
Anomaly-cancellation on a leptophobic 
Z'-mediator with axially coupled DM

Javier Quilis

ArXiv: 1807.07921

26th International Conference on Supersymmetry and Unification of Fundamental Interactions,
Barcelona, July 23-27, 2018



Contents

Motivation

Anomaly cancellation

Minimal content model: phenomenology

Summary

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Motivation



Introduction

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM

Simplest WIMP models: DM particle coupled to H, Z
Under pressure by experiments, especially DD 

Over-simplified idea: larger DM sector and new mediators

Extra symmetries (in this work U(1)’) produce new vector 
boson mediators but these models are also very constraint in the 
case of simplified dark matter sector  

Two of the strongest constraints come from DD experiments and 
di-lepton searches



DM coupling: Axial coupling

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM
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Strong direct detection constraints on SI cross-section

Solution: Axial coupling

XENON Collaboration
arXiv:1805.12562
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Same       for the three generations: 

SM couplings: Leptophobia
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Strong constraints by di-lepton searches
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<latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit><latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit><latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit><latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit>

Solution: leptophobia 

Y 0
Qi

= Y 0
ui

= Y 0
di

<latexit sha1_base64="QzPhfFrvgj13Wgumg2Ezz3mIwyc=">AAAB/nicbZDLSsNAFIZP6q3WW9RlN8EiuiqJCLoRim5ctmAv0pYwmZ60QycXZiZCCQV9GV2JuvMhfAHfxkmNoK1n9c35/4Hz/17MmVS2/WkUlpZXVteK66WNza3tHXN3ryWjRFBs0ohHouMRiZyF2FRMcezEAkngcWx746tMb9+hkCwKb9Qkxn5AhiHzGSVKr1yzfHvkpg2XTS8ySH5goKHkmhW7as/GWgQnhwrkU3fNj94gokmAoaKcSNl17Fj1UyIUoxynpV4iMSZ0TIbY1RiSAGU/nYWYWod+JCw1Qmv2/u1NSSDlJPC0JyBqJOe1bPmf1k2Uf95PWRgnCkOqLVrzE26pyMq6sAZMIFV8ooFQwfSVFh0RQajSjWXxnfmwi9A6qTp21WmcVmqXeRFFKMMBHIMDZ1CDa6hDEyg8wBO8wptxbzwaz8bLt7Vg5H/24c8Y718ckpTZ</latexit><latexit sha1_base64="QzPhfFrvgj13Wgumg2Ezz3mIwyc=">AAAB/nicbZDLSsNAFIZP6q3WW9RlN8EiuiqJCLoRim5ctmAv0pYwmZ60QycXZiZCCQV9GV2JuvMhfAHfxkmNoK1n9c35/4Hz/17MmVS2/WkUlpZXVteK66WNza3tHXN3ryWjRFBs0ohHouMRiZyF2FRMcezEAkngcWx746tMb9+hkCwKb9Qkxn5AhiHzGSVKr1yzfHvkpg2XTS8ySH5goKHkmhW7as/GWgQnhwrkU3fNj94gokmAoaKcSNl17Fj1UyIUoxynpV4iMSZ0TIbY1RiSAGU/nYWYWod+JCw1Qmv2/u1NSSDlJPC0JyBqJOe1bPmf1k2Uf95PWRgnCkOqLVrzE26pyMq6sAZMIFV8ooFQwfSVFh0RQajSjWXxnfmwi9A6qTp21WmcVmqXeRFFKMMBHIMDZ1CDa6hDEyg8wBO8wptxbzwaz8bLt7Vg5H/24c8Y718ckpTZ</latexit><latexit sha1_base64="QzPhfFrvgj13Wgumg2Ezz3mIwyc=">AAAB/nicbZDLSsNAFIZP6q3WW9RlN8EiuiqJCLoRim5ctmAv0pYwmZ60QycXZiZCCQV9GV2JuvMhfAHfxkmNoK1n9c35/4Hz/17MmVS2/WkUlpZXVteK66WNza3tHXN3ryWjRFBs0ohHouMRiZyF2FRMcezEAkngcWx746tMb9+hkCwKb9Qkxn5AhiHzGSVKr1yzfHvkpg2XTS8ySH5goKHkmhW7as/GWgQnhwrkU3fNj94gokmAoaKcSNl17Fj1UyIUoxynpV4iMSZ0TIbY1RiSAGU/nYWYWod+JCw1Qmv2/u1NSSDlJPC0JyBqJOe1bPmf1k2Uf95PWRgnCkOqLVrzE26pyMq6sAZMIFV8ooFQwfSVFh0RQajSjWXxnfmwi9A6qTp21WmcVmqXeRFFKMMBHIMDZ1CDa6hDEyg8wBO8wptxbzwaz8bLt7Vg5H/24c8Y718ckpTZ</latexit><latexit sha1_base64="QzPhfFrvgj13Wgumg2Ezz3mIwyc=">AAAB/nicbZDLSsNAFIZP6q3WW9RlN8EiuiqJCLoRim5ctmAv0pYwmZ60QycXZiZCCQV9GV2JuvMhfAHfxkmNoK1n9c35/4Hz/17MmVS2/WkUlpZXVteK66WNza3tHXN3ryWjRFBs0ohHouMRiZyF2FRMcezEAkngcWx746tMb9+hkCwKb9Qkxn5AhiHzGSVKr1yzfHvkpg2XTS8ySH5goKHkmhW7as/GWgQnhwrkU3fNj94gokmAoaKcSNl17Fj1UyIUoxynpV4iMSZ0TIbY1RiSAGU/nYWYWod+JCw1Qmv2/u1NSSDlJPC0JyBqJOe1bPmf1k2Uf95PWRgnCkOqLVrzE26pyMq6sAZMIFV8ooFQwfSVFh0RQajSjWXxnfmwi9A6qTp21WmcVmqXeRFFKMMBHIMDZ1CDa6hDEyg8wBO8wptxbzwaz8bLt7Vg5H/24c8Y718ckpTZ</latexit>

From the quark yukawas                                        :

Y 0
<latexit sha1_base64="u2GbJtjyLJGt2XxtgavQ4PSnc0Y=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY6JLohuXmFjAQCXT4RYmzLTNzNSENDyEroy683V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w9aOskUQ58lIlGdkGoUPEbfcCOwkyqkMhTYDsfXM7/9iErzJL4zkxQDSYcxjzijxo469w+9VHGJ/WrNrbtzkWXwCqhBoWa/+tkbJCyTGBsmqNZdz01NkFNlOBM4rfQyjSllYzrErsWYStRBPt93Sk6iRBEzQjJ//87mVGo9kaHNSGpGetGbDf/zupmJLoOcx2lmMGY2Yr0oE8QkZFabDLhCZsTEAmWK2y0JG1FFmbHHqdj63mLZZWid1T237t2e1xpXxSHKcATHcAoeXEADbqAJPjAQ8Axv8O6MnSfnxXn9iZac4s8h/JHz8Q33FI2P</latexit><latexit sha1_base64="u2GbJtjyLJGt2XxtgavQ4PSnc0Y=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY6JLohuXmFjAQCXT4RYmzLTNzNSENDyEroy683V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w9aOskUQ58lIlGdkGoUPEbfcCOwkyqkMhTYDsfXM7/9iErzJL4zkxQDSYcxjzijxo469w+9VHGJ/WrNrbtzkWXwCqhBoWa/+tkbJCyTGBsmqNZdz01NkFNlOBM4rfQyjSllYzrErsWYStRBPt93Sk6iRBEzQjJ//87mVGo9kaHNSGpGetGbDf/zupmJLoOcx2lmMGY2Yr0oE8QkZFabDLhCZsTEAmWK2y0JG1FFmbHHqdj63mLZZWid1T237t2e1xpXxSHKcATHcAoeXEADbqAJPjAQ8Axv8O6MnSfnxXn9iZac4s8h/JHz8Q33FI2P</latexit><latexit sha1_base64="u2GbJtjyLJGt2XxtgavQ4PSnc0Y=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY6JLohuXmFjAQCXT4RYmzLTNzNSENDyEroy683V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w9aOskUQ58lIlGdkGoUPEbfcCOwkyqkMhTYDsfXM7/9iErzJL4zkxQDSYcxjzijxo469w+9VHGJ/WrNrbtzkWXwCqhBoWa/+tkbJCyTGBsmqNZdz01NkFNlOBM4rfQyjSllYzrErsWYStRBPt93Sk6iRBEzQjJ//87mVGo9kaHNSGpGetGbDf/zupmJLoOcx2lmMGY2Yr0oE8QkZFabDLhCZsTEAmWK2y0JG1FFmbHHqdj63mLZZWid1T237t2e1xpXxSHKcATHcAoeXEADbqAJPjAQ8Axv8O6MnSfnxXn9iZac4s8h/JHz8Q33FI2P</latexit><latexit sha1_base64="u2GbJtjyLJGt2XxtgavQ4PSnc0Y=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY6JLohuXmFjAQCXT4RYmzLTNzNSENDyEroy683V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w9aOskUQ58lIlGdkGoUPEbfcCOwkyqkMhTYDsfXM7/9iErzJL4zkxQDSYcxjzijxo469w+9VHGJ/WrNrbtzkWXwCqhBoWa/+tkbJCyTGBsmqNZdz01NkFNlOBM4rfQyjSllYzrErsWYStRBPt93Sk6iRBEzQjJ//87mVGo9kaHNSGpGetGbDf/zupmJLoOcx2lmMGY2Yr0oE8QkZFabDLhCZsTEAmWK2y0JG1FFmbHHqdj63mLZZWid1T237t2e1xpXxSHKcATHcAoeXEADbqAJPjAQ8Axv8O6MnSfnxXn9iZac4s8h/JHz8Q33FI2P</latexit> U(1)0 ⌘ U(1)B

