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New avenues in strong dynamics: from collider 
physics to the early Universe

Una nuova forza per la materia oscura: implicazioni 
cosmologiche, bosone di Higgs e onde gravitazionali



Rotation curves, structure formation, weak lensing, BBN 
and CMB measurements agree on the existence of a non-
relativistic, non-baryonic and collision-less component of 
matter.

⌦DM =
⇢DM

⇢c
⇡ 0.25

<latexit sha1_base64="JjJRXmdjR1kb+LWuN9oWzx5qMKg=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYqiigUdOFGrGAf0BmGTJppQ5PJkGTEMsy/uPFX3LhQihsX/ovpA9HWA4Fzz7mXm3uCmFGlbfvTmptfWFxazq3kV9fWNzYLW9t1JRKJSQ0LJmQzQIowGpGappqRZiwJ4gEjjaB3OfQbD0QqKqJ73Y+Jx1EnoiHFSBvJL5y5t5x0kJ+6ksOrm+wCuqFEGJq6K37UbFzizEVxLMUjtEvlY79QtEv2CHCWOBNSBBNU/cLAbQuccBJpzJBSLceOtZciqSlmJMu7iSIxwj3UIS1DI8SJ8tLRjRncN0obhkKaF2k4Un9PpIgr1eeB6eRId9W0NxT/81qJDk+9lEZxokmEx4vChEEt4DAw2KaSYM36hiAsqfkrxF1kMtIm1rwJwZk+eZbUyyXnsFS+OypWzidx5MAu2AMHwAEnoAKuQRXUAAZP4AW8gXfr2Xq1BtbHuHXOmszsgD+wvr4BShqkBA==</latexit>



Observations don’t give many hints on what DM is:



“WIMP Miracle”
Thermal relic:

Numerically a stable Weakly Interacting Massive 
Particle (WIMP) reproduces the DM abundance.
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Particle physics suggests the existence of new physics 
around the electro-weak scale to explain the lightness 
of the Higgs mass.
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Explains unification of gauge couplings:

Predicts stable electro-weak DM candidates (neutralinos)
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(1, 2) 1
2<latexit sha1_base64="YMdV+r/gizJvTNvnoq5dBaRgPyQ=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCBAk7QdCDh4AXjxHMA5JlmZ3MJkNmH8zMKmHNp3jxoIhXv8Sbf+Mk2YMmFjQUVd10d/mJ4Eo7zrdVWFvf2Nwqbpd2dvf2D+zyYVvFqaSsRWMRy65PFBM8Yi3NtWDdRDIS+oJ1/PHNzO88MKl4HN3rScLckAwjHnBKtJE8u1zF5/UzL+sHklCEUX3q2RWn5syBVgnOSQVyND37qz+IaRqySFNBlOphJ9FuRqTmVLBpqZ8qlhA6JkPWMzQiIVNuNj99ik6NMkBBLE1FGs3V3xMZCZWahL7pDIkeqWVvJv7n9VIdXLkZj5JUs4guFgWpQDpGsxzQgEtGtZgYQqjk5lZER8SEoE1aJRMCXn55lbTrNezU8N1FpXGdx1GEYziBKmC4hAbcQhNaQOERnuEV3qwn68V6tz4WrQUrnzmCP7A+fwBo8JIh</latexit><latexit sha1_base64="YMdV+r/gizJvTNvnoq5dBaRgPyQ=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCBAk7QdCDh4AXjxHMA5JlmZ3MJkNmH8zMKmHNp3jxoIhXv8Sbf+Mk2YMmFjQUVd10d/mJ4Eo7zrdVWFvf2Nwqbpd2dvf2D+zyYVvFqaSsRWMRy65PFBM8Yi3NtWDdRDIS+oJ1/PHNzO88MKl4HN3rScLckAwjHnBKtJE8u1zF5/UzL+sHklCEUX3q2RWn5syBVgnOSQVyND37qz+IaRqySFNBlOphJ9FuRqTmVLBpqZ8qlhA6JkPWMzQiIVNuNj99ik6NMkBBLE1FGs3V3xMZCZWahL7pDIkeqWVvJv7n9VIdXLkZj5JUs4guFgWpQDpGsxzQgEtGtZgYQqjk5lZER8SEoE1aJRMCXn55lbTrNezU8N1FpXGdx1GEYziBKmC4hAbcQhNaQOERnuEV3qwn68V6tz4WrQUrnzmCP7A+fwBo8JIh</latexit><latexit sha1_base64="YMdV+r/gizJvTNvnoq5dBaRgPyQ=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCBAk7QdCDh4AXjxHMA5JlmZ3MJkNmH8zMKmHNp3jxoIhXv8Sbf+Mk2YMmFjQUVd10d/mJ4Eo7zrdVWFvf2Nwqbpd2dvf2D+zyYVvFqaSsRWMRy65PFBM8Yi3NtWDdRDIS+oJ1/PHNzO88MKl4HN3rScLckAwjHnBKtJE8u1zF5/UzL+sHklCEUX3q2RWn5syBVgnOSQVyND37qz+IaRqySFNBlOphJ9FuRqTmVLBpqZ8qlhA6JkPWMzQiIVNuNj99ik6NMkBBLE1FGs3V3xMZCZWahL7pDIkeqWVvJv7n9VIdXLkZj5JUs4guFgWpQDpGsxzQgEtGtZgYQqjk5lZER8SEoE1aJRMCXn55lbTrNezU8N1FpXGdx1GEYziBKmC4hAbcQhNaQOERnuEV3qwn68V6tz4WrQUrnzmCP7A+fwBo8JIh</latexit><latexit sha1_base64="YMdV+r/gizJvTNvnoq5dBaRgPyQ=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCBAk7QdCDh4AXjxHMA5JlmZ3MJkNmH8zMKmHNp3jxoIhXv8Sbf+Mk2YMmFjQUVd10d/mJ4Eo7zrdVWFvf2Nwqbpd2dvf2D+zyYVvFqaSsRWMRy65PFBM8Yi3NtWDdRDIS+oJ1/PHNzO88MKl4HN3rScLckAwjHnBKtJE8u1zF5/UzL+sHklCEUX3q2RWn5syBVgnOSQVyND37qz+IaRqySFNBlOphJ9FuRqTmVLBpqZ8qlhA6JkPWMzQiIVNuNj99ik6NMkBBLE1FGs3V3xMZCZWahL7pDIkeqWVvJv7n9VIdXLkZj5JUs4guFgWpQDpGsxzQgEtGtZgYQqjk5lZER8SEoE1aJRMCXn55lbTrNezU8N1FpXGdx1GEYziBKmC4hAbcQhNaQOERnuEV3qwn68V6tz4WrQUrnzmCP7A+fwBo8JIh</latexit>



But…



LHC:

Beside LHC new physics at the electro-weak scale is 
controversial: flavour, precision tests, simplicity.



Composite 
Dark Matter



Standard Model:



Dark Matter:

Maybe too simple?

DM

SM
= 5

(M, s)



STABILITY:
The proton lifetime is extremely long:

⌧p > 1034 y
<latexit sha1_base64="zJPZt+YP9lbYv5Z6HNeoXhPv8SQ=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZREBV2IFNy4ESraBzQxTKaTdujkwcxEKCG48VfcuFDErV/hzp2f4vSx0NYDFw7n3Mu99/gJZ1JZ1pcxMzs3v7BYWCour6yurZsbm3UZp4LQGol5LJo+lpSziNYUU5w2E0Fx6HPa8HsXA79xT4VkcXSr+gl1Q9yJWMAIVlryzG1H4dRL0Dmyrbvs6Dh3DjJHhKife2bJKltDoGlij0mpgq5uvgGg6pmfTjsmaUgjRTiWsmVbiXIzLBQjnOZFJ5U0waSHO7SlaYRDKt1s+EKO9rTSRkEsdEUKDdXfExkOpeyHvu4MserKSW8g/ue1UhWcuhmLklTRiIwWBSlHKkaDPFCbCUoU72uCiWD6VkS6WGCidGpFHYI9+fI0qR+WbatsX+s0zmCEAuzALuyDDSdQgUuoQg0IPMATvMCr8Wg8G2/G+6h1xhjPbMEfGB8/wYKX4A==</latexit><latexit sha1_base64="bbZrK0KmA5VkKiEv0eKQ5l2idxE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISFXQhUhDEjVDRPqCJYTKdtEMnkzAzEUIIbvwVNy4UcetXuPMr/AWnj4W2HrhwOOde7r3HjxmVyrK+jMLM7Nz8QnGxtLS8srpmrm80ZJQITOo4YpFo+UgSRjmpK6oYacWCoNBnpOn3zwd+854ISSN+q9KYuCHqchpQjJSWPHPLUSjxYngGbesuOzzKnf3MESFMc88sWxVrCDhN7DEpV+HVzXffvah55qfTiXASEq4wQ1K2bStWboaEopiRvOQkksQI91GXtDXlKCTSzYYv5HBXKx0YREIXV3Co/p7IUChlGvq6M0SqJye9gfif105UcOJmlMeJIhyPFgUJgyqCgzxghwqCFUs1QVhQfSvEPSQQVjq1kg7Bnnx5mjQOKrZVsa91GqdghCLYBjtgD9jgGFTBJaiBOsDgATyBF/BqPBrPxpvxPmotGOOZTfAHxscPPqGY/Q==</latexit><latexit sha1_base64="bbZrK0KmA5VkKiEv0eKQ5l2idxE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISFXQhUhDEjVDRPqCJYTKdtEMnkzAzEUIIbvwVNy4UcetXuPMr/AWnj4W2HrhwOOde7r3HjxmVyrK+jMLM7Nz8QnGxtLS8srpmrm80ZJQITOo4YpFo+UgSRjmpK6oYacWCoNBnpOn3zwd+854ISSN+q9KYuCHqchpQjJSWPHPLUSjxYngGbesuOzzKnf3MESFMc88sWxVrCDhN7DEpV+HVzXffvah55qfTiXASEq4wQ1K2bStWboaEopiRvOQkksQI91GXtDXlKCTSzYYv5HBXKx0YREIXV3Co/p7IUChlGvq6M0SqJye9gfif105UcOJmlMeJIhyPFgUJgyqCgzxghwqCFUs1QVhQfSvEPSQQVjq1kg7Bnnx5mjQOKrZVsa91GqdghCLYBjtgD9jgGFTBJaiBOsDgATyBF/BqPBrPxpvxPmotGOOZTfAHxscPPqGY/Q==</latexit><latexit sha1_base64="IUzu0swuOBhneL9fAL8pzqOY4X0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ImKuhCpODGZQX7gCaGyXTSDp1MwsxEKCG48VfcuFDErV/hzr9x2mahrQcuHM65l3vvCRLOlEbo2yotLC4tr5RXK2vrG5tb9vZOS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB8Hrstx+oVCwWd3qUUC/CfcFCRrA2km/vuRqnfgKvoIPus9Oz3D3OXBnBUe7bVVRDE8B54hSkCgo0fPvL7cUkjajQhGOlug5KtJdhqRnhNK+4qaIJJkPcp11DBY6o8rLJCzk8NEoPhrE0JTScqL8nMhwpNYoC0xlhPVCz3lj8z+umOrzwMiaSVFNBpovClEMdw3EesMckJZqPDMFEMnMrJAMsMdEmtYoJwZl9eZ60TmoOqjm3qFq/LOIog31wAI6AA85BHdyABmgCAh7BM3gFb9aT9WK9Wx/T1pJVzOyCP7A+fwA6F5YA</latexit>

This follows from accidental baryon number 
conservation of the SM lagrangian:

qqql

⇤2
<latexit sha1_base64="7TlmLjWIy0qE+ZI0Gj/kzYzms98=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVVJGWBgqMTCwFAk+pDaUDmO01p1nNR2kKooC7/CwgBCrAx8BBt/g/sYoOVIlo7OuUfX9/gJZ0o7zre1tLyyurZe2Chubm3v7Np7+w0Vp5LQOol5LFs+VpQzQeuaaU5biaQ48jlt+oOrsd98oFKxWNzpUUK9CPcECxnB2khd+7ATSkyy4XDI86xzY4IBvq/kqGuXnLIzAVok7oyUqmetTzCode2vThCTNKJCE46VartOor0MS80Ip3mxkyqaYDLAPdo2VOCIKi+bHJCjE6MEKIyleUKjifo7keFIqVHkm8kI676a98bif1471eGFlzGRpJoKMl0UphzpGI3bQAGTlGg+MgQTycxfEelj04g2nRVNCe78yYukUSm7Ttm9NW1cwhQFOIJjOAUXzqEK11CDOhDI4Qle4NV6tJ6tN+t9OrpkzTIH8AfWxw/hcJgE</latexit><latexit sha1_base64="0eqNeZ7Pn1Cgms7SE/+JqPF3ReE=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYhV2Y6GFRcDGwiKCeUA2htnZ2WTI7CMzs0JYtvFXbCwUsRX8CTv/wV8QnDwKTTwwcDjnHu7c48acSWVZn0ZuYXFpeSW/Wlhb39jcMrd36jJKBKE1EvFINF0sKWchrSmmOG3GguLA5bTh9i9GfuOOCsmi8EYNY9oOcDdkPiNYaalj7jm+wCQdDAY8S50rHfTwbTlDHbNolawx0Dyxp6RYOWm+fx9ZX9WO+eF4EUkCGirCsZQt24pVO8VCMcJpVnASSWNM+rhLW5qGOKCynY4PyNChVjzkR0K/UKGx+juR4kDKYeDqyQCrnpz1RuJ/XitR/lk7ZWGcKBqSySI/4UhFaNQG8pigRPGhJpgIpv+KSA/rRpTurKBLsGdPnif1csm2Sva1buMcJsjDPhzAMdhwChW4hCrUgEAGD/AEz8a98Wi8GK+T0ZwxzezCHxhvP+GimkI=</latexit><latexit sha1_base64="0eqNeZ7Pn1Cgms7SE/+JqPF3ReE=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYhV2Y6GFRcDGwiKCeUA2htnZ2WTI7CMzs0JYtvFXbCwUsRX8CTv/wV8QnDwKTTwwcDjnHu7c48acSWVZn0ZuYXFpeSW/Wlhb39jcMrd36jJKBKE1EvFINF0sKWchrSmmOG3GguLA5bTh9i9GfuOOCsmi8EYNY9oOcDdkPiNYaalj7jm+wCQdDAY8S50rHfTwbTlDHbNolawx0Dyxp6RYOWm+fx9ZX9WO+eF4EUkCGirCsZQt24pVO8VCMcJpVnASSWNM+rhLW5qGOKCynY4PyNChVjzkR0K/UKGx+juR4kDKYeDqyQCrnpz1RuJ/XitR/lk7ZWGcKBqSySI/4UhFaNQG8pigRPGhJpgIpv+KSA/rRpTurKBLsGdPnif1csm2Sva1buMcJsjDPhzAMdhwChW4hCrUgEAGD/AEz8a98Wi8GK+T0ZwxzezCHxhvP+GimkI=</latexit><latexit sha1_base64="zeL8yQMyGqSUfNXjHvd99CB/VaI=">AAACAHicbVA9T8MwFHwpX6V8BRgYWCwqJKYq6QIDQyUWBoYi0RapCZXjOq1Vx0ltB6mKsvBXWBhAiJWfwca/wW0zQMtJlk537/T8Lkg4U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFWcSkJbJOaxvA+wopwJ2tJMc3qfSIqjgNNOMLqa+p1HKhWLxZ2eJNSP8ECwkBGsjdSzj7xQYpKNx2OeZ96NCfbxQz1HPbvq1JwZ0DJxC1KFAs2e/eX1Y5JGVGjCsVJd10m0n2GpGeE0r3ipogkmIzygXUMFjqjys9kBOTo1Sh+FsTRPaDRTfycyHCk1iQIzGWE9VIveVPzP66Y6vPAzJpJUU0Hmi8KUIx2jaRuozyQlmk8MwUQy81dEhtg0ok1nFVOCu3jyMmnXa65Tc2+dauOyqKMMx3ACZ+DCOTTgGprQAgI5PMMrvFlP1ov1bn3MR0tWkTmEP7A+fwDOM5Z7</latexit>

