
Extended Path Intensity Correlation (EPIC)

Stellar Intensity Interferometry Workshop — OSU CCAPP — May 23, 2023

with Marios Galanis (PI), Masha Baryakhtar (UW), Neal Weiner (NYU)
based on [arXiv:2306.XXXXX]

Ken Van Tilburg CCPP @ New York University | CCA @ Flatiron Institute



Outline
1. Introduction to Astrometry

2. Intensity Interferometry

3. Scientific Applications



Outline

• eye balls and imaging telescopes 
• spectrographs 
• amplitude interferometers

1. Introduction to Astrometry

2. Intensity Interferometry

3. Scientific Applications



Outline

• eye balls and imaging telescopes 
• spectrographs 
• amplitude interferometers

1. Introduction to Astrometry

2. Intensity Interferometry
• basic idea  
• extended path invention 
• projected performance 
• technical details

3. Scientific Applications



Outline

• eye balls and imaging telescopes 
• spectrographs 
• amplitude interferometers

1. Introduction to Astrometry

2. Intensity Interferometry
• basic idea  
• extended path invention 
• projected performance 
• technical details

3. Scientific Applications
• binary orbits 
• exoplanets 
• stellar microlensing 
• Galactic acceleration 
• cosmic distance ladder 
• quasar microlensing 
  by DM substructure



Outline

• eye balls and imaging telescopes 
• spectrographs 
• amplitude interferometers

1. Introduction to Astrometry

2. Intensity Interferometry
• basic idea  
• extended path invention 
• projected performance 
• technical details

3. Scientific Applications
• binary orbits 
• exoplanets 
• stellar microlensing 
• Galactic acceleration 
• cosmic distance ladder 
• quasar microlensing 
  by DM substructure



Astrometry
= measurements of the positions and movements of stars / celestial bodies

Hipparchus (190—120 BC) Ptolemy (100–170) Abd al-Rahman al-Sufi (903—986) Tycho Brahe (1546—1601)

Earth’s precession
trigonometry

astrolabe [Almagest] [Book of Fixed Stars]

<latexit sha1_base64="PsrfcH8wzGXfGQ4rzXIV+f1yrX4="></latexit>

angular resolution: �eye
✓res

⇡ 1 arcmin ⇡ 3⇥ 10�4 rad

catalogue of 1022 stars

<latexit sha1_base64="/8nHS67gaS+qqWK8s0vgGU/3w4c="></latexit>

�mural
✓̂

⇡ 30 arcsec

⇡ 1.5⇥ 10�4 rad

<latexit sha1_base64="5m4nirBQirh+AqEp0pWXNWnXqx0="></latexit>

global astrometric precision: �astrolabe
✓̂

⇡ 20 arcmin ⇡ 6⇥ 10�3 rad



Ground-Based Imaging Telescopes

Keck Observatory

<latexit sha1_base64="JsXqArp/y5O4OQ5RwOCRN61Ab5s="></latexit>

�✓res ⇠
�

min{D, r0}

Astronomical Seeing
<latexit sha1_base64="a8NiCn21N0TOhazERhplKrmnXXM="></latexit>

r0 . 30 cm ) �✓res & 0.4 arcsec

<latexit sha1_base64="4s/XUk51mHP2p3BLLiZ/DMZMfLg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVa70IRT14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqZ+q0nqjSL5IMZx9QXeCBZyAg2Vnq8RVeoilTP7RVLbtmdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28ASdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwks/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzrOxdlCv356XadRZHHo7gGE7BgyrU4A7q0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w+Qno73</latexit>

D = 7r0

<latexit sha1_base64="qk1VbtiuPVwOEhIn/5jkFdkVPMc="></latexit>
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�
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<latexit sha1_base64="qk1VbtiuPVwOEhIn/5jkFdkVPMc="></latexit>
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Optics



Space-Based Imaging Telescopes

Gaia (2014–2024)Hipparcos (1989–1993)

<latexit sha1_base64="d7ylPrEg5CTHL+TtKQUJFRu2x5o=">AAACCnicbVC5TsNAEF1zhnAZKGkWIiSqyI44uwgaKhQkckixsdabdbLK+tDuGBFZqWn4FRoKEKLlC+j4GzaJC0h40khP781oZp6fCK7Asr6NufmFxaXlwkpxdW19Y9Pc2m6oOJWU1WksYtnyiWKCR6wOHARrJZKR0Bes6fcvR37znknF4+gWBglzQ9KNeMApAS155t615wB7gEwBkWqIHcVDXMEO8JApbFt3555ZssrWGHiW2DkpoRw1z/xyOjFNQxYBFUSptm0l4GZEAqeCDYtOqlhCaJ90WVvTiOhNbjZ+ZYgPtNLBQSx1RYDH6u+JjIRKDUJfd4YEemraG4n/ee0UgjM341GSAovoZFGQCgwxHuWCO1wyCmKgCaGS61sx7RFJKOj0ijoEe/rlWdKolO2T8vHNUal6kcdRQLtoHx0iG52iKrpCNVRHFD2iZ/SK3own48V4Nz4mrXNGPrOD/sD4/AHpZpm/</latexit>

Nstars ⇠ 2⇥ 109
<latexit sha1_base64="EKZpYEH9mzY65BdqNc7byinu2M0=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8SJgJLjkGvXiSCGaBzDD0dHqSJj0L3TViGObkxV/x4kERr36DN//GznLQxAcFj/eqqKrnJ4IrsKxvY2FxaXlltbBWXN/Y3No2d3abKk4lZQ0ai1i2faKY4BFrAAfB2olkJPQFa/mDq5HfumdS8Ti6g2HC3JD0Ih5wSkBLnnlw4znAHiBTQKTKsaN4iG27mp3kFcvyzJJVtsbA88SekhKaou6ZX043pmnIIqCCKNWxrQTcjEjgVLC86KSKJYQOSI91NI1IyJSbjd/I8ZFWujiIpa4I8Fj9PZGRUKlh6OvOkEBfzXoj8T+vk0JQdTMeJSmwiE4WBanAEONRJrjLJaMghpoQKrm+FdM+kYSCTq6oQ7BnX54nzUrZPi+f3Z6WapfTOApoHx2iY2SjC1RD16iOGoiiR/SMXtGb8WS8GO/Gx6R1wZjO7KE/MD5/ALu9l/8=</latexit>