<latexit sha1_base64="JTb7CjtzKqWONTsPa2bcFHzf63I=">AAAB9nicbVDLTsJAFJ3iC/FVZelmIjHihrTGRJcENy4xsUACTTMdbmHC9OHMlNgQfkVXRt35If6Af+MUu1DwrM6959zk3OMnnEllWV9GaW19Y3OrvF3Z2d3bPzAPjzoyTgUFh8Y8Fj2fSOAsAkcxxaGXCCChz6HrT25yvTsFIVkc3assATcko4gFjBKlV55Zder2+RkewEPKpjgfvJZn1qyGtQBeJXZBaqhA2zM/B8OYpiFEinIiZd+2EuXOiFCMcphXBqmEhNAJGUFf04iEIN3ZIvwcnwaxwGoMeDH/9s5IKGUW+toTEjWWy1q+/E/rpyq4dmcsSlIFEdUWrQUpxyrGeQd4yARQxTNNCBVMp8R0TAShSjdV0e/by8+uks5Fw7Ya9t1lrdkqiiijY3SC6shGV6iJblEbOYiiDD2jN/RuPBpPxovx+mMtGcVNFf2B8fENNnOQOg==</latexit><latexit sha1_base64="JTb7CjtzKqWONTsPa2bcFHzf63I=">AAAB9nicbVDLTsJAFJ3iC/FVZelmIjHihrTGRJcENy4xsUACTTMdbmHC9OHMlNgQfkVXRt35If6Af+MUu1DwrM6959zk3OMnnEllWV9GaW19Y3OrvF3Z2d3bPzAPjzoyTgUFh8Y8Fj2fSOAsAkcxxaGXCCChz6HrT25yvTsFIVkc3assATcko4gFjBKlV55Zder2+RkewEPKpjgfvJZn1qyGtQBeJXZBaqhA2zM/B8OYpiFEinIiZd+2EuXOiFCMcphXBqmEhNAJGUFf04iEIN3ZIvwcnwaxwGoMeDH/9s5IKGUW+toTEjWWy1q+/E/rpyq4dmcsSlIFEdUWrQUpxyrGeQd4yARQxTNNCBVMp8R0TAShSjdV0e/by8+uks5Fw7Ya9t1lrdkqiiijY3SC6shGV6iJblEbOYiiDD2jN/RuPBpPxovx+mMtGcVNFf2B8fENNnOQOg==</latexit><latexit sha1_base64="JTb7CjtzKqWONTsPa2bcFHzf63I=">AAAB9nicbVDLTsJAFJ3iC/FVZelmIjHihrTGRJcENy4xsUACTTMdbmHC9OHMlNgQfkVXRt35If6Af+MUu1DwrM6959zk3OMnnEllWV9GaW19Y3OrvF3Z2d3bPzAPjzoyTgUFh8Y8Fj2fSOAsAkcxxaGXCCChz6HrT25yvTsFIVkc3assATcko4gFjBKlV55Zder2+RkewEPKpjgfvJZn1qyGtQBeJXZBaqhA2zM/B8OYpiFEinIiZd+2EuXOiFCMcphXBqmEhNAJGUFf04iEIN3ZIvwcnwaxwGoMeDH/9s5IKGUW+toTEjWWy1q+/E/rpyq4dmcsSlIFEdUWrQUpxyrGeQd4yARQxTNNCBVMp8R0TAShSjdV0e/by8+uks5Fw7Ya9t1lrdkqiiijY3SC6shGV6iJblEbOYiiDD2jN/RuPBpPxovx+mMtGcVNFf2B8fENNnOQOg==</latexit><latexit sha1_base64="JTb7CjtzKqWONTsPa2bcFHzf63I=">AAAB9nicbVDLTsJAFJ3iC/FVZelmIjHihrTGRJcENy4xsUACTTMdbmHC9OHMlNgQfkVXRt35If6Af+MUu1DwrM6959zk3OMnnEllWV9GaW19Y3OrvF3Z2d3bPzAPjzoyTgUFh8Y8Fj2fSOAsAkcxxaGXCCChz6HrT25yvTsFIVkc3assATcko4gFjBKlV55Zder2+RkewEPKpjgfvJZn1qyGtQBeJXZBaqhA2zM/B8OYpiFEinIiZd+2EuXOiFCMcphXBqmEhNAJGUFf04iEIN3ZIvwcnwaxwGoMeDH/9s5IKGUW+toTEjWWy1q+/E/rpyq4dmcsSlIFEdUWrQUpxyrGeQd4yARQxTNNCBVMp8R0TAShSjdV0e/by8+uks5Fw7Ya9t1lrdkqiiijY3SC6shGV6iJblEbOYiiDD2jN/RuPBpPxovx+mMtGcVNFf2B8fENNnOQOg==</latexit>

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Anomalies

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

Usually SDMM are no self-consistent

The addition of an extra symmetry can contain anomalies that  
don’t cancel with just one fermion in the dark sector

In many models these anomalies are supposed  to cancel by 
extra particles at higher energy

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM

In this work we attempt to build a UV-complete model, 
anomaly free, leptophobic and with an axial DM coupling and 
study the phenomenology



Anomaly cancellation



Anomaly cancellation

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

SU(3)2C ⇥ U(1)0 anomaly �! Tr[{Ti, Tj}Y 0] = 0
<latexit sha1_base64="pOMFOhIcpP2w5CQpZkJ6onZPwdQ="></latexit><latexit sha1_base64="pOMFOhIcpP2w5CQpZkJ6onZPwdQ="></latexit><latexit sha1_base64="pOMFOhIcpP2w5CQpZkJ6onZPwdQ="></latexit><latexit sha1_base64="pOMFOhIcpP2w5CQpZkJ6onZPwdQ="></latexit>

SU(2)2W ⇥ U(1)0 anomaly �! Tr[{Ti ,Tj}Y 0] = 0
<latexit sha1_base64="ZcSPzndICvJnvQZqwaU42iQOCGI="></latexit><latexit sha1_base64="ZcSPzndICvJnvQZqwaU42iQOCGI="></latexit><latexit sha1_base64="ZcSPzndICvJnvQZqwaU42iQOCGI="></latexit><latexit sha1_base64="ZcSPzndICvJnvQZqwaU42iQOCGI="></latexit>

U(1)0
3
anomaly �! Tr[Y 03] = 0

<latexit sha1_base64="QYAcFSpqrbB96LI/pj3VbmaqJ80="></latexit><latexit sha1_base64="QYAcFSpqrbB96LI/pj3VbmaqJ80="></latexit><latexit sha1_base64="QYAcFSpqrbB96LI/pj3VbmaqJ80="></latexit><latexit sha1_base64="QYAcFSpqrbB96LI/pj3VbmaqJ80="></latexit>

U(1)Y ⇥ U(1)0
2
anomaly �! Tr[Y Y 02] = 0

<latexit sha1_base64="1bopwPTW1FX8dhvT2T/0SvtitF0="></latexit><latexit sha1_base64="1bopwPTW1FX8dhvT2T/0SvtitF0="></latexit><latexit sha1_base64="1bopwPTW1FX8dhvT2T/0SvtitF0="></latexit><latexit sha1_base64="1bopwPTW1FX8dhvT2T/0SvtitF0="></latexit>

U(1)2Y ⇥ U(1)0 anomaly �! Tr[Y 2Y 0] = 0
<latexit sha1_base64="mfqzXT4MlWkA4fdzuojwqsF8o0M="></latexit><latexit sha1_base64="mfqzXT4MlWkA4fdzuojwqsF8o0M="></latexit><latexit sha1_base64="mfqzXT4MlWkA4fdzuojwqsF8o0M="></latexit><latexit sha1_base64="mfqzXT4MlWkA4fdzuojwqsF8o0M="></latexit>

Anomaly equations 

SU(2)2W ⇥ U(1)Y anomaly �! Tr[{Ti, Tj}Y ] = 0
<latexit sha1_base64="KVBYyHsaemx7xoF1ARnujDns3x0="></latexit><latexit sha1_base64="KVBYyHsaemx7xoF1ARnujDns3x0="></latexit><latexit sha1_base64="KVBYyHsaemx7xoF1ARnujDns3x0="></latexit><latexit sha1_base64="KVBYyHsaemx7xoF1ARnujDns3x0="></latexit>

SU(3)2C ⇥ U(1)Y anomaly �! Tr[{Ti,Tj}Y ] = 0
<latexit sha1_base64="mHOy4Zs081KnKaPj8Phrm/xQSYw="></latexit><latexit sha1_base64="mHOy4Zs081KnKaPj8Phrm/xQSYw="></latexit><latexit sha1_base64="mHOy4Zs081KnKaPj8Phrm/xQSYw="></latexit><latexit sha1_base64="mHOy4Zs081KnKaPj8Phrm/xQSYw="></latexit>

U(1)3Y anomaly �! Tr[Y 3] = 0
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New symmetry group

Similar analysis by Ellis et al. 
arXiv:1704.03850
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Anomaly equations for a leptophobic U(1)’

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

Anomaly equations 
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<latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit><latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit><latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit><latexit sha1_base64="P91DxyFCDlwbIQ5NTheR3zDZEzw=">AAAB93icbZDLSsNAFIZP6q3WW7zs3ASL6KokIuhGKLpx4aKCvUgbwmR60g6dXJiZCDH0WXQl6s738AV8Gye1C239V9+c/x845/cTzqSy7S+jtLC4tLxSXq2srW9sbpnbOy0Zp4Jik8Y8Fh2fSOQswqZiimMnEUhCn2PbH10VfvsBhWRxdKeyBN2QDCIWMEqUHnnm3v2Rl994bHxRABZgVzyzatfsiax5cKZQhakanvnZ68c0DTFSlBMpu46dKDcnQjHKcVzppRITQkdkgF2NEQlRuvlk+7F1GMTCUkO0Ju/f2ZyEUmahrzMhUUM56xXD/7xuqoJzN2dRkiqMqI5oL0i5pWKrKMHqM4FU8UwDoYLpLS06JIJQpasqzndmj52H1knNsWvO7Wm1fjktogz7cADH4MAZ1OEaGtAECo/wDG/wbmTGk/FivP5ES8b0zy78kfHxDYeGkas=</latexit>

