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<latexit sha1_base64="T8dnKTY7+yX1C7suzzND1Dkr5mI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRA8eAl48RjAPzC5hdjJJhszMLvMQwpK/8OJBEa/+jTf/xkmyB00saCiquunuilPOtPH9b6+wtr6xuVXcLu3s7u0flA+PWjqxitAmSXiiOjHWlDNJm4YZTjupoljEnLbj8e3Mbz9RpVkiH8wkpZHAQ8kGjGDjpMdRLwuFDaWd9soVv+rPgVZJkJMK5Gj0yl9hPyFWUGkIx1p3Az81UYaVYYTTaSm0mqaYjPGQdh2VWFAdZfOLp+jMKX00SJQradBc/T2RYaH1RMSuU2Az0sveTPzP61ozuI4yJlNrqCSLRQPLkUnQ7H3UZ4oSwyeOYKKYuxWREVaYGBdSyYUQLL+8SloX1aBWrd1fVuo3eRxFOIFTOIcArqAOd9CAJhCQ8Ayv8OZp78V79z4WrQUvnzmGP/A+fwD8QZEf</latexit>

hµ⌫

A fundamental question is how Dark Matter couples to the SM

It would be great if DM had other interactions with SM:

What if DM interacts only gravitationally?




Apparently we live in an expanding universe:
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ds2 = a(⌧)2(d⌧2 � d~x2)

In a time dependent background particles are produced due to the 
non-adiabatic evolution of the vacuum.
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v00~k (⌧) + !2
k(⌧)v~k(⌧) = 0

As for the time dependent harmonic oscillator the initial vacuum is 
interpreted as an excited state at late times.
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[Schroedinger ’39,
Ford ’87,

Kolb, Riotto, Giudice ‘90s 
Kolb, Long ’24]



A phase of quasi de-Sitter — inflation — appears necessary to 
explain the initial conditions of our universe,

Could Dark Matter be produced by the expansion of the universe? 

Production of the inflaton generates the seeds of perturbations 
that eventually give rise to all that we see:
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HI⌧



Cosmological particle  production is associated to the breaking 
of Weyl invariance ( ):gµ⌫(x) ! ⌦(x)2gµ⌫(x)

• Kinetic term:

• Mass term:

Massless fermions and in general conformally coupled theories 
are not produced in a homogeneous FLRW background
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ds2 = a(⌧)2(d⌧2 � d~x2)
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With inhomogeneities the background is not Weyl flat and 
particle production takes place even in Weyl invariant theories:
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ds2 = a2(⌧)[⌘µ⌫ + hµ⌫(⌧, ~x)]dx
µdx⌫
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To first order:

Recall Schwinger pair production
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The number of events is:
<latexit sha1_base64="JoVGymnVKy2zq8ma8aU+AN6k8mg=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhd0g0cIiYKFpJIJ5QHYJdyeTZMjM7jIzK4YlP2Djr9hYKGJrb+ffOEm20MQDF86ccy9z7/EjzpS27W8rs7S8srqWXc9tbG5t7+R39xoqjCWhdRLyULZ8UJSzgNY105y2IklB+Jw2/eHlxG/eU6lYGNzpUUQ9Af2A9RgBbaRO/ujGhSiS4QMuJa4UuCrGbfcKhIDO9O3UqmOvky/YRXsKvEiclBRQilon/+V2QxILGmjCQam2Y0faS0BqRjgd59xY0QjIEPq0bWgAgiovmV4zxsdG6eJeKE0FGk/V3xMJCKVGwjedAvRAzXsT8T+vHeveuZewIIo1Dcjso17MsQ7xJBrcZZISzUeGAJHM7IrJACQQbQLMmRCc+ZMXSaNUdMrF8u1poXKRxpFFB+gQnSAHnaEKukY1VEcEPaJn9IrerCfrxXq3PmatGSud2Ud/YH3+AHTxmyo=</latexit>

N ⇡ 2Im[�1PI]

Contrary to Schwinger pair production it is very easy to 
compute �1PI
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For conformally coupled particles <TT> is completely fixed!
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The total number of particles is:

There is one last candy… the theory is Weyl invariant so the 
answer must contain the Weyl tensor!
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In cosmology we are often interested in stochastic backgrounds.


scalar perturbations:

tensor perturbations:
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This mechanism allows to produce cosmologically dark sectors 
when the mass scale is negligible:


• massless fermions and gauge fields

• interacting CFTs

If these sectors are gapped by mass or confinement they will 
contribute to DM.