Nstars ⇠ 118,200

<latexit sha1_base64="hGwTqlHY4/usNPy/sBwODgf+opA="></latexit>

�Gaia
✓res ⇠ �

D
⇡ 0.4 arcsec ⇡ 10�6 rad

<latexit sha1_base64="x+X5/WJi2T2DCkEE70pzVMx1r50="></latexit>

��✓ ' 1

SNR
�✓res

<latexit sha1_base64="5Nw6AbvZfkG8HGDSEZgpxJKuqkM=">AAACG3icbVA9SwNBEN3zM8avqKXNYhAsJNyJX2XQxjKCUSEXwtxmkizu3h27c0I48j9s/Cs2FopYCRb+GzcxhSY+GHi8N8PMvChV0pLvf3kzs3PzC4uFpeLyyuraemlj89ommRFYF4lKzG0EFpWMsU6SFN6mBkFHCm+iu/Ohf3OPxsokvqJ+ik0N3Vh2pAByUqt0EFrZ1dDKwzYqAh5SDwkG3MmaB77Pw30eaqCe0XmoMw520CqV/Yo/Ap8mwZiU2Ri1VukjbCci0xiTUGBtI/BTauZgSAqFg2KYWUxB3EEXG47GoNE289FvA77rlDbvJMZVTHyk/p7IQVvb15HrHJ5pJ72h+J/XyKhz2sxlnGaEsfhZ1MkUp4QPg+JtaVCQ6jsCwkh3Kxc9MCDIxVl0IQSTL0+T64NKcFw5ujwsV8/GcRTYNttheyxgJ6zKLliN1ZlgD+yJvbBX79F79t6895/WGW88s8X+wPv8BuGMoLI=</latexit>

��✓ ⇠ 100µas
<latexit sha1_base64="hbYYLx8RUI3W6VyuuLUtS0gOExI=">AAACF3icbVDLSgNBEJyN7/iKevQyGAQPEnbF1zHoxaOCUSEbQu+kkwyZ2V1meoWw5C+8+CtePCjiVW/+jbMxB18FDUVVN91dUaqkJd//8EpT0zOzc/ML5cWl5ZXVytr6lU0yI7AhEpWYmwgsKhljgyQpvEkNgo4UXkeD08K/vkVjZRJf0jDFloZeLLtSADmpXamFVvY0tPOwg4qAh9RHghF3suaBz8NdHmqgvtG5BjtqV6p+zR+D/yXBhFTZBOftynvYSUSmMSahwNpm4KfUysGQFApH5TCzmIIYQA+bjsag0bby8V8jvu2UDu8mxlVMfKx+n8hBWzvUkessbrS/vUL8z2tm1D1u5TJOM8JYfC3qZopTwouQeEcaFKSGjoAw0t3KRR8MCHJRll0Iwe+X/5KrvVpwWDu42K/WTyZxzLNNtsV2WMCOWJ2dsXPWYILdsQf2xJ69e+/Re/Fev1pL3mRmg/2A9/YJVKSfaQ==</latexit>

��✓ ⇠ 10mas



Spectrographs

Keck Observatory



Amplitude Interferometers

<latexit sha1_base64="1V5vqjeuZCHe8dp2RpF9FOvZtqg="></latexit>
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⇤
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<latexit sha1_base64="x+X5/WJi2T2DCkEE70pzVMx1r50="></latexit>

��✓ ' 1

SNR
�✓res

Event Horizon Telescope

<latexit sha1_base64="7vNQ2Q2zT9ALsV0LOJnqAFMexAI=">AAACGnicbVA9T+NAEF3DHXCBgwAlzeoiJKrIRnyVETSUIBFAiiNrvB4nK3Zta3eMiCz/Dhr+Cg0FCNEhGv4Nm5DiDu5JIz29N7M78+JCSUu+/+7NzP74OTe/8KuxuPR7eaW5unZu89II7Ipc5eYyBotKZtglSQovC4OgY4UX8dXR2L+4RmNlnp3RqMC+hkEmUymAnBQ1g9DKgYaoCmmIBFFIeEOVQVvX3Fmah6kBUYXKPZlAXSV11Gz5bX8C/p0EU9JiU5xEzdcwyUWpMSOhwNpe4BfUr8CQFArrRlhaLEBcwQB7jmag0faryWk133RKwtPcuMqIT9S/JyrQ1o507Do10NB+9cbi/7xeSelBv5JZURJm4vOjtFSccj7OiSfSoCA1cgSEkW5XLobgsiCXZsOFEHw9+Ts5324He+3d051W53AaxwLbYH/YFgvYPuuwY3bCukywW3bPHtmTd+c9eM/ey2frjDedWWf/wHv7AKsnooU=</latexit>

�✓res ⇠
�

d
<latexit sha1_base64="/aJPg5o2ouIesghRoicAY6Vp9Ow="></latexit>

�✓res ⇡ 30µas

CHARA Array
<latexit sha1_base64="pV1uCDQAQHFOWEZVtC1044aw/ck="></latexit>

�✓res ⇡ 200µas

<latexit sha1_base64="HTNLi41Soo0WQ4BtiJq76q7QqYs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnE10YoSsFlBfuANobJ9KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNgttPXDhcM693HuPF3MmlWV9G4WFxaXlleJqaW19Y3PL3N5pyigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7weuy3HkBIFoV3ahSDE5B+yHxGidKSa+7XXBtf4porMdynDHfjAXNTie0MZ9g1y1bFmgDPEzsnZZSj7ppf3V5EkwBCRTmRsmNbsXJSIhSjHLJSN5EQEzokfehoGpIApJNOvsjwoVZ62I+ErlDhifp7IiWBlKPA050BUQM5643F/7xOovwLJ2VhnCgI6XSRn3CsIjyOBPeYAKr4SBNCBdO3YjogglClgyvpEOzZl+dJ87hin1VOb0/K1as8jiLaQwfoCNnoHFXRDaqjBqLoET2jV/RmPBkvxrvxMW0tGPnMLvoD4/MHUMSWkg==</latexit>

