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Primordial Fluctuations to Probe High Energy Physics

Time

• Information about primordial fluctuations 
are encoded in inflationary correlators. 

•Observational progresses are expected to be 
made in the near and far future (LSS, 21cm) 

•During inflation, very massive particles 
( ) can be produced whose decays 
lead to observable correlations. 

∼ 1014 GeV

We want to probe high energy physics encoded in inflationary correlators.

[Planck 2018] [BICEP/Keck 2021]



Inflationary Correlators

Time

End of inflation 
surface

Bulk of 
Quasi-de Sitter 

space-time
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h⇣k1⇣k2⇣k3inon-Gaussianities

A detection of non-Gaussianities would give us information about inflation.



Inflationary Correlators and Perturbation Theory

•Background is time-dependent 
•Algebraic complexity 
•Late-time correlators receive contributions from all times 
•We cannot use standard techniques from particle physics 
•…

Time
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Cosmological correlators are very difficult to compute.



Recent Analytical Developments

Cosmological Bootstrap Program
Arkani-Hamed, Baumann, lee, Pimentel, Joyce, 

Duaso Pueyo [2019, 2020, 2022]

Bootstrap Equations for Boost-
breaking Interactions

Pimentel and Wang [2022],  
Jazayeri and Renaux-Petel [2022]

AdS-inspired Mellin Space
Sleight and Taronna [2019, 2021]

Partial Mellin-Barnes Representation
Qin and Xianyu [2022]

Cosmological Potytopes
Arkani-Hamed, Benincasa, Postnikov,  

McLeod [2017, 2018, 2019, 2020, 2022]

Fundamental Principles 
(Symmetries & Causality & Locality)

Pajer, Stefanyszyn, Supeł, Goodhew, Jazayeri, 
Melville, Gordon Lee, Bonifacio, Wang [2020, 2021] 



Limitations of  Analytical Methods

Weak Quadratic Mixing (Near) Scale-Invariance

Treatment of Equilateral and 
Squeezed Configurations Separately

Large hierarchy of masses/couplings 
but not the intermediate regimes 

Only Single-Exchange Diagram

Often only 1 or 2 Fields
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treated perturbatively
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features

energy
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energy
<latexit sha1_base64="45oTNU5zCabw33wXjikyWcPFhNY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZEo96CXnJMwCyQDKGnU5O06Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3ckvLK6tr+fXCxubW9k5xd6+p4lQybLBYxLLtU4WCR9jQXAtsJxJp6Ats+aPrqd+6Q6l4HN3ocYJeSAcRDzij2kj1aq9Ycuwzx70su+Q3cW1nhhIsUOsV37r9mKUhRpoJqlTHdRLtZVRqzgROCt1UYULZiA6wY2hEQ1ReNjt0Qo6M0idBLE1FmszUrxMZDZUah77pDKkeqp/eVPzL66Q6uPAyHiWpxojNFwWpIDom069Jn0tkWowNoUxycythQyop0yabggnh81PyP2me2G7ZduunpcrVIo48HMAhHIML51CBKtSgAQwQ7uERnqxb68F6tl7mrTlrMbMP32C9fgD+7Y0U</latexit>

H
<latexit sha1_base64="dObdsgghP/fJk9CnfSj6FnzU878=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZEo96CXjxGMAskQ+jpdJI2vQzdPUIY8g9ePCji1f/x5t/YWQTXBwWP96qoqhcnnBkbBO9ebmFxaXklv1pYW9/Y3Cpu79SNSjWhNaK40s0YG8qZpDXLLKfNRFMsYk4b8fBy4jfuqDZMyRs7SmgkcF+yHiPYOqkuOu1kwDrFUuCfBOF5OUS/SegHU5Rgjmqn+NbuKpIKKi3h2JhWGCQ2yrC2jHA6LrRTQxNMhrhPW45KLKiJsum1Y3TglC7qKe1KWjRVv05kWBgzErHrFNgOzE9vIv7ltVLbO4syJpPUUklmi3opR1ahyeuoyzQllo8cwUQzdysiA6wxsS6gggvh81P0P6kf+WHZD6+PS5WLeRx52IN9OIQQTqECV1CFGhC4hXt4hCdPeQ/es/cya81585ld+Abv9QP3ro9n</latexit>m�

<latexit sha1_base64="4GkndJRGXS6aXWbs4ZpjsZ0ISNw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgapiIVt0V3bisaB/QDiWTpm1okhmSjFCGfoIbF4q49Yvc+TemD8HngQuHc+7l3nuiRHBjg+Ddyy0sLi2v5FcLa+sbm1vF7Z26iVNNWY3GItbNiBgmuGI1y61gzUQzIiPBGtHwcuI37pg2PFa3dpSwUJK+4j1OiXXSjezgTrEU+CcBPi9j9JtgP5iiBHNUO8W3djemqWTKUkGMaeEgsWFGtOVUsHGhnRqWEDokfdZyVBHJTJhNTx2jA6d0US/WrpRFU/XrREakMSMZuU5J7MD89CbiX14rtb2zMOMqSS1TdLaolwpkYzT5G3W5ZtSKkSOEau5uRXRANKHWpVNwIXx+iv4n9SMfl318fVyqXMzjyMMe7MMhYDiFClxBFWpAoQ/38AhPnvAevGfvZdaa8+Yzu/AN3usHXGKN3Q==</latexit>m1
<latexit sha1_base64="cLT20pMwP2Qt3fKWRxX1RSBsARE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaCiXoLevEY0SyQDKGn05M06e4ZunuEMOQTvHhQxKtf5M2/sbMIrg8KHu9VUVUvTDjTxvPendzS8srqWn69sLG5tb1T3N1r6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWOLqd+644qzWJ5a8YJDQQeSBYxgo2VbkSv3CuWPLfi+edVH/0mvuvNUIIF6r3iW7cfk1RQaQjHWnd8LzFBhpVhhNNJoZtqmmAywgPasVRiQXWQzU6doCOr9FEUK1vSoJn6dSLDQuuxCG2nwGaof3pT8S+vk5roLMiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HQKNoTPT9H/pFl2/arrX5+UaheLOPJwAIdwDD6cQg2uoA4NIDCAe3iEJ4c7D86z8zJvzTmLmX34Buf1A13mjd4=</latexit>m2

<latexit sha1_base64="6BRiNJcZurKAMFJsaxnx2S6m844=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0Rr0FvXiMaBZIhtDT6UmadPcM3T1CGPIJXjwo4tUv8ubf2FkE1wcFj/eqqKoXJpxp43nvTm5hcWl5Jb9aWFvf2Nwqbu80dJwqQusk5rFqhVhTziStG2Y4bSWKYhFy2gyHlxO/eUeVZrG8NaOEBgL3JYsYwcZKN6J73C2WPPfE888rPvpNfNebogRz1LrFt04vJqmg0hCOtW77XmKCDCvDCKfjQifVNMFkiPu0banEguogm546RgdW6aEoVrakQVP160SGhdYjEdpOgc1A//Qm4l9eOzXRWZAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsekUbAifn6L/SePI9Suuf10uVS/mceRhD/bhEHw4hSpcQQ3qQKAP9/AITw53Hpxn52XWmnPmM7vwDc7rB19qjd8=</latexit>m3

Aside from isolated examples…



Numerical Challenges and Developments

<latexit sha1_base64="cLy3GHjFcmaTMCfdptmD2+g48Yo="></latexit>

h�3i(⌧) ⇠
Z ⌧

�1
d⌧ 0 ⌧ 0ng(⌧ 0)eiK(⌧ 0�⌧)

Direct Calculations (not systematic) Indirect Calculations

•Translate the problem of computing 
Feynman-type integrals to solving 
differential equations in time

<latexit sha1_base64="ln+agM16ZRToUppzvdAL/BbQwf8="></latexit>

d

d⌧
h�3i = g � iKh�3i

•Wick rotation 
•Numerical mode functions 
•Holder summation 
•Cesaro/Riesz summation 
•…

[Chen and Wang 2010]
[Assassi et al. 2013]

[Junaid et al. 2015]

[Tran et al. 2022]

Systematic framework to study inflationary correlators :  
the transport approach

[Dias, Fazer, Mulryne and Seery 2016]



