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Outline

• QCD axion

• Why astrophobic axion?

• DFSZ-like models with generation-dependent PQ 
charges

• Flavor-violating Higgs decays 

• Natural astrophobic QCD axion



QCD axion

QCD axion - one of the best candidates for New 
Physics

• predicted by Peccei-Quinn (PQ) mechanism 
solving the strong CP problem 

• constitutes a good dark matter candidate

• axion is PNGB of U(1) PQ symmetry broken 
by non-perturbative QCD effects



Axion Models
Need anomalous breaking of PQ (fermion sector) 

and spontaneous PQ breaking (scalar sector) 

[Dine, Fischler, Srednicki, 
Zhitnitsky ’80]

[Kim, Shifman, Vainshtein, 
Zakharov ’80]

[Peccei, Quinn, 
Wilczek, Weinberg ’78]
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DFSZ Models

SM fermions + 2Higgs + Singlet{
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Construct 2HDM Lagrangian invariant under single U(1)
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H2
<latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit>

flavor-universal

U(1) charges
Lyuk = yuijQiUj

<latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit><latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit><latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit><latexit sha1_base64="7mooeFiPku+sN+ZwceXDrKJQK3g=">AAACGnicbVDNS8MwHE39nPOr6tFLcAieRiuCXoShFw8eNrDbYK0lzdItW/pBkgol9O/w4r/ixYMi3sSL/43ptoNuPgg83vu9JL8XpIwKaVnfxtLyyuraemWjurm1vbNr7u23RZJxTBycsIR3AyQIozFxJJWMdFNOUBQw0gnG16XfeSBc0CS+k3lKvAgNYhpSjKSWfNNWLkYM3ha+cnkE82xcwEuY32e+oqMCuokOl3erVuFT6Pgj6Js1q25NABeJPSM1MEPTNz/dfoKziMQSMyREz7ZS6SnEJcWMFFU3EyRFeIwGpKdpjCIiPDVZrYDHWunDMOH6xBJO1N8JhSIh8ijQkxGSQzHvleJ/Xi+T4YWnaJxmksR4+lCYMSgTWPYE+5QTLFmuCcKc6r9CPEQcYanbrOoS7PmVF0n7tG5bdbt1VmtczeqogENwBE6ADc5BA9yAJnAABo/gGbyCN+PJeDHejY/p6JIxyxyAPzC+fgAABKDS</latexit>

LiEj
<latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit><latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit><latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit><latexit sha1_base64="WkmKTTK2ZrpA2YhPlmqlmuYIupU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE0GVRBBcuKtgHtCFMptN27GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3MO9c4KYM6Ud59sqrayurW+UNytb2zu7e/b+QVtFiSS0RSIeyW6AFeVM0JZmmtNuLCkOA047weQq9zuPVCoWiXudxtQL8UiwISNYG8m3q6gfGT+PZ7dTn6Fr/8G3a07dmQEtE7cgNSjQ9O2v/iAiSUiFJhwr1XOdWHsZlpoRTqeVfqJojMkEj2jPUIFDqrxsdvwUHRtlgIaRNE9oNFN/JzIcKpWGgZkMsR6rRS8X//N6iR5eeBkTcaKpIPNFw4QjHaG8CTRgkhLNU0MwkczcisgYS0y06atiSnAXv7xM2qd116m7d2e1xmVRRxkO4QhOwIVzaMANNKEFBFJ4hld4s56sF+vd+piPlqwiU4U/sD5/AEaSlIM=</latexit>

QiUj
<latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit><latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit><latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit><latexit sha1_base64="RKei4PjpVuSwpwG/Ik4dAUR5Pdg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy5bMG2hDWEynbRjJ5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAwOGce7h3TphyprTjfFulldW19Y3yZmVre2d3z94/aKkkk4R6JOGJ7IRYUc4E9TTTnHZSSXEcctoORzdTv/1ApWKJuNPjlPoxHggWMYK1kQL7CPUS40/jeXMSMOQF9yiwq07NmQEtE7cgVSjQCOyvXj8hWUyFJhwr1XWdVPs5lpoRTieVXqZoiskID2jXUIFjqvx8dv0EnRqlj6JEmic0mqm/EzmOlRrHoZmMsR6qRW8q/ud1Mx1d+TkTaaapIPNFUcaRTtC0CtRnkhLNx4ZgIpm5FZEhlphoU1jFlOAufnmZtM5rrlNzmxfV+nVRRxmO4QTOwIVLqMMtNMADAo/wDK/wZj1ZL9a79TEfLVlF5hD+wPr8AcN/lMI=</latexit>

QiDj
<latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit><latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit><latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit><latexit sha1_base64="PEVhewRqtEz7x4OS/GBlWPoyjpA=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LKoC5ct2Ae0IUymk3bsJBNmJkINxV9x40IRt/6HO//GSZuFth4YOJxzD/fOCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2W0qkktAmEVzIToAV5SymTc00p51EUhwFnLaD0XXutx+oVEzEd3qcUC/Cg5iFjGBtJN8+RD1h/DyeNSY+Qzf+PfLtilN1pkCLxC1IBQrUffur1xckjWisCcdKdV0n0V6GpWaE00m5lyqaYDLCA9o1NMYRVV42vX6CTozSR6GQ5sUaTdXfiQxHSo2jwExGWA/VvJeL/3ndVIeXXsbiJNU0JrNFYcqRFiivAvWZpETzsSGYSGZuRWSIJSbaFFY2JbjzX14krbOq61TdxnmldlXUUYIjOIZTcOECanALdWgCgUd4hld4s56sF+vd+piNLllF5gD+wPr8AamIlLE=</latexit>

H1
<latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit>

Break residual U(1) by H-Singlet
couplings L ⇠

<latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit><latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit><latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit><latexit sha1_base64="/4USZrnwhvTdZ8x8jCmXVKbJDkk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiwcPFewHNLFstpt26e4m7G6UEvo/vHhQxKv/xZv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKK6tr6xvlzcrW9s7uXnX/oK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL7O/c4jVZrF8t5MEhoIPJQsYgQbKz1kPsEc3U6Rr5lA/WrNrbszoGXiFaQGBZr96pc/iEkqqDSEY617npuYIMPKMMLptOKnmiaYjPGQ9iyVWFAdZLOrp+jEKgMUxcqWNGim/p7IsNB6IkLbKbAZ6UUvF//zeqmJLoOMySQ1VJL5oijlyMQojwANmKLE8IklmChmb0VkhBUmxgZVsSF4iy8vk/ZZ3XPr3t15rXFVxFGGIziGU/DgAhpwA01oAQEFz/AKb86T8+K8Ox/z1pJTzBzCHzifP4T0kds=</latexit>

H̃1 or 2
<latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit><latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit><latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit><latexit sha1_base64="8x5Ch5sEolrf5aeZ7YElCKCdLYM=">AAACBnicdVDLSgMxFM3UV62vqksRgkVwIUOmaqfdFd10WcE+oDMMmTRtQzMPkoxQhlm58VfcuFDErd/gzr8xfQgqeuDC4Zx7ufceP+ZMKoQ+jNzS8srqWn69sLG5tb1T3N1ryygRhLZIxCPR9bGknIW0pZjitBsLigOf044/vpr6nVsqJIvCGzWJqRvgYcgGjGClJa946CjG+zRtZF5qQecUpo4IYCQyTcuZVywh0y7XUPUCIhNVarZlT8mZXanUoGWiGUpggaZXfHf6EUkCGirCsZQ9C8XKTbFQjHCaFZxE0hiTMR7SnqYhDqh009kbGTzWSh8OIqErVHCmfp9IcSDlJPB1Z4DVSP72puJfXi9Rg6qbsjBOFA3JfNEg4VBFcJoJ7DNBieITTTARTN8KyQgLTJROrqBD+PoU/k/aZdNCpnV9XqpfLuLIgwNwBE6ABWxQBw3QBC1AwB14AE/g2bg3Ho0X43XemjMWM/vgB4y3TwoymDU=</latexit>

H̃2
<latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit><latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit><latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit><latexit sha1_base64="8THIFTZ6rVE5lU1ko3hR02Paryk=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFSZVm3ZXdNNlBfuANpTJZNIOnTycmRRKyHe4caGIWz/GnX/jpK2gogcuHM65l3vvcWPOpELowyisrW9sbhW3Szu7e/sH5cOjrowSQWiHRDwSfRdLyllIO4opTvuxoDhwOe2505vc782okCwK79Q8pk6AxyHzGcFKS85QMe7RtJWN0mo2KleQaVcbqH4FkYlqDduyc3Jh12oNaJlogQpYoT0qvw+9iCQBDRXhWMqBhWLlpFgoRjjNSsNE0hiTKR7TgaYhDqh00sXRGTzTigf9SOgKFVyo3ydSHEg5D1zdGWA1kb+9XPzLGyTKrzspC+NE0ZAsF/kJhyqCeQLQY4ISxeeaYCKYvhWSCRaYKJ1TSYfw9Sn8n3SrpoVM6/ay0rxexVEEJ+AUnAML2KAJWqANOoCAe/AAnsCzMTMejRfjddlaMFYzx+AHjLdPeBqSjw==</latexit>

H
†
1H2�

<latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit><latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit><latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit><latexit sha1_base64="Z+oMvekzFgh4nKo24b2OksC2yQo=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchSSGtu6KbrqsYB/QxjCZTNqhkwczE6XEfoobF4q49Uvc+TdO2goqeuDC4Zx7ufceP2VUSNP80FZW19Y3Nktb5e2d3b19vXLQFUnGMenghCW87yNBGI1JR1LJSD/lBEU+Iz1/cln4vVvCBU3iazlNiRuhUUxDipFUkqdXWp51MwzQCLY8Gw7bY+rpVdM4b9RspwZNwzTrlm0VxK47Zw60lFKgCpZoe/r7MEhwFpFYYoaEGFhmKt0ccUkxI7PyMBMkRXiCRmSgaIwiItx8fvoMniglgGHCVcUSztXvEzmKhJhGvuqMkByL314h/uUNMhk23JzGaSZJjBeLwoxBmcAiBxhQTrBkU0UQ5lTdCvEYcYSlSqusQvj6FP5PurZhmYZ15VSbF8s4SuAIHINTYIE6aIIWaIMOwOAOPIAn8Kzda4/ai/a6aF3RljOH4Ae0t0+V0pLr</latexit>

