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Motivation

Two-body problem:  
• BH as a point particle  
• Large separation 
• Perturbative expansion in G: Post-Minkowskian (PM) expansion 
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[Fig. from Antelis and Moreno, 1610.03567] 1

[Goldberger, Rohstein ’04]

QFT methods have successfully described many effects in classical BH dynamics. 
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State-of-the-art: 5PM for non spinning; 2PM (3PM) for spinning BHs, tidal, absorption .… 

Success inherits knowledge from many years of QCD loop comps. 
                                                                   (IBPs, diff eqs, …) 

Usual pipeline: Use QFT methods for Classical BH 

But amplitudes are quantum objects 
We can use it to compute 
semiclassical observables 

Hawking radiation as a scattering process



Pipeline from QFT to Classical Observables

) )h

s s

s s

h3 h4

QFTs scattering 
amplitudes

Higher-loops 
Higher-Spin 
Emissions

)
classical limit

<latexit sha1_base64="OPNqUNMUrGX/sx8caHzzklVA+Pc=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQtlsN83SzSbsbpRQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB+Gbmdx+oVCwR9zpPqR/jkWAhI1gbaWBXvSjAEnmSjSKNpUwekTOwa07dmQOtErcgNSjQGthf3jAhWUyFJhwr1XedVPsTLDUjnE4rXqZoiskYj2jfUIFjqvzJ/PgpOjXKEIWJNCU0mqu/JyY4ViqPA9MZYx2pZW8m/uf1Mx1e+RMm0kxTQRaLwowjnaBZEmjIJCWa54ZgIpm5FZEIS0y0yatiQnCXX14lnfO6e1Fv3DVqzesijjIcwwmcgQuX0IRbaEEbCOTwDK/wZj1ZL9a79bFoLVnFTBX+wPr8ATfFlIA=</latexit>

~ ! 0

Scattering 
ObservablesClassical Amps

3



Pipeline from QFT to Classical Observables

) )h

s s

s s

h3 h4

QFTs scattering 
amplitudes

Higher-loops 
Higher-Spin 
Emissions

)
classical limit

<latexit sha1_base64="OPNqUNMUrGX/sx8caHzzklVA+Pc=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQtlsN83SzSbsbpRQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB+Gbmdx+oVCwR9zpPqR/jkWAhI1gbaWBXvSjAEnmSjSKNpUwekTOwa07dmQOtErcgNSjQGthf3jAhWUyFJhwr1XedVPsTLDUjnE4rXqZoiskYj2jfUIFjqvzJ/PgpOjXKEIWJNCU0mqu/JyY4ViqPA9MZYx2pZW8m/uf1Mx1e+RMm0kxTQRaLwowjnaBZEmjIJCWa54ZgIpm5FZEIS0y0yatiQnCXX14lnfO6e1Fv3DVqzesijjIcwwmcgQuX0IRbaEEbCOTwDK/wZj1ZL9a79bFoLVnFTBX+wPr8ATfFlIA=</latexit>

~ ! 0

Scattering 
Observables

Bounded 
Observables

Classical Amps

3



Pipeline from QFT to Hawking
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geometric-optics amps?
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In-In vs. In-out
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We typically formulate as a ‘scattering amplitude’ (in-out) 

But, we are interested in observables (in-in) 

KMOC framework
[Kosower, Maybee, OConnell ’18]

e.g Impulse �Pµ =

Z
d4q �(p1 · q)�(p2 · q)eiq·bqµ
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e.g Waveform [Caron-Huot, Giroux, Hannesdottir, Mizera ’23]

[Kosower, Maybee, OConnell ’18]

But, we are interested in observables (in-in) 



In-In vs. In-out
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Amplitudes: in-out  
Observables: in-in.               Hawking: out-in  Ray-tracing backwards 

We typically formulate as a ‘scattering amplitude’ (in-out) 

KMOC framework

Here:  
Reformulate Hawking as scattering process 
(same QFT techniques)

[See also: Golderberg Rothstein ’19, ’20, ’20, 
Kim, Shim ’20,  RA Ochirov, ’23, Aoki, Cristofoli, 
Jeong, Sergola, Yoshimura ’25], ….

[Kosower, Maybee, OConnell ’18]

But, we are interested in observables (in-in) 



Collapsing background

Vaidya solution gµ⌫ = ⌘µ⌫ +
2GM(t+ r)

r
kµk⌫
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Scattering through a time-dependent background metric

[RA, O’Connell, Sergola, ’24]
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M(t+ r) = M⇥(t+ r)
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kµdx
µ = dt+ dr
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collapsing bkg.

Kerr-Schild vector

Scattering through a time-dependent background metric

k2 = 0
<latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit><latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit><latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit><latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit>

[RA, O’Connell, Sergola, ’24]
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Collapsing background

Vaidya solution gµ⌫ = ⌘µ⌫ +
2GM(t+ r)

r
kµk⌫

<latexit sha1_base64="WPxmVOWIZpy9ytCWIIaEhRPNBng="></latexit><latexit sha1_base64="WPxmVOWIZpy9ytCWIIaEhRPNBng="></latexit><latexit sha1_base64="WPxmVOWIZpy9ytCWIIaEhRPNBng="></latexit><latexit sha1_base64="WPxmVOWIZpy9ytCWIIaEhRPNBng="></latexit>

M(t+ r) = M⇥(t+ r)
<latexit sha1_base64="eUrGOg8YuB4jJhYGezkAKQlck7Y=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEilBmRNCNUHTjplChL2iHkknTNjSTGZI7QhkK/oobF4q49Tvc+Tem01lo64ELJ+fcS+49fiS4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWP72Z+65EpzUNZh0nEvIAMJR9wSsBIPfuoWoJzdYZvcLVbHzEg6bNnF52ykwIvEzcjRZSh1rO/uv2QxgGTQAXRuuM6EXgJUcCpYNNCN9YsInRMhqxjqCQB016Srj/Fp0bp40GoTEnAqfp7IiGB1pPAN50BgZFe9Gbif14nhsG1l3AZxcAknX80iAWGEM+ywH2uGAUxMYRQxc2umI6IIhRMYgUTgrt48jJpXpRdp+w+XBYrt1kceXSMTlAJuegKVdA9qqEGoihBz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AEkKZOq</latexit><latexit sha1_base64="eUrGOg8YuB4jJhYGezkAKQlck7Y=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEilBmRNCNUHTjplChL2iHkknTNjSTGZI7QhkK/oobF4q49Tvc+Tem01lo64ELJ+fcS+49fiS4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWP72Z+65EpzUNZh0nEvIAMJR9wSsBIPfuoWoJzdYZvcLVbHzEg6bNnF52ykwIvEzcjRZSh1rO/uv2QxgGTQAXRuuM6EXgJUcCpYNNCN9YsInRMhqxjqCQB016Srj/Fp0bp40GoTEnAqfp7IiGB1pPAN50BgZFe9Gbif14nhsG1l3AZxcAknX80iAWGEM+ywH2uGAUxMYRQxc2umI6IIhRMYgUTgrt48jJpXpRdp+w+XBYrt1kceXSMTlAJuegKVdA9qqEGoihBz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AEkKZOq</latexit><latexit sha1_base64="eUrGOg8YuB4jJhYGezkAKQlck7Y=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEilBmRNCNUHTjplChL2iHkknTNjSTGZI7QhkK/oobF4q49Tvc+Tem01lo64ELJ+fcS+49fiS4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWP72Z+65EpzUNZh0nEvIAMJR9wSsBIPfuoWoJzdYZvcLVbHzEg6bNnF52ykwIvEzcjRZSh1rO/uv2QxgGTQAXRuuM6EXgJUcCpYNNCN9YsInRMhqxjqCQB016Srj/Fp0bp40GoTEnAqfp7IiGB1pPAN50BgZFe9Gbif14nhsG1l3AZxcAknX80iAWGEM+ywH2uGAUxMYRQxc2umI6IIhRMYgUTgrt48jJpXpRdp+w+XBYrt1kceXSMTlAJuegKVdA9qqEGoihBz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AEkKZOq</latexit><latexit sha1_base64="eUrGOg8YuB4jJhYGezkAKQlck7Y=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEilBmRNCNUHTjplChL2iHkknTNjSTGZI7QhkK/oobF4q49Tvc+Tem01lo64ELJ+fcS+49fiS4Bsf5tnIrq2vrG/nNwtb2zu6evX/Q1GGsKGvQUISq7RPNBJesARwEa0eKkcAXrOWP72Z+65EpzUNZh0nEvIAMJR9wSsBIPfuoWoJzdYZvcLVbHzEg6bNnF52ykwIvEzcjRZSh1rO/uv2QxgGTQAXRuuM6EXgJUcCpYNNCN9YsInRMhqxjqCQB016Srj/Fp0bp40GoTEnAqfp7IiGB1pPAN50BgZFe9Gbif14nhsG1l3AZxcAknX80iAWGEM+ywH2uGAUxMYRQxc2umI6IIhRMYgUTgrt48jJpXpRdp+w+XBYrt1kceXSMTlAJuegKVdA9qqEGoihBz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AEkKZOq</latexit>

kµdx
µ = dt+ dr

<latexit sha1_base64="dRgB/a9qRm3N6dDSEaw6H4u53Fg=">AAACHXicbVDLSsNAFJ3UV62vqks3g0UQhJJIQTdC0Y3LCvYBTSyT6aQdOnkwcyMtIT/ixl9x40IRF27Ev3GSFtHWAwPnnnMvd+5xI8EVmOaXUVhaXlldK66XNja3tnfKu3stFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RVea375lUPAxuYRIxxyeDgHucEtBSr1yzfQJD5SWjtGf7MbaBjSHpp+O7rLr4qTGc/HDZK1fMqpkDLxJrRipohkav/GH3Qxr7LAAqiFJdy4zASYgETgVLS3asWEToiAxYV9OA+Ew5SX5dio+00sdeKPULAOfq74mE+EpNfFd35rfMe5n4n9eNwTt3Eh5EMbCAThd5scAQ4iwq3OeSURATTQiVXP8V0yGRhIIOtKRDsOZPXiSt06plVq2bWqV+OYujiA7QITpGFjpDdXSNGqiJKHpAT+gFvRqPxrPxZrxPWwvGbGYf/YHx+Q30eKML</latexit><latexit sha1_base64="dRgB/a9qRm3N6dDSEaw6H4u53Fg=">AAACHXicbVDLSsNAFJ3UV62vqks3g0UQhJJIQTdC0Y3LCvYBTSyT6aQdOnkwcyMtIT/ixl9x40IRF27Ev3GSFtHWAwPnnnMvd+5xI8EVmOaXUVhaXlldK66XNja3tnfKu3stFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RVea375lUPAxuYRIxxyeDgHucEtBSr1yzfQJD5SWjtGf7MbaBjSHpp+O7rLr4qTGc/HDZK1fMqpkDLxJrRipohkav/GH3Qxr7LAAqiFJdy4zASYgETgVLS3asWEToiAxYV9OA+Ew5SX5dio+00sdeKPULAOfq74mE+EpNfFd35rfMe5n4n9eNwTt3Eh5EMbCAThd5scAQ4iwq3OeSURATTQiVXP8V0yGRhIIOtKRDsOZPXiSt06plVq2bWqV+OYujiA7QITpGFjpDdXSNGqiJKHpAT+gFvRqPxrPxZrxPWwvGbGYf/YHx+Q30eKML</latexit><latexit sha1_base64="dRgB/a9qRm3N6dDSEaw6H4u53Fg=">AAACHXicbVDLSsNAFJ3UV62vqks3g0UQhJJIQTdC0Y3LCvYBTSyT6aQdOnkwcyMtIT/ixl9x40IRF27Ev3GSFtHWAwPnnnMvd+5xI8EVmOaXUVhaXlldK66XNja3tnfKu3stFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RVea375lUPAxuYRIxxyeDgHucEtBSr1yzfQJD5SWjtGf7MbaBjSHpp+O7rLr4qTGc/HDZK1fMqpkDLxJrRipohkav/GH3Qxr7LAAqiFJdy4zASYgETgVLS3asWEToiAxYV9OA+Ew5SX5dio+00sdeKPULAOfq74mE+EpNfFd35rfMe5n4n9eNwTt3Eh5EMbCAThd5scAQ4iwq3OeSURATTQiVXP8V0yGRhIIOtKRDsOZPXiSt06plVq2bWqV+OYujiA7QITpGFjpDdXSNGqiJKHpAT+gFvRqPxrPxZrxPWwvGbGYf/YHx+Q30eKML</latexit><latexit sha1_base64="dRgB/a9qRm3N6dDSEaw6H4u53Fg=">AAACHXicbVDLSsNAFJ3UV62vqks3g0UQhJJIQTdC0Y3LCvYBTSyT6aQdOnkwcyMtIT/ixl9x40IRF27Ev3GSFtHWAwPnnnMvd+5xI8EVmOaXUVhaXlldK66XNja3tnfKu3stFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RVea375lUPAxuYRIxxyeDgHucEtBSr1yzfQJD5SWjtGf7MbaBjSHpp+O7rLr4qTGc/HDZK1fMqpkDLxJrRipohkav/GH3Qxr7LAAqiFJdy4zASYgETgVLS3asWEToiAxYV9OA+Ew5SX5dio+00sdeKPULAOfq74mE+EpNfFd35rfMe5n4n9eNwTt3Eh5EMbCAThd5scAQ4iwq3OeSURATTQiVXP8V0yGRhIIOtKRDsOZPXiSt06plVq2bWqV+OYujiA7QITpGFjpDdXSNGqiJKHpAT+gFvRqPxrPxZrxPWwvGbGYf/YHx+Q30eKML</latexit>