SU(2)2W ⇥ U(1)0 anomaly 9Y 0
q +

X

f2SU(2)W

(Y 0
f,L � Y 0

f,R) = 0

<latexit sha1_base64="EkyqQHgdHZ2XZixnyzgNf+FEC24="></latexit><latexit sha1_base64="EkyqQHgdHZ2XZixnyzgNf+FEC24="></latexit><latexit sha1_base64="EkyqQHgdHZ2XZixnyzgNf+FEC24="></latexit><latexit sha1_base64="EkyqQHgdHZ2XZixnyzgNf+FEC24="></latexit>

SU(2)W doblet  with Y 6= 0, SU(2)W singlet ⌘ with Y⌘ 6= 0
<latexit sha1_base64="VJxOGLCh77FMZ720VQNohOhqEhc="></latexit><latexit sha1_base64="VJxOGLCh77FMZ720VQNohOhqEhc="></latexit><latexit sha1_base64="VJxOGLCh77FMZ720VQNohOhqEhc="></latexit><latexit sha1_base64="VJxOGLCh77FMZ720VQNohOhqEhc="></latexit>

and a SM singlet �
<latexit sha1_base64="hwNMZ2DuXAUx+rdKIzkICG4J/cg=">AAACBnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxo1Q0T6gM5RMeqcTmmSGJCOUoXv9GV2JuvMD/AH/xrTOQlsPJJzccy7knDDlTBvX/XJKS8srq2vl9crG5tb2TnV3r62TTFFo0YQnqhsSDZxJaBlmOHRTBUSEHDrh6HKqd+5BaZbIOzNOIRBkKFnEKDF21K/WfCVyIgfYx8Se22t7aSaHHIxlE+zTmFmXW3dnwIvEK0gNFWj2q5/+IKGZAGkoJ1r3PDc1QU6UYZTDpOJnGlJCR2QIPUslEaCDfBZmgo+iRGETA569f3tzIrQei9B6BDGxntemw/+0Xmai8yBnMs0MSGotVosyjk2Cp53gAVNADR9bQqhi9peYxkQRamxzFRvfmw+7SNondc+tezentcZFUUQZHaBDdIw8dIYa6Ao1UQtR9Iie0Rt6dx6cJ+fFef2xlpxiZx/9gfPxDXVtlxs=</latexit><latexit sha1_base64="hwNMZ2DuXAUx+rdKIzkICG4J/cg=">AAACBnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxo1Q0T6gM5RMeqcTmmSGJCOUoXv9GV2JuvMD/AH/xrTOQlsPJJzccy7knDDlTBvX/XJKS8srq2vl9crG5tb2TnV3r62TTFFo0YQnqhsSDZxJaBlmOHRTBUSEHDrh6HKqd+5BaZbIOzNOIRBkKFnEKDF21K/WfCVyIgfYx8Se22t7aSaHHIxlE+zTmFmXW3dnwIvEK0gNFWj2q5/+IKGZAGkoJ1r3PDc1QU6UYZTDpOJnGlJCR2QIPUslEaCDfBZmgo+iRGETA569f3tzIrQei9B6BDGxntemw/+0Xmai8yBnMs0MSGotVosyjk2Cp53gAVNADR9bQqhi9peYxkQRamxzFRvfmw+7SNondc+tezentcZFUUQZHaBDdIw8dIYa6Ao1UQtR9Iie0Rt6dx6cJ+fFef2xlpxiZx/9gfPxDXVtlxs=</latexit><latexit sha1_base64="hwNMZ2DuXAUx+rdKIzkICG4J/cg=">AAACBnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxo1Q0T6gM5RMeqcTmmSGJCOUoXv9GV2JuvMD/AH/xrTOQlsPJJzccy7knDDlTBvX/XJKS8srq2vl9crG5tb2TnV3r62TTFFo0YQnqhsSDZxJaBlmOHRTBUSEHDrh6HKqd+5BaZbIOzNOIRBkKFnEKDF21K/WfCVyIgfYx8Se22t7aSaHHIxlE+zTmFmXW3dnwIvEK0gNFWj2q5/+IKGZAGkoJ1r3PDc1QU6UYZTDpOJnGlJCR2QIPUslEaCDfBZmgo+iRGETA569f3tzIrQei9B6BDGxntemw/+0Xmai8yBnMs0MSGotVosyjk2Cp53gAVNADR9bQqhi9peYxkQRamxzFRvfmw+7SNondc+tezentcZFUUQZHaBDdIw8dIYa6Ao1UQtR9Iie0Rt6dx6cJ+fFef2xlpxiZx/9gfPxDXVtlxs=</latexit><latexit sha1_base64="hwNMZ2DuXAUx+rdKIzkICG4J/cg=">AAACBnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxo1Q0T6gM5RMeqcTmmSGJCOUoXv9GV2JuvMD/AH/xrTOQlsPJJzccy7knDDlTBvX/XJKS8srq2vl9crG5tb2TnV3r62TTFFo0YQnqhsSDZxJaBlmOHRTBUSEHDrh6HKqd+5BaZbIOzNOIRBkKFnEKDF21K/WfCVyIgfYx8Se22t7aSaHHIxlE+zTmFmXW3dnwIvEK0gNFWj2q5/+IKGZAGkoJ1r3PDc1QU6UYZTDpOJnGlJCR2QIPUslEaCDfBZmgo+iRGETA569f3tzIrQei9B6BDGxntemw/+0Xmai8yBnMs0MSGotVosyjk2Cp53gAVNADR9bQqhi9peYxkQRamxzFRvfmw+7SNondc+tezentcZFUUQZHaBDdIw8dIYa6Ao1UQtR9Iie0Rt6dx6cJ+fFef2xlpxiZx/9gfPxDXVtlxs=</latexit>

Y 0
Qi

= Y 0
ui

= Y 0
di

= 1/3
<latexit sha1_base64="gKRyG8THODknX/iuFoyg9J2lcqs=">AAACAnicbZDLSsNAFIYn9VbrLerShYNFdFUTFXQjFN24bMFepA1hMj1ph04uzEyEErrTl9GVqDsfwRfwbZzUCNp6Vt+c/x84/+/FnEllWZ9GYW5+YXGpuFxaWV1b3zA3t5oySgSFBo14JNoekcBZCA3FFId2LIAEHoeWN7zK9NYdCMmi8EaNYnAC0g+ZzyhReuWau7cHblp32fgig+QHehnYRycl1yxbFWsyeBbsHMoon5prfnR7EU0CCBXlRMqObcXKSYlQjHIYl7qJhJjQIelDR2NIApBOOgkyxvt+JLAaAJ68f3tTEkg5CjztCYgayGktW/6ndRLlnzspC+NEQUi1RWt+wrGKcNYH7jEBVPGRBkIF01diOiCCUKVby+Lb02FnoXlcsa2KXT8tVy/zIopoB+2hQ2SjM1RF16iGGoiiB/SEXtGbcW88Gs/Gy7e1YOR/ttGfMd6/AA/8ldE=</latexit><latexit sha1_base64="gKRyG8THODknX/iuFoyg9J2lcqs=">AAACAnicbZDLSsNAFIYn9VbrLerShYNFdFUTFXQjFN24bMFepA1hMj1ph04uzEyEErrTl9GVqDsfwRfwbZzUCNp6Vt+c/x84/+/FnEllWZ9GYW5+YXGpuFxaWV1b3zA3t5oySgSFBo14JNoekcBZCA3FFId2LIAEHoeWN7zK9NYdCMmi8EaNYnAC0g+ZzyhReuWau7cHblp32fgig+QHehnYRycl1yxbFWsyeBbsHMoon5prfnR7EU0CCBXlRMqObcXKSYlQjHIYl7qJhJjQIelDR2NIApBOOgkyxvt+JLAaAJ68f3tTEkg5CjztCYgayGktW/6ndRLlnzspC+NEQUi1RWt+wrGKcNYH7jEBVPGRBkIF01diOiCCUKVby+Lb02FnoXlcsa2KXT8tVy/zIopoB+2hQ2SjM1RF16iGGoiiB/SEXtGbcW88Gs/Gy7e1YOR/ttGfMd6/AA/8ldE=</latexit><latexit sha1_base64="gKRyG8THODknX/iuFoyg9J2lcqs=">AAACAnicbZDLSsNAFIYn9VbrLerShYNFdFUTFXQjFN24bMFepA1hMj1ph04uzEyEErrTl9GVqDsfwRfwbZzUCNp6Vt+c/x84/+/FnEllWZ9GYW5+YXGpuFxaWV1b3zA3t5oySgSFBo14JNoekcBZCA3FFId2LIAEHoeWN7zK9NYdCMmi8EaNYnAC0g+ZzyhReuWau7cHblp32fgig+QHehnYRycl1yxbFWsyeBbsHMoon5prfnR7EU0CCBXlRMqObcXKSYlQjHIYl7qJhJjQIelDR2NIApBOOgkyxvt+JLAaAJ68f3tTEkg5CjztCYgayGktW/6ndRLlnzspC+NEQUi1RWt+wrGKcNYH7jEBVPGRBkIF01diOiCCUKVby+Lb02FnoXlcsa2KXT8tVy/zIopoB+2hQ2SjM1RF16iGGoiiB/SEXtGbcW88Gs/Gy7e1YOR/ttGfMd6/AA/8ldE=</latexit><latexit sha1_base64="gKRyG8THODknX/iuFoyg9J2lcqs=">AAACAnicbZDLSsNAFIYn9VbrLerShYNFdFUTFXQjFN24bMFepA1hMj1ph04uzEyEErrTl9GVqDsfwRfwbZzUCNp6Vt+c/x84/+/FnEllWZ9GYW5+YXGpuFxaWV1b3zA3t5oySgSFBo14JNoekcBZCA3FFId2LIAEHoeWN7zK9NYdCMmi8EaNYnAC0g+ZzyhReuWau7cHblp32fgig+QHehnYRycl1yxbFWsyeBbsHMoon5prfnR7EU0CCBXlRMqObcXKSYlQjHIYl7qJhJjQIelDR2NIApBOOgkyxvt+JLAaAJ68f3tTEkg5CjztCYgayGktW/6ndRLlnzspC+NEQUi1RWt+wrGKcNYH7jEBVPGRBkIF01diOiCCUKVby+Lb02FnoXlcsa2KXT8tVy/zIopoB+2hQ2SjM1RF16iGGoiiB/SEXtGbcW88Gs/Gy7e1YOR/ttGfMd6/AA/8ldE=</latexit>
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<latexit sha1_base64="xFNTuJRt2wMWx8N/RbKA3aqwMec="></latexit><latexit sha1_base64="xFNTuJRt2wMWx8N/RbKA3aqwMec="></latexit><latexit sha1_base64="xFNTuJRt2wMWx8N/RbKA3aqwMec="></latexit><latexit sha1_base64="xFNTuJRt2wMWx8N/RbKA3aqwMec="></latexit>