E1 = Ese
i�s1

<latexit sha1_base64="h2ixNP4NxUKX3CRoMqHtInopdNw=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5IUXxuhKAWXFWwrtDFMppN26OTBzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89XsyZVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEENokEY/EnYcl5SykTcUUp3exoDjwOG17w6ux336gQrIovFWjmDoB7ofMZwQrLbnmft2togtUdyWi9ylD3XjA3FSiaoYy5Jplq2JNgOaJnZMy5Gi45le3F5EkoKEiHEvZsa1YOSkWihFOs1I3kTTGZIj7tKNpiAMqnXTyRYYOtdJDfiR0hQpN1N8TKQ6kHAWe7gywGshZbyz+53US5Z87KQvjRNGQTBf5CUcqQuNIUI8JShQfaYKJYPpWRAZYYKJ0cCUdgj378jxpVSv2aeXk5rhcu8zjKMIeHMAR2HAGNbiGBjSBwCM8wyu8GU/Gi/FufExbC0Y+swt/YHz+AFPplpQ=</latexit>

E2 = Ese
i�s2

<latexit sha1_base64="NBR9RHjmKKgQmXYgKh342hFgUxU="></latexit>

�sj(t) = �!t+ krsj + �em
s (t� rsj)

<latexit sha1_base64="wxV2TEDNtNSZxXPFTwuoD060tdo=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCG0siVl2KblxWsK3QhDCZnNrBycWZE6GEPIkbX8WNC0UEV/o2TtsstPrDwDf/OYeZ8wepFBpt+8uamZ2bX1isLFWXV1bX1msbmx2dZIpDmycyUdcB0yBFDG0UKOE6VcCiQEI3uD0f1bv3oLRI4iscpuBF7CYWfcEZGsuvNZWfa6eg+3QEBwV1tYjgztzdAcPcxQEgK3xNXR4mSN174HlY+LW63bDHon/BKaFOSrX82ocbJjyLIEYumdY9x07Ry5lCwSUUVTfTkDJ+y26gZzBmEWgvH69X0F3jhLSfKHNipGP350TOIq2HUWA6I4YDPV0bmf/Vehn2T7xcxGmGEPPJQ/1MUkzoKCsaCgUc5dAA40qYv1I+YIpxNIlWTQjO9Mp/oXPQcI4azcvD+ulZGUeFbJMdskccckxOyQVpkTbh5IE8kRfyaj1az9ab9T5pnbHKmS3yS9bnN4HUoig=</latexit>

rs1 � rs2 ' �✓̂s · ~d

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="Ny4YaKiqijlKdsdEM/ieWkfzdgM=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8Oha9eKxgP6CJZbLdNEs3m7A7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OCVHCNjvNtLS2vrK6tlzbKm1vbO7uVvf2WTjJFWZMmIlGdADQTXLImchSskyoGcSBYOxjeTPz2I1OaJ/IeRynzYxhIHnIKaKQHLwLMPYwYwrine5WqU3OmsBeJW5AqKdDoVb68fkKzmEmkArTuuk6Kfg4KORVsXPYyzVKgQxiwrqESYqb9fHr12D42St8OE2VKoj1Vf0/kEGs9igPTGQNGet6biP953QzDKz/nMs2QSTpbFGbCxsSeRGD3uWIUxcgQoIqbW20agQKKJqiyCcGdf3mRtE5r7kXt/O6sWr8u4iiRQ3JETohLLkmd3JIGaRJKFHkmr+TNerJerHfrY9a6ZBUzB+QPrM8fEJWS5Q==</latexit>

✓̂s

<latexit sha1_base64="QlxJIycPTKifQnks+r9SnIQdld0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXuZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A5/Pjy0=</latexit>rs1
<latexit sha1_base64="LyxStRRrFODvvkYs4R/Sgov9yLg=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mWmOumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/oVSPLg==</latexit>rs2
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Intensity Interferometry

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a

<latexit sha1_base64="bbrELoht5uMno9hBEnJStGf6XVw=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXsZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A4Rjjxs=</latexit>ra1

<latexit sha1_base64="y2NniiSDcO4HsAcwNaX/0MzGvN8=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXtZ6E965YpX9WbAy8TPSQVy1Hvlr25f0TRm0lJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gkMTNBNrt2gk+c0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRG10HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquRD8xZeXSfOs6l9WL+7PK7WbPI4iHMExnIIPV1CDO6hDAyg8wjO8whtS6AW9o495awHlM4fwB+jzB4Xpjxw=</latexit>rb1
<latexit sha1_base64="YXbqVPgoKRUZX7WNQrA8npJKNNw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mW4OumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/heiPHA==</latexit>ra2

<latexit sha1_base64="8X8IvN8hPFNj8zVzrtBrBh27A3s=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mVRddIrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfF1mDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaCy8rF/Xm5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AIdujx0=</latexit>rb2

<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="pPAvOVmjr1Kldg4Oaa4JXdhmBRw=">AAAB+nicbVDJSgNBEO1xjXGb6NFLYxA8hRlxOwa9eIxgFsgMoadTSZr0LHTXRMKYT/HiQRGvfok3/8ZOMgdNfFDF470quvoFiRQaHefbWlldW9/YLGwVt3d29/bt0kFDx6niUOexjFUrYBqkiKCOAiW0EgUsDCQ0g+Ht1G+OQGkRRw84TsAPWT8SPcEZGqljl7wR8MzDASCbdLLANLvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/m50+oSdG6dJerExFSGfq742MhVqPw8BMhgwHetGbiv957RR7134moiRFiPj8oV4qKcZ0mgPtCgUc5dgQxpUwt1I+YIpxNGkVTQju4peXSeOs4l5WLu7Py9WbPI4COSLH5JS45IpUyR2pkTrh5JE8k1fyZj1ZL9a79TEfXbHynUPyB9bnD/0zlH0=</latexit>

