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ZTF should characterize Stochastic 
Populations of Transients

RCF  mag < 
18.5

SNIa 1352 875

Classified 1865 1206

Perley et al., 2020

Rate : comoving number density  
 per rest frame time

Luminosity Function 

Richardson et al., 2014
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ZTF should characterize Stochastic 
Populations of Transients

Perley et al., 2020

Rate : comoving number density  
 per rest frame time

Complete Set of Properties

RCF  mag < 
18.5

SNIa 1352 875

Classified 1865 1206



• Rate :   

• Properties  :               :     

• Distribution Function :   

• Characterizing the population implies finding both       and 

P ( , rv|{�i})

<latexit sha1_base64="YyEZ3wGxogGy4spsdEG/Ib2nb7I=">AAACBnicbVDLSgMxFM3UV62vsS5FCBahgpSZouiy4MblCPYBzTBk0rQNzWSGJFMoQ1du3Pkdblwo4lb8BHd+iHvTx0KrBwKHc87l5p4w4Uxpx/m0ckvLK6tr+fXCxubW9o69W2yoOJWE1knMY9kKsaKcCVrXTHPaSiTFUchpMxxcTvzmkErFYnGjRwn1I9wTrMsI1kYK7AOvjDzFTqAMhhCZpIYoQ0mfBQyNjwO75FScKeBf4s5JqVZE5a/3e+QF9gfqxCSNqNCEY6XarpNoP8NSM8LpuIBSRRNMBrhH24YKHFHlZ9MzxvDIKB3YjaV5QsOp+nMiw5FSoyg0yQjrvlr0JuJ/XjvV3Qs/YyJJNRVktqibcqhjOOkEdpikRPORIZhIZv4KSR9LTLRprmBKcBdP/ksa1Yp7Wjm7dku1KpghD/bBISgDF5yDGrgCHqgDAm7BA3gCz9ad9Wi9WK+zaM6az+yBX7DevgFSO5to</latexit>
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Populations for Transients

{�i}

<latexit sha1_base64="oWXTaW1srZfrLoBn2TYqFQmgd1o=">AAAB83icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QXUo2zbah2WxIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8SAlurOd9o9La+sbmVnm7srO7t39QPTxqmzTTlLVoKlLdjYhhgkvWstwK1lWakSQSrBON72Z+54lpw1P5aCeKhQkZSh5zSqyTgiDHgRrxPsfBtF+teXVvDrxK/ILUoECzX/0KBinNEiYtFcSYnu8pG+ZEW04Fm1aCzDBF6JgMWc9RSRJmwnx+8xSfOWWA41S7khbP1d8TOUmMmSSR60yIHZllbyb+5/UyG1+HOZcqs0zSxaI4E9imeBYAHnDNqBUTRwjV3N2K6YhoQq2LqeJC8JdfXiXti7p/Wb95uKw1bos4ynACp3AOPlxBA+6hCS2goOAZXuENZegFvaOPRWsJFTPH8Afo8wdzYZFT</latexit>

Pu({�i}; )

<latexit sha1_base64="XkODeZMotEhNOx0zHa9+o7ZuGkg=">AAACAHicbVC7SgNBFJ31GeNrjYWFzWAQYhN2g6BiE7CxXME8ILMss5PZZMjs7DIzK4QljT/gR9hYKGJr6SfY+SH2Th6FJh64cDjnXu69J0w5U9pxvqyl5ZXVtfXCRnFza3tn194rNVWSSUIbJOGJbIdYUc4EbWimOW2nkuI45LQVDq7GfuuOSsUScauHKfVj3BMsYgRrIwX2gRdksIJylPZZwNDoEiJPMXgS2GWn6kwAF4k7I+V6CVW+Px6QF9ifqJuQLKZCE46V6rhOqv0cS80Ip6MiyhRNMRngHu0YKnBMlZ9PHhjBY6N0YZRIU0LDifp7IsexUsM4NJ0x1n01743F/7xOpqNzP2cizTQVZLooyjjUCRynAbtMUqL50BBMJDO3QtLHEhNtMiuaENz5lxdJs1Z1T6sXN265XgNTFMAhOAIV4IIzUAfXwAMNQMAIPIJn8GLdW0/Wq/U2bV2yZjP74A+s9x932Jiv</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

 