458 solutions but only 4 solutions with an axial DM coupling

Minimal particle content

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Minimal content model:
phenomenology



Particle content

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

S ( 1, 0, �3 )
<latexit sha1_base64="xvhSh5Y8vcYOLxro+g0UQsQGFBU=">AAACBnicbZDLSgMxFIbPeK31VnXpJliECrXMqGCXBTcuK9oLdErJpKdtaOZCkhFK6V5fRlei7nwAX8C3MTPOQlv/bL6c/w/k/F4kuNK2/WUtLa+srq3nNvKbW9s7u4W9/aYKY8mwwUIRyrZHFQoeYENzLbAdSaS+J7Dlja8Sv3WPUvEwuNOTCLs+HQZ8wBnVZtQrFMmtS0ouccouSU/Zzuj03CUn+UQmZVfsVGQRnAyKkKneK3y6/ZDFPgaaCapUx7Ej3Z1SqTkTOMu7scKIsjEdYsdgQH1U3Wm6zIwcD0JJ9AhJev+dnVJfqYnvmYxP9UjNe8nwP68T60G1O+VBFGsMmIkYbxALokOSdEL6XCLTYmKAMsnNLwkbUUmZNs0l6zvzyy5C86zi2BXn5qJYq2ZF5OAQjqAEDlxCDa6hDg1g8AjP8Abv1oP1ZL1Yrz/RJSt7cwB/ZH18A22Wkoc=</latexit><latexit sha1_base64="xvhSh5Y8vcYOLxro+g0UQsQGFBU=">AAACBnicbZDLSgMxFIbPeK31VnXpJliECrXMqGCXBTcuK9oLdErJpKdtaOZCkhFK6V5fRlei7nwAX8C3MTPOQlv/bL6c/w/k/F4kuNK2/WUtLa+srq3nNvKbW9s7u4W9/aYKY8mwwUIRyrZHFQoeYENzLbAdSaS+J7Dlja8Sv3WPUvEwuNOTCLs+HQZ8wBnVZtQrFMmtS0ouccouSU/Zzuj03CUn+UQmZVfsVGQRnAyKkKneK3y6/ZDFPgaaCapUx7Ej3Z1SqTkTOMu7scKIsjEdYsdgQH1U3Wm6zIwcD0JJ9AhJev+dnVJfqYnvmYxP9UjNe8nwP68T60G1O+VBFGsMmIkYbxALokOSdEL6XCLTYmKAMsnNLwkbUUmZNs0l6zvzyy5C86zi2BXn5qJYq2ZF5OAQjqAEDlxCDa6hDg1g8AjP8Abv1oP1ZL1Yrz/RJSt7cwB/ZH18A22Wkoc=</latexit><latexit sha1_base64="xvhSh5Y8vcYOLxro+g0UQsQGFBU=">AAACBnicbZDLSgMxFIbPeK31VnXpJliECrXMqGCXBTcuK9oLdErJpKdtaOZCkhFK6V5fRlei7nwAX8C3MTPOQlv/bL6c/w/k/F4kuNK2/WUtLa+srq3nNvKbW9s7u4W9/aYKY8mwwUIRyrZHFQoeYENzLbAdSaS+J7Dlja8Sv3WPUvEwuNOTCLs+HQZ8wBnVZtQrFMmtS0ouccouSU/Zzuj03CUn+UQmZVfsVGQRnAyKkKneK3y6/ZDFPgaaCapUx7Ej3Z1SqTkTOMu7scKIsjEdYsdgQH1U3Wm6zIwcD0JJ9AhJev+dnVJfqYnvmYxP9UjNe8nwP68T60G1O+VBFGsMmIkYbxALokOSdEL6XCLTYmKAMsnNLwkbUUmZNs0l6zvzyy5C86zi2BXn5qJYq2ZF5OAQjqAEDlxCDa6hDg1g8AjP8Abv1oP1ZL1Yrz/RJSt7cwB/ZH18A22Wkoc=</latexit><latexit sha1_base64="xvhSh5Y8vcYOLxro+g0UQsQGFBU=">AAACBnicbZDLSgMxFIbPeK31VnXpJliECrXMqGCXBTcuK9oLdErJpKdtaOZCkhFK6V5fRlei7nwAX8C3MTPOQlv/bL6c/w/k/F4kuNK2/WUtLa+srq3nNvKbW9s7u4W9/aYKY8mwwUIRyrZHFQoeYENzLbAdSaS+J7Dlja8Sv3WPUvEwuNOTCLs+HQZ8wBnVZtQrFMmtS0ouccouSU/Zzuj03CUn+UQmZVfsVGQRnAyKkKneK3y6/ZDFPgaaCapUx7Ej3Z1SqTkTOMu7scKIsjEdYsdgQH1U3Wm6zIwcD0JJ9AhJev+dnVJfqYnvmYxP9UjNe8nwP68T60G1O+VBFGsMmIkYbxALokOSdEL6XCLTYmKAMsnNLwkbUUmZNs0l6zvzyy5C86zi2BXn5qJYq2ZF5OAQjqAEDlxCDa6hDg1g8AjP8Abv1oP1ZL1Yrz/RJSt7cwB/ZH18A22Wkoc=</latexit>
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<latexit sha1_base64="QxlXnRiKBwkVoF4fqp3yyfun9ug="></latexit><latexit sha1_base64="QxlXnRiKBwkVoF4fqp3yyfun9ug="></latexit><latexit sha1_base64="QxlXnRiKBwkVoF4fqp3yyfun9ug="></latexit><latexit sha1_base64="QxlXnRiKBwkVoF4fqp3yyfun9ug="></latexit>
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<latexit sha1_base64="6t7xyk6xZe3/2+sXeIi9IaA5Vdw="></latexit><latexit sha1_base64="6t7xyk6xZe3/2+sXeIi9IaA5Vdw="></latexit><latexit sha1_base64="6t7xyk6xZe3/2+sXeIi9IaA5Vdw="></latexit><latexit sha1_base64="6t7xyk6xZe3/2+sXeIi9IaA5Vdw="></latexit>
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<latexit sha1_base64="dpralQqVEj6rs0/0KnZhkk8Jd4c="></latexit><latexit sha1_base64="dpralQqVEj6rs0/0KnZhkk8Jd4c="></latexit><latexit sha1_base64="dpralQqVEj6rs0/0KnZhkk8Jd4c="></latexit><latexit sha1_base64="dpralQqVEj6rs0/0KnZhkk8Jd4c="></latexit>

Fermionic content

Only 1 complex scalar to give masses to the three fermions

which takes a VEV that also gives mass to the new boson Z’

Non axial model by Duerr and Fileviez
arXiv:1409.8165

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Lagrangian

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

Lfer � Lkin � y1 ̄LH⌘R � y2 ̄LH̄�R � y3 ̄RH⌘L � y4 ̄RH̄�L

� �  ̄L RS � �⌘ ⌘̄R⌘LS � ���̄R�LS + (h.c.)
<latexit sha1_base64="W21Kz6uLd8uR28jIXczblmeuN0E="></latexit><latexit sha1_base64="W21Kz6uLd8uR28jIXczblmeuN0E="></latexit><latexit sha1_base64="W21Kz6uLd8uR28jIXczblmeuN0E="></latexit><latexit sha1_base64="W21Kz6uLd8uR28jIXczblmeuN0E="></latexit>

Lscal � Lkin �m
2
S
|S|2 � �

2
S
|S|4 � �

2
HS

|H|2|S|2
<latexit sha1_base64="PAjWtbzsXdIHRsw4Yrs9C1z+7w0="></latexit><latexit sha1_base64="PAjWtbzsXdIHRsw4Yrs9C1z+7w0="></latexit><latexit sha1_base64="PAjWtbzsXdIHRsw4Yrs9C1z+7w0="></latexit><latexit sha1_base64="PAjWtbzsXdIHRsw4Yrs9C1z+7w0="></latexit>