~✓ba

<latexit sha1_base64="IMBRP7p5uVls3wHfzidu+ojyD+Y="></latexit>

sub-µas resolution and even better di↵erential light-centroiding precision



Intensity Correlations
One Source

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2

<latexit sha1_base64="ZV1qWvRydY7kWThwu1nMDJ2J7wQ="></latexit>
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<latexit sha1_base64="x0xSJdm1kqWxUWiLkucEgM2zKaE="></latexit>

C(⌧) =
hI1(t)I2(t+ ⌧)i

hI1i hI2i
� 1

<latexit sha1_base64="Wv4LYxxhsPtkJvjfSCQB38TgrGs=">AAACEHicbVDLSgMxFM34rPU16tJNsIgupMyIVTdC0Y3LCvYBnaFkMmkbmmSGJCOUYT7Bjb/ixoUibl2682/MtLPQ1gOBwzn3kHtPEDOqtON8WwuLS8srq6W18vrG5ta2vbPbUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsY3eR++4FIRSNxr8cx8TkaCNqnGGkj9ewjLzJ2nk49ZmIhyuAVrDkO9E6gx5EeSp4KnvXsilN1JoDzxC1IBRRo9OwvL4xwwonQmCGluq4Taz9FUlPMSFb2EkVihEdoQLqGCsSJ8tPJQRk8NEoI+5E0T2g4UX8nUsSVGvPATOYrqlkvF//zuonuX/opFXGiicDTj/oJgzqCeTswpJJgzcaGICyp2RXiIZIIa9Nh2ZTgzp48T1qnVfe8Wrs7q9SvizpKYB8cgGPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1sd0dMEqMnvgD6zPH4EUnEI=</latexit>

� = 500 nm
<latexit sha1_base64="O4HTHdKPz89UuWNYMHXfPBHelHA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQkoivjZC0Y3LCvYBTQiT6aQdOjMJMxOhhC7c+CtuXCji1o9w5984abPQ1gMXDufcy733hAmjSjvOt1VaWl5ZXSuvVzY2t7Z37N29topTiUkLxyyW3RApwqggLU01I91EEsRDRjrh6Cb3Ow9EKhqLez1OiM/RQNCIYqSNFNhVT9EBR4GGV9B1vGPocaSHkmeJmgR2zak7U8BF4hakBgo0A/vL68c45URozJBSPddJtJ8hqSlmZFLxUkUShEdoQHqGCsSJ8rPpExN4aJQ+jGJpSmg4VX9PZIgrNeah6cxPVPNeLv7n9VIdXfoZFUmqicCzRVHKoI5hngjsU0mwZmNDEJbU3ArxEEmEtcmtYkJw519eJO2TunteP7s7rTWuizjKoAoOwBFwwQVogFvQBC2AwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD1Rbl0k=</latexit>

�t = 10ps
<latexit sha1_base64="thIZzHIlbA0pQXEIlrx5Hj3cqXQ=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4kLIrVr0IRS8eq9gP2C4lm2bb0GyyJFmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6llqghtEMmlaodYU84EbRhmOG0niuI45LQVDm8nfuuJKs2keDSjhAYx7gsWMYKNlfwHdI2q2enYdd1uqexW3CnQIvFyUoYc9W7pq9OTJI2pMIRjrX3PTUyQYWUY4XRc7KSaJpgMcZ/6lgocUx1k05PH6NgqPRRJZUsYNFV/T2Q41noUh7Yzxmag572J+J/npya6CjImktRQQWaLopQjI9Hkf9RjihLDR5Zgopi9FZEBVpgYm1LRhuDNv7xImmcV76JSvT8v127yOApwCEdwAh5cQg3uoA4NICDhGV7hzTHOi/PufMxal5x85gD+wPn8AdF+j6o=</latexit>

R = 5,000



Intensity Correlations
One Source

<latexit sha1_base64="HTNLi41Soo0WQ4BtiJq76q7QqYs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnE10YoSsFlBfuANobJ9KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNgttPXDhcM693HuPF3MmlWV9G4WFxaXlleJqaW19Y3PL3N5pyigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7weuy3HkBIFoV3ahSDE5B+yHxGidKSa+7XXBtf4porMdynDHfjAXNTie0MZ9g1y1bFmgDPEzsnZZSj7ppf3V5EkwBCRTmRsmNbsXJSIhSjHLJSN5EQEzokfehoGpIApJNOvsjwoVZ62I+ErlDhifp7IiWBlKPA050BUQM5643F/7xOovwLJ2VhnCgI6XSRn3CsIjyOBPeYAKr4SBNCBdO3YjogglClgyvpEOzZl+dJ87hin1VOb0/K1as8jiLaQwfoCNnoHFXRDaqjBqLoET2jV/RmPBkvxrvxMW0tGPnMLvoD4/MHUMSWkg==</latexit>

E1 = Ese
i�s1

<latexit sha1_base64="h2ixNP4NxUKX3CRoMqHtInopdNw=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5IUXxuhKAWXFWwrtDFMppN26OTBzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89XsyZVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEENokEY/EnYcl5SykTcUUp3exoDjwOG17w6ux336gQrIovFWjmDoB7ofMZwQrLbnmft2togtUdyWi9ylD3XjA3FSiaoYy5Jplq2JNgOaJnZMy5Gi45le3F5EkoKEiHEvZsa1YOSkWihFOs1I3kTTGZIj7tKNpiAMqnXTyRYYOtdJDfiR0hQpN1N8TKQ6kHAWe7gywGshZbyz+53US5Z87KQvjRNGQTBf5CUcqQuNIUI8JShQfaYKJYPpWRAZYYKJ0cCUdgj378jxpVSv2aeXk5rhcu8zjKMIeHMAR2HAGNbiGBjSBwCM8wyu8GU/Gi/FufExbC0Y+swt/YHz+AFPplpQ=</latexit>

E2 = Ese
i�s2

<latexit sha1_base64="NBR9RHjmKKgQmXYgKh342hFgUxU="></latexit>

�sj(t) = �!t+ krsj + �em
s (t� rsj)

<latexit sha1_base64="wxV2TEDNtNSZxXPFTwuoD060tdo=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCG0siVl2KblxWsK3QhDCZnNrBycWZE6GEPIkbX8WNC0UEV/o2TtsstPrDwDf/OYeZ8wepFBpt+8uamZ2bX1isLFWXV1bX1msbmx2dZIpDmycyUdcB0yBFDG0UKOE6VcCiQEI3uD0f1bv3oLRI4iscpuBF7CYWfcEZGsuvNZWfa6eg+3QEBwV1tYjgztzdAcPcxQEgK3xNXR4mSN174HlY+LW63bDHon/BKaFOSrX82ocbJjyLIEYumdY9x07Ry5lCwSUUVTfTkDJ+y26gZzBmEWgvH69X0F3jhLSfKHNipGP350TOIq2HUWA6I4YDPV0bmf/Vehn2T7xcxGmGEPPJQ/1MUkzoKCsaCgUc5dAA40qYv1I+YIpxNIlWTQjO9Mp/oXPQcI4azcvD+ulZGUeFbJMdskccckxOyQVpkTbh5IE8kRfyaj1az9ab9T5pnbHKmS3yS9bnN4HUoig=</latexit>

rs1 � rs2 ' �✓̂s · ~d

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="Ny4YaKiqijlKdsdEM/ieWkfzdgM=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8Oha9eKxgP6CJZbLdNEs3m7A7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OCVHCNjvNtLS2vrK6tlzbKm1vbO7uVvf2WTjJFWZMmIlGdADQTXLImchSskyoGcSBYOxjeTPz2I1OaJ/IeRynzYxhIHnIKaKQHLwLMPYwYwrine5WqU3OmsBeJW5AqKdDoVb68fkKzmEmkArTuuk6Kfg4KORVsXPYyzVKgQxiwrqESYqb9fHr12D42St8OE2VKoj1Vf0/kEGs9igPTGQNGet6biP953QzDKz/nMs2QSTpbFGbCxsSeRGD3uWIUxcgQoIqbW20agQKKJqiyCcGdf3mRtE5r7kXt/O6sWr8u4iiRQ3JETohLLkmd3JIGaRJKFHkmr+TNerJerHfrY9a6ZBUzB+QPrM8fEJWS5Q==</latexit>

✓̂s

<latexit sha1_base64="QlxJIycPTKifQnks+r9SnIQdld0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXuZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A5/Pjy0=</latexit>rs1
<latexit sha1_base64="LyxStRRrFODvvkYs4R/Sgov9yLg=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mWmOumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/oVSPLg==</latexit>rs2

<latexit sha1_base64="ZV1qWvRydY7kWThwu1nMDJ2J7wQ="></latexit>
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Intensity Correlations
One Source

<latexit sha1_base64="HTNLi41Soo0WQ4BtiJq76q7QqYs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnE10YoSsFlBfuANobJ9KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNgttPXDhcM693HuPF3MmlWV9G4WFxaXlleJqaW19Y3PL3N5pyigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7weuy3HkBIFoV3ahSDE5B+yHxGidKSa+7XXBtf4porMdynDHfjAXNTie0MZ9g1y1bFmgDPEzsnZZSj7ppf3V5EkwBCRTmRsmNbsXJSIhSjHLJSN5EQEzokfehoGpIApJNOvsjwoVZ62I+ErlDhifp7IiWBlKPA050BUQM5643F/7xOovwLJ2VhnCgI6XSRn3CsIjyOBPeYAKr4SBNCBdO3YjogglClgyvpEOzZl+dJ87hin1VOb0/K1as8jiLaQwfoCNnoHFXRDaqjBqLoET2jV/RmPBkvxrvxMW0tGPnMLvoD4/MHUMSWkg==</latexit>

E1 = Ese
i�s1

<latexit sha1_base64="h2ixNP4NxUKX3CRoMqHtInopdNw=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5IUXxuhKAWXFWwrtDFMppN26OTBzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89XsyZVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEENokEY/EnYcl5SykTcUUp3exoDjwOG17w6ux336gQrIovFWjmDoB7ofMZwQrLbnmft2togtUdyWi9ylD3XjA3FSiaoYy5Jplq2JNgOaJnZMy5Gi45le3F5EkoKEiHEvZsa1YOSkWihFOs1I3kTTGZIj7tKNpiAMqnXTyRYYOtdJDfiR0hQpN1N8TKQ6kHAWe7gywGshZbyz+53US5Z87KQvjRNGQTBf5CUcqQuNIUI8JShQfaYKJYPpWRAZYYKJ0cCUdgj378jxpVSv2aeXk5rhcu8zjKMIeHMAR2HAGNbiGBjSBwCM8wyu8GU/Gi/FufExbC0Y+swt/YHz+AFPplpQ=</latexit>

E2 = Ese
i�s2

<latexit sha1_base64="NBR9RHjmKKgQmXYgKh342hFgUxU="></latexit>

�sj(t) = �!t+ krsj + �em
s (t� rsj)

<latexit sha1_base64="wxV2TEDNtNSZxXPFTwuoD060tdo=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCG0siVl2KblxWsK3QhDCZnNrBycWZE6GEPIkbX8WNC0UEV/o2TtsstPrDwDf/OYeZ8wepFBpt+8uamZ2bX1isLFWXV1bX1msbmx2dZIpDmycyUdcB0yBFDG0UKOE6VcCiQEI3uD0f1bv3oLRI4iscpuBF7CYWfcEZGsuvNZWfa6eg+3QEBwV1tYjgztzdAcPcxQEgK3xNXR4mSN174HlY+LW63bDHon/BKaFOSrX82ocbJjyLIEYumdY9x07Ry5lCwSUUVTfTkDJ+y26gZzBmEWgvH69X0F3jhLSfKHNipGP350TOIq2HUWA6I4YDPV0bmf/Vehn2T7xcxGmGEPPJQ/1MUkzoKCsaCgUc5dAA40qYv1I+YIpxNIlWTQjO9Mp/oXPQcI4azcvD+ulZGUeFbJMdskccckxOyQVpkTbh5IE8kRfyaj1az9ab9T5pnbHKmS3yS9bnN4HUoig=</latexit>