The background could be produced by inflation, first order 
phase transitions or any other violent event in the universe.


Stochastic Dark Matter



Inflation produces curvature perturbations that depend on the 
evolution of the inflaton. At large scales the perturbations are 
small but they could be large at smaller scales,

- Inflationary production: [Garani, MR, Tesi ’24]
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https://inspirehep.net/literature/2822430


Abundance is dominated by modes that exit horizon towards 
the end of inflation


Other contributions can easily be smaller,
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- Gravitational freeze-in:

- Time dependent background:
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SUMMARY
• Inhomogeneities allow for a new mechanism of particle 

production that works even for conformally coupled particles 
such as fermions and gauge fields.

• Inclusive quantities are simply determined by the central charge. 

• This mechanism can be applied to the production of dark sectors 
that can host (heavy) dark matter. The formalism can be also 
applied to production from astrophysical objects or other 
defects.



<latexit sha1_base64="+z3WQ+PJ/Gkds+ihDIOI0/hgYpU=">AAAB7HicbVA9TwJBEJ3FL8Qv1NJmI5hYkTsKtCTaWKLxgAQuZG/Zgw17e5fdPRNy4TfYWGiMrT/Izn/jAlco+JJJXt6bycy8IBFcG8f5RoWNza3tneJuaW//4PCofHzS1nGqKPNoLGLVDYhmgkvmGW4E6yaKkSgQrBNMbud+54kpzWP5aKYJ8yMykjzklBgredXJ4KE6KFecmrMAXiduTiqQozUof/WHMU0jJg0VROue6yTGz4gynAo2K/VTzRJCJ2TEepZKEjHtZ4tjZ/jCKkMcxsqWNHih/p7ISKT1NApsZ0TMWK96c/E/r5ea8NrPuExSwyRdLgpTgU2M55/jIVeMGjG1hFDF7a2Yjoki1Nh8SjYEd/XlddKu19xGrXFfrzRv8jiKcAbncAkuXEET7qAFHlDg8Ayv8IYkekHv6GPZWkD5zCn8Afr8AeV2jhk=</latexit>

kR

<latexit sha1_base64="gOvltOcqCnBJR2tCwJLEg57S1iU=">AAAB+3icbZDNTsJAFIWn+If4V3HpZiKYuCItC3RJdOMSDSAJNM10uIUJ02kzMzWShldx40Jj3Poi7nwbB+hCwZNM8uXce3PvnCDhTGnH+bYKG5tb2zvF3dLe/sHhkX1c7qo4lRQ6NOax7AVEAWcCOpppDr1EAokCDg/B5GZef3gEqVgs2nqagBeRkWAho0Qby7fLEsZgWIww0bja9u+rvl1xas5CeB3cHCooV8u3vwbDmKYRCE05UarvOon2MiI1oxxmpUGqICF0QkbQNyhIBMrLFrfP8LlxhjiMpXlC44X7eyIjkVLTKDCdEdFjtVqbm//V+qkOr7yMiSTVIOhyUZhyrGM8DwIPmQSq+dQAoZKZWzEdE0moNnGVTAju6pfXoVuvuY1a465eaV7ncRTRKTpDF8hFl6iJblELdRBFT+gZvaI3a2a9WO/Wx7K1YOUzJ+iPrM8fmA+TgQ==</latexit> re
h
ea
ti
n
g
at

T
R

<latexit sha1_base64="H+FUWx8dlpV2493vOaAbDNEMfsw=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtCTaWGIiYAIXsrfswYbdvWN3j0gu/A4bC42x9cfY+W9c4AoFXzLJy3szmZkXxJxp47rfTm5jc2t7J79b2Ns/ODwqHp+0dJQoQpsk4pF6DLCmnEnaNMxw+hgrikXAaTsY3c799oQqzSL5YKYx9QUeSBYygo2V/PK4l3aVQAI/zcq9YsmtuAugdeJlpAQZGr3iV7cfkURQaQjHWnc8NzZ+ipVhhNNZoZtoGmMywgPasVRiQbWfLo6eoQur9FEYKVvSoIX6eyLFQuupCGynwGaoV725+J/XSUx47adMxomhkiwXhQlHJkLzBFCfKUoMn1qCiWL2VkSGWGFibE4FG4K3+vI6aVUrXq1Su6+W6jdZHHk4g3O4BA+uoA530IAmEBjDM7zCmzNxXpx352PZmnOymVP4A+fzBydOkbY=</latexit>qmax