Lagrangian

Lgauge �
1

4
FBµ⌫FB

µ⌫ +
✏B
2
Fµ⌫FB

µ⌫
<latexit sha1_base64="OWLc2N3BK2Xqld1p2IrpO4nkpXY="></latexit><latexit sha1_base64="OWLc2N3BK2Xqld1p2IrpO4nkpXY="></latexit><latexit sha1_base64="OWLc2N3BK2Xqld1p2IrpO4nkpXY="></latexit><latexit sha1_base64="OWLc2N3BK2Xqld1p2IrpO4nkpXY="></latexit>

First approx.   at tree level

No majorana masses

✏B = �HS = 0
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If            are more massive than     we can integrate them out. , ⌘
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Higgs channel: Relic density and DM constraints
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Annihilation through the Higgs channel
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Z’ channel: Relic density

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

Annihilation through the Z’ channel
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ms,mZ0 ,m� same order
<latexit sha1_base64="dV3NbggGExPC5yoZq+Y1HGTrYPM=">AAACFXicdVBNS8NAFNzU7/pV9ehlsQgepCRF0aPgxaOC1WJTw2b7ahd3k7D7IpaQ36F/Rk+iHgTP/hs3NQUVndO8mVnevgkTKQy67odTmZicmp6ZnavOLywuLddWVs9MnGoOLR7LWLdDZkCKCFooUEI70cBUKOE8vD4s/PMb0EbE0SkOE+gqdhWJvuAMrRTUmiow21QF2cWln2ihIKej0ecDkVMf4Ra1yqhhCmise6DzalCru41dtwB1G+6YlIpXKnVS4jiovfm9mKcKIuSSGdPx3AS7GdMouIS86qcGEsav2RV0LI3sLtPNRrfldLMfa4oDoKP5ezZjypihCm1GMRyY314h/uV1UuzvdzMRJSlCxG3Eev1UUoxpURHtCQ0c5dASxrWwv6R8wDTjaIsszh/fSP8nZ82G5za8k536wX5ZxCxZJxtki3hkjxyQI3JMWoSTe/JIXsirc+c8OE/O81e04pRv1sgPOO+f+bmemA==</latexit><latexit sha1_base64="dV3NbggGExPC5yoZq+Y1HGTrYPM=">AAACFXicdVBNS8NAFNzU7/pV9ehlsQgepCRF0aPgxaOC1WJTw2b7ahd3k7D7IpaQ36F/Rk+iHgTP/hs3NQUVndO8mVnevgkTKQy67odTmZicmp6ZnavOLywuLddWVs9MnGoOLR7LWLdDZkCKCFooUEI70cBUKOE8vD4s/PMb0EbE0SkOE+gqdhWJvuAMrRTUmiow21QF2cWln2ihIKej0ecDkVMf4Ra1yqhhCmise6DzalCru41dtwB1G+6YlIpXKnVS4jiovfm9mKcKIuSSGdPx3AS7GdMouIS86qcGEsav2RV0LI3sLtPNRrfldLMfa4oDoKP5ezZjypihCm1GMRyY314h/uV1UuzvdzMRJSlCxG3Eev1UUoxpURHtCQ0c5dASxrWwv6R8wDTjaIsszh/fSP8nZ82G5za8k536wX5ZxCxZJxtki3hkjxyQI3JMWoSTe/JIXsirc+c8OE/O81e04pRv1sgPOO+f+bmemA==</latexit><latexit sha1_base64="dV3NbggGExPC5yoZq+Y1HGTrYPM=">AAACFXicdVBNS8NAFNzU7/pV9ehlsQgepCRF0aPgxaOC1WJTw2b7ahd3k7D7IpaQ36F/Rk+iHgTP/hs3NQUVndO8mVnevgkTKQy67odTmZicmp6ZnavOLywuLddWVs9MnGoOLR7LWLdDZkCKCFooUEI70cBUKOE8vD4s/PMb0EbE0SkOE+gqdhWJvuAMrRTUmiow21QF2cWln2ihIKej0ecDkVMf4Ra1yqhhCmise6DzalCru41dtwB1G+6YlIpXKnVS4jiovfm9mKcKIuSSGdPx3AS7GdMouIS86qcGEsav2RV0LI3sLtPNRrfldLMfa4oDoKP5ezZjypihCm1GMRyY314h/uV1UuzvdzMRJSlCxG3Eev1UUoxpURHtCQ0c5dASxrWwv6R8wDTjaIsszh/fSP8nZ82G5za8k536wX5ZxCxZJxtki3hkjxyQI3JMWoSTe/JIXsirc+c8OE/O81e04pRv1sgPOO+f+bmemA==</latexit><latexit sha1_base64="dV3NbggGExPC5yoZq+Y1HGTrYPM=">AAACFXicdVBNS8NAFNzU7/pV9ehlsQgepCRF0aPgxaOC1WJTw2b7ahd3k7D7IpaQ36F/Rk+iHgTP/hs3NQUVndO8mVnevgkTKQy67odTmZicmp6ZnavOLywuLddWVs9MnGoOLR7LWLdDZkCKCFooUEI70cBUKOE8vD4s/PMb0EbE0SkOE+gqdhWJvuAMrRTUmiow21QF2cWln2ihIKej0ecDkVMf4Ra1yqhhCmise6DzalCru41dtwB1G+6YlIpXKnVS4jiovfm9mKcKIuSSGdPx3AS7GdMouIS86qcGEsav2RV0LI3sLtPNRrfldLMfa4oDoKP5ezZjypihCm1GMRyY314h/uV1UuzvdzMRJSlCxG3Eev1UUoxpURHtCQ0c5dASxrWwv6R8wDTjaIsszh/fSP8nZ82G5za8k536wX5ZxCxZJxtki3hkjxyQI3JMWoSTe/JIXsirc+c8OE/O81e04pRv1sgPOO+f+bmemA==</latexit>

2 regimes:                             and ms = 2 TeV
<latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit>

ms = 15 TeV
<latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit>

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Z’ channel: Relic density

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

Annihilation through the Z’ channel 4 d.o.f: 

The Z’ channel is strong enough to carry 
the annihilation in the early universe 

m�, gB ,mZ0 ,ms
<latexit sha1_base64="Gmy/9Cv2fOkhPKNN4BDm2hAatUI=">AAACAXicbVDLSsNAFJ3UV62vqktBBovgopREBF2WunFZwT6wiWEyvWmHziRhZiKU0JX+jK5E3fkL/oB/47Rmoa1nde4958I9J0g4U9q2v6zC0vLK6lpxvbSxubW9U97da6s4lRRaNOax7AZEAWcRtDTTHLqJBCICDp1gdDnVO/cgFYujGz1OwBNkELGQUaLNyi8fCt+lQ1bFA79RxcLPbu/cRDIBk+mk/HLFrtkz4EXi5KSCcjT98qfbj2kqINKUE6V6jp1oLyNSM8phUnJTBQmhIzKAnqEREaC8bJZjgo/DWGI9BDybf3szIpQai8B4BNFDNa9Nl/9pvVSHF17GoiTVEFFjMVqYcqxjPK0D95kEqvnYEEIlM19iOiSSUG1KK5n4znzYRdI+rTl2zbk+q9QbeRFFdICO0Aly0DmqoyvURC1E0SN6Rm/o3XqwnqwX6/XHWrDym330B9bHNwyAleg=</latexit><latexit sha1_base64="Gmy/9Cv2fOkhPKNN4BDm2hAatUI=">AAACAXicbVDLSsNAFJ3UV62vqktBBovgopREBF2WunFZwT6wiWEyvWmHziRhZiKU0JX+jK5E3fkL/oB/47Rmoa1nde4958I9J0g4U9q2v6zC0vLK6lpxvbSxubW9U97da6s4lRRaNOax7AZEAWcRtDTTHLqJBCICDp1gdDnVO/cgFYujGz1OwBNkELGQUaLNyi8fCt+lQ1bFA79RxcLPbu/cRDIBk+mk/HLFrtkz4EXi5KSCcjT98qfbj2kqINKUE6V6jp1oLyNSM8phUnJTBQmhIzKAnqEREaC8bJZjgo/DWGI9BDybf3szIpQai8B4BNFDNa9Nl/9pvVSHF17GoiTVEFFjMVqYcqxjPK0D95kEqvnYEEIlM19iOiSSUG1KK5n4znzYRdI+rTl2zbk+q9QbeRFFdICO0Aly0DmqoyvURC1E0SN6Rm/o3XqwnqwX6/XHWrDym330B9bHNwyAleg=</latexit><latexit sha1_base64="Gmy/9Cv2fOkhPKNN4BDm2hAatUI=">AAACAXicbVDLSsNAFJ3UV62vqktBBovgopREBF2WunFZwT6wiWEyvWmHziRhZiKU0JX+jK5E3fkL/oB/47Rmoa1nde4958I9J0g4U9q2v6zC0vLK6lpxvbSxubW9U97da6s4lRRaNOax7AZEAWcRtDTTHLqJBCICDp1gdDnVO/cgFYujGz1OwBNkELGQUaLNyi8fCt+lQ1bFA79RxcLPbu/cRDIBk+mk/HLFrtkz4EXi5KSCcjT98qfbj2kqINKUE6V6jp1oLyNSM8phUnJTBQmhIzKAnqEREaC8bJZjgo/DWGI9BDybf3szIpQai8B4BNFDNa9Nl/9pvVSHF17GoiTVEFFjMVqYcqxjPK0D95kEqvnYEEIlM19iOiSSUG1KK5n4znzYRdI+rTl2zbk+q9QbeRFFdICO0Aly0DmqoyvURC1E0SN6Rm/o3XqwnqwX6/XHWrDym330B9bHNwyAleg=</latexit><latexit sha1_base64="Gmy/9Cv2fOkhPKNN4BDm2hAatUI=">AAACAXicbVDLSsNAFJ3UV62vqktBBovgopREBF2WunFZwT6wiWEyvWmHziRhZiKU0JX+jK5E3fkL/oB/47Rmoa1nde4958I9J0g4U9q2v6zC0vLK6lpxvbSxubW9U97da6s4lRRaNOax7AZEAWcRtDTTHLqJBCICDp1gdDnVO/cgFYujGz1OwBNkELGQUaLNyi8fCt+lQ1bFA79RxcLPbu/cRDIBk+mk/HLFrtkz4EXi5KSCcjT98qfbj2kqINKUE6V6jp1oLyNSM8phUnJTBQmhIzKAnqEREaC8bJZjgo/DWGI9BDybf3szIpQai8B4BNFDNa9Nl/9pvVSHF17GoiTVEFFjMVqYcqxjPK0D95kEqvnYEEIlM19iOiSSUG1KK5n4znzYRdI+rTl2zbk+q9QbeRFFdICO0Aly0DmqoyvURC1E0SN6Rm/o3XqwnqwX6/XHWrDym330B9bHNwyAleg=</latexit>