<latexit sha1_base64="tHHQ7GbkB3tGoGFGrl1/EeaY3CA=">AAAB7HicbZDNSsNAFIVv6l+Nf1WXbgaL4KokRaguxIIblxVMW2hDmUwn7dDJJMxMhBL6DG5cKOJK8BV8Dzfi2zhpu9DWAwMf59zL3HuDhDOlHefbKqysrq1vFDftre2d3b3S/kFTxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6zvPWPZWKxeJOjxPqR3ggWMgI1sbyug3F7F6p7FScqdAyuHMoX33Yl8nbl93olT67/ZikERWacKxUx3US7WdYakY4ndjdVNEEkxEe0I5BgSOq/Gw67ASdGKePwliaJzSaur87MhwpNY4CUxlhPVSLWW7+l3VSHZ77GRNJqqkgs4/ClCMdo3xz1GeSEs3HBjCRzMyKyBBLTLS5T34Ed3HlZWhWK+5Z5eLWLderMFMRjuAYTsGFGtThBhrgAQEGD/AEz5awHq0X63VWWrDmPYfwR9b7D3JQkWg=</latexit>



• Rate :   

• Properties  :               :   x 

• Distribution Function :                     :  Normal Distribution  
          
               

• Characterizing the population implies finding both       and 

P ( , rv|{�i})

<latexit sha1_base64="YyEZ3wGxogGy4spsdEG/Ib2nb7I=">AAACBnicbVDLSgMxFM3UV62vsS5FCBahgpSZouiy4MblCPYBzTBk0rQNzWSGJFMoQ1du3Pkdblwo4lb8BHd+iHvTx0KrBwKHc87l5p4w4Uxpx/m0ckvLK6tr+fXCxubW9o69W2yoOJWE1knMY9kKsaKcCVrXTHPaSiTFUchpMxxcTvzmkErFYnGjRwn1I9wTrMsI1kYK7AOvjDzFTqAMhhCZpIYoQ0mfBQyNjwO75FScKeBf4s5JqVZE5a/3e+QF9gfqxCSNqNCEY6XarpNoP8NSM8LpuIBSRRNMBrhH24YKHFHlZ9MzxvDIKB3YjaV5QsOp+nMiw5FSoyg0yQjrvlr0JuJ/XjvV3Qs/YyJJNRVktqibcqhjOOkEdpikRPORIZhIZv4KSR9LTLRprmBKcBdP/ksa1Yp7Wjm7dku1KpghD/bBISgDF5yDGrgCHqgDAm7BA3gCz9ad9Wi9WK+zaM6az+yBX7DevgFSO5to</latexit>
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Concrete Hypothetical Example

{�i}

<latexit sha1_base64="oWXTaW1srZfrLoBn2TYqFQmgd1o=">AAAB83icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QXUo2zbah2WxIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8SAlurOd9o9La+sbmVnm7srO7t39QPTxqmzTTlLVoKlLdjYhhgkvWstwK1lWakSQSrBON72Z+54lpw1P5aCeKhQkZSh5zSqyTgiDHgRrxPsfBtF+teXVvDrxK/ILUoECzX/0KBinNEiYtFcSYnu8pG+ZEW04Fm1aCzDBF6JgMWc9RSRJmwnx+8xSfOWWA41S7khbP1d8TOUmMmSSR60yIHZllbyb+5/UyG1+HOZcqs0zSxaI4E9imeBYAHnDNqBUTRwjV3N2K6YhoQq2LqeJC8JdfXiXti7p/Wb95uKw1bos4ynACp3AOPlxBA+6hCS2goOAZXuENZegFvaOPRWsJFTPH8Afo8wdzYZFT</latexit>

Pu({�i}; )

<latexit sha1_base64="XkODeZMotEhNOx0zHa9+o7ZuGkg=">AAACAHicbVC7SgNBFJ31GeNrjYWFzWAQYhN2g6BiE7CxXME8ILMss5PZZMjs7DIzK4QljT/gR9hYKGJr6SfY+SH2Th6FJh64cDjnXu69J0w5U9pxvqyl5ZXVtfXCRnFza3tn194rNVWSSUIbJOGJbIdYUc4EbWimOW2nkuI45LQVDq7GfuuOSsUScauHKfVj3BMsYgRrIwX2gRdksIJylPZZwNDoEiJPMXgS2GWn6kwAF4k7I+V6CVW+Px6QF9ifqJuQLKZCE46V6rhOqv0cS80Ip6MiyhRNMRngHu0YKnBMlZ9PHhjBY6N0YZRIU0LDifp7IsexUsM4NJ0x1n01743F/7xOpqNzP2cizTQVZLooyjjUCRynAbtMUqL50BBMJDO3QtLHEhNtMiuaENz5lxdJs1Z1T6sXN265XgNTFMAhOAIV4IIzUAfXwAMNQMAIPIJn8GLdW0/Wq/U2bV2yZjP74A+s9x932Jiv</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

 