⌧p ⇠ 8⇡⇤4

m5
p

= 3⇥ 1034 y

✓
⇤

1016 GeV

◆4

<latexit sha1_base64="iZ5X1tjHZCVq/0FqkKoiD5a1/1Y="></latexit><latexit sha1_base64="OAfgAy+4bW75b3PXeTQ5LcdIzg8="></latexit><latexit sha1_base64="OAfgAy+4bW75b3PXeTQ5LcdIzg8="></latexit><latexit sha1_base64="frXZxJm6m9NwyGXajTjPFFo24Uk="></latexit>

q ! ei↵q
<latexit sha1_base64="6RxRheG2QGW9lTo/Fyspu9kuXiQ=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMi6MFDwIvHCGaBzBhqOjVJk54l3T1CHIK/4sWDIl79D2/+jZ3loIkPCh7vVVFVL0gFV9pxvq2l5ZXVtfXCRnFza3tn197br6skkwxrLBGJbAagUPAYa5prgc1UIkSBwEbQvx77jQeUiifxnR6m6EfQjXnIGWgjte3DAfV0QvE+59QDkfZgRAdtu+SUnQnoInFnpERmqLbtL6+TsCzCWDMBSrVcJ9V+DlJzJnBU9DKFKbA+dLFlaAwRKj+fXD+iJ0bp0DCRpmJNJ+rviRwipYZRYDoj0D01743F/7xWpsNLP+dxmmmM2XRRmAlq/h1HQTtcItNiaAgwyc2tlPVAAtMmsKIJwZ1/eZHUz8quU3Zvz0uVq1kcBXJEjskpcckFqZAbUiU1wsgjeSav5M16sl6sd+tj2rpkzWYOyB9Ynz9/c5SU</latexit><latexit sha1_base64="6RxRheG2QGW9lTo/Fyspu9kuXiQ=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMi6MFDwIvHCGaBzBhqOjVJk54l3T1CHIK/4sWDIl79D2/+jZ3loIkPCh7vVVFVL0gFV9pxvq2l5ZXVtfXCRnFza3tn197br6skkwxrLBGJbAagUPAYa5prgc1UIkSBwEbQvx77jQeUiifxnR6m6EfQjXnIGWgjte3DAfV0QvE+59QDkfZgRAdtu+SUnQnoInFnpERmqLbtL6+TsCzCWDMBSrVcJ9V+DlJzJnBU9DKFKbA+dLFlaAwRKj+fXD+iJ0bp0DCRpmJNJ+rviRwipYZRYDoj0D01743F/7xWpsNLP+dxmmmM2XRRmAlq/h1HQTtcItNiaAgwyc2tlPVAAtMmsKIJwZ1/eZHUz8quU3Zvz0uVq1kcBXJEjskpcckFqZAbUiU1wsgjeSav5M16sl6sd+tj2rpkzWYOyB9Ynz9/c5SU</latexit><latexit sha1_base64="6RxRheG2QGW9lTo/Fyspu9kuXiQ=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMi6MFDwIvHCGaBzBhqOjVJk54l3T1CHIK/4sWDIl79D2/+jZ3loIkPCh7vVVFVL0gFV9pxvq2l5ZXVtfXCRnFza3tn197br6skkwxrLBGJbAagUPAYa5prgc1UIkSBwEbQvx77jQeUiifxnR6m6EfQjXnIGWgjte3DAfV0QvE+59QDkfZgRAdtu+SUnQnoInFnpERmqLbtL6+TsCzCWDMBSrVcJ9V+DlJzJnBU9DKFKbA+dLFlaAwRKj+fXD+iJ0bp0DCRpmJNJ+rviRwipYZRYDoj0D01743F/7xWpsNLP+dxmmmM2XRRmAlq/h1HQTtcItNiaAgwyc2tlPVAAtMmsKIJwZ1/eZHUz8quU3Zvz0uVq1kcBXJEjskpcckFqZAbUiU1wsgjeSav5M16sl6sd+tj2rpkzWYOyB9Ynz9/c5SU</latexit><latexit sha1_base64="6RxRheG2QGW9lTo/Fyspu9kuXiQ=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMi6MFDwIvHCGaBzBhqOjVJk54l3T1CHIK/4sWDIl79D2/+jZ3loIkPCh7vVVFVL0gFV9pxvq2l5ZXVtfXCRnFza3tn197br6skkwxrLBGJbAagUPAYa5prgc1UIkSBwEbQvx77jQeUiifxnR6m6EfQjXnIGWgjte3DAfV0QvE+59QDkfZgRAdtu+SUnQnoInFnpERmqLbtL6+TsCzCWDMBSrVcJ9V+DlJzJnBU9DKFKbA+dLFlaAwRKj+fXD+iJ0bp0DCRpmJNJ+rviRwipYZRYDoj0D01743F/7xWpsNLP+dxmmmM2XRRmAlq/h1HQTtcItNiaAgwyc2tlPVAAtMmsKIJwZ1/eZHUz8quU3Zvz0uVq1kcBXJEjskpcckFqZAbUiU1wsgjeSav5M16sl6sd+tj2rpkzWYOyB9Ynz9/c5SU</latexit>

Violation:

U(1)B
<latexit sha1_base64="2IObY9lL3hInHvUg8HKQ8F7Sd9o=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoMQm3CnghYWQRvLCF4SSI6wt9lL1uztHrt7QjjyH2wsFLH1/9j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5papopQn0guVTvEmnImqG+Y4bSdKIrjkNNWOLqd+q0nqjST4sGMExrEeCBYxAg2Vmr6Ve+0d9MrV9yaOwNaJl5OKpCj0St/dfuSpDEVhnCsdcdzExNkWBlGOJ2UuqmmCSYjPKAdSwWOqQ6y2bUTdGKVPoqksiUMmqm/JzIcaz2OQ9sZYzPUi95U/M/rpCa6CjImktRQQeaLopQjI9H0ddRnihLDx5Zgopi9FZEhVpgYG1DJhuAtvrxMmmc177x2dn9RqV/ncRThCI6hCh5cQh3uoAE+EHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5AyX7jiw=</latexit>



New ``dark’’ forces:

DM is an accidentally stable dark-hadron

Cosmological stability of DM is often obtained imposing 
ad hoc global symmetries. In supersymmetry:

R-parity:

Can DM be accidentally stable as the proton?



 
<latexit sha1_base64="NUmEWwP5RjF4ft5jFU9ArVFo6fE=">AAAB63icdZDLSgMxFIbPeK31VnXpJlgEV0NmLG0FwYIblxXsBdqhZNJMG5q5kGSEUrp068aFIm59EF/Bnc/gS5hpFVT0h8DP959Dzjl+IrjSGL9ZC4tLyyurubX8+sbm1nZhZ7ep4lRS1qCxiGXbJ4oJHrGG5lqwdiIZCX3BWv7oPMtb10wqHkdXepwwLySDiAecEp2hbl3xXqGI7ZNq2S2VEbYxrjiukxm3UjouIceQTMWzl/cbBAD1XuG1249pGrJIU0GU6jg40d6ESM2pYNN8N1UsIXREBqxjbERCprzJbNYpOjSkj4JYmhdpNKPfOyYkVGoc+qYyJHqofmcZ/CvrpDqoehMeJalmEZ1/FKQC6Rhli6M+l4xqMTaGUMnNrIgOiSRUm/PkzRG+NkX/m6ZrO9h2LnGxdgpz5WAfDuAIHKhADS6gDg2gMIRbuIcHK7TurEfraV66YH327MEPWc8fx8eQ8g==</latexit><latexit sha1_base64="ZoGX3l2ozosODSxPFjuXWFAPS40=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyFTS1tBsODGZQv2Au1QMmmmDU1mhiQjlKFLt25cKOLWd3DrK7jzGfQhzLQKKvpD4Of7zyHnHC/iTGmEXq25+YXFpeXMSnZ1bX1jM7e13VRhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWNzpL89YllYqFwYUeR9QVeBAwnxGsU9StKdbL5ZF9XCkViiWIbITKTsFJTaFcPCpCx5BU+dPnt6u9p/p7rZd76fZDEgsaaMKxUh0HRdpNsNSMcDrJdmNFI0xGeEA7xgZYUOUm01kn8MCQPvRDaV6g4ZR+70iwUGosPFMpsB6q31kK/8o6sfYrbsKCKNY0ILOP/JhDHcJ0cdhnkhLNx8ZgIpmZFZIhlphoc56sOcLXpvB/0yzYDrKdOspXT8BMGbAL9sEhcEAZVME5qIEGIGAIrsEtuLOEdWPdWw+z0jnrs2cH/JD1+AFiXpLl</latexit><latexit sha1_base64="ZoGX3l2ozosODSxPFjuXWFAPS40=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyFTS1tBsODGZQv2Au1QMmmmDU1mhiQjlKFLt25cKOLWd3DrK7jzGfQhzLQKKvpD4Of7zyHnHC/iTGmEXq25+YXFpeXMSnZ1bX1jM7e13VRhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWNzpL89YllYqFwYUeR9QVeBAwnxGsU9StKdbL5ZF9XCkViiWIbITKTsFJTaFcPCpCx5BU+dPnt6u9p/p7rZd76fZDEgsaaMKxUh0HRdpNsNSMcDrJdmNFI0xGeEA7xgZYUOUm01kn8MCQPvRDaV6g4ZR+70iwUGosPFMpsB6q31kK/8o6sfYrbsKCKNY0ILOP/JhDHcJ0cdhnkhLNx8ZgIpmZFZIhlphoc56sOcLXpvB/0yzYDrKdOspXT8BMGbAL9sEhcEAZVME5qIEGIGAIrsEtuLOEdWPdWw+z0jnrs2cH/JD1+AFiXpLl</latexit><latexit sha1_base64="qFt8QslBUG2AKau2nRO7yITh5+w=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJjaSu4KLhxWcE+oB1KJs20oUlmSDJCGfoLblwo4tYfcuffmGkrqOiBC4dz7uXee8KEM20Q+nAKa+sbm1vF7dLO7t7+QfnwqKPjVBHaJjGPVS/EmnImadsww2kvURSLkNNuOL3O/e49VZrF8s7MEhoIPJYsYgSbXBq0NBuWK8i9bNT8ag0iF6G653s58evViyr0rJKjAlZoDcvvg1FMUkGlIRxr3fdQYoIMK8MIp/PSINU0wWSKx7RvqcSC6iBb3DqHZ1YZwShWtqSBC/X7RIaF1jMR2k6BzUT/9nLxL6+fmqgRZEwmqaGSLBdFKYcmhvnjcMQUJYbPLMFEMXsrJBOsMDE2npIN4etT+D/p+K6HXO8WVZpXqziK4AScgnPggTpoghvQAm1AwAQ8gCfw7Ajn0XlxXpetBWc1cwx+wHn7BFCAjmI=</latexit>