ms = 15 TeV
<latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit>

ms = 2 TeV
<latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit>

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Z’ channel: DM constraints

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

q̄�µq �̄�5�
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<latexit sha1_base64="/FrTag+uxlITlw3w2uLkEYeL2Lk=">AAACGnicbVA7T8MwGHR4lvIKMLJYVEhMVYJAZaxgYSwSfUhNiL64TmPVTlLbQaqi/hP4MzAhysbCvyFpiwQtt/h8d5Z85yecKW1ZX8bK6tr6xmZpq7y9s7u3bx4ctlScSkKbJOax7PigKGcRbWqmOe0kkoLwOW37g5vCbz9SqVgc3etRQl0B/YgFjIDOJc+sOT5IPMROH4QAzxEpHjp4KjokZD/65ex8KPxCL3tmxapaU+BlYs9JBc3R8MyJ04tJKmikCQeluraVaDcDqRnhdFx2UkUTIAPo025OIxBUudm04BifBrHEOqR4ev+dzUAoNRJ+nhGgQ7XoFeJ/XjfVwZWbsShJNY1IHsm9IOVYx7jYCfeYpETzUU6ASJb/EpMQJBCdr1nUtxfLLpPWedW2qvbdRaV+PR+ihI7RCTpDNqqhOrpFDdREBD2jVzRBH8aT8WK8Ge+z6Ioxf3OE/sD4/AZbFZ+6</latexit><latexit sha1_base64="/FrTag+uxlITlw3w2uLkEYeL2Lk=">AAACGnicbVA7T8MwGHR4lvIKMLJYVEhMVYJAZaxgYSwSfUhNiL64TmPVTlLbQaqi/hP4MzAhysbCvyFpiwQtt/h8d5Z85yecKW1ZX8bK6tr6xmZpq7y9s7u3bx4ctlScSkKbJOax7PigKGcRbWqmOe0kkoLwOW37g5vCbz9SqVgc3etRQl0B/YgFjIDOJc+sOT5IPMROH4QAzxEpHjp4KjokZD/65ex8KPxCL3tmxapaU+BlYs9JBc3R8MyJ04tJKmikCQeluraVaDcDqRnhdFx2UkUTIAPo025OIxBUudm04BifBrHEOqR4ev+dzUAoNRJ+nhGgQ7XoFeJ/XjfVwZWbsShJNY1IHsm9IOVYx7jYCfeYpETzUU6ASJb/EpMQJBCdr1nUtxfLLpPWedW2qvbdRaV+PR+ihI7RCTpDNqqhOrpFDdREBD2jVzRBH8aT8WK8Ge+z6Ioxf3OE/sD4/AZbFZ+6</latexit><latexit sha1_base64="/FrTag+uxlITlw3w2uLkEYeL2Lk=">AAACGnicbVA7T8MwGHR4lvIKMLJYVEhMVYJAZaxgYSwSfUhNiL64TmPVTlLbQaqi/hP4MzAhysbCvyFpiwQtt/h8d5Z85yecKW1ZX8bK6tr6xmZpq7y9s7u3bx4ctlScSkKbJOax7PigKGcRbWqmOe0kkoLwOW37g5vCbz9SqVgc3etRQl0B/YgFjIDOJc+sOT5IPMROH4QAzxEpHjp4KjokZD/65ex8KPxCL3tmxapaU+BlYs9JBc3R8MyJ04tJKmikCQeluraVaDcDqRnhdFx2UkUTIAPo025OIxBUudm04BifBrHEOqR4ev+dzUAoNRJ+nhGgQ7XoFeJ/XjfVwZWbsShJNY1IHsm9IOVYx7jYCfeYpETzUU6ASJb/EpMQJBCdr1nUtxfLLpPWedW2qvbdRaV+PR+ihI7RCTpDNqqhOrpFDdREBD2jVzRBH8aT8WK8Ge+z6Ioxf3OE/sD4/AZbFZ+6</latexit><latexit sha1_base64="/FrTag+uxlITlw3w2uLkEYeL2Lk=">AAACGnicbVA7T8MwGHR4lvIKMLJYVEhMVYJAZaxgYSwSfUhNiL64TmPVTlLbQaqi/hP4MzAhysbCvyFpiwQtt/h8d5Z85yecKW1ZX8bK6tr6xmZpq7y9s7u3bx4ctlScSkKbJOax7PigKGcRbWqmOe0kkoLwOW37g5vCbz9SqVgc3etRQl0B/YgFjIDOJc+sOT5IPMROH4QAzxEpHjp4KjokZD/65ex8KPxCL3tmxapaU+BlYs9JBc3R8MyJ04tJKmikCQeluraVaDcDqRnhdFx2UkUTIAPo025OIxBUudm04BifBrHEOqR4ev+dzUAoNRJ+nhGgQ7XoFeJ/XjfVwZWbsShJNY1IHsm9IOVYx7jYCfeYpETzUU6ASJb/EpMQJBCdr1nUtxfLLpPWedW2qvbdRaV+PR+ihI7RCTpDNqqhOrpFDdREBD2jVzRBH8aT8WK8Ge+z6Ioxf3OE/sD4/AZbFZ+6</latexit>

Vector coupling to quarks

Axial DM coupling              SD cross section

Velocity suppression in the cross section  

�SD ⇠ 0
<latexit sha1_base64="2ON2ZdgmzdWwoG08r4zO1j4dU3k=">AAAB9XicbZC9TsMwFIVv+C3lL5SRxaJCYqoShARjBQyMRdAfqY0qx71trdpJZDtAFfVRYELAxovwArwNbskALWf6fM+xdO8JE8G18bwvZ2l5ZXVtvbBR3Nza3tl190oNHaeKYZ3FIlatkGoUPMK64UZgK1FIZSiwGY4up37zHpXmcXRnxgkGkg4i3ueMGjvquqWO5gNJu9nt1YRYlsTrumWv4s1EFsHPoQy5al33s9OLWSoxMkxQrdu+l5ggo8pwJnBS7KQaE8pGdIBtixGVqINstvuEHPVjRcwQyez9O5tRqfVYhjYjqRnqeW86/M9rp6Z/HmQ8SlKDEbMR6/VTQUxMphWQHlfIjBhboExxuyVhQ6ooM7aooj3fnz92ERonFd+r+Den5epFXkQBDuAQjsGHM6jCNdSgDgwe4Rne4N15cJ6cF+f1J7rk5H/24Y+cj2/qM5Fk</latexit><latexit sha1_base64="2ON2ZdgmzdWwoG08r4zO1j4dU3k=">AAAB9XicbZC9TsMwFIVv+C3lL5SRxaJCYqoShARjBQyMRdAfqY0qx71trdpJZDtAFfVRYELAxovwArwNbskALWf6fM+xdO8JE8G18bwvZ2l5ZXVtvbBR3Nza3tl190oNHaeKYZ3FIlatkGoUPMK64UZgK1FIZSiwGY4up37zHpXmcXRnxgkGkg4i3ueMGjvquqWO5gNJu9nt1YRYlsTrumWv4s1EFsHPoQy5al33s9OLWSoxMkxQrdu+l5ggo8pwJnBS7KQaE8pGdIBtixGVqINstvuEHPVjRcwQyez9O5tRqfVYhjYjqRnqeW86/M9rp6Z/HmQ8SlKDEbMR6/VTQUxMphWQHlfIjBhboExxuyVhQ6ooM7aooj3fnz92ERonFd+r+Den5epFXkQBDuAQjsGHM6jCNdSgDgwe4Rne4N15cJ6cF+f1J7rk5H/24Y+cj2/qM5Fk</latexit><latexit sha1_base64="2ON2ZdgmzdWwoG08r4zO1j4dU3k=">AAAB9XicbZC9TsMwFIVv+C3lL5SRxaJCYqoShARjBQyMRdAfqY0qx71trdpJZDtAFfVRYELAxovwArwNbskALWf6fM+xdO8JE8G18bwvZ2l5ZXVtvbBR3Nza3tl190oNHaeKYZ3FIlatkGoUPMK64UZgK1FIZSiwGY4up37zHpXmcXRnxgkGkg4i3ueMGjvquqWO5gNJu9nt1YRYlsTrumWv4s1EFsHPoQy5al33s9OLWSoxMkxQrdu+l5ggo8pwJnBS7KQaE8pGdIBtixGVqINstvuEHPVjRcwQyez9O5tRqfVYhjYjqRnqeW86/M9rp6Z/HmQ8SlKDEbMR6/VTQUxMphWQHlfIjBhboExxuyVhQ6ooM7aooj3fnz92ERonFd+r+Den5epFXkQBDuAQjsGHM6jCNdSgDgwe4Rne4N15cJ6cF+f1J7rk5H/24Y+cj2/qM5Fk</latexit><latexit sha1_base64="2ON2ZdgmzdWwoG08r4zO1j4dU3k=">AAAB9XicbZC9TsMwFIVv+C3lL5SRxaJCYqoShARjBQyMRdAfqY0qx71trdpJZDtAFfVRYELAxovwArwNbskALWf6fM+xdO8JE8G18bwvZ2l5ZXVtvbBR3Nza3tl190oNHaeKYZ3FIlatkGoUPMK64UZgK1FIZSiwGY4up37zHpXmcXRnxgkGkg4i3ueMGjvquqWO5gNJu9nt1YRYlsTrumWv4s1EFsHPoQy5al33s9OLWSoxMkxQrdu+l5ggo8pwJnBS7KQaE8pGdIBtixGVqINstvuEHPVjRcwQyez9O5tRqfVYhjYjqRnqeW86/M9rp6Z/HmQ8SlKDEbMR6/VTQUxMphWQHlfIjBhboExxuyVhQ6ooM7aooj3fnz92ERonFd+r+Den5epFXkQBDuAQjsGHM6jCNdSgDgwe4Rne4N15cJ6cF+f1J7rk5H/24Y+cj2/qM5Fk</latexit>