<latexit sha1_base64="tHHQ7GbkB3tGoGFGrl1/EeaY3CA=">AAAB7HicbZDNSsNAFIVv6l+Nf1WXbgaL4KokRaguxIIblxVMW2hDmUwn7dDJJMxMhBL6DG5cKOJK8BV8Dzfi2zhpu9DWAwMf59zL3HuDhDOlHefbKqysrq1vFDftre2d3b3S/kFTxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6zvPWPZWKxeJOjxPqR3ggWMgI1sbyug3F7F6p7FScqdAyuHMoX33Yl8nbl93olT67/ZikERWacKxUx3US7WdYakY4ndjdVNEEkxEe0I5BgSOq/Gw67ASdGKePwliaJzSaur87MhwpNY4CUxlhPVSLWW7+l3VSHZ77GRNJqqkgs4/ClCMdo3xz1GeSEs3HBjCRzMyKyBBLTLS5T34Ed3HlZWhWK+5Z5eLWLderMFMRjuAYTsGFGtThBhrgAQEGD/AEz5awHq0X63VWWrDmPYfwR9b7D3JQkWg=</latexit>

 = {µ,�2}

<latexit sha1_base64="TCZXkHsm8LybT2Fn9sSO1WaphlE=">AAACA3icbVC7SgNBFJ31GeNrjZ02g0FIIWE3CGohBGwsI5gHZNYwO5lNhszMLjOzQlgCNtb+hY2FIrY2foKdH2LvbpJCEw9cOJxzL/fe40ecaeM4X9bC4tLyympuLb++sbm1be8UGjqMFaF1EvJQtXysKWeS1g0znLYiRbHwOW36g4vMb95SpVkor80wop7APckCRrBJpY69h2qawXOIEiRieASRZj2BbypolO/YRafsjAHniTslxWoBlb4/HlCtY3+ibkhiQaUhHGvddp3IeAlWhhFOR3kUaxphMsA92k6pxIJqLxn/MIKHqdKFQajSkgaO1d8TCRZaD4Wfdgps+nrWy8T/vHZsglMvYTKKDZVksiiIOTQhzAKBXaYoMXyYEkwUS2+FpI8VJiaNLQvBnX15njQqZfe4fHblFqsVMEEO7IMDUAIuOAFVcAlqoA4IuAOP4Bm8WPfWk/VqvU1aF6zpzC74A+v9BxGsmYY=</latexit>



• Rate :   

• Properties  :               :   x 

• Distribution Function :                     :  Normal Distribution  
          
               

• Characterizing the population implies finding both       and 

P ( , rv|{�i})

<latexit sha1_base64="YyEZ3wGxogGy4spsdEG/Ib2nb7I=">AAACBnicbVDLSgMxFM3UV62vsS5FCBahgpSZouiy4MblCPYBzTBk0rQNzWSGJFMoQ1du3Pkdblwo4lb8BHd+iHvTx0KrBwKHc87l5p4w4Uxpx/m0ckvLK6tr+fXCxubW9o69W2yoOJWE1knMY9kKsaKcCVrXTHPaSiTFUchpMxxcTvzmkErFYnGjRwn1I9wTrMsI1kYK7AOvjDzFTqAMhhCZpIYoQ0mfBQyNjwO75FScKeBf4s5JqVZE5a/3e+QF9gfqxCSNqNCEY6XarpNoP8NSM8LpuIBSRRNMBrhH24YKHFHlZ9MzxvDIKB3YjaV5QsOp+nMiw5FSoyg0yQjrvlr0JuJ/XjvV3Qs/YyJJNRVktqibcqhjOOkEdpikRPORIZhIZv4KSR9LTLRprmBKcBdP/ksa1Yp7Wjm7dku1KpghD/bBISgDF5yDGrgCHqgDAm7BA3gCz9ad9Wi9WK+zaM6az+yBX7DevgFSO5to</latexit>
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Concrete Hypothetical Example

{�i}

<latexit sha1_base64="oWXTaW1srZfrLoBn2TYqFQmgd1o=">AAAB83icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QXUo2zbah2WxIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8SAlurOd9o9La+sbmVnm7srO7t39QPTxqmzTTlLVoKlLdjYhhgkvWstwK1lWakSQSrBON72Z+54lpw1P5aCeKhQkZSh5zSqyTgiDHgRrxPsfBtF+teXVvDrxK/ILUoECzX/0KBinNEiYtFcSYnu8pG+ZEW04Fm1aCzDBF6JgMWc9RSRJmwnx+8xSfOWWA41S7khbP1d8TOUmMmSSR60yIHZllbyb+5/UyG1+HOZcqs0zSxaI4E9imeBYAHnDNqBUTRwjV3N2K6YhoQq2LqeJC8JdfXiXti7p/Wb95uKw1bos4ynACp3AOPlxBA+6hCS2goOAZXuENZegFvaOPRWsJFTPH8Afo8wdzYZFT</latexit>

