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THE STANDARD PARADIGM: INFLATION,  REHEATING, THERMAL HISTORY OF THE UNIVERSE.

Beginning with BBN, under 
theoretical (thermal 
equilibrum + SM) and exp
control; but the thermal 
equilibrum of the SM plasma 
could have been reached
much earlier at 

???????????????????????????????????????????????

a(t0) = 1
<latexit sha1_base64="5WGGbLWERyq2tqILhKZV6tYJSKk=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZCZ1rYuhKIblxXsA9qhZNJMG5rJjElGKKU/4caFIm79HXf+jZm2gooeuHA4517uvcePOVMaoQ8rs7K6tr6R3cxtbe/s7uX3D1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sdXqd++p1KxSNzqSUy9EA8FCxjB2kgdXNR9dHrh9PMFZJ/XKu6ZC5GNUNUtVVLiVstuCTpGSVEASzT6+ffeICJJSIUmHCvVdVCsvSmWmhFOZ7leomiMyRgPaddQgUOqvOn83hk8McoABpE0JTScq98npjhUahL6pjPEeqR+e6n4l9dNdFDzpkzEiaaCLBYFCYc6gunzcMAkJZpPDMFEMnMrJCMsMdEmopwJ4etT+D9pubZTst2bcqF+uYwjC47AMSgCB1RBHVyDBmgCAjh4AE/g2bqzHq0X63XRmrGWM4fgB6y3T9y0jzU=</latexit>

NOW

a(t) = 10O(�30)
<latexit sha1_base64="wzHaPzjfpwFtCue3rwXUwt+PmAY=">AAACAHicdVC7SgNBFJ31GeMramFhMxiEpDDMbmISCyFoY2cE84AkhtnJbDJk9sHMrBCWbfwVGwtFbP0MO//G2SSCih64cDjnXu69xw44kwqhD2NhcWl5ZTW1ll7f2NzazuzsNqUfCkIbxOe+aNtYUs482lBMcdoOBMWuzWnLHl8kfuuOCsl870ZNAtpz8dBjDiNYaamf2cc5lT8z0W0UdQnm8CrOHRdRPu5nsqhwWi1bJxZEBYQqVrGcEKtSsorQ1EqCLJij3s+8dwc+CV3qKcKxlB0TBaoXYaEY4TROd0NJA0zGeEg7mnrYpbIXTR+I4ZFWBtDxhS5Pwan6fSLCrpQT19adLlYj+dtLxL+8Tqicai9iXhAq6pHZIifkUPkwSQMOmKBE8YkmmAimb4VkhAUmSmeW1iF8fQr/J02rYBYL1nUpWzufx5ECB+AQ5IAJKqAGLkEdNAABMXgAT+DZuDcejRfjdda6YMxn9sAPGG+fCdeUxw==</latexit>

END OF INFLATION BBN

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

BSM(DM, BA)

a(t) = 10�8
<latexit sha1_base64="WlNQtSFaoogYq8lUpnyiCcE9AWU=">AAAB83icdVDLSgMxFM34rPVVdekmWIS6cMhMa1sXQtGNywr2Ae1YMmnahmYyQ5IRytDfcONCEbf+jDv/xkxbQUUPXDiccy/33uNHnCmN0Ie1tLyyurae2chubm3v7Ob29psqjCWhDRLyULZ9rChngjY005y2I0lx4HPa8sdXqd+6p1KxUNzqSUS9AA8FGzCCtZG6uKBPLhx0l5xWp71cHtnn1bJ75kJkI1Rxi+WUuJWSW4SOUVLkwQL1Xu692w9JHFChCcdKdRwUaS/BUjPC6TTbjRWNMBnjIe0YKnBAlZfMbp7CY6P04SCUpoSGM/X7RIIDpSaBbzoDrEfqt5eKf3mdWA+qXsJEFGsqyHzRIOZQhzANAPaZpETziSGYSGZuhWSEJSbaxJQ1IXx9Cv8nTdd2irZ7U8rXLhdxZMAhOAIF4IAKqIFrUAcNQEAEHsATeLZi69F6sV7nrUvWYuYA/ID19gmKApC5</latexit>



REHEATING TEMPERATURE--- TEMPERATURE OF THE RADIATION PLASMA
ONCE ITS ENERGY DENSITY BEGINS TO DOMINATE OVER THE ENERGY DENSITY 
OF THE INFLATON FIELD

⇢rad ⇠ T 4
re for ⇢rad = ⇢inf

<latexit sha1_base64="BYCg3CMBw7uER74IcHXDYYtOccw="></latexit>

ONE CAN ANTICIPATE THAT  REHEATING TEMPERATURE DEPENDS ON THE INFLATON 
DYNAMICS AND THE PROCESS OF DISSIPATION OF ITS ENERGY

MODEL INDEPENDENT BOUNDS ON THE REHEATING  TEMPERATURE:

BBN / Tre / GUT
<latexit sha1_base64="X/lJiPzm/PTvh5poXjIvWlbdD20="></latexit>

TO HAVE ENOUGH ROOM FOR INFLATION⇠ 10MeV
<latexit sha1_base64="khvkRXMs+5uB6jflxope0RYyvDQ=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0jS2tZb0YsXoYKthTSUzXbTLt3Nht2NUEJ/hhcPinj113jz37hpK6jog4HHezPMzAsTRpV2nA+rsLK6tr5R3Cxtbe/s7pX3D7pKpBKTDhZMyF6IFGE0Jh1NNSO9RBLEQ0buwsll7t/dE6moiG/1NCEBR6OYRhQjbSS/ryiHrgOvSXdQrjj2ebPunXnQsR2n4VXrOfEaNa8KXaPkqIAl2oPye38ocMpJrDFDSvmuk+ggQ1JTzMis1E8VSRCeoBHxDY0RJyrI5ifP4IlRhjAS0lSs4Vz9PpEhrtSUh6aTIz1Wv71c/MvzUx01g4zGSapJjBeLopRBLWD+PxxSSbBmU0MQltTcCvEYSYS1SalkQvj6FP5Pup7tVm3vplZpXSzjKIIjcAxOgQsaoAWuQBt0AAYCPIAn8Gxp69F6sV4XrQVrOXMIfsB6+wQaLZB+</latexit> ⇠ 1015GeV

<latexit sha1_base64="o7C1YWblPW5OLJasFJ6AG6RoNvo=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZL06a7oQpcV7APaWCbTSTt0Mgkzk0IJ/RM3LhRx65+482+ctBVU9MCFwzn3cu89fsyoVLb9YeTW1jc2t/LbhZ3dvf0D8/CoLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/cpX5nSkRkkb8Ts1i4oVoxGlAMVJaGphmX9IQOvZ96lTm8Jq0B2bRti7qVbfiQtuy7ZpbqmbErZXdEnS0kqEIVmgOzPf+MMJJSLjCDEnZc+xYeSkSimJG5oV+IkmM8ASNSE9TjkIivXRx+RyeaWUIg0jo4gou1O8TKQqlnIW+7gyRGsvfXib+5fUSFdS9lPI4UYTj5aIgYVBFMIsBDqkgWLGZJggLqm+FeIwEwkqHVdAhfH0K/ydt13JKlntbLjYuV3HkwQk4BefAATXQADegCVoAgyl4AE/g2UiNR+PFeF225ozVzDH4AePtE/gUkpc=</latexit>



CONCERNING  INFLATION:  APART OF EXPLAINING FLATNESS AND HOMOGENITY,

QUANTUM PERTURBATIONS OF THE INFLATON FIELD (VIA EINSTEIN EQS- PERTURBATIONS

OF  THE METRIC) ARE PREDICTED BY INFLATION AND THEY ARE CONFIRMED/

MEASURED BY THE CMB EXPERIMENTS.

THEY ARE MEASURED BY  THE CMB EXPERIMENTS 
(PLANCK- SATELLITE,  ATACAMA  DESERT- TELESCOPE) AS 
TEMPERATURE ANGULAR FLUCTUATIONS IN THE SKY



CMB EXPERIMENTS MEASURE  ANGULAR TEMPERATURE 
FLUCTUATIONS IN  THE SKY.

IT IS A LONG WAY TO TRANSLATE IT TO  THE OBSERVABLES 
PREDICTED BY INFLATION.

IT IS DETERMINED BY SO-CALLED TRANSFER FUNCTIONS: 
VERY  COMPLEX INDUSTRY;  
COMPLEXITY SIMILAR TO GETTING THE HIGGS SIGNAL AT THE LHC

EXPERIMENT GIVES US THOSE OBERVABLES!



FRW METRIC  FOR  FLAT, ISOTROPIC, HOMOGENOUS   UNIVERSE

ds2 = g↵�dx
↵dx� = dt2 � a2(t)(dr2 + r2d⌦2)

<latexit sha1_base64="Xl7k/qRTuS2pUU4HYNLk7ddOick="></latexit>

EINSTEIN EQS (FRIEDMANN EQS) ARE REWRITTEN IN THIS METRIC

REFRESHING OUR MEMORY ABOUT THE  EVOLUTION OF THE EARLY UNIVERSE

THE SPATIAL COMOVING COORDINATES ALWAYS USED: THAT IS, EVERY OBJECT HAS CONSTANT  COORDINATES

r, ✓,�
<latexit sha1_base64="Shf4lPeE+RaKlfYWC7MFYD6tcVo=">AAAB+XicdVDLSgNBEJyNrxhfqx69DAbBgyybTUziLejFYwTzgGQJs5PZZMjsg5neQFjyJ148KOLVP/Hm3zibRFDRgoaiqpvuLi8WXIFtfxi5tfWNza38dmFnd2//wDw8aqsokZS1aCQi2fWIYoKHrAUcBOvGkpHAE6zjTW4yvzNlUvEovIdZzNyAjELuc0pASwPTlBe4D2MGBGsSj/nALNrWVb3qXDrYtmy75pSrGXFqFaeMS1rJUEQrNAfme38Y0SRgIVBBlOqV7BjclEjgVLB5oZ8oFhM6ISPW0zQkAVNuurh8js+0MsR+JHWFgBfq94mUBErNAk93BgTG6reXiX95vQT8upvyME6AhXS5yE8EhghnMeAhl4yCmGlCqOT6VkzHRBIKOqyCDuHrU/w/aTtWqWw5d5Vi43oVRx6doFN0jkqohhroFjVRC1E0RQ/oCT0bqfFovBivy9acsZo5Rj9gvH0CR/mSzA==</latexit>

ALSO CONFORMAL TIME   SOMETIME USED ⌘ ⌘
Z

dt

a(t)
<latexit sha1_base64="BlepSHIXuH3E+oXx1xA49qIZU98=">AAACB3icdVBNS8NAEN34bf2qehRksQh6KWmqrd5ELx4VrApNKZvtRBc3m7g7KZTQmxf/ihcPinj1L3jz37hpK6jog4HHezPMzAsSKQy67oczNj4xOTU9M1uYm19YXCour5ybONUcGjyWsb4MmAEpFDRQoITLRAOLAgkXwc1R7l90QRsRqzPsJdCK2JUSoeAMrdQurvuAzIfbVHSpLxT6oWY862A/Y1u43W8XS255f6/m7XrULbtu3avWcuLVd7wqrVglR4mMcNIuvvudmKcRKOSSGdOsuAm2MqZRcAn9gp8aSBi/YVfQtFSxCEwrG/zRp5tW6dAw1rYU0oH6fSJjkTG9KLCdEcNr89vLxb+8ZorhXisTKkkRFB8uClNJMaZ5KLQjNHCUPUsY18LeSvk1s0mgja5gQ/j6lP5Pzr1ypVr2TndKB4ejOGbIGtkgW6RC6uSAHJMT0iCc3JEH8kSenXvn0XlxXoetY85oZpX8gPP2Cck0meg=</latexit>

THE FRW METRIC THEN READS

ds2 = a2(⌘)(d⌘2 � dr2 � r2d⌦2)
<latexit sha1_base64="UvlVmpte30eZ1bKViIIHd/6V26g="></latexit>



H
2 =

8⇡G

3
⇢ ä = �4⇡

3
G(⇢+ 3p)a

<latexit sha1_base64="dbyJqgwMmnUjtC2kSFKGwGDLUQM="></latexit>

TAKE A HOMOGENOUS SCALAR FIELD IN THE FRW METRIC

�̈+ 3H�̇+
dV

d�
= 0

<latexit sha1_base64="/+rAsOXwad+Z8MxyObS6Ia45Vs8="></latexit>

H
2 =

8⇡G

3
(
1

2
�̇
2 + V (�))

<latexit sha1_base64="9bsUGGN4v3X7EK2xxlAryca9yZI="></latexit>

FIEDMANN EQS

H =
ȧ

a
<latexit sha1_base64="94Gn8Z2edvJsY0YytNBuTLcUDPM=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRpbetCKLrpsoJ9QBvKZDpph04ezEyEEOKvuHGhiFs/xJ1/46StoKIHLhzOuYe5c9yIUSFN80MrrK1vbG4Vt0s7u3v7B/rhUU+EMceki0MW8oGLBGE0IF1JJSODiBPku4z03fl17vfvCBc0DG5lEhHHR9OAehQjqaSxXm5fjjyOcDqahDJFWaZmrFdM46JZt89taBqm2bCr9ZzYjZpdhZZSclTACp2x/q7SOPZJIDFDQgwtM5JOirikmJGsNIoFiRCeoykZKhognwgnXRyfwVOlTKAXcjWBhAv1eyJFvhCJ76pNH8mZ+O3l4l/eMJZe00lpEMWSBHj5kBczKEOYNwEnlBMsWaIIwpyqWyGeIdWFVH2VVAlfP4X/k55tWFXDvqlVWlerOorgGJyAM2CBBmiBNuiALsAgAQ/gCTxr99qj9qK9LlcL2ipTBj+gvX0CtjqVew==</latexit>

⇢ =
1

2
�̇2 + V (�)

<latexit sha1_base64="88EffC9XoolaVrLLVODeGqBNchk="></latexit>



CHOOSE  THE POTENTIAL SO THAT FOR  THE SOLUTION OF THOSE EQUATIONS

1

2
�̇2 << V (�)

<latexit sha1_base64="KfkWtj/VLj1IWhJOcXxR9yYwW54="></latexit>

FOR “SUFFICIENTLY” LONG TIME!