No constraints from DD or ID experiments

h�viann ⇠ 10�30cm3/s
<latexit sha1_base64="denHXW7Gz6bRiJijg05bcVOpVcg=">AAACFXicbVDNTgIxGOziP/6hHr00EhMv4i6Y6NHoxaMmIiQskm/rBzS03U3bJSEbnkNfRk9GPZh49m0syEHBOU1npsk3EyWCG+v7X15ubn5hcWl5Jb+6tr6xWdjavjVxqhlWWSxiXY/AoOAKq5ZbgfVEI8hIYC3qXYz8Wh+14bG6sYMEmxI6irc5A+ukVqEcClAdgTQ0vCOB9mmox0IrA6WGTpU08O+yw4o/pEzeVY5Mq1D0S/4YdJYEE1IkE1y1Ch/hfcxSicoyAcY0Aj+xzQy05UzgMB+mBhNgPehgw1EFEk0zG3cb0v12rKntIh2/f2czkMYMZOQyEmzXTHsj8T+vkdr2aTPjKkktKuYizmungtqYjiai91wjs2LgCDDN3ZWUdUEDs27IvKsfTJedJbflUuCXguvj4tn5ZIhlskv2yAEJyAk5I5fkilQJI4/kmbyRd+/Be/JevNefaM6b/Nkhf+B9fgPcY53e</latexit><latexit sha1_base64="denHXW7Gz6bRiJijg05bcVOpVcg=">AAACFXicbVDNTgIxGOziP/6hHr00EhMv4i6Y6NHoxaMmIiQskm/rBzS03U3bJSEbnkNfRk9GPZh49m0syEHBOU1npsk3EyWCG+v7X15ubn5hcWl5Jb+6tr6xWdjavjVxqhlWWSxiXY/AoOAKq5ZbgfVEI8hIYC3qXYz8Wh+14bG6sYMEmxI6irc5A+ukVqEcClAdgTQ0vCOB9mmox0IrA6WGTpU08O+yw4o/pEzeVY5Mq1D0S/4YdJYEE1IkE1y1Ch/hfcxSicoyAcY0Aj+xzQy05UzgMB+mBhNgPehgw1EFEk0zG3cb0v12rKntIh2/f2czkMYMZOQyEmzXTHsj8T+vkdr2aTPjKkktKuYizmungtqYjiai91wjs2LgCDDN3ZWUdUEDs27IvKsfTJedJbflUuCXguvj4tn5ZIhlskv2yAEJyAk5I5fkilQJI4/kmbyRd+/Be/JevNefaM6b/Nkhf+B9fgPcY53e</latexit><latexit sha1_base64="denHXW7Gz6bRiJijg05bcVOpVcg=">AAACFXicbVDNTgIxGOziP/6hHr00EhMv4i6Y6NHoxaMmIiQskm/rBzS03U3bJSEbnkNfRk9GPZh49m0syEHBOU1npsk3EyWCG+v7X15ubn5hcWl5Jb+6tr6xWdjavjVxqhlWWSxiXY/AoOAKq5ZbgfVEI8hIYC3qXYz8Wh+14bG6sYMEmxI6irc5A+ukVqEcClAdgTQ0vCOB9mmox0IrA6WGTpU08O+yw4o/pEzeVY5Mq1D0S/4YdJYEE1IkE1y1Ch/hfcxSicoyAcY0Aj+xzQy05UzgMB+mBhNgPehgw1EFEk0zG3cb0v12rKntIh2/f2czkMYMZOQyEmzXTHsj8T+vkdr2aTPjKkktKuYizmungtqYjiai91wjs2LgCDDN3ZWUdUEDs27IvKsfTJedJbflUuCXguvj4tn5ZIhlskv2yAEJyAk5I5fkilQJI4/kmbyRd+/Be/JevNefaM6b/Nkhf+B9fgPcY53e</latexit><latexit sha1_base64="denHXW7Gz6bRiJijg05bcVOpVcg=">AAACFXicbVDNTgIxGOziP/6hHr00EhMv4i6Y6NHoxaMmIiQskm/rBzS03U3bJSEbnkNfRk9GPZh49m0syEHBOU1npsk3EyWCG+v7X15ubn5hcWl5Jb+6tr6xWdjavjVxqhlWWSxiXY/AoOAKq5ZbgfVEI8hIYC3qXYz8Wh+14bG6sYMEmxI6irc5A+ukVqEcClAdgTQ0vCOB9mmox0IrA6WGTpU08O+yw4o/pEzeVY5Mq1D0S/4YdJYEE1IkE1y1Ch/hfcxSicoyAcY0Aj+xzQy05UzgMB+mBhNgPehgw1EFEk0zG3cb0v12rKntIh2/f2czkMYMZOQyEmzXTHsj8T+vkdr2aTPjKkktKuYizmungtqYjiai91wjs2LgCDDN3ZWUdUEDs27IvKsfTJedJbflUuCXguvj4tn5ZIhlskv2yAEJyAk5I5fkilQJI4/kmbyRd+/Be/JevNefaM6b/Nkhf+B9fgPcY53e</latexit>

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM

We have to check collider constraints.



Z’ channel: Results

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM
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<latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit>

m
s
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eV

<latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit>

log(⇤0/mZ0) = 1
<latexit sha1_base64="ku94DrqSIqDf70Riey9CO2AT9AU=">AAACEHicbVC7TsNAEDzzDOEVoKSxiJCgINgICRqkCBoKiiCRh4hDdL5sklPubOtujYgs/wT8DFQI6BA/wN9wCS4gMNXszqy0M34kuEbH+bSmpmdm5+ZzC/nFpeWV1cLaek2HsWJQZaEIVcOnGgQPoIocBTQiBVT6Aur+4Gyk129BaR4GVziMoCVpL+BdziiaVbuw5yHcoZKJCHvpjndhLjv0JvEixSWk+7KdXN9kw+6J2y4UnZIzhv2XuBkpkgyVduHD64QslhAgE1TrputE2EqoQs4EpHkv1hBRNqA9aBoaUAm6lYxjpfZ2N1Q29sEezz+9CZVaD6VvPJJiX09qo+V/WjPG7nEr4UEUIwTMWIzWjYWNoT1qx+5wBQzF0BDKFDdf2qxPFWVoOsyb+O5k2L+kdlBynZJ7eVgsn2ZF5Mgm2SI7xCVHpEzOSYVUCSMP5Im8kjfr3nq0nq2Xb+uUld1skF+w3r8AvBWdiw==</latexit><latexit sha1_base64="ku94DrqSIqDf70Riey9CO2AT9AU=">AAACEHicbVC7TsNAEDzzDOEVoKSxiJCgINgICRqkCBoKiiCRh4hDdL5sklPubOtujYgs/wT8DFQI6BA/wN9wCS4gMNXszqy0M34kuEbH+bSmpmdm5+ZzC/nFpeWV1cLaek2HsWJQZaEIVcOnGgQPoIocBTQiBVT6Aur+4Gyk129BaR4GVziMoCVpL+BdziiaVbuw5yHcoZKJCHvpjndhLjv0JvEixSWk+7KdXN9kw+6J2y4UnZIzhv2XuBkpkgyVduHD64QslhAgE1TrputE2EqoQs4EpHkv1hBRNqA9aBoaUAm6lYxjpfZ2N1Q29sEezz+9CZVaD6VvPJJiX09qo+V/WjPG7nEr4UEUIwTMWIzWjYWNoT1qx+5wBQzF0BDKFDdf2qxPFWVoOsyb+O5k2L+kdlBynZJ7eVgsn2ZF5Mgm2SI7xCVHpEzOSYVUCSMP5Im8kjfr3nq0nq2Xb+uUld1skF+w3r8AvBWdiw==</latexit><latexit sha1_base64="ku94DrqSIqDf70Riey9CO2AT9AU=">AAACEHicbVC7TsNAEDzzDOEVoKSxiJCgINgICRqkCBoKiiCRh4hDdL5sklPubOtujYgs/wT8DFQI6BA/wN9wCS4gMNXszqy0M34kuEbH+bSmpmdm5+ZzC/nFpeWV1cLaek2HsWJQZaEIVcOnGgQPoIocBTQiBVT6Aur+4Gyk129BaR4GVziMoCVpL+BdziiaVbuw5yHcoZKJCHvpjndhLjv0JvEixSWk+7KdXN9kw+6J2y4UnZIzhv2XuBkpkgyVduHD64QslhAgE1TrputE2EqoQs4EpHkv1hBRNqA9aBoaUAm6lYxjpfZ2N1Q29sEezz+9CZVaD6VvPJJiX09qo+V/WjPG7nEr4UEUIwTMWIzWjYWNoT1qx+5wBQzF0BDKFDdf2qxPFWVoOsyb+O5k2L+kdlBynZJ7eVgsn2ZF5Mgm2SI7xCVHpEzOSYVUCSMP5Im8kjfr3nq0nq2Xb+uUld1skF+w3r8AvBWdiw==</latexit><latexit sha1_base64="ku94DrqSIqDf70Riey9CO2AT9AU=">AAACEHicbVC7TsNAEDzzDOEVoKSxiJCgINgICRqkCBoKiiCRh4hDdL5sklPubOtujYgs/wT8DFQI6BA/wN9wCS4gMNXszqy0M34kuEbH+bSmpmdm5+ZzC/nFpeWV1cLaek2HsWJQZaEIVcOnGgQPoIocBTQiBVT6Aur+4Gyk129BaR4GVziMoCVpL+BdziiaVbuw5yHcoZKJCHvpjndhLjv0JvEixSWk+7KdXN9kw+6J2y4UnZIzhv2XuBkpkgyVduHD64QslhAgE1TrputE2EqoQs4EpHkv1hBRNqA9aBoaUAm6lYxjpfZ2N1Q29sEezz+9CZVaD6VvPJJiX09qo+V/WjPG7nEr4UEUIwTMWIzWjYWNoT1qx+5wBQzF0BDKFDdf2qxPFWVoOsyb+O5k2L+kdlBynZJ7eVgsn2ZF5Mgm2SI7xCVHpEzOSYVUCSMP5Im8kjfr3nq0nq2Xb+uUld1skF+w3r8AvBWdiw==</latexit>