Axion fermion couplings fixed by tan�
<latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit><latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit><latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit><latexit sha1_base64="mQwx9/6x6w48aMxuEC/ILfKkEgU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kOaUDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbTSo49U+SFH2q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNqZD3rNU0ZibIJ8fPCVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/Xi/D6DrIhUoz5IotFkWZJJiQ2fdkIDRnKCeWUKaFvZWwEdWUoc2oYkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYxPMMrvDnaeXHenY9Fa8kpZo7hD5zPH9czkGs=</latexit>



Axion effective Lagrangian

• UV models can be described by effective Lagrangian 
well below the PQ scale

solves strong CP problem 
and generates axion mass:

ma ⇡ 6 meV

✓
109 GeV

fa

◆

<latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit><latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit><latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit><latexit sha1_base64="KE4FbSw6z+8rFve208sx5PAaf+s="></latexit> axion photon couplings 
allowing to search for 
axions in helioscopes 
e.g. IAXO

axion fermion couplings 
(in general flavor-violating)

Axion decay constant controls the size
of axion couplings to SM particles 



• Astrophysics provides the strongest lower bounds on 
the axion decay constant

• Light axions efficiently cool neutron stars via  axion 
bremstrasslung off nucleons

• Neutron star cooling and constraints from SN1987A  
set lower bound on                               in minimal 
axion models 

• Cooling rate of White Dwarfs constrains axion-
electron coupling  

Astrophysical constraints on axions

fa & O(109) GeV
<latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit><latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit><latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit><latexit sha1_base64="cApgc9cb9Aykj75wxWUwPWuH+uc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURQd0VXejOCvYBTQyT6aQdOpOEmYlQQr7Bjb/ixoUibl2582+ctFlo64GBwznnMvceP2ZUKsv6NkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/vsz97gMRkkbhnZrExOVoGNKAYqS05Jn1wEPOUOkAh6nDkRphxOBNVrOt+/O6ozXB4RXpZNAzq1bDmgIuErsgVVCg5ZlfziDCCSehwgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXNEScSDednpTBI60MYBAJ/UIFp+rviRRxKSfc18l8aTnv5eJ/Xj9RwZmb0jBOFAnx7KMgYVBFMO8HDqggWLGJJggLqneFeIQEwkq3WNEl2PMnL5LOccO2GvbtSbV5UdRRBgfgENSADU5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+zaMkoZvbBHxifP/AXnFQ=</latexit>

N + N ! N + N + a
<latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit><latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit><latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit><latexit sha1_base64="NXevhaJQn+ucfKUAYbS6750yyBc=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCIJQZEXRZdOOqVLAP6Awlk2ba0ExmSDJCGYobf8WNC0Xc+hXu/BvT6Sy09UDC4Zx7Sc4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GN1O//UClYrG41+OE+hEeCBYygrWRevZh3UNnHqojT8eo4PmNe3bFqTo50CJxC1KBAo2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvZSRRNMRnhAu4YKHFHlZ3mECToxSh+FsTRHaJSrvzcyHCk1jgIzGWE9VPPeVPzP66Y6vPIzJpJUU0FmD4UpRybutA/UZ5ISzceGYCKZ+SsiQywx0aa1sinBnY+8SFrnVdepuncXldp1UUcJjuAYTsGFS6jBLTSgCQQe4Rle4c16sl6sd+tjNrpkFTsH8AfW5w9L/5Qm</latexit>

fa/Ce & 3⇥ 109 GeV
<latexit sha1_base64="tp+1NXvNrcbHng8rUdCfbT6Dh8U=">AAACD3icbVC7SgNBFJ31GeMramkzGBSruKuC2okptIxgHpCNy+zkbhyc2V1m7gphyR/Y+Cs2ForY2tr5N04eha8DA4dzzuXOPWEqhUHX/XSmpmdm5+YLC8XFpeWV1dLaesMkmeZQ54lMdCtkBqSIoY4CJbRSDUyFEprhbXXoN+9AG5HEV9hPoaNYLxaR4AytFJR2ooDtVQPwe2hDih74KBQY6rnXJz7Nfa3oOTQGQansVtwR6F/iTUiZTFALSh9+N+GZghi5ZMa0PTfFTs40Ci5hUPQzAynjt6wHbUtjZpd28tE9A7ptlS6NEm1fjHSkfp/ImTKmr0KbVAxvzG9vKP7ntTOMjju5iNMMIebjRVEmKSZ0WA7tCg0cZd8SxrWwf6X8hmnG0VZYtCV4v0/+Sxr7Fc+teJeH5dOzSR0Fskm2yC7xyBE5JRekRuqEk3vySJ7Ji/PgPDmvzts4OuVMZjbIDzjvX7u1my8=</latexit><latexit sha1_base64="tp+1NXvNrcbHng8rUdCfbT6Dh8U=">AAACD3icbVC7SgNBFJ31GeMramkzGBSruKuC2okptIxgHpCNy+zkbhyc2V1m7gphyR/Y+Cs2ForY2tr5N04eha8DA4dzzuXOPWEqhUHX/XSmpmdm5+YLC8XFpeWV1dLaesMkmeZQ54lMdCtkBqSIoY4CJbRSDUyFEprhbXXoN+9AG5HEV9hPoaNYLxaR4AytFJR2ooDtVQPwe2hDih74KBQY6rnXJz7Nfa3oOTQGQansVtwR6F/iTUiZTFALSh9+N+GZghi5ZMa0PTfFTs40Ci5hUPQzAynjt6wHbUtjZpd28tE9A7ptlS6NEm1fjHSkfp/ImTKmr0KbVAxvzG9vKP7ntTOMjju5iNMMIebjRVEmKSZ0WA7tCg0cZd8SxrWwf6X8hmnG0VZYtCV4v0/+Sxr7Fc+teJeH5dOzSR0Fskm2yC7xyBE5JRekRuqEk3vySJ7Ji/PgPDmvzts4OuVMZjbIDzjvX7u1my8=</latexit><latexit sha1_base64="tp+1NXvNrcbHng8rUdCfbT6Dh8U=">AAACD3icbVC7SgNBFJ31GeMramkzGBSruKuC2okptIxgHpCNy+zkbhyc2V1m7gphyR/Y+Cs2ForY2tr5N04eha8DA4dzzuXOPWEqhUHX/XSmpmdm5+YLC8XFpeWV1dLaesMkmeZQ54lMdCtkBqSIoY4CJbRSDUyFEprhbXXoN+9AG5HEV9hPoaNYLxaR4AytFJR2ooDtVQPwe2hDih74KBQY6rnXJz7Nfa3oOTQGQansVtwR6F/iTUiZTFALSh9+N+GZghi5ZMa0PTfFTs40Ci5hUPQzAynjt6wHbUtjZpd28tE9A7ptlS6NEm1fjHSkfp/ImTKmr0KbVAxvzG9vKP7ntTOMjju5iNMMIebjRVEmKSZ0WA7tCg0cZd8SxrWwf6X8hmnG0VZYtCV4v0/+Sxr7Fc+teJeH5dOzSR0Fskm2yC7xyBE5JRekRuqEk3vySJ7Ji/PgPDmvzts4OuVMZjbIDzjvX7u1my8=</latexit><latexit sha1_base64="tp+1NXvNrcbHng8rUdCfbT6Dh8U=">AAACD3icbVC7SgNBFJ31GeMramkzGBSruKuC2okptIxgHpCNy+zkbhyc2V1m7gphyR/Y+Cs2ForY2tr5N04eha8DA4dzzuXOPWEqhUHX/XSmpmdm5+YLC8XFpeWV1dLaesMkmeZQ54lMdCtkBqSIoY4CJbRSDUyFEprhbXXoN+9AG5HEV9hPoaNYLxaR4AytFJR2ooDtVQPwe2hDih74KBQY6rnXJz7Nfa3oOTQGQansVtwR6F/iTUiZTFALSh9+N+GZghi5ZMa0PTfFTs40Ci5hUPQzAynjt6wHbUtjZpd28tE9A7ptlS6NEm1fjHSkfp/ImTKmr0KbVAxvzG9vKP7ntTOMjju5iNMMIebjRVEmKSZ0WA7tCg0cZd8SxrWwf6X8hmnG0VZYtCV4v0/+Sxr7Fc+teJeH5dOzSR0Fskm2yC7xyBE5JRekRuqEk3vySJ7Ji/PgPDmvzts4OuVMZjbIDzjvX7u1my8=</latexit>



Detecting axions in helioscopes

Large axion-photon couplings excluded 
by astrophysics in minimal models  

fa < 109 GeV
<latexit sha1_base64="1EiagyeF018Z85M9duTzUtfg03w=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0Ae4KLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08xIJPW</latexit><latexit sha1_base64="1EiagyeF018Z85M9duTzUtfg03w=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0Ae4KLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08xIJPW</latexit><latexit sha1_base64="1EiagyeF018Z85M9duTzUtfg03w=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0Ae4KLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08xIJPW</latexit><latexit sha1_base64="1EiagyeF018Z85M9duTzUtfg03w=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0Ae4KLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08xIJPW</latexit>

No signal expected at IAXO unless axion is astrophobic

cajohare.github.io/AxionLimits



Other motivations for astrophobic axions

• Stellar cooling hints

Excessive energy losses have been observed in several 
stellar environments e.g. anomalous cooling of  White 
Dwarfs -> axion explanation typically prefers  

• Axiogenesis 

Baryon asymmetry and dark matter abundance can be 
explained by axion rotation. Minimal models predict 

[Giannotti, Irastorza, Redondo, Ringwald ’16]