INFLATION

�̈ << 3H�̇
<latexit sha1_base64="q7Wyh7Ak4fVqLjVkOHjumuiVD20=">AAACAnicdVBLSwMxGMzWV62vVU/iJVgET8t2t7YVeih66bGCbYXuUrLZtA3NPkiyQlmKF/+KFw+KePVXePPfmG2rqOhAYDLzDck3XsyokKb5ruWWlldW1/LrhY3Nre0dfXevI6KEY9LGEYv4tYcEYTQkbUklI9cxJyjwGOl644vM794QLmgUXslJTNwADUM6oBhJJfX1A8f3I5k68YhO63W76Xzd+nrRNM5qFevUgqZhmlXLrmTEqpYtG5aUkqEIFmj19TcVxklAQokZEqJXMmPppohLihmZFpxEkBjhMRqSnqIhCohw09kKU3isFB8OIq5OKOFM/Z5IUSDEJPDUZIDkSPz2MvEvr5fIQc1NaRgnkoR4/tAgYVBGMOsD+pQTLNlEEYQ5VX+FeIQ4wlK1VlAlfG4K/ycdyyjZhnVZLjbOF3XkwSE4AiegBKqgAZqgBdoAg1twDx7Bk3anPWjP2st8NKctMvvgB7TXD8v7l7Q=</latexit> |V,��

V
| << 1

<latexit sha1_base64="1NyNtXTzFSFeJs6uvRSCeVvPoYg="></latexit>

(
V,�

V
)2 << 1

<latexit sha1_base64="6A4LSGX0CbefbdKWhaMT5mJstno="></latexit>OR EQUIVALENTLY

SLOW –ROLL CONDITIONS



THE SOLUTIONS OF THE TWO EQUATIONS LOOK THEN LIKE THIS

t
<latexit sha1_base64="aSN+rycpV2XXWmNEe7Geir7jpow=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaqlhsWSZl/Wqc+Fgy7SsmlOuZsSpVZwytrWSoYRWaA6L74NRRJMAQkU5kbJvW7FyUyIUoxzmhUEiISZ0SsbQ1zQkAUg3XRw6x2daGWE/ErpChRfq94mUBFLOAk93BkRN5G8vE//y+ony627KwjhRENLlIj/hWEU4+xqPmACq+EwTQgXTt2I6IYJQpbMp6BC+PsX/k45j2mXTaVVKjatVHHl0gk7RObJRDTXQDWqiNqII0AN6Qs/GnfFovBivy9acsZo5Rj9gvH0CRG+NQA==</latexit>

(END OF INFLATION)

GRACEFULL EXIT
REHEATING

�
<latexit sha1_base64="CkV+/wLftbFyLiCyQEzc+ws9L5A=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tnVXdOOygn1AG8pkOmmGzkzCzEQoob/gxoUibv0hd/6Nk7aCih64cDjnXu69J0gYVdpxPqzC2vrG5lZxu7Szu7d/UD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTK9zv3dPpKKxuNOzhPgcTQQNKUY6l4ZJREflimNfNuvehQcd23EaXrWeE69R86rQNUqOClihPSq/D8cxTjkRGjOk1MB1Eu1nSGqKGZmXhqkiCcJTNCEDQwXiRPnZ4tY5PDPKGIaxNCU0XKjfJzLElZrxwHRypCP128vFv7xBqsOmn1GRpJoIvFwUpgzqGOaPwzGVBGs2MwRhSc2tEEdIIqxNPCUTwten8H/S9Wy3anu3tUrrahVHEZyAU3AOXNAALXAD2qADMIjAA3gCzxa3Hq0X63XZWrBWM8fgB6y3T3e/joc=</latexit>

1

2
�̇2 =

1

2
V (�)

<latexit sha1_base64="KuUO0CNo+x53nFyFfWYRmEPQqjY="></latexit>

H ⇡ const
<latexit sha1_base64="kEk2bv4F0js1UA3YTJMYyewpCM8=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcTEFRkGBNwR3bDERB4JTEinFGjotE3bMSLhS9y40Bi3foo7/8YOYKJGT3KTk3Puzb33hJJRbTzvw0mtrW9sbqW3Mzu7e/tZ9+CwpUWsMGliwYTqhEgTRjlpGmoY6UhFUBQy0g4nV4nfviVKU8FvzFSSIEIjTocUI2OlvpvN1HtISiXuIBZcm76b8/IX1bJ/7kMv73kVv1hOiF8p+UVYsEqCHFih0XffewOB44hwgxnSulvwpAlmSBmKGZlnerEmEuEJGpGupRxFRAezxeFzeGqVARwKZYsbuFC/T8xQpPU0Cm1nhMxY//YS8S+vG5thNZhRLmNDOF4uGsYMGgGTFOCAKoINm1qCsKL2VojHSCFsbFYZG8LXp/B/0vLzhWLevy7laperONLgGJyAM1AAFVADddAATYBBDB7AE3h27p1H58V5XbamnNXMEfgB5+0TogSTGA==</latexit>

de SITTER UNIVERSE (BUT ONLY APPROXIMATELY !!!!)

H =
ȧ

a
<latexit sha1_base64="94Gn8Z2edvJsY0YytNBuTLcUDPM=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRpbetCKLrpsoJ9QBvKZDpph04ezEyEEOKvuHGhiFs/xJ1/46StoKIHLhzOuYe5c9yIUSFN80MrrK1vbG4Vt0s7u3v7B/rhUU+EMceki0MW8oGLBGE0IF1JJSODiBPku4z03fl17vfvCBc0DG5lEhHHR9OAehQjqaSxXm5fjjyOcDqahDJFWaZmrFdM46JZt89taBqm2bCr9ZzYjZpdhZZSclTACp2x/q7SOPZJIDFDQgwtM5JOirikmJGsNIoFiRCeoykZKhognwgnXRyfwVOlTKAXcjWBhAv1eyJFvhCJ76pNH8mZ+O3l4l/eMJZe00lpEMWSBHj5kBczKEOYNwEnlBMsWaIIwpyqWyGeIdWFVH2VVAlfP4X/k55tWFXDvqlVWlerOorgGJyAM2CBBmiBNuiALsAgAQ/gCTxr99qj9qK9LlcL2ipTBj+gvX0CtjqVew==</latexit>



CRUCIAL FOR TESTS OF THE INFLATIONARY PICTURE (CMB)- 
THE EFFECTS OF QUANTUM FLUCTUACTIONS 
AROUND THE CLASSICAL EVOLUTION OF THE BACKGROUND
INFLATON FIELD 

�(t, x) = �(t) + ��(t, x) !
⇢(t, x) = ⇢(t) + �⇢(t, x) ! �g↵�

<latexit sha1_base64="QZQUywFdwGDLvAnit3ZSHWHyuDY="></latexit>

FOURIER DECOMPOSITION
X ⌘ �, �⇢, �gµ⌫ ...

<latexit sha1_base64="kLL7Yb2x6BJiEf5Zu95Cnc+ZKwM="></latexit>

PERTURBATION WAVES �phys = a(t)
2⇡

k
<latexit sha1_base64="gkxjMzDBXpVJpsrA3p/Htmz002E="></latexit>

� = 2⇡/k,
<latexit sha1_base64="FUZgrvz0XI4959lLsFz/Bbr8Tks=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwITFJa1sXQtGNywr2AU0ok8mkHTp5MDMplNA/ceNCEbf+iTv/xklbQUUPDBzOOZd753gJo0Ka5odWWFldW98obpa2tnd29/T9g46IU45JG8cs5j0PCcJoRNqSSkZ6CSco9BjpeuOb3O9OCBc0ju7lNCFuiIYRDShGUkkDXXeYCvsIXtlOQs/HZwO9bBqXjZp9YUPTMM26XanlxK5X7Qq0lJKjDJZoDfR3x49xGpJIYoaE6FtmIt0McUkxI7OSkwqSIDxGQ9JXNEIhEW42v3wGT5TiwyDm6kUSztXvExkKhZiGnkqGSI7Eby8X//L6qQwabkajJJUkwotFQcqgjGFeA/QpJ1iyqSIIc6puhXiEOMJSlVVSJXz9FP5POrZhVQz7rlpuXi/rKIIjcAxOgQXqoAluQQu0AQYT8ACewLOWaY/ai/a6iBa05cwh+AHt7RNhFpLa</latexit>

Xk =

Z
dxX(t, x)eikx

<latexit sha1_base64="iPp6YHNbqPqG3nSBO0diNOMPOcc="></latexit>



FRIEDMANN  EQS  CAN BE REWRITTEN AS EQS FOR 
PERTURBATIONS AND THEIR FOURIER MODES

DENSITY PERTURBATIONS ARE THEN IN ONE TO ONE 
CORRESPONDENCE TO THE METRIC PERTURBATIONS  

AND ONE CAN USE ANY OF THEM 

USUALLY ONE USES METRIC PERTURBATIONS 
(SCALAR, TENSOR,VECTOR)



�2�(k) =
|�k|2k3

2⇡2
<latexit sha1_base64="DkpdbIxEmgK8BuN2+wDIEtu4rvU="></latexit>

Power spectrum

Parametrize (around a given value of k=k*)

ns � 1 =
d ln �2�
d ln k

<latexit sha1_base64="z8Vor+DU3mN9hrCzY65AHDfqVAI="></latexit>

Spectral index of the
scalar perturbation

E.G.   Scalar perturbations of the metric

�(x) =

Z
�ke

ikxd3k/(2⇡)3

<latexit sha1_base64="xFpYN/YFbNxKuiHEuLXW9VB+d28="></latexit>

ds2 = a2[(1 + 2�)d⌘2 + ....]
<latexit sha1_base64="8L73NSnrTN0KxkpvaL1NC2xQuzc="></latexit>

k, x
<latexit sha1_base64="9gdawng4YE4qWRDBwa0oPLMHyDc=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBg5TsKrW9Fbx4rGhboV1KNs22odnskmTFUvoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXpAIrg3GH05uaXlldS2/XtjY3NreKe7utXScKsqaNBaxug2IZoJL1jTcCHabKEaiQLB2MLrI/PYdU5rH8saME+ZHZCB5yCkxVroendz3iiVcxhaVCsqIW8WuJbVa1fNqyJ1ZGJdggUav+N7txzSNmDRUEK07Lk6MPyHKcCrYtNBNNUsIHZEB61gqScS0P5mdOkVHVumjMFa2pEEz9fvEhERaj6PAdkbEDPVvLxP/8jqpCav+hMskNUzS+aIwFcjEKPsb9bli1IixJYQqbm9FdEgUocamU7AhfH2K/ictr+yelr2rs1LdW8SRhwM4hGNw4RzqcAkNaAKFATzAEzw7wnl0XpzXeWvOWczsww84b59pwo3Y</latexit>

ARE COMOVING

�2�(k) / As(k⇤)(
k

k⇤
)ns(k⇤)�1

<latexit sha1_base64="yDY/LVi7w8pldpFZyFds0+cVuEA="></latexit>



PARAMETERS  

As(k) / �2�(k), ns(k), r(k) =
tensor

scalar
(k)

<latexit sha1_base64="xs8UYuYj3TAAvWBwEPyH+A1P6dk="></latexit>

ETC

ARE CALCULABLE FOR ANY CONCRETE  INFLATON POTENTIAL

ns = 1
<latexit sha1_base64="Dqd0dKhAnfg5+KMG9ZzagRLAsRM=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jS2taDUPTisYKphTaUzXbbLt1swu5GKKW/wYsHRbz6g7z5b9y0FVT0wcDjvRlm5oUJZ0o7zoeVW1ldW9/Ibxa2tnd294r7By0Vp5JQn8Q8lu0QK8qZoL5mmtN2IimOQk7vwvFV5t/dU6lYLG71JKFBhIeCDRjB2ki+6KkLt1csOfZ5veqdecixHafmlasZ8WoVr4xco2QowRLNXvG9249JGlGhCcdKdVwn0cEUS80Ip7NCN1U0wWSMh7RjqMARVcF0fuwMnRiljwaxNCU0mqvfJ6Y4UmoShaYzwnqkfnuZ+JfXSfWgHkyZSFJNBVksGqQc6Rhln6M+k5RoPjEEE8nMrYiMsMREm3wKJoSvT9H/pOXZbtn2biqlxuUyjjwcwTGcggs1aMA1NMEHAgwe4AmeLWE9Wi/W66I1Zy1nDuEHrLdPuAmOog==</latexit>

FOR de SITTER, 
DEVIATIONS  MEASURE GRACEFUL EXIT;  CMB



IT CAN BE PROVED:

ns(k) = 1� 6✏k + 2⌘k

r(k) = 16✏k

As(k) =
V (�k)

24⇡2✏kM2
P

<latexit sha1_base64="b917nCi/HSumIAT8YKsJZ9KbZG0="></latexit>

✏k =
1

2
M

2
P (

@�V (�)

V (�)
)2|k ⇠ aH

<latexit sha1_base64="1LZ4gvbznT4Okgrde9Q9Gx1vnqU="></latexit>

⌘k = M
2
P

@
(2)
� V (�)