Pu({�i}; )

<latexit sha1_base64="XkODeZMotEhNOx0zHa9+o7ZuGkg=">AAACAHicbVC7SgNBFJ31GeNrjYWFzWAQYhN2g6BiE7CxXME8ILMss5PZZMjs7DIzK4QljT/gR9hYKGJr6SfY+SH2Th6FJh64cDjnXu69J0w5U9pxvqyl5ZXVtfXCRnFza3tn194rNVWSSUIbJOGJbIdYUc4EbWimOW2nkuI45LQVDq7GfuuOSsUScauHKfVj3BMsYgRrIwX2gRdksIJylPZZwNDoEiJPMXgS2GWn6kwAF4k7I+V6CVW+Px6QF9ifqJuQLKZCE46V6rhOqv0cS80Ip6MiyhRNMRngHu0YKnBMlZ9PHhjBY6N0YZRIU0LDifp7IsexUsM4NJ0x1n01743F/7xOpqNzP2cizTQVZLooyjjUCRynAbtMUqL50BBMJDO3QtLHEhNtMiuaENz5lxdJs1Z1T6sXN265XgNTFMAhOAIV4IIzUAfXwAMNQMAIPIJn8GLdW0/Wq/U2bV2yZjP74A+s9x932Jiv</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

rv
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<latexit sha1_base64="tHHQ7GbkB3tGoGFGrl1/EeaY3CA=">AAAB7HicbZDNSsNAFIVv6l+Nf1WXbgaL4KokRaguxIIblxVMW2hDmUwn7dDJJMxMhBL6DG5cKOJK8BV8Dzfi2zhpu9DWAwMf59zL3HuDhDOlHefbKqysrq1vFDftre2d3b3S/kFTxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6zvPWPZWKxeJOjxPqR3ggWMgI1sbyug3F7F6p7FScqdAyuHMoX33Yl8nbl93olT67/ZikERWacKxUx3US7WdYakY4ndjdVNEEkxEe0I5BgSOq/Gw67ASdGKePwliaJzSaur87MhwpNY4CUxlhPVSLWW7+l3VSHZ77GRNJqqkgs4/ClCMdo3xz1GeSEs3HBjCRzMyKyBBLTLS5T34Ed3HlZWhWK+5Z5eLWLderMFMRjuAYTsGFGtThBhrgAQEGD/AEz5awHq0X63VWWrDmPYfwR9b7D3JQkWg=</latexit>

 = {µ,�2}

<latexit sha1_base64="TCZXkHsm8LybT2Fn9sSO1WaphlE=">AAACA3icbVC7SgNBFJ31GeNrjZ02g0FIIWE3CGohBGwsI5gHZNYwO5lNhszMLjOzQlgCNtb+hY2FIrY2foKdH2LvbpJCEw9cOJxzL/fe40ecaeM4X9bC4tLyympuLb++sbm1be8UGjqMFaF1EvJQtXysKWeS1g0znLYiRbHwOW36g4vMb95SpVkor80wop7APckCRrBJpY69h2qawXOIEiRieASRZj2BbypolO/YRafsjAHniTslxWoBlb4/HlCtY3+ibkhiQaUhHGvddp3IeAlWhhFOR3kUaxphMsA92k6pxIJqLxn/MIKHqdKFQajSkgaO1d8TCRZaD4Wfdgps+nrWy8T/vHZsglMvYTKKDZVksiiIOTQhzAKBXaYoMXyYEkwUS2+FpI8VJiaNLQvBnX15njQqZfe4fHblFqsVMEEO7IMDUAIuOAFVcAlqoA4IuAOP4Bm8WPfWk/VqvU1aF6zpzC74A+v9BxGsmYY=</latexit>



• Rate :   

• Properties  :               :   x 

• Distribution Function :                     :  Normal Distribution  
          
               

• Characterizing the population implies finding both       and     : 

P ( , rv|{�i})

<latexit sha1_base64="YyEZ3wGxogGy4spsdEG/Ib2nb7I=">AAACBnicbVDLSgMxFM3UV62vsS5FCBahgpSZouiy4MblCPYBzTBk0rQNzWSGJFMoQ1du3Pkdblwo4lb8BHd+iHvTx0KrBwKHc87l5p4w4Uxpx/m0ckvLK6tr+fXCxubW9o69W2yoOJWE1knMY9kKsaKcCVrXTHPaSiTFUchpMxxcTvzmkErFYnGjRwn1I9wTrMsI1kYK7AOvjDzFTqAMhhCZpIYoQ0mfBQyNjwO75FScKeBf4s5JqVZE5a/3e+QF9gfqxCSNqNCEY6XarpNoP8NSM8LpuIBSRRNMBrhH24YKHFHlZ9MzxvDIKB3YjaV5QsOp+nMiw5FSoyg0yQjrvlr0JuJ/XjvV3Qs/YyJJNRVktqibcqhjOOkEdpikRPORIZhIZv4KSR9LTLRprmBKcBdP/ksa1Yp7Wjm7dku1KpghD/bBISgDF5yDGrgCHqgDAm7BA3gCz9ad9Wi9WK+zaM6az+yBX7DevgFSO5to</latexit>
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Concrete Hypothetical Example

{�i}

<latexit sha1_base64="oWXTaW1srZfrLoBn2TYqFQmgd1o=">AAAB83icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QXUo2zbah2WxIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8SAlurOd9o9La+sbmVnm7srO7t39QPTxqmzTTlLVoKlLdjYhhgkvWstwK1lWakSQSrBON72Z+54lpw1P5aCeKhQkZSh5zSqyTgiDHgRrxPsfBtF+teXVvDrxK/ILUoECzX/0KBinNEiYtFcSYnu8pG+ZEW04Fm1aCzDBF6JgMWc9RSRJmwnx+8xSfOWWA41S7khbP1d8TOUmMmSSR60yIHZllbyb+5/UyG1+HOZcqs0zSxaI4E9imeBYAHnDNqBUTRwjV3N2K6YhoQq2LqeJC8JdfXiXti7p/Wb95uKw1bos4ynACp3AOPlxBA+6hCS2goOAZXuENZegFvaOPRWsJFTPH8Afo8wdzYZFT</latexit>

Pu({�i}; )

<latexit sha1_base64="XkODeZMotEhNOx0zHa9+o7ZuGkg=">AAACAHicbVC7SgNBFJ31GeNrjYWFzWAQYhN2g6BiE7CxXME8ILMss5PZZMjs7DIzK4QljT/gR9hYKGJr6SfY+SH2Th6FJh64cDjnXu69J0w5U9pxvqyl5ZXVtfXCRnFza3tn194rNVWSSUIbJOGJbIdYUc4EbWimOW2nkuI45LQVDq7GfuuOSsUScauHKfVj3BMsYgRrIwX2gRdksIJylPZZwNDoEiJPMXgS2GWn6kwAF4k7I+V6CVW+Px6QF9ifqJuQLKZCE46V6rhOqv0cS80Ip6MiyhRNMRngHu0YKnBMlZ9PHhjBY6N0YZRIU0LDifp7IsexUsM4NJ0x1n01743F/7xOpqNzP2cizTQVZLooyjjUCRynAbtMUqL50BBMJDO3QtLHEhNtMiuaENz5lxdJs1Z1T6sXN265XgNTFMAhOAIV4IIzUAfXwAMNQMAIPIJn8GLdW0/Wq/U2bV2yZjP74A+s9x932Jiv</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

rv

<latexit sha1_base64="ukjGICfy46RTfvM8PkHZNdqkGGs=">AAAB7HicbZDPSwJBFMffWpnZL6tjlyEJOsmuBNVN6NJRoVVBF5kdZ3VwdnaZmRVk8W+IIKKIrvW/dOwW/TONrofSvjDw4ft9j3nv+TFnStv2l5VbW9/Ibxa2its7u3v7pYPDpooSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/dD3LW2MqFYvErZ7E1AvxQLCAEayN5cpeOp72SmW7Ys+FVsFZQLmWb3x/PN6/13ulz24/IklIhSYcK9Vx7Fh7KZaaEU6nxW6iaIzJCA9ox6DAIVVeOh92ik6N00dBJM0TGs3d3x0pDpWahL6pDLEequVsZv6XdRIdXHopE3GiqSDZR0HCkY7QbHPUZ5ISzScGMJHMzIrIEEtMtLlP0RzBWV55FZrVinNeuWo45VoVMhXgGE7gDBy4gBrcQB1cIMDgDp7g2RLWg/VivWalOWvRcwR/ZL39AJq7ku4=</latexit>

 

<latexit sha1_base64="tHHQ7GbkB3tGoGFGrl1/EeaY3CA=">AAAB7HicbZDNSsNAFIVv6l+Nf1WXbgaL4KokRaguxIIblxVMW2hDmUwn7dDJJMxMhBL6DG5cKOJK8BV8Dzfi2zhpu9DWAwMf59zL3HuDhDOlHefbKqysrq1vFDftre2d3b3S/kFTxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6zvPWPZWKxeJOjxPqR3ggWMgI1sbyug3F7F6p7FScqdAyuHMoX33Yl8nbl93olT67/ZikERWacKxUx3US7WdYakY4ndjdVNEEkxEe0I5BgSOq/Gw67ASdGKePwliaJzSaur87MhwpNY4CUxlhPVSLWW7+l3VSHZ77GRNJqqkgs4/ClCMdo3xz1GeSEs3HBjCRzMyKyBBLTLS5T34Ed3HlZWhWK+5Z5eLWLderMFMRjuAYTsGFGtThBhrgAQEGD/AEz5awHq0X63VWWrDmPYfwR9b7D3JQkWg=</latexit>

 = {µ,�2}

<latexit sha1_base64="TCZXkHsm8LybT2Fn9sSO1WaphlE=">AAACA3icbVC7SgNBFJ31GeNrjZ02g0FIIWE3CGohBGwsI5gHZNYwO5lNhszMLjOzQlgCNtb+hY2FIrY2foKdH2LvbpJCEw9cOJxzL/fe40ecaeM4X9bC4tLyympuLb++sbm1be8UGjqMFaF1EvJQtXysKWeS1g0znLYiRbHwOW36g4vMb95SpVkor80wop7APckCRrBJpY69h2qawXOIEiRieASRZj2BbypolO/YRafsjAHniTslxWoBlb4/HlCtY3+ibkhiQaUhHGvddp3IeAlWhhFOR3kUaxphMsA92k6pxIJqLxn/MIKHqdKFQajSkgaO1d8TCRZaD4Wfdgps+nrWy8T/vHZsglMvYTKKDZVksiiIOTQhzAKBXaYoMXyYEkwUS2+FpI8VJiaNLQvBnX15njQqZfe4fHblFqsVMEEO7IMDUAIuOAFVcAlqoA4IuAOP4Bm8WPfWk/VqvU1aF6zpzC74A+v9BxGsmYY=</latexit>

P ( , rv|sample)

<latexit sha1_base64="BNYCEqPmecWsF+N4F3PlPcAeqi8=">AAACB3icbVBLSwMxGMzWV62vtR4FCRahgpTdIqi3ghePK9gHdJclm6ZtaJJdkmyhLL158eT/8OJBEa/6E7z5Q7ybPg5aHQgMM/Ml+SZKGFXacT6t3NLyyupafr2wsbm1vWPvFhsqTiUmdRyzWLYipAijgtQ11Yy0EkkQjxhpRoPLid8cEqloLG70KCEBRz1BuxQjbaTQPvDKvqfoCZThEPomqaEveaYQTxgZH4d2yak4U8C/xJ2TUq3ol7/e730vtD/8ToxTToTGDCnVdp1EBxmSmmJzYcFPFUkQHqAeaRsqECcqyKZ7jOGRUTqwG0tzhIZT9edEhrhSIx6ZJEe6rxa9ifif10519zzIqEhSTQSePdRNGdQxnJQCO1QSrNnIEIQlNX+FuI8kwtpUVzAluIsr/yWNasU9rVxcu6VaFcyQB/vgEJSBC85ADVwBD9QBBrfgATyBZ+vOerRerNdZNGfNZ/bAL1hv33blnBY=</latexit>



• log-likelihood in terms of expected number & detected numbers 

•                : expected number accounting for survey efficiency,  
linear in       

• Differentiation shows expected answers for estimate and 
uncertainty 

• Evaluated using several realizations needed to suppress Poisson 
noise in simulations which are systematic errors in N̄( , rV )

<latexit sha1_base64="QxJCiv53GsaOvbDo2WCJDnolGqA=">AAAB/nicbVDJSgNBEK2JW4zbGPHkpTEIESTMBEG9Bbx4kghmgcww9HR6kiY9C909QhgC/oHf4MWDIl49+wne/BDvdpaDJj4oeLxXRVU9P+FMKsv6MnJLyyura/n1wsbm1vaOuVtsyjgVhDZIzGPR9rGknEW0oZjitJ0IikOf05Y/uBz7rTsqJIujWzVMqBviXsQCRrDSkmfuOz4W2fWojJy6ZOgECa+Jjj2zZFWsCdAisWekVCs65e+PB6fumZ9ONyZpSCNFOJayY1uJcjMsFCOcjgpOKmmCyQD3aEfTCIdUutnk/BE60koXBbHQFSk0UX9PZDiUchj6ujPEqi/nvbH4n9dJVXDuZixKUkUjMl0UpBypGI2zQF0mKFF8qAkmgulbEeljgYnSiRV0CPb8y4ukWa3Yp5WLG7tUq8IUeTiAQyiDDWdQgyuoQwMIZPAIz/Bi3BtPxqvxNm3NGbOZPfgD4/0HWkqXcQ==</latexit>
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Rate Calculation :   Fixed 

N̄( , rv)

<latexit sha1_base64="m0sE1evbtdidikRvMNQb9WCX49M=">AAAB/HicbVDJSgNBEK1xjXEbk6OXxiBEkDATBPUW8OJJIpgFMsPQ0+kkTXoWunsCwxB/wU/w4kERr36An+DND/FuZzlo4oOCx3tVVNXzY86ksqwvY2V1bX1jM7eV397Z3ds3DwpNGSWC0AaJeCTaPpaUs5A2FFOctmNBceBz2vKHVxO/NaJCsii8U2lM3QD3Q9ZjBCsteWbR8bHIbsZlpy7ZKRLeCJ14ZsmqWFOgZWLPSalWcMrfHw9O3TM/nW5EkoCGinAsZce2YuVmWChGOB3nnUTSGJMh7tOOpiEOqHSz6fFjdKyVLupFQleo0FT9PZHhQMo08HVngNVALnoT8T+vk6jehZuxME4UDclsUS/hSEVokgTqMkGJ4qkmmAimb0VkgAUmSueV1yHYiy8vk2a1Yp9VLm/tUq0KM+TgEI6gDDacQw2uoQ4NIJDCIzzDi3FvPBmvxtusdcWYzxThD4z3H9XFlz0=</latexit>

rv

<latexit sha1_base64="UvwDn2CF13m04tUxHg3hsSfBdj4=">AAAB6nicbZDLSgMxFIbPeKm13qou3QSL4KrMFEHdFdy4bNFeoB1KJs20oUlmSDKFMvQRXOiiIm4F38WlO/FlTC8Lbf0h8PH/55BzThBzpo3rfjlr6xubma3sdm5nd2//IH94VNdRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGNxM88aQKs0ieW9GMfUF7kkWMoKNte5UZ9jJF9yiOxNaBW8BhXKm+v0xeXyvdPKf7W5EEkGlIRxr3fLc2PgpVoYRTse5dqJpjMkA92jLosSCaj+djTpGZ9bpojBS9kmDZu7vjhQLrUcisJUCm75ezqbmf1krMeGVnzIZJ4ZKMv8oTDgyEZrujbpMUWL4yAImitlZEeljhYmx18nZI3jLK69CvVT0LorXVa9QLsFcWTiBUzgHDy6hDLdQgRoQ6MEDTODZ4c6T8+K8zkvXnEXPMfyR8/YD1d2R4g==</latexit>

 

<latexit sha1_base64="i8ftWB0jxNU1Gadg2+tfd8seYcM=">AAAB63icdZDLSsNAFIYnXmu9VV26GSxCVyGpoZeVFTcuK9gLNKFMppN26GQSZiZCCX0FXbhQxK0vovgC7nwQ905aBRX9YeDn+89hzjl+zKhUlvVmLCwuLa+s5tby6xubW9uFnd22jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzxaZZ3LomQNOIXahITL0RDTgOKkcqQ25S0XyhaZr1WKTsVaJmWVbXLdmbKVefIgbYmmYrHL0/Xbun9udkvvLqDCCch4QozJGXPtmLlpUgoihmZ5t1EkhjhMRqSnrYchUR66WzWKTzUZACDSOjHFZzR7x0pCqWchL6uDJEayd9ZBv/KeokKal5KeZwowvH8oyBhUEUwWxwOqCBYsYk2CAuqZ4V4hATCSp8nr4/wtSn837TLpu2Y9XO72DgBc+XAPjgAJWCDKmiAM9AELYDBCFyBW3BnhMaNcW88zEsXjM+ePfBDxuMHemaTBQ==</latexit>

Very important to evaluate the selection used in ZTF,  through observation and 
 sample selection : RCF/ BTS like program crucial!

neglecting uncertainties 
in transient propertiesL = �N̄( , rv) +Nsample log (rv) + ...

<latexit sha1_base64="Uadb1kcw+F1IPYEsD7TN6FrRmxM="></latexit>



• Need to evaluate likelihood 
and expected number of 
objects in a sequence 
required by MCMC 

• Use importance sampling to 
evaluate N̄( , rV )

<latexit sha1_base64="QxJCiv53GsaOvbDo2WCJDnolGqA=">AAAB/nicbVDJSgNBEK2JW4zbGPHkpTEIESTMBEG9Bbx4kghmgcww9HR6kiY9C909QhgC/oHf4MWDIl49+wne/BDvdpaDJj4oeLxXRVU9P+FMKsv6MnJLyyura/n1wsbm1vaOuVtsyjgVhDZIzGPR9rGknEW0oZjitJ0IikOf05Y/uBz7rTsqJIujWzVMqBviXsQCRrDSkmfuOz4W2fWojJy6ZOgECa+Jjj2zZFWsCdAisWekVCs65e+PB6fumZ9ONyZpSCNFOJayY1uJcjMsFCOcjgpOKmmCyQD3aEfTCIdUutnk/BE60koXBbHQFSk0UX9PZDiUchj6ujPEqi/nvbH4n9dJVXDuZixKUkUjMl0UpBypGI2zQF0mKFF8qAkmgulbEeljgYnSiRV0CPb8y4ukWa3Yp5WLG7tUq8IUeTiAQyiDDWdQgyuoQwMIZPAIz/Bi3BtPxqvxNm3NGbOZPfgD4/0HWkqXcQ==</latexit>
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Rate & Properties Simultaneously

L = �N̄( , rv) +Nsample log (rv) + Pu({�i}| )

<latexit sha1_base64="xch/X0Ohjsxm+NG8s22051q6p9U="></latexit>
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Flow Chart : SN Ia 

Nref SNIa with properties 
from a reference distribution

Simsurvey : 
simulate light curves with 

ZTF Observations

LCs of observed SNIa

Sample 
ZTF Sky & 

Time

Select & 
Extract 

properties

Properties of  
selected ref 

SNIa

ZTF BTS  SNIa LCs Extract 
properties

Properties of  
selected BTS 

SNIa

MCMC 
(emcee)

N̄( , rv)

<latexit sha1_base64="rrygcbGrJ8K86YCrC4wphPn/FZo="></latexit>

Nsample, {�i}

<latexit sha1_base64="k8zQvFyIztY/a9/bQ0nSJVywHQ8="></latexit>

L = �N̄( , rv) +Nsample log (rv) + Pu({�i}| )

<latexit sha1_base64="Ud0/I81B2S/98TKa0ZzWBFVeITg="></latexit>
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Simulation Results
N̄
(r

v
, 

)

<latexit sha1_base64="EDhuodTz/2k/nxgfPEom+SWVLhk="></latexit>

N̄
(r

v
, 

)

<latexit sha1_base64="EDhuodTz/2k/nxgfPEom+SWVLhk="></latexit>

       changes with rate, or brighter populationsN̄

<latexit sha1_base64="wRC6O/nW2+eGoqabX9HB/zBVPKg=">AAAB7nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmiqAuxIIbV1LBXqAdSibNtKGZTEgyQhn6EG5cKOLCjW/ge7gR38b0stDWHwIf/38OOeeEkjNtPO/byS0tr6yu5dfdjc2t7Z3C7l5dJ6kitEYSnqhmiDXlTNCaYYbTplQUxyGnjXBwNc4b91Rplog7M5Q0iHFPsIgRbKzVaIdYZTejTqHolbyJ0CL4MyhefrgX8u3LrXYKn+1uQtKYCkM41rrle9IEGVaGEU5HbjvVVGIywD3asihwTHWQTcYdoSPrdFGUKPuEQRP3d0eGY62HcWgrY2z6ej4bm/9lrdREZ0HGhEwNFWT6UZRyZBI03h11maLE8KEFTBSzsyLSxwoTYy/k2iP48ysvQr1c8k9K57d+sVKGqfJwAIdwDD6cQgWuoQo1IDCAB3iCZ0c6j86L8zotzTmznn34I+f9B61dksE=</latexit>

Posteriors for different realizations 

Truth



• Use forced photometry light curves from the 
ZTF Bright Transient Sample  (mag < 18.5) 
sample  

• IPAC FPS  : originally setup ZTF_IPAC 
to use FPS more easily. For the Perley 
et al. sample, light curves from Caltech. 

• ZTF_IPAC also does baseline 
corrections to the fluxes based on pre-
transient observations (Early ZTF data : 
pre-transient  can be few, maybe we 
should use post-transient epochs) 

• Extract  SNIa parameters using SNCosmo 

• Number of samples greatly increase from 
the Fremling et al. 2019 sample to Perley et 
al. 2020 sample.  
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ZTF Data



• Need large number of realizations of ZTF to suppress scatter 
in expected number  

• Simulation tools needed modification with 3 yr sample. 

• Applying the same selection in simulations, by using lightcurve/
position filters from BTS 

• Accurately implement ZTF observing & selection: still hard! 
• Where has ZTF observed & obtained alerts correctly ? 

• observing logs w/ annotations (Caltech)
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Simulations (to get expected numbers)



• Simultaneously infer the rate and distribution of population 
properties from data 

• Warm-up with SNIa, but can be applied to to other transients 
with models 

• Key survey input : objective selection criteria and implemented 
in simulations 

• Significantly involved in terms of computation, but more in 
terms of book keeping
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Summary