Aa
µ

<latexit sha1_base64="8mmn+i4xTOriac0P2LYB9IlunRg=">AAAB9XicdVDLSgNBEOz1GaPRqEcvgyHgKeyuIYngIeLFYwTzgOwmzE4myZDZBzOzSlgCfoYXD4p49RP8B2/+jbOJgooWNBRV3XR3eRFnUpnmu7G0vLK6tp7ZyG5u5bZ38rt7LRnGgtAmCXkoOh6WlLOANhVTnHYiQbHvcdr2Juep376mQrIwuFLTiLo+HgVsyAhWWuolDsEcnc36jh/3cD9fMEsntYpdriCzZJpVy7ZSYlfLx2VkaSVFoV58zd0CQKOff3MGIYl9GijCsZRdy4yUm2ChGOF0lnViSSNMJnhEu5oG2KfSTeZXz1BRKwM0DIWuQKG5+n0iwb6UU9/TnT5WY/nbS8W/vG6shjU3YUEUKxqQxaJhzJEKURoBGjBBieJTTTARTN+KyBgLTJQOKqtD+PoU/U9adskyS9alTuMUFsjAARzCEVhQhTpcQAOaQEDAHTzAo3Fj3BtPxvOidcn4nNmHHzBePgDPiZQw</latexit><latexit sha1_base64="t0dW/6jsUvGTMqenTZTl4S9y63M=">AAAB9XicdVDLSsNAFJ34rNVq1aWbwVJwFZJa2oouKm7cCBXsA5q0TKaTduhkEmYmSgnd+RFuXCji1k/wH9z5N05aBRU9cOFwzr3ce48XMSqVZb0bC4tLyyurmbXs+kZucyu/vdOSYSwwaeKQhaLjIUkY5aSpqGKkEwmCAo+Rtjc+S/32NRGShvxKTSLiBmjIqU8xUlrqJQ5GDJ5O+04Q91A/X7DMo1qlVK5Ay7Ssql2yU1Kqlg/L0NZKikK9+Jq7vTCOG/38mzMIcRwQrjBDUnZtK1JugoSimJFp1okliRAeoyHpaspRQKSbzK6ewqJWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFBZHcLXp/B/0iqZtmXalzqNEzBHBuyBfXAAbFAFdXAOGqAJMBDgDjyAR+PGuDeejOd564LxObMLfsB4+QCMEJS9</latexit><latexit sha1_base64="t0dW/6jsUvGTMqenTZTl4S9y63M=">AAAB9XicdVDLSsNAFJ34rNVq1aWbwVJwFZJa2oouKm7cCBXsA5q0TKaTduhkEmYmSgnd+RFuXCji1k/wH9z5N05aBRU9cOFwzr3ce48XMSqVZb0bC4tLyyurmbXs+kZucyu/vdOSYSwwaeKQhaLjIUkY5aSpqGKkEwmCAo+Rtjc+S/32NRGShvxKTSLiBmjIqU8xUlrqJQ5GDJ5O+04Q91A/X7DMo1qlVK5Ay7Ssql2yU1Kqlg/L0NZKikK9+Jq7vTCOG/38mzMIcRwQrjBDUnZtK1JugoSimJFp1okliRAeoyHpaspRQKSbzK6ewqJWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFBZHcLXp/B/0iqZtmXalzqNEzBHBuyBfXAAbFAFdXAOGqAJMBDgDjyAR+PGuDeejOd564LxObMLfsB4+QCMEJS9</latexit><latexit sha1_base64="jmJ8lTw7hQlU0EOLWImqO6ndIZs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjK1tBVcVNy4rGAf0JmWTJppQ5OZIckoZeh/uHGhiFv/xZ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MlV5nfuqFQsCm/1NKaewKOQBYxgbaR+6hLM4eVs4IqkjwfFErLP69VypQqRjVDNKTsZKdcqZxXoGCVDCSzRHBTf3WFEEkFDTThWquegWHsplpoRTmcFN1E0xmSCR7RnaIgFVV46v3oGT4wyhEEkTYUaztXvEykWSk2FbzoF1mP128vEv7xeooO6l7IwTjQNyWJRkHCoI5hFAIdMUqL51BBMJDO3QjLGEhNtgiqYEL4+hf+Tdtl2kO3coFLjYhlHHhyBY3AKHFADDXANmqAFCJDgATyBZ+veerRerNdFa85azhyCH7DePgGGmZJ/</latexit>

�
<latexit sha1_base64="bvzEoIU9sJ5wU4rvkPYFGXKDoKg=">AAAB63icdZDLSgMxFIbPeK31VnXpJlgEV0OmlraCYMGNywr2Am0pmTTThiYzQ5IRSunSrRsXirj1QXwFdz6DL2GmVVDRHwI/338OOef4seDaYPzmLCwuLa+sZtay6xubW9u5nd2GjhJFWZ1GIlItn2gmeMjqhhvBWrFiRPqCNf3ReZo3r5nSPAqvzDhmXUkGIQ84JSZFndqQ93J57J5USoViCWEX47JX8FJTKBePi8izJFX+7OX9BgFArZd77fQjmkgWGiqI1m0Px6Y7IcpwKtg020k0iwkdkQFrWxsSyXR3Mpt1ig4t6aMgUvaFBs3o944JkVqPpW8rJTFD/TtL4V9ZOzFBpTvhYZwYFtL5R0EikIlQujjqc8WoEWNrCFXczorokChCjT1P1h7ha1P0v2kUXA+73iXOV09hrgzswwEcgQdlqMIF1KAOFIZwC/fw4Ejnznl0nualC85nzx78kPP8AbcQkOc=</latexit><latexit sha1_base64="6byQDNYhS/wfdQq0/MEfgosVx20=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyEzlraCYMGNyxbsBdqhZNJMJzRzIckIZejSrRsXirj1Hdz6Cu58Bn0IM62Civ4Q+Pn+c8g5x405kwqhV2NufmFxaTm3kl9dW9/YLGxtt2SUCEKbJOKR6LhYUs5C2lRMcdqJBcWBy2nbHZ1lefuSCsmi8EKNY+oEeBgyjxGsMtSr+6xfKCLzuFq2S2WITIQqlm1lxq6UjkrQ0iRT8fT57WrvqfFe7xdeeoOIJAENFeFYyq6FYuWkWChGOJ3ke4mkMSYjPKRdbUMcUOmk01kn8ECTAfQioV+o4JR+70hxIOU4cHVlgJUvf2cZ/CvrJsqrOikL40TRkMw+8hIOVQSzxeGACUoUH2uDiWB6Vkh8LDBR+jx5fYSvTeH/pmWbFjKtBirWTsBMObAL9sEhsEAF1MA5qIMmIMAH1+AW3BmBcWPcGw+z0jnjs2cH/JDx+AFRp5La</latexit><latexit sha1_base64="6byQDNYhS/wfdQq0/MEfgosVx20=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyEzlraCYMGNyxbsBdqhZNJMJzRzIckIZejSrRsXirj1Hdz6Cu58Bn0IM62Civ4Q+Pn+c8g5x405kwqhV2NufmFxaTm3kl9dW9/YLGxtt2SUCEKbJOKR6LhYUs5C2lRMcdqJBcWBy2nbHZ1lefuSCsmi8EKNY+oEeBgyjxGsMtSr+6xfKCLzuFq2S2WITIQqlm1lxq6UjkrQ0iRT8fT57WrvqfFe7xdeeoOIJAENFeFYyq6FYuWkWChGOJ3ke4mkMSYjPKRdbUMcUOmk01kn8ECTAfQioV+o4JR+70hxIOU4cHVlgJUvf2cZ/CvrJsqrOikL40TRkMw+8hIOVQSzxeGACUoUH2uDiWB6Vkh8LDBR+jx5fYSvTeH/pmWbFjKtBirWTsBMObAL9sEhsEAF1MA5qIMmIMAH1+AW3BmBcWPcGw+z0jnjs2cH/JDx+AFRp5La</latexit><latexit sha1_base64="IE8NBU5MNUbx9mu6hFyASvptR28=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tBVcFNy4rGAf0A4lk2Y6oUlmSDJCGfoLblwo4tYfcuffmGkrqOiBC4dz7uXee4KEM20Q+nAKa+sbm1vF7dLO7t7+QfnwqKvjVBHaITGPVT/AmnImaccww2k/URSLgNNeML3O/d49VZrF8s7MEuoLPJEsZASbXBq2IzYqV5B72axXa3WIXIQaXtXLSbVRu6hBzyo5KmCF9qj8PhzHJBVUGsKx1gMPJcbPsDKMcDovDVNNE0ymeEIHlkosqPazxa1zeGaVMQxjZUsauFC/T2RYaD0Tge0U2ET6t5eLf3mD1IRNP2MySQ2VZLkoTDk0Mcwfh2OmKDF8ZgkmitlbIYmwwsTYeEo2hK9P4f+kW3U95Hq3qNK6WsVRBCfgFJwDDzRAC9yANugAAiLwAJ7AsyOcR+fFeV22FpzVzDH4AeftEz/Jjlc=</latexit>

DM is a composite state of a dark sector: 

- SM neutral

- SM charged

Interactions with visible sector model dependent

Interactions determined by SM quantum numbers



 
<latexit sha1_base64="NUmEWwP5RjF4ft5jFU9ArVFo6fE=">AAAB63icdZDLSgMxFIbPeK31VnXpJlgEV0NmLG0FwYIblxXsBdqhZNJMG5q5kGSEUrp068aFIm59EF/Bnc/gS5hpFVT0h8DP959Dzjl+IrjSGL9ZC4tLyyurubX8+sbm1nZhZ7ep4lRS1qCxiGXbJ4oJHrGG5lqwdiIZCX3BWv7oPMtb10wqHkdXepwwLySDiAecEp2hbl3xXqGI7ZNq2S2VEbYxrjiukxm3UjouIceQTMWzl/cbBAD1XuG1249pGrJIU0GU6jg40d6ESM2pYNN8N1UsIXREBqxjbERCprzJbNYpOjSkj4JYmhdpNKPfOyYkVGoc+qYyJHqofmcZ/CvrpDqoehMeJalmEZ1/FKQC6Rhli6M+l4xqMTaGUMnNrIgOiSRUm/PkzRG+NkX/m6ZrO9h2LnGxdgpz5WAfDuAIHKhADS6gDg2gMIRbuIcHK7TurEfraV66YH327MEPWc8fx8eQ8g==</latexit><latexit sha1_base64="ZoGX3l2ozosODSxPFjuXWFAPS40=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyFTS1tBsODGZQv2Au1QMmmmDU1mhiQjlKFLt25cKOLWd3DrK7jzGfQhzLQKKvpD4Of7zyHnHC/iTGmEXq25+YXFpeXMSnZ1bX1jM7e13VRhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWNzpL89YllYqFwYUeR9QVeBAwnxGsU9StKdbL5ZF9XCkViiWIbITKTsFJTaFcPCpCx5BU+dPnt6u9p/p7rZd76fZDEgsaaMKxUh0HRdpNsNSMcDrJdmNFI0xGeEA7xgZYUOUm01kn8MCQPvRDaV6g4ZR+70iwUGosPFMpsB6q31kK/8o6sfYrbsKCKNY0ILOP/JhDHcJ0cdhnkhLNx8ZgIpmZFZIhlphoc56sOcLXpvB/0yzYDrKdOspXT8BMGbAL9sEhcEAZVME5qIEGIGAIrsEtuLOEdWPdWw+z0jnrs2cH/JD1+AFiXpLl</latexit><latexit sha1_base64="ZoGX3l2ozosODSxPFjuXWFAPS40=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyFTS1tBsODGZQv2Au1QMmmmDU1mhiQjlKFLt25cKOLWd3DrK7jzGfQhzLQKKvpD4Of7zyHnHC/iTGmEXq25+YXFpeXMSnZ1bX1jM7e13VRhLAltkJCHsu1hRTkLaEMzzWk7khQLj9OWNzpL89YllYqFwYUeR9QVeBAwnxGsU9StKdbL5ZF9XCkViiWIbITKTsFJTaFcPCpCx5BU+dPnt6u9p/p7rZd76fZDEgsaaMKxUh0HRdpNsNSMcDrJdmNFI0xGeEA7xgZYUOUm01kn8MCQPvRDaV6g4ZR+70iwUGosPFMpsB6q31kK/8o6sfYrbsKCKNY0ILOP/JhDHcJ0cdhnkhLNx8ZgIpmZFZIhlphoc56sOcLXpvB/0yzYDrKdOspXT8BMGbAL9sEhcEAZVME5qIEGIGAIrsEtuLOEdWPdWw+z0jnrs2cH/JD1+AFiXpLl</latexit><latexit sha1_base64="qFt8QslBUG2AKau2nRO7yITh5+w=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjJjaSu4KLhxWcE+oB1KJs20oUlmSDJCGfoLblwo4tYfcuffmGkrqOiBC4dz7uXee8KEM20Q+nAKa+sbm1vF7dLO7t7+QfnwqKPjVBHaJjGPVS/EmnImadsww2kvURSLkNNuOL3O/e49VZrF8s7MEhoIPJYsYgSbXBq0NBuWK8i9bNT8ag0iF6G653s58evViyr0rJKjAlZoDcvvg1FMUkGlIRxr3fdQYoIMK8MIp/PSINU0wWSKx7RvqcSC6iBb3DqHZ1YZwShWtqSBC/X7RIaF1jMR2k6BzUT/9nLxL6+fmqgRZEwmqaGSLBdFKYcmhvnjcMQUJYbPLMFEMXsrJBOsMDE2npIN4etT+D/p+K6HXO8WVZpXqziK4AScgnPggTpoghvQAm1AwAQ8gCfw7Ajn0XlxXpetBWc1cwx+wHn7BFCAjmI=</latexit>
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<latexit sha1_base64="8mmn+i4xTOriac0P2LYB9IlunRg=">AAAB9XicdVDLSgNBEOz1GaPRqEcvgyHgKeyuIYngIeLFYwTzgOwmzE4myZDZBzOzSlgCfoYXD4p49RP8B2/+jbOJgooWNBRV3XR3eRFnUpnmu7G0vLK6tp7ZyG5u5bZ38rt7LRnGgtAmCXkoOh6WlLOANhVTnHYiQbHvcdr2Juep376mQrIwuFLTiLo+HgVsyAhWWuolDsEcnc36jh/3cD9fMEsntYpdriCzZJpVy7ZSYlfLx2VkaSVFoV58zd0CQKOff3MGIYl9GijCsZRdy4yUm2ChGOF0lnViSSNMJnhEu5oG2KfSTeZXz1BRKwM0DIWuQKG5+n0iwb6UU9/TnT5WY/nbS8W/vG6shjU3YUEUKxqQxaJhzJEKURoBGjBBieJTTTARTN+KyBgLTJQOKqtD+PoU/U9adskyS9alTuMUFsjAARzCEVhQhTpcQAOaQEDAHTzAo3Fj3BtPxvOidcn4nNmHHzBePgDPiZQw</latexit><latexit sha1_base64="t0dW/6jsUvGTMqenTZTl4S9y63M=">AAAB9XicdVDLSsNAFJ34rNVq1aWbwVJwFZJa2oouKm7cCBXsA5q0TKaTduhkEmYmSgnd+RFuXCji1k/wH9z5N05aBRU9cOFwzr3ce48XMSqVZb0bC4tLyyurmbXs+kZucyu/vdOSYSwwaeKQhaLjIUkY5aSpqGKkEwmCAo+Rtjc+S/32NRGShvxKTSLiBmjIqU8xUlrqJQ5GDJ5O+04Q91A/X7DMo1qlVK5Ay7Ssql2yU1Kqlg/L0NZKikK9+Jq7vTCOG/38mzMIcRwQrjBDUnZtK1JugoSimJFp1okliRAeoyHpaspRQKSbzK6ewqJWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFBZHcLXp/B/0iqZtmXalzqNEzBHBuyBfXAAbFAFdXAOGqAJMBDgDjyAR+PGuDeejOd564LxObMLfsB4+QCMEJS9</latexit><latexit sha1_base64="t0dW/6jsUvGTMqenTZTl4S9y63M=">AAAB9XicdVDLSsNAFJ34rNVq1aWbwVJwFZJa2oouKm7cCBXsA5q0TKaTduhkEmYmSgnd+RFuXCji1k/wH9z5N05aBRU9cOFwzr3ce48XMSqVZb0bC4tLyyurmbXs+kZucyu/vdOSYSwwaeKQhaLjIUkY5aSpqGKkEwmCAo+Rtjc+S/32NRGShvxKTSLiBmjIqU8xUlrqJQ5GDJ5O+04Q91A/X7DMo1qlVK5Ay7Ssql2yU1Kqlg/L0NZKikK9+Jq7vTCOG/38mzMIcRwQrjBDUnZtK1JugoSimJFp1okliRAeoyHpaspRQKSbzK6ewqJWBtAPhS6u4Ez9PpGgQMpJ4OnOAKmR/O2l4l9eN1Z+zU0oj2JFOJ4v8mMGVQjTCOCACoIVm2iCsKD6VohHSCCsdFBZHcLXp/B/0iqZtmXalzqNEzBHBuyBfXAAbFAFdXAOGqAJMBDgDjyAR+PGuDeejOd564LxObMLfsB4+QCMEJS9</latexit><latexit sha1_base64="jmJ8lTw7hQlU0EOLWImqO6ndIZs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjK1tBVcVNy4rGAf0JmWTJppQ5OZIckoZeh/uHGhiFv/xZ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/MlV5nfuqFQsCm/1NKaewKOQBYxgbaR+6hLM4eVs4IqkjwfFErLP69VypQqRjVDNKTsZKdcqZxXoGCVDCSzRHBTf3WFEEkFDTThWquegWHsplpoRTmcFN1E0xmSCR7RnaIgFVV46v3oGT4wyhEEkTYUaztXvEykWSk2FbzoF1mP128vEv7xeooO6l7IwTjQNyWJRkHCoI5hFAIdMUqL51BBMJDO3QjLGEhNtgiqYEL4+hf+Tdtl2kO3coFLjYhlHHhyBY3AKHFADDXANmqAFCJDgATyBZ+veerRerNdFa85azhyCH7DePgGGmZJ/</latexit>

