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Why Going Nonlinear?
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A FAB Method
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What’s Out There?
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The Halo Model

Cooray & Sheth 2002

• halo mass function 
• virial radius 
• halo concentrations

(quasi)linear PT

P (k) = P2h(k) + P1h(k)
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Halo Model Reactions

ΛCDM cosmology with ICs adjusted to 
match 

real cosmology Plin(k,z0)

1) Pseudo cosmology



Halo Model Reactions
2) Reaction
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1h (k, z)
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Halo Model Reactions
3) Power spectrum

0.01 0.1 1 10k [hMpc�1]
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P pseudo
NL

<latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit>



Halo Model Reactions
3) Power spectrum

0.01 0.1 1 10k [hMpc�1]
<latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit><latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit><latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit><latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit>
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<latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit><latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit><latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit><latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit>

P pseudo
NL

<latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit>

See Ben Giblin’s talk



Halo Model Reactions
3) Power spectrum

0.01 0.1 1 10k [hMpc�1]
<latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit><latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit><latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit><latexit sha1_base64="GIrLrks1yl8AflvzeV2lWVkImRE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXGhJRNCFi4IbN0IF+4Aklsl00g6dmYSZiVBiFv6KGxeKuPU33Pk3TtsstPXAhcM593LvPWHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLwa++0HIhWNxZ0eJSTgqC9oRDHSRurae0PoH0NvkPmSw5sE5/fZiZsHXbvq1JwJ4DxxC1IFBRpd+8vvxTjlRGjMkFKe6yQ6yJDUFDOSV/xUkQThIeoTz1CBOFFBNrk/h4dG6cEolqaEhhP190SGuFIjHppOjvRAzXpj8T/PS3V0EWRUJKkmAk8XRSmDOobjMGCPSoI1GxmCsKTmVogHSCKsTWQVE4I7+/I8aZ3WXKfm3p5V65dFHGWwDw7AEXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9pasoqZXfAH1ucPUAKU+w==</latexit>
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<latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit><latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit><latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit><latexit sha1_base64="Kfv6ztCNv9uVmUDMtlk3PrSbsrU=">AAAB+HicbVBNS8NAEJ34WetHox69LBahgpREBD14KHjxIFLBfkAbwma7aZfuJmF3I7Shv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLEs6Udpxva2V1bX1js7BV3N7Z3SvZ+wdNFaeS0AaJeSzbAVaUs4g2NNOcthNJsQg4bQXDm6nfeqJSsTh61KOEegL3IxYygrWRfLtU97OuFOj+blIZno1PfbvsVJ0Z0DJxc1KGHHXf/ur2YpIKGmnCsVId10m0l2GpGeF0UuymiiaYDHGfdgyNsKDKy2aHT9CJUXoojKWpSKOZ+nsiw0KpkQhMp8B6oBa9qfif10l1eOVlLEpSTSMyXxSmHOkYTVNAPSYp0XxkCCaSmVsRGWCJiTZZFU0I7uLLy6R5XnWdqvtwUa5d53EU4AiOoQIuXEINbqEODSCQwjO8wps1tl6sd+tj3rpi5TOH8AfW5w9iPpI5</latexit>

P pseudo
NL

<latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit><latexit sha1_base64="Cjql57tYbX25JzAOgGso5jjfIMc=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiQi6cFFw40Kkgr1AG8NkMmmHzmTCzEQoIRtfxY0LRdz6GO58G6dpFtr6w8DHf87hzPmDhFGlHefbqiwtr6yuVddrG5tb2zv27l5HiVRi0saCCdkLkCKMxqStqWakl0iCeMBINxhfTevdRyIVFfG9niTE42gY04hipI3l2wctPxtIDm9v8ocCEkXSUOS+XXcaTiG4CG4JdVCq5dtfg1DglJNYY4aU6rtOor0MSU0xI3ltkCqSIDxGQ9I3GCNOlJcVB+Tw2DghjIQ0L9awcH9PZIgrNeGB6eRIj9R8bWr+V+unOrrwMhonqSYxni2KUga1gNM0YEglwZpNDCAsqfkrxCMkEdYms5oJwZ0/eRE6pw3Xabh3Z/XmZRlHFRyCI3ACXHAOmuAatEAbYJCDZ/AK3qwn68V6tz5mrRWrnNkHf2R9/gCinJZo</latexit>

P real
NL (k, z) = R(k, z)⇥ P pseudo

NL (k, z)
<latexit sha1_base64="W1ypg4P+bu2kZFif+Ilts34ywkU="></latexit><latexit sha1_base64="W1ypg4P+bu2kZFif+Ilts34ywkU="></latexit><latexit sha1_base64="W1ypg4P+bu2kZFif+Ilts34ywkU="></latexit><latexit sha1_base64="W1ypg4P+bu2kZFif+Ilts34ywkU="></latexit>



f(R) Gravity

Cataneo+ 2018
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Massive neutrinos

Cataneo+ 2019 in prep.
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Summary & Outlook

• Include baryonic physics

• Build pseudo cosmology emulator (see Ben Giblin’s talk)

• Improve highly NL regime in MG/DE (1 < k Mpc/h < 10)

Fast 
Accurate 
Bendable

• Halo model reactions are:

(runtime ∼second) 
(≲1% for k < 1 h/Mpc) 
(ΛCDM extensions)

• Explore degeneracies in physics beyond vanilla ΛCDM

• Extend to Horndeski theory