V (�)
|k ⇠ aH

<latexit sha1_base64="8MH8tyiQXJoAO3Qv36G6NpKxJWE="></latexit>

�
2
�(k) ⇠ (

H
2

MPl

H
2

Ḣ
)k⇠aH

<latexit sha1_base64="HGNoOImuy14PWf42NTsxTp2MdEw="></latexit>

THE CONDITION.                           
MAKES THOSE RELATIONS 
FUNCTIONS OF THE COMOVING
WAVE NUMBER

k ⇠ (aH)
<latexit sha1_base64="jS/GrtNW7AWnljcP+b5s+lamO9k=">AAAB8XicdVBNSwMxEM3Wr1q/qh69BItQLyW7Sm1vRS89VrCt2C4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y7atoKIPBh7vzTAzL4g50wahDye3srq2vpHfLGxt7+zuFfcPOjpKFKFtEvFI3QZYU84kbRtmOL2NFcUi4LQbTK4yv3tPlWaRvDHTmPoCjyQLGcHGSneTvmYClnHzdFAsoQqyqFZhRtwaci2p12ueV4fu3EKoBJZoDYrv/WFEEkGlIRxr3XNRbPwUK8MIp7NCP9E0xmSCR7RnqcSCaj+dXzyDJ1YZwjBStqSBc/X7RIqF1lMR2E6BzVj/9jLxL6+XmLDmp0zGiaGSLBaFCYcmgtn7cMgUJYZPLcFEMXsrJGOsMDE2pIIN4etT+D/peBX3rOJdn5cal8s48uAIHIMycMEFaIAmaIE2IECCB/AEnh3tPDovzuuiNecsZw7BDzhvn7GbkEk=</latexit>



THE CMB EXPERIMENTS “MEASURE” OR PUT BOUNDS ON THOSE PARAMETERS
FOR A PERTURBATION   WITH SOME PHYSICAL WAVELENGTH “NOW”, 
(DEFINED BY THE ANGULAR RESOLUTION IN THE SKY)                                                                               

�phys = a0/k⇤ ⇡ 20Mpc
<latexit sha1_base64="MyDCAxoh22c9D25LJGxeq8aefE4="></latexit>

k⇤ = a0 ⇥ 0.05Mpc�1
<latexit sha1_base64="KWsLBVEuiGLoF9O/o3JnRg4vfzQ=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFEMCTp04VQdONGqGAf0MYwmU7boZMHMxOhhC7c+CtuXCji1o9w5984aSuo6IELh3Pu5d57vIhRIU3zQ1tYXFpeWc2sZdc3Nre29Z3dpghjjkkDhyzkbQ8JwmhAGpJKRtoRJ8j3GGl5o/PUb90SLmgYXMtxRBwfDQLapxhJJbl6buQenSLX7ErqEwFNwyzBywjfJMfWxNXzpnFSLdslOzXMil0op8SuFO0CtJSSIg/mqLv6e7cX4tgngcQMCdGxzEg6CeKSYkYm2W4sSITwCA1IR9EAqZVOMn1iAg+U0oP9kKsKJJyq3ycS5Asx9j3V6SM5FL+9VPzL68SyX3USGkSxJAGeLerHDMoQponAHuUESzZWBGFO1a0QDxFHWKrcsiqEr0/h/6RpG1bBsK+K+drZPI4MyIF9cAgsUAE1cAHqoAEwuAMP4Ak8a/fao/aivc5aF7T5zB74Ae3tExJxlnc=</latexit>

IT IS CONVENIENT AND CUSTOMARY TO PUT a0 = 1
<latexit sha1_base64="NhCmNVcO+GxUDfIueY7guEYdgEk=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9ikta0HoejFYwVTC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g46KU0moR2Iey26AFeVMUE8zzWk3kRRHAad3weQq9+/uqVQsFrd6mlA/wiPBQkawNpKHB+jCGZQryD5v1t0zFyIboYZbrefEbdTcKnSMkqMClmgPyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb9jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/ycd13aqtntTq7Qul3EUwRE4BqfAAQ3QAtegDTxAAAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AT4PjlI=</latexit>

COMOVING  WAVE NUMBER

As(k⇤) / �2�(k⇤), ns(k⇤), r(k⇤) =
tensor

scalar
(k⇤)

<latexit sha1_base64="dd+HHmiXcx/kIMLnztyoAS+RFMw="></latexit>

MEASURED:



CMB DATA GIVE BEAUTIFUL SUPPORT TO THE IDEA OF INFLATION 
AND INSIGHT INTO THE INFLATIONARY AND REHEATING PERIODS.

WE ADRRESS SIMILAR ISSUES BUT WITH STRONG EMPHASIS ON 
THE REHEATING TEMPERATURE AS A CRUCIAL PARAMETER FOR TESTING 
AND DISCRIMINATING BETWEEN DIFFERENT MODELS OF INFLATION
(DUE TO MODEL INDEPENDENT BOUNDS ON REHEATING TEMPERATURE)

Secondly, the reheating temperature is a portal to constraining 
particle physics scenarios that are sensitive to it. 
Examples: leptogenesis,  freeze-in DM scenarios…. 

CMB as an additional (to colliders ) tests of the DM models.



ILLUSTRATION OF THE METHOD FOR THE INFLATON POTENTALS:

E-MODEL

P-MODEL

V (�,↵, n,⇤inf) := ⇤4
inf(1� exp[�

r
2

3↵

�

MPl
])2n

⇤4
inf

�2n

�2n +
⇣q

3↵
2 MPl

⌘2n

<latexit sha1_base64="4trQHDEBvg+nq0Ibl6J9jxjC9Pw="></latexit>

↵ = ↵(n, ns, r), ⇤inf = ⇤inf (n, ns, r, As),

� = �(n, ns, r)
<latexit sha1_base64="scfFViw7zlzyzZBpAxx62Zm5W8k="></latexit>

PARAMETERS OF THE POTENTIAL CAN BE FIXED IN TERMS OF THE MEASURED 
CMB OBERVABLES

k = k⇤<latexit sha1_base64="xe2RjFxPhG2JAWKttcXGLljG92Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBZBPIQkrW09CEUvHiuYttCGstlu2iWbTdjdCCX0N3jxoIhXf5A3/42btoKKPhh4vDfDzDw/YVQqy/owCiura+sbxc3S1vbO7l55/6Aj41Rg4uKYxaLnI0kY5cRVVDHSSwRBkc9I1w+vc797T4SkMb9T04R4ERpzGlCMlJbc8DIcng3LFcu8aNadcwdapmU1nGo9J06j5lShrZUcFbBEe1h+H4xinEaEK8yQlH3bSpSXIaEoZmRWGqSSJAiHaEz6mnIUEell82Nn8EQrIxjEQhdXcK5+n8hQJOU08nVnhNRE/vZy8S+vn6qg6WWUJ6kiHC8WBSmDKob553BEBcGKTTVBWFB9K8QTJBBWOp+SDuHrU/g/6TimXTWd21qldbWMowiOwDE4BTZogBa4AW3gAgwoeABP4NngxqPxYrwuWgvGcuYQ/IDx9gmcYY6Q</latexit>

FOR



Tre = Tre(n, ns(k⇤), r(k⇤), As(k⇤))
<latexit sha1_base64="dde+P980s5nRS8l5/KvAYQnFxQM="></latexit>

SOLVING A SET OF BOLTZMANN EQUATIONS  :



OUR WORK: 

Tre = Tre(As, ns, r)
<latexit sha1_base64="4Dx6gU7Z+j/XSzUJFjZoHFxjsHI=">AAACA3icdVDLSgMxFM34rPVVdaebYBEqyDCd1rYuhKoblxX6gnYYMmnahmYyQ5IRylBw46+4caGIW3/CnX9jpq2gogeSezjnXpJ7vJBRqSzrw1hYXFpeWU2tpdc3Nre2Mzu7TRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o6vEb90SIWnA62ocEsdHA077FCOlJTezX3djQSbns5K7cOUJ5Mkljt1M1jLPKiX71IaWaVllu1BKiF0u2gWY10qCLJij5mbeu70ARz7hCjMkZSdvhcqJkVAUMzJJdyNJQoRHaEA6mnLkE+nE0x0m8EgrPdgPhD5cwan6fSJGvpRj39OdPlJD+dtLxL+8TqT6FSemPIwU4Xj2UD9iUAUwCQT2qCBYsbEmCAuq/wrxEAmElY4trUP42hT+T5q2mS+Y9k0xW72cx5ECB+AQ5EAelEEVXIMaaAAM7sADeALPxr3xaLwYr7PWBWM+swd+wHj7BK6aluY=</latexit>

MODEL INDEPENDENT BOUNDS ON          PROVIDE VERY 
STRINGENT PREDICTIONS  OF INFLATIONARY MODELS
FOR CMB OBESRVABLES

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

1)

2) ONE OBTAINS A LINK BETWEEN  CMB OBERVABLES AND
               SENSITIVE PARTICLE PHYSICS (DM PRODUCTION…)Tre

<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>



MODEL INDEPENDENT BOUNDS ON
------àSTRONG TESTS OF INFLATIONARY
MODELS BY CMB DATA  

(Tre ⌘ T⇥)
<latexit sha1_base64="zm/PPZC2Uv7YDe0oNiw8hps2T3o=">AAACAXicdVBNS0JBFJ1nX2ZfVpugzZAEtpHn09R2UpuWBn6BymPeeNXBeR/NzBPkYZv+SpsWRbTtX7Tr3zRPDSrqwIXDOfdy7z1OwJlUpvlhJFZW19Y3kpupre2d3b30/kFT+qGg0KA+90XbIRI486ChmOLQDgQQ1+HQcsZXsd+agJDM9+pqGkDPJUOPDRglSkt2+ihbtyMBsy7chmyC63ZXMRfkWcpOZ8zcRaVknVvYzJlm2SqUYmKVi1YB57USI4OWqNnp927fp6ELnqKcSNnJm4HqRUQoRjnMUt1QQkDomAyho6lH9JpeNP9ghk+10scDX+jyFJ6r3yci4ko5dR3d6RI1kr+9WPzL64RqUOlFzAtCBR5dLBqEHCsfx3HgPhNAFZ9qQqhg+lZMR0QQqnRocQhfn+L/SdPK5Qs566aYqV4u40iiY3SCsiiPyqiKrlENNRBFd+gBPaFn4954NF6M10VrwljOHKIfMN4+Afnklpc=</latexit>

Tre
<latexit sha1_base64="xIc4I/1MGTriRgeMkYtWCw2DeHg=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDdNpbeuu6MZlhb6gHUomzbShmcyQZIQy9CPcuFDErd/jzr8x01ZQ0QOBwzn33tx7/JgzpR3nw1pb39jc2s7t5Hf39g8OC0fHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3605vM795TqVgkWnoWUy/EY8ECRrA2Urc1TCWd54eFomNf1avupYsc23FqbrmaEbdWccuoZJQMRVihOSy8D0YRSUIqNOFYqX7JibWXYqkZ4WbgIFE0xmSKx7RvqMAhVV66WHeOzo0yQkEkzRMaLdTvHSkOlZqFvqkMsZ6o314m/uX1Ex3UvZSJONFUkOVHQcKRjlB2OxoxSYnmM0MwkczsisgES0y0SSgL4etS9D/puHapbLt3lWLjehVHDk7hDC6gBDVowC00oQ0EpvAAT/Bsxdaj9WK9LkvXrFXPCfyA9fYJVt2PlA==</latexit>





FREEZE-IN: SM PARTICLES IN THERMAL BATH ANNIHILATE INTO  DM PARTICLES; 
IMAGINE THAT THE AMPLITUDE FOR THE PROCESS DEPENDS ON A 
PHYSICAL SCALE ⇤DM > Tre

<latexit sha1_base64="DVW3EwaM10rWlJRakiRblZrLaNg=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRpbetGirpwoVChtYU2hMl02g6dPJiZCCHUX3HjQhG3fog7/8ZJW0FFDwwczjmXe+d4EaNCmuaHlltaXlldy68XNja3tnf03b1bEcYckzYOWci7HhKE0YC0JZWMdCNOkO8x0vEm55nfuSNc0DBoySQijo9GAR1SjKSSXL3Yv1LhAXLTi+vpactNOZm6esk0TupV+9iGpmGaNbtczYhdq9hlaCklQwks0HT19/4gxLFPAokZEqJnmZF0UsQlxYxMC/1YkAjhCRqRnqIB8olw0tnxU3iolAEchly9QMKZ+n0iRb4Qie+ppI/kWPz2MvEvrxfLYd1JaRDFkgR4vmgYMyhDmDUBB5QTLFmiCMKcqlshHiOOsFR9FVQJXz+F/5Nb27DKhn1TKTXOFnXkwT44AEfAAjXQAJegCdoAgwQ8gCfwrN1rj9qL9jqP5rTFTBH8gPb2Ceq8lPY=</latexit>

THEN, BELOW.          ,  THE PROCESS CAN BE DESCRIBED IN EFT BY A HIGHER
DIMENSION OPARATOR  

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

L = O4+d/⇤
d
DM

<latexit sha1_base64="R+fHpBO8Ve5JoRCKtbCUDo2SeKc="></latexit>

< �v >/ T 2(d�1)
re

⇤2d
DM

<latexit sha1_base64="uqFi76vLIUabZobhhxTM4mzFwMw="></latexit>



dnDM

dt
+ 3HnDM =< �v > (n2

EQ � n
2
DM )

<latexit sha1_base64="gvUiYf7n8mND0uZnKLsW7RwZFMs="></latexit>

BOLTZMANN EQUATION

FOR COMOVING PARTICLE DENSITY Y ⌘ nDM/s
<latexit sha1_base64="RFgoOGY9rlFsbHjwtcxK4N5zrYQ=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZO0tnVX1IUboYJ9SFvKZDpph04mcWZSKKF/4saFIm79E3f+jZO2gooeuHA4517uvceLGJXKtj+MzNLyyupadj23sbm1vWPu7jVkGAtM6jhkoWh5SBJGOakrqhhpRYKgwGOk6Y0uUr85JkLSkN+qSUS6ARpw6lOMlJZ6pnnXIfcxHUPeSy6vpyeyZ+Zt66xSck9daFu2XXYLpZS45aJbgI5WUuTBArWe+d7phzgOCFeYISnbjh2pboKEopiRaa4TSxIhPEID0taUo4DIbjK7fAqPtNKHfih0cQVn6veJBAVSTgJPdwZIDeVvLxX/8tqx8ivdhPIoVoTj+SI/ZlCFMI0B9qkgWLGJJggLqm+FeIgEwkqHldMhfH0K/ycN13IKlntTzFfPF3FkwQE4BMfAAWVQBVegBuoAgzF4AE/g2UiMR+PFeJ23ZozFzD74AePtE29Yk4o=</latexit>

⌦DM = 0.2(
mDM

1TeV
)(

YDM

10�13
)

<latexit sha1_base64="aktosdbphj+DWYg/mtK5dXHDXS0="></latexit>

⌦DMh2 = 0.12
<latexit sha1_base64="6vta+AxRZf+a0YofZMProwfsipw=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhpm0tnUhFHXhRqxgH9COQyZN29DMgyQjlKH+ihsXirj1Q9z5N2baCip64MLhnHu59x4v4kwqy/owFhaXlldWM2vZ9Y3Nre3czm5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRWeq37qiQLAxu1Diijo8HAeszgpWW3Fy+e+XTAXaT88vJ8BadWKaN3FzBMo+rZXSEoGVaVgUVyylBlRIqQlsrKQpgjrqbe+/2QhL7NFCEYyk7thUpJ8FCMcLpJNuNJY0wGeEB7WgaYJ9KJ5keP4EHWunBfih0BQpO1e8TCfalHPue7vSxGsrfXir+5XVi1a86CQuiWNGAzBb1Yw5VCNMkYI8JShQfa4KJYPpWSIZYYKJ0Xlkdwten8H/SRKZdNNF1qVA7nceRAXtgHxwCG1RADVyAOmgAAsbgATyBZ+PeeDRejNdZ64Ixn8mDHzDePgEx5JPU</latexit>

DEMANDING                                         ONE GETS               

AS A FUNCTION OF                  FOR A CHOSEN MODEL OF INFLATION

mDM versus ⇤DM
<latexit sha1_base64="nPwY+7dyjBa4rM2RogP/SDldJ3k="></latexit>

(MODELS OF DM PRODUCTION ARE TESTED BY CMB OBSERVABLES)

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

Y / MPl
T 2d�1
⇥
⇤2d
DM

<latexit sha1_base64="kD/rULdc/wT+g3P89cEp6Scn3J0="></latexit>







SUMMARY

INFLATION NOT ONLY EXPLAINS BUT ALSO PREDICTS.

MODEL INDEPENDENT BOUNDS ON REHEATING TEMPERATURE STRONGLY 
ENHANCE  PREDICTIVE  POWER OF MODELS OF INFLATION  
( A PROGRESS IS ALSO EXPECTED IN THE PRECISSION OF CMB EXPS)

CMB EXPS CAN BE RELEVANT FOR PARTICLE PHYSICS





HOMOGENITY PROBLEM

THE PRESENT HOMOGENOUS UNIVERSE-AT LEAST OF THE SIZE OF THE PRESENT HORIZON ct0 ⇠ 1028 cm
<latexit sha1_base64="uEE4hNmA1QYApn1xVX0tC+zOeBc=">AAAB/nicdVDLSgMxFM34rPVVFVdugkVwNWSmta27ohuXFewD2jpk0rQNTWaGJCOUocVfceNCEbd+hzv/xkxbQUUPXDiccy/33uNHnCmN0Ie1tLyyurae2chubm3v7Ob29hsqjCWhdRLyULZ8rChnAa1rpjltRZJi4XPa9EeXqd+8o1KxMLjR44h2BR4ErM8I1kbycodEe6ijmIAOuk3cygROp0R4uTyyzysl98yFyEao7BZKKXHLRbcAHaOkyIMFal7uvdMLSSxooAnHSrUdFOlugqVmhNNJthMrGmEywgPaNjTAgqpuMjt/Ak+M0oP9UJoKNJyp3ycSLJQaC990CqyH6reXin957Vj3K92EBVGsaUDmi/oxhzqEaRawxyQlmo8NwUQycyskQywx0SaxrAnh61P4P2m4tlOw3etivnqxiCMDjsAxOAUOKIMquAI1UAcEJOABPIFn6956tF6s13nrkrWYOQA/YL19AikflP0=</latexit>

INITIALLY, THAT SIZE  AT
li ⇠

ai
a0

ct0
<latexit sha1_base64="M8/pYL69iZDukQQKZYs/uAV26k4=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhsy0tnVXdOOygn1AOwyZNNOGZh4kGaEMs3Djr7hxoYhbP8Kdf2OmraCiB+7lcM69JPd4MWdSIfRhrKyurW9sFraK2zu7e/ulg8OujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XnTy9zv3VIhWRTeqFlMnQCPQ+YzgpWW3FKZu2woWQCHvsAkxS7LdEMZUS5ySxVknjfr9pkNkYlQw67Wc2I3anYVWlrJUQFLtN3S+3AUkSSgoSIcSzmwUKycFAvFCKdZcZhIGmMyxWM60DTEAZVOOj8igydaGUE/ErpCBefq940UB1LOAk9PBlhN5G8vF//yBonym07KwjhRNCSLh/yEQxXBPBE4YoISxWeaYCKY/iskE6zTUDq3og7h61L4P+naplU17etapXWxjKMAyuAYnAILNEALXIE26AAC7sADeALPxr3xaLwYr4vRFWO5cwR+wHj7BBLHmGE=</latexit>

t = ti
<latexit sha1_base64="NqUWScggf4vTGnzd4aon3d3Wsx8=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0nS2taDUPTisYKphTaUzXbbLt1swu5EKKG/wYsHRbz6g7z5b9y0FVT0wcDjvRlm5gWx4Bps+8PKrayurW/kNwtb2zu7e8X9g7aOEkWZRyMRqU5ANBNcMg84CNaJFSNhINhdMLnK/Lt7pjSP5C1MY+aHZCT5kFMCRvLgAvq8XyzZ5fNGzT1zsV227bpbqWXErVfdCnaMkqGElmj1i++9QUSTkEmggmjddewY/JQo4FSwWaGXaBYTOiEj1jVUkpBpP50fO8MnRhngYaRMScBz9ftESkKtp2FgOkMCY/3by8S/vG4Cw4afchknwCRdLBomAkOEs8/xgCtGQUwNIVRxcyumY6IIBZNPwYTw9Sn+n7TdslMpuzfVUvNyGUceHaFjdIocVEdNdI1ayEMUcfSAntCzJa1H68V6XbTmrOXMIfoB6+0TF2qO4Q==</latexit>

LET’S COMPARE IT WITH INITIAL CAUSAL REGION,                                   ASSUMING THE EVOLUTION AS IN THE
RADATION ERA

lci = cti
<latexit sha1_base64="qcVci8D5S8RGeQ5eB/tj94y8dWw=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0nS2taDUPTisYJtxbaGzXbbLt1swu5EKKH/wosHRbz6b7z5b9y0FVT0wcDjvRlm5vmR4Bps+8PKLC2vrK5l13Mbm1vbO/ndvZYOY0VZk4YiVDc+0UxwyZrAQbCbSDES+IK1/fFF6rfvmdI8lNcwiVgvIEPJB5wSMNKt8PgdPaPgcS9fsIuntYp74mK7aNtVt1RJiVstuyXsGCVFAS3Q8PLv3X5I44BJoIJo3XHsCHoJUcCpYNNcN9YsInRMhqxjqCQB071kdvEUHxmljwehMiUBz9TvEwkJtJ4EvukMCIz0by8V//I6MQxqvYTLKAYm6XzRIBYYQpy+j/tcMQpiYgihiptbMR0RRSiYkHImhK9P8f+k5RadUtG9Khfq54s4sugAHaJj5KAqqqNL1EBNRJFED+gJPVvaerRerNd5a8ZazOyjH7DePgG7M5D3</latexit>

li
lci

⇠ t0
ti

ai
a0

⇠ 1028

<latexit sha1_base64="wZtV1YyrrG5hPQgTgYIIBQUp0Jo="></latexit>

(We took ti = tPl, TPl ⇠ 1032
ai
a0

⇠ (T0/TPl ⇠ 10�32

<latexit sha1_base64="yNa0GXSvJhkaEs++QVvL6p1SZTc="></latexit>

HOW TO MAKE IT SMALLER THAN 1?

)



AS a ⇠ ȧt for a(t) ⇠ t↵
<latexit sha1_base64="eSi76x9J4/zpelg62LHl1hEzBts="></latexit>

WE CONCLUDE li
lci

⇠ ȧi
ȧ0

<latexit sha1_base64="bHuAR1lAK51Um9+xhK7k3SFt47w="></latexit>

WE NEEED
ȧi
ȧ0

< 1
<latexit sha1_base64="gcK0xd9HoEedEQLpwyRg7wn/s2Q=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFchSStbQUXRTcuK9gHtCFMppN26OTBzEQoISs3/oobF4q49Rvc+TdO+gAVPTBwOOce7tzjxYwKaZqf2tLyyuraemGjuLm1vbOr7+23RZRwTFo4YhHvekgQRkPSklQy0o05QYHHSMcbX+V+545wQaPwVk5i4gRoGFKfYiSV5OpHfZ8jnPYHkUyRS7NsQc0su7BcvWQa5/WqfWZD0zDNml2u5sSuVewytJSSowTmaLr6h4rjJCChxAwJ0bPMWDop4pJiRrJiPxEkRniMhqSnaIgCIpx0ekYGT5QygH7E1QslnKrfEykKhJgEnpoMkByJ314u/uX1EunXnZSGcSJJiGeL/IRBGcG8EzignGDJJoogzKn6K8QjpHqRqrmiKmFxKfyftG3DKhv2TaXUuJzXUQCH4BicAgvUQANcgyZoAQzuwSN4Bi/ag/akvWpvs9ElbZ45AD+gvX8BZ8uZuQ==</latexit>

(HENCE ACCELERATED EXPANSION!)



�2�(k) =
|�k|2k3

2⇡2
<latexit sha1_base64="DkpdbIxEmgK8BuN2+wDIEtu4rvU="></latexit>

Power spectrum

Parametrize (around a given value of k)

ns � 1 =
d ln �2�
d ln k

<latexit sha1_base64="z8Vor+DU3mN9hrCzY65AHDfqVAI="></latexit>

Spectral index of the
scalar perturbation

E.G.   Scalar perturbations of the metric

�(x) =

Z
�ke

ikxd3k/(2⇡)3

<latexit sha1_base64="xFpYN/YFbNxKuiHEuLXW9VB+d28="></latexit>

ds2 = a2[(1 + 2�)d⌘2 + ....]
<latexit sha1_base64="8L73NSnrTN0KxkpvaL1NC2xQuzc="></latexit>

THE SPACIAL TWO-POINT CORRELATION FUNCTION

k, x
<latexit sha1_base64="9gdawng4YE4qWRDBwa0oPLMHyDc=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBg5TsKrW9Fbx4rGhboV1KNs22odnskmTFUvoTvHhQxKu/yJv/xmxbQUUfDDzem2FmXpAIrg3GH05uaXlldS2/XtjY3NreKe7utXScKsqaNBaxug2IZoJL1jTcCHabKEaiQLB2MLrI/PYdU5rH8saME+ZHZCB5yCkxVroendz3iiVcxhaVCsqIW8WuJbVa1fNqyJ1ZGJdggUav+N7txzSNmDRUEK07Lk6MPyHKcCrYtNBNNUsIHZEB61gqScS0P5mdOkVHVumjMFa2pEEz9fvEhERaj6PAdkbEDPVvLxP/8jqpCav+hMskNUzS+aIwFcjEKPsb9bli1IixJYQqbm9FdEgUocamU7AhfH2K/ictr+yelr2rs1LdW8SRhwM4hGNw4RzqcAkNaAKFATzAEzw7wnl0XpzXeWvOWczsww84b59pwo3Y</latexit>

ARE COMOVING

�2�(k) / kns(k)�1
<latexit sha1_base64="g+8iscY/k4l1emljGfTtu/m9u+I="></latexit>

< �(x)�(y) >=

Z |�k|2k3

2⇡2

sin(kr)

kr

d3k

k
<latexit sha1_base64="XTHRBnk5LOm9JrWad3lCwNmuGRY="></latexit>



FOR  “PERFECT FLUID” ( MATTER, RADIATION,  SCALAR FIELD) THE ENERGY-
MOMENTUM TENSOR  IS

Tµ
⌫ = diag(⇢,�p,�p,�p)