[Co, Harigaya  ’19]

fa . 109 GeV
<latexit sha1_base64="buzTRcC5jq5K5jrwGOdjfWxrzZ4=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRgx4r2A9oYthsJ+3S3STsboQSevDiX/HiQRGv/ghv/hu3bQ7a+mDg8d4MM/PClDOlHefbWlpeWV1bL22UN7e2d3btvf2WSjJJoUkTnshOSBRwFkNTM82hk0ogIuTQDodXE7/9AFKxJL7ToxR8Qfoxixgl2kiBXYkC4nFQSjGBXef+wsO5JwW+htY4sKtOzZkCLxK3IFVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6RNjfGSUHo4SaSrWeKr+nsiJUGokQtMpiB6oeW8i/ud1Mx2d+zmL00xDTGeLooxjneBJIrjHJFDNR4YQKpm5FdMBkYRqk1vZhODOv7xIWic116m5t6fV+mURRwlV0CE6Ri46Q3V0gxqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDMKCXJA==</latexit><latexit sha1_base64="buzTRcC5jq5K5jrwGOdjfWxrzZ4=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRgx4r2A9oYthsJ+3S3STsboQSevDiX/HiQRGv/ghv/hu3bQ7a+mDg8d4MM/PClDOlHefbWlpeWV1bL22UN7e2d3btvf2WSjJJoUkTnshOSBRwFkNTM82hk0ogIuTQDodXE7/9AFKxJL7ToxR8Qfoxixgl2kiBXYkC4nFQSjGBXef+wsO5JwW+htY4sKtOzZkCLxK3IFVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6RNjfGSUHo4SaSrWeKr+nsiJUGokQtMpiB6oeW8i/ud1Mx2d+zmL00xDTGeLooxjneBJIrjHJFDNR4YQKpm5FdMBkYRqk1vZhODOv7xIWic116m5t6fV+mURRwlV0CE6Ri46Q3V0gxqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDMKCXJA==</latexit><latexit sha1_base64="buzTRcC5jq5K5jrwGOdjfWxrzZ4=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRgx4r2A9oYthsJ+3S3STsboQSevDiX/HiQRGv/ghv/hu3bQ7a+mDg8d4MM/PClDOlHefbWlpeWV1bL22UN7e2d3btvf2WSjJJoUkTnshOSBRwFkNTM82hk0ogIuTQDodXE7/9AFKxJL7ToxR8Qfoxixgl2kiBXYkC4nFQSjGBXef+wsO5JwW+htY4sKtOzZkCLxK3IFVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6RNjfGSUHo4SaSrWeKr+nsiJUGokQtMpiB6oeW8i/ud1Mx2d+zmL00xDTGeLooxjneBJIrjHJFDNR4YQKpm5FdMBkYRqk1vZhODOv7xIWic116m5t6fV+mURRwlV0CE6Ri46Q3V0gxqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDMKCXJA==</latexit><latexit sha1_base64="buzTRcC5jq5K5jrwGOdjfWxrzZ4=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVBIR1FvRgx4r2A9oYthsJ+3S3STsboQSevDiX/HiQRGv/ghv/hu3bQ7a+mDg8d4MM/PClDOlHefbWlpeWV1bL22UN7e2d3btvf2WSjJJoUkTnshOSBRwFkNTM82hk0ogIuTQDodXE7/9AFKxJL7ToxR8Qfoxixgl2kiBXYkC4nFQSjGBXef+wsO5JwW+htY4sKtOzZkCLxK3IFVUoBHYX14voZmAWFNOlOq6Tqr9nEjNKIdx2csUpIQOSR+6hsZEgPLz6RNjfGSUHo4SaSrWeKr+nsiJUGokQtMpiB6oeW8i/ud1Mx2d+zmL00xDTGeLooxjneBJIrjHJFDNR4YQKpm5FdMBkYRqk1vZhODOv7xIWic116m5t6fV+mURRwlV0CE6Ri46Q3V0gxqoiSh6RM/oFb1ZT9aL9W59zFqXrGLmAP2B9fkDMKCXJA==</latexit>

fa 2 (106, 107) GeV
<latexit sha1_base64="+L319CMXHtTMpIMQ5Mrl40AC6ks=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgVpCQifeyKLnRZwT6gU0smzbTBTGZIMkIZunPjr7hxoYhbf8Gdf2OmraCiB+7lcM69JPd4keDaIPThzM0vLC4tZ1ayq2vrG5u5re2mDmNFWYOGIlRtj2gmuGQNw41g7UgxEniCtbybs9Rv3TKleSivzChi3YAMJPc5JcZKvdye3yMul7CA0XXpCNpePnRh4qoAnrPmuJfLoyJCCGMMU4LLJWRJtVo5xhWIU8siD2ao93Lvbj+kccCkoYJo3cEoMt2EKMOpYOOsG2sWEXpDBqxjqSQB091kcscYHlilD/1Q2ZIGTtTvGwkJtB4Fnp0MiBnq314q/uV1YuNXugmXUWyYpNOH/FhAE8I0FNjnilEjRpYQqrj9K6RDogg1NrqsDeHrUvg/aR4XMSriy5N87XQWRwbsgn1QABiUQQ1cgDpoAAruwAN4As/OvfPovDiv09E5Z7azA37AefsEBAmW3w==</latexit><latexit sha1_base64="+L319CMXHtTMpIMQ5Mrl40AC6ks=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgVpCQifeyKLnRZwT6gU0smzbTBTGZIMkIZunPjr7hxoYhbf8Gdf2OmraCiB+7lcM69JPd4keDaIPThzM0vLC4tZ1ayq2vrG5u5re2mDmNFWYOGIlRtj2gmuGQNw41g7UgxEniCtbybs9Rv3TKleSivzChi3YAMJPc5JcZKvdye3yMul7CA0XXpCNpePnRh4qoAnrPmuJfLoyJCCGMMU4LLJWRJtVo5xhWIU8siD2ao93Lvbj+kccCkoYJo3cEoMt2EKMOpYOOsG2sWEXpDBqxjqSQB091kcscYHlilD/1Q2ZIGTtTvGwkJtB4Fnp0MiBnq314q/uV1YuNXugmXUWyYpNOH/FhAE8I0FNjnilEjRpYQqrj9K6RDogg1NrqsDeHrUvg/aR4XMSriy5N87XQWRwbsgn1QABiUQQ1cgDpoAAruwAN4As/OvfPovDiv09E5Z7azA37AefsEBAmW3w==</latexit><latexit sha1_base64="+L319CMXHtTMpIMQ5Mrl40AC6ks=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgVpCQifeyKLnRZwT6gU0smzbTBTGZIMkIZunPjr7hxoYhbf8Gdf2OmraCiB+7lcM69JPd4keDaIPThzM0vLC4tZ1ayq2vrG5u5re2mDmNFWYOGIlRtj2gmuGQNw41g7UgxEniCtbybs9Rv3TKleSivzChi3YAMJPc5JcZKvdye3yMul7CA0XXpCNpePnRh4qoAnrPmuJfLoyJCCGMMU4LLJWRJtVo5xhWIU8siD2ao93Lvbj+kccCkoYJo3cEoMt2EKMOpYOOsG2sWEXpDBqxjqSQB091kcscYHlilD/1Q2ZIGTtTvGwkJtB4Fnp0MiBnq314q/uV1YuNXugmXUWyYpNOH/FhAE8I0FNjnilEjRpYQqrj9K6RDogg1NrqsDeHrUvg/aR4XMSriy5N87XQWRwbsgn1QABiUQQ1cgDpoAAruwAN4As/OvfPovDiv09E5Z7azA37AefsEBAmW3w==</latexit><latexit sha1_base64="+L319CMXHtTMpIMQ5Mrl40AC6ks=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgVpCQifeyKLnRZwT6gU0smzbTBTGZIMkIZunPjr7hxoYhbf8Gdf2OmraCiB+7lcM69JPd4keDaIPThzM0vLC4tZ1ayq2vrG5u5re2mDmNFWYOGIlRtj2gmuGQNw41g7UgxEniCtbybs9Rv3TKleSivzChi3YAMJPc5JcZKvdye3yMul7CA0XXpCNpePnRh4qoAnrPmuJfLoyJCCGMMU4LLJWRJtVo5xhWIU8siD2ao93Lvbj+kccCkoYJo3cEoMt2EKMOpYOOsG2sWEXpDBqxjqSQB091kcscYHlilD/1Q2ZIGTtTvGwkJtB4Fnp0MiBnq314q/uV1YuNXugmXUWyYpNOH/FhAE8I0FNjnilEjRpYQqrj9K6RDogg1NrqsDeHrUvg/aR4XMSriy5N87XQWRwbsgn1QABiUQQ1cgDpoAAruwAN4As/OvfPovDiv09E5Z7azA37AefsEBAmW3w==</latexit>



• SN1987A and NS bounds can be relaxed if axion 
nucleon coupling is suppressed which happens for

• Nucleophobia realised in DFSZ-like models with 
non-universal PQ charges 

Nucleophobia ⇒ flavor-violating axion couplings!

Nucleophobic axion models

Cu + Cd = 1
<latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit><latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit><latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit><latexit sha1_base64="Nr1lkhXEdHCbyAQb8s3Mc/uj2ws=">AAAB8XicbVBNS8NAEJ31s9avqkcvi0UQhJKIoBeh2IvHCvYD2xA2m027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOskU5S1aCIS1Q2IZoJL1jLcCNZNFSNxIFgnGDWmfueJKc0T+WDGKfNiMpA84pQYKz02/Oy84Yc3LvYrVafmzICXiVuQKhRo+pWvfpjQLGbSUEG07rlOarycKMOpYJNyP9MsJXREBqxnqSQx014+u3iCT60S4ihRtqTBM/X3RE5ircdxYDtjYoZ60ZuK/3m9zETXXs5lmhkm6XxRlAlsEjx9H4dcMWrE2BJCFbe3YjokilBjQyrbENzFl5dJ+6LmOjX3/rJavy3iKMExnMAZuHAFdbiDJrSAgoRneIU3pNELekcf89YVVMwcwR+gzx/Xco+0</latexit>

Cu ⇡ 2/3
<latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit><latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit><latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit><latexit sha1_base64="4uDjEVt8Vf6MsI4poEN/LTik3LY=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5pUQZfFblxWsA9oQ5hMJ+3QyWSYh1hDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeSDCqtOd9O4W19Y3NreJ2aWd3b7/sHhy2VWokJi2cslR2I6QIo5y0NNWMdIUkKIkY6UTjxszvPBCpaMrv9USQIEFDTmOKkbZS6JYboekjIWT6CGvnFzB0K17VmwOuEj8nFZCjGbpf/UGKTUK4xgwp1fM9oYMMSU0xI9NS3ygiEB6jIelZylFCVJDND5/CU6sMYJxKW1zDufp7IkOJUpMksp0J0iO17M3E/7ye0fF1kFEujCYcLxbFhkGdwlkKcEAlwZpNLEFYUnsrxCMkEdY2q5INwV9+eZW0a1Xfq/p3l5X6TR5HERyDE3AGfHAF6uAWNEELYGDAM3gFb86T8+K8Ox+L1oKTzxyBP3A+fwA5tJIi</latexit>