<latexit sha1_base64="T7ng3ZRykSxEv+q5oymXjho7qDA=">AAACF3icdVBLSwMxGMzWV62vVY9egq0gIsvuVtt6K3rxWMHWwnZZsmnahmYfJlmhLP0XXvwrXjwo4lVv/huzfYCKDgSGmfmSL+PHjAppmp9abmFxaXklv1pYW9/Y3NK3d1oiSjgmTRyxiLd9JAijIWlKKhlpx5ygwGfkxh9eZP7NHeGCRuG1HMXEDVA/pD2KkVSSpxultDO5xeF9301N46xWsU/tY9MwzapdrmTErp7Y5fGtdzQueXpxHoHzCJxHoKWUDEUwQ8PTPzrdCCcBCSVmSAjHMmPppohLihkZFzqJIDHCQ9QnjqIhCohw08lGY3iglC7sRVydUMKJ+n0iRYEQo8BXyQDJgfjtZeJfnpPIXs1NaRgnkoR4+lAvYVBGMCsJdiknWLKRIghzqnaFeIA4wlJVWVAlzH8K/yct27AqRuXKLtbPZ3XkwR7YB4fAAlVQB5egAZoAg3vwCJ7Bi/agPWmv2ts0mtNmM7vgB7T3LxKnm3o=</latexit>q⇤

<latexit sha1_base64="7vq9gYmPVDfo6nEhe/aT3JXP4Qo=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZLqrLopsuK9gHtEPJZDJtaCYZ8iiUsQt/xY0LRdz6G+78G9N2Ftp6IHA45x7uzQlTRpX2vG+nsLG5tb1T3C3t7R8cHrnHJ20ljMSkhQUTshsiRRjlpKWpZqSbSoKSkJFOOL6b+50JkYoK/qCnKQkSNOQ0phhpKw3cMywSMaF8CBsmtCEoUUSNGrhlr+ItANeJn5MyyNEcuF/9SGCTEK4xQ0r1fC/VQYakppiRWalvFEkRHqMh6VnKUUJUkC3un8FLq0QwFtI+ruFC/Z3IUKLUNAntZIL0SK16c/E/r2d0fBNklKdGE46Xi2LDoBZwXgaMqCRYs6klCEtqb4V4hCTC2lZWsiX4q19eJ+1qxa9VavfVcv02r6MIzsEFuAI+uAZ10ABN0AIYPIJn8ArenCfnxXl3PpajBSfPnII/cD5/AOqclgw=</latexit>

co
m
ov
in
g
H
ub
bl
e
ra
di
us

<latexit sha1_base64="0jqgJCNGtCeeh9v9FxTbExBG340=">AAAB+3icbVA9TwJBEN3DL8SvE0ubjcTEitxRoCXRxhIT+UjgQvaWOdiwt3vZ3SOSC3/FxkJjbP0jdv4bF7hCwZdM8vLeTGbmhQln2njet1PY2t7Z3Svulw4Oj45P3NNyW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByt/A7U1CaSfFoZgkEMRkJFjFKjJUGbpnKWE6ZGOGhXUYEBT1wK17VWwJvEj8nFZSjOXC/+kNJ0xiEoZxo3fO9xAQZUYZRDvNSP9WQEDohI+hZKkgMOsiWt8/xpVWGOJLKljB4qf6eyEis9SwObWdMzFivewvxP6+XmugmyJhIUgOCrhZFKcdG4kUQ9l8F1PCZJYQqZm/FdEwUocbGVbIh+Osvb5J2rerXq/WHWqVxm8dRROfoAl0hH12jBrpHTdRCFD2hZ/SK3py58+K8Ox+r1oKTz5yhP3A+fwBbE5So</latexit> co
m
ov
in
g
di
st
an