�
<latexit sha1_base64="bvzEoIU9sJ5wU4rvkPYFGXKDoKg=">AAAB63icdZDLSgMxFIbPeK31VnXpJlgEV0OmlraCYMGNywr2Am0pmTTThiYzQ5IRSunSrRsXirj1QXwFdz6DL2GmVVDRHwI/338OOef4seDaYPzmLCwuLa+sZtay6xubW9u5nd2GjhJFWZ1GIlItn2gmeMjqhhvBWrFiRPqCNf3ReZo3r5nSPAqvzDhmXUkGIQ84JSZFndqQ93J57J5USoViCWEX47JX8FJTKBePi8izJFX+7OX9BgFArZd77fQjmkgWGiqI1m0Px6Y7IcpwKtg020k0iwkdkQFrWxsSyXR3Mpt1ig4t6aMgUvaFBs3o944JkVqPpW8rJTFD/TtL4V9ZOzFBpTvhYZwYFtL5R0EikIlQujjqc8WoEWNrCFXczorokChCjT1P1h7ha1P0v2kUXA+73iXOV09hrgzswwEcgQdlqMIF1KAOFIZwC/fw4Ejnznl0nualC85nzx78kPP8AbcQkOc=</latexit><latexit sha1_base64="6byQDNYhS/wfdQq0/MEfgosVx20=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyEzlraCYMGNyxbsBdqhZNJMJzRzIckIZejSrRsXirj1Hdz6Cu58Bn0IM62Civ4Q+Pn+c8g5x405kwqhV2NufmFxaTm3kl9dW9/YLGxtt2SUCEKbJOKR6LhYUs5C2lRMcdqJBcWBy2nbHZ1lefuSCsmi8EKNY+oEeBgyjxGsMtSr+6xfKCLzuFq2S2WITIQqlm1lxq6UjkrQ0iRT8fT57WrvqfFe7xdeeoOIJAENFeFYyq6FYuWkWChGOJ3ke4mkMSYjPKRdbUMcUOmk01kn8ECTAfQioV+o4JR+70hxIOU4cHVlgJUvf2cZ/CvrJsqrOikL40TRkMw+8hIOVQSzxeGACUoUH2uDiWB6Vkh8LDBR+jx5fYSvTeH/pmWbFjKtBirWTsBMObAL9sEhsEAF1MA5qIMmIMAH1+AW3BmBcWPcGw+z0jnjs2cH/JDx+AFRp5La</latexit><latexit sha1_base64="6byQDNYhS/wfdQq0/MEfgosVx20=">AAAB63icdZDLSgMxFIYzXmu9VV0KEiyCqyEzlraCYMGNyxbsBdqhZNJMJzRzIckIZejSrRsXirj1Hdz6Cu58Bn0IM62Civ4Q+Pn+c8g5x405kwqhV2NufmFxaTm3kl9dW9/YLGxtt2SUCEKbJOKR6LhYUs5C2lRMcdqJBcWBy2nbHZ1lefuSCsmi8EKNY+oEeBgyjxGsMtSr+6xfKCLzuFq2S2WITIQqlm1lxq6UjkrQ0iRT8fT57WrvqfFe7xdeeoOIJAENFeFYyq6FYuWkWChGOJ3ke4mkMSYjPKRdbUMcUOmk01kn8ECTAfQioV+o4JR+70hxIOU4cHVlgJUvf2cZ/CvrJsqrOikL40TRkMw+8hIOVQSzxeGACUoUH2uDiWB6Vkh8LDBR+jx5fYSvTeH/pmWbFjKtBirWTsBMObAL9sEhsEAF1MA5qIMmIMAH1+AW3BmBcWPcGw+z0jnjs2cH/JDx+AFRp5La</latexit><latexit sha1_base64="IE8NBU5MNUbx9mu6hFyASvptR28=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjK1tBVcFNy4rGAf0A4lk2Y6oUlmSDJCGfoLblwo4tYfcuffmGkrqOiBC4dz7uXee4KEM20Q+nAKa+sbm1vF7dLO7t7+QfnwqKvjVBHaITGPVT/AmnImaccww2k/URSLgNNeML3O/d49VZrF8s7MEuoLPJEsZASbXBq2IzYqV5B72axXa3WIXIQaXtXLSbVRu6hBzyo5KmCF9qj8PhzHJBVUGsKx1gMPJcbPsDKMcDovDVNNE0ymeEIHlkosqPazxa1zeGaVMQxjZUsauFC/T2RYaD0Tge0U2ET6t5eLf3mD1IRNP2MySQ2VZLkoTDk0Mcwfh2OmKDF8ZgkmitlbIYmwwsTYeEo2hK9P4f+kW3U95Hq3qNK6WsVRBCfgFJwDDzRAC9yANugAAiLwAJ7AsyOcR+fFeV22FpzVzDH4AeftEz/Jjlc=</latexit>

DM is a composite state of a dark sector: 

- SM neutral

- SM charged

Interactions with visible sector model dependent

Interactions determined by SM quantum numbers



Barducci, De Curtis, MR, Tesi ‘18

Rich collider phenomenology:
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LHC:



Accidental symmetries:

• Dark-Baryon number

• Dark-Species number 

B = ✏i1i1...inQ{↵1
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. . . Q↵n}
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Qi ! ei↵iQi
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Qi ! ei↵Qi

Dark baryons robustly cosmologically stable:
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Models
- Q-complex (SU(N) fundamental)
Baryons and anti-baryons are different particles that 
can be produced thermally or through an asymmetry. 

- Q-real (SO(N) fundamental)
Baryon and anti-baryons are the same particle so 2 DM 
particles can annihilate. Only thermal production.

- Q-adjoint
Bound state of dark quarks and dark gluons.



- Light Dark Quarks: (mQ < ⇤DC)
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- with O. Antipin, A. Strumia, E. Vigiani ‘15



Classification:

R = (N,SM)� (N̄ , ¯SM)

- SU(N) asymptotically free 

- No Landau poles below the Planck scale.

- Lightest dark-baryon with Q=Y=0

- No unwanted stable particles




Golden models (SU(N)):
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DM could also be asymmetric.

mB ⇠ 100TeV

Thermal abundance:



If DB has SM charges it interacts as WIMPS. 

�3
SI = 0.12⇥ 10�46 cm2

Yukawa couplings very constrained.
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Dirac baryon DM

Dark baryons can have large electric and magnetic 
dipole moments relevant for direct detection: 



⇤DC

7⇤DC

2mQ

NDC mQ

Dark glueballs

Dark mesons

Dark baryons

mQ

- 1707.05380 with A. Mitridate, J. Smirnov, A. Strumia

- Heavy Dark Quarks: (mQ > ⇤DC)

http://arxiv.org/abs/arXiv:1707.05380


DM is a non-relativistic bound states N fermions:
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In the non-relativistic regime thermal abundance of 
DM can be obtained for masses down to 5 TeV.
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Indirect detection:
At low energies annihilation cross-section of extended 
objects is larger than particle physics size:
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Confinement phase transitions are often 1st order:

3  NF  4N and N > 3

Gravity Waves

A background of stochastic gravitational waves is 
produced through the bubble dynamics.

Tc ⇠ ⇤DC
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Frequency:

Amplitude:

Details difficult to compute. Sounds waves:

Possibly accessible to future experiments!

Bai, Long, Lu ‘18

(↵, �/H) = (0.1/1, 104/103)
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Dark BBN
If DM is made of dark baryons it could undergo 
nucleosynthesis and produce heavier elements.

MR, Tesi ‘18
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For DM in the TeV range a fraction could be in the 
form of dark deuterium and traces of tritium. 



If DM is a singlet it could be lighter and deuterium 
could be formed efficiently. Elements with very large 
atomic number could also be formed.

Alpher, Bethe, Gamow ‘48
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Indirect detection:

Deuterium could be formed today emitting a 
monochromatic photon that could be within the reach 
Fermi and other gamma-ray telescopes:

E� ⇡ EB
<latexit sha1_base64="bprb0NHmr3dA0LsnpJdfAidN/fY=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiz0cIiKAEbIaL5gCQcc5tNsmT37tjdE0OIf8XGQhFbf4idnT/FzUeh0QcDj/dmmJkXJoJr43mfTmZpeWV1Lbue29jc2t5xd/dqOk4VZVUai1g1QtRM8IhVDTeCNRLFUIaC1cPBxcSv3zGleRzdmmHC2hJ7Ee9yisZKgZsvB60eSoktTBIV35NycB64Ba/oTUH+En9OCiVydfMFAJXA/Wh1YppKFhkqUOum7yWmPUJlOBVsnGulmiVIB9hjTUsjlEy3R9Pjx+TQKh3SjZWtyJCp+nNihFLroQxtp0TT14veRPzPa6ame9oe8ShJDYvobFE3FcTEZJIE6XDFqBFDS5Aqbm8ltI8KqbF55WwI/uLLf0ntuOh7Rf/apnEGM2RhHw7gCHw4gRJcQgWqQGEIj/AML86D8+S8Om+z1owzn8nDLzjv36IQlj4=</latexit><latexit sha1_base64="yB2c2dbI0VtGeyECmxPEvu5SGcQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRudOGiKBU3QkX7gCaEm+m0HTqThJmJGEr9FTcuFHHrh7jzK/wFp4+Fth64cDjnXu69J0w4U9pxvqzc0vLK6lp+vbCxubW9Y+/uNVScSkLrJOaxbIWgKGcRrWumOW0lkoIIOW2Gg4ux37ynUrE4utNZQn0BvYh1GQFtpMAuVgOvB0KAB0ki4wdcDc4Du+SUnQnwInFnpFTB17ffA/+yFtifXicmqaCRJhyUartOov0hSM0Ip6OClyqaABlAj7YNjUBQ5Q8nx4/woVE6uBtLU5HGE/X3xBCEUpkITacA3Vfz3lj8z2ununvqD1mUpJpGZLqom3KsYzxOAneYpETzzBAgkplbMemDBKJNXgUTgjv/8iJpHJddp+zemDTO0BR5tI8O0BFy0QmqoCtUQ3VEUIae0At6tR6tZ+vNep+25qzZTBH9gfXxAx8vl1s=</latexit><latexit sha1_base64="yB2c2dbI0VtGeyECmxPEvu5SGcQ=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRudOGiKBU3QkX7gCaEm+m0HTqThJmJGEr9FTcuFHHrh7jzK/wFp4+Fth64cDjnXu69J0w4U9pxvqzc0vLK6lp+vbCxubW9Y+/uNVScSkLrJOaxbIWgKGcRrWumOW0lkoIIOW2Gg4ux37ynUrE4utNZQn0BvYh1GQFtpMAuVgOvB0KAB0ki4wdcDc4Du+SUnQnwInFnpFTB17ffA/+yFtifXicmqaCRJhyUartOov0hSM0Ip6OClyqaABlAj7YNjUBQ5Q8nx4/woVE6uBtLU5HGE/X3xBCEUpkITacA3Vfz3lj8z2ununvqD1mUpJpGZLqom3KsYzxOAneYpETzzBAgkplbMemDBKJNXgUTgjv/8iJpHJddp+zemDTO0BR5tI8O0BFy0QmqoCtUQ3VEUIae0At6tR6tZ+vNep+25qzZTBH9gfXxAx8vl1s=</latexit><latexit sha1_base64="61WC9yeJeHx7PLhRaXUxC4wmksI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5J40YOHohQ8VrAf0IYw2W7apbtJ2N2IIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDo46KU0lom8Q8lr0AFOUsom3NNKe9RFIQAafdYHIz87sPVCoWR/c6S6gnYBSxkBHQRvLtatMfjEAIGECSyPgRN/1r3645dWcOvErcgtRQgZZvfw2GMUkFjTThoFTfdRLt5SA1I5xOK4NU0QTIBEa0b2gEgiovnx8/xadGGeIwlqYijefq74kchFKZCEynAD1Wy95M/M/rpzq89HIWJammEVksClOOdYxnSeAhk5RonhkCRDJzKyZjkEC0yatiQnCXX14lnfO669TdO6fWuCriKKNjdILOkIsuUAPdohZqI4Iy9Ixe0Zv1ZL1Y79bHorVkFTNV9AfW5w8apZRe</latexit>



- 1801.01135 with V. De Luca, A. Mitridate, J. Smirnov,  A. Strumia

Colored Dark Matter

http://arxiv.org/abs/arXiv:1707.05380


Dark Matter should not have charge or color.