[Di Luzio, Mescia, Nardi, Panci, Ziegler ’17]



Nucleophobic Non-universal DFSZ models
Generalized DFSZ-type models:

Have non-trivial transition to mass basis

depend on 2 misalignment parameters in each sector

✏fij ⌘ (Vf )
⇤
i3(Vf )j3

<latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit><latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit><latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit><latexit sha1_base64="ILwYgqb/vkojuYz+tArd59215TI="></latexit>

Xf = diag(X1, X1, X3) ! V †
f XfVf = X1�ij + (X3 �X1) ✏

f
ij

<latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit><latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit><latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit><latexit sha1_base64="URADWtwOf1yTR881+31zab1Siiw="></latexit>

0  ✏fii  1
<latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit><latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit><latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit><latexit sha1_base64="gqhL9bPnMvtr/PhjQXK3cL16Qro="></latexit>

X

i

✏fii = 1
<latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit><latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit><latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit><latexit sha1_base64="vssO2+SzraZwQubdlAvuSjBAQNg="></latexit>

Cf
ii = X1 + (X3 �X1)✏

f
ii

<latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit><latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit><latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit><latexit sha1_base64="MsFG2jkYwybvbDQPNF1fYnAjtW8="></latexit>

|Cf
i 6=j | = |X3 �X1|

q
✏fii✏

f
jj

<latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit><latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit><latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit><latexit sha1_base64="tHC0kPe+tJXNNX+Sji46fB/Z2LE="></latexit>

f = uL, uR, dL, dR
<latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit><latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit><latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit><latexit sha1_base64="ezTcvEmDLc72WFjW9GPEd6u5do4=">AAACF3icbZDLSsNAFIYn9VbrLV52bgaL4KKURATdCEU3LlzUYi/QhjCZTNqhk0yYi1BDH8SdW30Jd+LWpe/gQzhts9DWAzN8/P85cM4fpIxK5ThfVmFpeWV1rbhe2tjc2t6xd/dakmuBSRNzxkUnQJIwmpCmooqRTioIigNG2sHweuK3H4iQlCf3apQSL0b9hEYUI2Uk3z6ILqH2byvab1RgaMB8Dd8uO1VnWnAR3BzKIK+6b3/3Qo51TBKFGZKy6zqp8jIkFMWMjEs9LUmK8BD1SddggmIivWy6/RgeGyWEERfmJQpO1d8TGYqlHMWB6YyRGsh5byL+6wUBZ+F/Tler6MLLaJJqRRI8WyHSDCoOJyHBkAqCFRsZQFhQcwXEAyQQVibKkonHnQ9jEVqnVdepundn5dpVHlQRHIIjcAJccA5q4AbUQRNg8AiewQt4tZ6sN+vd+pi1Fqx8Zh/8KevzB2CYndw=</latexit>

PQ charges universal only for two generations

⇠fij
<latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit>

⇠fij
<latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit><latexit sha1_base64="mseOkd7lUulW/9kCSvZIHBxanb8=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6MZlBfvAdiyZNNPGZjJDkhHL0L9w40IRt/6NO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW374/PMb99RqVgkrvQkpl6Ih4IFjGBtpOvePeun7HZ6E/SLJWSf1ipltwKRjVDVKTsZKVfdExc6RslQAgs0+sX33iAiSUiFJhwr1XVQrL0US80Ip9NCL1E0xmSMh7RrqMAhVV46u3gKj4wygEEkTQkNZ+r3iRSHSk1C33SGWI/Uby8T//K6iQ5qXspEnGgqyHxRkHCoI5i9DwdMUqL5xBBMJDO3QjLCEhNtQiqYEL4+hf+TVtl2kO1cuqX62SKOPDgAh+AYOKAK6uACNEATECDAA3gCz5ayHq0X63XemrMWM/vgB6y3T0EOkUs=</latexit>

⇠fii
<latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit>

⇠fii
<latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit>

⇠fii
<latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit><latexit sha1_base64="M9jL10RFPbPZllyNgt5QPMDvcnk=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9sY5lMJ+3QySTMTMQS+hduXCji1r9x5984aSuo6IELh3Pu5d57goQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+S8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB+CL323dUKhaLaz1JqB/hoWAhI1gb6aZ3z/oZY9PbsF8qI/usVnG9CkQ2QlXHdXLiVr1TDzpGyVEGCzT6pffeICZpRIUmHCvVdVCi/QxLzQin02IvVTTBZIyHtGuowBFVfja7eAqPjTKAYSxNCQ1n6veJDEdKTaLAdEZYj9RvLxf/8rqpDmt+xkSSairIfFGYcqhjmL8PB0xSovnEEEwkM7dCMsISE21CKpoQvj6F/5OWazvIdq68cv18EUcBHIIjcAIcUAV1cAkaoAkIEOABPIFnS1mP1ov1Om9dshYzB+AHrLdPP4eRSg==</latexit>

|⇠fij | =
q

⇠fii⇠
f
jj

<latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit><latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit><latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit><latexit sha1_base64="LiDPaW/TpFp0/BvLPS7tB+nXXys="></latexit>

|⇠fij |
<latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit><latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit><latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit><latexit sha1_base64="BBcI4O9zd2xFDdceu3y0MQcXvF0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZIY2rorunFZwT6giWUynbSjk0mYmYgl7W+4caGIW3/GnX/jpK2gogcuHM65l3vvCRJGpbKsD6OwtLyyulZcL21sbm3vlHf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJbs9zv3NHhKQxv1LjhPgRGnIaUoyUlryJd0/7Gb2ZXoeTfrlimaf1quNWoWVaVs127Jw4NffEhbZWclTAAs1++d0bxDiNCFeYISl7tpUoP0NCUczItOSlkiQI36Ih6WnKUUSkn81unsIjrQxgGAtdXMGZ+n0iQ5GU4yjQnRFSI/nby8W/vF6qwrqfUZ6kinA8XxSmDKoY5gHAARUEKzbWBGFB9a0Qj5BAWOmYSjqEr0/h/6TtmLZl2pdupXG2iKMIDsAhOAY2qIEGuABN0AIYJOABPIFnIzUejRfjdd5aMBYz++AHjLdPDHmSVw==</latexit>

, eL, eR
<latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit><latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit><latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit><latexit sha1_base64="qNX81QxO2KetO/bKknwdJcvBz0A=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsJNyJoGXQxsIiivmA5Ah7m7lkyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XaWlldW19YLG8XNre2d3dLefkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw+uJ33xCpXksH8woQT+ifclDzqixUusUu7e27rulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDSz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0ziqeW/HuzsvVqzyOAhzCEZyABxdQhRuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDAkyPSA==</latexit>

Generically flavor-violating axion couplings



• Nucleophobia realised for 

• For                      bounds from SN1987A and WD cooling enforce 
flavor violation 

• IAXO will probe the entire region explaining cooling anomalies          
even up to 

Axion phenomenology

Model Q4E1
IAXO
IAXO+
cooling hint
SN1987A
HESS J1731-347

0.1 0.5 1 5 10

0.2

0.4

0.6

0.8

1.0

tanβ

ξ 1
1

fa = 10 9
GeV

fa = 109 GeV

f a
=
10

8
G
eV

f a
=
10

8
G
eV

f a
=
10

9
G
eV

f a
=
10

9
G
eV

f a
=
10

8
G
eV

fa =
10 8

G
eV

fa = 109 GeV

(⇠11 6= 0)
<latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit><latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit><latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit><latexit sha1_base64="amvf0MaVEVbZj5wgPHJYH7oJvZc=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRahXkpSxLa3ohePFWwtdJeSTdM2NJtdk2yxLP0nXjwo4tV/4s1/Y7atoKIPBh7vzTAzL4gF1wahDye3srq2vpHfLGxt7+zuufsHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsNxpeZfzthSvNI3phpzPyQDCUfcEqMlXquW/LueS/FeOZJdgfRac8tojJCCGMMM4Kr58iSer1WwTWIM8uiCJZo9tx3rx/RJGTSUEG07mIUGz8lynAq2KzgJZrFhI7JkHUtlSRk2k/nl8/giVX6cBApW9LAufp9IiWh1tMwsJ0hMSP928vEv7xuYgY1P+UyTgyTdLFokAhoIpjFAPtcMWrE1BJCFbe3QjoiilBjwyrYEL4+hf+TdqWMURlfnxUbF8s48uAIHIMSwKAKGuAKNEELUDABD+AJPDup8+i8OK+L1pyznDkEP+C8fQIw6pK4</latexit>

fa = 108 GeV
<latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit><latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit><latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit><latexit sha1_base64="Ge4s7s2JHd8VnAgGkp5KqE3juLU=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuSlLEtguh6EKXFewDOuOQSTNtaOZBkhGGof6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8WXGmEPqyl5ZXVtfXCRnFza3tnt7S331VRIinr0EhEsu8RxQQPWUdzLVg/lowEnmA9b3KR+707JhWPwhudxswJyCjkPqdEG8ktlX2XnGF027BhZssAXrLu1C1VUBUhhDGGOcH1U2RIs9mo4QbEuWVQAQu03dK7PYxoErBQU0GUGmAUaycjUnMq2LRoJ4rFhE7IiA0MDUnAlJPNjp/CI6MMoR9JU6GGM/X7REYCpdLAM50B0WP128vFv7xBov2Gk/EwTjQL6XyRnwioI5gnAYdcMqpFagihkptbIR0TSag2eRVNCF+fwv9Jt1bFqIqvTyqt80UcBXAADsExwKAOWuAKtEEHUJCCB/AEnq1769F6sV7nrUvWYqYMfsB6+wQeC5PK</latexit>