ce
s

<latexit sha1_base64="fFkrVAyXBt1mPScE07VH8P1o3ck=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsKtCTaWGIiHwlcyN6yBxv2ds/dPRNy4U/YWGiMrX/Hzn/jclyh4EsmeXlvJjPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvV343SeqNJPiwcxi6kd4LFjICDZW6lUHXI4Rrg7LFbfmZkDrxMtJBXK0huWvwUiSJKLCEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcAR1X6a3TtHF1YZoVAqW8KgTP09keJI61kU2M4Im4le9Rbif14/MeG1nzIRJ4YKslwUJhwZiRbPoxFTlBg+swQTxeytiEywwsTYiEo2BG/15XXSqde8Rq1xX680b/I4inAG53AJHlxBE+6gBW0gwOEZXuHNeXRenHfnY9lacPKZU/gD5/MH4tuPOg==</latexit>

log a

<latexit sha1_base64="GUpIC8AZsPq/c4SIiIaUHQZAyFY=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4OJEEHCbg7RY9CLxwjmAdklzE56kyGzD2ZmA2HNwV/x4kERr/6GN//GSbIHTSxoKKq66e7yYs6ksqxvI7e2vrG5ld8u7Ozu7R+Yh0ctGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xvdzvz2GIRkUfigJjG4ARmEzGeUKC31zJOS05CsPLp0FEkuShjGER+D7JlFq2LNgVeJnZEiytDomV9OP6JJAKGinEjZta1YuSkRilEO04KTSIgJHZEBdDUNSQDSTef3T/G5VvrYj4SuUOG5+nsiJYGUk8DTnQFRQ7nszcT/vG6i/Gs3ZWGcKAjpYpGfcKwiPAsD95kAqvhEE0IF07diOiSCUKUjK+gQ7OWXV0mrWrFrldp9tVi/yeLIo1N0hsrIRleoju5QAzURRY/oGb2iN+PJeDHejY9Fa87IZo7RHxifP1+xlRI=</latexit>

 (k, ⌧) evolves

<latexit sha1_base64="GUpIC8AZsPq/c4SIiIaUHQZAyFY=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4OJEEHCbg7RY9CLxwjmAdklzE56kyGzD2ZmA2HNwV/x4kERr/6GN//GSbIHTSxoKKq66e7yYs6ksqxvI7e2vrG5ld8u7Ozu7R+Yh0ctGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xvdzvz2GIRkUfigJjG4ARmEzGeUKC31zJOS05CsPLp0FEkuShjGER+D7JlFq2LNgVeJnZEiytDomV9OP6JJAKGinEjZta1YuSkRilEO04KTSIgJHZEBdDUNSQDSTef3T/G5VvrYj4SuUOG5+nsiJYGUk8DTnQFRQ7nszcT/vG6i/Gs3ZWGcKAjpYpGfcKwiPAsD95kAqvhEE0IF07diOiSCUKUjK+gQ7OWXV0mrWrFrldp9tVi/yeLIo1N0hsrIRleoju5QAzURRY/oGb2iN+PJeDHejY9Fa87IZo7RHxifP1+xlRI=</latexit>

 (k, ⌧) evolves

<latexit sha1_base64="kwgN00kDy4Aqv22dcbMtHWw6WEQ=">AAAB9XicdVDLSgMxFM3UV62vqks3wVaoC0tmFmO7K7pxI1SwD2inJZOmbWgmMyQZpQz9DzcuFHHrv7jzb8y0FVT0wIXDOfdy7z1+xJnSCH1YmZXVtfWN7GZua3tndy+/f9BUYSwJbZCQh7LtY0U5E7Shmea0HUmKA5/Tlj+5TP3WHZWKheJWTyPqBXgk2JARrI3UK5YwvO7bp73kzJ4V+/kCKiMD14UpsSvINqRarThOFdpzC6ECWKLez793ByGJAyo04Vipjo0i7SVYakY4neW6saIRJhM8oh1DBQ6o8pL51TN4YpQBHIbSlNBwrn6fSHCg1DTwTWeA9Vj99lLxL68T62HFS5iIYk0FWSwaxhzqEKYRwAGTlGg+NQQTycytkIyxxESboHImhK9P4f+k6ZRtt+zeOIXaxTKOLDgCx6AEbHAOauAK1EEDECDBA3gCz9a99Wi9WK+L1oy1nDkEP2C9fQIQpZD3</latexit>

