-56) Clowe+, ApJ 604 (2004) 596-603; Clowe+ ApJ, 648 (2006) L109

James Jee+, ApJ 783 (2014) 78 

Train Wreck Cluster

CXO X-ray
Mass WFPC2

Luminosity CFHT



Cosmic Microwave Background

⌦i ⌘
⇢̄i
⇢c

⇢c ⌘
3H2

0

8⇡GN
⇠ 1029 g/cm3

Critical density
(average density of a flat Universe) 

Abundance species i

10 protons per cubic meter 
[1 GeV ~ 10-24 g]

⇢̄DM ' 0.3⇢c ⇢̄DM ⇠ 1010
M�
Mpc3

⇠ 10�6GeV

cm3

Galaxy clusters: 105 denser! 
Galaxies: 106 denser!

�⇢

⇢
� 1 The Universe today is  

highly non-linear! 



With baryonic maPer only, structure forma0on would be very 
different! We need a non-baryonic component that decouples from 

photons early enough to create deep poten0al wells.

T > TCMB 0ght coupling between photons and baryons  
and presence of primordial overdensi0es

Gravita0onal vs radia0on pressure => acous0c oscilla0ons

� > 0

�n�

n�
⇠ 3

�T

T
⇠ �nb

nb
⌘ � n� / T 3

�T

T
⇠ 10�5 on Mpc scales @ zCMB~ 1100 

�nb

nb
⇠ 10�5(1 + zCMB)

�1 ⇠ 0.01
in a maPer 

dominated Universe

Cosmic Microwave Background



Growth of structures: cartoon



2. Fundamental properties of dark 
matter



What fundamental proper0es can we infer from this astro/cosmo evidence? 

ProperDes of dark maPer

DM evidence requires new physics, beyond current theories 
=> new d.o.f., appealing from a parDcle physics perspecDve

How much dark maPer at cosmological scales?  

The dominant component of dark maPer in the Universe should be:  
1. Non-rela0vis0c at decoupling, i.e. cold 
2. Stable or long-lived 
3. Sufficiently heavy, to behave “classically” 
4. Smoothly distributed at cosmological scales 
5. Dark and dissipaDonless 
6. Collisionless, i.e. not very collisional

⌦CDM ⇠ 0.26 Planck 2015, 68% CL



1. Non-relaDvisDc @ decoupling (CDM)
Primordial density fluctua0ons modified by non-linear effects: gravita0on, 
pressure, dissipa0on, etc. => N-body simula0ons are needed to follow the 

growth in non-linear regime. 

Collisions-less species (neutrinos, DM): free stream  from overdense to 
underdense regions and wash out perturba0ons => damping of small 

scale density perturba0ons

�phys . �fs

�fs ⇠
⌫(teq)

H(teq)

Kolb, “Particle Physics in the Early Universe” (1998)

Characteris0c imprint in the 
maPer power spectrum and 

galaxy distribu0on 



More stringent bounds from astrophysics and CMB if decaying into “visible” species (e±,γ)

Model independent bounds exist from CMB & Large Scale structures 
if decay into invisible species

⌧ & 1026 sec

Audren+, JCAP 12 (2014) 028;  
Poulin+, JCAP 1608 (2016) no.08, 036 

2. Stable or long-lived

⌧ & 160Gyr CMB only

⌧ & 170Gyr
+ other 

consistent data



Evidence of DM at astrophysical scales => Localised therein and behave classically

Tremaine & Gunn, PRL 42 (1979) 407;  
Boyarsky, Ruchayskiy & Iakubovskyi, JCAP 0903 (2009)  005 

If DM is a fermion: Pauli exclusion principle holds and 
the phase space density is further constrained 

Tremaine-Gunn bound

Dark maPer gravita0onally bound on scales at least as large as dSph

[From conservation of phase space density of a non-interacting fluid (Liouville equation)]

3. Sufficiently massive (LL from localisaDon)

�DeBroglie =
h

mv
. kpc m & 10�22 eV (v ⇠ 100 km/s)

f̄ . g

h3

m > O(10� 100 eV)



On galaxy scales, we do not detect any “granularity” of dark maPer;  should 
have a con0nuum “fluid” limit 

➡ Granular distribu0on would provide 0me-dependent gravita0onal 
poten0als, which might disrupt bound systems of different sizes => heat the 
galac0c disk or disrupt globular clusters 