Counter Example:

Q = (8, 1)0
<latexit sha1_base64="Eg0fk+HtGqe607z5sVHakw7bx8U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEexFKHrx2IL9kHYp2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfhu5refqNIskg9mElNf4KFkISPYWOmxcVOuXnjnfbdfLLkVdw60SryMlCBDvV/86g0ikggqDeFY667nxsZPsTKMcDot9BJNY0zGeEi7lkosqPbT+cFTdGaVAQojZUsaNFd/T6RYaD0Rge0U2Iz0sjcT//O6iQmrfspknBgqyWJRmHBkIjT7Hg2YosTwiSWYKGZvRWSEFSbGZlSwIXjLL6+S1mXFcyte46pUu83iyMMJnEIZPLiGGtxDHZpAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBbKiO1w==</latexit><latexit sha1_base64="Eg0fk+HtGqe607z5sVHakw7bx8U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEexFKHrx2IL9kHYp2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfhu5refqNIskg9mElNf4KFkISPYWOmxcVOuXnjnfbdfLLkVdw60SryMlCBDvV/86g0ikggqDeFY667nxsZPsTKMcDot9BJNY0zGeEi7lkosqPbT+cFTdGaVAQojZUsaNFd/T6RYaD0Rge0U2Iz0sjcT//O6iQmrfspknBgqyWJRmHBkIjT7Hg2YosTwiSWYKGZvRWSEFSbGZlSwIXjLL6+S1mXFcyte46pUu83iyMMJnEIZPLiGGtxDHZpAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBbKiO1w==</latexit><latexit sha1_base64="Eg0fk+HtGqe607z5sVHakw7bx8U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEexFKHrx2IL9kHYp2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfhu5refqNIskg9mElNf4KFkISPYWOmxcVOuXnjnfbdfLLkVdw60SryMlCBDvV/86g0ikggqDeFY667nxsZPsTKMcDot9BJNY0zGeEi7lkosqPbT+cFTdGaVAQojZUsaNFd/T6RYaD0Rge0U2Iz0sjcT//O6iQmrfspknBgqyWJRmHBkIjT7Hg2YosTwiSWYKGZvRWSEFSbGZlSwIXjLL6+S1mXFcyte46pUu83iyMMJnEIZPLiGGtxDHZpAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBbKiO1w==</latexit><latexit sha1_base64="Eg0fk+HtGqe607z5sVHakw7bx8U=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdEexFKHrx2IL9kHYp2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJra1vbG7ltws7u3v7B8XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfhu5refqNIskg9mElNf4KFkISPYWOmxcVOuXnjnfbdfLLkVdw60SryMlCBDvV/86g0ikggqDeFY667nxsZPsTKMcDot9BJNY0zGeEi7lkosqPbT+cFTdGaVAQojZUsaNFd/T6RYaD0Rge0U2Iz0sjcT//O6iQmrfspknBgqyWJRmHBkIjT7Hg2YosTwiSWYKGZvRWSEFSbGZlSwIXjLL6+S1mXFcyte46pUu83iyMMJnEIZPLiGGtxDHZpAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBbKiO1w==</latexit>

Mack, Beacom, Bertone. ‘07

QCD

MQ � ⇤QCD
<latexit sha1_base64="Uk8CCNWz7j4LIEc94mb+W884Y30=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6LdeFCoQX7gCaEyWTSDp08mJkIJRT8FTcuFHHrd7jzb5y2WWjrgYHDOfdw7xw/5Uwqy/o2Siura+sb5c3K1vbO7p65f9CRSSYIbZOEJ6LnY0k5i2lbMcVpLxUURz6nXX/UmPrdRyokS+IHNU6pG+FBzEJGsNKSZx7dey3kDAbIudOhAHt5q3Ez8cyqVbNmQMvELkgVCjQ988sJEpJFNFaEYyn7tpUqN8dCMcLppOJkkqaYjPCA9jWNcUSlm8/On6BTrQQoTIR+sUIz9Xcix5GU48jXkxFWQ7noTcX/vH6mwis3Z3GaKRqT+aIw40glaNoFCpigRPGxJpgIpm9FZIgFJko3VtEl2ItfXiad85pt1ezWRbV+XdRRhmM4gTOw4RLqcAtNaAOBHJ7hFd6MJ+PFeDc+5qMlo8gcwh8Ynz+66ZSw</latexit><latexit sha1_base64="Uk8CCNWz7j4LIEc94mb+W884Y30=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6LdeFCoQX7gCaEyWTSDp08mJkIJRT8FTcuFHHrd7jzb5y2WWjrgYHDOfdw7xw/5Uwqy/o2Siura+sb5c3K1vbO7p65f9CRSSYIbZOEJ6LnY0k5i2lbMcVpLxUURz6nXX/UmPrdRyokS+IHNU6pG+FBzEJGsNKSZx7dey3kDAbIudOhAHt5q3Ez8cyqVbNmQMvELkgVCjQ988sJEpJFNFaEYyn7tpUqN8dCMcLppOJkkqaYjPCA9jWNcUSlm8/On6BTrQQoTIR+sUIz9Xcix5GU48jXkxFWQ7noTcX/vH6mwis3Z3GaKRqT+aIw40glaNoFCpigRPGxJpgIpm9FZIgFJko3VtEl2ItfXiad85pt1ezWRbV+XdRRhmM4gTOw4RLqcAtNaAOBHJ7hFd6MJ+PFeDc+5qMlo8gcwh8Ynz+66ZSw</latexit><latexit sha1_base64="Uk8CCNWz7j4LIEc94mb+W884Y30=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6LdeFCoQX7gCaEyWTSDp08mJkIJRT8FTcuFHHrd7jzb5y2WWjrgYHDOfdw7xw/5Uwqy/o2Siura+sb5c3K1vbO7p65f9CRSSYIbZOEJ6LnY0k5i2lbMcVpLxUURz6nXX/UmPrdRyokS+IHNU6pG+FBzEJGsNKSZx7dey3kDAbIudOhAHt5q3Ez8cyqVbNmQMvELkgVCjQ988sJEpJFNFaEYyn7tpUqN8dCMcLppOJkkqaYjPCA9jWNcUSlm8/On6BTrQQoTIR+sUIz9Xcix5GU48jXkxFWQ7noTcX/vH6mwis3Z3GaKRqT+aIw40glaNoFCpigRPGxJpgIpm9FZIgFJko3VtEl2ItfXiad85pt1ezWRbV+XdRRhmM4gTOw4RLqcAtNaAOBHJ7hFd6MJ+PFeDc+5qMlo8gcwh8Ynz+66ZSw</latexit><latexit sha1_base64="Uk8CCNWz7j4LIEc94mb+W884Y30=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoigi6LdeFCoQX7gCaEyWTSDp08mJkIJRT8FTcuFHHrd7jzb5y2WWjrgYHDOfdw7xw/5Uwqy/o2Siura+sb5c3K1vbO7p65f9CRSSYIbZOEJ6LnY0k5i2lbMcVpLxUURz6nXX/UmPrdRyokS+IHNU6pG+FBzEJGsNKSZx7dey3kDAbIudOhAHt5q3Ez8cyqVbNmQMvELkgVCjQ988sJEpJFNFaEYyn7tpUqN8dCMcLppOJkkqaYjPCA9jWNcUSlm8/On6BTrQQoTIR+sUIz9Xcix5GU48jXkxFWQ7noTcX/vH6mwis3Z3GaKRqT+aIw40glaNoFCpigRPGxJpgIpm9FZIgFJko3VtEl2ItfXiad85pt1ezWRbV+XdRRhmM4gTOw4RLqcAtNaAOBHJ7hFd6MJ+PFeDc+5qMlo8gcwh8Ynz+66ZSw</latexit>



Stable hadrons:

Unstable hadrons:
EB ⇠ ⇤QCD

<latexit sha1_base64="REmBRkd2Gegb5p+qekNA/v2nF9o=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoAsXxSq4cNGCfUBnGDKZTBuaZIYkI5Sh4K+4caGIW7/DnX9j2s5CWw8EDufcw705Ycqo0o7zbS0tr6yurZc2yptb2zu79t5+WyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wWJ/4nUciFU3Egx6lxOeoL2hMMdJGCuzD2+DaU5RD796EIhTkzfrNOLArTtWZAi4StyAVUKAR2F9elOCME6ExQ0r1XCfVfo6kppiRcdnLFEkRHqI+6RkqECfKz6fnj+GJUSIYJ9I8oeFU/Z3IEVdqxEMzyZEeqHlvIv7n9TIdX/o5FWmmicCzRXHGoE7gpAsYUUmwZiNDEJbU3ArxAEmEtWmsbEpw57+8SNpnVdepus3zSu2qqKMEjsAxOAUuuAA1cAcaoAUwyMEzeAVv1pP1Yr1bH7PRJavIHIA/sD5/ACRqlO4=</latexit><latexit sha1_base64="REmBRkd2Gegb5p+qekNA/v2nF9o=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoAsXxSq4cNGCfUBnGDKZTBuaZIYkI5Sh4K+4caGIW7/DnX9j2s5CWw8EDufcw705Ycqo0o7zbS0tr6yurZc2yptb2zu79t5+WyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wWJ/4nUciFU3Egx6lxOeoL2hMMdJGCuzD2+DaU5RD796EIhTkzfrNOLArTtWZAi4StyAVUKAR2F9elOCME6ExQ0r1XCfVfo6kppiRcdnLFEkRHqI+6RkqECfKz6fnj+GJUSIYJ9I8oeFU/Z3IEVdqxEMzyZEeqHlvIv7n9TIdX/o5FWmmicCzRXHGoE7gpAsYUUmwZiNDEJbU3ArxAEmEtWmsbEpw57+8SNpnVdepus3zSu2qqKMEjsAxOAUuuAA1cAcaoAUwyMEzeAVv1pP1Yr1bH7PRJavIHIA/sD5/ACRqlO4=</latexit><latexit sha1_base64="REmBRkd2Gegb5p+qekNA/v2nF9o=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoAsXxSq4cNGCfUBnGDKZTBuaZIYkI5Sh4K+4caGIW7/DnX9j2s5CWw8EDufcw705Ycqo0o7zbS0tr6yurZc2yptb2zu79t5+WyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wWJ/4nUciFU3Egx6lxOeoL2hMMdJGCuzD2+DaU5RD796EIhTkzfrNOLArTtWZAi4StyAVUKAR2F9elOCME6ExQ0r1XCfVfo6kppiRcdnLFEkRHqI+6RkqECfKz6fnj+GJUSIYJ9I8oeFU/Z3IEVdqxEMzyZEeqHlvIv7n9TIdX/o5FWmmicCzRXHGoE7gpAsYUUmwZiNDEJbU3ArxAEmEtWmsbEpw57+8SNpnVdepus3zSu2qqKMEjsAxOAUuuAA1cAcaoAUwyMEzeAVv1pP1Yr1bH7PRJavIHIA/sD5/ACRqlO4=</latexit><latexit sha1_base64="REmBRkd2Gegb5p+qekNA/v2nF9o=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyIoAsXxSq4cNGCfUBnGDKZTBuaZIYkI5Sh4K+4caGIW7/DnX9j2s5CWw8EDufcw705Ycqo0o7zbS0tr6yurZc2yptb2zu79t5+WyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wWJ/4nUciFU3Egx6lxOeoL2hMMdJGCuzD2+DaU5RD796EIhTkzfrNOLArTtWZAi4StyAVUKAR2F9elOCME6ExQ0r1XCfVfo6kppiRcdnLFEkRHqI+6RkqECfKz6fnj+GJUSIYJ9I8oeFU/Z3IEVdqxEMzyZEeqHlvIv7n9TIdX/o5FWmmicCzRXHGoE7gpAsYUUmwZiNDEJbU3ArxAEmEtWmsbEpw57+8SNpnVdepus3zSu2qqKMEjsAxOAUuuAA1cAcaoAUwyMEzeAVv1pP1Yr1bH7PRJavIHIA/sD5/ACRqlO4=</latexit>

⇤�1
QCD

<latexit sha1_base64="50/PNjWnr2SAmOFdTmOtIbksaYE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSQi6MJFoS5cuGjBPqCNYTKZtEMnD2YmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOedy7xwv4Uwqy/o2VlbX1jc2S1vl7Z3dvX3zoNKRcSoIbZOYx6LnYUk5i2hbMcVpLxEUhx6nXW/cmPrdRyoki6N7NUmoE+JhxAJGsNKSa1YGdzrsYzdrNW7yh+zMzl2zatWsGdAysQtShQJN1/wa+DFJQxopwrGUfdtKlJNhoRjhNC8PUkkTTMZ4SPuaRjik0slmt+foRCs+CmKhX6TQTP09keFQykno6WSI1UguelPxP6+fquDKyViUpIpGZL4oSDlSMZoWgXwmKFF8ogkmgulbERlhgYnSdZV1Cfbil5dJ57xmWzW7dVGtXxd1lOAIjuEUbLiEOtxCE9pA4Ame4RXejNx4Md6Nj3l0xShmDuEPjM8fLc2T2Q==</latexit><latexit sha1_base64="50/PNjWnr2SAmOFdTmOtIbksaYE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSQi6MJFoS5cuGjBPqCNYTKZtEMnD2YmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOedy7xwv4Uwqy/o2VlbX1jc2S1vl7Z3dvX3zoNKRcSoIbZOYx6LnYUk5i2hbMcVpLxEUhx6nXW/cmPrdRyoki6N7NUmoE+JhxAJGsNKSa1YGdzrsYzdrNW7yh+zMzl2zatWsGdAysQtShQJN1/wa+DFJQxopwrGUfdtKlJNhoRjhNC8PUkkTTMZ4SPuaRjik0slmt+foRCs+CmKhX6TQTP09keFQykno6WSI1UguelPxP6+fquDKyViUpIpGZL4oSDlSMZoWgXwmKFF8ogkmgulbERlhgYnSdZV1Cfbil5dJ57xmWzW7dVGtXxd1lOAIjuEUbLiEOtxCE9pA4Ame4RXejNx4Md6Nj3l0xShmDuEPjM8fLc2T2Q==</latexit><latexit sha1_base64="50/PNjWnr2SAmOFdTmOtIbksaYE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSQi6MJFoS5cuGjBPqCNYTKZtEMnD2YmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOedy7xwv4Uwqy/o2VlbX1jc2S1vl7Z3dvX3zoNKRcSoIbZOYx6LnYUk5i2hbMcVpLxEUhx6nXW/cmPrdRyoki6N7NUmoE+JhxAJGsNKSa1YGdzrsYzdrNW7yh+zMzl2zatWsGdAysQtShQJN1/wa+DFJQxopwrGUfdtKlJNhoRjhNC8PUkkTTMZ4SPuaRjik0slmt+foRCs+CmKhX6TQTP09keFQykno6WSI1UguelPxP6+fquDKyViUpIpGZL4oSDlSMZoWgXwmKFF8ogkmgulbERlhgYnSdZV1Cfbil5dJ57xmWzW7dVGtXxd1lOAIjuEUbLiEOtxCE9pA4Ame4RXejNx4Md6Nj3l0xShmDuEPjM8fLc2T2Q==</latexit><latexit sha1_base64="50/PNjWnr2SAmOFdTmOtIbksaYE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSQi6MJFoS5cuGjBPqCNYTKZtEMnD2YmYgn5FTcuFHHrj7jzb5y2WWjrgYHDOedy7xwv4Uwqy/o2VlbX1jc2S1vl7Z3dvX3zoNKRcSoIbZOYx6LnYUk5i2hbMcVpLxEUhx6nXW/cmPrdRyoki6N7NUmoE+JhxAJGsNKSa1YGdzrsYzdrNW7yh+zMzl2zatWsGdAysQtShQJN1/wa+DFJQxopwrGUfdtKlJNhoRjhNC8PUkkTTMZ4SPuaRjik0slmt+foRCs+CmKhX6TQTP09keFQykno6WSI1UguelPxP6+fquDKyViUpIpGZL4oSDlSMZoWgXwmKFF8ogkmgulbERlhgYnSdZV1Cfbil5dJ57xmWzW7dVGtXxd1lOAIjuEUbLiEOtxCE9pA4Ame4RXejNx4Md6Nj3l0xShmDuEPjM8fLc2T2Q==</latexit>

