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The standard model is very successful



Collider physics

LHC, p p collision

CEPC, e+ e- collision

SPPC, p p collision



Search for new physics

• Collider physics

Tevatron, 
LHC, Future 
colliders

How to 
search?



The expansion of the Universe

Inflation
1. Solves the causality problem
2. Solves the flatness problem
3. Solves the magnetic monopole problem



Search for new physics

• Collider physics

Tevatron, 
LHC, Future 
colliders

High scale 
inflation



The seeds of today’s Universe

• Quantum fluctuation of the inflaton field provides the seed of 
today’s large scale structure of the universe. 



The seeds of today’s Universe

• Quantum fluctuation of the inflaton field provides the seed of 
today’s large scale structure of the universe. 



Outline

• General idea
• Quasi-single field inflation
• 2pt result
• 3pt result
• Loop-induced effect
• Summary



Inflation era

• Homogeneous and isotropic 
ds2 = dt2 � a2(t)(dx2 + dy2 + dz2)
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During inflation:
ds2 = a2(⌧)(d⌧2 � dx2 � dy2 � dz2)
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During inflation:

a(t) = eHt

<latexit sha1_base64="zVspJhugj38UQp/4WTECCcGB1xc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IQS85RjAPSDZhdjKbDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cVSaLTtbyu3tr6xuZXfLuzs7u0fFA+PmjpKFOMNFslItT2quRQhb6BAydux4jTwJG9547uZ33rkSosofMBJzN2ADkPhC0bRSD1axnNyQ3gvrRGc9oslu2LPQVaJk5ESZKj3i1/dQcSSgIfIJNW649gxuilVKJjk00I30TymbEyHvGNoSAOu3XR+9ZScGWVA/EiZCpHM1d8TKQ20ngSe6QwojvSyNxP/8zoJ+tduKsI4QR6yxSI/kQQjMouADITiDOXEEMqUMLcSNqKKMjRBFUwIzvLLq6R5UXHsinN/WareZnHk4QROoQwOXEEValCHBjBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QOR4JFA</latexit><latexit sha1_base64="zVspJhugj38UQp/4WTECCcGB1xc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IQS85RjAPSDZhdjKbDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cVSaLTtbyu3tr6xuZXfLuzs7u0fFA+PmjpKFOMNFslItT2quRQhb6BAydux4jTwJG9547uZ33rkSosofMBJzN2ADkPhC0bRSD1axnNyQ3gvrRGc9oslu2LPQVaJk5ESZKj3i1/dQcSSgIfIJNW649gxuilVKJjk00I30TymbEyHvGNoSAOu3XR+9ZScGWVA/EiZCpHM1d8TKQ20ngSe6QwojvSyNxP/8zoJ+tduKsI4QR6yxSI/kQQjMouADITiDOXEEMqUMLcSNqKKMjRBFUwIzvLLq6R5UXHsinN/WareZnHk4QROoQwOXEEValCHBjBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QOR4JFA</latexit><latexit sha1_base64="zVspJhugj38UQp/4WTECCcGB1xc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IQS85RjAPSDZhdjKbDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cVSaLTtbyu3tr6xuZXfLuzs7u0fFA+PmjpKFOMNFslItT2quRQhb6BAydux4jTwJG9547uZ33rkSosofMBJzN2ADkPhC0bRSD1axnNyQ3gvrRGc9oslu2LPQVaJk5ESZKj3i1/dQcSSgIfIJNW649gxuilVKJjk00I30TymbEyHvGNoSAOu3XR+9ZScGWVA/EiZCpHM1d8TKQ20ngSe6QwojvSyNxP/8zoJ+tduKsI4QR6yxSI/kQQjMouADITiDOXEEMqUMLcSNqKKMjRBFUwIzvLLq6R5UXHsinN/WareZnHk4QROoQwOXEEValCHBjBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QOR4JFA</latexit><latexit sha1_base64="zVspJhugj38UQp/4WTECCcGB1xc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IQS85RjAPSDZhdjKbDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cVSaLTtbyu3tr6xuZXfLuzs7u0fFA+PmjpKFOMNFslItT2quRQhb6BAydux4jTwJG9547uZ33rkSosofMBJzN2ADkPhC0bRSD1axnNyQ3gvrRGc9oslu2LPQVaJk5ESZKj3i1/dQcSSgIfIJNW649gxuilVKJjk00I30TymbEyHvGNoSAOu3XR+9ZScGWVA/EiZCpHM1d8TKQ20ngSe6QwojvSyNxP/8zoJ+tduKsI4QR6yxSI/kQQjMouADITiDOXEEMqUMLcSNqKKMjRBFUwIzvLLq6R5UXHsinN/WareZnHk4QROoQwOXEEValCHBjBQ8Ayv8GY9WS/Wu/WxaM1Z2cwx/IH1+QOR4JFA</latexit>
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H⌧
<latexit sha1_base64="CR1sECQDB8fEAwuEHWI+DCgNnHs=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxCXVgSEXQjFN10WcE+oAllMp20QycPZiZCCQE3/oobF4q49Sfc+TdO2iy0euDC4Zx7ufceL+ZMKsv6MkpLyyura+X1ysbm1vaOubvXkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73XsqJIvCOzWNqRvgUch8RrDS0sA8wDVH4eQEXaFTxxeYpHaWNnMpG5hVq27NgP4SuyBVKNAamJ/OMCJJQENFOJayb1uxclMsFCOcZhUnkTTGZIJHtK9piAMq3XT2Q4aOtTJEfiR0hQrN1J8TKQ6knAae7gywGstFLxf/8/qJ8i/dlIVxomhI5ov8hCMVoTwQNGSCEsWnmmAimL4VkTHWSSgdW0WHYC++/Jd0zuq2Vbdvz6uN6yKOMhzCEdTAhgtoQBNa0AYCD/AEL/BqPBrPxpvxPm8tGcXMPvyC8fENYGSWuA==</latexit><latexit sha1_base64="CR1sECQDB8fEAwuEHWI+DCgNnHs=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxCXVgSEXQjFN10WcE+oAllMp20QycPZiZCCQE3/oobF4q49Sfc+TdO2iy0euDC4Zx7ufceL+ZMKsv6MkpLyyura+X1ysbm1vaOubvXkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73XsqJIvCOzWNqRvgUch8RrDS0sA8wDVH4eQEXaFTxxeYpHaWNnMpG5hVq27NgP4SuyBVKNAamJ/OMCJJQENFOJayb1uxclMsFCOcZhUnkTTGZIJHtK9piAMq3XT2Q4aOtTJEfiR0hQrN1J8TKQ6knAae7gywGstFLxf/8/qJ8i/dlIVxomhI5ov8hCMVoTwQNGSCEsWnmmAimL4VkTHWSSgdW0WHYC++/Jd0zuq2Vbdvz6uN6yKOMhzCEdTAhgtoQBNa0AYCD/AEL/BqPBrPxpvxPm8tGcXMPvyC8fENYGSWuA==</latexit><latexit sha1_base64="CR1sECQDB8fEAwuEHWI+DCgNnHs=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxCXVgSEXQjFN10WcE+oAllMp20QycPZiZCCQE3/oobF4q49Sfc+TdO2iy0euDC4Zx7ufceL+ZMKsv6MkpLyyura+X1ysbm1vaOubvXkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73XsqJIvCOzWNqRvgUch8RrDS0sA8wDVH4eQEXaFTxxeYpHaWNnMpG5hVq27NgP4SuyBVKNAamJ/OMCJJQENFOJayb1uxclMsFCOcZhUnkTTGZIJHtK9piAMq3XT2Q4aOtTJEfiR0hQrN1J8TKQ6knAae7gywGstFLxf/8/qJ8i/dlIVxomhI5ov8hCMVoTwQNGSCEsWnmmAimL4VkTHWSSgdW0WHYC++/Jd0zuq2Vbdvz6uN6yKOMhzCEdTAhgtoQBNa0AYCD/AEL/BqPBrPxpvxPm8tGcXMPvyC8fENYGSWuA==</latexit><latexit sha1_base64="CR1sECQDB8fEAwuEHWI+DCgNnHs=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxCXVgSEXQjFN10WcE+oAllMp20QycPZiZCCQE3/oobF4q49Sfc+TdO2iy0euDC4Zx7ufceL+ZMKsv6MkpLyyura+X1ysbm1vaOubvXkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73XsqJIvCOzWNqRvgUch8RrDS0sA8wDVH4eQEXaFTxxeYpHaWNnMpG5hVq27NgP4SuyBVKNAamJ/OMCJJQENFOJayb1uxclMsFCOcZhUnkTTGZIJHtK9piAMq3XT2Q4aOtTJEfiR0hQrN1J8TKQ6knAae7gywGstFLxf/8/qJ8i/dlIVxomhI5ov8hCMVoTwQNGSCEsWnmmAimL4VkTHWSSgdW0WHYC++/Jd0zuq2Vbdvz6uN6yKOMhzCEdTAhgtoQBNa0AYCD/AEL/BqPBrPxpvxPm8tGcXMPvyC8fENYGSWuA==</latexit>

�1 < ⌧ < 0
<latexit sha1_base64="GA7wN07GFy1Vsakvo0/T5XrMhtU=">AAAB+3icbVA9SwNBEJ3zM8avGEubxSDYGO5E0MIiaGMZwXxA7gh7m71kyd7esTsnhpC/YmOhiK1/xM5/4ya5QhMfDPN4b4adfWEqhUHX/XZWVtfWNzYLW8Xtnd29/dJBuWmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYj10Yk6gFHKQ9i2lciEoyilbql8pkvVIQjck18pJltbrdUcavuDGSZeDmpQI56t/Tl9xKWxVwhk9SYjuemGIypRsEknxT9zPCUsiHt846lisbcBOPZ7RNyYpUeiRJtSyGZqb83xjQ2ZhSHdjKmODCL3lT8z+tkGF0FY6HSDLli84eiTBJMyDQI0hOaM5QjSyjTwt5K2IBqytDGVbQheItfXibN86rnVr37i0rtJo+jAEdwDKfgwSXU4A7q0AAGT/AMr/DmTJwX5935mI+uOPnOIfyB8/kDp8qS4A==</latexit><latexit sha1_base64="GA7wN07GFy1Vsakvo0/T5XrMhtU=">AAAB+3icbVA9SwNBEJ3zM8avGEubxSDYGO5E0MIiaGMZwXxA7gh7m71kyd7esTsnhpC/YmOhiK1/xM5/4ya5QhMfDPN4b4adfWEqhUHX/XZWVtfWNzYLW8Xtnd29/dJBuWmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYj10Yk6gFHKQ9i2lciEoyilbql8pkvVIQjck18pJltbrdUcavuDGSZeDmpQI56t/Tl9xKWxVwhk9SYjuemGIypRsEknxT9zPCUsiHt846lisbcBOPZ7RNyYpUeiRJtSyGZqb83xjQ2ZhSHdjKmODCL3lT8z+tkGF0FY6HSDLli84eiTBJMyDQI0hOaM5QjSyjTwt5K2IBqytDGVbQheItfXibN86rnVr37i0rtJo+jAEdwDKfgwSXU4A7q0AAGT/AMr/DmTJwX5935mI+uOPnOIfyB8/kDp8qS4A==</latexit><latexit sha1_base64="GA7wN07GFy1Vsakvo0/T5XrMhtU=">AAAB+3icbVA9SwNBEJ3zM8avGEubxSDYGO5E0MIiaGMZwXxA7gh7m71kyd7esTsnhpC/YmOhiK1/xM5/4ya5QhMfDPN4b4adfWEqhUHX/XZWVtfWNzYLW8Xtnd29/dJBuWmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYj10Yk6gFHKQ9i2lciEoyilbql8pkvVIQjck18pJltbrdUcavuDGSZeDmpQI56t/Tl9xKWxVwhk9SYjuemGIypRsEknxT9zPCUsiHt846lisbcBOPZ7RNyYpUeiRJtSyGZqb83xjQ2ZhSHdjKmODCL3lT8z+tkGF0FY6HSDLli84eiTBJMyDQI0hOaM5QjSyjTwt5K2IBqytDGVbQheItfXibN86rnVr37i0rtJo+jAEdwDKfgwSXU4A7q0AAGT/AMr/DmTJwX5935mI+uOPnOIfyB8/kDp8qS4A==</latexit><latexit sha1_base64="GA7wN07GFy1Vsakvo0/T5XrMhtU=">AAAB+3icbVA9SwNBEJ3zM8avGEubxSDYGO5E0MIiaGMZwXxA7gh7m71kyd7esTsnhpC/YmOhiK1/xM5/4ya5QhMfDPN4b4adfWEqhUHX/XZWVtfWNzYLW8Xtnd29/dJBuWmSTDPeYIlMdDukhkuheAMFSt5ONadxKHkrHN5O/dYj10Yk6gFHKQ9i2lciEoyilbql8pkvVIQjck18pJltbrdUcavuDGSZeDmpQI56t/Tl9xKWxVwhk9SYjuemGIypRsEknxT9zPCUsiHt846lisbcBOPZ7RNyYpUeiRJtSyGZqb83xjQ2ZhSHdjKmODCL3lT8z+tkGF0FY6HSDLli84eiTBJMyDQI0hOaM5QjSyjTwt5K2IBqytDGVbQheItfXibN86rnVr37i0rtJo+jAEdwDKfgwSXU4A7q0AAGT/AMr/DmTJwX5935mI+uOPnOIfyB8/kDp8qS4A==</latexit>



How to search for new particles

• If there are new fields coupled to the inflaton field, their 
information can print onto the CMB and the LSS, too. 
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Search for new particles

• It is difficult to measure 3pt and 4pt in galaxy surveys.

• What about two-point functions?
– Very well measured.
– Nonlinearity is needed.

B. Grinstein and M. Wise ApJ 1986. 
Dalal, Dore, Huterer, Shirokov PRD 2008
For primordial non-Gaussianity



The large scale structure

Cosmic time



Formation of galactic halos

• Galaxy or halo formation is nonlinear.

• Threshold model Press and Schechter, Astrophys. J. 1974



Cosmic bias

• Cosmological bias



What shall we calculate?

⌧ = 0
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Last scattering
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Temporary vacuum deeply inside the horizon
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<latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit><latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit><latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit><latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit>

�
<latexit sha1_base64="sr2ZVaV1sbsWRTJBN+PPj9u1AnA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfuajQQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/8bo9l</latexit><latexit sha1_base64="sr2ZVaV1sbsWRTJBN+PPj9u1AnA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfuajQQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/8bo9l</latexit><latexit sha1_base64="sr2ZVaV1sbsWRTJBN+PPj9u1AnA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfuajQQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/8bo9l</latexit><latexit sha1_base64="sr2ZVaV1sbsWRTJBN+PPj9u1AnA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfuajQQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/8bo9l</latexit>

�g
<latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit><latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit><latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit><latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit>

�g
<latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit><latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit><latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit><latexit sha1_base64="eriKzNMt3iYCCpwJGble8EPVVNY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRStx9yiXQwHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5/fOyVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7HkSCs0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHwzLj/Y=</latexit>



What shall we calculate?

h�g(~x1)�g(~x2)i
<latexit sha1_base64="UYyLRfbNSTOMyUQEZqf3FfbFVlA=">AAACHnicbVDLSsNAFJ34rPVVdelmsAh1U5Ki6LLoxmUF+4AmhMnkJh06mYSZSbGUfokbf8WNC0UEV/o3Th8LbT0wcDjnXO7cE2ScKW3b39bK6tr6xmZhq7i9s7u3Xzo4bKk0lxSaNOWp7AREAWcCmpppDp1MAkkCDu2gfzPx2wOQiqXiXg8z8BISCxYxSrSR/NKFy4mIOWA3BK6JH1fcAVD84DtnS1LNSHKa9ktlu2pPgZeJMy dlNEfDL326YUrzBISmnCjVdexMeyMiNaMcxkU3V5AR2icxdA0VJAHljabnjfGpUUIcpdI8ofFU/T0xIolSwyQwyYTonlr0JuJ/XjfX0ZU3YiLLNQg6WxTlHOsUT7rCIZNANR8aQqhk5q+Y9ogkVJtGi6YEZ/HkZdKqVR276tydl+vX8zoK6BidoApy0CWqo1vUQE1E0SN6Rq/ozXqyXqx362MWXbHmM0foD6yvHy8ooUA=</latexit><latexit sha1_base64="UYyLRfbNSTOMyUQEZqf3FfbFVlA=">AAACHnicbVDLSsNAFJ34rPVVdelmsAh1U5Ki6LLoxmUF+4AmhMnkJh06mYSZSbGUfokbf8WNC0UEV/o3Th8LbT0wcDjnXO7cE2ScKW3b39bK6tr6xmZhq7i9s7u3Xzo4bKk0lxSaNOWp7AREAWcCmpppDp1MAkkCDu2gfzPx2wOQiqXiXg8z8BISCxYxSrSR/NKFy4mIOWA3BK6JH1fcAVD84DtnS1LNSHKa9ktlu2pPgZeJMy dlNEfDL326YUrzBISmnCjVdexMeyMiNaMcxkU3V5AR2icxdA0VJAHljabnjfGpUUIcpdI8ofFU/T0xIolSwyQwyYTonlr0JuJ/XjfX0ZU3YiLLNQg6WxTlHOsUT7rCIZNANR8aQqhk5q+Y9ogkVJtGi6YEZ/HkZdKqVR276tydl+vX8zoK6BidoApy0CWqo1vUQE1E0SN6Rq/ozXqyXqx362MWXbHmM0foD6yvHy8ooUA=</latexit><latexit sha1_base64="UYyLRfbNSTOMyUQEZqf3FfbFVlA=">AAACHnicbVDLSsNAFJ34rPVVdelmsAh1U5Ki6LLoxmUF+4AmhMnkJh06mYSZSbGUfokbf8WNC0UEV/o3Th8LbT0wcDjnXO7cE2ScKW3b39bK6tr6xmZhq7i9s7u3Xzo4bKk0lxSaNOWp7AREAWcCmpppDp1MAkkCDu2gfzPx2wOQiqXiXg8z8BISCxYxSrSR/NKFy4mIOWA3BK6JH1fcAVD84DtnS1LNSHKa9ktlu2pPgZeJMy dlNEfDL326YUrzBISmnCjVdexMeyMiNaMcxkU3V5AR2icxdA0VJAHljabnjfGpUUIcpdI8ofFU/T0xIolSwyQwyYTonlr0JuJ/XjfX0ZU3YiLLNQg6WxTlHOsUT7rCIZNANR8aQqhk5q+Y9ogkVJtGi6YEZ/HkZdKqVR276tydl+vX8zoK6BidoApy0CWqo1vUQE1E0SN6Rq/ozXqyXqx362MWXbHmM0foD6yvHy8ooUA=</latexit><latexit sha1_base64="UYyLRfbNSTOMyUQEZqf3FfbFVlA=">AAACHnicbVDLSsNAFJ34rPVVdelmsAh1U5Ki6LLoxmUF+4AmhMnkJh06mYSZSbGUfokbf8WNC0UEV/o3Th8LbT0wcDjnXO7cE2ScKW3b39bK6tr6xmZhq7i9s7u3Xzo4bKk0lxSaNOWp7AREAWcCmpppDp1MAkkCDu2gfzPx2wOQiqXiXg8z8BISCxYxSrSR/NKFy4mIOWA3BK6JH1fcAVD84DtnS1LNSHKa9ktlu2pPgZeJMy dlNEfDL326YUrzBISmnCjVdexMeyMiNaMcxkU3V5AR2icxdA0VJAHljabnjfGpUUIcpdI8ofFU/T0xIolSwyQwyYTonlr0JuJ/XjfX0ZU3YiLLNQg6WxTlHOsUT7rCIZNANR8aQqhk5q+Y9ogkVJtGi6YEZ/HkZdKqVR276tydl+vX8zoK6BidoApy0CWqo1vUQE1E0SN6Rq/ozXqyXqx362MWXbHmM0foD6yvHy8ooUA=</latexit>

Expectation value of the of the operator                                   in 
the  temporary vacuum state deeply inside the horizon 
(                       , the Bunch-Davies vacuum    )   
We need to calculate                                                                             
at            

�g(~x1)�g(~x2)
<latexit sha1_base64="eyMEkwKmclvrH9HviDVJyBuVLzM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsNyUpgi6LblxWsA9oQ5hMbtqhkwczk2IJ/QQ3/oobF4q4denOv3HaZqGtBy4czrmXe+/xEs6ksqxvo7C2vrG5Vdwu7ezu7R+Yh0dtGaeCQovGPBZdj0jgLIKWYopDNxFAQo9DxxvdzPzOGIRkcXSvJgk4IRlELGCUKC255jnu+8AVcQeV/hgofnDt6opUr2LXLFs1aw68SuyclFGOpmt+9f2YpiFEinIiZc+2EuVkRChGOUxL/VRCQuiIDKCnaURCkE42f2iKz7Ti4yAWuiKF5+rviYyEUk5CT3eGRA3lsjcT//N6qQqunIxFSaogootFQcqxivEsHewzAVTxiSaECqZvxXRIBKFKZ1jSIdjLL6+Sdr1mWzX77qLcuM7jKKITdIoqyEaXqIFuURO1EEWP6Bm9ojfjyXgx3o2PRWvByGeO0R8Ynz+q25sQ</latexit><latexit sha1_base64="eyMEkwKmclvrH9HviDVJyBuVLzM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsNyUpgi6LblxWsA9oQ5hMbtqhkwczk2IJ/QQ3/oobF4q4denOv3HaZqGtBy4czrmXe+/xEs6ksqxvo7C2vrG5Vdwu7ezu7R+Yh0dtGaeCQovGPBZdj0jgLIKWYopDNxFAQo9DxxvdzPzOGIRkcXSvJgk4IRlELGCUKC255jnu+8AVcQeV/hgofnDt6opUr2LXLFs1aw68SuyclFGOpmt+9f2YpiFEinIiZc+2EuVkRChGOUxL/VRCQuiIDKCnaURCkE42f2iKz7Ti4yAWuiKF5+rviYyEUk5CT3eGRA3lsjcT//N6qQqunIxFSaogootFQcqxivEsHewzAVTxiSaECqZvxXRIBKFKZ1jSIdjLL6+Sdr1mWzX77qLcuM7jKKITdIoqyEaXqIFuURO1EEWP6Bm9ojfjyXgx3o2PRWvByGeO0R8Ynz+q25sQ</latexit><latexit sha1_base64="eyMEkwKmclvrH9HviDVJyBuVLzM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsNyUpgi6LblxWsA9oQ5hMbtqhkwczk2IJ/QQ3/oobF4q4denOv3HaZqGtBy4czrmXe+/xEs6ksqxvo7C2vrG5Vdwu7ezu7R+Yh0dtGaeCQovGPBZdj0jgLIKWYopDNxFAQo9DxxvdzPzOGIRkcXSvJgk4IRlELGCUKC255jnu+8AVcQeV/hgofnDt6opUr2LXLFs1aw68SuyclFGOpmt+9f2YpiFEinIiZc+2EuVkRChGOUxL/VRCQuiIDKCnaURCkE42f2iKz7Ti4yAWuiKF5+rviYyEUk5CT3eGRA3lsjcT//N6qQqunIxFSaogootFQcqxivEsHewzAVTxiSaECqZvxXRIBKFKZ1jSIdjLL6+Sdr1mWzX77qLcuM7jKKITdIoqyEaXqIFuURO1EEWP6Bm9ojfjyXgx3o2PRWvByGeO0R8Ynz+q25sQ</latexit><latexit sha1_base64="eyMEkwKmclvrH9HviDVJyBuVLzM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0VsNyUpgi6LblxWsA9oQ5hMbtqhkwczk2IJ/QQ3/oobF4q4denOv3HaZqGtBy4czrmXe+/xEs6ksqxvo7C2vrG5Vdwu7ezu7R+Yh0dtGaeCQovGPBZdj0jgLIKWYopDNxFAQo9DxxvdzPzOGIRkcXSvJgk4IRlELGCUKC255jnu+8AVcQeV/hgofnDt6opUr2LXLFs1aw68SuyclFGOpmt+9f2YpiFEinIiZc+2EuVkRChGOUxL/VRCQuiIDKCnaURCkE42f2iKz7Ti4yAWuiKF5+rviYyEUk5CT3eGRA3lsjcT//N6qQqunIxFSaogootFQcqxivEsHewzAVTxiSaECqZvxXRIBKFKZ1jSIdjLL6+Sdr1mWzX77qLcuM7jKKITdIoqyEaXqIFuURO1EEWP6Bm9ojfjyXgx3o2PRWvByGeO0R8Ynz+q25sQ</latexit>

⌧ ! �1
<latexit sha1_base64="IQV8jOqvF0aCBVcuy68PxFU8CZc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwcZwJ4KWQRvLCCYGckfY2+wlS/Z2j9055Qhp/Cs2ForY+jPs/Ddukis08cHA470ZZuZFqeAGPO/bKS0tr6yuldcrG5tb2zvu7l7LqExT1qRKKN2OiGGCS9YEDoK1U81IEgl2Hw2vJ/79A9OGK3kHecrChPQljzklYKWuexAAyQLN+wMgWqtHfBpwGUPedatezZsCLxK/IFVUoNF1v4KeolnCJFBBjOn4XgrhiGjgVLBxJcgMSwkdkj7rWCpJwkw4mj4wxsdW6eFYaVsS8FT9PTEiiTF5EtnOhMDAzHsT8T+vk0F8GY64TDNgks4WxZnAoPAkDdzjmlEQuSWEam5vxXRANKFgM6vYEPz5lxdJ66zmezX/9rxavyriKKNDdIROkI8uUB3doAZqIorG6Bm9ojfnyXlx3p2PWWvJKWb20R84nz8ORZav</latexit><latexit sha1_base64="IQV8jOqvF0aCBVcuy68PxFU8CZc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwcZwJ4KWQRvLCCYGckfY2+wlS/Z2j9055Qhp/Cs2ForY+jPs/Ddukis08cHA470ZZuZFqeAGPO/bKS0tr6yuldcrG5tb2zvu7l7LqExT1qRKKN2OiGGCS9YEDoK1U81IEgl2Hw2vJ/79A9OGK3kHecrChPQljzklYKWuexAAyQLN+wMgWqtHfBpwGUPedatezZsCLxK/IFVUoNF1v4KeolnCJFBBjOn4XgrhiGjgVLBxJcgMSwkdkj7rWCpJwkw4mj4wxsdW6eFYaVsS8FT9PTEiiTF5EtnOhMDAzHsT8T+vk0F8GY64TDNgks4WxZnAoPAkDdzjmlEQuSWEam5vxXRANKFgM6vYEPz5lxdJ66zmezX/9rxavyriKKNDdIROkI8uUB3doAZqIorG6Bm9ojfnyXlx3p2PWWvJKWb20R84nz8ORZav</latexit><latexit sha1_base64="IQV8jOqvF0aCBVcuy68PxFU8CZc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwcZwJ4KWQRvLCCYGckfY2+wlS/Z2j9055Qhp/Cs2ForY+jPs/Ddukis08cHA470ZZuZFqeAGPO/bKS0tr6yuldcrG5tb2zvu7l7LqExT1qRKKN2OiGGCS9YEDoK1U81IEgl2Hw2vJ/79A9OGK3kHecrChPQljzklYKWuexAAyQLN+wMgWqtHfBpwGUPedatezZsCLxK/IFVUoNF1v4KeolnCJFBBjOn4XgrhiGjgVLBxJcgMSwkdkj7rWCpJwkw4mj4wxsdW6eFYaVsS8FT9PTEiiTF5EtnOhMDAzHsT8T+vk0F8GY64TDNgks4WxZnAoPAkDdzjmlEQuSWEam5vxXRANKFgM6vYEPz5lxdJ66zmezX/9rxavyriKKNDdIROkI8uUB3doAZqIorG6Bm9ojfnyXlx3p2PWWvJKWb20R84nz8ORZav</latexit><latexit sha1_base64="IQV8jOqvF0aCBVcuy68PxFU8CZc=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGwcZwJ4KWQRvLCCYGckfY2+wlS/Z2j9055Qhp/Cs2ForY+jPs/Ddukis08cHA470ZZuZFqeAGPO/bKS0tr6yuldcrG5tb2zvu7l7LqExT1qRKKN2OiGGCS9YEDoK1U81IEgl2Hw2vJ/79A9OGK3kHecrChPQljzklYKWuexAAyQLN+wMgWqtHfBpwGUPedatezZsCLxK/IFVUoNF1v4KeolnCJFBBjOn4XgrhiGjgVLBxJcgMSwkdkj7rWCpJwkw4mj4wxsdW6eFYaVsS8FT9PTEiiTF5EtnOhMDAzHsT8T+vk0F8GY64TDNgks4WxZnAoPAkDdzjmlEQuSWEam5vxXRANKFgM6vYEPz5lxdJ66zmezX/9rxavyriKKNDdIROkI8uUB3doAZqIorG6Bm9ojfnyXlx3p2PWWvJKWb20R84nz8ORZav</latexit>

h��(~x1)��(~x2)��(~x3)��(~x4)i
<latexit sha1_base64="HYL1Lb3IVg0NJxgJK6yyAx6pxyk=">AAACTHicbZBLSwMxFIUz9VXra9Slm2AR6qbM1IIui25cVrAP6JQhk7ltQzOZIckUS+kPdOPCnb/CjQtFBNN2Ftr2QuDwnXtvkhMknCntOG9WbmNza3snv1vY2z84PLKPT5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN7N/NYIpGKxeNTjBLoR6QvWY5Rog3ybepyIPgfshcA18ZIBK3kjoPjJdy/XwMo6eLUOVg2U892+XXTKzrzwqnAzUURZ1X371QtjmkYgNOVEqY7rJLo7IVIzymFa8FIFCaFD0oeOkYJEoLqTeRhTfGFIiHuxNEdoPKd/JyYkUmocBaYzInqglr0ZXOd1Ut276U6YSFINgi4u6qUc6xjPksUhk0A1HxtBqGTmrZgOiCRUm/wLJgR3+curolkpu07ZfagWa7dZHHl0hs5RCbnoGtXQPaqjBqLoGb2jT/RlvVgf1rf1s2jNWdnMKfpXue1fK5iyLA==</latexit><latexit sha1_base64="HYL1Lb3IVg0NJxgJK6yyAx6pxyk=">AAACTHicbZBLSwMxFIUz9VXra9Slm2AR6qbM1IIui25cVrAP6JQhk7ltQzOZIckUS+kPdOPCnb/CjQtFBNN2Ftr2QuDwnXtvkhMknCntOG9WbmNza3snv1vY2z84PLKPT5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN7N/NYIpGKxeNTjBLoR6QvWY5Rog3ybepyIPgfshcA18ZIBK3kjoPjJdy/XwMo6eLUOVg2U892+XXTKzrzwqnAzUURZ1X371QtjmkYgNOVEqY7rJLo7IVIzymFa8FIFCaFD0oeOkYJEoLqTeRhTfGFIiHuxNEdoPKd/JyYkUmocBaYzInqglr0ZXOd1Ut276U6YSFINgi4u6qUc6xjPksUhk0A1HxtBqGTmrZgOiCRUm/wLJgR3+curolkpu07ZfagWa7dZHHl0hs5RCbnoGtXQPaqjBqLoGb2jT/RlvVgf1rf1s2jNWdnMKfpXue1fK5iyLA==</latexit><latexit sha1_base64="HYL1Lb3IVg0NJxgJK6yyAx6pxyk=">AAACTHicbZBLSwMxFIUz9VXra9Slm2AR6qbM1IIui25cVrAP6JQhk7ltQzOZIckUS+kPdOPCnb/CjQtFBNN2Ftr2QuDwnXtvkhMknCntOG9WbmNza3snv1vY2z84PLKPT5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN7N/NYIpGKxeNTjBLoR6QvWY5Rog3ybepyIPgfshcA18ZIBK3kjoPjJdy/XwMo6eLUOVg2U892+XXTKzrzwqnAzUURZ1X371QtjmkYgNOVEqY7rJLo7IVIzymFa8FIFCaFD0oeOkYJEoLqTeRhTfGFIiHuxNEdoPKd/JyYkUmocBaYzInqglr0ZXOd1Ut276U6YSFINgi4u6qUc6xjPksUhk0A1HxtBqGTmrZgOiCRUm/wLJgR3+curolkpu07ZfagWa7dZHHl0hs5RCbnoGtXQPaqjBqLoGb2jT/RlvVgf1rf1s2jNWdnMKfpXue1fK5iyLA==</latexit><latexit sha1_base64="HYL1Lb3IVg0NJxgJK6yyAx6pxyk=">AAACTHicbZBLSwMxFIUz9VXra9Slm2AR6qbM1IIui25cVrAP6JQhk7ltQzOZIckUS+kPdOPCnb/CjQtFBNN2Ftr2QuDwnXtvkhMknCntOG9WbmNza3snv1vY2z84PLKPT5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN7N/NYIpGKxeNTjBLoR6QvWY5Rog3ybepyIPgfshcA18ZIBK3kjoPjJdy/XwMo6eLUOVg2U892+XXTKzrzwqnAzUURZ1X371QtjmkYgNOVEqY7rJLo7IVIzymFa8FIFCaFD0oeOkYJEoLqTeRhTfGFIiHuxNEdoPKd/JyYkUmocBaYzInqglr0ZXOd1Ut276U6YSFINgi4u6qUc6xjPksUhk0A1HxtBqGTmrZgOiCRUm/wLJgR3+curolkpu07ZfagWa7dZHHl0hs5RCbnoGtXQPaqjBqLoGb2jT/RlvVgf1rf1s2jNWdnMKfpXue1fK5iyLA==</latexit>

⌧ ! 0
<latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit><latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit><latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit><latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit>

hO(0)i =
⌧

T̄ exp

✓
i

Z 0

�1
HI(t)dt

◆�
OI(t)


T exp

✓
�i

Z 0

�1
HI(t)dt

◆��

<latexit sha1_base64="89TxBsljq+puyWBT4mLWerEpbyw="></latexit><latexit sha1_base64="89TxBsljq+puyWBT4mLWerEpbyw="></latexit><latexit sha1_base64="89TxBsljq+puyWBT4mLWerEpbyw="></latexit><latexit sha1_base64="89TxBsljq+puyWBT4mLWerEpbyw="></latexit>



Why this is interesting?

• Perturbation of inflaton field (massless scalar)

• The observables are related to the density perturbation 𝛿𝜌.
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<latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit><latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit><latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit><latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit>



Why this is interesting?

• Perturbation of inflaton field (massless scalar)

• The observables are related to the density perturbation 𝛿𝜌.

Growth 
function

Transfer function

From the Poisson
equation
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<latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit><latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit><latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit><latexit sha1_base64="rhGXwceh7sYk+am3VI3DmOgcC10="></latexit>



Why this is interesting?



Why this is interesting?

Harrison-Zeldovich spectrum



Squeezed 4pt spectrum

h�⇢(~k1)�⇢(~k2)�⇢(~k3)�⇢(~k4)i ⇠???
<latexit sha1_base64="Tood1/W5cTeXZlmyl6A6+A5ggMU=">AAACVHicbZFLTwIxFIU7gyjia9Slm0ZiAhsygyS6g+jGJSbySBgy6ZQLNHQ6k7ZDQgg/Uhcm/hI3LiwDCwVu0uTkO/f2cRomnCntul+WnTvIHx4Vjosnp2fnF87lVUfFqaTQpjGPZS8kCjgT0NZMc+glEkgUcuiG0+eV352BVCwWb3qewCAiY8FGjBJtUOBMfU7EmIM/BK5J4MtJXPZnQPE08Cp7YG0fvN8H6xVfZltjX7EINxqNwCm5VTcrvCu8jSihTbUC58MfxjSNQGjKiVJ9z030YEGkZpTDsuinChJCp2QMfSMFiUANFlkoS3xnyBCPYmmW0DijfycWJFJqHoWmMyJ6ora9Fdzn9VM9ehwsmEhSDYKuDxqlHOsYrxLGQyaBaj43glDJzF0xnRBJqDb/UDQheNtP3hWdWtVzq95rvdR82sRRQDfoFpWRhx5QE72gFmojit7Rt4Usy/q0fuycnV+32tZm5hr9K/v8F1Duseo=</latexit><latexit sha1_base64="Tood1/W5cTeXZlmyl6A6+A5ggMU=">AAACVHicbZFLTwIxFIU7gyjia9Slm0ZiAhsygyS6g+jGJSbySBgy6ZQLNHQ6k7ZDQgg/Uhcm/hI3LiwDCwVu0uTkO/f2cRomnCntul+WnTvIHx4Vjosnp2fnF87lVUfFqaTQpjGPZS8kCjgT0NZMc+glEkgUcuiG0+eV352BVCwWb3qewCAiY8FGjBJtUOBMfU7EmIM/BK5J4MtJXPZnQPE08Cp7YG0fvN8H6xVfZltjX7EINxqNwCm5VTcrvCu8jSihTbUC58MfxjSNQGjKiVJ9z030YEGkZpTDsuinChJCp2QMfSMFiUANFlkoS3xnyBCPYmmW0DijfycWJFJqHoWmMyJ6ora9Fdzn9VM9ehwsmEhSDYKuDxqlHOsYrxLGQyaBaj43glDJzF0xnRBJqDb/UDQheNtP3hWdWtVzq95rvdR82sRRQDfoFpWRhx5QE72gFmojit7Rt4Usy/q0fuycnV+32tZm5hr9K/v8F1Duseo=</latexit><latexit sha1_base64="Tood1/W5cTeXZlmyl6A6+A5ggMU=">AAACVHicbZFLTwIxFIU7gyjia9Slm0ZiAhsygyS6g+jGJSbySBgy6ZQLNHQ6k7ZDQgg/Uhcm/hI3LiwDCwVu0uTkO/f2cRomnCntul+WnTvIHx4Vjosnp2fnF87lVUfFqaTQpjGPZS8kCjgT0NZMc+glEkgUcuiG0+eV352BVCwWb3qewCAiY8FGjBJtUOBMfU7EmIM/BK5J4MtJXPZnQPE08Cp7YG0fvN8H6xVfZltjX7EINxqNwCm5VTcrvCu8jSihTbUC58MfxjSNQGjKiVJ9z030YEGkZpTDsuinChJCp2QMfSMFiUANFlkoS3xnyBCPYmmW0DijfycWJFJqHoWmMyJ6ora9Fdzn9VM9ehwsmEhSDYKuDxqlHOsYrxLGQyaBaj43glDJzF0xnRBJqDb/UDQheNtP3hWdWtVzq95rvdR82sRRQDfoFpWRhx5QE72gFmojit7Rt4Usy/q0fuycnV+32tZm5hr9K/v8F1Duseo=</latexit><latexit sha1_base64="Tood1/W5cTeXZlmyl6A6+A5ggMU=">AAACVHicbZFLTwIxFIU7gyjia9Slm0ZiAhsygyS6g+jGJSbySBgy6ZQLNHQ6k7ZDQgg/Uhcm/hI3LiwDCwVu0uTkO/f2cRomnCntul+WnTvIHx4Vjosnp2fnF87lVUfFqaTQpjGPZS8kCjgT0NZMc+glEkgUcuiG0+eV352BVCwWb3qewCAiY8FGjBJtUOBMfU7EmIM/BK5J4MtJXPZnQPE08Cp7YG0fvN8H6xVfZltjX7EINxqNwCm5VTcrvCu8jSihTbUC58MfxjSNQGjKiVJ9z030YEGkZpTDsuinChJCp2QMfSMFiUANFlkoS3xnyBCPYmmW0DijfycWJFJqHoWmMyJ6ora9Fdzn9VM9ehwsmEhSDYKuDxqlHOsYrxLGQyaBaj43glDJzF0xnRBJqDb/UDQheNtP3hWdWtVzq95rvdR82sRRQDfoFpWRhx5QE72gFmojit7Rt4Usy/q0fuycnV+32tZm5hr9K/v8F1Duseo=</latexit>



Squeezed 4pt spectrum

All the ki’s are short-distance!!
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From 4pt to 2pt 



From 4pt to 2pt 

Background from single field inflation without light mediator



The expected signal of light fields
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Quasi-single field inflation

• A new field couples to the inflaton
Quasi-single field inflation: Xingang Chen, Yi Wang 0911.3380
Cosmological collider physics: Nima Arkani-hamed, Juan Maldecena 1503.08043
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Drives the inflation 

Quantum fluactuation



Quasi-single field inflation

•
ds2 = a2(⌧)(d⌧2 � dx2 � dy2 � dz2)
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Invariant under
(The full isometry group is much larger)

Propagators are invariant under isometric transformations

E.X. 2pt of a massive scalar in de Sitter space 

~x ! c~x , ⌧ ! c⌧
<latexit sha1_base64="ZIqpzrlBtCKlWvvvlJuidRwLOgs=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCCylJEXRZdOOygr1AU8pkOmmHTiZh5qRaQvscbnwVNy4UcSW48G2ctlnY1gMDP99/DmfO78eCa3CcH2tldW19YzO3ld/e2d3btw8OazpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX9/s3Erw+Y0jyS9zCMWSskXckDTgkY1LZL3oBR/Ig9xbs9IEpFD5jO2Ph87AFJ5h0D2nbBKTrTwsvCzUQBZVVp219eJ6JJyCRQQbRuuk4MrZQo4FSwUd5LNIsJ7ZMuaxopSch0K53eNsKnhnRwECnzJOAp/TuRklDrYeibzpBATy96E/if10wguGqlXMYJMElni4JEYIjwJCjc4YpREEMjCFXc/BXTHlGEgokzb0JwF09eFrVS0XWK7t1FoXydxZFDx+gEnSEXXaIyukUVVEUUPaEX9IberWfr1fqwPmetK1Y2c4Tmyvr+BdAPoec=</latexit><latexit sha1_base64="ZIqpzrlBtCKlWvvvlJuidRwLOgs=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCCylJEXRZdOOygr1AU8pkOmmHTiZh5qRaQvscbnwVNy4UcSW48G2ctlnY1gMDP99/DmfO78eCa3CcH2tldW19YzO3ld/e2d3btw8OazpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX9/s3Erw+Y0jyS9zCMWSskXckDTgkY1LZL3oBR/Ig9xbs9IEpFD5jO2Ph87AFJ5h0D2nbBKTrTwsvCzUQBZVVp219eJ6JJyCRQQbRuuk4MrZQo4FSwUd5LNIsJ7ZMuaxopSch0K53eNsKnhnRwECnzJOAp/TuRklDrYeibzpBATy96E/if10wguGqlXMYJMElni4JEYIjwJCjc4YpREEMjCFXc/BXTHlGEgokzb0JwF09eFrVS0XWK7t1FoXydxZFDx+gEnSEXXaIyukUVVEUUPaEX9IberWfr1fqwPmetK1Y2c4Tmyvr+BdAPoec=</latexit><latexit sha1_base64="ZIqpzrlBtCKlWvvvlJuidRwLOgs=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCCylJEXRZdOOygr1AU8pkOmmHTiZh5qRaQvscbnwVNy4UcSW48G2ctlnY1gMDP99/DmfO78eCa3CcH2tldW19YzO3ld/e2d3btw8OazpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX9/s3Erw+Y0jyS9zCMWSskXckDTgkY1LZL3oBR/Ig9xbs9IEpFD5jO2Ph87AFJ5h0D2nbBKTrTwsvCzUQBZVVp219eJ6JJyCRQQbRuuk4MrZQo4FSwUd5LNIsJ7ZMuaxopSch0K53eNsKnhnRwECnzJOAp/TuRklDrYeibzpBATy96E/if10wguGqlXMYJMElni4JEYIjwJCjc4YpREEMjCFXc/BXTHlGEgokzb0JwF09eFrVS0XWK7t1FoXydxZFDx+gEnSEXXaIyukUVVEUUPaEX9IberWfr1fqwPmetK1Y2c4Tmyvr+BdAPoec=</latexit><latexit sha1_base64="ZIqpzrlBtCKlWvvvlJuidRwLOgs=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCCylJEXRZdOOygr1AU8pkOmmHTiZh5qRaQvscbnwVNy4UcSW48G2ctlnY1gMDP99/DmfO78eCa3CcH2tldW19YzO3ld/e2d3btw8OazpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX9/s3Erw+Y0jyS9zCMWSskXckDTgkY1LZL3oBR/Ig9xbs9IEpFD5jO2Ph87AFJ5h0D2nbBKTrTwsvCzUQBZVVp219eJ6JJyCRQQbRuuk4MrZQo4FSwUd5LNIsJ7ZMuaxopSch0K53eNsKnhnRwECnzJOAp/TuRklDrYeibzpBATy96E/if10wguGqlXMYJMElni4JEYIjwJCjc4YpREEMjCFXc/BXTHlGEgokzb0JwF09eFrVS0XWK7t1FoXydxZFDx+gEnSEXXaIyukUVVEUUPaEX9IberWfr1fqwPmetK1Y2c4Tmyvr+BdAPoec=</latexit>
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Out of the event horizon

• The physical object we are interested in are all the limit that

• All the operators can be expanded as powers of 𝜏.

•

• In Fourier space

⌧ ! 0
<latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit><latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit><latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit><latexit sha1_base64="NOUShQEZr8wYUjMoub0hvcdNcGc=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48VbCs0oWy2m3bpZjfsTiwl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkpr6xubW+Xtys7u3v6BWz1sG5VpylpUCaUfImKY4JK1gINgD6lmJIkE60Sjm5nfeWTacCXvYZKyMCEDyWNOCVip51YDIFmg+WAIRGs1xl7PrXl1bw68SvyC1FCBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfnz7Fp1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwV5lymGTBJF4viTGBQeJYD7nPNKIiJJYRqbm/FdEg0oWDTqtgQ/OWXV0n7vO57df/uota4LuIoo2N0gs6Qjy5RA92iJmohisboGb2iN+fJeXHenY9Fa8kpZo7QHzifPzL0k/A=</latexit>
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Outside of horizon

Dark halo Dark halo
𝜎

Outside the horizon



The equation of motion

• EOM L(2) =
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The equation of motion

• EOM

• 𝑘𝜏 → 0
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Invariant under     𝜏 → 𝑐𝜏 (Euler’s differential equations)
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General solution 𝛿𝜙~𝜏+, 𝜎~𝜏+,



Scaling indices
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��
<latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit><latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit><latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit><latexit sha1_base64="w0Uojli+hDzUJSwq8fACcDLkaq4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDabTbt0swm7E6GU/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprxlsslanuhtRwKRRvoUDJu5nmNAkl74Sj25nfeeLaiFQ94DjjQUIHSsSCUbTSox9xidTPhqJfrbl1dw6ySryC1KBAs1/98qOU5QlXyCQ1pue5GQYTqlEwyacVPzc8o2xEB7xnqaIJN8FkfvGUnFklInGqbSkkc/X3xIQmxoyT0HYmFIdm2ZuJ/3m9HOPrYCJUliNXbLEoziXBlMzeJ5HQnKEcW0KZFvZWwoZUU4Y2pIoNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYKHiGV3hzjPPivDsfi9aSU8wcwx84nz+jZZDh</latexit>

For the intermediate state

The leading contribution of <𝜎𝜎> is from 
(⌧⌧ 0)↵�

k3�2↵�
<latexit sha1_base64="4eit53cyLY0Px2NcIqA81U+91/s=">AAACF3icbVBNS8NAEN34WetX1KOXYBHroSWpgh6LXjxWsB/QtGWy3bRLN5uwuxFK6L/w4l/x4kERr3rz37hpA2rrg4HHezPMzPMiRqWy7S9jaXlldW09t5Hf3Nre2TX39hsyjAUmdRyyULQ8kIRRTuqKKkZakSAQeIw0vdF16jfviZA05HdqHJFOAANOfYpBaalnll1fAE6KroI4rZPTbuICi4bQK00myaibnJUqP0LPLNhlewprkTgZKaAMtZ756fZDHAeEK8xAyrZjR6qTgFAUMzLJu7EkEeARDEhbUw4BkZ1k+tfEOtZK3/JDoYsra6r+nkggkHIceLozADWU814q/ue1Y+VfdhLKo1gRjmeL/JhZKrTSkKw+FQQrNtYEsKD6VgsPQQeldJR5HYIz//IiaVTKjl12bs8L1assjhw6REeoiBx0garoBtVQHWH0gJ7QC3o1Ho1n4814n7UuGdnMAfoD4+MbxIWfqA==</latexit><latexit sha1_base64="4eit53cyLY0Px2NcIqA81U+91/s=">AAACF3icbVBNS8NAEN34WetX1KOXYBHroSWpgh6LXjxWsB/QtGWy3bRLN5uwuxFK6L/w4l/x4kERr3rz37hpA2rrg4HHezPMzPMiRqWy7S9jaXlldW09t5Hf3Nre2TX39hsyjAUmdRyyULQ8kIRRTuqKKkZakSAQeIw0vdF16jfviZA05HdqHJFOAANOfYpBaalnll1fAE6KroI4rZPTbuICi4bQK00myaibnJUqP0LPLNhlewprkTgZKaAMtZ756fZDHAeEK8xAyrZjR6qTgFAUMzLJu7EkEeARDEhbUw4BkZ1k+tfEOtZK3/JDoYsra6r+nkggkHIceLozADWU814q/ue1Y+VfdhLKo1gRjmeL/JhZKrTSkKw+FQQrNtYEsKD6VgsPQQeldJR5HYIz//IiaVTKjl12bs8L1assjhw6REeoiBx0garoBtVQHWH0gJ7QC3o1Ho1n4814n7UuGdnMAfoD4+MbxIWfqA==</latexit><latexit sha1_base64="4eit53cyLY0Px2NcIqA81U+91/s=">AAACF3icbVBNS8NAEN34WetX1KOXYBHroSWpgh6LXjxWsB/QtGWy3bRLN5uwuxFK6L/w4l/x4kERr3rz37hpA2rrg4HHezPMzPMiRqWy7S9jaXlldW09t5Hf3Nre2TX39hsyjAUmdRyyULQ8kIRRTuqKKkZakSAQeIw0vdF16jfviZA05HdqHJFOAANOfYpBaalnll1fAE6KroI4rZPTbuICi4bQK00myaibnJUqP0LPLNhlewprkTgZKaAMtZ756fZDHAeEK8xAyrZjR6qTgFAUMzLJu7EkEeARDEhbUw4BkZ1k+tfEOtZK3/JDoYsra6r+nkggkHIceLozADWU814q/ue1Y+VfdhLKo1gRjmeL/JhZKrTSkKw+FQQrNtYEsKD6VgsPQQeldJR5HYIz//IiaVTKjl12bs8L1assjhw6REeoiBx0garoBtVQHWH0gJ7QC3o1Ho1n4814n7UuGdnMAfoD4+MbxIWfqA==</latexit><latexit sha1_base64="4eit53cyLY0Px2NcIqA81U+91/s=">AAACF3icbVBNS8NAEN34WetX1KOXYBHroSWpgh6LXjxWsB/QtGWy3bRLN5uwuxFK6L/w4l/x4kERr3rz37hpA2rrg4HHezPMzPMiRqWy7S9jaXlldW09t5Hf3Nre2TX39hsyjAUmdRyyULQ8kIRRTuqKKkZakSAQeIw0vdF16jfviZA05HdqHJFOAANOfYpBaalnll1fAE6KroI4rZPTbuICi4bQK00myaibnJUqP0LPLNhlewprkTgZKaAMtZ756fZDHAeEK8xAyrZjR6qTgFAUMzLJu7EkEeARDEhbUw4BkZ1k+tfEOtZK3/JDoYsra6r+nkggkHIceLozADWU814q/ue1Y+VfdhLKo1gRjmeL/JhZKrTSkKw+FQQrNtYEsKD6VgsPQQeldJR5HYIz//IiaVTKjl12bs8L1assjhw6REeoiBx0garoBtVQHWH0gJ7QC3o1Ho1n4814n7UuGdnMAfoD4+MbxIWfqA==</latexit>

General solution 𝛿𝜙~𝜏+, 𝜎~𝜏+,



4pt result 

• Real calculation is needed to get the coefficients, we 
developed an IR effective theory to calculate them 
analytically. 

k12
<latexit sha1_base64="dYjBSqsYMOvXHNkq18d0l63VJKo=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwFWZSrXZXdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//GJC3F14ELh3Pu5d57vEhwbRD6tAorq2vrG8XN0tb2zu5eef+grWWsKGtRKaTqekQzwUPWMtwI1o0UI4EnWMebXGd+54EpzWV4Z6YRcwMyCrnPKTGp1J4MEuzMBuUKshF20HkNIrvqYFyrQ2yjHEtSAQs0B+WP/lDSOGChoYJo3cMoMm5ClOFUsFmpH2sWETohI9ZLaUgCpt0kv3YGT1JlCH2p0goNzNXvEwkJtJ4GXtoZEDPWv71M/M/rxca/dBMeRrFhIZ0v8mMBjYTZ63DIFaNGTFNCqOLprZCOiSLUpAGV8hDqGWp/f1+StmPjql29Pas0rhZxFMEROAanAIML0AA3oAlagIJ78AiewYslrSfr1Xqbtxasxcwh+AHr/Qt9bo83</latexit>



4pt result 

• Real calculation is needed to get the coefficients, we 
developed an IR effective theory to calculate them 
analytically. 