J. Quilis                                                             Anomaly-cancellation on a leptophobic Z'-mediator with axially coupled DM



Z’ channel: Results

J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM
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<latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit><latexit sha1_base64="4IMGShZ+q41SGGmYoIV3CW9w3Tk=">AAAB93icdZDNSgMxFIUz/tb6V392boJFcFUSUVsXgujGZQVbhbaUTLy1wWRmSO6Ideiz6ErUne/hC/g2ZrSCip7Vyf1O4N4TJlo5ZOwtGBufmJyaLswUZ+fmFxZLS8tNF6dWQkPGOrbnoXCgVQQNVKjhPLEgTKjhLLw6yvnZNVin4ugUBwl0jLiMVE9JgX7ULa2artvnO7SNcIPWZPQUmsNuqcwqjDHOOc0Nr+4yb/b2alu8RnmOvMpkpHq39Nq+iGVqIEKphXMtzhLsZMKikhqGxXbqIBHySlxCy9tIGHCd7GP7Id3oxZZiH+jH+3s2E8a5gQl9xgjsu98sH/7FWin2ap1MRUmKEEkf8ayXaooxzUugF8qCRD3wRkir/JZU9oUVEn1VRX/+1430f9PcqnBW4Sfb5YPDUREFskbWySbhpEoOyDGpkwaR5JbckyfyHAyCu+AhePyMjgWjPyvkh4KXd5qjkmc=</latexit>
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<latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit><latexit sha1_base64="G6atyvQQt1sO24MLetEWpJZ3kR0=">AAAB9nicdVDLSgNBEJz1GeNrNUcvg0HwFHaDohch6MVjhLwgCWF20kmGzOwuM72SsORX9CTqzQ/xB/wbJ3EDKlqn6qpq6K4glsKg5304K6tr6xubua389s7u3r57cNgwUaI51HkkI90KmAEpQqijQAmtWANTgYRmML6Z+8170EZEYQ2nMXQVG4ZiIDhDK/XcguqZqzLtIExQq5TWoDHruUWvdO7NQb2StySZ4mdKkWSo9tz3Tj/iiYIQuWTGtH0vxm7KNAouYZbvJAZixsdsCG1LQ6bAdNPF8TN6Mog0xRHQxfw9mzJlzFQFNqMYjsxvby7+5bUTHFx2UxHGCULIbcR6g0RSjOi8A9oXGjjKqSWMa2GvpHzENONom8rb95c/0v9Jo1zyvZJ/d1asXGdF5MgROSanxCcXpEJuSZXUCSdT8kheyKszcR6cJ+f5K7riZDsF8gPO2yfl+pH9</latexit>

log(⇤0/mZ0) = log(100mZ0/mZ0) = 4.6
<latexit sha1_base64="yd8uNyOX0J81HU3UE6Pp0xQvN6w=">AAACPnicbZA9TwJBEIb38Bu/UEubjcREG7wzRG1MiDYWFpqIGjkke8sAG3bvLrtzRnLhv2nvH/APaGXUztIFr0B0qnfmfSaZeYNYCoOu++zkJianpmdm5/LzC4tLy4WV1UsTJZpDlUcy0tcBMyBFCFUUKOE61sBUIOEq6B4P/Ks70EZE4QX2Yqgr1g5FS3CGdtQo1HyEe9QqlVG7v+Wf2s0mu039WAsF/R3VSG9us2b78BfruS4dtcfYcmmvUSi6JXdY9K/wMlEkWZ01Ck9+M+KJghC5ZMbUPDfGeso0Ci6hn/cTAzHjXdaGmpUhU2Dq6TCEPt1sRZpiB+iwH2VTpozpqcAyimHHjHuD4X9eLcHWQT0VYZwghNwi1mslkmJEB1nSptDAUfasYFwLeyXlHaYZR5t43r7vjT/7V1zuljy35J2Xi5WjLIhZsk42yBbxyD6pkBNyRqqEk0fySj7Ip/PgvDhvzvsPmnOynTXyq5yvb4fLsFA=</latexit><latexit sha1_base64="yd8uNyOX0J81HU3UE6Pp0xQvN6w=">AAACPnicbZA9TwJBEIb38Bu/UEubjcREG7wzRG1MiDYWFpqIGjkke8sAG3bvLrtzRnLhv2nvH/APaGXUztIFr0B0qnfmfSaZeYNYCoOu++zkJianpmdm5/LzC4tLy4WV1UsTJZpDlUcy0tcBMyBFCFUUKOE61sBUIOEq6B4P/Ks70EZE4QX2Yqgr1g5FS3CGdtQo1HyEe9QqlVG7v+Wf2s0mu039WAsF/R3VSG9us2b78BfruS4dtcfYcmmvUSi6JXdY9K/wMlEkWZ01Ck9+M+KJghC5ZMbUPDfGeso0Ci6hn/cTAzHjXdaGmpUhU2Dq6TCEPt1sRZpiB+iwH2VTpozpqcAyimHHjHuD4X9eLcHWQT0VYZwghNwi1mslkmJEB1nSptDAUfasYFwLeyXlHaYZR5t43r7vjT/7V1zuljy35J2Xi5WjLIhZsk42yBbxyD6pkBNyRqqEk0fySj7Ip/PgvDhvzvsPmnOynTXyq5yvb4fLsFA=</latexit><latexit sha1_base64="yd8uNyOX0J81HU3UE6Pp0xQvN6w=">AAACPnicbZA9TwJBEIb38Bu/UEubjcREG7wzRG1MiDYWFpqIGjkke8sAG3bvLrtzRnLhv2nvH/APaGXUztIFr0B0qnfmfSaZeYNYCoOu++zkJianpmdm5/LzC4tLy4WV1UsTJZpDlUcy0tcBMyBFCFUUKOE61sBUIOEq6B4P/Ks70EZE4QX2Yqgr1g5FS3CGdtQo1HyEe9QqlVG7v+Wf2s0mu039WAsF/R3VSG9us2b78BfruS4dtcfYcmmvUSi6JXdY9K/wMlEkWZ01Ck9+M+KJghC5ZMbUPDfGeso0Ci6hn/cTAzHjXdaGmpUhU2Dq6TCEPt1sRZpiB+iwH2VTpozpqcAyimHHjHuD4X9eLcHWQT0VYZwghNwi1mslkmJEB1nSptDAUfasYFwLeyXlHaYZR5t43r7vjT/7V1zuljy35J2Xi5WjLIhZsk42yBbxyD6pkBNyRqqEk0fySj7Ip/PgvDhvzvsPmnOynTXyq5yvb4fLsFA=</latexit><latexit sha1_base64="yd8uNyOX0J81HU3UE6Pp0xQvN6w=">AAACPnicbZA9TwJBEIb38Bu/UEubjcREG7wzRG1MiDYWFpqIGjkke8sAG3bvLrtzRnLhv2nvH/APaGXUztIFr0B0qnfmfSaZeYNYCoOu++zkJianpmdm5/LzC4tLy4WV1UsTJZpDlUcy0tcBMyBFCFUUKOE61sBUIOEq6B4P/Ks70EZE4QX2Yqgr1g5FS3CGdtQo1HyEe9QqlVG7v+Wf2s0mu039WAsF/R3VSG9us2b78BfruS4dtcfYcmmvUSi6JXdY9K/wMlEkWZ01Ck9+M+KJghC5ZMbUPDfGeso0Ci6hn/cTAzHjXdaGmpUhU2Dq6TCEPt1sRZpiB+iwH2VTpozpqcAyimHHjHuD4X9eLcHWQT0VYZwghNwi1mslkmJEB1nSptDAUfasYFwLeyXlHaYZR5t43r7vjT/7V1zuljy35J2Xi5WjLIhZsk42yBbxyD6pkBNyRqqEk0fySj7Ip/PgvDhvzvsPmnOynTXyq5yvb4fLsFA=</latexit>
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J. Quilis                                                             Anomaly free leptophobic Z'-mediator with axially coupled fermionic DM

Leptophobic U(1) symmetry yields to BN symmetry, anomalous 
in the SM. The anomaly-cancellation is not trivial.

The vector coupling to the quarks combined with the axial DM 
coupling ends up with a velocity suppressed SD cross section. 
No DD or ID limits.

Due to the relation between the quark and DM coupling, collider 
searches can constraint the parameter’s space of this kind of 
models.

SDMM are very constraint by experiments, especially DD and 
di-lepton searches
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