➡ Addi0onal Poisson noise into maPer power spectrum 

4. Smoothly distributed (not “granular”)

m . 103�4 M� ⇠ 1070�71 eV

Lacey & Ostriker, ApJ 299 (1985) 633; Moore, ApJ 413 (1993) L93; 
Rix & Lake, ApJ 417 (1993) L1

Afshordi+, ApJ 594 (2003) L71



If dissipa0on and cooling 
occurs, there may be the 

consequent forma0on of a 
dark disk

J. Fan+, PRL 110, 211302 (2013) 

NB: Subdominant component

5. OpDcally dark and dissipaDonless

Very weak e.m. interac0on

 Dark maPer can not cool by radia0ng 
photons => Strong constraints of the 

frac0on of dissipa0ve dark maPer (e.g. 
through cooling into a rota0onally-

supported disk)

✏disk . 0.05

Wilkinson+, JCAP 04 (2014) 026

e.g. Law+, ApJ 703 (2009) L67 (2009) & refs. to it 



DM-DM interac0on too strong, spherical structures would be obtained rather 
than triaxial:

Miralda-Escudé ApJ 564 60 (2002)

From Bullet cluster: σ/m<0.7-1.3 cm2/g  
Randall+, ApJ 679,1173(2008); Buckley & Fox, Phys.Rev.D 81,083522(2010)  

…..much less than atomic or molecular cross sec0ons! 

6. Collisionless (or not very collisional)

� ⇠ m

GeV

Mpc

�
barn

From clusters: σ/m<0.02 cm2/g  

cm2

g
= 1.78

barn

GeV

DM should not have self-interacDons exceeding the barn/GeV level; slightly 
smaller σ could also be beneficial Kaplinghat+ PRL 116, 041302 (2016)

� ⇠ 1

�/m ⇢
> 1Mpc



3. The dark matter landscape



Vast parameter space in mass and interaction strength

10�19 eV
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<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit> 10�16 M�

<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

The dark maPer landscape



Primordial black holesParticle dark 
matter

10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit> 10�16 M�

<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>
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10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit> 10�16 M�

<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

Weakly interacting massive particles 
(WIMPs)

• Freeze-out production mechanism 


The dark maPer landscape



Axions & ALPs

10�19 eV
<latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit><latexit sha1_base64="2EW+IxfNBCkrYvoaNp4D1f5yH9o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcaJmIoO6KblxWsA/ojCWTZtrQJDMkGbEM8ytuXCji1h9x59+YtrPQ1gMXDufcy733hAln2njet7O0vLK6tl7aKG9ube/sunuVlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Gbitx+p0iyW92ac0EDggWQRI9hYqedWkPeQnaKrHPon0FcC0lbPrXo1bwq4SFBBqqBAo+d++f2YpIJKQzjWuou8xAQZVoYRTvOyn2qaYDLCA9q1VGJBdZBNb8/hkVX6MIqVLWngVP09kWGh9ViEtlNgM9Tz3kT8z+umJroMMiaT1FBJZouilEMTw0kQsM8UJYaPLcFEMXsrJEOsMDE2rrINAc2/vEhaZzXk1dDdebV+XcRRAgfgEBwDBC5AHdyCBmgCAp7AM3gFb07uvDjvzsesdckpZvbBHzifPx3Pkos=</latexit>

0.1 eV
<latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit><latexit sha1_base64="DEieop7f4uBzKyLjMloTqzFeBbs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gCWWznbRLd5O4uymU0t/hxYMiXv0x3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFDzGhuFGYDtVSGUosBUO72Z+a4RK8yR+NOMUA0n7MY84o8ZKgVv1iH9BfCUJNrvlilt15yCrxMtJBXLUu+Uvv5ewTGJsmKBadzw3NcGEKsOZwGnJzzSmlA1pHzuWxlSiDibzo6fkzCo9EiXKVmzIXP09MaFS67EMbaekZqCXvZn4n9fJTHQTTHicZgZjtlgUZYKYhMwSID2ukBkxtoQyxe2thA2ooszYnEo2BG/55VXSvKx6NruHq0rtNo+jCCdwCufgwTXU4B7q0AAGT/AMr/DmjJwX5935WLQWnHzmGP7A+fwBLsKQaQ==</latexit>

keV
<latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit><latexit sha1_base64="EWKLFHM+UOweXDOlPqHdMgvw8rc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnpZkjK1+perX/DnIKgkKUoUCjX7lqzdIWCZRWSaoMd3AT22YU205Ezgt9zKDKWVjOsSuo4pKNGE+P3dKzp0yIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/FNmHOVZhYVWyyKM0FsQma/kwHXyKyYOEKZ5u5WwkZUU2ZdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MH4UCPQQ==</latexit>