(aM1)�1
<latexit sha1_base64="/3PVH/m56MaDfYA8Vy9UT5y/M3I=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LLaCp5L0ENuDUPTSi1DBfkAbyma7aZduNmF3I5TQH+HFgyJe/T3e/Ddu2goq+mDg8d4MM/P8mDOlbfvDyq2tb2xu5bcLO7t7+wfFw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv3pdeZ376lULBJ3ehZTL8RjwQJGsDZSt9y8vBk65WGxZFdsA9dFGXFqtmNIvV6rVuvIWVi2XYIVWsPi+2AUkSSkQhOOleo7dqy9FEvNCKfzwiBRNMZkise0b6jAIVVeujh3js6MMkJBJE0JjRbq94kUh0rNQt90hlhP1G8vE//y+okOal7KRJxoKshyUZBwpCOU/Y5GTFKi+cwQTCQztyIywRITbRIqmBC+PkX/k0614rgV97Zaalyt4sjDCZzCOThwAQ1oQgvaQGAKD/AEz1ZsPVov1uuyNWetZo7hB6y3T/LljrA=</latexit>

H = M1

<latexit sha1_base64="JCTZCCksxEOSGlbYCH4p0cFLp7w=">AAAB8HicdVDLSgMxFM34rPVVdekm2AquSqaLsd0V3bgRKtiHtMOQSTNtaJIZkoxQhn6FGxeKuPVz3Pk3ZtoKKnrgwuGce7n3njDhTBuEPpyV1bX1jc3CVnF7Z3dvv3Rw2NFxqghtk5jHqhdiTTmTtG2Y4bSXKIpFyGk3nFzmfveeKs1ieWumCfUFHkkWMYKNle4qkyC7DtxZJSiVURVZeB7MiVtHriWNRr1Wa0B3biFUBku0gtL7YBiTVFBpCMda912UGD/DyjDC6aw4SDVNMJngEe1bKrGg2s/mB8/gqVWGMIqVLWngXP0+kWGh9VSEtlNgM9a/vVz8y+unJqr7GZNJaqgki0VRyqGJYf49HDJFieFTSzBRzN4KyRgrTIzNqGhD+PoU/k86tarrVb2bWrl5sYyjAI7BCTgDLjgHTXAFWqANCBDgATyBZ0c5j86L87poXXGWM0fgB5y3TyQ8kAE=</latexit>

kM1

<latexit sha1_base64="y6d4gPZUr9iArAPNjg4H3MR7Bfk=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LLaCp5CkmtZb0YsXoYKtlTaEzXbTLt1Nwu5GKKG/wosHRbz6c7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFpeWV0rrpc2Nre2d8q7ex0ZpwKTNo5ZLLoBkoTRiLQVVYx0E0EQDxi5DcYXuX97T4SkcXSjJgnxOBpGNKQYKS3dVcd+duU706pfrljmWcN1Th1omZZVd2puTpz6iVODtlZyVMACLb/83h/EOOUkUpghKXu2lSgvQ0JRzMi01E8lSRAeoyHpaRohTqSXzQ6ewiOtDGAYC12RgjP1+0SGuJQTHuhOjtRI/vZy8S+vl6qw4WU0SlJFIjxfFKYMqhjm38MBFQQrNtEEYUH1rRCPkEBY6YxKOoSvT+H/pOOYtmu6106leb6IowgOwCE4Bjaogya4BC3QBhhw8ACewLMhjEfjxXidtxaMxcw++AHj7RMxZpAJ</latexit>