The Transport Formalism

Time

Exact Equations of Motion using the 
canonical operator formalism

Transport Equations

<latexit sha1_base64="hc94EfZEEK9QTJ8hLyofGOFVSs4=">AAACCXicbZC7TsMwFIYdriXcAgwIsVhUSExVwgAdK1gYi0QvUhNVjuO0Vu0ksh2kKsrKwquwMIAQKy+A2GBh5TFw2g6l5ZcsffrPOfI5v58wKpVtfxoLi0vLK6ulNXN9Y3Nr29rZbco4FZg0cMxi0faRJIxGpKGoYqSdCIK4z0jLH1wW9dYtEZLG0Y0aJsTjqBfRkGKktNW1oBsKhDOXI9UXPAvyfIpVbppdq2xX7JHgPDgTKNeq3+/7Xz8H9a714QYxTjmJFGZIyo5jJ8rLkFAUM5KbbipJgvAA9UhHY4Q4kV42uiSHx9oJYBgL/SIFR+70RIa4lEPu685iSzlbK8z/ap1UhVUvo1GSKhLh8UdhyqCKYRELDKggWLGhBoQF1btC3Ec6GqXDK0JwZk+eh+ZpxTmrONc6jQswVgkcgiNwAhxwDmrgCtRBA2BwBx7AE3g27o1H48V4HbcuGJOZPfBHxtsvGXue+A==</latexit>

d

dt

<latexit sha1_base64="hc94EfZEEK9QTJ8hLyofGOFVSs4=">AAACCXicbZC7TsMwFIYdriXcAgwIsVhUSExVwgAdK1gYi0QvUhNVjuO0Vu0ksh2kKsrKwquwMIAQKy+A2GBh5TFw2g6l5ZcsffrPOfI5v58wKpVtfxoLi0vLK6ulNXN9Y3Nr29rZbco4FZg0cMxi0faRJIxGpKGoYqSdCIK4z0jLH1wW9dYtEZLG0Y0aJsTjqBfRkGKktNW1oBsKhDOXI9UXPAvyfIpVbppdq2xX7JHgPDgTKNeq3+/7Xz8H9a714QYxTjmJFGZIyo5jJ8rLkFAUM5KbbipJgvAA9UhHY4Q4kV42uiSHx9oJYBgL/SIFR+70RIa4lEPu685iSzlbK8z/ap1UhVUvo1GSKhLh8UdhyqCKYRELDKggWLGhBoQF1btC3Ec6GqXDK0JwZk+eh+ZpxTmrONc6jQswVgkcgiNwAhxwDmrgCtRBA2BwBx7AE3g27o1H48V4HbcuGJOZPfBHxtsvGXue+A==</latexit>

d

dt
<latexit sha1_base64="ipo+U+lWq47V//FlLnJ6F42KmYE=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCqJC3VTLLpxWdFeoA1lMp20QyeTMDMRSugjuHGhiEt9F/duxLdx0nahrT8MfPz/Ocw5J0g4U9p1v63C0vLK6lpx3d7Y3NrecXb3GipOJaF1EvNYtgKsKGeC1jXTnLYSSXEUcNoMhld53rynUrFY3OlRQv0I9wULGcHaWLcV2+46JbfsToQWwZtB6eLDriRvX3at63x2ejFJIyo04Viptucm2s+w1IxwOrY7qaIJJkPcp22DAkdU+dlk1DE6Mk4PhbE0T2g0cX93ZDhSahQFpjLCeqDms9z8L2unOjz3MyaSVFNBph+FKUc6RvneqMckJZqPDGAimZkVkQGWmGhznfwI3vzKi9A4KXunZe/GLVUvYaoiHMAhHIMHZ1CFa6hBHQj04QGe4Nni1qP1Yr1OSwvWrGcf/sh6/wFW+ZAs</latexit>=

<latexit sha1_base64="N9pyr57eH01RZjRDidGNfm8F20w=">AAAB6nicbVBNS8NAEJ3UrzZ+VT16WSyCIJTEQ/VY9OKxov3ANpTNdtMu3WzC7kYsoT/BiwelePXuf/Hmr9FN24O2Phh4vDfDzDw/5kxpx/myciura+sb+YK9ubW9s1vc22+oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eZX7zgUrFInGnRzH1QtwXLGAEayPdntp2t1hyys4UaJm4c1KqFuLJ/cfjd61b/Oz0IpKEVGjCsVJt14m1l2KpGeF0bHcSRWNMhrhP24YKHFLlpdNTx+jYKD0URNKU0Giq/p5IcajUKPRNZ4j1QC16mfif1050cOGlTMSJpoLMFgUJRzpC2d+oxyQlmo8MwUQycysiAywx0SadLAR38eVl0jgru5Wye2PSuIQZ8nAIR3ACLpxDFa6hBnUg0IcneIFXi1vP1sR6m7XmrPnMAfyB9f4D+yqQqw==</latexit>

+

<latexit sha1_base64="92gRblhiTORidE50VfoLe6QVmmo="></latexit>

hXa
k1
Xb

k2
Xc

k3
i

<latexit sha1_base64="UYecdGbIBc1LlOcHT5XPv/ARmhc="></latexit>

hXa
k1
Xb

k2
i

<latexit sha1_base64="pl1xmo9fGnS7rPiurYALnGXCjcQ="></latexit>

dXa

dt
= i[H(Xb), Xa]

run over phase-space variables 
<latexit sha1_base64="rdxI6wzfF1D/1Zz7bJG+LyAvzbE=">AAACEHicdZC7SgNBFIbPxluMt1VLRQaDaCHLrmDULmhjmYBJhGQJs5PZZMjshZlZISwpLW18FZsUitha2vkMvoSTxEC8/TDw8Z9zmHN+L+ZMKtt+NzIzs3PzC9nF3NLyyuqaub5RlVEiCK2QiEfi2sOSchbSimKK0+tYUBx4nNa87sWwXruhQrIovFK9mLoBbofMZwQrbTXN/UaAVUf6Ke4fogl7U0w0W5bVNPO2dWw7ZwUH/QbHskfKF7cH5Y/bnUGpab41WhFJAhoqwrGUdceOlZtioRjhtJ9rJJLGmHRxm9Y1hjig0k1HB/XRnnZayI+EfqFCI3d6IsWBlL3A052jNX/WhuZftXqi/FM3ZWGcKBqS8Ud+wpGK0DAd1GKCEsV7GjARTO+KSAcLTJTOMKdDmFyK/ofqkeUULKes0ziHsbKwBbtwAA6cQBEuoQQVIHAHD/AIT8a9MTCejZdxa8b4mtmEbzJePwH1F6A5</latexit>

a, b, c, ...

EFT at the level of the fluctuations



The Transport Formalism

Time

Initial Conditions

Transport Equations

<latexit sha1_base64="hc94EfZEEK9QTJ8hLyofGOFVSs4=">AAACCXicbZC7TsMwFIYdriXcAgwIsVhUSExVwgAdK1gYi0QvUhNVjuO0Vu0ksh2kKsrKwquwMIAQKy+A2GBh5TFw2g6l5ZcsffrPOfI5v58wKpVtfxoLi0vLK6ulNXN9Y3Nr29rZbco4FZg0cMxi0faRJIxGpKGoYqSdCIK4z0jLH1wW9dYtEZLG0Y0aJsTjqBfRkGKktNW1oBsKhDOXI9UXPAvyfIpVbppdq2xX7JHgPDgTKNeq3+/7Xz8H9a714QYxTjmJFGZIyo5jJ8rLkFAUM5KbbipJgvAA9UhHY4Q4kV42uiSHx9oJYBgL/SIFR+70RIa4lEPu685iSzlbK8z/ap1UhVUvo1GSKhLh8UdhyqCKYRELDKggWLGhBoQF1btC3Ec6GqXDK0JwZk+eh+ZpxTmrONc6jQswVgkcgiNwAhxwDmrgCtRBA2BwBx7AE3g27o1H48V4HbcuGJOZPfBHxtsvGXue+A==</latexit>

d

dt

<latexit sha1_base64="hc94EfZEEK9QTJ8hLyofGOFVSs4=">AAACCXicbZC7TsMwFIYdriXcAgwIsVhUSExVwgAdK1gYi0QvUhNVjuO0Vu0ksh2kKsrKwquwMIAQKy+A2GBh5TFw2g6l5ZcsffrPOfI5v58wKpVtfxoLi0vLK6ulNXN9Y3Nr29rZbco4FZg0cMxi0faRJIxGpKGoYqSdCIK4z0jLH1wW9dYtEZLG0Y0aJsTjqBfRkGKktNW1oBsKhDOXI9UXPAvyfIpVbppdq2xX7JHgPDgTKNeq3+/7Xz8H9a714QYxTjmJFGZIyo5jJ8rLkFAUM5KbbipJgvAA9UhHY4Q4kV42uiSHx9oJYBgL/SIFR+70RIa4lEPu685iSzlbK8z/ap1UhVUvo1GSKhLh8UdhyqCKYRELDKggWLGhBoQF1btC3Ec6GqXDK0JwZk+eh+ZpxTmrONc6jQswVgkcgiNwAhxwDmrgCtRBA2BwBx7AE3g27o1H48V4HbcuGJOZPfBHxtsvGXue+A==</latexit>

d

dt
<latexit sha1_base64="ipo+U+lWq47V//FlLnJ6F42KmYE=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCqJC3VTLLpxWdFeoA1lMp20QyeTMDMRSugjuHGhiEt9F/duxLdx0nahrT8MfPz/Ocw5J0g4U9p1v63C0vLK6lpx3d7Y3NrecXb3GipOJaF1EvNYtgKsKGeC1jXTnLYSSXEUcNoMhld53rynUrFY3OlRQv0I9wULGcHaWLcV2+46JbfsToQWwZtB6eLDriRvX3at63x2ejFJIyo04Viptucm2s+w1IxwOrY7qaIJJkPcp22DAkdU+dlk1DE6Mk4PhbE0T2g0cX93ZDhSahQFpjLCeqDms9z8L2unOjz3MyaSVFNBph+FKUc6RvneqMckJZqPDGAimZkVkQGWmGhznfwI3vzKi9A4KXunZe/GLVUvYaoiHMAhHIMHZ1CFa6hBHQj04QGe4Nni1qP1Yr1OSwvWrGcf/sh6/wFW+ZAs</latexit>=

<latexit sha1_base64="N9pyr57eH01RZjRDidGNfm8F20w=">AAAB6nicbVBNS8NAEJ3UrzZ+VT16WSyCIJTEQ/VY9OKxov3ANpTNdtMu3WzC7kYsoT/BiwelePXuf/Hmr9FN24O2Phh4vDfDzDw/5kxpx/myciura+sb+YK9ubW9s1vc22+oKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eZX7zgUrFInGnRzH1QtwXLGAEayPdntp2t1hyys4UaJm4c1KqFuLJ/cfjd61b/Oz0IpKEVGjCsVJt14m1l2KpGeF0bHcSRWNMhrhP24YKHFLlpdNTx+jYKD0URNKU0Giq/p5IcajUKPRNZ4j1QC16mfif1050cOGlTMSJpoLMFgUJRzpC2d+oxyQlmo8MwUQycysiAywx0SadLAR38eVl0jgru5Wye2PSuIQZ8nAIR3ACLpxDFa6hBnUg0IcneIFXi1vP1sR6m7XmrPnMAfyB9f4D+yqQqw==</latexit>

+

<latexit sha1_base64="92gRblhiTORidE50VfoLe6QVmmo="></latexit>

hXa
k1
Xb

k2
Xc

k3
i

<latexit sha1_base64="UYecdGbIBc1LlOcHT5XPv/ARmhc="></latexit>

hXa
k1
Xb

k2
i •In the far past, modes do not feel the 

effect of spacetime curvature 
•Set of uncoupled dofs 
•Analytical approximations become both 

tractable and accurate

Theory dependence



Applications
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Cosmological Collider Signal at Strong Mixing

Effective mass for the heavy field
<latexit sha1_base64="sayS1q06hUxHHFVyQ0n6kMO6fi8="></latexit>

m2 ! m2
e↵ = m2 + ⇢2

Resummation of quadratic mixings
<latexit sha1_base64="zM4jjXx7B97N3pdDHIQxBKorucw=">AAAB/HicdVDLSgMxFM34rPU12qWbYBFcDTNFq+6KblxWsA/ojEMmzbShSWZIMsIw1F9x40IRt36IO//G9CH4PHDhcM69yb0nShlV2nXfrYXFpeWV1dJaeX1jc2vb3tltqySTmLRwwhLZjZAijArS0lQz0k0lQTxipBONLiZ+55ZIRRNxrfOUBBwNBI0pRtpIoV3x+4ku/JSOQ+wrOuDophbaVdc5dr2zugd/E89xp6iCOZqh/WZewRknQmOGlOp5bqqDAklNMSPjsp8pkiI8QgPSM1QgTlRQTJcfwwOj9GGcSFNCw6n6daJAXKmcR6aTIz1UP72J+JfXy3R8GhRUpJkmAs8+ijMGdQInScA+lQRrlhuCsKRmV4iHSCKsTV5lE8LnpfB/0q45Xt3xro6qjfN5HCWwB/bBIfDACWiAS9AELYBBDu7BI3iy7qwH69l6mbUuWPOZCvgG6/UDX22VQA==</latexit>

⇡̇c�
2

<latexit sha1_base64="a4p+5U74+lmOXsM1I5HKGBRdtZk=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgapgRrborunFZwT6gMwyZNNOG5jEkGaEMBX/FjQtF3Pod7vwb04fg88CFwzn3JveeJGNUG99/d+bmFxaXlksr5dW19Y1Nd2u7qWWuMGlgyaRqJ0gTRgVpGGoYaWeKIJ4w0koGl2O/dUuUplLcmGFGIo56gqYUI2Ol2N0NVV+GXWmKMKOjGIea9jiK3YrvnfjBeTWAv0ng+RNUwAz12H2zb+CcE2EwQ1p3Aj8zUYGUoZiRUTnMNckQHqAe6VgqECc6Kibrj+CBVbowlcqWMHCifp0oENd6yBPbyZHp65/eWPzL6+QmPYsKKrLcEIGnH6U5g0bCcRawSxXBhg0tQVhRuyvEfaQQNjaxsg3h81L4P2keeUHVC66PK7WLWRwlsAf2wSEIwCmogStQBw2AQQHuwSN4cu6cB+fZeZm2zjmzmR3wDc7rB12olmk=</latexit>

⇢⇡̇c�



Primordial Features
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Full theory

EÆective theory

<latexit sha1_base64="jiSsRuErr6QnhC57yd+uGdtt8mo="></latexit>
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<latexit sha1_base64="vKhqVS1mAs7cazxaoR0+0yw88wM="></latexit>
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Full Theory : 

Effective single-
field Theory : 



Conclusion

Inflation is fascinating as it 
allows us to probe the laws 
of physics at the highest 
reachable energies

Present a complete formalism to 
numerically follow the time 
evolution evolution of all 2- and 3-
pt correlation functions in a 
systematic way

Develop a code that 
automatically computes 
observables from an EFT for 
fluctuations

Used to study the physics of 
inflation in non-trivial 
setups (e.g. in the strong 
quadratic mixing regime or 
features)



Thank you



Goldstone Boson Coupled to a Massive Scalar Field

Quadratic theory Quadratic mixing

Goldstone boson 
self-interactions

Mixing interactions
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Phase Diagram
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Quadratic Theory Phase Diagram 
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Single-Exchange Diagram Phase Diagram 
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Single-Exchange Diagram Phase Diagram 
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Double-Exchange Diagram Phase Diagram 

<latexit sha1_base64="5yndrMwwJHYWrSbdRIFJm3qsPyw="></latexit>

↵̃ . c�1/2
s

2

1

(2⇡�⇣)1/2

<latexit sha1_base64="K4YC5xPf8EWca2T8SbH82iSJRRo="></latexit>

↵̃ .
✓

⇢�⇣

16c5/2s H

◆1/4

Weak mixing : Strong mixing : 

10°1 100 101

m/H

10°1

100

101

Ω/
H

Æ̃°2 £ f º̇cæ2

NL

M/H = 1
°100

°10°1

°10°2

0

10°2

10°1

100



Triple-Exchange Diagram Phase Diagram 
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Codes Available for Inflationary Calculations

Ringeval, Brax, van de Bruck, Davis, Martin [2006] 
Price, Frazer, Xu, Peiris, Easther [2015] 
Huston, Malik [2009, 2011] 
Hazra, Sriramkumar, Martin [2013] 
Dias, Fazer, Seery [2015] 
Mulryne [2016] 

Two-point function solvers: 

•FieldInf  
•ModeCode & MultiModeCode 
•PyFlation

Three-point function solvers: 

•BINGO (single-field inflation)

Transport approach: 

•CppTransport 
•PyTransport

Our code: 

•Decouple from a specific 
background 

•EFT at the level of the fluctuations


