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Cosmology

inflation
CMB galaxies

: Inflation, Cold Dark Matter, Lambda 

Known Unknowns: 
What was inflation, exactly?
DM? etc.

Unkown Unknowns: 
Surprises ?
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Full-shape analysis
CMB: LSS:

CMB and LSS probe different scales, different epochs (redshifts)
different physics !

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Parameters:
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

LSS is 3d —> contains orders of magnitude more information
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Large-Scale Structure: mode counting New data are coming!

Boston (February 23rd, 2023) 04/20Giovanni Cabass (IAS)
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Sources of non-linearity

IllustrisTNGSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Clustering of dark matterSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Galaxy - DM connectionSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Baryonic feedbackSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Redshift space distortionsRedshift space distortions

Nuisance parameters:

PT approach to LSS

Bias expansion

�(g) = F [rirj�] = b1� + b2�
2 + bs2(rirj�)

2 + b̃r2� · · ·

Desjacques, Jeong, Schmidt (2016)
Review:

Write down all possible “operators” compatible with symmetries

Additional complication: non-locality in time…

Galaxy formation is a local 
function of the tidal field + 
stochastic proceses

�g = b1�

+ b2�
2 + bG2(rhirji�)

2 + ...
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b1, b2, bG2 , ...

Planck’18

McDonald, Roy (2009), ++



Numerics/Analytics

galaxy formation

matter clustering

time-consuming

unlimited range
limited range 
precision & accuracy
fast/ cheap - beyond LCDM 
marg. over gastrophysics

Perturbation theorySimulations

credit: lineartestpilot

State-of-the-art equipment  
for theoretical physicist

credit: CartoonStock



Large-scale structure theory

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

EFT of Large Scale Structure:

Blas, Garny,  MI,  Sibiryakov (2015)

Time-sliced perturbation theory 
(TSPT)

Path Integral Formulation
of EFT of Large-Scale Structure 

approach and their ’role’ is to reproduce eventually the SPT result. In order to further

renormalise the UV - behaviour and account properly for very short modes one has to

introduce new counter-terms for the �n vertices. This issue, however, is not the main

goal of this paper and will be addressed in detail elsewhere.

To make the connection with the SPT approach, i.e. to write TSPT as a series in

P0, it is very instructive to perform one - loop computation, to which we proceed now.

2.3.1 1-loop results and comparison with SPT

Let us now focus on the 1-loop PS (e.g. including next to leading order corrections

of P0). The field  used to be a generic field obeying (4) in the previous sections.

However, in order to switch to the familiar notation of SPT, it will be more convenient

to relabel this field as follows,

 ⌘  2 , (31)

which is validated by the fact the filed  has to be identified with the velocity divergence

field as far as cosmology is concerned. In this subsection we will be studying the power

spectrum of the  2 field,

h 2(⌘,k1) 2(⌘,k2)i = P 2 2(⌘, k1)�
(d)(k1 + k2). (32)

In terms of Feynman diagrams, at the order O(P 2
0 ) this is given by8 (the combinatorial

factors are included in the diagrams)

PL
 2 2

(⌘, k) + P 1�loop
 2 2

(⌘, k) =
k

+
k k

C2
+

k k

q

�4

+
k

q

k

q� k

�3 �3

(33) diagr1loop

The first graph is simply the linear power spectrum. The e↵ect of the second diagram

with C2 is to cancel spurious UV divergences (⇠ P 2
0 (k)⇤

3
UV ) appearing in the third,

so-called ’sunrise’ diagram (see (B) for more details). misha:More on UV here?

8Note that one-loop tadpole graphs have been already taken care of, see (30).

12

k
= g2(⌘)P̄ (|k|),

k1

k2

k3

= �g�2(⌘)
�̄3(k1,k2,k3)

3!
,

k
= �C1(k),

k1

k2

k4

k3

= �g�2(⌘)
�̄4(k1,k2,k3,k4)

4!
,

k1 k2

= �
C2(k1,k2)

2

Figure 1. Example of TSPT Feynman diagrams.

Using the diagrams depicted in Fig. 1 one obtains,

h⇥⌘(k1)⇥⌘(k2)⇥⌘(k3)i
tree = = �g4(⌘)

3Y

i=1

P̄ (|ki|) �̄3(k1,k2,k3) , (3.27)

h⇥⌘(k1)⇥⌘(k2)⇥⌘(k3)⇥⌘(k4)i
tree = +

=g6(⌘)
4Y

i=1

P̄ (|ki|)


� �̄4(k1,k2,k3,k4)

+ �(3)
⇣ 4X

j=1

kj

⌘⇣
�̄0
3(k1,k2,�k1 � k2) P̄ (|k1 + k2|) �̄

0
3(k1 + k2,k3,k4) + perm.

⌘�
,

(3.28)

where “perm.” in the last expression stands for the terms obtained by the exchange

k2 $ k3 and k2 $ k4. We observe that �̄n are identified as one-particle-irreducible (1PI)

contributions to the tree-level correlators with amputated external propagators.

As already noted above, the counterterms Cn have the same order in the coupling g

as the 1-loop contributions. To understand their role, consider the 1-loop correction to the

– 11 –

+
C2

horizonHalo formation effective fluid
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

TSPT:  IR resumm. 
for arbitrary n-pf at any order
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[5 Mpc]
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[5 Gpc]

Baumann, Carrasco, Senatore, Zaldarriaga, Pajer, Schmidt, 
Castorina, Sefusatti, Scoccimarro, Porciani, Garny

White, Chen, Vlah, Schmidt, Mirbabayi, Lewandowski, ++



Are we sure PT is correct ?Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

From math - that’s the only optionSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Checks: blind challenges, EFT at the field level

Figure 4: Galaxy overdensity in redshift space, smoothed with a 2 hMpc�1 Gaussian, in a 500 hMpc�1
⇥

110 hMpc�1 2D slice.

Figure 5: Left panel: Power spectrum of the simulated galaxy sample (dashed), the bias model (dotted),
and the residual error (solid) The power spectra are measured in 5 bins in the cosine µ with respect to
the line of sight, µ = 0 � 0.2, 0.2 � 0.4, etc (colors). Right panel: Zoom-in of the error power spectrum,
Perr(k, µ) / h|�sim(k) � �

s
g(k)|

2
i. The error power spectrum is well fit Eq. (3.21) (black lines). In both

panels, the bias model (3.19) uses transfer functions fitted with seven parameters as shown in Fig. 10
below. The simulated galaxies are generated by populating Rockstar subhalos in six independent N-body
simulations with 15363 DM particles in L = 1500 h

�1Mpc cubic boxes evolved to redshift z = 0.6; the
subhalos are populated with galaxies to represent SDSS BOSS CMASS galaxies following [8], with a soft
lower mass cuto↵ of log10 Mmin[h�1M�] = 12.97.

where

c✏,1 = 0.599 ,

c✏,3 = 2.45

✓
kM

hMpc�1

◆2

. (3.22)

The number density of simulated galaxies is n̄g = 4.25 ⇥ 10�4
h
3Mpc�3 and the logarithmic

growth rate is f = 0.786 at redshift z = 0.6. From Fig. 5 it is clear that both stochastic noise
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Figure 5: Comparison of the data for the monopole and the quadrupole (the error bars are

there, barely visible) with the best-fit model.