fa = 109 GeV
<latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit><latexit sha1_base64="QSBpw8F9H4lhFFa23+HYDUFqQ5Q=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmTq0MdCKLrQZQX7gHYcMmmmDc08SDJCGeqvuHGhiFs/xJ1/Y6atoKIHLhzOuZd77/FizqRC6MPIrayurW/kNwtb2zu7e+b+QUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vclF5nfvqJAsCm/UNKZOgEch8xnBSkuuWfRdfGah28YApgMRwEvamblmCZUb9WrFrkJURqhmVayMVGr2qQ0trWQogSVarvk+GEYkCWioCMdS9i0UKyfFQjHC6awwSCSNMZngEe1rGuKASiedHz+Dx1oZQj8SukIF5+r3iRQHUk4DT3cGWI3lby8T//L6ifLrTsrCOFE0JItFfsKhimCWBBwyQYniU00wEUzfCskYC0yUzqugQ/j6FP5POpWyhcrWtV1qni/jyINDcAROgAVqoAmuQAu0AQFT8ACewLNxbzwaL8brojVnLGeK4AeMt08ys5PX</latexit>

tan� ⇡ 1/
p
2

<latexit sha1_base64="59ovG+yrY3EbRjZAQWPZaRrRIUc=">AAACBHicdVA9SwNBEN3z2/gVtbRZDIJVvDtDErugjaWC0UAuhLnNRhf39s7dOTEcKWz8KzYWitj6I+z8N+7FCCr6YODx3gwz88JECoOu++5MTE5Nz8zOzRcWFpeWV4qra6cmTjXjTRbLWLdCMFwKxZsoUPJWojlEoeRn4eVB7p9dc21ErE5wkPBOBOdK9AUDtFK3uBEgqCDkCAEkiY5vqLcTmCuNmT/sFktuea9e9StV6pZdt+b5Xk78WmW3Qj2r5CiRMY66xbegF7M04gqZBGPanptgJwONgkk+LASp4QmwSzjnbUsVRNx0stETQ7pllR7tx9qWQjpSv09kEBkziELbGQFemN9eLv7ltVPs1zuZUEmKXLHPRf1UUoxpngjtCc0ZyoElwLSwt1J2ARoY2twKNoSvT+n/5NQve27ZO66UGvvjOObIBtkk28QjNdIgh+SINAkjt+SePJIn5855cJ6dl8/WCWc8s05+wHn9AAmGmFg=</latexit><latexit sha1_base64="59ovG+yrY3EbRjZAQWPZaRrRIUc=">AAACBHicdVA9SwNBEN3z2/gVtbRZDIJVvDtDErugjaWC0UAuhLnNRhf39s7dOTEcKWz8KzYWitj6I+z8N+7FCCr6YODx3gwz88JECoOu++5MTE5Nz8zOzRcWFpeWV4qra6cmTjXjTRbLWLdCMFwKxZsoUPJWojlEoeRn4eVB7p9dc21ErE5wkPBOBOdK9AUDtFK3uBEgqCDkCAEkiY5vqLcTmCuNmT/sFktuea9e9StV6pZdt+b5Xk78WmW3Qj2r5CiRMY66xbegF7M04gqZBGPanptgJwONgkk+LASp4QmwSzjnbUsVRNx0stETQ7pllR7tx9qWQjpSv09kEBkziELbGQFemN9eLv7ltVPs1zuZUEmKXLHPRf1UUoxpngjtCc0ZyoElwLSwt1J2ARoY2twKNoSvT+n/5NQve27ZO66UGvvjOObIBtkk28QjNdIgh+SINAkjt+SePJIn5855cJ6dl8/WCWc8s05+wHn9AAmGmFg=</latexit><latexit sha1_base64="59ovG+yrY3EbRjZAQWPZaRrRIUc=">AAACBHicdVA9SwNBEN3z2/gVtbRZDIJVvDtDErugjaWC0UAuhLnNRhf39s7dOTEcKWz8KzYWitj6I+z8N+7FCCr6YODx3gwz88JECoOu++5MTE5Nz8zOzRcWFpeWV4qra6cmTjXjTRbLWLdCMFwKxZsoUPJWojlEoeRn4eVB7p9dc21ErE5wkPBOBOdK9AUDtFK3uBEgqCDkCAEkiY5vqLcTmCuNmT/sFktuea9e9StV6pZdt+b5Xk78WmW3Qj2r5CiRMY66xbegF7M04gqZBGPanptgJwONgkk+LASp4QmwSzjnbUsVRNx0stETQ7pllR7tx9qWQjpSv09kEBkziELbGQFemN9eLv7ltVPs1zuZUEmKXLHPRf1UUoxpngjtCc0ZyoElwLSwt1J2ARoY2twKNoSvT+n/5NQve27ZO66UGvvjOObIBtkk28QjNdIgh+SINAkjt+SePJIn5855cJ6dl8/WCWc8s05+wHn9AAmGmFg=</latexit><latexit sha1_base64="59ovG+yrY3EbRjZAQWPZaRrRIUc=">AAACBHicdVA9SwNBEN3z2/gVtbRZDIJVvDtDErugjaWC0UAuhLnNRhf39s7dOTEcKWz8KzYWitj6I+z8N+7FCCr6YODx3gwz88JECoOu++5MTE5Nz8zOzRcWFpeWV4qra6cmTjXjTRbLWLdCMFwKxZsoUPJWojlEoeRn4eVB7p9dc21ErE5wkPBOBOdK9AUDtFK3uBEgqCDkCAEkiY5vqLcTmCuNmT/sFktuea9e9StV6pZdt+b5Xk78WmW3Qj2r5CiRMY66xbegF7M04gqZBGPanptgJwONgkk+LASp4QmwSzjnbUsVRNx0stETQ7pllR7tx9qWQjpSv09kEBkziELbGQFemN9eLv7ltVPs1zuZUEmKXLHPRf1UUoxpngjtCc0ZyoElwLSwt1J2ARoY2twKNoSvT+n/5NQve27ZO66UGvvjOObIBtkk28QjNdIgh+SINAkjt+SePJIn5855cJ6dl8/WCWc8s05+wHn9AAmGmFg=</latexit>



• If the second Higgs mass ~1 TeV flavor-violating  decays of 
the SM-like Higgs possible:                       

• Higgs muon coupling       larger than in the SM by up to 20%

Higgs-axion interplay
fa = 108 GeV

<latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit><latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit><latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit><latexit sha1_base64="QMNxt2klfLbt6U9HyR9vtz3GjeY=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUkNbV0IRRe6rGAf0MQymU7aoZMHMxMhhPorblwo4tYPceffOGkrqOiBC4dz7uXee7yYM6kQ+jCWlldW19YLG8XNre2dXXNvvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi97t3VEgWhTcqjakb4FHIfEaw0tLALPkDfGah24YDM0cE8JJ2pgOzjCqnjVrVrkFUQahuVa2cVOv2iQ0treQogwVaA/PdGUYkCWioCMdS9i0UKzfDQjHC6bToJJLGmEzwiPY1DXFApZvNjp/CI60MoR8JXaGCM/X7RIYDKdPA050BVmP528vFv7x+ovyGm7EwThQNyXyRn3CoIpgnAYdMUKJ4qgkmgulbIRljgYnSeRV1CF+fwv9Jp1qxUMW6tsvN80UcBXAADsExsEAdNMEVaIE2ICAFD+AJPBv3xqPxYrzOW5eMxUwJ/IDx9gkxJJPW</latexit>

BR(h ! ⌧e) ⇠ O(0.1)%
<latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit><latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit><latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit><latexit sha1_base64="YO2WoZUepOI7mLsUHyQqvOt7SWw=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboKl0C4sMyLostSNO6vYWmiGkkkzbWgyMyQZoQx9Cje+ihsXirgVd76NmXYW2nogcDj3XnLv58ecKe0431ZhZXVtfaO4Wdra3tnds/cPOipKJKFtEvFIdn2sKGchbWumOe3GkmLhc3rvjy+z+v0DlYpF4Z2exNQTeBiygBGsTdS3T1IkBWzeTqsjpCOINE4grSHFBEyRwHpEMIfX06pTd2uo0rfLTt2ZCS4bNzdlkKvVt7/QICKJoKEmHCvVc51YeymWmhFOpyWUKBpjMsZD2jM2xIIqL52dNYUVkwxgEEnzQg1n6e+JFAulJsI3ndmmarGWhf/VeokOLryUhXGiaUjmHwUJhwZAxggOmKRE84kxmEhmdoVkhCUm2pAsGQju4snLpnNadw20m7Nyo5njKIIjcAyqwAXnoAGuQAu0AQGP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz8GWJ1a</latexit>

µ
<latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit><latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit><latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit><latexit sha1_base64="xBxNWrmiVZElWqqXqdIOJe5gcPI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad2lzKbZtvQJBuSrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxmAoZ5K2LLOcdpWmIGJOO/H4duZ3nqg2LJUPdqJoJGAoWcIIWCc9hmNQCvqhyPrVml/358CrJChIDRVo9qtf4SAlmaDSEg7G9AJf2SgHbRnhdFoJM0MVkDEMac9RCYKaKJ9fPMVnThngJNWupMVz9fdEDsKYiYhdpwA7MsveTPzP62U2uY5yJlVmqSSLRUnGsU3x7H08YJoSyyeOANHM3YrJCDQQ60KquBCC5ZdXSfuiHvj14P6y1rgp4iijE3SKzlGArlAD3aEmaiGCJHpGr+jNM96L9+59LFpLXjFzjP7A+/wBp/eQ5A==</latexit>



Natural Astrophobic Axion

• Non-universal DFSZ-like models with 2 Higgs 
doublets (2HDM) require tuning of parameters to 
suppress axion couplings to nucleons and electrons 

• Astrophobia can be realised without tuning for a 
specific PQ charge assignment for the SM fermions:

Cu = 2/3 Cd = 1/3
<latexit sha1_base64="X9URPGeFcsOHBhu6e7X80FUDT+s=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KpNWkE3hWI3LivYB7QhTCbTduhkEuchlNCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HtPkDAqleN8W7m19Y3Nrfx2YWd3b//APjxqy1gLTFo4ZrHoBkgSRjlpKaoY6SaCoChgpBOMGzO/80iEpDG/V5OEeBEacjqgGCkj+fZJw9c1WClXYf9BoxA2/LAG3XLVt4tOyZkDrhI3I0WQoenbX/0wxjoiXGGGpOy5TqK8FAlFMSPTQl9LkiA8RkPSM5SjiEgvnT8whedGCeEgFqa4gnP190SKIiknUWA6I6RGctmbif95Pa0G115KeaIV4XixaKAZVDGcpQFDKghWbGIIwoKaWyEeIYGwMpkVTAju8surpF0puU7Jvbss1m+yOPLgFJyBC+CCK1AHt6AJWgCDKXgGr+DNerJerHfrY9Gas7KZY/AH1ucPn2+T1g==</latexit><latexit sha1_base64="X9URPGeFcsOHBhu6e7X80FUDT+s=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KpNWkE3hWI3LivYB7QhTCbTduhkEuchlNCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HtPkDAqleN8W7m19Y3Nrfx2YWd3b//APjxqy1gLTFo4ZrHoBkgSRjlpKaoY6SaCoChgpBOMGzO/80iEpDG/V5OEeBEacjqgGCkj+fZJw9c1WClXYf9BoxA2/LAG3XLVt4tOyZkDrhI3I0WQoenbX/0wxjoiXGGGpOy5TqK8FAlFMSPTQl9LkiA8RkPSM5SjiEgvnT8whedGCeEgFqa4gnP190SKIiknUWA6I6RGctmbif95Pa0G115KeaIV4XixaKAZVDGcpQFDKghWbGIIwoKaWyEeIYGwMpkVTAju8surpF0puU7Jvbss1m+yOPLgFJyBC+CCK1AHt6AJWgCDKXgGr+DNerJerHfrY9Gas7KZY/AH1ucPn2+T1g==</latexit><latexit sha1_base64="X9URPGeFcsOHBhu6e7X80FUDT+s=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KpNWkE3hWI3LivYB7QhTCbTduhkEuchlNCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HtPkDAqleN8W7m19Y3Nrfx2YWd3b//APjxqy1gLTFo4ZrHoBkgSRjlpKaoY6SaCoChgpBOMGzO/80iEpDG/V5OEeBEacjqgGCkj+fZJw9c1WClXYf9BoxA2/LAG3XLVt4tOyZkDrhI3I0WQoenbX/0wxjoiXGGGpOy5TqK8FAlFMSPTQl9LkiA8RkPSM5SjiEgvnT8whedGCeEgFqa4gnP190SKIiknUWA6I6RGctmbif95Pa0G115KeaIV4XixaKAZVDGcpQFDKghWbGIIwoKaWyEeIYGwMpkVTAju8surpF0puU7Jvbss1m+yOPLgFJyBC+CCK1AHt6AJWgCDKXgGr+DNerJerHfrY9Gas7KZY/AH1ucPn2+T1g==</latexit><latexit sha1_base64="X9URPGeFcsOHBhu6e7X80FUDT+s=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KpNWkE3hWI3LivYB7QhTCbTduhkEuchlNCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HtPkDAqleN8W7m19Y3Nrfx2YWd3b//APjxqy1gLTFo4ZrHoBkgSRjlpKaoY6SaCoChgpBOMGzO/80iEpDG/V5OEeBEacjqgGCkj+fZJw9c1WClXYf9BoxA2/LAG3XLVt4tOyZkDrhI3I0WQoenbX/0wxjoiXGGGpOy5TqK8FAlFMSPTQl9LkiA8RkPSM5SjiEgvnT8whedGCeEgFqa4gnP190SKIiknUWA6I6RGctmbif95Pa0G115KeaIV4XixaKAZVDGcpQFDKghWbGIIwoKaWyEeIYGwMpkVTAju8surpF0puU7Jvbss1m+yOPLgFJyBC+CCK1AHt6AJWgCDKXgGr+DNerJerHfrY9Gas7KZY/AH1ucPn2+T1g==</latexit>

axion-nucleon couplings naturally suppressed!



                       is consistent  
with the NS cooling bound

Natural Astrophobic Axion, precisely

fa ⇠ O(107) GeV
<latexit sha1_base64="q8PUZngTZn5zS/VLMkBdpCsXksQ="></latexit><latexit sha1_base64="q8PUZngTZn5zS/VLMkBdpCsXksQ="></latexit><latexit sha1_base64="q8PUZngTZn5zS/VLMkBdpCsXksQ="></latexit><latexit sha1_base64="q8PUZngTZn5zS/VLMkBdpCsXksQ="></latexit>

(fa ⇠ O(106) GeV if mu/md ⇡ 0.49)
<latexit sha1_base64="iDq6E3PSEHRhdYVFklKIn1T3T4A="></latexit><latexit sha1_base64="iDq6E3PSEHRhdYVFklKIn1T3T4A="></latexit><latexit sha1_base64="iDq6E3PSEHRhdYVFklKIn1T3T4A="></latexit><latexit sha1_base64="iDq6E3PSEHRhdYVFklKIn1T3T4A="></latexit>



UV complete Natural Astrophobic Axion

Natural astrophobic axion is obtained e.g. in DFSZ-like 
models with 3 Higgs doublets:

All SM fermions except up and down

ydQ̄d
<latexit sha1_base64="mxyqbtxHdDikpBsJW9r8X8E1F3A=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7AekoWw2m3bpZjfsboQQ+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp2WmCO0SyaUahFhTzgTtGmY4HaSK4iTktB9O7+d+/4kqzaR4NHlKgwSPBYsZwcZKfj6KhiFWRWcWjeoNt+kugNaJV5IGlGiP6l/DSJIsocIQjrX2PTc1QYGVYYTTWW2YaZpiMsVj6lsqcEJ1UCxOnqELq0QolsqWMGih/p4ocKJ1noS2M8Fmole9ufif52cmvg0KJtLMUEGWi+KMIyPR/H8UMUWJ4bklmChmb0VkghUmxqZUsyF4qy+vk95V03ObXue60bor46jCGZzDJXhwAy14gDZ0gYCEZ3iFN8c4L86787FsrTjlzCn8gfP5A4E5kWI=</latexit><latexit sha1_base64="mxyqbtxHdDikpBsJW9r8X8E1F3A=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7AekoWw2m3bpZjfsboQQ+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp2WmCO0SyaUahFhTzgTtGmY4HaSK4iTktB9O7+d+/4kqzaR4NHlKgwSPBYsZwcZKfj6KhiFWRWcWjeoNt+kugNaJV5IGlGiP6l/DSJIsocIQjrX2PTc1QYGVYYTTWW2YaZpiMsVj6lsqcEJ1UCxOnqELq0QolsqWMGih/p4ocKJ1noS2M8Fmole9ufif52cmvg0KJtLMUEGWi+KMIyPR/H8UMUWJ4bklmChmb0VkghUmxqZUsyF4qy+vk95V03ObXue60bor46jCGZzDJXhwAy14gDZ0gYCEZ3iFN8c4L86787FsrTjlzCn8gfP5A4E5kWI=</latexit><latexit sha1_base64="mxyqbtxHdDikpBsJW9r8X8E1F3A=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7AekoWw2m3bpZjfsboQQ+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp2WmCO0SyaUahFhTzgTtGmY4HaSK4iTktB9O7+d+/4kqzaR4NHlKgwSPBYsZwcZKfj6KhiFWRWcWjeoNt+kugNaJV5IGlGiP6l/DSJIsocIQjrX2PTc1QYGVYYTTWW2YaZpiMsVj6lsqcEJ1UCxOnqELq0QolsqWMGih/p4ocKJ1noS2M8Fmole9ufif52cmvg0KJtLMUEGWi+KMIyPR/H8UMUWJ4bklmChmb0VkghUmxqZUsyF4qy+vk95V03ObXue60bor46jCGZzDJXhwAy14gDZ0gYCEZ3iFN8c4L86787FsrTjlzCn8gfP5A4E5kWI=</latexit><latexit sha1_base64="mxyqbtxHdDikpBsJW9r8X8E1F3A=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7AekoWw2m3bpZjfsboQQ+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MOVMG9f9diobm1vbO9Xd2t7+weFR/fikp2WmCO0SyaUahFhTzgTtGmY4HaSK4iTktB9O7+d+/4kqzaR4NHlKgwSPBYsZwcZKfj6KhiFWRWcWjeoNt+kugNaJV5IGlGiP6l/DSJIsocIQjrX2PTc1QYGVYYTTWW2YaZpiMsVj6lsqcEJ1UCxOnqELq0QolsqWMGih/p4ocKJ1noS2M8Fmole9ufif52cmvg0KJtLMUEGWi+KMIyPR/H8UMUWJ4bklmChmb0VkghUmxqZUsyF4qy+vk95V03ObXue60bor46jCGZzDJXhwAy14gDZ0gYCEZ3iFN8c4L86787FsrTjlzCn8gfP5A4E5kWI=</latexit>