rs1 � rs2 ' �✓̂s · ~d

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="Ny4YaKiqijlKdsdEM/ieWkfzdgM=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8Oha9eKxgP6CJZbLdNEs3m7A7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OCVHCNjvNtLS2vrK6tlzbKm1vbO7uVvf2WTjJFWZMmIlGdADQTXLImchSskyoGcSBYOxjeTPz2I1OaJ/IeRynzYxhIHnIKaKQHLwLMPYwYwrine5WqU3OmsBeJW5AqKdDoVb68fkKzmEmkArTuuk6Kfg4KORVsXPYyzVKgQxiwrqESYqb9fHr12D42St8OE2VKoj1Vf0/kEGs9igPTGQNGet6biP953QzDKz/nMs2QSTpbFGbCxsSeRGD3uWIUxcgQoIqbW20agQKKJqiyCcGdf3mRtE5r7kXt/O6sWr8u4iiRQ3JETohLLkmd3JIGaRJKFHkmr+TNerJerHfrY9a6ZBUzB+QPrM8fEJWS5Q==</latexit>

✓̂s

<latexit sha1_base64="QlxJIycPTKifQnks+r9SnIQdld0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXuZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A5/Pjy0=</latexit>rs1
<latexit sha1_base64="LyxStRRrFODvvkYs4R/Sgov9yLg=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mWmOumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/oVSPLg==</latexit>rs2

<latexit sha1_base64="ZV1qWvRydY7kWThwu1nMDJ2J7wQ="></latexit>
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Intensity Correlations
One Source

<latexit sha1_base64="ZV1qWvRydY7kWThwu1nMDJ2J7wQ="></latexit>
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<latexit sha1_base64="HTNLi41Soo0WQ4BtiJq76q7QqYs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnE10YoSsFlBfuANobJ9KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNgttPXDhcM693HuPF3MmlWV9G4WFxaXlleJqaW19Y3PL3N5pyigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7weuy3HkBIFoV3ahSDE5B+yHxGidKSa+7XXBtf4porMdynDHfjAXNTie0MZ9g1y1bFmgDPEzsnZZSj7ppf3V5EkwBCRTmRsmNbsXJSIhSjHLJSN5EQEzokfehoGpIApJNOvsjwoVZ62I+ErlDhifp7IiWBlKPA050BUQM5643F/7xOovwLJ2VhnCgI6XSRn3CsIjyOBPeYAKr4SBNCBdO3YjogglClgyvpEOzZl+dJ87hin1VOb0/K1as8jiLaQwfoCNnoHFXRDaqjBqLoET2jV/RmPBkvxrvxMW0tGPnMLvoD4/MHUMSWkg==</latexit>

E1 = Ese
i�s1

<latexit sha1_base64="h2ixNP4NxUKX3CRoMqHtInopdNw=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5IUXxuhKAWXFWwrtDFMppN26OTBzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89XsyZVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEENokEY/EnYcl5SykTcUUp3exoDjwOG17w6ux336gQrIovFWjmDoB7ofMZwQrLbnmft2togtUdyWi9ylD3XjA3FSiaoYy5Jplq2JNgOaJnZMy5Gi45le3F5EkoKEiHEvZsa1YOSkWihFOs1I3kTTGZIj7tKNpiAMqnXTyRYYOtdJDfiR0hQpN1N8TKQ6kHAWe7gywGshZbyz+53US5Z87KQvjRNGQTBf5CUcqQuNIUI8JShQfaYKJYPpWRAZYYKJ0cCUdgj378jxpVSv2aeXk5rhcu8zjKMIeHMAR2HAGNbiGBjSBwCM8wyu8GU/Gi/FufExbC0Y+swt/YHz+AFPplpQ=</latexit>

E2 = Ese
i�s2

<latexit sha1_base64="NBR9RHjmKKgQmXYgKh342hFgUxU="></latexit>

�sj(t) = �!t+ krsj + �em
s (t� rsj)

<latexit sha1_base64="wxV2TEDNtNSZxXPFTwuoD060tdo=">AAACHnicbZDLSsNAFIYnXmu9VV26GSyCG0siVl2KblxWsK3QhDCZnNrBycWZE6GEPIkbX8WNC0UEV/o2TtsstPrDwDf/OYeZ8wepFBpt+8uamZ2bX1isLFWXV1bX1msbmx2dZIpDmycyUdcB0yBFDG0UKOE6VcCiQEI3uD0f1bv3oLRI4iscpuBF7CYWfcEZGsuvNZWfa6eg+3QEBwV1tYjgztzdAcPcxQEgK3xNXR4mSN174HlY+LW63bDHon/BKaFOSrX82ocbJjyLIEYumdY9x07Ry5lCwSUUVTfTkDJ+y26gZzBmEWgvH69X0F3jhLSfKHNipGP350TOIq2HUWA6I4YDPV0bmf/Vehn2T7xcxGmGEPPJQ/1MUkzoKCsaCgUc5dAA40qYv1I+YIpxNIlWTQjO9Mp/oXPQcI4azcvD+ulZGUeFbJMdskccckxOyQVpkTbh5IE8kRfyaj1az9ab9T5pnbHKmS3yS9bnN4HUoig=</latexit>

rs1 � rs2 ' �✓̂s · ~d

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="Ny4YaKiqijlKdsdEM/ieWkfzdgM=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8Oha9eKxgP6CJZbLdNEs3m7A7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OCVHCNjvNtLS2vrK6tlzbKm1vbO7uVvf2WTjJFWZMmIlGdADQTXLImchSskyoGcSBYOxjeTPz2I1OaJ/IeRynzYxhIHnIKaKQHLwLMPYwYwrine5WqU3OmsBeJW5AqKdDoVb68fkKzmEmkArTuuk6Kfg4KORVsXPYyzVKgQxiwrqESYqb9fHr12D42St8OE2VKoj1Vf0/kEGs9igPTGQNGet6biP953QzDKz/nMs2QSTpbFGbCxsSeRGD3uWIUxcgQoIqbW20agQKKJqiyCcGdf3mRtE5r7kXt/O6sWr8u4iiRQ3JETohLLkmd3JIGaRJKFHkmr+TNerJerHfrY9a6ZBUzB+QPrM8fEJWS5Q==</latexit>