103 M�
<latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit><latexit sha1_base64="KFABE8or8k/6qOUqg8IV10xTIus=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkqigi6LbtwIFewDmhgmk0k7dDITZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee8KUUaUd59sqLS2vrK6V1ysbm1vbO3Z1t61EJjFpYcGE7IZIEUY5aWmqGemmkqAkZKQTDq8mfueBSEUFv9OjlPgJ6nMaU4y0kQK76jr3p9A7hjdB7olI6HFg15y6MwVcJG5BaqBAM7C/vEjgLCFcY4aU6rlOqv0cSU0xI+OKlymSIjxEfdIzlKOEKD+fnj6Gh0aJYCykKa7hVP09kaNEqVESms4E6YGa9ybif14v0/GFn1OeZppwPFsUZwxqASc5wIhKgjUbGYKwpOZWiAdIIqxNWhUTgjv/8iJpn9Rdp+7entUal0UcZbAPDsARcME5aIBr0AQtgMEjeAav4M16sl6sd+tj1lqyipk98AfW5w9ZsZLF</latexit>

10M�
<latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit><latexit sha1_base64="h++SLfc0gkta72/kmt26ycECZnA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5REBD0WvXgRKtgPaELYbDbt0k027E6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDATXIPjfFsrq2vrG5uVrer2zu5ezd4/6GiZK8raVAqpeiHRTPCUtYGDYL1MMZKEgnXD0c3U7z4ypblMH2CcMT8hg5THnBIwUmDXXAd7Z/guKDwZSZgEdt1pODPgZeKWpI5KtAL7y4skzROWAhVE677rZOAXRAGngk2qXq5ZRuiIDFjf0JQkTPvF7PAJPjFKhGOpTKWAZ+rviYIkWo+T0HQmBIZ60ZuK/3n9HOIrv+BplgNL6XxRnAsMEk9TwBFXjIIYG0Ko4uZWTIdEEQomq6oJwV18eZl0zhuu03DvL+rN6zKOCjpCx+gUuegSNdEtaqE2oihHz+gVvVlP1ov1bn3MW1escuYQ/YH1+QMrIZIg</latexit>

µeV
<latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit><latexit sha1_base64="v6NcNShkPWdlHIzTRGwqwRtX8eA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5iddJIhM7PLzKwQQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYlux9Sg4AoblluB7VQjlbHAVjy6nfmtJ9SGJ+rBjlOMJB0o3ueMWic9hjIjoZYEm91yxa/6c5BVEuSkAjnq3fJX2EtYJlFZJqgxncBPbTSh2nImcFoKM4MpZSM6wI6jiko00WR+8ZScOaVH+ol2pSyZq78nJlQaM5ax65TUDs2yNxP/8zqZ7V9HE67SzKJii0X9TBCbkNn7pMc1MivGjlCmubuVsCHVlFkXUsmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx/I5pBS</latexit>

MeV
<latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit><latexit sha1_base64="lu9cz3IDqAxO8TxdQ9mtZ5y/nGc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFy9CBPOAZAmzk95kyMzsMjMrhJCP8OJBEa9+jzf/xkmyB00saCiquunuilLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmibJNMMGS0Si2xE1KLjChuVWYDvVSGUksBWNbmd+6wm14Yl6tOMUQ0kHisecUeukVldLco/NXrniV/05yCoJclKBHPVe+avbT1gmUVkmqDGdwE9tOKHaciZwWupmBlPKRnSAHUcVlWjCyfzcKTlzSp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8MJV2lmUbHFojgTxCZk9jvpc43MirEjlGnubiVsSDVl1iVUciEEyy+vkuZFNfCrwcNlpXaTx1GEEziFcwjgCmpwB3VoAIMRPMMrvHmp9+K9ex+L1oKXzxzDH3ifP7OMjyM=</latexit>