H1
<latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit><latexit sha1_base64="DoRhqHoZ/FaOQF/0uUEuxAcUlMs=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ5NkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok20m297/QLRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCiScBCTQVRquvgWHspkZpTwWb5XqJYTOiEjFjX0JAETHnp/NQZOjXKAA0jaSrUaK5+n0hJoNQ08E1nQPRY/fYy8S+vm+hhxUt5GCeahXSxaJgIpCOU/Y0GXDKqxdQQQiU3tyI6JpJQbdLJmxC+PkX/k1bJdrDt3FwUa1fLOHJwDCdwBg64UIM6NKAJFEbwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BEeTjcw=</latexit>

yuQ̄u
<latexit sha1_base64="+Qvoi49NbKym8ffZWygX0LypjWk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48t2A9ol5JNs21oNlmSibAs/RlePCji1V/jzX9j2u5BWx8MPN6bYWZelApuwPe/vdLG5tb2Tnm3srd/cHhUPT7pGGU1ZW2qhNK9iBgmuGRt4CBYL9WMJJFg3Wh6P/e7T0wbruQjZCkLEzKWPOaUgJP62dAOIqLz1swOqzW/7i+A10lQkBoq0BxWvwYjRW3CJFBBjOkHfgphTjRwKtisMrCGpYROyZj1HZUkYSbMFyfP8IVTRjhW2pUEvFB/T+QkMSZLIteZEJiYVW8u/uf1LcS3Yc5laoFJulwUW4FB4fn/eMQ1oyAyRwjV3N2K6YRoQsGlVHEhBKsvr5POVT3w60Hruta4K+IoozN0ji5RgG5QAz2gJmojihR6Rq/ozQPvxXv3PpatJa+YOUV/4H3+ALVJkYQ=</latexit><latexit sha1_base64="+Qvoi49NbKym8ffZWygX0LypjWk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48t2A9ol5JNs21oNlmSibAs/RlePCji1V/jzX9j2u5BWx8MPN6bYWZelApuwPe/vdLG5tb2Tnm3srd/cHhUPT7pGGU1ZW2qhNK9iBgmuGRt4CBYL9WMJJFg3Wh6P/e7T0wbruQjZCkLEzKWPOaUgJP62dAOIqLz1swOqzW/7i+A10lQkBoq0BxWvwYjRW3CJFBBjOkHfgphTjRwKtisMrCGpYROyZj1HZUkYSbMFyfP8IVTRjhW2pUEvFB/T+QkMSZLIteZEJiYVW8u/uf1LcS3Yc5laoFJulwUW4FB4fn/eMQ1oyAyRwjV3N2K6YRoQsGlVHEhBKsvr5POVT3w60Hruta4K+IoozN0ji5RgG5QAz2gJmojihR6Rq/ozQPvxXv3PpatJa+YOUV/4H3+ALVJkYQ=</latexit><latexit sha1_base64="+Qvoi49NbKym8ffZWygX0LypjWk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48t2A9ol5JNs21oNlmSibAs/RlePCji1V/jzX9j2u5BWx8MPN6bYWZelApuwPe/vdLG5tb2Tnm3srd/cHhUPT7pGGU1ZW2qhNK9iBgmuGRt4CBYL9WMJJFg3Wh6P/e7T0wbruQjZCkLEzKWPOaUgJP62dAOIqLz1swOqzW/7i+A10lQkBoq0BxWvwYjRW3CJFBBjOkHfgphTjRwKtisMrCGpYROyZj1HZUkYSbMFyfP8IVTRjhW2pUEvFB/T+QkMSZLIteZEJiYVW8u/uf1LcS3Yc5laoFJulwUW4FB4fn/eMQ1oyAyRwjV3N2K6YRoQsGlVHEhBKsvr5POVT3w60Hruta4K+IoozN0ji5RgG5QAz2gJmojihR6Rq/ozQPvxXv3PpatJa+YOUV/4H3+ALVJkYQ=</latexit><latexit sha1_base64="+Qvoi49NbKym8ffZWygX0LypjWk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48t2A9ol5JNs21oNlmSibAs/RlePCji1V/jzX9j2u5BWx8MPN6bYWZelApuwPe/vdLG5tb2Tnm3srd/cHhUPT7pGGU1ZW2qhNK9iBgmuGRt4CBYL9WMJJFg3Wh6P/e7T0wbruQjZCkLEzKWPOaUgJP62dAOIqLz1swOqzW/7i+A10lQkBoq0BxWvwYjRW3CJFBBjOkHfgphTjRwKtisMrCGpYROyZj1HZUkYSbMFyfP8IVTRjhW2pUEvFB/T+QkMSZLIteZEJiYVW8u/uf1LcS3Yc5laoFJulwUW4FB4fn/eMQ1oyAyRwjV3N2K6YRoQsGlVHEhBKsvr5POVT3w60Hruta4K+IoozN0ji5RgG5QAz2gJmojihR6Rq/ozQPvxXv3PpatJa+YOUV/4H3+ALVJkYQ=</latexit>

H2
<latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit><latexit sha1_base64="Q0urcFohlIQmoVVqj2SlzsuCYY0=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNRs8kt6CXHiOYByRJmJ7PJkNkHM7NCCPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vs789j2TisfRnZ4kzAvJMOIBp0Qb6bbeL/ULRWy7pSquXCJs43LVddyMnLvlchU5Np6jCEs0+oX33iCmacgiTQVRquvgRHtTIjWngs3yvVSxhNAxGbKuoREJmfKm81Nn6NQoAxTE0lSk0Vz9PjEloVKT0DedIdEj9dvLxL+8bqqDijflUZJqFtHFoiAVSMco+xsNuGRUi4khhEpubkV0RCSh2qSTNyF8fYr+J62S7WDbubko1q6WceTgGE7gDBxwoQZ1aEATKAzhAZ7g2RLWo/VivS5aV6zlzBH8gPX2CUkXjc0=</latexit>

+
<latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit>

+
<latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit>

Lyuk ⇠
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HSM
<latexit sha1_base64="+2sH2No/9Zz0rehFJnK1tx4/l+4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6KYboaJ9QDuUTJppYzOTIckIZeg/uHGhiFv/x51/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7YSiSS0RQQXsutjRTmLaEszzWk3lhSHPqcdf3KZ+Z17KhUT0a2extQL8ShiASNYG6ndGKQ3V7NBsYTs81ql7FYgshGqOmUnI+Wqe+ZCxygZSmCJ5qD43h8KkoQ00oRjpXoOirWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXzq+dwROjDGEgpKlIw7n6fSLFoVLT0DedIdZj9dvLxL+8XqKDmpeyKE40jchiUZBwqAXMXodDJinRfGoIJpKZWyEZY4mJNgEVTAhfn8L/SbtsO8h2rt1S/WIZRx4cgWNwChxQBXXQAE3QAgTcgQfwBJ4tYT1aL9brojVnLWcOwQ9Yb5+18I83</latexit><latexit sha1_base64="+2sH2No/9Zz0rehFJnK1tx4/l+4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6KYboaJ9QDuUTJppYzOTIckIZeg/uHGhiFv/x51/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7YSiSS0RQQXsutjRTmLaEszzWk3lhSHPqcdf3KZ+Z17KhUT0a2extQL8ShiASNYG6ndGKQ3V7NBsYTs81ql7FYgshGqOmUnI+Wqe+ZCxygZSmCJ5qD43h8KkoQ00oRjpXoOirWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXzq+dwROjDGEgpKlIw7n6fSLFoVLT0DedIdZj9dvLxL+8XqKDmpeyKE40jchiUZBwqAXMXodDJinRfGoIJpKZWyEZY4mJNgEVTAhfn8L/SbtsO8h2rt1S/WIZRx4cgWNwChxQBXXQAE3QAgTcgQfwBJ4tYT1aL9brojVnLWcOwQ9Yb5+18I83</latexit><latexit sha1_base64="+2sH2No/9Zz0rehFJnK1tx4/l+4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6KYboaJ9QDuUTJppYzOTIckIZeg/uHGhiFv/x51/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7YSiSS0RQQXsutjRTmLaEszzWk3lhSHPqcdf3KZ+Z17KhUT0a2extQL8ShiASNYG6ndGKQ3V7NBsYTs81ql7FYgshGqOmUnI+Wqe+ZCxygZSmCJ5qD43h8KkoQ00oRjpXoOirWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXzq+dwROjDGEgpKlIw7n6fSLFoVLT0DedIdZj9dvLxL+8XqKDmpeyKE40jchiUZBwqAXMXodDJinRfGoIJpKZWyEZY4mJNgEVTAhfn8L/SbtsO8h2rt1S/WIZRx4cgWNwChxQBXXQAE3QAgTcgQfwBJ4tYT1aL9brojVnLWcOwQ9Yb5+18I83</latexit><latexit sha1_base64="+2sH2No/9Zz0rehFJnK1tx4/l+4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJ1aOuu6KYboaJ9QDuUTJppYzOTIckIZeg/uHGhiFv/x51/Y6atoKIHLhzOuZd77/FjzpRG6MPKrayurW/kNwtb2zu7e8X9g7YSiSS0RQQXsutjRTmLaEszzWk3lhSHPqcdf3KZ+Z17KhUT0a2extQL8ShiASNYG6ndGKQ3V7NBsYTs81ql7FYgshGqOmUnI+Wqe+ZCxygZSmCJ5qD43h8KkoQ00oRjpXoOirWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXzq+dwROjDGEgpKlIw7n6fSLFoVLT0DedIdZj9dvLxL+8XqKDmpeyKE40jchiUZBwqAXMXodDJinRfGoIJpKZWyEZY4mJNgEVTAhfn8L/SbtsO8h2rt1S/WIZRx4cgWNwChxQBXXQAE3QAgTcgQfwBJ4tYT1aL9brojVnLWcOwQ9Yb5+18I83</latexit>

yfi f̄LfR
<latexit sha1_base64="lO2nytOLvz6ogef/rulNDHGdquI=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIR9Fj04sFDFfsBbQib7aZdutmE3Y0QQvwrXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uVrer2zu7evn1w2FFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLme+t1HKhWLxYPOEupFeCRYyAjWRvLtWubnoc+KQYBlHhb+bejf+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8dSM8JpUR2kiiaYTPCI9g0VOKLKy2fHF+jEKEMUxtKU0Gim/p7IcaRUFgWmM8J6rBa9qfif1091eOnlTCSppoLMF4UpRzpG0yTQkElKNM8MwUQycysiYywx0SavqgnBXXx5mXTOGq7TcO/O682rMo4KHMExnIILF9CEG2hBGwhk8Ayv8GY9WS/Wu/Uxb12xypka/IH1+QMvPZUY</latexit><latexit sha1_base64="lO2nytOLvz6ogef/rulNDHGdquI=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIR9Fj04sFDFfsBbQib7aZdutmE3Y0QQvwrXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uVrer2zu7evn1w2FFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLme+t1HKhWLxYPOEupFeCRYyAjWRvLtWubnoc+KQYBlHhb+bejf+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8dSM8JpUR2kiiaYTPCI9g0VOKLKy2fHF+jEKEMUxtKU0Gim/p7IcaRUFgWmM8J6rBa9qfif1091eOnlTCSppoLMF4UpRzpG0yTQkElKNM8MwUQycysiYywx0SavqgnBXXx5mXTOGq7TcO/O682rMo4KHMExnIILF9CEG2hBGwhk8Ayv8GY9WS/Wu/Uxb12xypka/IH1+QMvPZUY</latexit><latexit sha1_base64="lO2nytOLvz6ogef/rulNDHGdquI=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIR9Fj04sFDFfsBbQib7aZdutmE3Y0QQvwrXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uVrer2zu7evn1w2FFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLme+t1HKhWLxYPOEupFeCRYyAjWRvLtWubnoc+KQYBlHhb+bejf+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8dSM8JpUR2kiiaYTPCI9g0VOKLKy2fHF+jEKEMUxtKU0Gim/p7IcaRUFgWmM8J6rBa9qfif1091eOnlTCSppoLMF4UpRzpG0yTQkElKNM8MwUQycysiYywx0SavqgnBXXx5mXTOGq7TcO/O682rMo4KHMExnIILF9CEG2hBGwhk8Ayv8GY9WS/Wu/Uxb12xypka/IH1+QMvPZUY</latexit><latexit sha1_base64="lO2nytOLvz6ogef/rulNDHGdquI=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIR9Fj04sFDFfsBbQib7aZdutmE3Y0QQvwrXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uVrer2zu7evn1w2FFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLme+t1HKhWLxYPOEupFeCRYyAjWRvLtWubnoc+KQYBlHhb+bejf+3bdaTgzoGXilqQOJVq+/TUYxiSNqNCEY6X6rpNoL8dSM8JpUR2kiiaYTPCI9g0VOKLKy2fHF+jEKEMUxtKU0Gim/p7IcaRUFgWmM8J6rBa9qfif1091eOnlTCSppoLMF4UpRzpG0yTQkElKNM8MwUQycysiYywx0SavqgnBXXx5mXTOGq7TcO/O682rMo4KHMExnIILF9CEG2hBGwhk8Ayv8GY9WS/Wu/Uxb12xypka/IH1+QMvPZUY</latexit>