(↵3MQ)
�1

<latexit sha1_base64="qjacNiivzLUc6tfLwj8heFR4AH8=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQxCPBh2E0EPHgJevAgJmAckcemdzCZDZh/MzArLEn/FiwdFvPoh3vwbJ8keNLGgoajqprvLjTiTyrK+jdza+sbmVn67sLO7t39gHh61ZRgLQlsk5KHouiApZwFtKaY47UaCgu9y2nEnNzO/80iFZGFwr5KIDnwYBcxjBJSWHLNY7gOPxuDU8J3TPHtIz+2pY5asijUHXiV2RkooQ8Mxv/rDkMQ+DRThIGXPtiI1SEEoRjidFvqxpBGQCYxoT9MAfCoH6fz4KT7VyhB7odAVKDxXf0+k4EuZ+K7u9EGN5bI3E//zerHyrgYpC6JY0YAsFnkxxyrEsyTwkAlKFE80ASKYvhWTMQggSudV0CHYyy+vkna1Ytcq1eZFqX6dxZFHx+gElZGNLlEd3aIGaiGCEvSMXtGb8WS8GO/Gx6I1Z2QzRfQHxucPsu+TfQ==</latexit>

EB ⇠ ↵2
3MQ

<latexit sha1_base64="IzmVN31z5vgU1pxMzMT9qe/7WJ0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZVtCFi6IIboQW7AM645BJM21okhmSjFBqF/6KGxeKuPU33Pk3pu0stPXAhcM593LvPWHCqNKO823llpZXVtfy64WNza3tHXt3r6niVGLSwDGLZTtEijAqSENTzUg7kQTxkJFWOLia+K0HIhWNxZ0eJsTnqCdoRDHSRgrsg+vg0lOUQw+xpI+Cyn0Z3gb1wC46JWcKuEjcjBRBhlpgf3ndGKecCI0ZUqrjOon2R0hqihkZF7xUkQThAeqRjqECcaL80fT+MTw2ShdGsTQlNJyqvydGiCs15KHp5Ej31bw3Ef/zOqmOzv0RFUmqicCzRVHKoI7hJAzYpZJgzYaGICypuRXiPpIIaxNZwYTgzr+8SJrlklspleunxepFFkceHIIjcAJccAaq4AbUQANg8AiewSt4s56sF+vd+pi15qxsZh/8gfX5AxBHlNE=</latexit>

�(QQ̄ ! gg) ⇠ ↵5
3MQ

<latexit sha1_base64="plgKnVXdOsob4HIZ3AL3wiGJ8tI=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkTdhNFC0sAhbaCAmYB2TjcncySYbM7C4zs0JY8g02/oqNhSK2Vnb+jZNHoYkHBg7n3Mudc/yIM6Vt+9tKrayurW+kNzNb2zu7e9n9g4YKY0lonYQ8lC0fFOUsoHXNNKetSFIQPqdNf3g18ZsPVCoWBnd6FNGOgH7AeoyANpKXLbjXIATka64PMqmNXR3ifr/gKiawCzwagFe+P8O3Xs3L5uyiPQVeJs6c5NAcVS/75XZDEgsaaMJBqbZjR7qTgNSMcDrOuLGiEZAh9Gnb0AAEVZ1kGmmMT4zSxb1QmhdoPFV/byQglBoJ30wK0AO16E3E/7x2rHsXnYQFUaxpQGaHejHHJvekH9xlkhLNR4YAkcz8FZMBSCDatJgxJTiLkZdJo1R0ysVS7TRXuZzXkUZH6BjlkYPOUQXdoCqqI4Ie0TN6RW/Wk/VivVsfs9GUNd85RH9gff4AUJGclA==</latexit>



Cosmological history goes through 3 stages:

• Thermal freeze-out at T=m/25

Q
<latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit>

Q̄
<latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit><latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit><latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit><latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit>

Q
<latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit>

Q̄
<latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit><latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit><latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit><latexit sha1_base64="QnR54qJH5XjNXQqZTgdoviGzsjQ=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvs5es2ds9dueEEPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMi1IpLPr+t7e2vrG5tV3YKe7u7R8clo6Om1ZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0upv5rSdurNDqAccpDxM6UCIWjKKTmt2IGlLvlcp+xZ+DrJIgJ2XIUeuVvrp9zbKEK2SSWtsJ/BTDCTUomOTTYjezPKVsRAe846iiCbfhZH7tlJw7pU9ibVwpJHP198SEJtaOk8h1JhSHdtmbif95nQzjm3AiVJohV2yxKM4kQU1mr5O+MJyhHDtCmRHuVsKG1FCGLqCiCyFYfnmVNC8rgV8J6lfl6m0eRwFO4QwuIIBrqMI91KABDB7hGV7hzdPei/fufSxa17x85gT+wPv8AffDjrI=</latexit>

Q
<latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit>

Q
<latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit><latexit sha1_base64="wC4qyz2SMlgEEBlfTMEP8BcaWQk=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyEfMByRH2NnPJkr29Y3dPCEf+gY2FIrb+Izv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH800QT+iI8lDzqix0kOTDMoVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxaXzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5m+TIVfIjJhaQpni9lbCxlRRZmw4JRuCt/ryOmlfVT236jWvK/XbPI4inME5XIIHNajDPTSgBQxCeIZXeHMmzovz7nwsWwtOPnMKf+B8/gD/BIz5</latexit>

⌦QQ

⌦Q+Q̄
⇠ ↵2

<latexit sha1_base64="ZfpJesPPt1kKhXh1lY9FvUNrxpQ=">AAACHHicbVDLSgMxFM3UV62vqks3wSIIQpmpgi5cFNy4swX7gM443EkzbWgyMyQZoQz9EDf+ihsXirhxIfg3pg9QWw9cODnnXnLvCRLOlLbtLyu3tLyyupZfL2xsbm3vFHf3mipOJaENEvNYtgNQlLOINjTTnLYTSUEEnLaCwdXYb91TqVgc3ephQj0BvYiFjIA2kl88dUMJBGfujaA98LN6fTT6eZy4AUhsJFcxgV3gSR/uKn6xZJftCfAicWakhGao+cUPtxuTVNBIEw5KdRw70V4GUjPC6ajgpoomQAbQox1DIxBUednkuBE+MkoXh7E0FWk8UX9PZCCUGorAdArQfTXvjcX/vE6qwwsvY1GSahqR6UdhyrGO8Tgp3GWSEs2HhgCRzOyKSR9MWtrkWTAhOPMnL5JmpezYZad+VqpezuLIowN0iI6Rg85RFV2jGmoggh7QE3pBr9aj9Wy9We/T1pw1m9lHf2B9fgO86KG6</latexit><latexit sha1_base64="ZfpJesPPt1kKhXh1lY9FvUNrxpQ=">AAACHHicbVDLSgMxFM3UV62vqks3wSIIQpmpgi5cFNy4swX7gM443EkzbWgyMyQZoQz9EDf+ihsXirhxIfg3pg9QWw9cODnnXnLvCRLOlLbtLyu3tLyyupZfL2xsbm3vFHf3mipOJaENEvNYtgNQlLOINjTTnLYTSUEEnLaCwdXYb91TqVgc3ephQj0BvYiFjIA2kl88dUMJBGfujaA98LN6fTT6eZy4AUhsJFcxgV3gSR/uKn6xZJftCfAicWakhGao+cUPtxuTVNBIEw5KdRw70V4GUjPC6ajgpoomQAbQox1DIxBUednkuBE+MkoXh7E0FWk8UX9PZCCUGorAdArQfTXvjcX/vE6qwwsvY1GSahqR6UdhyrGO8Tgp3GWSEs2HhgCRzOyKSR9MWtrkWTAhOPMnL5JmpezYZad+VqpezuLIowN0iI6Rg85RFV2jGmoggh7QE3pBr9aj9Wy9We/T1pw1m9lHf2B9fgO86KG6</latexit><latexit sha1_base64="ZfpJesPPt1kKhXh1lY9FvUNrxpQ=">AAACHHicbVDLSgMxFM3UV62vqks3wSIIQpmpgi5cFNy4swX7gM443EkzbWgyMyQZoQz9EDf+ihsXirhxIfg3pg9QWw9cODnnXnLvCRLOlLbtLyu3tLyyupZfL2xsbm3vFHf3mipOJaENEvNYtgNQlLOINjTTnLYTSUEEnLaCwdXYb91TqVgc3ephQj0BvYiFjIA2kl88dUMJBGfujaA98LN6fTT6eZy4AUhsJFcxgV3gSR/uKn6xZJftCfAicWakhGao+cUPtxuTVNBIEw5KdRw70V4GUjPC6ajgpoomQAbQox1DIxBUednkuBE+MkoXh7E0FWk8UX9PZCCUGorAdArQfTXvjcX/vE6qwwsvY1GSahqR6UdhyrGO8Tgp3GWSEs2HhgCRzOyKSR9MWtrkWTAhOPMnL5JmpezYZad+VqpezuLIowN0iI6Rg85RFV2jGmoggh7QE3pBr9aj9Wy9We/T1pw1m9lHf2B9fgO86KG6</latexit><latexit sha1_base64="ZfpJesPPt1kKhXh1lY9FvUNrxpQ=">AAACHHicbVDLSgMxFM3UV62vqks3wSIIQpmpgi5cFNy4swX7gM443EkzbWgyMyQZoQz9EDf+ihsXirhxIfg3pg9QWw9cODnnXnLvCRLOlLbtLyu3tLyyupZfL2xsbm3vFHf3mipOJaENEvNYtgNQlLOINjTTnLYTSUEEnLaCwdXYb91TqVgc3ephQj0BvYiFjIA2kl88dUMJBGfujaA98LN6fTT6eZy4AUhsJFcxgV3gSR/uKn6xZJftCfAicWakhGao+cUPtxuTVNBIEw5KdRw70V4GUjPC6ajgpoomQAbQox1DIxBUednkuBE+MkoXh7E0FWk8UX9PZCCUGorAdArQfTXvjcX/vE6qwwsvY1GSahqR6UdhyrGO8Tgp3GWSEs2HhgCRzOyKSR9MWtrkWTAhOPMnL5JmpezYZad+VqpezuLIowN0iI6Rg85RFV2jGmoggh7QE3pBr9aj9Wy9We/T1pw1m9lHf2B9fgO86KG6</latexit>

• T < EB
<latexit sha1_base64="dGusj5Aa6cNl0LcoFxBTJjO5+/Q=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoIceiiJ4rNAvaEPYbLft0s0m7G6UEtt/4sWDIl79Jd78N27bHLT1wcDjvRlm5gUxZ0o7zreVW1vf2NzKbxd2dvf2D+ziYVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwehm5rceqFQsEnU9jqkX4oFgfUawNpJvF7tBwjnVaDqd1ivo1r/27ZJTduZAq8TNSAky1Hz7q9uLSBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVTgkCovnZ8+QadG6aF+JE0Jjebq74kUh0qNw8B0hlgP1bI3E//zOonuX3kpE3GiqSCLRf2EIx2hWQ6oxyQlmo8NwUQycysiQywx0SatggnBXX55lTTPy65Tdu8vStVKFkcejuEEzsCFS6jCHdSgAQQe4Rle4c16sl6sd+tj0Zqzspkj+APr8wdhVJNj</latexit><latexit sha1_base64="dGusj5Aa6cNl0LcoFxBTJjO5+/Q=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoIceiiJ4rNAvaEPYbLft0s0m7G6UEtt/4sWDIl79Jd78N27bHLT1wcDjvRlm5gUxZ0o7zreVW1vf2NzKbxd2dvf2D+ziYVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwehm5rceqFQsEnU9jqkX4oFgfUawNpJvF7tBwjnVaDqd1ivo1r/27ZJTduZAq8TNSAky1Hz7q9uLSBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVTgkCovnZ8+QadG6aF+JE0Jjebq74kUh0qNw8B0hlgP1bI3E//zOonuX3kpE3GiqSCLRf2EIx2hWQ6oxyQlmo8NwUQycysiQywx0SatggnBXX55lTTPy65Tdu8vStVKFkcejuEEzsCFS6jCHdSgAQQe4Rle4c16sl6sd+tj0Zqzspkj+APr8wdhVJNj</latexit><latexit sha1_base64="dGusj5Aa6cNl0LcoFxBTJjO5+/Q=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoIceiiJ4rNAvaEPYbLft0s0m7G6UEtt/4sWDIl79Jd78N27bHLT1wcDjvRlm5gUxZ0o7zreVW1vf2NzKbxd2dvf2D+ziYVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwehm5rceqFQsEnU9jqkX4oFgfUawNpJvF7tBwjnVaDqd1ivo1r/27ZJTduZAq8TNSAky1Hz7q9uLSBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVTgkCovnZ8+QadG6aF+JE0Jjebq74kUh0qNw8B0hlgP1bI3E//zOonuX3kpE3GiqSCLRf2EIx2hWQ6oxyQlmo8NwUQycysiQywx0SatggnBXX55lTTPy65Tdu8vStVKFkcejuEEzsCFS6jCHdSgAQQe4Rle4c16sl6sd+tj0Zqzspkj+APr8wdhVJNj</latexit><latexit sha1_base64="dGusj5Aa6cNl0LcoFxBTJjO5+/Q=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIoIceiiJ4rNAvaEPYbLft0s0m7G6UEtt/4sWDIl79Jd78N27bHLT1wcDjvRlm5gUxZ0o7zreVW1vf2NzKbxd2dvf2D+ziYVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bwehm5rceqFQsEnU9jqkX4oFgfUawNpJvF7tBwjnVaDqd1ivo1r/27ZJTduZAq8TNSAky1Hz7q9uLSBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVTgkCovnZ8+QadG6aF+JE0Jjebq74kUh0qNw8B0hlgP1bI3E//zOonuX3kpE3GiqSCLRf2EIx2hWQ6oxyQlmo8NwUQycysiQywx0SatggnBXX55lTTPy65Tdu8vStVKFkcejuEEzsCFS6jCHdSgAQQe4Rle4c16sl6sd+tj0Zqzspkj+APr8wdhVJNj</latexit>

⌦Q+Q̄h
2 ⇡ 0.1

✓
MQ

7TeV

◆

<latexit sha1_base64="vpCjgqteaM0d+Pohg4EQJnGiMB8="></latexit>



• Hadronization at T=200 MeV

• Re-coupling

Only a small fraction of hybrids is left! 