kM2

<latexit sha1_base64="NvEuQx4yw2YR4/oxekIB2zfOEuY=">AAAB9HicdVDLSsNAFJ3UV62vqks3g61QF4Yk1bTuim7cCBXsA9pYJtNJO3TycGZSKKHf4caFIm79GHf+jZO2gooeuHA4517uvceNGBXSMD60zNLyyupadj23sbm1vZPf3WuKMOaYNHDIQt52kSCMBqQhqWSkHXGCfJeRlju6TP3WmHBBw+BWTiLi+GgQUI9iJJXkFEvoumcd3yUn5rTYyxcM/bxqW2cWNHTDqFhlOyVW5dQqQ1MpKQpggXov/97thzj2SSAxQ0J0TCOSToK4pJiRaa4bCxIhPEID0lE0QD4RTjI7egqPlNKHXshVBRLO1O8TCfKFmPiu6vSRHIrfXir+5XVi6VWdhAZRLEmA54u8mEEZwjQB2KecYMkmiiDMqboV4iHiCEuVU06F8PUp/J80Ld20dfvGKtQuFnFkwQE4BCVgggqogStQBw2AwT14AE/gWRtrj9qL9jpvzWiLmX3wA9rbJ8ZckNU=</latexit>

(aM2)�1

<latexit sha1_base64="gOMU721FuLV0yXyeowtKw7mbzsY=">AAAB7nicdVDLSgMxFM3UV62vqks3wVZwNcykOq0LoeimG6GCfUA7lEyaaUMzD5KMUIZ+hBsXirj1e9z5N2baCip64MLhnHu59x4v5kwqy/owciura+sb+c3C1vbO7l5x/6Ato0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO97kOvM791RIFoV3ahpTN8CjkPmMYKWlTrlxeTNA5UGxZJkXNQedI2iZllVFFScjqHqGKtDWSoYSWKI5KL73hxFJAhoqwrGUPduKlZtioRjhdFboJ5LGmEzwiPY0DXFApZvOz53BE60MoR8JXaGCc/X7RIoDKaeBpzsDrMbyt5eJf3m9RPk1N2VhnCgaksUiP+FQRTD7HQ6ZoETxqSaYCKZvhWSMBSZKJ1TQIXx9Cv8nbWTajuncolL9ahlHHhyBY3AKbFAFddAATdACBEzAA3gCz0ZsPBovxuuiNWcsZw7BDxhvnwAdjrg=</latexit>

H = M2

<latexit sha1_base64="7xRL/7wjGkDANaBJ0fXWGCnUSZI=">AAAB7HicdVBNS8NAEJ34WetX1aOXxVYQDyXJIba3ohePFUxbaEPZbDft0s0m7m6EUvobvHhQxKs/yJv/xk1bQUUfDDzem2FmXphyprRtf1grq2vrG5uFreL2zu7efungsKWSTBLqk4QnshNiRTkT1NdMc9pJJcVxyGk7HF/lfvueSsUScasnKQ1iPBQsYgRrI/mVu/55pV8q21XbwPNQTpya7RhSr9dct46cuWXbZVii2S+99wYJyWIqNOFYqa5jpzqYYqkZ4XRW7GWKppiM8ZB2DRU4piqYzo+doVOjDFCUSFNCo7n6fWKKY6UmcWg6Y6xH6reXi3953UxHtWDKRJppKshiUZRxpBOUf44GTFKi+cQQTCQztyIywhITbfIpmhC+PkX/k5Zbdbyqd+OWG5fLOApwDCdwBg5cQAOuoQk+EGDwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BAksjjQ=</latexit>q⇤

<latexit sha1_base64="s3qevI1C9VWW9hj5zNlEByHesG8=">AAAB73icbVBNT8JAEJ3iF+IX6tHLRjDBC2k5oEeiF49o+EqgIdtlCxu227q7NSENf8KLB43x6t/x5r9xKT0o+JJJXt6bycw8L+JMadv+tnIbm1vbO/ndwt7+weFR8fiko8JYEtomIQ9lz8OKciZoWzPNaS+SFAcep11vervwu09UKhaKlp5F1A3wWDCfEayN1CvjSmv4cFkeFkt21U6B1omTkRJkaA6LX4NRSOKACk04Vqrv2JF2Eyw1I5zOC4NY0QiTKR7TvqECB1S5SXrvHF0YZYT8UJoSGqXq74kEB0rNAs90BlhP1Kq3EP/z+rH2r92EiSjWVJDlIj/mSIdo8TwaMUmJ5jNDMJHM3IrIBEtMtImoYEJwVl9eJ51a1alX6/e1UuMmiyMPZ3AOFXDgChpwB01oAwEOz/AKb9aj9WK9Wx/L1pyVzZzCH1ifP0OtjtI=</latexit>
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