collapsing bkg.

Kerr-Schild vector

Scattering through a time-dependent background metric

Lint =
1

2
hµ⌫@µ�@⌫�

<latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit><latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit><latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit><latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit>

Interaction:
k2 = 0

<latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit><latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit><latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit><latexit sha1_base64="2ZaaYHqffd+8Y5+BwP/S3LhRkbU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjBfsBbSyb7aZdusmG3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkalmvEmU1LpTkANlyLmTRQoeSfRnEaB5O1gfDvz209cG6HiB5wk3I/oMBahYBSt1M16JiTj6WPt2u2XK27VnYOsEi8nFcjR6Je/egPF0ojHyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xraUwjbvxsfvKUnFllQEKlbcVI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxNxkiKP2WJRmEqCisz+JwOhOUM5sYQyLeythI2opgxtSiUbgrf88ipp1aqeW/XuLyr1mzyOIpzAKZyDB5dQhztoQBMYKHiGV3hz0Hlx3p2PRWvByWeO4Q+czx9VSpCd</latexit>

[RA, O’Connell, Sergola, ’24]
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Initial state

We scatter a massless spherical state  
through the Vaidya background 

|'i =
Z

d�(p)'(p)|pi =
Z

d�(p)

Z
dv'(v)eiEv|pi

<latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Dr8d0oVyymTZG7/GUheLNTYV9ag="></latexit><latexit sha1_base64="Dr8d0oVyymTZG7/GUheLNTYV9ag="></latexit><latexit sha1_base64="04g1FC4K1O7+WzWyulXIDlsag9o="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit>

spherical symmetry massless v = t+ r
<latexit sha1_base64="b7JPOCAQ6r/Gw2lqPbLp3sWoizs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigl6EohePFUxbaEPZbDft0s0m7E4KpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGGSTDPus0QmuhVSw6VQ3EeBkrdSzWkcSt4Mh/czvzni2ohEPeE45UFM+0pEglG0kj+6xQvdLVfcqjsHWSVeTiqQo94tf3V6CctirpBJakzbc1MMJlSjYJJPS53M8JSyIe3ztqWKxtwEk/mxU3JmlR6JEm1LIZmrvycmNDZmHIe2M6Y4MMveTPzPa2cY3QQTodIMuWKLRVEmCSZk9jnpCc0ZyrEllGlhbyVsQDVlaPMp2RC85ZdXSeOy6rlV7/GqUrvL4yjCCZzCOXhwDTV4gDr4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AXTUjnA=</latexit><latexit sha1_base64="b7JPOCAQ6r/Gw2lqPbLp3sWoizs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigl6EohePFUxbaEPZbDft0s0m7E4KpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGGSTDPus0QmuhVSw6VQ3EeBkrdSzWkcSt4Mh/czvzni2ohEPeE45UFM+0pEglG0kj+6xQvdLVfcqjsHWSVeTiqQo94tf3V6CctirpBJakzbc1MMJlSjYJJPS53M8JSyIe3ztqWKxtwEk/mxU3JmlR6JEm1LIZmrvycmNDZmHIe2M6Y4MMveTPzPa2cY3QQTodIMuWKLRVEmCSZk9jnpCc0ZyrEllGlhbyVsQDVlaPMp2RC85ZdXSeOy6rlV7/GqUrvL4yjCCZzCOXhwDTV4gDr4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AXTUjnA=</latexit><latexit sha1_base64="b7JPOCAQ6r/Gw2lqPbLp3sWoizs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigl6EohePFUxbaEPZbDft0s0m7E4KpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGGSTDPus0QmuhVSw6VQ3EeBkrdSzWkcSt4Mh/czvzni2ohEPeE45UFM+0pEglG0kj+6xQvdLVfcqjsHWSVeTiqQo94tf3V6CctirpBJakzbc1MMJlSjYJJPS53M8JSyIe3ztqWKxtwEk/mxU3JmlR6JEm1LIZmrvycmNDZmHIe2M6Y4MMveTPzPa2cY3QQTodIMuWKLRVEmCSZk9jnpCc0ZyrEllGlhbyVsQDVlaPMp2RC85ZdXSeOy6rlV7/GqUrvL4yjCCZzCOXhwDTV4gDr4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AXTUjnA=</latexit><latexit sha1_base64="b7JPOCAQ6r/Gw2lqPbLp3sWoizs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigl6EohePFUxbaEPZbDft0s0m7E4KpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGGSTDPus0QmuhVSw6VQ3EeBkrdSzWkcSt4Mh/czvzni2ohEPeE45UFM+0pEglG0kj+6xQvdLVfcqjsHWSVeTiqQo94tf3V6CctirpBJakzbc1MMJlSjYJJPS53M8JSyIe3ztqWKxtwEk/mxU3JmlR6JEm1LIZmrvycmNDZmHIe2M6Y4MMveTPzPa2cY3QQTodIMuWKLRVEmCSZk9jnpCc0ZyrEllGlhbyVsQDVlaPMp2RC85ZdXSeOy6rlV7/GqUrvL4yjCCZzCOXhwDTV4gDr4wEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AXTUjnA=</latexit>

[RA, O’Connell, Sergola, ’24]
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Initial state

We scatter a massless spherical state  
through the Vaidya background 

|'i =
Z

d�(p)'(p)|pi =
Z

d�(p)

Z
dv'(v)eiEv|pi

<latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Dr8d0oVyymTZG7/GUheLNTYV9ag="></latexit><latexit sha1_base64="Dr8d0oVyymTZG7/GUheLNTYV9ag="></latexit><latexit sha1_base64="04g1FC4K1O7+WzWyulXIDlsag9o="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit><latexit sha1_base64="mOc5k/M1jKTzOwenN0k8JFkyJgw="></latexit>

=

Z
d�(p)

Z
dv '(v)eip·b(v)|pi

<latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JUeST6hT7F9ja4PNwtPZlFtWGz0="></latexit><latexit sha1_base64="JUeST6hT7F9ja4PNwtPZlFtWGz0="></latexit><latexit sha1_base64="nCJHaWDHSZv72V3ymj7a43wMAjM="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit><latexit sha1_base64="tre1ZS05HPReF+GWEDR7ziATkIU="></latexit>

[RA, O’Connell, Sergola, ’24]
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Evolve with the S-matrix

Multi particle states

Final state S|'i =
Z

d�(p0)|p0ihp0|S|'i+ · · ·
<latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vfcWJ5d9sL8U38GSuBij9cqy9RI="></latexit><latexit sha1_base64="vfcWJ5d9sL8U38GSuBij9cqy9RI="></latexit><latexit sha1_base64="TWxzDGL9jU3HnroRGrjS8JGv2vI="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit>

[RA, O’Connell, Sergola, ’24]

9



Evolve with the S-matrix

Final state S|'i =
Z

d�(p0)|p0ihp0|S|'i+ · · ·
<latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="vfcWJ5d9sL8U38GSuBij9cqy9RI="></latexit><latexit sha1_base64="vfcWJ5d9sL8U38GSuBij9cqy9RI="></latexit><latexit sha1_base64="TWxzDGL9jU3HnroRGrjS8JGv2vI="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit><latexit sha1_base64="HHY89OrFWXlIVMgZmjv1u6QrjpA="></latexit>

Geometric-optics limit or

Momentum transfer 

Particle’s wavelength 

q = p0 � p
<latexit sha1_base64="m4WCk/bG7riSh956H+E0jXRUkgw=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyiF8uuCHoRil48VrAf2C4lm2bb0Gw2JlmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXig508bzvp3C0vLK6lpxvbSxubW94+7uNXSSKkLrJOGJaoVYU84ErRtmOG1JRXEcctoMhzcTv/lElWaJuDcjSYMY9wWLGMHGSg+P6ArJ41MkUdctexVvCrRI/JyUIUet6351eglJYyoM4Vjrtu9JE2RYGUY4HZc6qaYSkyHu07alAsdUB9n04jE6skoPRYmyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroMMiZkaqggs0VRypFJ0OR91GOKEsNHlmCimL0VkQFWmBgbUsmG4M+/vEgaZxXfq/h35+XqdR5HEQ7gEE7Ahwuowi3UoA4EBDzDK7w52nlx3p2PWWvByWf24Q+czx8k349A</latexit><latexit sha1_base64="m4WCk/bG7riSh956H+E0jXRUkgw=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyiF8uuCHoRil48VrAf2C4lm2bb0Gw2JlmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXig508bzvp3C0vLK6lpxvbSxubW94+7uNXSSKkLrJOGJaoVYU84ErRtmOG1JRXEcctoMhzcTv/lElWaJuDcjSYMY9wWLGMHGSg+P6ArJ41MkUdctexVvCrRI/JyUIUet6351eglJYyoM4Vjrtu9JE2RYGUY4HZc6qaYSkyHu07alAsdUB9n04jE6skoPRYmyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroMMiZkaqggs0VRypFJ0OR91GOKEsNHlmCimL0VkQFWmBgbUsmG4M+/vEgaZxXfq/h35+XqdR5HEQ7gEE7Ahwuowi3UoA4EBDzDK7w52nlx3p2PWWvByWf24Q+czx8k349A</latexit><latexit sha1_base64="m4WCk/bG7riSh956H+E0jXRUkgw=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyiF8uuCHoRil48VrAf2C4lm2bb0Gw2JlmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXig508bzvp3C0vLK6lpxvbSxubW94+7uNXSSKkLrJOGJaoVYU84ErRtmOG1JRXEcctoMhzcTv/lElWaJuDcjSYMY9wWLGMHGSg+P6ArJ41MkUdctexVvCrRI/JyUIUet6351eglJYyoM4Vjrtu9JE2RYGUY4HZc6qaYSkyHu07alAsdUB9n04jE6skoPRYmyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroMMiZkaqggs0VRypFJ0OR91GOKEsNHlmCimL0VkQFWmBgbUsmG4M+/vEgaZxXfq/h35+XqdR5HEQ7gEE7Ahwuowi3UoA4EBDzDK7w52nlx3p2PWWvByWf24Q+czx8k349A</latexit><latexit sha1_base64="m4WCk/bG7riSh956H+E0jXRUkgw=">AAAB8XicbVBNSwMxEJ2tX7V+rXr0EiyiF8uuCHoRil48VrAf2C4lm2bb0Gw2JlmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXig508bzvp3C0vLK6lpxvbSxubW94+7uNXSSKkLrJOGJaoVYU84ErRtmOG1JRXEcctoMhzcTv/lElWaJuDcjSYMY9wWLGMHGSg+P6ArJ41MkUdctexVvCrRI/JyUIUet6351eglJYyoM4Vjrtu9JE2RYGUY4HZc6qaYSkyHu07alAsdUB9n04jE6skoPRYmyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroMMiZkaqggs0VRypFJ0OR91GOKEsNHlmCimL0VkQFWmBgbUsmG4M+/vEgaZxXfq/h35+XqdR5HEQ7gEE7Ahwuowi3UoA4EBDzDK7w52nlx3p2PWWvByWf24Q+czx8k349A</latexit>

⌘ ⌘ |q|
|p| ⌧ 1

<latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit><latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit><latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit><latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit>

[RA, O’Connell, Sergola, ’24]
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Hawking scattering

Interaction:

Leading-order amplitude:

hµ⌫ =
2GM⇥(t+ r)

r
kµk⌫

<latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="XcDNOS2vKfNwx+HbRPl4iddILFE=">AAACI3icbVDLSsNAFL2pr1pf1a2bwSIoQknc6EYQRHQjVOhDaGqZTCd26GQSZm6EEvJFbvwVXQgq4q84TbvwdWDgzDn3cu89QSKFQdd9dUpz8wuLS+Xlysrq2vpGdXO1beJUM95isYz1TUANl0LxFgqU/CbRnEaB5J1gdDbxO/dcGxGrJo4T3ovonRKhYBSt1K+eD28zP0p9lebkhPihpiw7vLjym0OOdA8P9H6e6dyPKA5NmI3yovrn37b2qzW37hYgf4k3IzWYodGvPvuDmKURV8gkNabruQn2MqpRMMnzip8anlA2one8a6miETe9rDg3J7tWGZAw1vYpJIX6vSOjkTHjKLCVxZ6/vYn4n9dNMTzuZUIlKXLFpoPCVBKMySQ7MhCaM5RjSyjTwu5K2JDayNAmXLEheL9P/kvah3XPrXvXLpRhG3ZgDzw4glO4hAa0gMEDPMEbvDuPzovzMY2r5Mxy24IfcD6/APyZqP0=</latexit><latexit sha1_base64="XcDNOS2vKfNwx+HbRPl4iddILFE=">AAACI3icbVDLSsNAFL2pr1pf1a2bwSIoQknc6EYQRHQjVOhDaGqZTCd26GQSZm6EEvJFbvwVXQgq4q84TbvwdWDgzDn3cu89QSKFQdd9dUpz8wuLS+Xlysrq2vpGdXO1beJUM95isYz1TUANl0LxFgqU/CbRnEaB5J1gdDbxO/dcGxGrJo4T3ovonRKhYBSt1K+eD28zP0p9lebkhPihpiw7vLjym0OOdA8P9H6e6dyPKA5NmI3yovrn37b2qzW37hYgf4k3IzWYodGvPvuDmKURV8gkNabruQn2MqpRMMnzip8anlA2one8a6miETe9rDg3J7tWGZAw1vYpJIX6vSOjkTHjKLCVxZ6/vYn4n9dNMTzuZUIlKXLFpoPCVBKMySQ7MhCaM5RjSyjTwu5K2JDayNAmXLEheL9P/kvah3XPrXvXLpRhG3ZgDzw4glO4hAa0gMEDPMEbvDuPzovzMY2r5Mxy24IfcD6/APyZqP0=</latexit><latexit sha1_base64="f7wNWdO2sRay3Kc2z5IOmFFi36s="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit><latexit sha1_base64="DBO+3KmSIG/aUzWTnBXFNNV8/vU="></latexit>

with

- IR phase that cancels laterµ
<latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit>

Lint =
1

2
hµ⌫@µ�@⌫�

<latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit><latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit><latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit><latexit sha1_base64="jZmexk+z9EezerqCocAQaMoAdsk="></latexit>

[RA, O’Connell, Sergola, ’24]
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hp0|S � 1|'i =
Z

dv '(v)eip
0·b(v) (�4GME0 log(�v/µ))

<latexit sha1_base64="TYmfW7SxnAQfYnIVqaPsaBSpBeE="></latexit><latexit sha1_base64="TYmfW7SxnAQfYnIVqaPsaBSpBeE="></latexit><latexit sha1_base64="TYmfW7SxnAQfYnIVqaPsaBSpBeE="></latexit><latexit sha1_base64="TYmfW7SxnAQfYnIVqaPsaBSpBeE="></latexit>



Exponentiation : Resumming Feynman diagrams

Higher-loop iteration of the leading in       terms exponentiates

Similarly to the eikonal amplitude (super classical pieces)

+ + + +… … = exp

✓ ◆

<latexit sha1_base64="bVdCXJEy+/fN8JJZNfb9crij3O4=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCbYkF1joiXRxhITeSQsIbPDBSbMPpi5ayAbfsDGX7Gx0Bhbezv/xmGhUPAk9+bknHszc48XSaHRtr+tzMrq2vpGdjO3tb2zu5ffP6jpMFYcqjyUoWp4TIMUAVRRoIRGpID5noS6N7iZ+vUHUFqEwT2OI2j5rBeIruAMjdTOn7gII0xgFE1cT/R6ReoOhzHrzDpNtbN2vmCX7BR0mThzUiBzVNr5L7cT8tiHALlkWjcdO8JWwhQKLmGSc2MNEeMD1oOmoQHzQbeS9JoJPTVKh3ZDZSpAmqq/NxLmaz32PTPpM+zrRW8q/uc1Y+xetRIRRDFCwGcPdWNJMaTTaGhHKOAox4YwroT5K+V9phhHE2DOhOAsnrxMauclxy45dxeF8vU8jiw5IsekSBxyScrkllRIlXDySJ7JK3mznqwX6936mI1mrPnOIfkD6/MHqPab5A==</latexit><latexit sha1_base64="bVdCXJEy+/fN8JJZNfb9crij3O4=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCbYkF1joiXRxhITeSQsIbPDBSbMPpi5ayAbfsDGX7Gx0Bhbezv/xmGhUPAk9+bknHszc48XSaHRtr+tzMrq2vpGdjO3tb2zu5ffP6jpMFYcqjyUoWp4TIMUAVRRoIRGpID5noS6N7iZ+vUHUFqEwT2OI2j5rBeIruAMjdTOn7gII0xgFE1cT/R6ReoOhzHrzDpNtbN2vmCX7BR0mThzUiBzVNr5L7cT8tiHALlkWjcdO8JWwhQKLmGSc2MNEeMD1oOmoQHzQbeS9JoJPTVKh3ZDZSpAmqq/NxLmaz32PTPpM+zrRW8q/uc1Y+xetRIRRDFCwGcPdWNJMaTTaGhHKOAox4YwroT5K+V9phhHE2DOhOAsnrxMauclxy45dxeF8vU8jiw5IsekSBxyScrkllRIlXDySJ7JK3mznqwX6936mI1mrPnOIfkD6/MHqPab5A==</latexit><latexit sha1_base64="bVdCXJEy+/fN8JJZNfb9crij3O4=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCbYkF1joiXRxhITeSQsIbPDBSbMPpi5ayAbfsDGX7Gx0Bhbezv/xmGhUPAk9+bknHszc48XSaHRtr+tzMrq2vpGdjO3tb2zu5ffP6jpMFYcqjyUoWp4TIMUAVRRoIRGpID5noS6N7iZ+vUHUFqEwT2OI2j5rBeIruAMjdTOn7gII0xgFE1cT/R6ReoOhzHrzDpNtbN2vmCX7BR0mThzUiBzVNr5L7cT8tiHALlkWjcdO8JWwhQKLmGSc2MNEeMD1oOmoQHzQbeS9JoJPTVKh3ZDZSpAmqq/NxLmaz32PTPpM+zrRW8q/uc1Y+xetRIRRDFCwGcPdWNJMaTTaGhHKOAox4YwroT5K+V9phhHE2DOhOAsnrxMauclxy45dxeF8vU8jiw5IsekSBxyScrkllRIlXDySJ7JK3mznqwX6936mI1mrPnOIfkD6/MHqPab5A==</latexit><latexit sha1_base64="bVdCXJEy+/fN8JJZNfb9crij3O4=">AAACDXicbVC7TgJBFJ3FF+ILtbSZiCbYkF1joiXRxhITeSQsIbPDBSbMPpi5ayAbfsDGX7Gx0Bhbezv/xmGhUPAk9+bknHszc48XSaHRtr+tzMrq2vpGdjO3tb2zu5ffP6jpMFYcqjyUoWp4TIMUAVRRoIRGpID5noS6N7iZ+vUHUFqEwT2OI2j5rBeIruAMjdTOn7gII0xgFE1cT/R6ReoOhzHrzDpNtbN2vmCX7BR0mThzUiBzVNr5L7cT8tiHALlkWjcdO8JWwhQKLmGSc2MNEeMD1oOmoQHzQbeS9JoJPTVKh3ZDZSpAmqq/NxLmaz32PTPpM+zrRW8q/uc1Y+xetRIRRDFCwGcPdWNJMaTTaGhHKOAox4YwroT5K+V9phhHE2DOhOAsnrxMauclxy45dxeF8vU8jiw5IsekSBxyScrkllRIlXDySJ7JK3mznqwX6936mI1mrPnOIfkD6/MHqPab5A==</latexit>
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hp0|S|'i =
Z
dv '(v)eip

0·b(v)exp (�4iGME0 log(�v/µ))
<latexit sha1_base64="W4KsEIgwLUwHU3RqrItJfCgroGA="></latexit><latexit sha1_base64="W4KsEIgwLUwHU3RqrItJfCgroGA="></latexit><latexit sha1_base64="W4KsEIgwLUwHU3RqrItJfCgroGA="></latexit><latexit sha1_base64="W4KsEIgwLUwHU3RqrItJfCgroGA="></latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>



Hawking Amplitude 

Choosing a spherically symmetric initial state

|'i
<latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit>
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Hawking Amplitude 

Choosing a spherically symmetric initial state

|'i
<latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit>

The exponentiated amplitude

*ignores IR phase that cancels later

Horizon
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Hawking Amplitude 

Choosing a spherically symmetric initial state

|'i
<latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit><latexit sha1_base64="S72PEkktVVALOGp9TY+p6a8agNc=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymQ7bZduNmF3Uyix/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUsG18bxvZ219Y3Nru7RT3t3bPzh0j46bOskUwwZLRKLaEWgUXGLDcCOwnSqEOBLYikZ3M781RqV5Ih/NJMUwhoHkfc7AWKnruk/BGFQ65IECORBIu27Fq3pz0FXiF6RCCtS77lfQS1gWozRMgNYd30tNmIMynAmcloNMYwpsBAPsWCohRh3m88un9NwqPdpPlC1p6Fz9PZFDrPUkjmxnDGaol72Z+J/XyUz/Jsy5TDODki0W9TNBTUJnMdAeV8iMmFgCTHF7K2VDUMCMDatsQ/CXX14lzcuq71X9h6tK7baIo0ROyRm5ID65JjVyT+qkQRgZk2fySt6c3Hlx3p2PReuaU8yckD9wPn8AoTaTog==</latexit>

The exponentiated amplitude
Horizon

Complete gamma function 12



Thermal Spectrum 

13

The differential number spectrum in the final state is given by 
the integrand of

dn / |A(E)|2dE dE0
<latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit><latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit><latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit><latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit>

/ e4⇡GME |�(1� 4iGME)|2
<latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ALUPbSvBPqEwrNF9Ttz0mUPG4X4=">AAACBXicbZDNSgMxFIXv1P9adXTrJihiXVhmSkGXgkjdCBWsCp1pyaSZNjSZCUlGKGMfwY2v4saFIr6CO9/GtHah1gOBk3MSkvtFkjNtPO/TKczNLywuLa8UV0tr6xvuZulap5kitElSnqrbCGvKWUKbhhlOb6WiWESc3kSD03F/c0eVZmlyZYaShgL3EhYzgo2NOu5+IFUqTYpoO68FkqH6xdnoPqhjIXDZP6wxuz+4b1c77q5X8SZCs8afml2YqtFxP4JuSjJBE0M41rrle9KEOVaGEU5HxSDTVGIywD3asjbBguownww0Qns26aI4VXYlBk3SnzdyLLQeisieFNj09d9uHP7XtTITH4c5S2RmaEK+H4ozjiyAMR3UZYoSw4fWYKKY/SsifawwMZZh0ULw/448a66rFd+r+JceLMM27EAZfDiCEziHBjSBwAM8wQu8Oo/Os/P2javgTLltwS857199XZnf</latexit><latexit sha1_base64="ALUPbSvBPqEwrNF9Ttz0mUPG4X4=">AAACBXicbZDNSgMxFIXv1P9adXTrJihiXVhmSkGXgkjdCBWsCp1pyaSZNjSZCUlGKGMfwY2v4saFIr6CO9/GtHah1gOBk3MSkvtFkjNtPO/TKczNLywuLa8UV0tr6xvuZulap5kitElSnqrbCGvKWUKbhhlOb6WiWESc3kSD03F/c0eVZmlyZYaShgL3EhYzgo2NOu5+IFUqTYpoO68FkqH6xdnoPqhjIXDZP6wxuz+4b1c77q5X8SZCs8afml2YqtFxP4JuSjJBE0M41rrle9KEOVaGEU5HxSDTVGIywD3asjbBguownww0Qns26aI4VXYlBk3SnzdyLLQeisieFNj09d9uHP7XtTITH4c5S2RmaEK+H4ozjiyAMR3UZYoSw4fWYKKY/SsifawwMZZh0ULw/448a66rFd+r+JceLMM27EAZfDiCEziHBjSBwAM8wQu8Oo/Os/P2javgTLltwS857199XZnf</latexit><latexit sha1_base64="GbQpQo8PCrVD1C+ZiPAFRdNOqnw=">AAACEHicbVDLSgMxFM3UV62vqks3wSLWhWWmFHRZFKkboYJ9QKctmTTThiYzIckIZdpPcOOvuHGhiFuX7vwb03YWWj1w4eSce8m9xxOMKm3bX1ZqaXlldS29ntnY3Nreye7u1VUYSUxqOGShbHpIEUYDUtNUM9IUkiDuMdLwhpdTv3FPpKJhcKdHgrQ56gfUpxhpI3Wzx66QodAhJJ245AoKKzdXk7FbQZyjvHNaouZ9Mu4Uu9mcXbBngH+Jk5AcSFDtZj/dXogjTgKNGVKq5dhCt2MkNcWMTDJupIhAeIj6pGVogDhR7Xh20AQeGaUH/VCaCjScqT8nYsSVGnHPdHKkB2rRm4r/ea1I++ftmAYi0iTA84/8iEETwDQd2KOSYM1GhiAsqdkV4gGSCGuTYcaE4Cye/JfUiwXHLji3dq58kcSRBgfgEOSBA85AGVyDKqgBDB7AE3gBr9aj9Wy9We/z1pSVzOyDX7A+vgEnrJtW</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit><latexit sha1_base64="o/Uk3aPmPr+Di2paWwCdakV7d/E=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsC8tMKeiyKFI3QgX7gM60ZNK0DU1mQpIRyrSf4MZfceNCEbcu3fk3po+FVg9cODnnXnLvCQSjSjvOl5VaWl5ZXUuvZzY2t7Z37N29mopiiUkVRyySjQApwmhIqppqRhpCEsQDRurB4HLi1++JVDQK7/RQEJ+jXki7FCNtpLZ97AkZCR1B0kqKnqCwfHM1HnllxDnKuadFat4no1ahbWedvDMF/EvcOcmCOSpt+9PrRDjmJNSYIaWariO0nyCpKWZknPFiRQTCA9QjTUNDxInyk+lBY3hklA7sRtJUqOFU/TmRIK7UkAemkyPdV4veRPzPa8a6e+4nNBSxJiGefdSNGTQBTNKBHSoJ1mxoCMKSml0h7iOJsDYZZkwI7uLJf0mtkHedvHtbzJYu5nGkwQE4BDnggjNQAtegAqoAgwfwBF7Aq/VoPVtv1vusNWXNZ/bBL1gf3yjsm1o=</latexit>
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Thermal Spectrum 

The differential number spectrum in the final state is given by 
the integrand of
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Thermal distribution

Temperature:

13

dn / |A(E)|2dE dE0
<latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit><latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit><latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit><latexit sha1_base64="3oZ/eYfSLj2M8tWNSrE7+NMTans=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmaKoAsXVSm4rGAf0Kklk6ZtaCYzJHfEMu3PuPFX3LiwiODKXzF9iNp6IHA451xu7vFCwTXY9oe1sLi0vLKaWEuub2xubad2dss6iBRlJRqIQFU9opngkpWAg2DVUDHie4JVvO7VyK/cM6V5IG+hF7K6T9qStzglYKRG6twF9gBxcyCxG6oghAD3XZ9AhxIRXwwyhaP+XQ5/hwru8Q9v2I1U2s7aY+B54kxJGk1RbKSGbjOgkc8kUEG0rjl2CPWYKOBUsEHSjTQLCe2SNqsZKonPdD0eXznAh0Zp4lagzJOAx+rviZj4Wvd8zyRHB+hZbyT+59UiaJ3VYy7DCJikk0WtSGDTxagy3OSKURA9QwhV3PwV0w5RhIIpNmlKcGZPniflXNaxs87NSTp/Oa0jgfbRAcogB52iPLpGRVRCFD2iZ/SKhtaT9WK9We+T6II1ndlDf2B9fgEhCKWW</latexit>

dn / dEdE0
1

e8⇡GME � 1
<latexit sha1_base64="3pyl9UIt+qECmD6NFzg/IbeByQQ=">AAACK3icbZDLSgMxFIYzXmu9VV26CRbBjWVGBLsUpehGULAqdGrJpGc0mMmE5IxYhnkfN76KC114wa3vYVorePsh8POfczg5X6SlsOj7L97I6Nj4xGRpqjw9Mzs3X1lYPLFpZjg0eSpTcxYxC1IoaKJACWfaAEsiCafR1W6/fnoNxopUHWNPQzthF0rEgjN0UaeyEyLcYN4tFA21STWm9CuhjW+249MwNoznQZHDeV4PtaB7B41iPSg6lapf8weif00wNFUy1GGn8hB2U54loJBLZm0r8DW2c2ZQcAlFOcwsaMav2AW0nFUsAdvOB7cWdNUlXRqnxj2FdJB+n8hZYm0viVxnwvDS/q71w/9qrQzjejsXSmcIin8uijNJHZE+ONoVBjjKnjOMG+H+Svklc0jQ4S07CMHvk/+ak41a4NeCo83q9s4QR4kskxWyRgKyRbbJPjkkTcLJLbknT+TZu/MevVfv7bN1xBvOLJEf8t4/ADnHp5U=</latexit><latexit sha1_base64="3pyl9UIt+qECmD6NFzg/IbeByQQ=">AAACK3icbZDLSgMxFIYzXmu9VV26CRbBjWVGBLsUpehGULAqdGrJpGc0mMmE5IxYhnkfN76KC114wa3vYVorePsh8POfczg5X6SlsOj7L97I6Nj4xGRpqjw9Mzs3X1lYPLFpZjg0eSpTcxYxC1IoaKJACWfaAEsiCafR1W6/fnoNxopUHWNPQzthF0rEgjN0UaeyEyLcYN4tFA21STWm9CuhjW+249MwNoznQZHDeV4PtaB7B41iPSg6lapf8weif00wNFUy1GGn8hB2U54loJBLZm0r8DW2c2ZQcAlFOcwsaMav2AW0nFUsAdvOB7cWdNUlXRqnxj2FdJB+n8hZYm0viVxnwvDS/q71w/9qrQzjejsXSmcIin8uijNJHZE+ONoVBjjKnjOMG+H+Svklc0jQ4S07CMHvk/+ak41a4NeCo83q9s4QR4kskxWyRgKyRbbJPjkkTcLJLbknT+TZu/MevVfv7bN1xBvOLJEf8t4/ADnHp5U=</latexit><latexit sha1_base64="3pyl9UIt+qECmD6NFzg/IbeByQQ=">AAACK3icbZDLSgMxFIYzXmu9VV26CRbBjWVGBLsUpehGULAqdGrJpGc0mMmE5IxYhnkfN76KC114wa3vYVorePsh8POfczg5X6SlsOj7L97I6Nj4xGRpqjw9Mzs3X1lYPLFpZjg0eSpTcxYxC1IoaKJACWfaAEsiCafR1W6/fnoNxopUHWNPQzthF0rEgjN0UaeyEyLcYN4tFA21STWm9CuhjW+249MwNoznQZHDeV4PtaB7B41iPSg6lapf8weif00wNFUy1GGn8hB2U54loJBLZm0r8DW2c2ZQcAlFOcwsaMav2AW0nFUsAdvOB7cWdNUlXRqnxj2FdJB+n8hZYm0viVxnwvDS/q71w/9qrQzjejsXSmcIin8uijNJHZE+ONoVBjjKnjOMG+H+Svklc0jQ4S07CMHvk/+ak41a4NeCo83q9s4QR4kskxWyRgKyRbbJPjkkTcLJLbknT+TZu/MevVfv7bN1xBvOLJEf8t4/ADnHp5U=</latexit><latexit sha1_base64="3pyl9UIt+qECmD6NFzg/IbeByQQ=">AAACK3icbZDLSgMxFIYzXmu9VV26CRbBjWVGBLsUpehGULAqdGrJpGc0mMmE5IxYhnkfN76KC114wa3vYVorePsh8POfczg5X6SlsOj7L97I6Nj4xGRpqjw9Mzs3X1lYPLFpZjg0eSpTcxYxC1IoaKJACWfaAEsiCafR1W6/fnoNxopUHWNPQzthF0rEgjN0UaeyEyLcYN4tFA21STWm9CuhjW+249MwNoznQZHDeV4PtaB7B41iPSg6lapf8weif00wNFUy1GGn8hB2U54loJBLZm0r8DW2c2ZQcAlFOcwsaMav2AW0nFUsAdvOB7cWdNUlXRqnxj2FdJB+n8hZYm0viVxnwvDS/q71w/9qrQzjejsXSmcIin8uijNJHZE+ONoVBjjKnjOMG+H+Svklc0jQ4S07CMHvk/+ak41a4NeCo83q9s4QR4kskxWyRgKyRbbJPjkkTcLJLbknT+TZu/MevVfv7bN1xBvOLJEf8t4/ADnHp5U=</latexit>



Bogoliubov

14

The vacuum is not the same in the initial and final state

creation and annihilation operators are related by Bogoliubov coefficients



Bogoliubov and beyond amplitudes

15

The field can be solved in the far past or far future

t ! �1
<latexit sha1_base64="umAPpIccVdHMrgklhq+EP/UnkMU=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzM6uM72BZcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7qZ+a8y1EbF6xCzhfkQHSoSCUbSSj6SLMbnoChVi1itX3Ko7A1kl3oJUYIF6r/zV7ccsjbhCJqkxHc9N0M+pRsEkn5S6qeEJZSM64B1LFY248fPZ0RNyZpU+CWNtSyGZqb8nchoZk0WB7YwoDs2yNxX/8zophjd+LlSSIldsvihMJbGPThMgfaE5Q5lZQpkW9lbChlRThjankg3BW355lTQvq55b9R6uKrXbRRxFOIFTOAcPrqEG91CHBjB4gmd4hTdn7Lw4787HvLXgLGaO4Q+czx8RiJGi</latexit><latexit sha1_base64="umAPpIccVdHMrgklhq+EP/UnkMU=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzM6uM72BZcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7qZ+a8y1EbF6xCzhfkQHSoSCUbSSj6SLMbnoChVi1itX3Ko7A1kl3oJUYIF6r/zV7ccsjbhCJqkxHc9N0M+pRsEkn5S6qeEJZSM64B1LFY248fPZ0RNyZpU+CWNtSyGZqb8nchoZk0WB7YwoDs2yNxX/8zophjd+LlSSIldsvihMJbGPThMgfaE5Q5lZQpkW9lbChlRThjankg3BW355lTQvq55b9R6uKrXbRRxFOIFTOAcPrqEG91CHBjB4gmd4hTdn7Lw4787HvLXgLGaO4Q+czx8RiJGi</latexit><latexit sha1_base64="umAPpIccVdHMrgklhq+EP/UnkMU=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzM6uM72BZcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7qZ+a8y1EbF6xCzhfkQHSoSCUbSSj6SLMbnoChVi1itX3Ko7A1kl3oJUYIF6r/zV7ccsjbhCJqkxHc9N0M+pRsEkn5S6qeEJZSM64B1LFY248fPZ0RNyZpU+CWNtSyGZqb8nchoZk0WB7YwoDs2yNxX/8zophjd+LlSSIldsvihMJbGPThMgfaE5Q5lZQpkW9lbChlRThjankg3BW355lTQvq55b9R6uKrXbRRxFOIFTOAcPrqEG91CHBjB4gmd4hTdn7Lw4787HvLXgLGaO4Q+czx8RiJGi</latexit><latexit sha1_base64="umAPpIccVdHMrgklhq+EP/UnkMU=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzM6uM72BZcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWM7qZ+a8y1EbF6xCzhfkQHSoSCUbSSj6SLMbnoChVi1itX3Ko7A1kl3oJUYIF6r/zV7ccsjbhCJqkxHc9N0M+pRsEkn5S6qeEJZSM64B1LFY248fPZ0RNyZpU+CWNtSyGZqb8nchoZk0WB7YwoDs2yNxX/8zophjd+LlSSIldsvihMJbGPThMgfaE5Q5lZQpkW9lbChlRThjankg3BW355lTQvq55b9R6uKrXbRRxFOIFTOAcPrqEG91CHBjB4gmd4hTdn7Lw4787HvLXgLGaO4Q+czx8RiJGi</latexit>

t ! +1
<latexit sha1_base64="GtlsJHh0wrtNYncHEQfOXAl72/0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MpsMmZ1dZ3oDy5Lv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391phrI2L1iFnC/YgOlAgFo2glH0kXY3LRFSrErFeuuFV3BrJKvAWpwAL1Xvmr249ZGnGFTFJjOp6boJ9TjYJJPil1U8MTykZ0wDuWKhpx4+ezoyfkzCp9EsbalkIyU39P5DQyJosC2xlRHJplbyr+53VSDG/8XKgkRa7YfFGYSmIfnSZA+kJzhjKzhDIt7K2EDammDG1OJRuCt/zyKmleVj236j1cVWq3iziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PeWvBWcwcwx84nz8OdJGg</latexit><latexit sha1_base64="GtlsJHh0wrtNYncHEQfOXAl72/0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MpsMmZ1dZ3oDy5Lv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391phrI2L1iFnC/YgOlAgFo2glH0kXY3LRFSrErFeuuFV3BrJKvAWpwAL1Xvmr249ZGnGFTFJjOp6boJ9TjYJJPil1U8MTykZ0wDuWKhpx4+ezoyfkzCp9EsbalkIyU39P5DQyJosC2xlRHJplbyr+53VSDG/8XKgkRa7YfFGYSmIfnSZA+kJzhjKzhDIt7K2EDammDG1OJRuCt/zyKmleVj236j1cVWq3iziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PeWvBWcwcwx84nz8OdJGg</latexit><latexit sha1_base64="GtlsJHh0wrtNYncHEQfOXAl72/0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MpsMmZ1dZ3oDy5Lv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391phrI2L1iFnC/YgOlAgFo2glH0kXY3LRFSrErFeuuFV3BrJKvAWpwAL1Xvmr249ZGnGFTFJjOp6boJ9TjYJJPil1U8MTykZ0wDuWKhpx4+ezoyfkzCp9EsbalkIyU39P5DQyJosC2xlRHJplbyr+53VSDG/8XKgkRa7YfFGYSmIfnSZA+kJzhjKzhDIt7K2EDammDG1OJRuCt/zyKmleVj236j1cVWq3iziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PeWvBWcwcwx84nz8OdJGg</latexit><latexit sha1_base64="GtlsJHh0wrtNYncHEQfOXAl72/0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MpsMmZ1dZ3oDy5Lv8OJBEa9+jDf/xsnjoIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U391phrI2L1iFnC/YgOlAgFo2glH0kXY3LRFSrErFeuuFV3BrJKvAWpwAL1Xvmr249ZGnGFTFJjOp6boJ9TjYJJPil1U8MTykZ0wDuWKhpx4+ezoyfkzCp9EsbalkIyU39P5DQyJosC2xlRHJplbyr+53VSDG/8XKgkRa7YfFGYSmIfnSZA+kJzhjKzhDIt7K2EDammDG1OJRuCt/zyKmleVj236j1cVWq3iziKcAKncA4eXEMN7qEODWDwBM/wCm/O2Hlx3p2PeWvBWcwcwx84nz8OdJGg</latexit>

Bogoliubov



Bogoliubov and beyond amplitudes

16

Bogoliubov: beyond amplitudes



Beyond Amplitudes

17

Usual amplitudes elements are in-out objects of the form

More general elements 

But iteration diagrams computes

waveform 

because

h0|a(p01)a(p02)S†a(k)Sa†(p1)a
†(p2)|0i

<latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4qi+qA6hdGPJOxTl07biBsIJobo=">AAACM3icbVC5TgMxEJ3lJlyBlsYCIUgTedNAiURDCYIAUjZEs85kseL1rmwvUpTwZTR8Ax0lDQUI8Qs4BxLXk6x582bG9rw4V9I6zp+CqemZ2bn5hcXS0vLK6lp5ffnCZoURVBeZysxVjJaU1FR30im6yg1hGiu6jLtHw/rlLRkrM33uejk1U0y07EiBzkutcj1SqBNFjLMBw728Fe5WRrHm49l11MYkIeOVrk8ZfgnDxsqPtFZhAx6Z8WWt8jav8hHYXxJOyDZMcNIqP0btTBQpaScUWtsIee6afTROCkV3paiwlKPoYkINTzWmZJv90fp3bMcrbdbJjD/asZH6faKPqbW9NPadKbob+7s2FP+rNQrXOWj2pc4LR1qMH+oUirmMDb1kbWlIONXzBIWR/q9M3KBB4bzjJW9C+Hvlv+SiVg15NTzlsACbsAV7EMI+HMIxnEAdBNzDM7zCW/AQvATvY7umgolvG/ADwccnQBOo9w==</latexit><latexit sha1_base64="4qi+qA6hdGPJOxTl07biBsIJobo=">AAACM3icbVC5TgMxEJ3lJlyBlsYCIUgTedNAiURDCYIAUjZEs85kseL1rmwvUpTwZTR8Ax0lDQUI8Qs4BxLXk6x582bG9rw4V9I6zp+CqemZ2bn5hcXS0vLK6lp5ffnCZoURVBeZysxVjJaU1FR30im6yg1hGiu6jLtHw/rlLRkrM33uejk1U0y07EiBzkutcj1SqBNFjLMBw728Fe5WRrHm49l11MYkIeOVrk8ZfgnDxsqPtFZhAx6Z8WWt8jav8hHYXxJOyDZMcNIqP0btTBQpaScUWtsIee6afTROCkV3paiwlKPoYkINTzWmZJv90fp3bMcrbdbJjD/asZH6faKPqbW9NPadKbob+7s2FP+rNQrXOWj2pc4LR1qMH+oUirmMDb1kbWlIONXzBIWR/q9M3KBB4bzjJW9C+Hvlv+SiVg15NTzlsACbsAV7EMI+HMIxnEAdBNzDM7zCW/AQvATvY7umgolvG/ADwccnQBOo9w==</latexit><latexit sha1_base64="+JV9BKKrm2VYIQMllMEs8RGDZOc="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit><latexit sha1_base64="pDdlgFosvhXeb2o6cVch1Fc0UmA="></latexit>

h⌦|S† 6= h⌦|
<latexit sha1_base64="sKfElneePGOmBB64CauYQxI80T0=">AAACGXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF29GNA/IxtA76WyGzM6uM7NCiPkNL/6KFw+KeNSTf+PkcdDEgoaiqpvuriARXBvX/XYyC4tLyyvZ1dza+sbmVn57p6rjVDGssFjEqh6ARsElVgw3AuuJQogCgbWgdz7ya/eoNI/ljekn2IwglLzDGRgrtfKuL0CGAql/GWEI9IFe3/ptCENU1Jd4R2f9Vr7gFt0x6DzxpqRApii38p9+O2ZphNIwAVo3PDcxzQEow5nAYc5PNSbAehBiw1IJEermYPzZkB5YpU07sbIlDR2rvycGEGndjwLbGYHp6llvJP7nNVLTOW0OuExSg5JNFnVSQU1MRzHRNlfIjOhbAkxxeytlXVDAjA0zZ0PwZl+eJ9WjoucWvavjQulsGkeW7JF9ckg8ckJK5IKUSYUw8kieySt5c56cF+fd+Zi0ZpzpzC75A+frB/aQn6I=</latexit><latexit sha1_base64="sKfElneePGOmBB64CauYQxI80T0=">AAACGXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF29GNA/IxtA76WyGzM6uM7NCiPkNL/6KFw+KeNSTf+PkcdDEgoaiqpvuriARXBvX/XYyC4tLyyvZ1dza+sbmVn57p6rjVDGssFjEqh6ARsElVgw3AuuJQogCgbWgdz7ya/eoNI/ljekn2IwglLzDGRgrtfKuL0CGAql/GWEI9IFe3/ptCENU1Jd4R2f9Vr7gFt0x6DzxpqRApii38p9+O2ZphNIwAVo3PDcxzQEow5nAYc5PNSbAehBiw1IJEermYPzZkB5YpU07sbIlDR2rvycGEGndjwLbGYHp6llvJP7nNVLTOW0OuExSg5JNFnVSQU1MRzHRNlfIjOhbAkxxeytlXVDAjA0zZ0PwZl+eJ9WjoucWvavjQulsGkeW7JF9ckg8ckJK5IKUSYUw8kieySt5c56cF+fd+Zi0ZpzpzC75A+frB/aQn6I=</latexit><latexit sha1_base64="sKfElneePGOmBB64CauYQxI80T0=">AAACGXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF29GNA/IxtA76WyGzM6uM7NCiPkNL/6KFw+KeNSTf+PkcdDEgoaiqpvuriARXBvX/XYyC4tLyyvZ1dza+sbmVn57p6rjVDGssFjEqh6ARsElVgw3AuuJQogCgbWgdz7ya/eoNI/ljekn2IwglLzDGRgrtfKuL0CGAql/GWEI9IFe3/ptCENU1Jd4R2f9Vr7gFt0x6DzxpqRApii38p9+O2ZphNIwAVo3PDcxzQEow5nAYc5PNSbAehBiw1IJEermYPzZkB5YpU07sbIlDR2rvycGEGndjwLbGYHp6llvJP7nNVLTOW0OuExSg5JNFnVSQU1MRzHRNlfIjOhbAkxxeytlXVDAjA0zZ0PwZl+eJ9WjoucWvavjQulsGkeW7JF9ckg8ckJK5IKUSYUw8kieySt5c56cF+fd+Zi0ZpzpzC75A+frB/aQn6I=</latexit><latexit sha1_base64="sKfElneePGOmBB64CauYQxI80T0=">AAACGXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF29GNA/IxtA76WyGzM6uM7NCiPkNL/6KFw+KeNSTf+PkcdDEgoaiqpvuriARXBvX/XYyC4tLyyvZ1dza+sbmVn57p6rjVDGssFjEqh6ARsElVgw3AuuJQogCgbWgdz7ya/eoNI/ljekn2IwglLzDGRgrtfKuL0CGAql/GWEI9IFe3/ptCENU1Jd4R2f9Vr7gFt0x6DzxpqRApii38p9+O2ZphNIwAVo3PDcxzQEow5nAYc5PNSbAehBiw1IJEermYPzZkB5YpU07sbIlDR2rvycGEGndjwLbGYHp6llvJP7nNVLTOW0OuExSg5JNFnVSQU1MRzHRNlfIjOhbAkxxeytlXVDAjA0zZ0PwZl+eJ9WjoucWvavjQulsGkeW7JF9ckg8ckJK5IKUSYUw8kieySt5c56cF+fd+Zi0ZpzpzC75A+frB/aQn6I=</latexit>
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where h⌦|S†a†(p)a(p)S|⌦i =
Z

d�(k)B̄(p, k)B(p, k)
<latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="uFROQgZE8YZWG/lGIzyq5B3pYGU="></latexit><latexit sha1_base64="uFROQgZE8YZWG/lGIzyq5B3pYGU="></latexit><latexit sha1_base64="t4TxoGchOPwarWM2Em6elYGd49U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit>

Particle number 
in far future
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<latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="uFROQgZE8YZWG/lGIzyq5B3pYGU="></latexit><latexit sha1_base64="uFROQgZE8YZWG/lGIzyq5B3pYGU="></latexit><latexit sha1_base64="t4TxoGchOPwarWM2Em6elYGd49U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit><latexit sha1_base64="d6/T9rCmasqUs265kJ8mesOQn6U="></latexit>
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In the standard eikonal exponentiation

quantum remainder

Expand LHS and RHS in powers of       and G: 

Tree-level quantum remainder 

i�0 = iÃ(1)
0 = 0

<latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="U4tgYTEuyiv36JEbQRzRV0RWfPc=">AAACBnicbZDLSgMxFIbPeK31Vt26CRahbkrGjW4ERRcuFawVOrVk0jMazFxIzghlmFdw46u4caGIj+DOtzG9LNT6Q+Dn/xNOzhdmWlni/MubmZ2bX1isLFWXV1bX1msbK1c2zY3Elkx1aq5DYVGrBFukSON1ZlDEocZ2eH8y7NsPaKxKk0saZNiNxW2iIiUFuahXa6jgFDWJHmeHTLEikEKzgJTuIzsub4qGv1sOO96r1XmTj8SmjT8xdZjovFf7DPqpzGNMSGphbcfnGXULYUhJjWU1yC1mQt6LW+w4m4gYbbcYbVSyHZf0WZQadxJio/Tni0LE1g7i0N2MBd3Zv90w/K/r5BQddAuVZDlhIseDolwzStkQD+srg5L0wBkhjXJ/ZfJOGCHJQaw6CP7flafN1V7T503/gkMFtmAbGuDDPhzBGZxDCyQ8wjO8wpv35L1472NcM96E2yb8kvfxDeBSmWo=</latexit><latexit sha1_base64="U4tgYTEuyiv36JEbQRzRV0RWfPc=">AAACBnicbZDLSgMxFIbPeK31Vt26CRahbkrGjW4ERRcuFawVOrVk0jMazFxIzghlmFdw46u4caGIj+DOtzG9LNT6Q+Dn/xNOzhdmWlni/MubmZ2bX1isLFWXV1bX1msbK1c2zY3Elkx1aq5DYVGrBFukSON1ZlDEocZ2eH8y7NsPaKxKk0saZNiNxW2iIiUFuahXa6jgFDWJHmeHTLEikEKzgJTuIzsub4qGv1sOO96r1XmTj8SmjT8xdZjovFf7DPqpzGNMSGphbcfnGXULYUhJjWU1yC1mQt6LW+w4m4gYbbcYbVSyHZf0WZQadxJio/Tni0LE1g7i0N2MBd3Zv90w/K/r5BQddAuVZDlhIseDolwzStkQD+srg5L0wBkhjXJ/ZfJOGCHJQaw6CP7flafN1V7T503/gkMFtmAbGuDDPhzBGZxDCyQ8wjO8wpv35L1472NcM96E2yb8kvfxDeBSmWo=</latexit><latexit sha1_base64="TVcd8Oshp5eozSh0TK2nML5R3Z8=">AAACEXicbVC7SkNBEN0bXzG+opY2i0GITdhro40QH4VlBPOA3Bj2bibJkr0PducK4ZJfsPFXbCwUsbWz82/cPApNPDBwOGeGmTl+rKRBxr6dzNLyyupadj23sbm1vZPf3auZKNECqiJSkW743ICSIVRRooJGrIEHvoK6P7ga+/UH0EZG4R0OY2gFvBfKrhQcrdTOF6V3DQp5m9FzKmnqCa6oh1J1gF6M7tOiezwae6ydL7ASm4AuEndGCmSGSjv/5XUikQQQolDcmKbLYmylXKMUCkY5LzEQczHgPWhaGvIATCudfDSiR1bp0G6kbYVIJ+rviZQHxgwD33YGHPtm3huL/3nNBLtnrVSGcYIQiumibqIoRnQcD+1IDQLV0BIutLS3UtHnmgu0IeZsCO78y4ukdlJyWcm9ZYXy5SyOLDkgh6RIXHJKyuSGVEiVCPJInskreXOenBfn3fmYtmac2cw++QPn8weFd5ri</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit><latexit sha1_base64="r+pt4VSZ1ehbWIJrTkmFKpRzha8=">AAACEXicbVDJSgNBEO1xjXGLevTSGIR4CTMi6EWIy8FjBLNAZgw9nUrSpGehu0YIQ37Bi7/ixYMiXr1582/sSXLQxAcFj/eqqKrnx1JotO1va2FxaXllNbeWX9/Y3Nou7OzWdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cZX7jAZQWUXiHwxi8gPVC0RWcoZHahZJwr0Eia9v0nAqaupxJ6qKQHaAXo/u05ByNMs9uF4p22R6DzhNnSopkimq78OV2Ip4EECKXTOuWY8fopUyh4BJGeTfREDM+YD1oGRqyALSXjj8a0UOjdGg3UqZCpGP190TKAq2HgW86A4Z9Petl4n9eK8HumZeKME4QQj5Z1E0kxYhm8dCOUMBRDg1hXAlzK+V9phhHE2LehODMvjxP6sdlxy47tyfFyuU0jhzZJwekRBxySirkhlRJjXDySJ7JK3mznqwX6936mLQuWNOZPfIH1ucPhrea5g==</latexit>

iÃ(n)
L

<latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LZWtA58tIWCaG0IcTqycMc3NrPg=">AAAB+HicbZA7T8MwFIVveJZSIDDCYlEhlaVKWGAEsTAwFIk+pCZEjuO0Vh0nsh2kKorEwl9hYQAhfgkb/wb3MUDLkSx9OsfW9T1hxpnSjvNtrayurW9sVraq27Wd3T17v9ZRaS4JbZOUp7IXYkU5E7Stmea0l0mKk5DTbji6nuTdRyoVS8W9HmfUT/BAsJgRrI0V2Ies8AjmyNOMRxRdlQ9FQ5yWQXFbBnbdaTpToWVw51CHuVqB/eVFKckTKjThWKm+62TaL7DUjHBaVr1c0QyTER7QvkGBE6r8YrpDiU6ME6E4leYIjabu7xcFTpQaJ6G5mWA9VIvZxPwv6+c6vvALJrJcU0Fmg+KcI52iSSEoYpISzccGMJHM/BWRIZaYaFNb1ZTgLq68DJ2zpus03TsHKnAEx9AAF87hEm6gBW0g8AQv8Abv1rP1an3M6lqx5r0dwB9Znz/CoJXV</latexit><latexit sha1_base64="LZWtA58tIWCaG0IcTqycMc3NrPg=">AAAB+HicbZA7T8MwFIVveJZSIDDCYlEhlaVKWGAEsTAwFIk+pCZEjuO0Vh0nsh2kKorEwl9hYQAhfgkb/wb3MUDLkSx9OsfW9T1hxpnSjvNtrayurW9sVraq27Wd3T17v9ZRaS4JbZOUp7IXYkU5E7Stmea0l0mKk5DTbji6nuTdRyoVS8W9HmfUT/BAsJgRrI0V2Ies8AjmyNOMRxRdlQ9FQ5yWQXFbBnbdaTpToWVw51CHuVqB/eVFKckTKjThWKm+62TaL7DUjHBaVr1c0QyTER7QvkGBE6r8YrpDiU6ME6E4leYIjabu7xcFTpQaJ6G5mWA9VIvZxPwv6+c6vvALJrJcU0Fmg+KcI52iSSEoYpISzccGMJHM/BWRIZaYaFNb1ZTgLq68DJ2zpus03TsHKnAEx9AAF87hEm6gBW0g8AQv8Abv1rP1an3M6lqx5r0dwB9Znz/CoJXV</latexit><latexit sha1_base64="lR3Qpgfs80Ln8+5C7WgQjQ0273o=">AAACA3icbVC7TsNAEDyHVwivAB00JyKk0EQ2DZQBGgqKIJGHFBvrfL4kp5zP1t0aKbIs0fArNBQgRMtP0PE3XB4FJIy00mhmV7s7QSK4Btv+tgpLyyura8X10sbm1vZOeXevpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXo399gNTmsfyDkYJ8yLSl7zHKQEj+eUDnrmUCOwCFyHDF/l9VpUnuZ/d5H65YtfsCfAicWakgmZo+OUvN4xpGjEJVBCtu46dgJcRBZwKlpfcVLOE0CHps66hkkRMe9nkhxwfGyXEvViZkoAn6u+JjERaj6LAdEYEBnreG4v/ed0UeudexmWSApN0uqiXCgwxHgeCQ64YBTEyhFDFza2YDogiFExsJROCM//yImmd1hy75tzalfrlLI4iOkRHqIocdIbq6Bo1UBNR9Iie0St6s56sF+vd+pi2FqzZzD76A+vzB0JIlz8=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit>

n-fragments 
L-loops

iÃ0 = i�0
<latexit sha1_base64="W1DynfcO9NNlqwNjCqwAFqbSr7M=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRqm5cVrAXaEKYTCft0MkkzJwIJXTlxldx40IRtz6DO9/GaZuFtv4w8PGfczhz/jAVXIPjfFulpeWV1bXyemVjc2t7x97da+kkU5Q1aSIS1QmJZoJL1gQOgnVSxUgcCtYOhzeTevuBKc0TeQ+jlPkx6UsecUrAWIF9yHOPEoE94KLH8NU4cPAl5h4dcEOBXXVqzlR4EdwCqqhQI7C/vF5Cs5hJoIJo3XWdFPycKOBUsHHFyzRLCR2SPusalCRm2s+nZ4zxsXF6OEqUeRLw1P09kZNY61Ecms6YwEDP1ybmf7VuBtGFn3OZZsAknS2KMoEhwZNMcI8rRkGMDBCquPkrpgOiCAWTXMWE4M6fvAit05rr1Ny7s2r9uoijjA7QETpBLjpHdXSLGqiJKHpEz+gVvVlP1ov1bn3MWktWMbOP/sj6/AHEZ5dd</latexit><latexit sha1_base64="W1DynfcO9NNlqwNjCqwAFqbSr7M=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRqm5cVrAXaEKYTCft0MkkzJwIJXTlxldx40IRtz6DO9/GaZuFtv4w8PGfczhz/jAVXIPjfFulpeWV1bXyemVjc2t7x97da+kkU5Q1aSIS1QmJZoJL1gQOgnVSxUgcCtYOhzeTevuBKc0TeQ+jlPkx6UsecUrAWIF9yHOPEoE94KLH8NU4cPAl5h4dcEOBXXVqzlR4EdwCqqhQI7C/vF5Cs5hJoIJo3XWdFPycKOBUsHHFyzRLCR2SPusalCRm2s+nZ4zxsXF6OEqUeRLw1P09kZNY61Ecms6YwEDP1ybmf7VuBtGFn3OZZsAknS2KMoEhwZNMcI8rRkGMDBCquPkrpgOiCAWTXMWE4M6fvAit05rr1Ny7s2r9uoijjA7QETpBLjpHdXSLGqiJKHpEz+gVvVlP1ov1bn3MWktWMbOP/sj6/AHEZ5dd</latexit><latexit sha1_base64="W1DynfcO9NNlqwNjCqwAFqbSr7M=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRqm5cVrAXaEKYTCft0MkkzJwIJXTlxldx40IRtz6DO9/GaZuFtv4w8PGfczhz/jAVXIPjfFulpeWV1bXyemVjc2t7x97da+kkU5Q1aSIS1QmJZoJL1gQOgnVSxUgcCtYOhzeTevuBKc0TeQ+jlPkx6UsecUrAWIF9yHOPEoE94KLH8NU4cPAl5h4dcEOBXXVqzlR4EdwCqqhQI7C/vF5Cs5hJoIJo3XWdFPycKOBUsHHFyzRLCR2SPusalCRm2s+nZ4zxsXF6OEqUeRLw1P09kZNY61Ecms6YwEDP1ybmf7VuBtGFn3OZZsAknS2KMoEhwZNMcI8rRkGMDBCquPkrpgOiCAWTXMWE4M6fvAit05rr1Ny7s2r9uoijjA7QETpBLjpHdXSLGqiJKHpEz+gVvVlP1ov1bn3MWktWMbOP/sj6/AHEZ5dd</latexit><latexit sha1_base64="W1DynfcO9NNlqwNjCqwAFqbSr7M=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRqm5cVrAXaEKYTCft0MkkzJwIJXTlxldx40IRtz6DO9/GaZuFtv4w8PGfczhz/jAVXIPjfFulpeWV1bXyemVjc2t7x97da+kkU5Q1aSIS1QmJZoJL1gQOgnVSxUgcCtYOhzeTevuBKc0TeQ+jlPkx6UsecUrAWIF9yHOPEoE94KLH8NU4cPAl5h4dcEOBXXVqzlR4EdwCqqhQI7C/vF5Cs5hJoIJo3XWdFPycKOBUsHHFyzRLCR2SPusalCRm2s+nZ4zxsXF6OEqUeRLw1P09kZNY61Ecms6YwEDP1ybmf7VuBtGFn3OZZsAknS2KMoEhwZNMcI8rRkGMDBCquPkrpgOiCAWTXMWE4M6fvAit05rr1Ny7s2r9uoijjA7QETpBLjpHdXSLGqiJKHpEz+gVvVlP1ov1bn3MWktWMbOP/sj6/AHEZ5dd</latexit>

iÃ1 =
1

2!
(i�0)

2 + i�1 + i�1
<latexit sha1_base64="RHTxcqaNlyqJnpBj+F+kgnmZP+k="></latexit><latexit sha1_base64="RHTxcqaNlyqJnpBj+F+kgnmZP+k="></latexit><latexit sha1_base64="RHTxcqaNlyqJnpBj+F+kgnmZP+k="></latexit><latexit sha1_base64="RHTxcqaNlyqJnpBj+F+kgnmZP+k="></latexit>

… two loops

[Di Vecchia, Heissenberg, Russo, Veneziano ’23] 
[Cristofoli, Gonzo, Moynihan, O’Connell, Ross, Sergola, White ’21]

~
<latexit sha1_base64="PT8WngTB0Y//szEKHmPtO2VQI90=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby++OQqkG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPFU46l</latexit><latexit sha1_base64="PT8WngTB0Y//szEKHmPtO2VQI90=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby++OQqkG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPFU46l</latexit><latexit sha1_base64="PT8WngTB0Y//szEKHmPtO2VQI90=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby++OQqkG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPFU46l</latexit><latexit sha1_base64="PT8WngTB0Y//szEKHmPtO2VQI90=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby++OQqkG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPFU46l</latexit>
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In the geometric optics limit — GM expansion

(1 + i�)exp (i�/⌘) = (1 + i�)exp

✓
i
�0 + �1 + · · ·

⌘

◆

<latexit sha1_base64="MRX4dRelKOqdUHOSsjsVutAndD0="></latexit><latexit sha1_base64="MRX4dRelKOqdUHOSsjsVutAndD0="></latexit><latexit sha1_base64="MRX4dRelKOqdUHOSsjsVutAndD0="></latexit><latexit sha1_base64="MRX4dRelKOqdUHOSsjsVutAndD0="></latexit>

Expand LHS and RHS in powers of      and G: 

Tree-level remainder 

iÃ(n)
L

<latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LZWtA58tIWCaG0IcTqycMc3NrPg=">AAAB+HicbZA7T8MwFIVveJZSIDDCYlEhlaVKWGAEsTAwFIk+pCZEjuO0Vh0nsh2kKorEwl9hYQAhfgkb/wb3MUDLkSx9OsfW9T1hxpnSjvNtrayurW9sVraq27Wd3T17v9ZRaS4JbZOUp7IXYkU5E7Stmea0l0mKk5DTbji6nuTdRyoVS8W9HmfUT/BAsJgRrI0V2Ies8AjmyNOMRxRdlQ9FQ5yWQXFbBnbdaTpToWVw51CHuVqB/eVFKckTKjThWKm+62TaL7DUjHBaVr1c0QyTER7QvkGBE6r8YrpDiU6ME6E4leYIjabu7xcFTpQaJ6G5mWA9VIvZxPwv6+c6vvALJrJcU0Fmg+KcI52iSSEoYpISzccGMJHM/BWRIZaYaFNb1ZTgLq68DJ2zpus03TsHKnAEx9AAF87hEm6gBW0g8AQv8Abv1rP1an3M6lqx5r0dwB9Znz/CoJXV</latexit><latexit sha1_base64="LZWtA58tIWCaG0IcTqycMc3NrPg=">AAAB+HicbZA7T8MwFIVveJZSIDDCYlEhlaVKWGAEsTAwFIk+pCZEjuO0Vh0nsh2kKorEwl9hYQAhfgkb/wb3MUDLkSx9OsfW9T1hxpnSjvNtrayurW9sVraq27Wd3T17v9ZRaS4JbZOUp7IXYkU5E7Stmea0l0mKk5DTbji6nuTdRyoVS8W9HmfUT/BAsJgRrI0V2Ies8AjmyNOMRxRdlQ9FQ5yWQXFbBnbdaTpToWVw51CHuVqB/eVFKckTKjThWKm+62TaL7DUjHBaVr1c0QyTER7QvkGBE6r8YrpDiU6ME6E4leYIjabu7xcFTpQaJ6G5mWA9VIvZxPwv6+c6vvALJrJcU0Fmg+KcI52iSSEoYpISzccGMJHM/BWRIZaYaFNb1ZTgLq68DJ2zpus03TsHKnAEx9AAF87hEm6gBW0g8AQv8Abv1rP1an3M6lqx5r0dwB9Znz/CoJXV</latexit><latexit sha1_base64="lR3Qpgfs80Ln8+5C7WgQjQ0273o=">AAACA3icbVC7TsNAEDyHVwivAB00JyKk0EQ2DZQBGgqKIJGHFBvrfL4kp5zP1t0aKbIs0fArNBQgRMtP0PE3XB4FJIy00mhmV7s7QSK4Btv+tgpLyyura8X10sbm1vZOeXevpeNUUdaksYhVJyCaCS5ZEzgI1kkUI1EgWDsYXo399gNTmsfyDkYJ8yLSl7zHKQEj+eUDnrmUCOwCFyHDF/l9VpUnuZ/d5H65YtfsCfAicWakgmZo+OUvN4xpGjEJVBCtu46dgJcRBZwKlpfcVLOE0CHps66hkkRMe9nkhxwfGyXEvViZkoAn6u+JjERaj6LAdEYEBnreG4v/ed0UeudexmWSApN0uqiXCgwxHgeCQ64YBTEyhFDFza2YDogiFExsJROCM//yImmd1hy75tzalfrlLI4iOkRHqIocdIbq6Bo1UBNR9Iie0St6s56sF+vd+pi2FqzZzD76A+vzB0JIlz8=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit><latexit sha1_base64="KaupLrrE0rmQZkb34OKuMXPJB+M=">AAACA3icbVDLSsNAFL3xWeur6k43g0Wom5KIoMuqGxcuKtgHNDFMJtN26GQSZiZCCQE3/oobF4q49Sfc+TdOHwttPXDhcM693HtPkHCmtG1/WwuLS8srq4W14vrG5tZ2aWe3qeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61gcDXyWw9UKhaLOz1MqBfhnmBdRrA2kl/aZ5lLMEeuZjyk6CK/zyriOPezm9wvle2qPQaaJ86UlGGKul/6csOYpBEVmnCsVMexE+1lWGpGOM2LbqpogskA92jHUIEjqrxs/EOOjowSom4sTQmNxurviQxHSg2jwHRGWPfVrDcS//M6qe6eexkTSaqpIJNF3ZQjHaNRIChkkhLNh4ZgIpm5FZE+lphoE1vRhODMvjxPmidVx646t6fl2uU0jgIcwCFUwIEzqME11KEBBB7hGV7hzXqyXqx362PSumBNZ/bgD6zPH0OIl0M=</latexit>

n-fragments 
L-loops

iÃ0 = i�0 + i�0
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iÃ1 =
1

2!
(i�0)

2 + i�1 + i�0i�0 + i�1
<latexit sha1_base64="+s1rJgvottt8Oj8FLQaqMSAHPHI="></latexit><latexit sha1_base64="+s1rJgvottt8Oj8FLQaqMSAHPHI="></latexit><latexit sha1_base64="+s1rJgvottt8Oj8FLQaqMSAHPHI="></latexit><latexit sha1_base64="+s1rJgvottt8Oj8FLQaqMSAHPHI="></latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>



Horizon effects and higher-order terms

In the geometric optics limit — GM expansion

NLO term computed perturbatively from higher orders in ⌘ ⌘ |q|
|p| ⌧ 1

<latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit><latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit><latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit><latexit sha1_base64="MzFosyXstPAWcyyaU77Iq/9rus8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdFl047KCfUATymR60w6dPDozKZQ0H+LGX3HjQhE3LgT/xmkbUFsPDJx7zr3MvceLOZPKsr6Mwsrq2vpGcbO0tb2zu2fuHzRklAgKdRrxSLQ8IoGzEOqKKQ6tWAAJPA5Nb3Az9ZsjEJJF4b0ax+AGpBcyn1GitNQxzx1QBDswTNgIO74gNJ04AVF9z0+H2ST7qWJdYYdzbHfMslWxZsDLxM5JGeWodcwPpxvRJIBQUU6kbNtWrNyUCMUoh6zkJBJiQgekB21NQxKAdNPZcRk+0UoX+5HQL1R4pv6eSEkg5TjwdOd0U7noTcX/vHai/Cs3ZWGcKAjp/CM/4VhFeJoU7jIBVPGxJoQKpnfFtE90QkrnWdIh2IsnL5PGWcW2KvbdRbl6ncdRREfoGJ0iG12iKrpFNVRHFD2gJ/SCXo1H49l4M97nrQUjnzlEf2B8fgOiwKLv</latexit>

�0 + �1 = �4GME log(�v/µ)� 16G2M2E

v
<latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fUZo4RYtahXrCZt4ITFeOotwpfU="></latexit><latexit sha1_base64="fUZo4RYtahXrCZt4ITFeOotwpfU="></latexit><latexit sha1_base64="+t6RZQOjV5K1qztcaIgTpke9fQQ="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit><latexit sha1_base64="VO6Xsz7HC/NemPDUHHPJFAKz4fs="></latexit>

' �4GME log(�(v + 4GM)/µ)
<latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="YLmoXUXeY7DiYMqFOTlry+ibXI8=">AAAB/nicbZDLSgMxGIX/qbdaq45u3QSL0CKtMyLoUhDRjVDBXqAzlEyatqHJzJhkCmXo1o2v4saFIj6GO9/G9LLQ1gOBk3MSkv8LYs6UdpxvK7Oyura+kd3MbeW3d3btvXxdRYkktEYiHslmgBXlLKQ1zTSnzVhSLAJOG8HgatI3hlQqFoUPehRTX+BeyLqMYG2ito08xQR9RGV0dnN3jTwe9Yrl4vDY7EonnkhKbbvgVJyp0LJx56YAc1Xb9pfXiUgiaKgJx0q1XCfWfoqlZoTTcc5LFI0xGeAebRkbYkGVn04nGaMjk3RQN5JmhRpN0983UiyUGonAnBRY99ViNwn/61qJ7l74KQvjRNOQzB7qJhzpCE2woA6TlGg+MgYTycxfEeljiYk28HIGgrs48rKpn1Zcp+LeO5CFAziEIrhwDpdwC1WoAYEneIE3eLeerVfrY4YrY8257cMfWZ8/Zs6Vzw==</latexit><latexit sha1_base64="YLmoXUXeY7DiYMqFOTlry+ibXI8=">AAAB/nicbZDLSgMxGIX/qbdaq45u3QSL0CKtMyLoUhDRjVDBXqAzlEyatqHJzJhkCmXo1o2v4saFIj6GO9/G9LLQ1gOBk3MSkv8LYs6UdpxvK7Oyura+kd3MbeW3d3btvXxdRYkktEYiHslmgBXlLKQ1zTSnzVhSLAJOG8HgatI3hlQqFoUPehRTX+BeyLqMYG2ito08xQR9RGV0dnN3jTwe9Yrl4vDY7EonnkhKbbvgVJyp0LJx56YAc1Xb9pfXiUgiaKgJx0q1XCfWfoqlZoTTcc5LFI0xGeAebRkbYkGVn04nGaMjk3RQN5JmhRpN0983UiyUGonAnBRY99ViNwn/61qJ7l74KQvjRNOQzB7qJhzpCE2woA6TlGg+MgYTycxfEeljiYk28HIGgrs48rKpn1Zcp+LeO5CFAziEIrhwDpdwC1WoAYEneIE3eLeerVfrY4YrY8257cMfWZ8/Zs6Vzw==</latexit><latexit sha1_base64="cKC0oe6bmkFZG72GceI60ksXp2M=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZEXRZFNGNUME+oDOUTJppQ5PJmGQKpXTrxl9x40IRt/6BO//GtJ2FVg9cODnnXnLvCWJGlXacLyuzsLi0vJJdza2tb2xu2ds7dSUSiUkNCyZkM0CKMBqRmqaakWYsCeIBI42gfzHxGwMiFRXRnR7GxOeoG9GQYqSN1Lahpygn97AET65uLqHHRLdQKgwOzat45PGk2LbzTtmZAv4lbkryIEW1bX96HYETTiKNGVKq5Tqx9kdIaooZGee8RJEY4T7qkpahEeJE+aPpJWN4YJQODIU0FWk4VX9OjBBXasgD08mR7ql5byL+57USHZ75IxrFiSYRnn0UJgxqASexwA6VBGs2NARhSc2uEPeQRFib8HImBHf+5L+kflx2nbJ76+Qr52kcWbAH9kEBuOAUVMA1qIIawOABPIEX8Go9Ws/Wm/U+a81Y6cwu+AXr4xvlU5c/</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit><latexit sha1_base64="/6mzSSqXD6c2YKmNuTjv74R/ppo=">AAACCXicbVDLSgMxFM3UV62vUZdugkVokdYZKeiyKKIboYJ9QGcomTTThiYzY5IplKFbN/6KGxeKuPUP3Pk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyS8srq2vZ9dzG5tb2jrm715BhLDCp45CFouUhSRgNSF1RxUgrEgRxj5GmN7ic+M0hEZKGwb0aRcTlqBdQn2KktNQxoSMpJw+wBCvXt1fQYWGvUCoMj/WreOLwuNgx81bZmgIuEjsleZCi1jG/nG6IY04ChRmSsm1bkXITJBTFjIxzTixJhPAA9Uhb0wBxIt1keskYHmmlC/1Q6AoUnKq/JxLEpRxxT3dypPpy3puI/3ntWPnnbkKDKFYkwLOP/JhBFcJJLLBLBcGKjTRBWFC9K8R9JBBWOrycDsGeP3mRNE7LtlW27yr56kUaRxYcgENQADY4A1VwA2qgDjB4BM/gFbwZT8aL8W58zFozRjqzD/7A+PwB5pOXQw==</latexit>

exp (i�/⌘) = exp

✓
i
�0 + �1 + · · ·

⌘

◆

<latexit sha1_base64="PHOythmkqla/qP7Lp/bdJ2hNzlk="></latexit><latexit sha1_base64="PHOythmkqla/qP7Lp/bdJ2hNzlk="></latexit><latexit sha1_base64="PHOythmkqla/qP7Lp/bdJ2hNzlk="></latexit><latexit sha1_base64="PHOythmkqla/qP7Lp/bdJ2hNzlk="></latexit>

finite radius of horizon 20



Beyond the background description

We can give dynamical d.o.f  to the collapsing background

RA, O’Connell, Sergola (to appear)

…
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Same massless probe

Beyond the background description
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<latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

p0
<latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

" q
<latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit>



Same massless probe

Beyond the background description

22

…|↵i
<latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

p0
<latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

" q
<latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit>

Initial Coherent state 
(Properly chosen) Massive BH  

(stable within timescales)

Full Form Factor 
Non-pert + perturb.



Beyond the background description

Three contributions:
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<latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit>

p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

p0
<latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit><latexit sha1_base64="NH7fau5hCpzCnKCfJHqRe46gB+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+S8X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1WPbfq3dcq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8ATqYjSU=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

" q
<latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit><latexit sha1_base64="wMo5M6vBUbwfatYch2lW6JEBTxk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9sl5JNs21oNolJVilL/4UXD4p49d9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0PfVbj1QbJsWdHSsaJnggWMwItk6676YKay2f0EOvXPGr/gxomQQ5qUCOeq/81e1LkiZUWMKxMZ3AVzbMsLaMcDopdVNDFSYjPKAdRwVOqAmz2cUTdOKUPoqldiUsmqm/JzKcGDNOIteZYDs0i95U/M/rpDa+DDMmVGqpIPNFccqRlWj6PuozTYnlY0cw0czdisgQa0ysC6nkQggWX14mzbNq4FeD2/NK7SqPowhHcAynEMAF1OAG6tAAAgKe4RXePOO9eO/ex7y14OUzh/AH3ucPmxmQ2w==</latexit>

Pure contact (NZ)

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

|↵i
<latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit>

|↵i
<latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit>

|↵i
<latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit><latexit sha1_base64="yAcyB9fxudhd0j1sseYXQvHE6Lc=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaWCbbbbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlEzwSVrGG4EayeKYRQK1gpH11O/9cCU5rG8M+OEBREOJO9zisZK908+imSIvkI5EKxbrrhVdwayTLycVCBHvVv+8nsxTSMmDRWodcdzExNkqAyngk1KfqpZgnSEA9axVGLEdJDNrp6QE6v0SD9WtqQhM/X3RIaR1uMotJ0RmqFe9Kbif14nNf3LIOMySQ2TdL6onwpiYjKNgPS4YtSIsSVIFbe3EjpEhdTYoEo2BG/x5WXSPKt6btW7Pa/UrvI4inAEx3AKHlxADW6gDg2goOAZXuHNeXRenHfnY95acPKZQ/gD5/MH2auSuQ==</latexit>

RA, O’Connell, Sergola (to appear)



Beyond the background description

Better to compute the in-in Bogoliubov coefficient

24

S-matrix decomposition: Non-pert. (hard) + pert. (soft)

A(p, v) = 4GME log(�v/µ)
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" qret.
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Conclusion and future directions

• Hawking thermal spectrum can be obtained from scattering amplitudes      
   Exponentiation leads to a Hawking amplitude 

NLO terms access the horizon 

• Bogoliubov coefficients are related to in-in correlators  
 Crossing related coeffs A and B 

• Flat-space formulation with coherent states 

• Hawking radiation and the Double copy 

• Many directions: NNLO, spinning BHs, charged, …
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Thank you !



QFT tools progress for spinless dynamics

Fast progress in spinless dynamics via QFT methods

[Snowmass: Gravitational Waves and Scattering Amplitudes, adapted from M. Khalil, A. Buonanno, J. Steinhoff and J. Vines, 22]



Rôle of the theta function

Tree-level 

at the WL 

lambda-
integral 



Relation between in and out vacua

Using the Bogoliubov relation

where

out vacuum is a coherent squeeze state  



Bogoliubov and crossing

B(E) = N
Z 0

�1
dv ei(E+E0)e�4iGME log(�v/µ)
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A(E) = N
Z 0

�1
dv ei(E�E0)e�4iGME log(�v/µ)
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Crossing