1/2 quarks is bound in stable bound states and 1/2 
annihilates to SM.

+

� ⇠ 1

⇤2
QCD

<latexit sha1_base64="tmhNK2wuXrNPsH8LfEC7RedSOj8=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUVEgwMlcrAwNBK9CE1IXIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BrfNAC1Hsnx0zr3XvsdPGJXKsr6N0tr6xuZWebuys7u3f2AeHvVknApMujhmsRj4SBJGI9JVVDEySARB3Gek709aM7//QISkcXSnpglxORpFNKQYKS15Zs2RdMQR1BeHTigQhjbMnFs9IUBe1mld5/eN3DOrVt2aA64SuyBVUKDtmV9OEOOUk0hhhqQc2lai3AwJRTEjecVJJUkQnqARGWoaIU6km83XyWFNKwEMY6FPpOBc/d2RIS7llPu6kiM1lsveTPzPG6YqvHQzGiWpIhFePBSmDKoYzrKBARUEKzbVBGFB9V8hHiOdidIJVnQI9vLKq6TXqNtW3e6cV5tXRRxlcAJOwRmwwQVoghvQBl2AwSN4Bq/gzXgyXox342NRWjKKnmPwB8bnD5ZymyY=</latexit><latexit sha1_base64="tmhNK2wuXrNPsH8LfEC7RedSOj8=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUVEgwMlcrAwNBK9CE1IXIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BrfNAC1Hsnx0zr3XvsdPGJXKsr6N0tr6xuZWebuys7u3f2AeHvVknApMujhmsRj4SBJGI9JVVDEySARB3Gek709aM7//QISkcXSnpglxORpFNKQYKS15Zs2RdMQR1BeHTigQhjbMnFs9IUBe1mld5/eN3DOrVt2aA64SuyBVUKDtmV9OEOOUk0hhhqQc2lai3AwJRTEjecVJJUkQnqARGWoaIU6km83XyWFNKwEMY6FPpOBc/d2RIS7llPu6kiM1lsveTPzPG6YqvHQzGiWpIhFePBSmDKoYzrKBARUEKzbVBGFB9V8hHiOdidIJVnQI9vLKq6TXqNtW3e6cV5tXRRxlcAJOwRmwwQVoghvQBl2AwSN4Bq/gzXgyXox342NRWjKKnmPwB8bnD5ZymyY=</latexit><latexit sha1_base64="tmhNK2wuXrNPsH8LfEC7RedSOj8=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUVEgwMlcrAwNBK9CE1IXIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BrfNAC1Hsnx0zr3XvsdPGJXKsr6N0tr6xuZWebuys7u3f2AeHvVknApMujhmsRj4SBJGI9JVVDEySARB3Gek709aM7//QISkcXSnpglxORpFNKQYKS15Zs2RdMQR1BeHTigQhjbMnFs9IUBe1mld5/eN3DOrVt2aA64SuyBVUKDtmV9OEOOUk0hhhqQc2lai3AwJRTEjecVJJUkQnqARGWoaIU6km83XyWFNKwEMY6FPpOBc/d2RIS7llPu6kiM1lsveTPzPG6YqvHQzGiWpIhFePBSmDKoYzrKBARUEKzbVBGFB9V8hHiOdidIJVnQI9vLKq6TXqNtW3e6cV5tXRRxlcAJOwRmwwQVoghvQBl2AwSN4Bq/gzXgyXox342NRWjKKnmPwB8bnD5ZymyY=</latexit><latexit sha1_base64="tmhNK2wuXrNPsH8LfEC7RedSOj8=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUVEgwMlcrAwNBK9CE1IXIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BrfNAC1Hsnx0zr3XvsdPGJXKsr6N0tr6xuZWebuys7u3f2AeHvVknApMujhmsRj4SBJGI9JVVDEySARB3Gek709aM7//QISkcXSnpglxORpFNKQYKS15Zs2RdMQR1BeHTigQhjbMnFs9IUBe1mld5/eN3DOrVt2aA64SuyBVUKDtmV9OEOOUk0hhhqQc2lai3AwJRTEjecVJJUkQnqARGWoaIU6km83XyWFNKwEMY6FPpOBc/d2RIS7llPu6kiM1lsveTPzPG6YqvHQzGiWpIhFePBSmDKoYzrKBARUEKzbVBGFB9V8hHiOdidIJVnQI9vLKq6TXqNtW3e6cV5tXRRxlcAJOwRmwwQVoghvQBl2AwSN4Bq/gzXgyXox342NRWjKKnmPwB8bnD5ZymyY=</latexit>

nQ(⇤QCD)h�vi � H(⇤QCD)
<latexit sha1_base64="idcM6K5gi8JV84lzOQ8fYd15WuQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSLUTZkRQRcKhbrowkUL9gGdMtxJ02loJjMkmUIZ+jVu/BU3Lioi7vwU08dCWw8ETs65h+QeP+ZMadv+sjIbm1vbO9nd3N7+weFR/vikqaJEEtogEY9k2wdFORO0oZnmtB1LCqHPacsfVmZ+a0SlYpF40uOYdkMIBOszAtpIXv5eePWi+2gCPfDSeuVhculyEAGnrmJBCHjkyvkVu0GAqyujXr5gl+w58DpxlqSAlqh5+anbi0gSUqEJB6U6jh3rbgpSM8LpJOcmisZAhhDQjqECQqq66XzNCb4wSg/3I2mO0Hiu/k6kECo1Dn0zGYIeqFVvJv7ndRLdv+2mTMSJpoIsHuonHOsIzzrDPSYp0XxsCBDJzF8xGYAEok2zOVOCs7ryOmlelRy75NSvC+W7ZR1ZdIbOURE56AaVURXVUAMR9Ixe0RS9Wy/Wm/VhfS5GM9Yyc4r+wPr+AdWmpLg=</latexit><latexit sha1_base64="idcM6K5gi8JV84lzOQ8fYd15WuQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSLUTZkRQRcKhbrowkUL9gGdMtxJ02loJjMkmUIZ+jVu/BU3Lioi7vwU08dCWw8ETs65h+QeP+ZMadv+sjIbm1vbO9nd3N7+weFR/vikqaJEEtogEY9k2wdFORO0oZnmtB1LCqHPacsfVmZ+a0SlYpF40uOYdkMIBOszAtpIXv5eePWi+2gCPfDSeuVhculyEAGnrmJBCHjkyvkVu0GAqyujXr5gl+w58DpxlqSAlqh5+anbi0gSUqEJB6U6jh3rbgpSM8LpJOcmisZAhhDQjqECQqq66XzNCb4wSg/3I2mO0Hiu/k6kECo1Dn0zGYIeqFVvJv7ndRLdv+2mTMSJpoIsHuonHOsIzzrDPSYp0XxsCBDJzF8xGYAEok2zOVOCs7ryOmlelRy75NSvC+W7ZR1ZdIbOURE56AaVURXVUAMR9Ixe0RS9Wy/Wm/VhfS5GM9Yyc4r+wPr+AdWmpLg=</latexit><latexit sha1_base64="idcM6K5gi8JV84lzOQ8fYd15WuQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSLUTZkRQRcKhbrowkUL9gGdMtxJ02loJjMkmUIZ+jVu/BU3Lioi7vwU08dCWw8ETs65h+QeP+ZMadv+sjIbm1vbO9nd3N7+weFR/vikqaJEEtogEY9k2wdFORO0oZnmtB1LCqHPacsfVmZ+a0SlYpF40uOYdkMIBOszAtpIXv5eePWi+2gCPfDSeuVhculyEAGnrmJBCHjkyvkVu0GAqyujXr5gl+w58DpxlqSAlqh5+anbi0gSUqEJB6U6jh3rbgpSM8LpJOcmisZAhhDQjqECQqq66XzNCb4wSg/3I2mO0Hiu/k6kECo1Dn0zGYIeqFVvJv7ndRLdv+2mTMSJpoIsHuonHOsIzzrDPSYp0XxsCBDJzF8xGYAEok2zOVOCs7ryOmlelRy75NSvC+W7ZR1ZdIbOURE56AaVURXVUAMR9Ixe0RS9Wy/Wm/VhfS5GM9Yyc4r+wPr+AdWmpLg=</latexit><latexit sha1_base64="idcM6K5gi8JV84lzOQ8fYd15WuQ=">AAACJnicbVDLSgMxFM3UV62vqks3wSLUTZkRQRcKhbrowkUL9gGdMtxJ02loJjMkmUIZ+jVu/BU3Lioi7vwU08dCWw8ETs65h+QeP+ZMadv+sjIbm1vbO9nd3N7+weFR/vikqaJEEtogEY9k2wdFORO0oZnmtB1LCqHPacsfVmZ+a0SlYpF40uOYdkMIBOszAtpIXv5eePWi+2gCPfDSeuVhculyEAGnrmJBCHjkyvkVu0GAqyujXr5gl+w58DpxlqSAlqh5+anbi0gSUqEJB6U6jh3rbgpSM8LpJOcmisZAhhDQjqECQqq66XzNCb4wSg/3I2mO0Hiu/k6kECo1Dn0zGYIeqFVvJv7ndRLdv+2mTMSJpoIsHuonHOsIzzrDPSYp0XxsCBDJzF8xGYAEok2zOVOCs7ryOmlelRy75NSvC+W7ZR1ZdIbOURE56AaVURXVUAMR9Ixe0RS9Wy/Wm/VhfS5GM9Yyc4r+wPr+AdWmpLg=</latexit>
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MQ ⇡ (12.5± 1)TeV
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Critical mass:
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Only small fraction of DM ends in hybrid states. Bounds 
are relatively safe but uncertain. Octet favourable:

- (Qg) may not bind to matter


- No fractionally charged hadrons.


⌦Q

⌦QQ
⇠ 10�4
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DM has “Rayleigh” interactions with gluons:

He↵ = �1

2
[cE ~E

a2 + cB
~B
a2]
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�SI ⇡ 2.3 10�45 cm2 ⇥
✓
20TeV

MDM

◆6
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SUMMARY

• DM could be a baryon of a new gauge force.               
Thermal abundance of DM is obtained for masses 1-100 
TeV.  Cosmological evolution can be non-standard.                   
DM could also be a bound state of QCD itself.

• The dark sector could be accessible to a variety of 
experiments. Interesting signals include: resonance 
production, Higgs compositeness, EDMs, gravitational 
waves, long lived glueballs, unification…

• The failure to find new physics at the TeV scale likely 
requires a paradigm shift for particle physics. A sector 
with new gauge forces is a “minimal” extension of the 
SM compatible with current data that automatically 
produces viable DM candidates.



g

y
Gµ

ij

The visible sector couples to the dark sector 
through gauge and Yukawa interactions:

Qi
↵

Confining gauge theory with fermions charged under SM:

SM

Q = (NDC, SM) + (NDC, SM)

L = LSM + Q̄i(i�
µ
Dµ �mi)Qi �

GA2
µ⌫

4g2DC

+
✓DC

32⇡2
GA
µ⌫ G̃A

µ⌫ + [HQ̄i(y
L
ijPL + y

R
ijPR)Qj + h.c.]



COLLIDER
(O. Antipin, MR, 1508.01112 

De Curtis, Barducci, MR, Tesi1805.12578)



Mesons can be produced resonantly through gauge boson 
fusion or Drell-Yan

Mitridate, MR, Smirnov, Strumia ’17

�(pp ! X) =
(2JX + 1)DX

MXs

X

P
CPP�(X ! PP)

| (0)|2 ⇠ ↵3
DCm

3
Q�(X ! SM SM) ⇠ NDC↵

2
SM

| (0)|2

m2
Q

lmax ⇠ mQ

⇤2
DC

⇠ 10�13 m

✓
mQ

TeV

◆✓
GeV

⇤DC

◆2

Spin-0 resonances decay to SM gauge bosons and spin-1 to 
fermions and scalars.

Open production:

•mQ > ⇤DC
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Single Double

Most significant bound from resonant production of 
spin-1particles decaying to leptons.

Spin-0 resonances are produced from hadronization of 
heavy quarks and decay mostly to glueballs. Spin-1 
resonances are produced from light quarks.
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Goldstone bosons and vector bosons  with SM charges:

g2SM

g⇢

Kilic, Okui, Sundrum ’09

⇢

h0| ̄�µT a |⇢bi = ��ab m⇢f⇢✏
µ

h0| ̄�µ�5T a |⇡bi = �i�ab f pµ

Heavy vectors mix with SM gauge bosons

m⇢ ⇠ g⇢f

Unlike composite Higgs models fermions are elementary.