✓̂s

<latexit sha1_base64="QlxJIycPTKifQnks+r9SnIQdld0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXuZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A5/Pjy0=</latexit>rs1
<latexit sha1_base64="LyxStRRrFODvvkYs4R/Sgov9yLg=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mWmOumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/oVSPLg==</latexit>rs2

<latexit sha1_base64="crIMKRAw2A0kHpdx/Z7HWyio37M="></latexit>

�✓̂ ⇠ 1

SNR

�t

d
⇠ 10mas

SNR

✓
�t

10 ps

◆✓
100 km

d

◆



<latexit sha1_base64="q2BzIJQiyhN/fZSR0vh77mh6sb0="></latexit>
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Intensity Correlations
Two Sources

<latexit sha1_base64="h2ixNP4NxUKX3CRoMqHtInopdNw=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5IUXxuhKAWXFWwrtDFMppN26OTBzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89XsyZVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEENokEY/EnYcl5SykTcUUp3exoDjwOG17w6ux336gQrIovFWjmDoB7ofMZwQrLbnmft2togtUdyWi9ylD3XjA3FSiaoYy5Jplq2JNgOaJnZMy5Gi45le3F5EkoKEiHEvZsa1YOSkWihFOs1I3kTTGZIj7tKNpiAMqnXTyRYYOtdJDfiR0hQpN1N8TKQ6kHAWe7gywGshZbyz+53US5Z87KQvjRNGQTBf5CUcqQuNIUI8JShQfaYKJYPpWRAZYYKJ0cCUdgj378jxpVSv2aeXk5rhcu8zjKMIeHMAR2HAGNbiGBjSBwCM8wyu8GU/Gi/FufExbC0Y+swt/YHz+AFPplpQ=</latexit>

E2 = Ese
i�s2

<latexit sha1_base64="NBR9RHjmKKgQmXYgKh342hFgUxU="></latexit>

�sj(t) = �!t+ krsj + �em
s (t� rsj)

<latexit sha1_base64="HTNLi41Soo0WQ4BtiJq76q7QqYs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnE10YoSsFlBfuANobJ9KYdOnkwMxFKyMaNv+LGhSJu/Qd3/o3TNgttPXDhcM693HuPF3MmlWV9G4WFxaXlleJqaW19Y3PL3N5pyigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7weuy3HkBIFoV3ahSDE5B+yHxGidKSa+7XXBtf4porMdynDHfjAXNTie0MZ9g1y1bFmgDPEzsnZZSj7ppf3V5EkwBCRTmRsmNbsXJSIhSjHLJSN5EQEzokfehoGpIApJNOvsjwoVZ62I+ErlDhifp7IiWBlKPA050BUQM5643F/7xOovwLJ2VhnCgI6XSRn3CsIjyOBPeYAKr4SBNCBdO3YjogglClgyvpEOzZl+dJ87hin1VOb0/K1as8jiLaQwfoCNnoHFXRDaqjBqLoET2jV/RmPBkvxrvxMW0tGPnMLvoD4/MHUMSWkg==</latexit>

E1 = Ese
i�s1 1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>

~d

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a

<latexit sha1_base64="bbrELoht5uMno9hBEnJStGf6XVw=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXsZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A4Rjjxs=</latexit>ra1

<latexit sha1_base64="y2NniiSDcO4HsAcwNaX/0MzGvN8=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXtZ6E965YpX9WbAy8TPSQVy1Hvlr25f0TRm0lJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gkMTNBNrt2gk+c0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRG10HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquRD8xZeXSfOs6l9WL+7PK7WbPI4iHMExnIIPV1CDO6hDAyg8wjO8whtS6AW9o495awHlM4fwB+jzB4Xpjxw=</latexit>rb1
<latexit sha1_base64="YXbqVPgoKRUZX7WNQrA8npJKNNw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mW4OumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/heiPHA==</latexit>ra2

<latexit sha1_base64="8X8IvN8hPFNj8zVzrtBrBh27A3s=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mVRddIrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfF1mDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaCy8rF/Xm5dpPHUYBjOIEzCOAKanAHdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AIdujx0=</latexit>rb2

<latexit sha1_base64="adOIQCTI0OqwoYiop2oX+Oy/oE0=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVg16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDyCGM8A==</latexit>

b

<latexit sha1_base64="tJFiIyoLMHYYEgarxy73fYo/BwY="></latexit>

C /
���Fourier transform at angular wavenumber k~d

���
2

<latexit sha1_base64="PKcsP6cPssqwBU8MVWnD63mdur4="></latexit>

�✓res ⇠
�

d
⇠ 10�11 rad| {z }
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✓
�
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Intensity Correlations
Two Sources
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<latexit sha1_base64="PKcsP6cPssqwBU8MVWnD63mdur4="></latexit>

�✓res ⇠
�

d
⇠ 10�11 rad| {z }
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✓
�

500 nm
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d
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Limitations
Field of View

Extended Path

Signal-to-Noise Ratio

Multi-Channel Spectroscopy

Fast Single-Photon Detection

<latexit sha1_base64="mKqjRicdWB9sdNeuSyYtHYqi8Kg="></latexit>

��✓ ⇠ R|{z}
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Extended Path Intensity Correlation



Extended Path Intensity Correlation
One Source

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="Ny4YaKiqijlKdsdEM/ieWkfzdgM=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8Oha9eKxgP6CJZbLdNEs3m7A7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OCVHCNjvNtLS2vrK6tlzbKm1vbO7uVvf2WTjJFWZMmIlGdADQTXLImchSskyoGcSBYOxjeTPz2I1OaJ/IeRynzYxhIHnIKaKQHLwLMPYwYwrine5WqU3OmsBeJW5AqKdDoVb68fkKzmEmkArTuuk6Kfg4KORVsXPYyzVKgQxiwrqESYqb9fHr12D42St8OE2VKoj1Vf0/kEGs9igPTGQNGet6biP953QzDKz/nMs2QSTpbFGbCxsSeRGD3uWIUxcgQoIqbW20agQKKJqiyCcGdf3mRtE5r7kXt/O6sWr8u4iiRQ3JETohLLkmd3JIGaRJKFHkmr+TNerJerHfrY9a6ZBUzB+QPrM8fEJWS5Q==</latexit>

✓̂s

<latexit sha1_base64="QlxJIycPTKifQnks+r9SnIQdld0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXuZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A5/Pjy0=</latexit>rs1
<latexit sha1_base64="LyxStRRrFODvvkYs4R/Sgov9yLg=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mWmOumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/oVSPLg==</latexit>rs2
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Extended Path Intensity Correlation
One Source

<latexit sha1_base64="NNhp4HiCDIt6HWe1guuCXXVMPqg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVda9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB4eWNAQ==</latexit>s

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="Ny4YaKiqijlKdsdEM/ieWkfzdgM=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8lUT8Oha9eKxgP6CJZbLdNEs3m7A7UUro//DiQRGv/hdv/hu3bQ7a+mDg8d4MM/OCVHCNjvNtLS2vrK6tlzbKm1vbO7uVvf2WTjJFWZMmIlGdADQTXLImchSskyoGcSBYOxjeTPz2I1OaJ/IeRynzYxhIHnIKaKQHLwLMPYwYwrine5WqU3OmsBeJW5AqKdDoVb68fkKzmEmkArTuuk6Kfg4KORVsXPYyzVKgQxiwrqESYqb9fHr12D42St8OE2VKoj1Vf0/kEGs9igPTGQNGet6biP953QzDKz/nMs2QSTpbFGbCxsSeRGD3uWIUxcgQoIqbW20agQKKJqiyCcGdf3mRtE5r7kXt/O6sWr8u4iiRQ3JETohLLkmd3JIGaRJKFHkmr+TNerJerHfrY9a6ZBUzB+QPrM8fEJWS5Q==</latexit>

✓̂s

<latexit sha1_base64="QlxJIycPTKifQnks+r9SnIQdld0=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpqXuZ8Se9csWrejPgZeLnpAI56r3yV7evaBozaakgxnR8L7FBRrTlVLBJqZsalhA6IgPWcVSSmJkgm107wSdO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8Tmqj6yDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQGVXAj+4svLpHlW9S+rF/fnldpNHkcRjuAYTsGHK6jBHdShARQe4Rle4Q0p9ILe0ce8tYDymUP4A/T5A5/Pjy0=</latexit>rs1
<latexit sha1_base64="LyxStRRrFODvvkYs4R/Sgov9yLg=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYSa4HYNePEYwCyRD6On0JG16Gbp7hDDkH7x4UMSr/+PNv7GTzEETHxQ83quiql6UcGas7397K6tr6xubha3i9s7u3n7p4LBpVKoJbRDFlW5H2FDOJG1YZjltJ5piEXHaika3U7/1RLVhSj7YcUJDgQeSxYxg66Sm7mWmOumVyn7FnwEtkyAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTifFbmpogskID2jHUYkFNWE2u3aCTp3SR7HSrqRFM/X3RIaFMWMRuU6B7dAselPxP6+T2vg6zJhMUkslmS+KU46sQtPXUZ9pSiwfO4KJZu5WRIZYY2JdQEUXQrD48jJpVivBZeXi/rxcu8njKMAxnMAZBHAFNbiDOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/oVSPLg==</latexit>rs2

-500 0 500
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Extended Path Intensity Correlation

1 2<latexit sha1_base64="i6bXCPOFNhKAb5j7kUf2UsgJpgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZnO8mQ2dllZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hofua3xqg0j+WTmSToR3QgeZ8zaqzU6o6RZeG0V664VXcOskq8nFQgR71X/uqGMUsjlIYJqnXHcxPjZ1QZzgROS91UY0LZiA6wY6mkEWo/m587JWdWCUk/VrakIXP190RGI60nUWA7I2qGetmbif95ndT0b/2MyyQ1KNliUT8VxMRk9jsJuUJmxMQSyhS3txI2pIoyYxMq2RC85ZdXSfOi6l1Xrx4vK7W7PI4inMApnIMHN1CDB6hDAxiM4Ble4c1JnBfn3flYtBacfOYY/sD5/AGWv4/A</latexit>
~d

<latexit sha1_base64="KWzY2bLzO31lK/gWLvxnXW12sCk=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzWL8rV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxp2M7w==</latexit>a
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Extended Path Intensity Correlation
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Future Phases of EPIC



Multi-Channel Spectroscopy
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Light-Centroiding Precision

<latexit sha1_base64="5iENRrjWhN89F1e3dDCLK9A/WCY="></latexit>

��✓ ⇠ 1p
N1N2

1

Ad

r
�t

tshot

r
�k

k

1

T 3
s ✓

2
s

<latexit sha1_base64="PKcsP6cPssqwBU8MVWnD63mdur4="></latexit>

�✓res ⇠
�

d
⇠ 10�11 rad| {z }

2µas

✓
�

500 nm

◆✓
10 km

d

◆

10-1 100 101 102

10-11

10-10

10-9

10-8

100

101

102

103

WD
MS

BG

RG

quasar



Light-Centroiding Precision
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Light-Centroiding Precision
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Light-Centroiding Precision
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Light-Centroiding Precision
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Light-Centroiding Precision
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Atmospheric Aberrations
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Scientific Applications
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Exoplanets
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Galactic Acceleration



Stellar Microlensing
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Stellar Microlensing
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Cosmic Distance Ladder
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Cosmic Distance Ladder
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Quasar Microlensing with David E Kaplan (JHU)
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Quasar Microlensing with David E Kaplan (JHU)
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Conclusions
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on sources separated by less than a few arcseconds

expansion rate of the Universe
dark matter substructure at sub-stellar masses

“Let us then consider some of the immediate programmes which a more 
sensitive intensity interferometer might tackle, bearing in mind that the 
most important results of research may well prove to be those which one 
cannot foresee.”  

— Hanbury Brown, 1974

new astrophysical applications
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