1

k3�2↵�
12

<latexit sha1_base64="WWXj0q/X3AFyrS41ZA8kP5wpt1U=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAhuGpKmVt0V3bisYB/QxDCZTtqhkwczE6GE7Nz4K25cKOLWX3Dn3zhpo/g6cOFwzr3ce48XU8KFYbwrc/MLi0vLpZXy6tr6xqa6td3hUcIQbqOIRqznQY4pCXFbEEFxL2YYBh7FXW98nvvdG8w4icIrMYmxE8BhSHyCoJCSq+7ZPoMoNbN07KZmLbtOrWrNhjQeQbeaZa5aMXVjCs3QrbrVMI8kKZRPqwIKtFz1zR5EKAlwKBCFnPdNIxZOCpkgiOKsbCccxxCN4RD3JQ1hgLmTTv/ItAOpDDQ/YrJCoU3V7xMpDDifBJ7sDKAY8d9eLv7n9RPhnzgpCeNE4BDNFvkJ1USk5aFoA8IwEnQiCUSMyFs1NIIyGCGjK8sQDP00R+Pr5b+kU9NNS7cu65XmWRFHCeyCfXAITHAMmuACtEAbIHAL7sEjeFLulAflWXmZtc4pxcwO+AHl9QODPpk5</latexit>

k12
<latexit sha1_base64="dYjBSqsYMOvXHNkq18d0l63VJKo=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwFWZSrXZXdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//GJC3F14ELh3Pu5d57vEhwbRD6tAorq2vrG8XN0tb2zu5eef+grWWsKGtRKaTqekQzwUPWMtwI1o0UI4EnWMebXGd+54EpzWV4Z6YRcwMyCrnPKTGp1J4MEuzMBuUKshF20HkNIrvqYFyrQ2yjHEtSAQs0B+WP/lDSOGChoYJo3cMoMm5ClOFUsFmpH2sWETohI9ZLaUgCpt0kv3YGT1JlCH2p0goNzNXvEwkJtJ4GXtoZEDPWv71M/M/rxca/dBMeRrFhIZ0v8mMBjYTZ63DIFaNGTFNCqOLprZCOiSLUpAGV8hDqGWp/f1+StmPjql29Pas0rhZxFMEROAanAIML0AA3oAlagIJ78AiewYslrSfr1Xqbtxasxcwh+AHr/Qt9bo83</latexit>



2pt of galaxy distribution

• A new field couples to the inflaton

h�g(~k)�g(�~k)i ⇠
b22

k3�2↵�
<latexit sha1_base64="3P+yYbURRene31/q/5FHQJwKtek="></latexit><latexit sha1_base64="3P+yYbURRene31/q/5FHQJwKtek="></latexit><latexit sha1_base64="3P+yYbURRene31/q/5FHQJwKtek="></latexit><latexit sha1_base64="3P+yYbURRene31/q/5FHQJwKtek="></latexit>

↵� ⇡ m
2
�

3H2
inf

<latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit>



2pt of δg with light σ

•
HA, M. McAneny, A.K.Ridgway, M.B.Wise, 1711.02667

k
<latexit sha1_base64="LJtdnj+M3emAK5lySPkAzLsYW1A=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4ChMVl1vQi8cEzALJEHo6NUmbnoXuHiEM+QIvHhTx6id582/smQyixgcFj/eqqKrnRoIrbdufVmFpeWV1rbhe2tjc2t4p7+61VRhLhi0WilB2XapQ8ABbmmuB3Ugi9V2BHXdyk/qdB5SKh8Gdnkbo+HQUcI8zqo3UnAzKFbtqZyCLpJaTCuRoDMof/WHIYh8DzQRVqlezI+0kVGrOBM5K/VhhRNmEjrBnaEB9VE6SHTojR0YZEi+UpgJNMvXnREJ9paa+azp9qsfqr5eK/3m9WHuXTsKDKNYYsPkiLxZEhyT9mgy5RKbF1BDKJDe3EjamkjJtsillIVylOP9+eZG0T6q10+pp86xSv87jKMIBHMIx1OAC6nALDWgBA4RHeIYX6956sl6tt3lrwcpn9uEXrPcv602NJg==</latexit>

h�g(k)�g(�k)i
h�g(k)�g(�k)i(0)

<latexit sha1_base64="YIgkHYUfCBFi3gqsFt9RuHb6shU="></latexit>

↵� ⇡ m
2
�

3H2
inf

<latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit>



3pt of δg with light σ

•

HA, M. McAneny, A.K.Ridgway, M.B.Wise, 1711.02667

↵� ⇡ m
2
�

3H2
inf

<latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit>



From tree to loop

�2

⇤2
<latexit sha1_base64="GLkZQ2C8LuR6R13S9tohxQLBr28=">AAACA3icbVC7SgNBFL0bXzG+Vu20WQyCNmE3jZZBQSwsIpgHZNcwO5lNhszMLjOzQlgCNv6KjYUitv6EnZ2f4mxioYkHBg7n3MOde8KEUaVd99MqLCwuLa8UV0tr6xubW/b2TlPFqcSkgWMWy3aIFGFUkIammpF2IgniISOtcHie+607IhWNxY0eJSTgqC9oRDHSRurae34kEc58Rfsc3VbHmX9lwr2cdu2yW3EncOaJ90PKtWP34gsA6l37w+/FOOVEaMyQUh3PTXSQIakpZmRc8lNFEoSHqE86hgrEiQqyyQ1j59AoPSeKpXlCOxP1dyJDXKkRD80kR3qgZr1c/M/rpDo6DTIqklQTgaeLopQ5OnbyQpwelQRrNjIEYUnNXx08QKYUbWormRK82ZPnSbNa8dyKd+2Va2cwRRH24QCOwIMTqMEl1KEBGO7hEZ7hxXqwnqxX6206WrB+MrvwB9b7N2TwmX0=</latexit><latexit sha1_base64="ec74SwxJU4vQO2Z6xe8DKsJXypI=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDAZBm7CbRsuoIBYWEcwDsmuYncwmQ2Zml5lZISwBGz/D1sZCEVt/ws4/sPYLnE1SaOKBgcM593DnniBmVGnH+bRyc/MLi0v55cLK6tr6hr25VVdRIjGp4YhFshkgRRgVpKapZqQZS4J4wEgj6J9lfuOWSEUjca0HMfE56goaUoy0kdr2jhdKhFNP0S5HN+Vh6l2acCejbbvolJwR4CxxJ6RYOXTOv74fTqpt+8PrRDjhRGjMkFIt14m1nyKpKWZkWPASRWKE+6hLWoYKxIny09ENQ7hvlA4MI2me0HCk/k6kiCs14IGZ5Ej31LSXif95rUSHx35KRZxoIvB4UZgwqCOYFQI7VBKs2cAQhCU1f4W4h0wp2tRWMCW40yfPknq55Dol98otVk7BGHmwC/bAAXDBEaiAC1AFNYDBHXgEz+DFureerFfrbTyasyaZbfAH1vsP3F+bVQ==</latexit><latexit sha1_base64="ec74SwxJU4vQO2Z6xe8DKsJXypI=">AAACA3icbVC7SgNBFJ2Nrxhfq3baDAZBm7CbRsuoIBYWEcwDsmuYncwmQ2Zml5lZISwBGz/D1sZCEVt/ws4/sPYLnE1SaOKBgcM593DnniBmVGnH+bRyc/MLi0v55cLK6tr6hr25VVdRIjGp4YhFshkgRRgVpKapZqQZS4J4wEgj6J9lfuOWSEUjca0HMfE56goaUoy0kdr2jhdKhFNP0S5HN+Vh6l2acCejbbvolJwR4CxxJ6RYOXTOv74fTqpt+8PrRDjhRGjMkFIt14m1nyKpKWZkWPASRWKE+6hLWoYKxIny09ENQ7hvlA4MI2me0HCk/k6kiCs14IGZ5Ej31LSXif95rUSHx35KRZxoIvB4UZgwqCOYFQI7VBKs2cAQhCU1f4W4h0wp2tRWMCW40yfPknq55Dol98otVk7BGHmwC/bAAXDBEaiAC1AFNYDBHXgEz+DFureerFfrbTyasyaZbfAH1vsP3F+bVQ==</latexit><latexit sha1_base64="mROb0E6ptTcO1sWxcyKjMyIIfZo=">AAACA3icbVC7TsMwFL0pr1JeATZYLCokpirpAmMFCwNDkehDakLluE5r1U4i20Gqokos/AoLAwix8hNs/A1OmwFajmTp6Jx7dH1PkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZDbCinEW0pZnmtJtIikXAaScYX+V+54FKxeLoTk8S6gs8jFjICNZG6ttHXigxyTzFhgLf16eZd2PCg5z27apTc2ZAy8QtSBUKNPv2lzeISSpopAnHSvVcJ9F+hqVmhNNpxUsVTTAZ4yHtGRphQZWfzW6YolOjDFAYS/MijWbq70SGhVITEZhJgfVILXq5+J/XS3V44WcsSlJNIzJfFKYc6RjlhaABk5RoPjEEE8nMXxEZYVOKNrVVTAnu4snLpF2vuU7NvXWrjcuijjIcwwmcgQvn0IBraEILCDzCM7zCm/VkvVjv1sd8tGQVmUP4A+vzBwoJl74=</latexit>

Z2 symmetry

Do we still have the enhancement in small k region?



Outside of horizon

Dark halo Dark halo
𝜎

Outside the horizon

h�(k)�(�k)i ⇠ 1

k3�2↵�
<latexit sha1_base64="IU9+yYIrvn4nb1njcwIkO0GzlcU=">AAACKnicbZDLSgMxFIYz9V5vVZdugkVoFy0zVdCll41LBatCp5YzaaYNk2SGJCOUYZ7Hja/ipguluPVBTGsVtR4IfPz/OZycP0g408Z1R05hbn5hcWl5pbi6tr6xWdravtFxqghtkpjH6i4ATTmTtGmY4fQuURREwOltEJ2P/dsHqjSL5bUZJLQtoCdZyAgYK3VKpz4H2eMU+5r1BFSi6hfVoqqvvj3hhwpI5uVZdJ8d1Bo+8KQPnVqed0plt+5OCs+CN4UymtZlpzT0uzFJBZWGcNC65bmJaWegDCOc5kU/1TQBEkGPtixKEFS3s8mpOd63SheHsbJPGjxRf05kILQeiMB2CjB9/dcbi/95rdSEx+2MySQ1VJLPRWHKsYnxODfcZYoSwwcWgChm/4pJH2wmxqZbtCF4f0+ehZtG3XPr3tVh+eRsGscy2kV7qII8dIRO0AW6RE1E0CN6Ri/o1Xlyhs7IeftsLTjTmR30q5z3D4Kxprc=</latexit><latexit sha1_base64="IU9+yYIrvn4nb1njcwIkO0GzlcU=">AAACKnicbZDLSgMxFIYz9V5vVZdugkVoFy0zVdCll41LBatCp5YzaaYNk2SGJCOUYZ7Hja/ipguluPVBTGsVtR4IfPz/OZycP0g408Z1R05hbn5hcWl5pbi6tr6xWdravtFxqghtkpjH6i4ATTmTtGmY4fQuURREwOltEJ2P/dsHqjSL5bUZJLQtoCdZyAgYK3VKpz4H2eMU+5r1BFSi6hfVoqqvvj3hhwpI5uVZdJ8d1Bo+8KQPnVqed0plt+5OCs+CN4UymtZlpzT0uzFJBZWGcNC65bmJaWegDCOc5kU/1TQBEkGPtixKEFS3s8mpOd63SheHsbJPGjxRf05kILQeiMB2CjB9/dcbi/95rdSEx+2MySQ1VJLPRWHKsYnxODfcZYoSwwcWgChm/4pJH2wmxqZbtCF4f0+ehZtG3XPr3tVh+eRsGscy2kV7qII8dIRO0AW6RE1E0CN6Ri/o1Xlyhs7IeftsLTjTmR30q5z3D4Kxprc=</latexit><latexit sha1_base64="IU9+yYIrvn4nb1njcwIkO0GzlcU=">AAACKnicbZDLSgMxFIYz9V5vVZdugkVoFy0zVdCll41LBatCp5YzaaYNk2SGJCOUYZ7Hja/ipguluPVBTGsVtR4IfPz/OZycP0g408Z1R05hbn5hcWl5pbi6tr6xWdravtFxqghtkpjH6i4ATTmTtGmY4fQuURREwOltEJ2P/dsHqjSL5bUZJLQtoCdZyAgYK3VKpz4H2eMU+5r1BFSi6hfVoqqvvj3hhwpI5uVZdJ8d1Bo+8KQPnVqed0plt+5OCs+CN4UymtZlpzT0uzFJBZWGcNC65bmJaWegDCOc5kU/1TQBEkGPtixKEFS3s8mpOd63SheHsbJPGjxRf05kILQeiMB2CjB9/dcbi/95rdSEx+2MySQ1VJLPRWHKsYnxODfcZYoSwwcWgChm/4pJH2wmxqZbtCF4f0+ehZtG3XPr3tVh+eRsGscy2kV7qII8dIRO0AW6RE1E0CN6Ri/o1Xlyhs7IeftsLTjTmR30q5z3D4Kxprc=</latexit><latexit sha1_base64="IU9+yYIrvn4nb1njcwIkO0GzlcU=">AAACKnicbZDLSgMxFIYz9V5vVZdugkVoFy0zVdCll41LBatCp5YzaaYNk2SGJCOUYZ7Hja/ipguluPVBTGsVtR4IfPz/OZycP0g408Z1R05hbn5hcWl5pbi6tr6xWdravtFxqghtkpjH6i4ATTmTtGmY4fQuURREwOltEJ2P/dsHqjSL5bUZJLQtoCdZyAgYK3VKpz4H2eMU+5r1BFSi6hfVoqqvvj3hhwpI5uVZdJ8d1Bo+8KQPnVqed0plt+5OCs+CN4UymtZlpzT0uzFJBZWGcNC65bmJaWegDCOc5kU/1TQBEkGPtixKEFS3s8mpOd63SheHsbJPGjxRf05kILQeiMB2CjB9/dcbi/95rdSEx+2MySQ1VJLPRWHKsYnxODfcZYoSwwcWgChm/4pJH2wmxqZbtCF4f0+ehZtG3XPr3tVh+eRsGscy2kV7qII8dIRO0AW6RE1E0CN6Ri/o1Xlyhs7IeftsLTjTmR30q5z3D4Kxprc=</latexit>

𝛼. is the scaling of 𝜎 field.

↵� ⇡ m
2
�

3H2
inf

<latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit>



Light particle loop

Dark halo Dark halo
𝜎

Outside the horizon

h�2(k)�2(�k)i ⇠ 1
k3�4↵�

<latexit sha1_base64="6uhxjDKVFDIyxrQQtbPDWLiifYs="></latexit><latexit sha1_base64="+qYzVuXGYtHx8Iqd8zXi1GuBk2o="></latexit><latexit sha1_base64="+qYzVuXGYtHx8Iqd8zXi1GuBk2o="></latexit><latexit sha1_base64="Tka6Yu7RRvlP8JGzv4afbP0cXHM="></latexit>

𝛼. is the scaling of 𝜎 field.

↵� ⇡ m
2
�

3H2
inf

<latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit><latexit sha1_base64="zuQG2Tqh+5BDDrs5kf5ChlhxUBo=">AAACHHicbVBNSwMxEM3W7/pV9eglWAQvlt0q6FH04lHB2kK3LrNptg1NsiHJimXpD/HiX/HiQREvHgT/jenHQVsfDDzem2FmXqw4M9b3v73C3PzC4tLySnF1bX1js7S1fWvSTBNaIylPdSMGQzmTtGaZ5bShNAURc1qPexdDv35PtWGpvLF9RVsCOpIljIB1UlQ6CoGrLkSHOASldPqAw0QDyUUUGtYRcFcd5Ef4MspDLTCTycAJUansV/wR8CwJJqSMJriKSp9hOyWZoNISDsY0A1/ZVg7aMsLpoBhmhiogPejQpqMSBDWtfPTcAO87pY2TVLuSFo/U3xM5CGP6InadAmzXTHtD8T+vmdnktJUzqTJLJRkvSjKObYqHSeE205RY3ncEiGbuVky64MKxLs+iCyGYfnmW3FYrgV8Jro/LZ+eTOJbRLtpDByhAJ+gMXaIrVEMEPaJn9IrevCfvxXv3PsatBW8ys4P+wPv6AXjHoZg=</latexit>



Light particle loop

HA, M. B. Wise, Z.-P. Zhang, arXiv:1806.05194

(4pt of CMB spectrum)
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Summary

• We expect a rise in the small k region of the 2pt correlation 
function of the galaxy or cluster number distributions if there 
is a light field coupled to the inflaton field.

• This effect can be from both tree level and loop level 
diagrams.
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