GeV
<latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit><latexit sha1_base64="bSPuZpHPa3hWiT9b0t8bmr5K6z0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegBz1GMA9IljA76U2GzMwuM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uKBXcWN//9gpr6xubW8Xt0s7u3v5B+fCoaZJMM2ywRCS6HVGDgitsWG4FtlONVEYCW9Hodua3nlAbnqhHO04xlHSgeMwZtU5qdbUkd9jslSt+1Z+DrJIgJxXIUe+Vv7r9hGUSlWWCGtMJ/NSGE6otZwKnpW5mMKVsRAfYcVRRiSaczM+dkjOn9EmcaFfKkrn6e2JCpTFjGblOSe3QLHsz8T+vk9n4OpxwlWYWFVssijNBbEJmv5M+18isGDtCmebuVsKGVFNmXUIlF0Kw/PIqaV5UA78aPFxWajd5HEU4gVM4hwCuoAb3UIcGMBjBM7zCm5d6L96797FoLXj5zDH8gff5A6pojx0=</latexit> 10�16 M�

<latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit><latexit sha1_base64="SKDUUFy5WZOXF1SuWEddORf960s=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1oyIuqy6MaNUME+oIlhMpm2QyeZMDMRSgj4K25cKOLW73Dn3zhts9DWAxcO59zLvfcECWdKO863VVpYXFpeKa9W1tY3Nrfs7Z2WEqkktEkEF7ITYEU5i2lTM81pJ5EURwGn7WB4Pfbbj1QqJuJ7PUqoF+F+zHqMYG0k395DzkN2gs5z6B7DWz9zRSh07ttVp+ZMAOcJKkgVFGj49pcbCpJGNNaEY6W6yEm0l2GpGeE0r7ipogkmQ9ynXUNjHFHlZZPzc3holBD2hDQVazhRf09kOFJqFAWmM8J6oGa9sfif101179LLWJykmsZkuqiXcqgFHGcBQyYp0XxkCCaSmVshGWCJiTaJVUwIaPbledI6rSGnhu7OqvWrIo4y2AcH4AggcAHq4AY0QBMQkIFn8ArerCfrxXq3PqatJauY2QV/YH3+ABDmlEY=</latexit>

102 TeV
<latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit><latexit sha1_base64="19568pZ2ckR9s0i4c/BpgXb+tpM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBylJEfRY9OKxQr+giWWz3bRLd5Owu1FK7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sHdvmwreJUEtoiMY9lN8CKchbRlmaa024iKRYBp51gfDPzOw9UKhZHTT1JqC/wMGIhI1gbqW+XXec+q02Rd448KVCTtvt2xak6c6BV4uakAjkaffvLG8QkFTTShGOleq6TaD/DUjPC6bTkpYommIzxkPYMjbCgys/mp0/RqVEGKIylqUijufp7IsNCqYkITKfAeqSWvZn4n9dLdXjlZyxKUk0jslgUphzpGM1yQAMmKdF8YggmkplbERlhiYk2aZVMCO7yy6ukXau6TtW9u6jUr/M4inAMJ3AGLlxCHW6hAS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/3DeScA==</latexit>

Primordial BHsSterile WIMPsQCD axion/ALPsFuzzy DM ⌫
<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>

The dark maPer landscape

The quest for dark maPer is 
colourful and very broad!! 

It leverages on model signatures 
and available data



WIMP detecDon strategies

DM
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Indirect Searches

Collider Searches

Direct 
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Two key-assump0ons: 
1) Dark maPer exists and is the main responsible for the gravita0onal poten0al 

inferred in galaxies, clusters and cosmo.  
2) Dark maPer is non-gravitaDonally coupled to standard maPer.
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Indirect dark maPer detecDon

DM annihila0on/decay leads to 
produc0on of observable fluxes of stable 
par0cles. 

Disclaimer:  

1) Not necessarily signatures at the GeV-
TeV-scale 

2) DM at the electroweak scale is one 
among possible valuable solu0ons 



Indirect searches
for stable dark matter annihilation 

 (or decay) products.
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Indirect searches
for stable dark matter annihilation 
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Indirect searches
for stable dark matter annihilation 

 (or decay) products.
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E.g: gamma-ray differen0al flux from spa0al distribu0on ⇢DM

d��

dE�
(E� , s,�⌦) =

h�vi
2m2

DM

X

i

Bi
dN i

�

dE�

1

4⇡

Z �⌦

0
d⌦

Z

l.o.s
⇢2DM(s)ds

Dark maPer density profiles: Spa0al distribu0on of the signal:
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The WIMP gamma-ray flux 



Spectra of prompt “secondary” photons
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> 25% into neutral pions

100% Branching ra0o (independent on PP model)
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General about DM searches
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DM phenomenology exercise
Where to look for DM signal? What do we expect? What can we find?