•mQ < ⇤DC

g⇢ ⇠ 4⇡p
N



Decay to hidden pions and back to SM gauge bosons 
through anomalies or to SM fermions

GBs with species number can be collider stable or long lived.

⇢
⇡

⇡

⇢

q

q̄

Br(⇢ ! qq̄) / g42
g4⇢
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Solid: gρ=7
Dashed: gρ=2
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Pions  triplets can also be produced through SM interactions

Cleanest signal:
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Yukawa couplings allow scalars to mix with Higgs. Dominant 
decay to SM fermions:

0.001 0.01 0.1 1.
0.001

0.01
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1.

ϵ

y +

EWPTEDM

ππ: 3γ

K0: 2b2γ
K0: ZZ

mρ=2 TeV gρ=7
mπ=mK=400 GeV
mη=100 GeV



PARTIALLY COMPOSITE HIGGS
Antipin, MR ’15

Barducci, De Curtis, 
MR, Tesi ‘18

HQ̄i(y
L
ijPL + y

R
ijPR)Qj (yL � yR)m⇢f HK + . . .

✏ ⇠ (yL � yR)
m⇢f

m2
K

M2 =

✓
m2

H
✏m2

K

✏⇤m2
K

m2
K

◆

Higgs interpolates between elementary and composite.

⇢ ⇢

W W

W

BR(⇢ ! KW ) ⇠ ✏2 BR(⇢ ! WW ) ⇠ ✏4

K

• ✏ < 1 Elementary Higgs



- Small effects in precision tests, Higgs couplings etc…

�T̂ ⇠ v2

f2
✏4 �Ŝ ⇠ m2

W

m2
⇢

✏2
�hWW

hSM
WW

⇠ v2

f2
✏4

Kaplan Georgi ’84
Agugliaro, Becciolini, 
De Curtis, MR ‘16

• ✏ > 1 Composite Higgs

Mixing with elementary Higgs triggers electro-weak 
symmetry breaking. 

m2
H
� |✏|2m2

K
⇡ 0

Viable UV completion of composite Higgs.
Not natural… supersymmetry? relaxion?

mgauge
h ⇡ 150

r
3

NDC
GeV

- Pions with species number can decay to Higgs + singlet

�(K ! H⌘) =
|y + ỹ

⇤|2

96⇡

m
2
⇢

mK



EDM for SM particles generated with complex Yukawas:

de < 8.7⇥ 10�29 e cm @90%C.L.

WEAK STRONG

de t 10�27 e · cm⇥ Im(yLyR)⇥
NDC

3
⇥

✓
TeV

m⇡,⌘

◆2

⇥
⇣⇤DC

TeV

⌘2

ELECTRIC DIPOLE MOMENTS



Incomplete SU(5) reps modify SM running

1

↵i(MZ)
=

1

↵GUT
+

bSMi
2⇡

log
MGUT

MZ
+

�bi
2⇡

log
MX

⇤TC
+

�b

2⇡
log

MGUT

MX

ln
MX

⇤TC
=

68

�b21 � 1.9�b32
, ln

MGUT

MX
=

35.3�b21 � 49.2�b32
�b21 � 1.9�b32

UNIFICATION
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Ex:

Q+ D̃ DM = QQD̃

MX ⇡ 2⇥ 1011 GeV

↵GUT ⇡ 0.06

MGUT ⇡ 2⇥ 1017 GeV

⇤DC = 100TeV



- SU(N): Z and Higgs mediated SI scatterings

Z+h

Inelastic DM

- SO(N): Higgs SI x-sec and Z inelastic transitions.

h

Direct detection:
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M0++ ⇡ 7⇤DC

Q

Q

QQ
Q

Q

Q

Q

G

G
G G

G

�

�

�

Q Q

f̄

f

Glueballs:

Glueballs need to decay before BBN:

⌧DG + t⇤DC < 1s

⌧��DG ⇠ 10sec

✓
10GeV

mDG

◆9✓ mQ

TeV

◆8



WIMPs will live beyond LHC but will be tested.

Direct Detection:



Indirect Detection:

Cohen et al. ‘13

W̃0W̃0 ! � +X
<latexit sha1_base64="KMrE+3r30XJe2Ev+ON4w0HNeReA=">AAACEnicbVDLSgMxFL1TX7W+RgU3boJFUIQy40YXLgpuXFawD+gMYyaTtqHJzJBklDL0G9z4K25cKOLWlTv/xvSxsK0HAifn3EtyTphyprTj/FiFpeWV1bXiemljc2t7x97da6gkk4TWScIT2QqxopzFtK6Z5rSVSopFyGkz7F+P/OYDlYol8Z0epNQXuBuzDiNYGymwT3NPMx5R1BwGDkIzN08nyOtiITA6Q63ALjsVZwy0SNwpKVcPGo/3AFAL7G8vSkgmaKwJx0q1XSfVfo6lZoTTYcnLFE0x6eMubRsaY0GVn48jDdGxUSLUSaQ5sUZj9e9GjoVSAxGaSYF1T817I/E/r53pzqWfszjNNI3J5KFOxpHJOuoHRUxSovnAEEwkM39FpIclJtq0WDIluPORF0njvOI6FffWtHEFExThEI7gBFy4gCrcQA3qQOAJXuAN3q1n69X6sD4nowVrurMPM7C+fgFqpp13</latexit><latexit sha1_base64="ERTpbfq6h2DrZvTg1slqUhZTDw4=">AAACEnicbVC7TsMwFHV4lvIKILGwWFRIIKQqYYGBoRILY5HoQ2qiyHGc1qrtRLYDiqJ+Aws7X8HCAEKsTGx8AP+B+xhoy5EsHZ9zr+xzwpRRpR3n21pYXFpeWS2tldc3Nre27Z3dpkoyiUkDJyyR7RApwqggDU01I+1UEsRDRlph/2rot+6IVDQRtzpPic9RV9CYYqSNFNgnhacpiwhsDQIHwqmbpxPodRHnCJ7CdmBXnKozApwn7oRUavvN+zT/eaoH9pcXJTjjRGjMkFId10m1XyCpKWZkUPYyRVKE+6hLOoYKxInyi1GkATwySgTjRJojNBypfzcKxJXKeWgmOdI9NesNxf+8TqbjC7+gIs00EXj8UJwxaLIO+4ERlQRrlhuCsKTmrxD3kERYmxbLpgR3NvI8aZ5VXafq3pg2LsEYJXAADsExcME5qIFrUAcNgMEDeAav4M16tF6sd+tjPLpgTXb2wBSsz18oK5+E</latexit><latexit sha1_base64="ERTpbfq6h2DrZvTg1slqUhZTDw4=">AAACEnicbVC7TsMwFHV4lvIKILGwWFRIIKQqYYGBoRILY5HoQ2qiyHGc1qrtRLYDiqJ+Aws7X8HCAEKsTGx8AP+B+xhoy5EsHZ9zr+xzwpRRpR3n21pYXFpeWS2tldc3Nre27Z3dpkoyiUkDJyyR7RApwqggDU01I+1UEsRDRlph/2rot+6IVDQRtzpPic9RV9CYYqSNFNgnhacpiwhsDQIHwqmbpxPodRHnCJ7CdmBXnKozApwn7oRUavvN+zT/eaoH9pcXJTjjRGjMkFId10m1XyCpKWZkUPYyRVKE+6hLOoYKxInyi1GkATwySgTjRJojNBypfzcKxJXKeWgmOdI9NesNxf+8TqbjC7+gIs00EXj8UJwxaLIO+4ERlQRrlhuCsKTmrxD3kERYmxbLpgR3NvI8aZ5VXafq3pg2LsEYJXAADsExcME5qIFrUAcNgMEDeAav4M16tF6sd+tjPLpgTXb2wBSsz18oK5+E</latexit><latexit sha1_base64="TMzSkw7l63aoRo23JdEhe09jkOk=">AAACEnicbVBLSwMxGMz6rPW16tFLsAiKULJe9OCh4MVjBfuA7rJks9k2NMkuSVYoS3+DF/+KFw+KePXkzX9j2u7Btg4EJjPfRzITZZxpg9CPs7K6tr6xWdmqbu/s7u27B4dtneaK0BZJeaq6EdaUM0lbhhlOu5miWEScdqLh7cTvPFKlWSofzCijgcB9yRJGsLFS6J4XvmE8prAzDhGEczffpNDvYyEwvIDd0K2hOpoCLhOvJDVQohm6336cklxQaQjHWvc8lJmgwMowwum46ueaZpgMcZ/2LJVYUB0U00hjeGqVGCapskcaOFX/bhRYaD0SkZ0U2Az0ojcR//N6uUmug4LJLDdUktlDSc6hzTrpB8ZMUWL4yBJMFLN/hWSAFSbGtli1JXiLkZdJ+7Luobp3j2qNm7KOCjgGJ+AMeOAKNMAdaIIWIOAJvIA38O48O6/Oh/M5G11xyp0jMAfn6xdgG5v0</latexit>
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Dark quarks freeze-out in the perturbative regime.  A 
fraction recombines into baryons after dark confinement.

⌦DM = pB⌦Q+Q̄ pB = O(1)

Late time decays of glueballs further dilute abundance.

At temperatures below confinement baryons can re-
annihilate reducing the abundance

�BB̄vrel ⇠
1

↵DC

⇡

m2
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<latexit sha1_base64="Ua/I89bfjSN8JdyZNqWZsGHORhE=">AAACHHicbVA7T8MwGHR4lvIKMLJYVEhMVVKQYGCoWgYGhiLRh9SEyHGc1qqdRLaDVEX5ISz8FRYGEGJhQOLf4LYZoOUkS6e7+2x/5yeMSmVZ38bS8srq2nppo7y5tb2za+7td2ScCkzaOGax6PlIEkYj0lZUMdJLBEHcZ6Trj5oTv/tAhKRxdKfGCXE5GkQ0pBgpLXnmqSPpgCMvazg+Elkjz6FWOHRCgTC0Yebc6MsCHXAEh1fN/L6We2bFqlpTwEViF6QCCrQ889MJYpxyEinMkJR920qUmyGhKGYkLzupJAnCIzQgfU0jxIl0s+lyOTzWSgDDWOgTKThVf09kiEs55r5OcqSGct6biP95/VSFF25GoyRVJMKzh8KUQRXDSVMwoIJgxcaaICyo/ivEQ6RrUbrPsi7Bnl95kXRqVduq2rdnlfplUUcJHIIjcAJscA7q4Bq0QBtg8AiewSt4M56MF+Pd+JhFl4xi5gD8gfH1A8pHoSA=</latexit><latexit sha1_base64="Ua/I89bfjSN8JdyZNqWZsGHORhE=">AAACHHicbVA7T8MwGHR4lvIKMLJYVEhMVVKQYGCoWgYGhiLRh9SEyHGc1qqdRLaDVEX5ISz8FRYGEGJhQOLf4LYZoOUkS6e7+2x/5yeMSmVZ38bS8srq2nppo7y5tb2za+7td2ScCkzaOGax6PlIEkYj0lZUMdJLBEHcZ6Trj5oTv/tAhKRxdKfGCXE5GkQ0pBgpLXnmqSPpgCMvazg+Elkjz6FWOHRCgTC0Yebc6MsCHXAEh1fN/L6We2bFqlpTwEViF6QCCrQ889MJYpxyEinMkJR920qUmyGhKGYkLzupJAnCIzQgfU0jxIl0s+lyOTzWSgDDWOgTKThVf09kiEs55r5OcqSGct6biP95/VSFF25GoyRVJMKzh8KUQRXDSVMwoIJgxcaaICyo/ivEQ6RrUbrPsi7Bnl95kXRqVduq2rdnlfplUUcJHIIjcAJscA7q4Bq0QBtg8AiewSt4M56MF+Pd+JhFl4xi5gD8gfH1A8pHoSA=</latexit><latexit sha1_base64="Ua/I89bfjSN8JdyZNqWZsGHORhE=">AAACHHicbVA7T8MwGHR4lvIKMLJYVEhMVVKQYGCoWgYGhiLRh9SEyHGc1qqdRLaDVEX5ISz8FRYGEGJhQOLf4LYZoOUkS6e7+2x/5yeMSmVZ38bS8srq2nppo7y5tb2za+7td2ScCkzaOGax6PlIEkYj0lZUMdJLBEHcZ6Trj5oTv/tAhKRxdKfGCXE5GkQ0pBgpLXnmqSPpgCMvazg+Elkjz6FWOHRCgTC0Yebc6MsCHXAEh1fN/L6We2bFqlpTwEViF6QCCrQ889MJYpxyEinMkJR920qUmyGhKGYkLzupJAnCIzQgfU0jxIl0s+lyOTzWSgDDWOgTKThVf09kiEs55r5OcqSGct6biP95/VSFF25GoyRVJMKzh8KUQRXDSVMwoIJgxcaaICyo/ivEQ6RrUbrPsi7Bnl95kXRqVduq2rdnlfplUUcJHIIjcAJscA7q4Bq0QBtg8AiewSt4M56MF+Pd+JhFl4xi5gD8gfH1A8pHoSA=</latexit><latexit sha1_base64="Ua/I89bfjSN8JdyZNqWZsGHORhE=">AAACHHicbVA7T8MwGHR4lvIKMLJYVEhMVVKQYGCoWgYGhiLRh9SEyHGc1qqdRLaDVEX5ISz8FRYGEGJhQOLf4LYZoOUkS6e7+2x/5yeMSmVZ38bS8srq2nppo7y5tb2za+7td2ScCkzaOGax6PlIEkYj0lZUMdJLBEHcZ6Trj5oTv/tAhKRxdKfGCXE5GkQ0pBgpLXnmqSPpgCMvazg+Elkjz6FWOHRCgTC0Yebc6MsCHXAEh1fN/L6We2bFqlpTwEViF6QCCrQ889MJYpxyEinMkJR920qUmyGhKGYkLzupJAnCIzQgfU0jxIl0s+lyOTzWSgDDWOgTKThVf09kiEs55r5OcqSGct6biP95/VSFF25GoyRVJMKzh8KUQRXDSVMwoIJgxcaaICyo/ivEQ6RrUbrPsi7Bnl95kXRqVduq2rdnlfplUUcJHIIjcAJscA7q4Bq0QBtg8AiewSt4M56MF+Pd+JhFl4xi5gD8gfH1A8pHoSA=</latexit>

Non-standard cosmologies:


