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<latexit sha1_base64="uoMcIWlIVWv4aR/ycD9RV5pxREk=">AAAB+HicdVBNS8NAEN34WetHox69LBahXkJSalNvRS8eK5q20Iaw2W7apZts2N0ItfSXePGgiFd/ijf/jds2goo+GHi8N8PMvDBlVCrb/jBWVtfWNzYLW8Xtnd29krl/0JY8E5h4mDMuuiGShNGEeIoqRrqpICgOGemE48u537kjQlKe3KpJSvwYDRMaUYyUlgKz1OeKxkTCG69SPQ26gVm2rcaZ47o1aFv2Apo4jZrrnEMnV8ogRysw3/sDjrOYJAozJGXPsVPlT5FQFDMyK/YzSVKEx2hIepomSC/zp4vDZ/BEKwMYcaErUXChfp+YoljKSRzqzhipkfztzcW/vF6mooY/pUmaKZLg5aIoY1BxOE8BDqggWLGJJggLqm+FeIQEwkpnVdQhfH0K/yftquXUrfp1rdy8yOMogCNwDCrAAS5ogivQAh7AIAMP4Ak8G/fGo/FivC5bV4x85hD8gPH2CavNknk=</latexit>

⌦SU(2)X

+ extra scalar ( that would break the new symmetry
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The neutral gauge boson will act as the dark photon mediator
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⌦SU(2)X

+ extra scalar ( that would break the new symmetry

Besides…

We introduce a dim-6 operator that induce 

kinetic mixing

Here…

Let’s consider the minimal case and suppress 

the Higgs portal 

In summary

The charged states are stable and represent the Vector Dark Matter candidates
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Vector Dark Matter

Next minimal thing one could think of… 

<latexit sha1_base64="uoMcIWlIVWv4aR/ycD9RV5pxREk=">AAAB+HicdVBNS8NAEN34WetHox69LBahXkJSalNvRS8eK5q20Iaw2W7apZts2N0ItfSXePGgiFd/ijf/jds2goo+GHi8N8PMvDBlVCrb/jBWVtfWNzYLW8Xtnd29krl/0JY8E5h4mDMuuiGShNGEeIoqRrqpICgOGemE48u537kjQlKe3KpJSvwYDRMaUYyUlgKz1OeKxkTCG69SPQ26gVm2rcaZ47o1aFv2Apo4jZrrnEMnV8ogRysw3/sDjrOYJAozJGXPsVPlT5FQFDMyK/YzSVKEx2hIepomSC/zp4vDZ/BEKwMYcaErUXChfp+YoljKSRzqzhipkfztzcW/vF6mooY/pUmaKZLg5aIoY1BxOE8BDqggWLGJJggLqm+FeIQEwkpnVdQhfH0K/yftquXUrfp1rdy8yOMogCNwDCrAAS5ogivQAh7AIAMP4Ak8G/fGo/FivC5bV4x85hD8gPH2CavNknk=</latexit>

⌦SU(2)X

+ extra scalar ( that would break the new symmetry

Besides…

We introduce a dim-6 operator that induce 

kinetic mixing

Here…

Let’s consider the minimal case and suppress 

the Higgs portal 

In summary

The charged states are stable and represent the Vector Dark Matter candidates

From the dim-6 operator we also get a direct coupling to the photon

vector DM with a photon portal

<latexit sha1_base64="CwQOcIEPcyQaTFOoFlUqF8t7+2A="></latexit>

LKM =
1

⇤2
(�†�a�)Xa

µ⌫B
µ⌫

�
✏ gX

cw
Bµ@⌫(X

�

µ X+
⌫
�X+

µ X�

⌫
)

derivative coupling
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Relic Density Computation
To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing 

processes
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Relic Density Computation
To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing 

processes

where

total DM component

Reaction densities

• 2 − 2 processes:

• 3 − 2 processes:

⇒

⇒ non-relativistic approximation
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Relic Density Computation
To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing 

processes

where

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD /Z / �

kinetic mixing 
channel ~

<latexit sha1_base64="xeXq6z4+g+X1f82p0n7NsMDhr7Q=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRtTbMsunFZwT6gDWUynbRDJ5M4MxFK6U+4caGIW3/HnX/j9CGo6IELh3Pu5d57wpQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjlkoySWiTJDyRnRArypmgTc00p51UUhyHnLbD8dXcb99TqVgibvUkpUGMh4JFjGBtpE6PporxRPSLJccuuzWvUkGO7bkVz/UNqXo1379Aru0sUIIVGv3ie2+QkCymQhOOleq6TqqDKZaaEU5nhV6maIrJGA9p11CBY6qC6eLeGTozygBFiTQlNFqo3yemOFZqEoemM8Z6pH57c/Evr5vpyA+mTKSZpoIsF0UZRzpB8+fRgElKNJ8Ygolk5lZERlhiok1EBRPC16fof9Iq265nezfVUv1yFUceTuAUzsGFGtThGhrQBAIcHuAJnq0769F6sV6XrTlrNXMMP2C9fQLKxpCA</latexit>

✏
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Relic Density Computation
To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing 

processes

where

dark sector 
annihilation

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD

<latexit sha1_base64="ISrwf6EZ+rF+rwuYrw3IWMXNMY4=">AAACBXicbZBNS8MwGMfT+TbnW9WjHoJD8CCzFZkeh3rwOMG9sLWUNEu3sKQtSSqMsosXv4oXD4p49Tt489uYbkV084GEH///85A8fz9mVCrL+jIKC4tLyyvF1dLa+sbmlrm905RRIjBp4IhFou0jSRgNSUNRxUg7FgRxn5GWP7zK/NY9EZJG4Z0axcTlqB/SgGKktOSZ+x3vGjrH8CS7Oj/k9BHnyDPLVsWaFJwHO4cyyKvumZ9OL8IJJ6HCDEnZta1YuSkSimJGxiUnkSRGeIj6pKsxRJxIN51sMYaHWunBIBL6hApO1N8TKeJSjrivOzlSAznrZeJ/XjdRwYWb0jBOFAnx9KEgYVBFMIsE9qggWLGRBoQF1X+FeIAEwkoHV9Ih2LMrz0PztGJXK9Xbs3LtMo+jCPbAATgCNjgHNXAD6qABMHgAT+AFvBqPxrPxZrxPWwtGPrML/pTx8Q3ZUJUC</latexit>

ZD
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Relic Density Computation
To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing 

processes

where

3 → 2 SIMP 
channels

(Strongly Interacting 

Massive Particle)

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X
<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X
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Relic Density Computation
To compute the relic density, one needs to solve the Boltzmann equation considering all relevant number-changing 

processes

where

3 → 2 SIMP 
channels

(Strongly Interacting 

Massive Particle)

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>

X

<latexit sha1_base64="E29Iiexo+HkjHGrFfN5b+t7f4Ig=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4zGxGPQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/sLILrg4LHe1VU1fMTwZV2nHdraXlldW09t5Hf3Nre2S3s7TdVnEqGDRaLWLZ9qlDwCBuaa4HtRCINfYEtf3Q19Vt3KBWPoxs9TtAL6SDiAWdUG6ne7hWKjl06q7ilc/KbuLYzQxEWqPUKb91+zNIQI80EVarjOon2Mio1ZwIn+W6qMKFsRAfYMTSiISovmx06IcdG6ZMglqYiTWbq14mMhkqNQ990hlQP1U9vKv7ldVIdXHgZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNN3oTw+Sn5nzRPbbdsl+ulYvVyEUcODuEITsCFClThGmrQAAYI9/AIT9at9WA9Wy/z1iVrMXMA32C9fgAhi40v</latexit>
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Dark Matter Production Mechanisms 

1 Freeze-out
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2 Freeze-in

Dark Matter Production Mechanisms 
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Vector DM with non-abelian Kinetic Mixing 
Phenomenology
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• We consider a scenario with Vector Dark Matter 

candidates by

extending the SM by extra gauge SU(2)X

including dim-6 operator that induces Kinetic Mixing

• The correct relic density can be obtained via:

Freeze-out: dark sector annihilations dominate

Freeze-in: UV-dependent scenario

Mass splitting case: larger mediator-to-DM

mass ratio shifts the channels dominance

Than
k yo

u fo
r yo

ur 

kind
 atte

ntion
!!

• Dark photon phenomenology probes the DM 

states!

Conclusions



36

BACKUP
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How can we search for light particle BSM signals?

Standard 
Model

Light
Dark Sector

PORTAL

Introduction and Motivations

we cannot reproduce the correct thermal abundance if we couple directly to the Weak interactions….

So, how can we explore sub-GeV dark sectors?

Lee-Weinberg bound

<latexit sha1_base64="vHL5eFCiRwTny28oaGYH5kvoRBA=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4kJIUqS6LLnRZwT6gCWEynbZDZ5IwMxFK6MqNv+LGhSJu/QZ3/o3TNgttPTBwOOdc7twTJpwp7Tjf1tLyyuraemGjuLm1vbNr7+03VZxKQhsk5rFsh1hRziLa0Exz2k4kxSLktBUOryd+64FKxeLoXo8S6gvcj1iPEayNFNhHIvDIgCGvr01IoAryzlDmSYFuaHMc2CWn7EyBFombkxLkqAf2l9eNSSpopAnHSnVcJ9F+hqVmhNNx0UsVTTAZ4j7tGBphQZWfTc8YoxOjdFEvluZFGk3V3xMZFkqNRGiSAuuBmvcm4n9eJ9W9Sz9jUZJqGpHZol7KkY7RpBPUZZISzUeGYCKZ+SsiAywx0aa5oinBnT95kTQrZbdart6dl2pXeR0FOIRjOAUXLqAGt1CHBhB4hGd4hTfryXqx3q2PWXTJymcO4A+szx87O5e1</latexit>

m� & 2GeV

• including new light dark sector mediator states that will act as portals between the dark sector and the SM! 

DARK
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Relic Density Computation · Propaganda Interlude 

ReD-DeLiVeR (Relic Density with DeLiVeR) 

update of the previous python package DELIVER (Decays of Light Vectors Revised), which can be used to 

compute decay rates and branching ratios for user-defined U(1)Q	 charges,

key feature: includes a complete set of hadronic decays (20 channels)

x

!!
! = #,%, &

hadronic 

mode

ALF, P. Reimitz, R.Z. Funchal [JHEP 04 (2022)119]
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ReD-DeLiVeR (Relic Density with DeLiVeR) 

update of the previous python package DELIVER (Decays of Light Vectors Revised), which can be used to 

compute decay rates and branching ratios for user-defined U(1)Q	 charges,

key feature: includes a complete set of hadronic decays (20 channels)

39

new version: 
simplified DM models

inelastic DM
• inclusion of DM candidates 

• computation of relic density and rates

Relic Density Computation · Propaganda Interlude 
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ReD-DeLiVeR (Relic Density with DeLiVeR) 

update of the previous python package DELIVER (Decays of Light Vectors Revised), which can be used to 

compute decay rates and branching ratios for user-defined U(1)Q	 charges,

key feature: includes a complete set of hadronic decays (20 channels)

40

new version: 
simplified DM models

inelastic DM
• inclusion of DM candidates 

• computation of relic density and rates

Relic Density Computation · Propaganda Interlude 
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ReD-DeLiVeR (Relic Density with DeLiVeR) 

update of the previous python package DELIVER (Decays of Light Vectors Revised), which can be used to 

compute decay rates and branching ratios for user-defined U(1)Q	 charges,

key feature: includes a complete set of hadronic decays (20 channels)

41

new version: 

• computation of thermal targets

simplified DM models

inelastic DM
• inclusion of DM candidates 

• computation of relic density and rates

specially for B-coupled models, it is very important to 

compute correctly the hadronic contributions

Relic Density Computation · Propaganda Interlude 
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ReD-DeLiVeR (Relic Density with DeLiVeR) 

update of the previous python package DELIVER (Decays of Light Vectors Revised), which can be used to 

compute decay rates and branching ratios for user-defined U(1)Q	 charges,

key feature: includes a complete set of hadronic decays (20 channels)

42

new version: 

publicly available on GitHub together with a Tutorial!

https://github.com/anafoguel/ReD-DeLiVeR

specially for B-coupled models, it is very important to 

compute correctly the hadronic contributions

simplified DM models

inelastic DM
• inclusion of DM candidates 

• computation of relic density and rates

• computation of thermal targets

Relic Density Computation · Propaganda Interlude 

https://github.com/anafoguel/ReD-DeLiVeR
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3 Alternative scenario: Mass splitting 

To check the effects of different channels we allow for a mass splitting between the mediator 

and the DM states

This scenario can be achieved if, for example, the dark scalar belongs to a higher multiplet representation 

Check: arXiv:2012.11377

Dark Matter Production Mechanisms 

<latexit sha1_base64="1rPMGyeoIMOb+26bYS0t4SYjM+U=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZEaluhKIuXFaxF2yHIZNm2tAkMyQZoQyDG1/FjQtF3PoU7nwbM20X2vpD4OM/53By/iBmVGnH+bYKC4tLyyvF1dLa+sbmlr2901RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF7m9dYDkYpG4k6PYuJx1Bc0pBhpY/n23i08h91QIpxyP733r7Ish3aW+XbZqThjwXlwp1AGU9V9+6vbi3DCidCYIaU6rhNrL0VSU8xIVuomisQID1GfdAwKxIny0vEJGTw0Tg+GkTRPaDh2f0+kiCs14oHp5EgP1GwtN/+rdRIdnnkpFXGiicCTRWHCoI5gngfsUUmwZiMDCEtq/grxAJk8tEmtZEJwZ0+eh+Zxxa1Wqjcn5drFNI4i2AcH4Ai44BTUwDWogwbA4BE8g1fwZj1ZL9a79TFpLVjTmV3wR9bnDxHKl0Q=</latexit>

R =

mZD

mX

ALF, R.Z. Funchal, M. Frigerio

arXiv:2510.26765

https://arxiv.org/abs/2012.11377
https://arxiv.org/abs/2510.26765
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Bounds

arXiv:2406.01705

DM-ISM interactions change disk angular momentum ? 

arXiv:1908.05275

apparently, only for “true” milli-charges…

arXiv:2112.11476

arXiv:0809.0436

https://arxiv.org/abs/2406.01705
https://arxiv.org/abs/1908.05275
https://arxiv.org/abs/2112.11476
https://arxiv.org/abs/0809.0436
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How can we search for light particle BSM signals?

Standard 
Model

Light
Dark Sector

PORTAL

Suppose we have particles , and ,̅ in the dark sector

natural possibility:

,̅

,
.

couple to the gauge bosons of weak interactions

SM

SM

However…

<latexit sha1_base64="Fl1BQH4WoDg5h2TWd/x7tDJdSdM=">AAACHXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUqrLohuXFewFO9OSSTNtaJIZkkyhDPMibnwVNy4UceFGfBvTC6KtPwQ+/nMOJ+cPYkaVdpwvK7e2vrG5ld8u7Ozu7R/Yh0dNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILR9bTeGhOpaCTu9CQmPkcDQUOKkTZWz654DIkBI9BTdMARHENP/hgceqFEOOU9Dw9pt5wZuu9Wsp5ddErOTHAV3AUUwUL1nv3h9SOccCI0ZkipjuvE2k+R1BQzkhW8RJEY4REakI5BgThRfjq7LoNnxunDMJLmCQ1n7u+JFHGlJjwwnRzpoVquTc3/ap1Eh5d+SkWcaCLwfFGYMKgjOI0K9qkkWLOJAYQlNX+FeIhMINoEWjAhuMsnr0KzXHKrpeptpVi7WsSRByfgFJwDF1yAGrgBddAAGDyAJ/ACXq1H69l6s97nrTlrMXMM/sj6/AZQgaIW</latexit>

h�vi ⇠
m

2

�

m
4

Z

which means that lowering

the DM mass decreases the

thermal-average cross section

→ DM is overproduced! 

Remember!

Introduction and Motivations
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How can we search for light particle BSM signals?

Standard 
Model

Light
Dark Sector

PORTAL

Suppose we have particles , and ,̅ in the dark sector

natural possibility:

,̅

,
.

couple to the gauge bosons of weak interactions

SM

SM

However…
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h�vi ⇠
m

2

�

m
4

Z

which means that lowering

the DM mass decreases the

thermal-average cross section

→ DM is overproduced! 

Introduction and Motivations

Lee-Weinberg bound
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m� & 2GeV
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UV-completion

arXiv:2209.08843

https://arxiv.org/abs/2209.08843
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Vector Portal

• Hunting for the Dark Photon

current limits and projections

astrophysics

beam dumps

colliders

strategy

1. Dark Vector production

Bremsstrahlung

Meson Decays

Drell-Yan 

0!0" annihilation
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