Figure 6: The residuals for the monopole and the quadrupole, for the best-fit model. The fit

is good, with �2/dof = 12/(24� 9).

7

Nishimichi, Takada, MI, d’Amico, Simonovic  ++ (2020)
Schmittfull++’18 Schmittfull, Simonovic, MI++’20
Schmidt, Cabass, Jasche++’20, ++0.1% precision!



https://github.com/Michalychforever/CLASS-PT

PBJ, Velociraptor, Spinosourus, CLASS-PT, PiBird, CLASS-1loop, FAST-PM, etc. 

real space: Pmm, Pgm, Pgg

redshift space: P0,P2,P4,++

RSD Bispectrum: tree +1loop*

LOS-dependent operators

e.g.: lensing, photometric clustering

e.g.: spectroscopic surveys

e.g.: LyA forest

PNG fNL loops

all in 1second!    

Codes

MI, Philcox ++’21’22

Cabass, MI, Philcox ++’22

MI’21

Many codes in the market:

     Simonovic ++’17 
Chudaykin, MI ++’18

a universal 
LSS calculator !

Oddo++’21’22, Rizzo++’22, Alkhanishvilli++’21, d’Amico’22 

Moradinezhad ++’21

Desjasques, Jeong, Schmidt’18

Assassi’14
MI, Sibiryakov’ 18
         Perko+’16

https://github.com/Michalychforever/CLASS-PT


BOSS data: 
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Figure 3. Comparison of the measured and theoretical galaxy bispectrum multipoles. We show
the BOSS NGC high-z (z = 0.61) data, along with the best-fit theory curves from our MCMC
analysis. The top, middle, and bottom panels show the monopole, quadrupole, and hexadecapole
respectively. Data are shown for kmax = 0.08 h Mpc�1 with all elements stacked (with smallest
scales shown on the right). Errorbars correspond to diagonal elements of the covariance matrix,
estimated from mocks. Though the signal of the higher-order BOSS multipoles is relatively small
(see Tab. 2), the model provides an excellent fit to the data, as evidenced by the simulation results
in Fig. 1.
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Power spectra: 
Post-reconstructed BAO: 
Bispectra:

covariance: Patchy mocks + analytic 
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B0, B2, B4



P` +Q0 +B0

Parameter 68% limits

!cdm 0.140
+0.010
�0.013

H0 69.3± 1.1

ln10
10
As 2.60± 0.13

ns 0.872± 0.066

S8 0.734± 0.039

⌦m 0.339
+0.016
�0.018

�8 0.691
+0.035
�0.039

P` +Q0 +B`

Parameter 68% limits

!cdm 0.1444
+0.0098
�0.012

H0 69.19
+0.98
�1.1

ln10
10
As 2.60± 0.12

ns 0.869± 0.060

S8 0.760± 0.039

⌦m 0.349
+0.015
�0.017

�8 0.704
+0.034
�0.039

P` +Q0 +B0

Parameter 68% limits

!cdm 0.1262
+0.0052
�0.0058

H0 68.32± 0.83

ln10
10
As 2.741± 0.095

S8 0.745± 0.039

⌦m 0.3197± 0.0096

�8 0.722
+0.032
�0.035

P` +Q0 +B`

Parameter 68% limits

!cdm 0.1303± 0.0055

H0 68.19± 0.78

ln10
10
As 2.740± 0.091

S8 0.771± 0.039

⌦m 0.3296± 0.0095

�8 0.736± 0.033

Table 1. One-dimensional marginalized constraints on cosmological parameters of ⇤CDM

from BOSS using the power spectrum multipoles, the real space power spectrum proxy,

and the bispectrum. The left columns correspond to the likelihood with the bispectrum

monopole only. The limits in the right columns are derived from the likelihood that con-

tains additional information from bispectrum quadrupole and hexadecapole data. For each

parameter, we display the mean value and the 68% confidence intervals. All results are

obtained assuming the BBN prior on !b. The lower raw presents the constraints obtained

upon including the Planck prior on ns. In each table, the upper parameters are those

directly sampled in MCMC chains. The lower parameters are derived from these chains.

we focus only on the large scale modes with kmax = 0.08 h Mpc�1, and limit ourselves

with kmin = 0.01 h Mpc�1 in order to mitigate large-scale observation systematics. The

power spectrum and bispectrum multipoles are constructed with the window-free optimal

estimator presented in [94, 105].

We use the tree-level EFT of LSS model for the bispectrum multipoles, introduced

in Ref. [80], and later used in [15, 96, 97] in the context of the BOSS bispectrum data.

We consistently fit the BOSS bispectrum multipoles’ data, recomputing the theory model

templates for each set of cosmological parameters sampled in our MCMC chains. We

focus on the minimal ⇤CDM model and assume the BBN prior on the physical density of

baryons !b. All other parameters are fit directly from the BOSS data. The results of our

main analysis are shown in Fig. 1 and table 1. For comparison, we also present there the

constrains obtained from our previous BOSS likelihood that included only the bispectrum

monopole (` = 0) moment.

– 4 –

Re-analysis of public BOSS data

[km/s/Mpc]

MI, Simonovic, Zaldarriaga (2019), Philcox, MI (2021) ++ 
MI, Philcox ++ (2023)
D’Amico, Kokron++(2019), Chen, White, Vlah (2021)
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BOSS (our pipeline)
<latexit sha1_base64="vSvmNHdvU505e81tD4C1NppuuP0=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KUoj0WvXisYD+gDWWz3bRLN5uwO5GWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbm+bHgGhzn2ypsbe/s7hX3SweHR8cn9mm5o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i387hNTmkfyEeYx80IyljzglICRhnZ5AGwGaUsQSae45riNbGhXnKqzBN4kbk4qKEdraH8NRhFNQiaBCqJ133Vi8FKigFPBstIg0SwmdErGrG+oJCHTXrq8PcOXRhnhIFKmJOCl+nsiJaHW89A3nSGBiV73FuJ/Xj+BoOGlXMYJMElXi4JEYIjwIgg84opREHNDCFXc3IrphChCwcRVMiG46y9vkk6t6l5X6w/1SvM2j6OIztEFukIuukFNdI9aqI0omqFn9IrerMx6sd6tj1VrwcpnztAfWJ8/AQ2TxQ==</latexit>

Planck 2018

strongest PT constraints! 

consistent w/Planck @2sigma



Applications

testing LCDM: Dark Sectors testing inflation

10

WHAT COULD SOURCE THIS?

Cabass, Philcox+22, Creque-Sarbinowski, Philcox+22

New particles! Ghost inflation!

Chern-Simons inflation

No evidence for an 
inflationary source from 
the 18 models we tried!

1. Primordial Sources

▷ New particles in inflation?
▷ Ghosts in inflation?
▷ Gravitational waves in inflation? 

2. Late-time Sources

▷ Modified gravity?
▷ Magnetic fields?