hH1i , hH2i ⌧ hHSMi
<latexit sha1_base64="Rrnvp7K5jV4JlhnaLruq8iorU0g="></latexit><latexit sha1_base64="Rrnvp7K5jV4JlhnaLruq8iorU0g="></latexit><latexit sha1_base64="Rrnvp7K5jV4JlhnaLruq8iorU0g="></latexit><latexit sha1_base64="Rrnvp7K5jV4JlhnaLruq8iorU0g="></latexit>



• Astrophobic axions allow for much smaller f_a giving 
good prospects for axion discovery at IAXO and 
opening window for axiogenesis  

• The simplest models are DFSZ-like models with non-
universal PQ charges featuring flavor-violating axion-
fermion couplings  

• Non-universal 2HDM DFSZ models can explain 
stellar cooling anomalies and may lead to the 
enhancement of                    and                    that can 
be tested at the LHC

• For appropriate choice of the SM fermion PQ charges 
the axion is naturally astrophobic which can be 
realised in 3HDM DFSZ-like models                   

Summary

BR(h ! µµ)
<latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit><latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit><latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit><latexit sha1_base64="Zx5P+MLnPsMfW1KeR5qED13lZ2Y=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JRNBlqRuXVewDmlAm02k7dCYJMxOhhLrxV9y4UMStf+HOv3HSZqGtBy4czrmXmXOCmDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHslOgBXlLKRNzTSnnVhSLAJO28H4OvPbD1QqFoX3ehJTX+BhyAaMYG2knn2UelKg+h2aVkbI0xHyRJLNWc8uO1VnBrRM3JyUIUejZ395/YgkgoaacKxU13Vi7adYakY4nZa8RNEYkzEe0q6hIRZU+ekswRSdGqWPBpE0E2o0U39fpFgoNRGB2RRYj9Sil4n/ed1ED678lIVxomlI5g8NEo5M0qwO1GeSEs0nhmAimfkrIiMsMdGmtJIpwV2MvExa51XXqbq3F+VaPa+jCMdwAhVw4RJqcAMNaAKBR3iGV3iznqwX6936mK8WrPzmEP7A+vwBP6yVdg==</latexit>

BR(h ! ⌧e)
<latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="2q5EQyniuc5v/tzwvQ3+yahsIjw=">AAAB83icbZDNSgMxFIXv1L9aq46CKzfBItRNmXGjS9GNyyq2FjpDyaSZNjSTGZI7QhkKvoobF4r4Lu58G9OfhbYeCHyck5B7T5RJYdDzvp3S2vrG5lZ5u7JT3d3bdw+qbZPmmvEWS2WqOxE1XArFWyhQ8k6mOU0iyR+j0c00f3zi2ohUPeA442FCB0rEglG0Vs89KgKdkOv7SX0YYEoCpDnhZz235jW8mcgq+AuowULNnvsV9FOWJ1whk9SYru9lGBZUo2CSTypBbnhG2YgOeNeiogk3YTEbf0JOrdMncartUUhm7u8XBU2MGSeRvZlQHJrlbGr+l3VzjC/DQqgsR67Y/KM4l8QuOu2C9IXmDOXYAmVa2FkJG1JNGdrGKrYEf3nlVWifN3yv4d95UIZjOIE6+HABV3ALTWgBgwJe4A3enWfn1fmY11VyFr0dwh85nz9ON5M+</latexit><latexit sha1_base64="2q5EQyniuc5v/tzwvQ3+yahsIjw=">AAAB83icbZDNSgMxFIXv1L9aq46CKzfBItRNmXGjS9GNyyq2FjpDyaSZNjSTGZI7QhkKvoobF4r4Lu58G9OfhbYeCHyck5B7T5RJYdDzvp3S2vrG5lZ5u7JT3d3bdw+qbZPmmvEWS2WqOxE1XArFWyhQ8k6mOU0iyR+j0c00f3zi2ohUPeA442FCB0rEglG0Vs89KgKdkOv7SX0YYEoCpDnhZz235jW8mcgq+AuowULNnvsV9FOWJ1whk9SYru9lGBZUo2CSTypBbnhG2YgOeNeiogk3YTEbf0JOrdMncartUUhm7u8XBU2MGSeRvZlQHJrlbGr+l3VzjC/DQqgsR67Y/KM4l8QuOu2C9IXmDOXYAmVa2FkJG1JNGdrGKrYEf3nlVWifN3yv4d95UIZjOIE6+HABV3ALTWgBgwJe4A3enWfn1fmY11VyFr0dwh85nz9ON5M+</latexit><latexit sha1_base64="xEqppw9N4WW+U59Qq9xAEaOAboA=">AAAB/nicbVA9SwNBEJ2LXzF+nYqVzWIQYhPubLQMsbGMYj4gd4S9zSZZsrt37O4J4Qj4V2wsFLH1d9j5b9wkV2jig4HHezPMzIsSzrTxvG+nsLa+sblV3C7t7O7tH7iHRy0dp4rQJol5rDoR1pQzSZuGGU47iaJYRJy2o/HNzG8/UqVZLB/MJKGhwEPJBoxgY6Wee5IFSqD6/bQyCkyMAoNTRC96btmrenOgVeLnpAw5Gj33K+jHJBVUGsKx1l3fS0yYYWUY4XRaClJNE0zGeEi7lkosqA6z+flTdG6VPhrEypY0aK7+nsiw0HoiItspsBnpZW8m/ud1UzO4DjMmk9RQSRaLBilH9tFZFqjPFCWGTyzBRDF7KyIjrDAxNrGSDcFffnmVtC6rvlf177xyrZ7HUYRTOIMK+HAFNbiFBjSBQAbP8ApvzpPz4rw7H4vWgpPPHMMfOJ8/sgKUow==</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit><latexit sha1_base64="byyTCckL734ILZCvytKdKSxiwQo=">AAAB/nicbVBNSwMxEM36WevXqnjyEixCvZRdEfRY6sVjFfsB3aVk07QNTbJLMiuUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz86JEcAOe9+2srK6tb2wWtorbO7t7++7BYdPEqaasQWMR63ZEDBNcsQZwEKydaEZkJFgrGt1M/dYj04bH6gHGCQslGSje55SAlbrucRZoiWv3k/IwgBgHQFLMzrtuyat4M+Bl4uekhHLUu+5X0ItpKpkCKogxHd9LIMyIBk4FmxSD1LCE0BEZsI6likhmwmx2/gSfWaWH+7G2pQDP1N8TGZHGjGVkOyWBoVn0puJ/XieF/nWYcZWkwBSdL+qnAttHp1ngHteMghhbQqjm9lZMh0QTCjaxog3BX3x5mTQvKr5X8e8uS9VaHkcBnaBTVEY+ukJVdIvqqIEoytAzekVvzpPz4rw7H/PWFSefOUJ/4Hz+ALNClKc=</latexit>
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Non-universal DFSZ models

There are 4 nucleophobic charge assignments in the quark 
sector: non-universal in q or u/d sector

fL3fR3

fLafR3fL3fRa

fLafRbu

d
L ⇠ +

(
h1

h̃2
<latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit><latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit><latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit><latexit sha1_base64="IttQb5Q4CFhlCMtJjhZLLGbAsJQ=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0Hew62JXMx5CPpz4jYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378TzqlW</latexit>
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<latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit><latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit><latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit><latexit sha1_base64="e0vodiU+HIEfkDuAHMNobzPizng=">AAACL3icbVDLSsNAFJ3UV62vqks3g0VwISUpgi6LblxWsA9oQphMbtqhk0mYmQgl9Cf8E3du9SfEjbgV/AinbRba9sCFwzn3Xu49QcqZ0rb9YZXW1jc2t8rblZ3dvf2D6uFRRyWZpNCmCU9kLyAKOBPQ1kxz6KUSSBxw6Aaj26nffQSpWCIe9DgFLyYDwSJGiTaSX71wAxgwkVOzQ03w0G9g18WuZjyEfDjxnYoLIixsv1qz6/YMeJk4BamhAi2/+uOGCc1iEJpyolTfsVPt5URqRjlMKm6mICV0RAbQN1SQGJSXz76a4DOjhDhKpCmh8Uz9O5GTWKlxHJjOmOihWvSm4kovCBIernL6mY6uvZyJNNMg6PyEKONYJ3gaHg6ZBKr52BBCJTNfYDokklBtIq6YeJzFMJZJp1F37Lpzf1lr3hRBldEJOkXnyEFXqInuUAu1EUVP6AW9ojfr2Xq3Pq2veWvJKmaO0T9Y378T3alW</latexit>

d

ue.g.

Each model in the quark sector can be combined with 4 
models in the charged lepton sector 

16 nucleophobic models in total