3. Systematics

▷ Wrong covariance / simulations?
▷ Observational effects?

© Philcox w/Midjourney
M. Loverde, K. Rogers, 
F-Y. Cyr-Racine  
talks

O.Philcox, B.Wallisch,   
A. Moradinezhad talks
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The landscape of dark matter masses
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<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>

� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 

1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>

� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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Dark Matter



1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>

� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 

1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>

� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>

� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
<latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit><latexit sha1_base64="/udicHhqVJjG9qWNv4qVVvAcuHQ=">AAACWHiclVDJSgNBEK2MS2JcE49eBoPgKTMjop5E0IOXQAQThSSEnk4laexl6O5RQ8gveNVf06+xJ5mD28WChsdbqOoXJ5wZG4bvBW9peWW1WForr29sbm3vVKpto1JNsUUVV/o+JgY5k9iyzHK8TzQSEXO8ix8uM/3uEbVhSt7aSYI9QUaSDRklNqO6DWz3d2phPZyP/xtEOahBPs1+pXDeHSiaCpSWcmJMJwoT25sSbRnlOCt3U4MJoQ9khB0HJRFoetP5sTP/wDEDf6i0e9L6c/ZrYkqEMRMRO6cgdmx+ahn5l9ZJ7fCsN2UySS1Kulg0TLlvlZ/93B8wjdTyiQOEauZu9emYaEKt6+fblqBlHBUQOdD4xJUcBVdaJbF6DhrM0EBMcqOZ/S/mFgmXKbvGo5/9/gbto3rk8M1x7eIk774Ee7APhxDBKVzANTShBRTG8AKv8Fb48MAremsLq1fIM7vwbbzqJ8MBtOs=</latexit>
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1804.10249	w/	Yang	Bai	
1810.04360	w/	Yang	Bai	&	Sida	Lu	

1812.00211	w/	Daniel	Chung	&	Rocky	Kolb	

this talk recent work 

1 g ' 6⇥ 1023 GeV/c2
<latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit><latexit sha1_base64="q3/Re/IZxXpBOv6NCs7bvfBy4eA="></latexit>

1M� ' 1⇥ 1057 GeV/c2
<latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit><latexit sha1_base64="K4SeqANb1f9v0Kg/GjO0O41Fn30="></latexit>

1012M�
<latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit><latexit sha1_base64="6VmVguJJXIAWcPedvHkK9znOgT0="></latexit>

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

106M�
<latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit><latexit sha1_base64="AKdefYvmhRc13gvW5fd8qWqVO/s=">AAACXniclVBNSwJBGB63L7NMrUvQZUiCTu5uRHkKoQ5dBIP8IDWZHUcdnI9lZraSxX/Rtf5Xt35Ko+4htUsvDDw8H7zvPEHIqDae95VyNja3tnfSu5m9/exBLl84bGgZKUzqWDKpWgHShFFB6oYaRlqhIogHjDSD8e1Mb74QpakUj2YSki5HQ0EHFCNjqSffe76CnaqORC9f9ErefOA68BNQBMnUeoXUTacvccSJMJghrdu+F5pujJShmJFpphNpEiI8RkPStlAgTnQ3np88hWeW6cOBVPYJA+fs70SMuNYTHlgnR2akV7UZ+ZfWjsyg3I2pCCNDBF4sGkQMGgln/4d9qgg2bGIBworaWyEeIYWwsS0tbXHr2lIuEn1FXpkUQ/dOyTCQb26VauzySWLU0//F7CJuMxnbuL/a7zpoXJR8ix8ui5Vy0n0anIBTcA58cA0q4B7UQB1gIMA7+ACfqW9n28k6uYXVSSWZI7A0zvEP8/222Q==</latexit>

The landscape of dark matter masses

Mpl
<latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit><latexit sha1_base64="76OQgwTd0vlipzONJmMDUq6asd8=">AAACWHiclVBbSwJBFD5uFy/d1B57WZKgJ3c3gnwKoR56EQxaFVRkdhx1aC7LzGwl4l/otf5a/ZpG3YfUXjow8PFdOGe+KGZUG9//yjg7u3v72Vy+cHB4dHxSLJVbWiYKkxBLJlUnQpowKkhoqGGkEyuCeMRIO3q+W+jtF6I0leLJTGPS52gs6IhiZBZUrxGzQbHiV/3luNsgSEEF0mkOSpnb3lDihBNhMENadwM/Nv0ZUoZiRuaFXqJJjPAzGpOuhQJxovuz5bFz98IyQ3cklX3CuEv2d2KGuNZTHlknR2aiN7UF+ZfWTcyo1p9RESeGCLxaNEqYa6S7+Lk7pIpgw6YWIKyovdXFE6QQNraftS1eqC3lITFU5JVJMfbulYwj+eY1qMYen6ZGPf9fzC7iNlOwjQeb/W6D1lU1sPjxulKvpd3n4AzO4RICuIE6PEATQsAwgXf4gM/MtwNO1smvrE4mzZzC2jjlHwPGtQ4=</latexit>

<- 5 		� ->

10�22 eV
<latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit><latexit sha1_base64="M6THaOK+deVCQb6KV1niX2YMhi8="></latexit>

100 GeV
<latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit><latexit sha1_base64="KqTlIhr/4y8Ksq6jwnoJdEJBSoU=">AAACXHiclVDLSgMxFE3HV219tApu3ASL4MqZEVFXUlDQjVDBaQttkUzmtobmMSQZtZT+hFv9MTd+i2k7C18bLwQO58G9OXHKmbFB8F7wFhaXlleKq6Xy2vrGZqW61TQq0xQiqrjS7ZgY4ExCZJnl0E41EBFzaMXDi6neegRtmJJ3dpRCT5CBZH1GiXVUOwwC3L2C5n2lFhwGs8G/QZiDGsqncV8tnHcTRTMB0lJOjOmEQWp7Y6ItoxwmpW5mICV0SAbQcVASAaY3nh08wfuOSXBfafekxTP2a2JMhDEjETunIPbB/NSm5F9aJ7P9s96YyTSzIOl8UT/j2Co8/T1OmAZq+cgBQjVzt2L6QDSh1nX0bYsfGUf5RCYanriSA/9SqzRWz/4NM9QXo9xoJv+LuUXCZUqu8fBnv79B8+gwdPj2uFY/ybsvol20hw5QiE5RHV2jBooQRRy9oFf0VvjwFr2ytz63eoU8s42+jbfzCahdtb4=</latexit>

���
 �� #

µeV
<latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit><latexit sha1_base64="CoZSIQv9Fslhm0d2uTQtCacMg/Q="></latexit>

� ��-����  ��"�

10M�
<latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit><latexit sha1_base64="ltRZWZ0q8ZVMiw+QhmLft/f2i1Y=">AAACXHiclVBNSwJBGB43K9MsLejSZUiCTu5uBHkKoQ5dBIP8AF1kdhx1cD6WmdlqEf9E1/pjXfotjbqH1C69MPDwfPC+84QRo9p43lfG2cnu7u3nDvKFw+LRcal80tYyVpi0sGRSdUOkCaOCtAw1jHQjRRAPGemE0/uF3nkhSlMpnk0SkYCjsaAjipGxVNf3YL+hYzEoVbyqtxy4DfwUVEA6zUE5c9cfShxzIgxmSOue70UmmCFlKGZknu/HmkQIT9GY9CwUiBMdzJYHz+GlZYZwJJV9wsAl+zsxQ1zrhIfWyZGZ6E1tQf6l9WIzqgUzKqLYEIFXi0Yxg0bCxe/hkCqCDUssQFhReyvEE6QQNrajtS1uS1vKRWKoyCuTYuw+KBmF8s1tUI1dnqRGPf9fzC7iNpO3jfub/W6D9nXVt/jpplKvpd3nwDm4AFfAB7egDh5BE7QABgy8gw/wmfl2sk7BKa6sTibNnIK1cc5+AIVCtjE=</latexit>


�� ���.

Hinf
<latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit><latexit sha1_base64="GPy71IRVjF0Cx6aeDRW/jwGTyfs="></latexit>

keV
<latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit><latexit sha1_base64="Fy/I5pNHGrD8vgwrD6ddRDWi9B0=">AAACWHiclVBbSwJBFD5uN7W7PfayJEFP7m4E+RRBPfQSFKQGKjE7HnVwLsvMbCXiX+i1/lr9mmZtH1J76cDAx3fhnPnihDNjw/Cz4K2srq1vFEvlza3tnd29/UrTqFRTbFDFlX6MiUHOJDYssxwfE41ExBxb8egq01vPqA1T8sGOE+wKMpCszyixGdUZYfNprxrWwtn4yyDKQRXyuXvaL1x0eoqmAqWlnBjTjsLEdidEW0Y5Tsud1GBC6IgMsO2gJAJNdzI7duofO6bn95V2T1p/xv5OTIgwZixi5xTEDs2ilpF/ae3U9uvdCZNJalHSn0X9lPtW+dnP/R7TSC0fO0CoZu5Wnw6JJtS6fua2BA3jqIDInsYXruQguNYqidVrcMsMDcQ4N5rp/2JukXCZsms8Wux3GTRPa5HD92fVy3refREO4QhOIIJzuIQbuIMGUBjCG7zDR+HLA2/DK/1YvUKeOYC58Srf/hW1Cw==</latexit>

1010 g
<latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit><latexit sha1_base64="sgyFC2BEdHDwGfePv2MmtyRof00="></latexit>

1 kg
<latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit><latexit sha1_base64="A7jiqTqTBzMP0XqtAfPEBKZWYrk="></latexit>

PeV
<latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit><latexit sha1_base64="bc7B1mYLSnqAe7NnrB9B2coc/l4=">AAACWHiclVDJSgNBEK2MSxa3JB69DAbBkzMjop4koAcvQgQThSRIT6eSNPYydPeoYcgveNVf06+xk8zB7WJBw+MtVPWLE86MDcP3gre0vLJaLJUra+sbm1vVWr1jVKoptqniSt/FxCBnEtuWWY53iUYiYo638cP5TL99RG2Ykjd2kmBfkJFkQ0aJnVG9Fnbuq43wIJyP/xtEOWhAPq37WuGsN1A0FSgt5cSYbhQmtp8RbRnlOK30UoMJoQ9khF0HJRFo+tn82Km/55iBP1TaPWn9Ofs1kRFhzETEzimIHZuf2oz8S+umdnjaz5hMUouSLhYNU+5b5c9+7g+YRmr5xAFCNXO3+nRMNKHW9fNtS9A2jgqIHGh84kqOggutklg9B1fM0EBMcqOZ/i/mFgmXqbjGo5/9/gadw4PI4eujRvM4774EO7AL+xDBCTThElrQBgpjeIFXeCt8eOAVvfLC6hXyzDZ8G6/+CcjatO4=</latexit>

MeV
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What if there are many DMs ?

https://cajohare.github.io/AxionLimits/ Nadler ++ (2020)



We can do better with Galaxies!

Imagine two DM components, one is not exactly cold
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

~ there’s a Jeans scale beyond which it won’t cluster!
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential
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DM - baryon interactions: apparent evidence ?

3

that remains constant for z > 103 and scales linearly
with z for z . 103 is used to reproduce the e↵ect of
V

2
RMS on R� with a precision adequate for cosmolog-

ical analyses (Tseliakhovich & Hirata (2010); Dvorkin
et al. (2014)). To solve the Boltzmann equations of
presence of IDM, we use a modified version of the Boltz-
mann solver CLASS, which allows for DM-baryon scatter-
ing parameterized by a momentum transfer cross section
as � = �0v

n (Gluscevic & Boddy (2018); Boddy et al.
(2018)), where n = 0, in the case of velocity-independent
scattering.

In order to make a prediction for late-time evolution
of the matter power spectrum, on scales corresponding
to galaxy clustering, weak lensing, and related LSS ob-
servables, we merge the modified IDM CLASS code with
a CLASS-PT module, previously developed as a tool for
computation of the LSS power spectra in mildly non-
linear regime Baumann et al. (2012); Carrasco et al.
(2012); Cabass et al. (2022).1 CLASS-PT is a non-linear
perturbation theory extension of CLASS that calculates
non-linear 1-loop corrections to the linear matter power
spectrum, and outputs the redshift-space galaxy power
spectrum (Chudaykin et al. (2020)).

The formalism implemented in CLASS-PT rests on the
e↵ective theory of LSS, which should, in principle, be
modified in the presence of non-gravitational interac-
tions between baryons and DM (see e.g. Senatore & Zal-
darriaga (2017); Lewandowski et al. (2015) for cases of
massive neutrinos and the baryon-DM fluid, in the ab-
sence of direct coupling). However, in case of velocity-
independent interaction, DM-baryon scattering only af-
fects the evolution of matter perturbations at very high
redshifts, where non-linear e↵ects are entirely negligi-
ble. At redshifts relevant to galaxy surveys, the mean
free path associated with the DM-baryon interactions
exceeds particle horizon, and the evolution of structure
proceeds as in ⇤CDM, with a suppressed initial power
spectrum, shown in Figure 1.2,3 This means the stan-
dard implementation of CLASS-PT is entirely applicable
to predicting late-time LSS observables in our scenario
of interest.

3. DATA AND ANALYSIS METHODS

1
https://github.com/Michalychforever/CLASS-PT

2
We show that DM-baryon interactions only impact the evolu-

tion of matter perturbations at redshifts before recombination in

Appendix A.

3
In Figure 1, the residual of the linear matter power spectrum

lies higher than that of the total matter power spectrum in some

cases–this is because the linear and total IDM spectra are normal-

ized to their respective CDM counterparts, and the total CDM

spectrum sometimes experiences more enhancement than IDM.
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Figure 1. Percent di↵erence between the matter power
spectrum for an IDM cosmology with DM-baryon scattering
and collisionless CDM cosmology. The linear power spec-
trum is shown in green, and the total power spectrum is
shown in orange. The lines are generated with the best-
fit parameter values from a joint Planck + BOSS + DES
analysis of the IDM model with a DM mass of 1 MeV, and
interacting fraction f� = 10%. The shaded bands designate
the uncertainty in reconstructed matter power spectrum that
corresponds to a 1� uncertainty around these best-fit param-
eter values. An increase in the interaction cross section and
in the interacting fraction lead to a greater suppression in
P (k), while the former also shifts the onset of suppression to
larger scales. VG: lets consider cutting o↵ this figure at the
end of teh grey shaded region and removing footnote related
to it.

VG: title of sec 3 is hanging at the bottom of the page,
see if you can change formatting. removing footnote 3
might resolve this.

We analyze the full Planck 2018 TT, TE, EE, and
lensing power spectra (Aghanim et al. (2020a)), along
with anisotropic galaxy clustering data from BOSS
DR12 at z = 0.38 and 0.61 (Ivanov et al. (2020b,c), see
also Zhang et al. (2022); Chen et al. (2022)). As in Chu-
daykin et al. (2021); Philcox & Ivanov (2022), our anal-
ysis is performed up to kmax = 0.2 h/Mpc for the galaxy
power spectrum multipoles, from 0.2 < k < 0.4 h/Mpc
for the real-space power spectrum proxy Q0 (Ivanov
et al. 2022b), and up to kmax = 0.08 h/Mpc for the
bispectrum monopole (Ivanov et al. 2022a; Philcox &
Ivanov 2022).4 We also add the post-reconstructed
BOSS DR12 BAO data to this dataset following Philcox
et al. (2020). We stress that our EFT-based full-
shape analysis is quite conservative as we consistently

4
Our BOSS full-shape likelihood for CLASS-PT is publicly available

at https://github.com/oliverphilcox/full shape likelihoods.
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Figure 3. 68% and 95% confidence-level marginalized
posterior distributions of relevant parameters for ⇤CDM
from Planck (black) and our fractional DM-baryon interact-
ing model (colored) from di↵erent combinations of Planck,
BOSS, and DES data. The gray bands show the DES
measurement of S8. The bottom right-hand panel shows
a 2.6� preference for non-zero interactions between DM and
baryons under a combined Planck, BOSS, and DES analysis.

In particular, Figure 3 shows that the combined Planck
+ BOSS + DES analysis returns a mean �0 value of
1.34+0.51

�0.67 ⇥ 10�25 cm2.
In Table 1, we show the mean and best-fit values of

relevant parameters from a Planck + BOSS + DES anal-
ysis of the f� = 10%, m� = 1 MeV model, as well as the
�

2 statistics. The mean value of a given parameter is
taken to be the maximum of the marginalized posterior
distribution for that parameter, and the best-fit value
is the value of that parameter at the global maximum
of the likelihood. We present the full list of constraints
on all cosmological parameters for this scenario in Ap-
pendix B, and we show full posterior distributions for
this model in Appendix D. The f� = 10%, m� = 1 MeV
IDM model and ⇤CDM present similar �

2 values when
analyzed under Planck only; however, we find ��

2 =
�3.48 once we include BOSS data, and ��

2 = �6.7
once we include the DES prior on S8, corresponding to a
2.6� preference for non-zero interactions. We note that
the preference for non-zero DM-baryon interactions is
present even in the BOSS data alone: the IDM fit that
contains a single additional free parameter reduces �

2

by 3.02, compared to the CDM model. We find that
our fractional IDM model shows a consistent preference
over CDM, regardless of DM interacting fraction; this is
discussed further in Appendix C. Finally, we note that
the best-fit value of �0 in Table 1 is somewhat shifted

with respect to the posterior mean, due to inherent lim-
itations of the MCMC sampler; we discuss this further
in Appendix D.

5. DISCUSSION

Our results have general implications in the search
for a model that may restore concordance between cos-
mological data sets. Firstly, we the initial power spec-
trum capable of alleviating the S8 tension H0 tension
the same. This power spectrum is shown in Figure 1,
generated with the best-fit parameter values from a joint
Planck, BOSS, and DES analysis of our fractional IDM
model. We show both the linear matter power spectrum
and the total matter power spectrum, each normalized
to their respective ⇤CDM counterpart. An increase or
decrease in �0 shifts the cuto↵ in the power spectrum
to larger or smaller scales, respectively. This feature is
what allows this model to fit both LSS and CMB data
so well, as it seems that both datasets are very sensitive
to the position of this cuto↵. It is also worth noting that
the shape of our best-fit power spectrum looks similar
to those found in other proposed solutions to S8, such as
the DM-DE drag in Poulin et al. (2022). However, our
model is much more robust against the data analyzed;
in IDM, interactions between dark matter and baryons
a↵ect the early universe and still fit LSS and CMB data,
whereas in DM-DE drag, late universe edits resolve the
S8 tension without any modifications to the CDM im-
print on the CMB. Because our model must fit both
CMB and LSS data, we have less degrees of freedom in
our analysis, which makes our marked improvement in
��

2
min especially noteworthy.

Secondly, we stress that all of our posteriors over-
lap regardless of data combination except for the IDM
BOSS posteriors, as seen in Appendix D where we dis-
play full posterior distributions for the m� = 1 MeV,
f� = 10% model. The same cannot be said for ⇤CDM;
in ⇤CDM, posteriors for As and �8 do not fully over-
lap when comparing a Planck analysis to a BOSS +
DES analysis (Ivanov et al. (2020b); Philcox & Ivanov
(2022)). Therefore, our fractional IDM model provides
a better fit to both Planck and LSS data than ⇤CDM.
This result is extremely meaningful for DM detection
e↵orts–while we do not claim to have detected DM, our
results indicate that fractional DM-baryon interactions,
or models with similar physics, show promise of being
the new concordant cosmological model that replaces
⇤CDM. In fact, the shape of the power spectrum we
obtain with our model is characteristic for cosmologies
in which a fraction of DM interacts with other parti-
cles (neutrinos, photons, etc.). Future work should un-
doubtedly explore these interacting scenarios–given our
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m� ⇠ 1 MeV

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

motivated by direct detections
Gluscevic, Boddy (2018)
Slatyer, Wu (2018)

Dvorkin, Blum, Kamionkowski ++ (2014)

Adam He, MI, Rui, Gluscevic (2023)



Technical part
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Recently there’ve been some concerns about priors, 
marginalization effects, kmaxSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

We have thoroughly studied these effects in the past:

MI, Simonovic, Zaldarriaga (2019)

Philcox, MI (2021)

V. Poulen ++(2022)

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Let me address these concerns now



On the Priors
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Both Bayesian & frequentist Effect driven by the Likelihood!
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low S8 is real!

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Zurich and Princeton groups: different priors, but only one really matters 

D’Amico, Senatore++’19



On the Priors: parameter recovery tests*
3

FIG. 2. Posterior distributions from four di↵erent analyses of the PT challenge data: the WC and EC models with the full data

covariances matching the PT challenge volume, and the covariances rescaled to match the BOSS survey volume 6 (h�1
Gpc)

3
.

particular, one can notice a significant, 5% bias in the

recovery of �8 when the WC model is used. Other cos-

mological parameters, such as !cdm and H0 are recov-

ered within 95%CL. The second important observation

is that the recovery of nuisance parameters is also bi-

ased. The strongest bias is between the WC and EC

models is visible in the b2 � Pshot panel. Moreover, we

see that counterterms b4 and a0 are clearly detected to

be non-zero, and therefore setting them to 0 in the WC

model is unwarranted. Besides, we notice that the in-

ferred posteriors for Pshot, a2 and c
2
0

are in tension with

the EC priors. This indicates that the WC prior choice

is too restrictive.

In addition, there are some visible shifts between the

overoptimistic priors
bias cosmology
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overoptimistic priors
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problems in the 
bispectrum analysis

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential
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*Add data and codes are publicly available!
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

BF       Max Posterior
if distrib. is non-Gaussian

NOT prior volume: 
Likelihood >> Prior

1D marg. limits do not fully 
reflect the distribution !Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Q: is the parameter recovery
unbiased w.r.t. distribution ?

Our pipeline: yes  
(e.g blind challenges)

mean likelihood profile
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cosmology in the near future
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Perturbative assumptions are OKSummary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Systematic error << Statistic error

Figure 7. As Fig. 6, but comparing constraints on Nseries power constraints between analyses using
a covariance matching the entire Nseries volume (⇡ 235 h

�3Gpc3) and that of BOSS (⇡ 6 h
�3Gpc3).

Whilst there is some evidence prior volume e↵ects (such as in �8), the corresponding shifts are
subdominant compared to the errorbars.

are displayed in Fig 2 and Tab. 1, showing results for the cosmological parameters only. We find
that the bispectrum multipoles narrow the posteriors only marginally, by . 10%, with the largest
e↵ect on ns, whose errorbar has shrunk by 10%. We also find a (broadly insignificant) ⇡ 0.2�

upward shift in the ⌦m � �8 plane.
Imposing the Planck prior on ns does not qualitatively change the situation: we observe

marginal improvements on all cosmological parameters in addition to a small upward shift of the
⌦m � �8 posterior, see Fig. 2. To investigate the origin of this shift, we have repeated our analysis
with the same data, but with a covariance matrix in which we have artificially removed the corre-
lation between P` and B` data sets. In this case, we find that the mean values do not noticeably
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Theory Error blows up
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

From data:

Changing kmax is a good test

e.g. Camarena, Cyr-Racine, Houghteling ’23



Upshot of the technical part:
Summary   
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Use conservative priors

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Marginalization effects are sub-sigmish, and reduce w/ survey volume 

no problem for current & future surveys 

overoptimistic priors bias parameter inference

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Determination of kmax is an important problem 

kmax - independent analysis from Theoretical Error :

Baldauf, Simonovic ++(2016), Chudaykin, MI, Simonovic (2021) 

Отказ от Лоренц-инвариантности - интересные 
результаты!

В связи с фундаментальной ролью, которую 
играет ЛИ при построении моделей Природы,
возникает вопрос: с какой точностью она 
справедлива в различных секторах?

�CDM is doing very well
apart from possible hints at large-scale anomalies

�CDM is doing very well
apart from possible hints at large-scale anomalies

Квантовые свойства гравитации 
существенно улучшаются: квантовая 
гравитация Хоржавы-Лифшица 

Принципиально новые идеи для понимания 
темной  энергии и инфляции - модели 

массивной гравитации, духового конденсата 
и др. 

Monday, January 20, 14



Cosmology with the Bispectrum

New mask-free estimator 
+ discreetness weights (c.f. k_eff_mean)

Tree-level and one-loop EFT model:

Philcox (2021)
Philcox, MI (2021)
MI, Philcox, ++ (2021)

Bispectrum contains significant information

New pipeline: 

Philcox, MI ++ (2022)

FFTLog: 0.1% precision of the 1-loop calculation 
Code can be boosted is precision is reduced

NB. bin integration is a bad approximation

Effective Field Theory for Large Scale Structure 31

Ḡn(k1, ...,kn) = (2p)3d (3)
D (k1...n)Ḡ 0

n (k1, ...,kn) . (102)

Once the tree-level 1PI n-point functions are fixed, the calculation of equal-time
correlation functions proceed by a perturbative expansion of the generating func-
tional (92) around the Gaussian weight. This is identical to the perturbative calcula-
tions of n-point functions in QFT. Just like in the usual QFT, this computation can
be represented in terms of Feynman diagrams. These diagrams are built of vertices
Gn, n � 3, and lines correspond to propagators g2Plin, see Fig. 7. One should also
include vertices corresponding to counterterms Cn, n � 1 in order to subtract certain
UV divergences in loop diagrams. In this sense counterterms appear in TSPT quite
naturally.

To compute an n-point correlation function of the velocity divergence one has to
draw all diagrams with n external legs. It is easy to see that diagrams with larger
number of loops are proportional to higher powers of g(h). Hence, g(h) plays the
same role as a coupling constant in QFT. For the correlators of the density field d
one should use the expression (87) which is akin to an expression for composite
operators in QFT. It gives rise to additional vertices proportional to the kernels Kn;
these are denoted by an external arrow, see Fig. 7.

k
= g2(�)PL(k),

k1

k2

k3

= � 1

g2(�)

1

3!
�̄3(k1,k2,k3)

k
= �C1(k),

k

q1

q2

=
1

2
(2�)3�(3)

D (k � q12) K2(q1,q2)

Figure 1: Example of TSPT Feynman rules.

4 TSPT with primordial non-Gaussianity and Feynman rules

In the presence of primordial non-Gaussianity the initial conditions (3.13) get modified.

One expects now a non-vanishing initial value of the 3-point vertex, �(3)
3 �= 0. The early-

time asymptotics of the PDF become,

lim
����

P[e��̃; �] = N �1 exp

⇢
�

Z
[dk]

�̃k�̃�k

2PL(k)
�

Z
[dk]3

3!
�(3)

3 (k1,k2,k3) �̃k1�̃k2�̃k3

�
.

(4.1)

Substituting this expression into the generating functional (3.3) and taking variational

derivatives with respect to the external sources one derives the correlation functions of the

�-field at early times. The latter are to be matched to the linear statistics. Assuming

that the non-Gaussian contribution is small, as will be confirmed shortly, we can restrict

to linear order in the cubic vertex �(3)
3 and obtain the matching condition,

(2�)3�(3)
D (k123) BL(k1, k2, k3) = ��(3)

3 (k1,k2,k3)PL(k1)PL(k2)PL(k3) . (4.2)

We observe that �(3)
3 is proportional to the linear bispectrum. Let us estimate the size of the

cubic term in (4.1). Taking for the characteristic amplitude of the modes �̃k ⇠
�

PL(k) we

obtain �(3)
3

�
�̃3 ⇠ BL/(PL)3/2. As discussed before, the latter quantity is of order fNLA�

which is much smaller than unity, given the existing bounds on non-Gaussianity. This

justifies our expansion to linear order in �(3)
3 .

The TSPT vertices receive a contribution seeded by the primordial non-Gaussianity,

�n(�;k1, ...,kn) =
1

g2(�)
�̄n(k1, ...,kn) +

1

g3(�)
�̄NG

n (k1, ...,kn) , (4.3)
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Fig. 7 Examples of TSPT Feynman rules.

5.2 Soft Limits and IR Safety

Since we have used the PPF equations as sources in the TSPT PDF calculations,
our resulting expressions for the equal-time correlation functions must be identi-
cal to that of the PPF hydrodynamics that we discussed before. This is indeed the
case. However, the intermediate calculations required to obtain n-point functions are
completely different. The PPF loop diagrams contain unphysical IR divergences that
cancel only when all diagrams of a given order are summed together. In contrast,

Effective Field Theory for Large Scale Structure 37

presented formalism, however, can be used to consistently go for higher loop order without

any obstacles.

Let us discuss some of the advantages of the Wilson-Polchinski e�ective action. First

of all, from Eq. (3.6) we observe that all the counterterms are manifestly local in time. This

is a direct consequence of the factorization of time dependence in the TSPT approach.

The second useful property comes from working directly with the connected correlation

functions �n. This guarantees a consistent renormalization procedure: the counterterm

that cancels a divergence from a certain 1-particle irreducible (1PI) diagram will also

cancel all divergences which appear in any 1PR diagrams that nest this 1PI graph. Thus,

once we have renormalized a particular 1PI diagram, we should not care about divergences

which may appear in more complex graphs involving this diagram; these must be cancelled

by the same 1PI counterterm inserted in an analogous graph. Schematically,

�̄3 �̄3 +

�̄3

+

�(1)�
2

= finite ,

�̄3 �̄3
�̄3 +

�̄4

�̄3 +

�(1)�
2

�̄3 = finite .

(3.11) diagr1loop0v2

The consistency of renormalization requires that new counterterms be needed only to renor-

malize 1PI graphs, e.g. for the connected 1-loop 3-point function one has

�(1)�
3 +

�̄5

+
�̄3

�̄4

+
�̄3

�̄3

�̄3

= finite . (3.12)

The situation here is to be contrasted with the EFT of LSS, where the use of local

in time counterterms spoils the systematic character of renormalization [11]. It should be

pointed out that the TSPT diagrams are di�erent from those appearing in the EFT (or

SPT), only the final answer is guaranteed to coincide in two approaches. Speaking loosely,

the TSPT diagrams contain the EFT contributions reshu�ed in a systematic way.

In the next subsection we will solve the RG flow equations (3.10) at the tree and

one-loop level.

3.1 Tree-level vertices

At the tree level l = 0 we expect the result to match to the usual TSPT vertices that

appear in PPF. This will reproduce the SPT tree-level result. From Eq. (3.10), the tree-

– 8 –

Fig. 9 Diagrammatic representation of the systematic UV renormalization in TSPT: lower loop
order diagrams embedded in higher order ones (nested divergences) do not require new countert-
erms. They are removed by the same counterterms that renormalize lower order 1PI correlation
functions.

presented formalism, however, can be used to consistently go for higher loop order without

any obstacles.

Let us discuss some of the advantages of the Wilson-Polchinski e�ective action. First

of all, from Eq. (3.6) we observe that all the counterterms are manifestly local in time. This

is a direct consequence of the factorization of time dependence in the TSPT approach.
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malize 1PI graphs, e.g. for the connected 1-loop 3-point function one has
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The situation here is to be contrasted with the EFT of LSS, where the use of local
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pointed out that the TSPT diagrams are di�erent from those appearing in the EFT (or
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In the next subsection we will solve the RG flow equations (3.10) at the tree and

one-loop level.

3.1 Tree-level vertices

At the tree level l = 0 we expect the result to match to the usual TSPT vertices that

appear in PPF. This will reproduce the SPT tree-level result. From Eq. (3.10), the tree-
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Fig. 10 Diagrammatic representation of the systematic UV renormalization in TSPT: new coun-
terterms are required only for the 1-particle irreducible correlation functions.

Tree-level RG matching

It is reasonable to assume that the tree-level vertices (⇠ g�2) for momenta k < L
coincide with those derived from PPF. This is natural as the difference between PPF
and real dynamics should only appear in loop calculations. Thus, we can demand
that the tree-level vertices reproduce the ones from PPF TSPT in the limit L ! •.
An explicit calculation shows that G 0(0),L

3 (k1,k2,k3) = Ḡ 0
3 (k1,k2,k3) and

G 0(0),L
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Note that the L dependence appears for the first time in the tree-level 4-point vertex.
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presented formalism, however, can be used to consistently go for higher loop order without

any obstacles.

Let us discuss some of the advantages of the Wilson-Polchinski e�ective action. First

of all, from Eq. (3.6) we observe that all the counterterms are manifestly local in time. This

is a direct consequence of the factorization of time dependence in the TSPT approach.

The second useful property comes from working directly with the connected correlation

functions �n. This guarantees a consistent renormalization procedure: the counterterm

that cancels a divergence from a certain 1-particle irreducible (1PI) diagram will also

cancel all divergences which appear in any 1PR diagrams that nest this 1PI graph. Thus,

once we have renormalized a particular 1PI diagram, we should not care about divergences

which may appear in more complex graphs involving this diagram; these must be cancelled

by the same 1PI counterterm inserted in an analogous graph. Schematically,
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The consistency of renormalization requires that new counterterms be needed only to renor-

malize 1PI graphs, e.g. for the connected 1-loop 3-point function one has
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pointed out that the TSPT diagrams are di�erent from those appearing in the EFT (or

SPT), only the final answer is guaranteed to coincide in two approaches. Speaking loosely,

the TSPT diagrams contain the EFT contributions reshu�ed in a systematic way.

In the next subsection we will solve the RG flow equations (3.10) at the tree and

one-loop level.

3.1 Tree-level vertices

At the tree level l = 0 we expect the result to match to the usual TSPT vertices that

appear in PPF. This will reproduce the SPT tree-level result. From Eq. (3.10), the tree-
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Fig. 9 Diagrammatic representation of the systematic UV renormalization in TSPT: lower loop
order diagrams embedded in higher order ones (nested divergences) do not require new countert-
erms. They are removed by the same counterterms that renormalize lower order 1PI correlation
functions.
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At the tree level l = 0 we expect the result to match to the usual TSPT vertices that

appear in PPF. This will reproduce the SPT tree-level result. From Eq. (3.10), the tree-
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Fig. 10 Diagrammatic representation of the systematic UV renormalization in TSPT: new coun-
terterms are required only for the 1-particle irreducible correlation functions.

Tree-level RG matching

It is reasonable to assume that the tree-level vertices (⇠ g�2) for momenta k < L
coincide with those derived from PPF. This is natural as the difference between PPF
and real dynamics should only appear in loop calculations. Thus, we can demand
that the tree-level vertices reproduce the ones from PPF TSPT in the limit L ! •.
An explicit calculation shows that G 0(0),L

3 (k1,k2,k3) = Ḡ 0
3 (k1,k2,k3) and

G 0(0),L
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Note that the L dependence appears for the first time in the tree-level 4-point vertex.

Scoccimarro’94 Sefusatti’06’09, Oddo+’19’21, Hahn+’19,  
Moradinezhad++’20, Rizzo’23 



Cosmology with the 1-loop Bispectrum

Cosmo param’s don’t improve 
even @ kmax = 0.2 h/Mpc

17 Philcox+22, see also d’Amico++

One-Loop Galaxy Bispectrum

▷ * +%$ perturbation theory

▷ Fourth-order galaxy bias

▷ Counterterms

▷ Large-scale displacements

▷ Coordinate transformations

▷ Fingers-of-God

Accurate up to "&'( = 0.15 ℎ/Mpc

See GitHub.com/oliverphilcox/OneLoopBispectrum

44 free parameters

NEW MODELS: ΛCDM

17 Philcox+22, see also d’Amico++

One-Loop Galaxy Bispectrum

▷ * +%$ perturbation theory

▷ Fourth-order galaxy bias

▷ Counterterms

▷ Large-scale displacements

▷ Coordinate transformations

▷ Fingers-of-God

Accurate up to "&'( = 0.15 ℎ/Mpc

See GitHub.com/oliverphilcox/OneLoopBispectrum

44 free parameters

NEW MODELS: ΛCDM

4th order bias, RSD, 
conunterterms, IR resumm.

Many high precision tests passed! 
e.g. 0.1%, real space, etc.

44 free parameters (+2)

fNL does not improve either

Figure 4. Posterior distributions of the clustering amplitude and low-order nuisance

parameters from MCMC analyses of the power spectrum data (P`+Q0, in green), and the

combination of the power spectrum and redshift-space bispectrum monopole (P`+Q0+B0),

using tree-level (blue, from [80]) and one-loop (red) theory. The covariance is rescaled to

match the volume of the BOSS survey, and we assume kmax = 0.2 h
�1Mpc for both the

one-loop power spectrum and bispectrum.

which tightens the �8 constraint by 18% for the analysis settings adopted in this work.

This is consistent with previous studies considering the real-space bispectrum [81], and

arises primarily due to the large number of nuisance parameters appearing in the one-loop

calculation, especially in redshift-space. A similar situation takes place in the context

of the one-loop redshift-space power spectrum, whose information content is limited by

marginalization over nuisance parameters [24]. We will discuss this issue in detail later.

7 Implications for the BOSS survey

In this section we estimate the potential performance of the one-loop bispectrum model

applied to the BOSS survey data [2], which is the largest publicly-available spectroscopic

galaxy clustering dataset. This survey has significantly smaller volume than our mock

– 20 –

NB. no “prior volume” bias

Philcox, MI ++ (2022)



Future of EFT of LSS

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Forecasts suggest a bright future: 

Chudaykin, MI’19  Sailer, Castorina++’21,  Philcox, MI++’22, Braganca’23

Hubble, Neutrinos, fNL, …

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Can we get even better with higher order EFT ? 



Future of the high loop EFT?
Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

EFT “party line” example:  
       “we get 5-loop trispectrum and it will be great!” Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

We see evidence that this will not be that simple

Nuisance parameters are the bottleneck

Wadekar, MI, Scoccimarro (2020)

all fixed

all marg

cosmo marg
nuisance fixed

Philcox, Cabass, MI, Simonovic, Zaldarriaga (2022)

Knowing nuisance parameters >> higher loops

An even bigger problem at higher orders! 



Blast from the past: CHPT

!
!

“9780521768672AR” — 2013/12/10 — 20:38 — page 226 — #246 !
!

!
!

!
!

226 Effective field theory for low-energy QCD

At low energy, then, the predictions of QCD take the form of relations among
amplitudes whose structure is based on symmetry constraints but which are param-
eterized in terms of empirical constants. Nevertheless, QCD should in principle
also predict the very structure functions and low-energy constants which are
employed by these techniques. The trouble at present is that we do not have tech-
niques of comparable rigor with which to calculate these quantities. Nevertheless,
by using models plus phenomenological insight we can learn a bit about the physics
which leads to the chiral lagrangian.

The low-energy constants Fπ and mπ which occur at order E2 do not reveal
much about the structure of the theory. All theories with a slightly broken chi-
ral SU(2) symmetry will have an identical structure at order E2. The pion decay
constant Fπ will be sensitive to the mass scale of the underlying theory, while the
pion mass mπ will be determined by the amount of symmetry breaking. However,
approached phenomenologically, these are basically free parameters and do not
differentiate between competing theories.

The situation is different at order E4. Here, the chiral lagrangian contains many
terms, and the pattern of coefficients is a signature of the underlying theory. The
linear sigma model without fermions provides us with an example of how one can
compare a theory with the real world. In Sects. IV–2,4 we calculated the tree-level
terms in L4 which would be present in the linear sigma model, and obtained a result
expressible as

2L1 + L3 = 2L4 + L5 = 8L6 + 4L8 = F 2
π

4m2
S

= 1
8λ

, L2,7,9,10 = 0. (4.1)

This pattern is quite different from the structure obtained phenomenologically.
It appears that the linear sigma model is not a good representation of the real
world.

Unfortunately, it is harder to theoretically infer the {Li} directly from QCD.
However, a look at phenomenology indicates that we should consider the effects
of vector mesons, in particular the ρ(770). This is the most clear in the pion form
factor that shows a dramatic ρ resonance in the timelike region. Indeed, the whole
form factor can be well understood in a simple model as being a Breit–Wigner
shape due to the ρ resonance

Gπ (q2) = −
m2

ρ

q2 − m2
ρ + imρ$ρ(q)θ(q2 − 4m2

π )
, (4.2)

where the normalization is chosen to enforce the condition Gπ (0) = 1. This
works even in the timelike region. Comparison with the chiral lagrangian approach
implies that this model would predict

infinite loops can’t 
capture a simple Breit-Wigner!

Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

Proliferation of LEC (nuisance param’s) is the main reason  
CHPT wasn’t successful beyond 1-loop (>100 LEC @NNLO)Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

This may be the fate of the EFT of LSS

Baldauf ++(2015),  Konstandin++(2019) , Philcox, MI++(2022) 

LO

NLO

© Donaghue, Golowich, Holstein SM textbook



Alternative: Simulation-based inference

All N-point functions are reproduced on all scales!

HOD: ~10 parameters only (cf. ~46 for 1-loop B)

e.g.: C. Cuesta-Lazaro’23, Hanh ++’22,23, Dvorkin++’22,23, etc.

© Hanh ++’23
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Summary   

LSS is emerging as the main observational probe for 
cosmology in the near future

analytic understanding of LSS in the mildly non-linear 
regime 20 Mpc < l < 100 Mpc is essential to fully 
exploit its potential

future of EFT will depend on how we use this information



Summary

Huge improvements in the future

Novel ways to test new physics, e.g. mixed DM

Cosmo. parameters competitive with CMB

PT (EFT) - robust analytic tool for LSS

Non-perturbative information will be key

Thank you!