<latexit sha1_base64="E765oTFhv2M8dRvcyRnQxdbsP9Y="></latexit>

SIMPLE EQUATION OF STATE IS OFTEN USED

p = w⇢
<latexit sha1_base64="XFY1ZmgsnkZup0msXVMX7pQ6p6g=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4Gmamta0LoejGZQX7gHYomTTThmaSIckoZehHuHGhiFu/x51/Y6atoKIHLhzOuZd77wliRpV2nA8rt7K6tr6R3yxsbe/s7hX3D9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6weQq8zt3RCoq+K2exsSP0IjTkGKkjdSJL+77ciwGxZJjn9er3pkHHdtxal65mhGvVvHK0DVKhhJYojkovveHAicR4RozpFTPdWLtp0hqihmZFfqJIjHCEzQiPUM5iojy0/m5M3hilCEMhTTFNZyr3ydSFCk1jQLTGSE9Vr+9TPzL6yU6rPsp5XGiCceLRWHCoBYw+x0OqSRYs6khCEtqboV4jCTC2iRUMCF8fQr/J23Pdsu2d1MpNS6XceTBETgGp8AFNdAA16AJWgCDCXgAT+DZiq1H68V6XbTmrOXMIfgB6+0TswKP0Q==</latexit>

w = const
<latexit sha1_base64="WU3V2CXccsXgXeeNJxwxXjgaIEA=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4Gmamta0LoejGZQX7gHYomTTThmaSIckoZehHuHGhiFu/x51/Y6atoKIHLhzOuZd77wliRpV2nA8rt7K6tr6R3yxsbe/s7hX3D9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6weQq8zt3RCoq+K2exsSP0IjTkGKkjdS5v8CCKz0olhz7vF71zjzo2I5T88rVjHi1ileGrlEylMASzUHxvT8UOIkI15ghpXquE2s/RVJTzMis0E8UiRGeoBHpGcpRRJSfzs+dwROjDGEopCmu4Vz9PpGiSKlpFJjOCOmx+u1l4l9eL9Fh3U8pjxNNOF4sChMGtYDZ73BIJcGaTQ1BWFJzK8RjJBHWJqGCCeHrU/g/aXu2W7a9m0qpcbmMIw+OwDE4BS6ogQa4Bk3QAhhMwAN4As9WbD1aL9brojVnLWcOwQ9Yb5/OYI/j</latexit>

FROM THE 1st LAW OF THERMODYNAMICS

dE = �pdV (V = a3, E = ⇢a3)
<latexit sha1_base64="G+k/9IIlDKYf3dKXLchMw7d5kOc="></latexit>

ONE GETS ⇢ ⇠ a�3(1+w)
<latexit sha1_base64="eyWRsKVaHND00aMt0Aqx7CYsr0I=">AAAB/XicdVDLSsNAFJ34rPVVHzs3g0WoiCFJa1t3RTcuK9gHtLVMppN26GQSZiZKDcVfceNCEbf+hzv/xklbQUUPXDiccy/33uOGjEplWR/G3PzC4tJyaiW9ura+sZnZ2q7LIBKY1HDAAtF0kSSMclJTVDHSDAVBvstIwx2eJ37jhghJA36lRiHp+KjPqUcxUlrqZnbbYhC0JfUhuo6P8zn76PZw3M1kLfO0XHROHGiZllVy8sWEOKWCk4e2VhJkwQzVbua93Qtw5BOuMENStmwrVJ0YCUUxI+N0O5IkRHiI+qSlKUc+kZ14cv0YHmilB71A6OIKTtTvEzHypRz5ru70kRrI314i/uW1IuWVOzHlYaQIx9NFXsSgCmASBexRQbBiI00QFlTfCvEACYSVDiytQ/j6FP5P6o5p503nspCtnM3iSIE9sA9ywAYlUAEXoApqAIM78ACewLNxbzwaL8brtHXOmM3sgB8w3j4BIriUYA==</latexit>

w = 0
<latexit sha1_base64="O+YH4YMYOWOMpoZPZC0Fj1P1L3g=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BIvgaclua1sPQtGLx4q2FtqlZNNsG5rNLklWKUt/ghcPinj1F3nz35htK6jog4HHezPMzPNjzpRG6MPKLS2vrK7l1wsbm1vbO8XdvbaKEkloi0Q8kh0fK8qZoC3NNKedWFIc+pze+uOLzL+9o1KxSNzoSUy9EA8FCxjB2kjX92eoXywh+7RedU9ciGyEam65mhG3VnHL0DFKhhJYoNkvvvcGEUlCKjThWKmug2LtpVhqRjidFnqJojEmYzykXUMFDqny0tmpU3hklAEMImlKaDhTv0+kOFRqEvqmM8R6pH57mfiX1010UPdSJuJEU0Hmi4KEQx3B7G84YJISzSeGYCKZuRWSEZaYaJNOwYTw9Sn8n7Rd2ynb7lWl1DhfxJEHB+AQHAMH1EADXIImaAEChuABPIFni1uP1ov1Om/NWYuZffAD1tsnOTONxA==</latexit>

w = 1/3
<latexit sha1_base64="vcMl9V0kYgOOV7Vpe7arJaD4eB0=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuYh61rQuh6MZlBdMW2lAm00k7dDIJMxOlhH6DGxeKuPWD3Pk3TtoKKnrgwuGce7n3niBhVCrL+jCWlldW19YLG8XNre2d3dLefkvGqcDEwzGLRSdAkjDKiaeoYqSTCIKigJF2ML7K/fYdEZLG/FZNEuJHaMhpSDFSWvLuL+xTt18qW+Z5veqcOdAyLavmuNWcOLWK40JbKznKYIFmv/TeG8Q4jQhXmCEpu7aVKD9DQlHMyLTYSyVJEB6jIelqylFEpJ/Njp3CY60MYBgLXVzBmfp9IkORlJMo0J0RUiP528vFv7xuqsK6n1GepIpwPF8UpgyqGOafwwEVBCs20QRhQfWtEI+QQFjpfIo6hK9P4f+k5Zi2azo3lXLjchFHARyCI3ACbFADDXANmsADGFDwAJ7As8GNR+PFeJ23LhmLmQPwA8bbJxsZjjs=</latexit>

MATTER

RADIATION



EINSTEIN EQS (FRIEDMANN EQS) IN THIS METRIC, FOR  “FLUID” 
( MATTER, RADIATION,  SCALAR FIELD)

H
2 =

8⇡G

3
⇢ ä = �4⇡

3
G(⇢+ 3p)a

<latexit sha1_base64="dbyJqgwMmnUjtC2kSFKGwGDLUQM="></latexit>

H =
ȧ

a
<latexit sha1_base64="94Gn8Z2edvJsY0YytNBuTLcUDPM=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRpbetCKLrpsoJ9QBvKZDpph04ezEyEEOKvuHGhiFs/xJ1/46StoKIHLhzOuYe5c9yIUSFN80MrrK1vbG4Vt0s7u3v7B/rhUU+EMceki0MW8oGLBGE0IF1JJSODiBPku4z03fl17vfvCBc0DG5lEhHHR9OAehQjqaSxXm5fjjyOcDqahDJFWaZmrFdM46JZt89taBqm2bCr9ZzYjZpdhZZSclTACp2x/q7SOPZJIDFDQgwtM5JOirikmJGsNIoFiRCeoykZKhognwgnXRyfwVOlTKAXcjWBhAv1eyJFvhCJ76pNH8mZ+O3l4l/eMJZe00lpEMWSBHj5kBczKEOYNwEnlBMsWaIIwpyqWyGeIdWFVH2VVAlfP4X/k55tWFXDvqlVWlerOorgGJyAM2CBBmiBNuiALsAgAQ/gCTxr99qj9qK9LlcL2ipTBj+gvX0CtjqVew==</latexit>

INFLATION

GRAVITY ATTRACTIVE (MATTER, RADIATION)

GRAVITY REPULSIVE

ä < 0
<latexit sha1_base64="s6FvNsJuGJDaptX1qzeZnh/upnE=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4Gmamta3goujGZQX7wHYomUzahmaSIckIZehfuHGhiFv/xp1/Y6atoKIHLhzOuZd77wliRpV2nA8rt7K6tr6R3yxsbe/s7hX3D9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6weQq8zv3RCoq+K2exsSP0IjTIcVIG+muH4ZCp2h24QyKJcc+r1e9Mw86tuPUvHI1I16t4pWha5QMJbBEc1B874cCJxHhGjOkVM91Yu2nSGqKGZkV+okiMcITNCI9QzmKiPLT+cUzeGKUEA6FNMU1nKvfJ1IUKTWNAtMZIT1Wv71M/MvrJXpY91PK40QTjheLhgmDWsDsfRhSSbBmU0MQltTcCvEYSYS1CalgQvj6FP5P2p7tlm3vplJqXC7jyIMjcAxOgQtqoAGuQRO0AAYcPIAn8Gwp69F6sV4XrTlrOXMIfsB6+wS0sJDy</latexit>

ä > 0 for p < �(1/3)⇢
<latexit sha1_base64="anGj8Gye3377qI2X+paxuUhzFPU="></latexit>

G = 1/M2
Pl

<latexit sha1_base64="EzLz3ggU1S8XWVE2QIqVotVOP0k=">AAAB83icdVDLSgMxFM34rPVVdekmWARX40xa27oQii50I1SwD2jHkknTNjSTGZKMUIb+hhsXirj1Z9z5N2baCip64MLhnHu59x4/4kxpx/mwFhaXlldWM2vZ9Y3Nre3czm5DhbEktE5CHsqWjxXlTNC6ZprTViQpDnxOm/7oIvWb91QqFopbPY6oF+CBYH1GsDZS5/LMPb6+Q92kxifdXN6xTysldIKgYztOGRVKKUHlIipA1ygp8mCOWjf33umFJA6o0IRjpdquE2kvwVIzwukk24kVjTAZ4QFtGypwQJWXTG+ewEOj9GA/lKaEhlP1+0SCA6XGgW86A6yH6reXin957Vj3K17CRBRrKshsUT/mUIcwDQD2mKRE87EhmEhmboVkiCUm2sSUNSF8fQr/Jw1kuwUb3RTz1fN5HBmwDw7AEXBBGVTBFaiBOiAgAg/gCTxbsfVovVivs9YFaz6zB37AevsECnSRDg==</latexit>



w = 0

w = 1/3

w = �1
<latexit sha1_base64="0vFGTZFBd8CmUphVInGvUNUgbD4=">AAAB+3icdVDLTgIxFO3gC/E14tJNIzFxI84DARckRDcuMZFHwhDSKR1o6DzSdkQy4VfcuNAYt/6IO//GDmCiRk9yc0/OuTe9PW7EqJCG8aFlVlbX1jeym7mt7Z3dPX0/3xJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3yV+u07wgUNg1s5jUjPR8OAehQjqaS+np/UDMeBk5p5Zs/7qdnXC0bxolq2zi1oFA2jYtnllFiVkmVDUykpCmCJRl9/dwYhjn0SSMyQEF3TiGQvQVxSzMgs58SCRAiP0ZB0FQ2QT0Qvmd8+g8dKGUAv5KoCCefq940E+UJMfVdN+kiOxG8vFf/yurH0qr2EBlEsSYAXD3kxgzKEaRBwQDnBkk0VQZhTdSvEI8QRliqunArh66fwf9KyiqZdtG5KhfrlMo4sOARH4ASYoALq4Bo0QBNgcA8ewBN41mbao/aivS5GM9py5wD8gPb2CST/kpQ=</latexit>

MATTER

RADIATION

VEV  OF A SCALAR FIELD 
(INFLATON)

SOLUTIONS FOR  a(t) & H
<latexit sha1_base64="sUg+GZXfFBA6qiecsWp8Mu/CW5E=">AAAB+XicdVDLTgIxFO34RHyNunTTSDS4mQwDAu6IblhiIo8EJqRTOtDQ6UzaDgmZwJe4caExbv0Td/6NHcBEjZ7k5p6cc296e7yIUals+8NYW9/Y3NrO7GR39/YPDs2j45YMY4FJE4csFB0PScIoJ01FFSOdSBAUeIy0vfFt6rcnREga8ns1jYgboCGnPsVIaalvmiivLuF8Poe9i7TV+2bOtq6rZefKgbZl2xWnWE6JUyk5RVjQSoocWKHRN997gxDHAeEKMyRlt2BHyk2QUBQzMsv2YkkihMdoSLqachQQ6SaLy2fwXCsD6IdCF1dwoX7fSFAg5TTw9GSA1Ej+9lLxL68bK7/qJpRHsSIcLx/yYwZVCNMY4IAKghWbaoKwoPpWiEdIIKx0WFkdwtdP4f+k5ViFouXclXK1m1UcGXAKzkAeFEAF1EAdNEATYDABD+AJPBuJ8Wi8GK/L0TVjtXMCfsB4+wRX2pLX</latexit>

a(t) ⇠ t
1/2

H ⇠ t
�1

<latexit sha1_base64="8qLC8s3b7k8B8DlC0LcCbRUlPmc=">AAACDHicdVC7SgNBFJ31GeMramkzGIRYGHc3MYld0CZlBPOAJIbZycQMmX0wc1cIS+xt/BUbC0Vs/QA7/8bZPEBFDwwczjmXO/c4geAKTPPTWFhcWl5ZTawl1zc2t7ZTO7t15YeSshr1hS+bDlFMcI/VgINgzUAy4jqCNZzhRew3bplU3PeuYBSwjktuPN7nlICWuqk0ycBRW3EXw3VkndhjfDdBZa4dW2OdMrNnpYJ9amMza5pFO1eIiV3M2zlsaSVGGs1Q7aY+2j2fhi7zgAqiVMsyA+hERAKngo2T7VCxgNAhuWEtTT3iMtWJJseM8aFWerjvS/08wBP1+0REXKVGrqOTLoGB+u3F4l9eK4R+qRNxLwiBeXS6qB8KDD6Om8E9LhkFMdKEUMn1XzEdEEko6P6SuoT5pfh/UrezVi5rX+bT5fNZHQm0jw5QBlmoiMqogqqohii6R4/oGb0YD8aT8Wq8TaMLxmxmD/2A8f4F1Zaa4Q==</latexit>

a(t) ⇠ t
2/3

H ⇠ t
�1

<latexit sha1_base64="9Lt5y0GkXyT7EPvvo8seaR8g3U0=">AAACDHicdVC7SgNBFJ2NrxhfUUubwSBo4bqPmMROtLFUMFFIosxOZpMhsw9m7gphib2Nv2JjoYitH2Dn3zgbE1DRAwOHc87lzj1eLLgCy/owclPTM7Nz+fnCwuLS8kpxda2hokRSVqeRiOSlRxQTPGR14CDYZSwZCTzBLrz+ceZf3DCpeBSewyBm7YB0Q+5zSkBL18US2YadluIBhqvU2XOH+HaEk4m2aw91yjIPahVn38GWaVlVx61kxKmWHRfbWslQQmOcXhffW52IJgELgQqiVNO2YminRAKngg0LrUSxmNA+6bKmpiEJmGqno2OGeEsrHexHUr8Q8Ej9PpGSQKlB4OlkQKCnfnuZ+JfXTMCvtVMexgmwkH4t8hOBIcJZM7jDJaMgBpoQKrn+K6Y9IgkF3V9BlzC5FP9PGo5pu6ZzVi4dHo3ryKMNtIm2kY2q6BCdoFNURxTdoQf0hJ6Ne+PReDFev6I5Yzyzjn7AePsE2Mia4w==</latexit>

(de SITTER  UNIVERSE)

a(t) ⇠ e
Ht  H = const

<latexit sha1_base64="SMW810M8C2l4TJnjK4g3B24pmFA="></latexit>



BOLTZMANN EQUATIONS

⇢̇� = �3(1 + w)H⇢� � �⇢�

⇢̇r = �4H⇢r + �⇢�

H
2 =

⇢� + ⇢r

3M2
Pl

<latexit sha1_base64="6l4wyvQMrF3u2VmvUHOKKG7y4ak="></latexit>



HORIZONS (BECAUSE OF THE FINITE VELOCITY OF LIGHT)

1

H
<latexit sha1_base64="yOxFqpVhN1EEvzrbK87YgZlCsms=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQpLWtu6KbrqsYB+QhjKZTtqhk5kwMxFK6Ge4caGIW7/GnX/jpK2gogcuHM65l3vvCRNGlXacD2ttfWNza7uwU9zd2z84LB0dd5VIJSYdLJiQ/RApwignHU01I/1EEhSHjPTC6U3u9+6JVFTwOz1LSBCjMacRxUgbyR9EEuHMnWet+bBUduyrRs279KBjO07dq9Ry4tWrXgW6RslRBiu0h6X3wUjgNCZcY4aU8l0n0UGGpKaYkXlxkCqSIDxFY+IbylFMVJAtTp7Dc6OMYCSkKa7hQv0+kaFYqVkcms4Y6Yn67eXiX56f6qgRZJQnqSYcLxdFKYNawPx/OKKSYM1mhiAsqbkV4gkyKWiTUtGE8PUp/J90Pdut2N5ttdy8XsVRAKfgDFwAF9RBE7RAG3QABgI8gCfwbGnr0XqxXpeta9Zq5gT8gPX2Cb7lkZE=</latexit>

EVENT HORIZON DURING INFLATION, CAUSAL HORIZON AFTER INFLATION

COMOVING HORIZONS ( DISTANCE SEEN BY  AN OBERVED MOVING 
TOGETHER WITH AN EXPANDING UNIVERSE)

1

aH
<latexit sha1_base64="+unFsCr1/KAhMT4koIoOnfAmMes=">AAAB83icdVDLSsNAFL3xWeur6tLNYBFchSStbd0V3XRZwT6gCWUynbRDJw9mJkIJ/Q03LhRx68+482+ctBVU9MCFwzn3cu89fsKZVJb1Yaytb2xubRd2irt7+weHpaPjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe3505vc791TIVkc3alZQr0QjyMWMIKVllw3EJhk9jzDrfmwVLbMq0bNuXSQZVpW3anUcuLUq04F2VrJUYYV2sPSuzuKSRrSSBGOpRzYVqK8DAvFCKfzoptKmmAyxWM60DTCIZVetrh5js61MkJBLHRFCi3U7xMZDqWchb7uDLGayN9eLv7lDVIVNLyMRUmqaESWi4KUIxWjPAA0YoISxWeaYCKYvhWRCdYxKB1TUYfw9Sn6n3Qd066Yzm213LxexVGAUziDC7ChDk1oQRs6QCCBB3iCZyM1Ho0X43XZumasZk7gB4y3T3tOkfw=</latexit>

SHRINKING EXPONENTIALLY  DURING INFLATION;
INCREASING LIKE  a(t) DURING RADIATION ERA



a0 = 1
<latexit sha1_base64="NhCmNVcO+GxUDfIueY7guEYdgEk=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9ikta0HoejFYwVTC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g46KU0moR2Iey26AFeVMUE8zzWk3kRRHAad3weQq9+/uqVQsFrd6mlA/wiPBQkawNpKHB+jCGZQryD5v1t0zFyIboYZbrefEbdTcKnSMkqMClmgPyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb9jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/ycd13aqtntTq7Qul3EUwRE4BqfAAQ3QAtegDTxAAAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AT4PjlI=</latexit>

H0

aH
<latexit sha1_base64="NLY0eo2FMkPvC4INg0V1NUTu0Ag=">AAAB9XicdVBNTwIxEO3iF+IX6tFLIzHxtOkuCHgjeuGIiQgJrKRbutDQ7W7aroZs+B9ePGiMV/+LN/+NXcBEjb5kkpf3ZjIzz485UxqhDyu3srq2vpHfLGxt7+zuFfcPblSUSELbJOKR7PpYUc4EbWumOe3GkuLQ57TjTy4zv3NHpWKRuNbTmHohHgkWMIK1kW77gcQkbQ7QLMXN2aBYQvZ5veqeuRDZCNXccjUjbq3ilqFjlAwlsERrUHzvDyOShFRowrFSPQfF2kux1IxwOiv0E0VjTCZ4RHuGChxS5aXzq2fwxChDGETSlNBwrn6fSHGo1DT0TWeI9Vj99jLxL6+X6KDupUzEiaaCLBYFCYc6glkEcMgkJZpPDcFEMnMrJGNsgtAmqIIJ4etT+D+5cW2nbLtXlVLjYhlHHhyBY3AKHFADDdAELdAGBEjwAJ7As3VvPVov1uuiNWctZw7BD1hvn8n+krY=</latexit>

H0

k⇤<latexit sha1_base64="K2LAawdntJsC90argbucfgpdZ/0=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJWtu6K7rpsoJ9QBvCZDpph04ezEyEGvIlblwo4tZPceffOGkrqOiBC4dz7uXee7yYUSFN80MrrK1vbG4Vt0s7u3v7Zf3gsCeihGPSxRGL+MBDgjAakq6kkpFBzAkKPEb63uw69/t3hAsahbdyHhMnQJOQ+hQjqSRXL498jnDads0snbnnmatXTOOyWbcvbGgaptmwq/Wc2I2aXYWWUnJUwAodV38fjSOcBCSUmCEhhpYZSydFXFLMSFYaJYLECM/QhAwVDVFAhJMuDs/gqVLG0I+4qlDChfp9IkWBEPPAU50BklPx28vFv7xhIv2mk9IwTiQJ8XKRnzAoI5inAMeUEyzZXBGEOVW3QjxFKgmpsiqpEL4+hf+Tnm1YVcO+qVVaV6s4iuAYnIAzYIEGaIE26IAuwCABD+AJPGv32qP2or0uWwvaauYI/ID29gndzZM8</latexit>

FIXED

FIXED

MATTER

RADIATION

INFLATION

FIXED=FIXED FOR A CHOSEN
 MODEL

IN A GIVEN MODEL DEPEND ON THE VALUE OF Hk⇤
<latexit sha1_base64="DElz0W7E/KqcMOGAVgmFjH8dDIo=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0UQFyFJa1t3RTddVrAPaEOYTCftkMkkzEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee/yEUaks68MorK1vbG4Vt0s7u3v7B+XDo56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/fAm9/v3REga8zs1S4gboQmnAcVIaanf9rLQu5h75YplXjXrzqUDLdOyGk61nhOnUXOq0NZKjgpYoeOV30fjGKcR4QozJOXQthLlZkgoihmZl0apJAnCIZqQoaYcRUS62eLcOTzTyhgGsdDFFVyo3ycyFEk5i3zdGSE1lb+9XPzLG6YqaLoZ5UmqCMfLRUHKoIph/jscU0GwYjNNEBZU3wrxFAmElU6opEP4+hT+T3qOaVdN57ZWaV2v4iiCE3AKzoENGqAF2qADugCDEDyAJ/BsJMaj8WK8LlsLxmrmGPyA8fYJYL2Pmw==</latexit>

⇢� = ⇢rad
<latexit sha1_base64="jxgnhZi6E0gBJZLWShAq/i1+aVs=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5Kkta0LoejGZQX7gKaUyXTSDJ1kwsxEqKH4K25cKOLW/3Dn3zhpK6jogQuHc+7l3nu8mFGpLOvDyC0tr6yu5dcLG5tb2zvm7l5b8kRg0sKccdH1kCSMRqSlqGKkGwuCQo+Rjje+zPzOLRGS8uhGTWLSD9Eooj7FSGlpYB64IuADNw7o+YylAg2nA7Nolc7qVefUgVbJsmpOuZoRp1ZxytDWSoYiWKA5MN/dIcdJSCKFGZKyZ1ux6qdIKIoZmRbcRJIY4TEakZ6mEQqJ7Kez66fwWCtD6HOhK1Jwpn6fSFEo5ST0dGeIVCB/e5n4l9dLlF/vpzSKE0UiPF/kJwwqDrMo4JAKghWbaIKwoPpWiAMkEFY6sIIO4etT+D9pOyW7XHKuK8XGxSKOPDgER+AE2KAGGuAKNEELYHAHHsATeDbujUfjxXidt+aMxcw++AHj7RNRFZXM</latexit>

(⇢rad / T 4
re)

<latexit sha1_base64="44UBkSzSTXPUSMbZYISHnhMTg+w="></latexit>

A SCHEMATIC EVOLUTION OF  HORIZONS 1/aH



ONCE THE FROZEN PERTURBATIONS, DETERMINED BY THE INFLATON 
DYNAMICS, REENTER THE HORIZON  THEY ARE UNDER CONTROL
(OUR FRIENDLY UNIVERSE-RADIATION, MATTER)

THEY ARE MEASURED BY CMB EXPERIMENTS.  STILL A LONG WAY 
TO CONTROL, TRANSFER FUNCTION, VERY  COMPLEX INDUSTRY;  
COMPLEXITY SIMILAR TO GETTING THE HIGGS SIGNAL AT THE LHC



THIS IS THE CONSISTENCY RELATION THAT FIXES 

STEP 2: T⇥ = T⇥(n, ns, r, As)
<latexit sha1_base64="tVCAOWaq4knsfvk3N9debOgnfGo="></latexit>

0 = ln

✓
k⇤

ak⇤Hk⇤

◆
= ln

✓
aend

ak⇤

a⇥
aend

a0

a⇥

k⇤
a0Hk⇤

◆
,

<latexit sha1_base64="6SRlEGFZnTgaTyNSL18sE9I4j8U="></latexit>

DEPENDENCE  IN
a⇥
aend

and
a0
a⇥

<latexit sha1_base64="cmeav+TPaHUeYQKYoY77ik/bBi0="></latexit>

a0
a⇥

/ T0/T⇥
<latexit sha1_base64="K7U8B0qusE8+KhrgArcVUWpOvsk="></latexit>

ONE HAS TO SOLVE THE BOLTZMANN EQ

FOR THE REHEATING TO FIND ⇢⇥ / T 4
⇥

<latexit sha1_base64="u4ns5Qqc75MyhSYVDeW6FYcsB18=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFchTStbd0V3bis0Bc0sUymk3boJBNmJkIJXbnxV9y4UMSt3+DOv3HSVlDRAwOHc+7lzjl+zKhUtv1hLC2vrK6t5zbym1vbO7vm3n5b8kRg0sKccdH1kSSMRqSlqGKkGwuCQp+Rjj++zPzOLRGS8qipJjHxQjSMaEAxUlrqm0euGPG+q2hIpBsLHisOmzflhdI3C7Z1Xqs4Zw60LduuOqVKRpxq2SnBolYyFMACjb757g44TkISKcyQlL2iHSsvRUJRzMg07yaSxAiP0ZD0NI2QPuKlsxhTeKKVAQy40C9ScKZ+30hRKOUk9PVkiNRI/vYy8S+vl6ig5qU0ihNFIjw/FCQM6qxZJ3BABcGKTTRBWFD9V4hHSCCsdHN5XcJXUvg/aTtWsWQ51+VC/WJRRw4cgmNwCoqgCurgCjRAC2BwBx7AE3g27o1H48V4nY8uGYudA/ADxtsnAkCZeg==</latexit>

⇢� = ⇢R ⌘ ⇢⇥
<latexit sha1_base64="V3U84ziWhidWnM8AI7rwDAT2qyY="></latexit>

FORTre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>



REHEATING: A SIMPLEST DESCRIPTION-IN TERMS OF AN EFFECTIVE DISSIPATION RATE
    THAT LEADS TO THE TRANSFER OF ENERGY FROM THE INFLATON FIELD TO RADIATION.�

<latexit sha1_base64="8czga+6xI/3F9zpNkkl00TP74+4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ogtdVrAPaIeSSTNtbJIZkoxQhv6DGxeKuPV/3Pk3ZtoKKnrgwuGce7n3niBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOMLnM/M49kYpG4lZPY+JzNBI0pBhpI7X7V4hzNCiWHPu8XvXOPOjYjlPzytWMeLWKV4auUTKUwBLNQfG9P4xwwonQmCGleq4Taz9FUlPMyKzQTxSJEZ6gEekZKhAnyk/n187giVGGMIykKaHhXP0+kSKu1JQHppMjPVa/vUz8y+slOqz7KRVxoonAi0VhwqCOYPY6HFJJsGZTQxCW1NwK8RhJhLUJqGBC+PoU/k/anu2Wbe+mUmpcLOPIgyNwDE6BC2qgAa5BE7QABnfgATyBZyuyHq0X63XRmrOWM4fgB6y3T7oijz0=</latexit>

FOR ANY MODEL OF REHEATING, ONE IMPORTANT PARAMETER   IS THE  TEMPERATURE 
OF THE SM PLASMA CHARACTERIZING THE BEGINNING OF THE RADIATION ERA,           ,                
DEFINED E.G. BY  

⇢inf = ⇢rad
<latexit sha1_base64="BbrBT+Tsx8t8INiun2QwayQiCbE=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIU0rW1dCEU3LivYVmhjmEwm7dDJg5mJUGIW/oobF4q49Tfc+TdO2goqeuDC4Zx7ufceN2ZUSNP80AoLi0vLK8XV0tr6xuaWvr3TFVHCMengiEX82kWCMBqSjqSSkeuYExS4jPTc8Xnu924JFzQKr+QkJnaAhiH1KUZSSY6+N+Cj6CaloZ+dwpw7KUde5uhl0zhp1q1jC5qGaTasaj0nVqNmVWFFKTnKYI62o78PvAgnAQklZkiIfsWMpZ0iLilmJCsNEkFihMdoSPqKhiggwk6n92fwUCke9COuKpRwqn6fSFEgxCRwVWeA5Ej89nLxL6+fSL9pq+fiRJIQzxb5CYMygnkY0KOcYMkmiiDMqboV4hHiCEsVWUmF8PUp/J90LaNSNazLWrl1No+jCPbBATgCFdAALXAB2qADMLgDD+AJPGv32qP2or3OWgvafGYX/ID29gnBEpaX</latexit>

CAN BE TRADED FOR    �
<latexit sha1_base64="eTKd/f4X/QuEwcdi7snGLzn0gEg=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4Cmla23oretBjBfsBbSib7aZdupuE3Y1QQn+EFw+KePX3ePPfuGkrqOiDgcd7M8zM82POlHacD2tldW19YzO3ld/e2d3bLxwctlWUSEJbJOKR7PpYUc5C2tJMc9qNJcXC57TjT64yv3NPpWJReKenMfUEHoUsYARrI3X611gIjAaFomNf1KvuuYsc23FqbrmaEbdWccuoZJQMRViiOSi894cRSQQNNeFYqV7JibWXYqkZ4XSW7yeKxphM8Ij2DA2xoMpL5+fO0KlRhiiIpKlQo7n6fSLFQqmp8E2nwHqsfnuZ+JfXS3RQ91IWxommIVksChKOdISy39GQSUo0nxqCiWTmVkTGWGKiTUJ5E8LXp+h/0nbtUtl2byvFxuUyjhwcwwmcQQlq0IAbaEILCEzgAZ7g2YqtR+vFel20rljLmSP4AevtExHej2c=</latexit>

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>

(⇢rad / T 4
re)

<latexit sha1_base64="44UBkSzSTXPUSMbZYISHnhMTg+w="></latexit>

Tre
<latexit sha1_base64="pldFZ/l7f2nabqREpRhfvkjn6iw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27ohuXFfqCdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vvCWJGlXacDyu3tr6xuZXfLuzs7u0fFA+POkokEpM2FkzIXoAUYZSTtqaakV4sCYoCRrrB9Drzu/dEKip4S89i4kdozGlIMdJG6rSGqSTzYbHk2Jf1qnfhQcd2nJpXrmbEq1W8MnSNkqEEVmgOi++DkcBJRLjGDCnVd51Y+ymSmmJG5oVBokiM8BSNSd9QjiKi/HRx7RyeGWUEQyFNcQ0X6veJFEVKzaLAdEZIT9RvLxP/8vqJDut+SnmcaMLxclGYMKgFzF6HIyoJ1mxmCMKSmlshniCJsDYBFUwIX5/C/0nHs92y7d1WSo2rVRx5cAJOwTlwQQ00wA1ogjbA4A48gCfwbAnr0XqxXpetOWs1cwx+wHr7BCBFj4A=</latexit>



STEP 1:

ILUSTRATION OF THE METHOD FOR THE INFLATON POTENTALS:

E-MODEL

P-MODEL

V (�,↵, n,⇤inf) := ⇤4
inf(1� exp[�

r
2

3↵

�

MPl
])2n

⇤4
inf

�2n

�2n +
⇣q

3↵
2 MPl

⌘2n

<latexit sha1_base64="4trQHDEBvg+nq0Ibl6J9jxjC9Pw="></latexit>

↵ = ↵(n, ns, r), ⇤inf = ⇤inf (n, ns, r, As),

�k⇤ = �k⇤(n, ns, r)
<latexit sha1_base64="Hw9ZnjHS+OMp/XB9Cj55qVX1uCI="></latexit>



STEP 2:     USE THE CONSISTENCY CONDITIONS –THE SAME PERTURBATION  

WAS OBSERVED NOW WITH   THE WAVELENGTH                                                            

THAT LEFT  THE HORIZON  WITH WAVELENGTH  

PLOT                                      AS A FUNCTION OF a
<latexit sha1_base64="WhI+wWcgecTOCX8tXoP4CkDpBc0=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaapFhsWSZl/Wqc+Fgy7SsmlOuZsSpVZwytrWSoYRWaA6L74NRRJMAQkU5kbJvW7FyUyIUoxzmhUEiISZ0SsbQ1zQkAUg3XRw6x2daGWE/ErpChRfq94mUBFLOAk93BkRN5G8vE//y+ony627KwjhRENLlIj/hWEU4+xqPmACq+EwTQgXTt2I6IYJQpbMp6BC+PsX/k45j2mXTaVVKjatVHHl0gk7RObJRDTXQDWqiNqII0AN6Qs/GnfFovBivy9acsZo5Rj9gvH0CJ6ONLQ==</latexit>

(
1

H
)com =

1

Ha
<latexit sha1_base64="GFk5r8xi1u4DHeSKLt7oPPh7hBg=">AAACCXicdZDLSsNAFIYn9VbrLerSzWAR6qYkaW3rQii66bKCbYU2hMl00g6dXJiZCCVk68ZXceNCEbe+gTvfxklb8YL+MPDznXM4c343YlRIw3jXckvLK6tr+fXCxubW9o6+u9cVYcwx6eCQhfzaRYIwGpCOpJKR64gT5LuM9NzJRVbv3RAuaBhcyWlEbB+NAupRjKRCjg5LA48jnJhp0kqPnQSHfnr2hVDq6EWjfNqoWScWNMqGUbcqtcxY9apVgaYimYpgobajvw2GIY59EkjMkBB904iknSAuKWYkLQxiQSKEJ2hE+soGyCfCTmaXpPBIkSH0Qq5eIOGMfp9IkC/E1HdVp4/kWPyuZfCvWj+WXsNOaBDFkgR4vsiLGZQhzGKBQ8oJlmyqDMKcqr9CPEYqBqnCK6gQPi+F/5uuVTYrZeuyWmyeL+LIgwNwCErABHXQBC3QBh2AwS24B4/gSbvTHrRn7WXemtMWM/vgh7TXD+A1mno=</latexit>

1

akHk
=

1

k⇤
<latexit sha1_base64="fGk0NCZ3qP1QZHfUbI/u4qpuRXk="></latexit>

�
00
phys = ak⇤/k⇤ / H

�1
k⇤<latexit sha1_base64="U9WryBFMDWqfV7bD9UWskO28AgI="></latexit>

�phys = 1/k⇤ = 20Mpc
<latexit sha1_base64="z0SbKtywwhqwmUFZJErkM8M+Gyg="></latexit>



POINT 2 cont

PERTURBATIONS WHICH LEFT THE (EVENT) HORIZON DURING 
INFLATION ARE FROZEN UNTIL, UNCHANGED, REENTER 
(PARTICLE) HORIZON, , AFTER THE  END OF INFLATION, 

(after inflation 1/aH becomes comoving particle horizon, 
becoming larger and larger)

�̇(k) = 0 for �k > 1/(aH)k
<latexit sha1_base64="KG/H9uQivIGrXAOHulMK/W9///o="></latexit>







H ⇠ 1

t
! 1

H
is the causal horizon (c = 1)

<latexit sha1_base64="B2TXkUxCVGG9w3iYUJ+IJ1ozBag="></latexit>

De SITTER: CAUSAL HORIZON 
1

H
e
Ht

<latexit sha1_base64="85pMF9ZQ/9x/ZctgFL6760xHjOs=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFclSStbd0V3XRZwT6gjWUynbRDJ5MwM1FKzKe4caGIW7/EnX/jpK2gogcuHM65l3vv8SJGpbKsD2NldW19YzO3ld/e2d3bNwsHHRnGApM2Dlkoeh6ShFFO2ooqRnqRICjwGOl608vM794SIWnIr9UsIm6Axpz6FCOlpaFZGPgC4cROk2ZKbpKmSodm0Sqd16vOmQOtkmXVnHI1I06t4pShrZUMRbBEa2i+D0YhjgPCFWZIyr5tRcpNkFAUM5LmB7EkEcJTNCZ9TTkKiHST+ekpPNHKCPqh0MUVnKvfJxIUSDkLPN0ZIDWRv71M/Mvrx8qvuwnlUawIx4tFfsygCmGWAxxRQbBiM00QFlTfCvEE6SyUTiuvQ/j6FP5POk7JLpecq0qxcbGMIweOwDE4BTaogQZoghZoAwzuwAN4As/GvfFovBivi9YVYzlzCH7AePsE8ZmUdQ==</latexit>

DURING INFLATION  THE CAUSALLY CONNECTED REGION GROWS EXPONENTIALLY

AFTER INFLATION ,  THE CAUSAL HORIZON  BEGINS WITH VERY SMALL (1/H) AND IS RISING  LINEARLY WITH  TIME

HORIZONS

PARTICLE HORIZON –THE BOUNDARY OF  SPACE FROM WHICH WE CAN RECEIVE INFORMATION AT A GIVEN 
MOMENT OF TIME 

FOR RADIATION AND MATTER
DOMINATED UNIVERSE

MINIMAL TIME FOR INFLATION
SHOULD GIVE LARGE ENOUGH UNIVERSE
WHICH AFTER SUBSEQUENT EXPANSION
IS AT LEAST AS LARGE AS OUR PRESENT ONE



COMOVING  HORIZON (DISTANCE SEEN BY AN OBSERVER 
MOVING TOGETHER WITH AN  EXPANDING UNIVERSE)

1

aH
<latexit sha1_base64="+unFsCr1/KAhMT4koIoOnfAmMes=">AAAB83icdVDLSsNAFL3xWeur6tLNYBFchSStbd0V3XRZwT6gCWUynbRDJw9mJkIJ/Q03LhRx68+482+ctBVU9MCFwzn3cu89fsKZVJb1Yaytb2xubRd2irt7+weHpaPjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe3505vc791TIVkc3alZQr0QjyMWMIKVllw3EJhk9jzDrfmwVLbMq0bNuXSQZVpW3anUcuLUq04F2VrJUYYV2sPSuzuKSRrSSBGOpRzYVqK8DAvFCKfzoptKmmAyxWM60DTCIZVetrh5js61MkJBLHRFCi3U7xMZDqWchb7uDLGayN9eLv7lDVIVNLyMRUmqaESWi4KUIxWjPAA0YoISxWeaYCKYvhWRCdYxKB1TUYfw9Sn6n3Qd066Yzm213LxexVGAUziDC7ChDk1oQRs6QCCBB3iCZyM1Ho0X43XZumasZk7gB4y3T3tOkfw=</latexit>

(SHRINKING FOR de SITTER))

EVENT HORIZON: A BOUNDARY OF THE REGION FROM WHICH SIGNALS SENT AT A GIVEN MOMENT OF TIME
WILL NEVER BE SEEN  BY AN OBSERVER IN THE FUTURE  

De SITTER:    1/H WHAT HAPPENS BEYOND THAT DISTNCE CANNOT HAVE ANY EFFECT ON THE OBSEVER

de SITTER:  PARTICLE + EVENT HORIZONS. -----à A SMALL  (1/H) HOMOGENOUS
 CAUSAL REGION  AT THE BEGINNING OF INFLATION IS EXPANDING  EXPONENTIALLY,  UNAFFECTED BY 
EXTERNAL REGIONS, TOGETHER WITH PARTICLE HORIZON



STRONG ASSUMPTION MADE ABOVE :  IN THE INFLATON OSCILLATORY PERIOD,

THE (AVERAGED OVER AN OSCILLATION)  EFFECTIVE EQUATION OF STATE PARAMETER

p = w⇢
<latexit sha1_base64="XFY1ZmgsnkZup0msXVMX7pQ6p6g=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4Gmamta0LoejGZQX7gHYomTTThmaSIckoZehHuHGhiFu/x51/Y6atoKIHLhzOuZd77wliRpV2nA8rt7K6tr6R3yxsbe/s7hX3D9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6weQq8zt3RCoq+K2exsSP0IjTkGKkjdSJL+77ciwGxZJjn9er3pkHHdtxal65mhGvVvHK0DVKhhJYojkovveHAicR4RozpFTPdWLtp0hqihmZFfqJIjHCEzQiPUM5iojy0/m5M3hilCEMhTTFNZyr3ydSFCk1jQLTGSE9Vr+9TPzL6yU6rPsp5XGiCceLRWHCoBYw+x0OqSRYs6khCEtqboV4jCTC2iRUMCF8fQr/J23Pdsu2d1MpNS6XceTBETgGp8AFNdAA16AJWgCDCXgAT+DZiq1H68V6XbTmrOXMIfgB6+0TswKP0Q==</latexit>

IS DETERMINED BY THE INFLATON POTENTIAL



THE CMB EXPERIMENTS “MEASURE” OR PUT BOUNDS ON THOSE PARAMETERS
FOR A PERTURBATION   WITH SOME PHYSICAL WAVELENGHT NOW (DEFINED BY THE
ANGULAR RESOLUTION OF THE SKY)                                                                                               

�phys = a0/k⇤ ⇡ 20Mpc
<latexit sha1_base64="MyDCAxoh22c9D25LJGxeq8aefE4="></latexit>

k⇤ = a0 ⇥ 0.05Mpc�1
<latexit sha1_base64="KWsLBVEuiGLoF9O/o3JnRg4vfzQ=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFEMCTp04VQdONGqGAf0MYwmU7boZMHMxOhhC7c+CtuXCji1o9w5984aSuo6IELh3Pu5d57vIhRIU3zQ1tYXFpeWc2sZdc3Nre29Z3dpghjjkkDhyzkbQ8JwmhAGpJKRtoRJ8j3GGl5o/PUb90SLmgYXMtxRBwfDQLapxhJJbl6buQenSLX7ErqEwFNwyzBywjfJMfWxNXzpnFSLdslOzXMil0op8SuFO0CtJSSIg/mqLv6e7cX4tgngcQMCdGxzEg6CeKSYkYm2W4sSITwCA1IR9EAqZVOMn1iAg+U0oP9kKsKJJyq3ycS5Asx9j3V6SM5FL+9VPzL68SyX3USGkSxJAGeLerHDMoQponAHuUESzZWBGFO1a0QDxFHWKrcsiqEr0/h/6RpG1bBsK+K+drZPI4MyIF9cAgsUAE1cAHqoAEwuAMP4Ak8a/fao/aivc5aF7T5zB74Ae3tExJxlnc=</latexit>

IT IS CONVENIENT AND CUSTOMARY TO PUT a0 = 1
<latexit sha1_base64="NhCmNVcO+GxUDfIueY7guEYdgEk=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9ikta0HoejFYwVTC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g46KU0moR2Iey26AFeVMUE8zzWk3kRRHAad3weQq9+/uqVQsFrd6mlA/wiPBQkawNpKHB+jCGZQryD5v1t0zFyIboYZbrefEbdTcKnSMkqMClmgPyu/9YUzSiApNOFaq56BE+xmWmhFOZ6V+qmiCyQSPaM9QgSOq/Gx+7AyeGGUIw1iaEhrO1e8TGY6UmkaB6YywHqvfXi7+5fVSHTb9jIkk1VSQxaIw5VDHMP8cDpmkRPOpIZhIZm6FZIwlJtrkUzIhfH0K/ycd13aqtntTq7Qul3EUwRE4BqfAAQ3QAtegDTxAAAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AT4PjlI=</latexit>

IT REENTERED THE (PARTICLE) HORIZON   WITH THE WAVELENGTH                      AND AT THE FLRW SCALE FACTOR �0
phys

<latexit sha1_base64="ziu4rUqx03p+aWrUnPEWNjo2foA=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyFNa1t3RTcuK9hWaGKYTCbt0MmDmYkQQsFfceNCEbd+hzv/xklbQUUPDBzOOZd753gJo0Ka5odWWlpeWV0rr1c2Nre2d/Tdvb6IU45JD8cs5jceEoTRiPQklYzcJJyg0GNk4E0uCn9wR7igcXQts4Q4IRpFNKAYSSW5+oHNVNhHbp6MMzG9tRNOQ+LqVdM4azetUwuahmm2rHqzIFarYdVhTSkFqmCBrqu/236M05BEEjMkxLBmJtLJEZcUMzKt2KkgCcITNCJDRSMUEuHks/On8FgpPgxirl4k4Uz9PpGjUIgs9FQyRHIsfnuF+Jc3TGXQdnIaJakkEZ4vClIGZQyLLqBPOcGSZYogzKm6FeIx4ghL1VhFlfD1U/g/6VtGrW5YV41q53xRRxkcgiNwAmqgBTrgEnRBD2CQgwfwBJ61e+1Re9Fe59GStpjZBz+gvX0CcCOWdA==</latexit>

�
0
phys =

a

k⇤
=/ 1

H(a)
= a

2 1

H0
<latexit sha1_base64="BZIhjCvXZR57nyCWOVmn+PgCpZs="></latexit>

a
<latexit sha1_base64="WhI+wWcgecTOCX8tXoP4CkDpBc0=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaapFhsWSZl/Wqc+Fgy7SsmlOuZsSpVZwytrWSoYRWaA6L74NRRJMAQkU5kbJvW7FyUyIUoxzmhUEiISZ0SsbQ1zQkAUg3XRw6x2daGWE/ErpChRfq94mUBFLOAk93BkRN5G8vE//y+ony627KwjhRENLlIj/hWEU4+xqPmACq+EwTQgXTt2I6IYJQpbMp6BC+PsX/k45j2mXTaVVKjatVHHl0gk7RObJRDTXQDWqiNqII0AN6Qs/GnfFovBivy9acsZo5Rj9gvH0CJ6ONLQ==</latexit>

FOR RADIATION



WE ARE INTERESTED IN             GENERATED  BY            (inflaton field perturbations).  

ONE CAN CALCULATE                 AND OTHER CMB OBSERVABLES IN TERMS OF THE 

INFLATON POTENTIAL, BY SOLVING  EQ OF MOTION FOR          IN THE CURVED SPACE.

��(x)
<latexit sha1_base64="oWCglhlRnco3UxQFVRKEmWK4G3I=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0Wom5Ckta27ghuXFewDmlAm00k7dDKJM5NiCf0ONy4UcevHuPNvnLQVVPTAhcM593LvPX7MqFSW9WHk1tY3Nrfy24Wd3b39g+LhUUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/uQq87tTIiSN+K2axcQL0YjTgGKktOS5Q8IUcuMxLd+fD4oly7xs1JwLB1qmZdWdSi0jTr3qVKCtlQwlsEJrUHx3hxFOQsIVZkjKvm3FykuRUBQzMi+4iSQxwhM0In1NOQqJ9NLF0XN4ppUhDCKhiyu4UL9PpCiUchb6ujNEaix/e5n4l9dPVNDwUsrjRBGOl4uChEEVwSwBOKSCYMVmmiAsqL4V4jESCCudU0GH8PUp/J90HNOumM5NtdR0VnHkwQk4BWVggzpogmvQAm2AwR14AE/g2Zgaj8aL8bpszRmrmWPwA8bbJ69HkgA=</latexit>

�(x)
<latexit sha1_base64="JiCLEYsv4z+sw18yazJujx5scLU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSLUzTCT1rbuCm5cVrAPaIeSSTNtaCYzJBmxDP0INy4Ucev3uPNvzLQVVPTAhcM593LvPX7MmdKO82Hl1tY3Nrfy24Wd3b39g+LhUUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vQq87t3VCoWiVs9i6kX4rFgASNYG6k7aE1Y+f58WCw59mWjhi4QdGzHqaNKLSOoXkUV6BolQwms0BoW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0sW5c3hmlBEMImlKaLhQv0+kOFRqFvqmM8R6on57mfiX10900PBSJuJEU0GWi4KEQx3B7Hc4YpISzWeGYCKZuRWSCZaYaJNQwYTw9Sn8n3SQ7VZsdFMtNdEqjjw4AaegDFxQB01wDVqgDQiYggfwBJ6t2Hq0XqzXZWvOWs0cgx+w3j4B5uWPPg==</latexit>

�(k)
<latexit sha1_base64="nmF+NW6A+XCFr9ciodYzeInb1vQ=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoMQL8vuJibxFvTiMYJ5QLKE2clsMmT2wcysEJZ8hBcPinj1e7z5N84mEVS0oKGo6qa7y4s5k8qyPozc2vrG5lZ+u7Czu7d/UDw86sgoEYS2ScQj0fOwpJyFtK2Y4rQXC4oDj9OuN73O/O49FZJF4Z2axdQN8DhkPiNYaak7aE1YeXo+LJYs87JRcy4cZJmWVXcqtYw49apTQbZWMpRghdaw+D4YRSQJaKgIx1L2bStWboqFYoTTeWGQSBpjMsVj2tc0xAGVbro4d47OtDJCfiR0hQot1O8TKQ6knAWe7gywmsjfXib+5fUT5TfclIVxomhIlov8hCMVoex3NGKCEsVnmmAimL4VkQkWmCidUEGH8PUp+p90HNOumM5ttdS8WsWRhxM4hTLYUIcm3EAL2kBgCg/wBM9GbDwaL8brsjVnrGaO4QeMt0/X9I9B</latexit>

��(x)
<latexit sha1_base64="oWCglhlRnco3UxQFVRKEmWK4G3I=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0Wom5Ckta27ghuXFewDmlAm00k7dDKJM5NiCf0ONy4UcevHuPNvnLQVVPTAhcM593LvPX7MqFSW9WHk1tY3Nrfy24Wd3b39g+LhUUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/uQq87tTIiSN+K2axcQL0YjTgGKktOS5Q8IUcuMxLd+fD4oly7xs1JwLB1qmZdWdSi0jTr3qVKCtlQwlsEJrUHx3hxFOQsIVZkjKvm3FykuRUBQzMi+4iSQxwhM0In1NOQqJ9NLF0XN4ppUhDCKhiyu4UL9PpCiUchb6ujNEaix/e5n4l9dPVNDwUsrjRBGOl4uChEEVwSwBOKSCYMVmmiAsqL4V4jESCCudU0GH8PUp/J90HNOumM5NtdR0VnHkwQk4BWVggzpogmvQAm2AwR14AE/g2Zgaj8aL8bpszRmrmWPwA8bbJ69HkgA=</latexit>



FOR INSTANCE, E-MODEL, IN THE SLOW-ROLL APPROXIMATION: FIRST, EXPRESS THE OBSERVABLES  IN TERMS OF THE
POTENTIAL PARAMETERS, THEN INVERT THE RELATIONS

⇠ = n(8
(1� ns)

r
� 1)

<latexit sha1_base64="htiXCSQJpqMugZMl7bHVKakIYdM="></latexit>

↵ =
64n2

3r

1

(⇠ � 1)2
<latexit sha1_base64="O3EbdV0N3M+xVtJC2XFCRydHN/A="></latexit>

�k =
p

(32/r)
n

(n� 1)
ln (⇠)

<latexit sha1_base64="hbq4/M2FnylHZE1StcS/S/2lu3s="></latexit>

⇤4
inf =

3n2

2
rAs(

⇠

⇠ � 1
)2n

<latexit sha1_base64="+vab1DG3R/NuLA6deXSiMs/Haxc="></latexit>



ALSO,  FIX                     IN TERMS OF THE OBERVABLES BY USING THE CONDITIONS�end
<latexit sha1_base64="30MRsJmJZrk6Mi0hLgz8tkQEAOs=">AAAB8XicdVBNS8NAEN3Ur1q/qh69LBbBU0nS2tZb0YvHCrYV21A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdNWUNEHA4/3ZpiZ58ecKW3bH1ZuZXVtfSO/Wdja3tndK+4fdFSUSAptGvFI3vpEAWcC2pppDrexBBL6HLr+5DLzu/cgFYvEjZ7G4IVkJFjAKNFGuuvHYzZIQQxng2LJLp83au6Zi+2ybdfdSi0jbr3qVrBjlAwltERrUHzvDyOahCA05USpnmPH2kuJ1IxymBX6iYKY0AkZQc9QQUJQXjq/eIZPjDLEQSRNCY3n6veJlIRKTUPfdIZEj9VvLxP/8nqJDhpeykScaBB0sShIONYRzt7HQyaBaj41hFDJzK2YjokkVJuQCiaEr0/x/6Tjlp1K2b2ulpoXyzjy6Agdo1PkoDpqoivUQm1EkUAP6Ak9W8p6tF6s10VrzlrOHKIfsN4+AUTAkVE=</latexit>

✏, ⌘ = 1
<latexit sha1_base64="h/T05C2uN5gtWlhXP/Zvq6XkO80=">AAAB+XicdVBNS8NAEN34WetX1KOXxSJ4kJKkta0HoejFYwX7AW0pm+20XbrZhN1NoYT+Ey8eFPHqP/Hmv3HTVlDRBwOP92aYmedHnCntOB/Wyura+sZmZiu7vbO7t28fHDZUGEsKdRryULZ8ooAzAXXNNIdWJIEEPoemP75J/eYEpGKhuNfTCLoBGQo2YJRoI/VsuwORYjwU5x3QBF+5PTvn5C8rJe/Cw07eccpeoZQSr1z0Ctg1SoocWqLWs987/ZDGAQhNOVGq7TqR7iZEakY5zLKdWEFE6JgMoW2oIAGobjK/fIZPjdLHg1CaEhrP1e8TCQmUmga+6QyIHqnfXir+5bVjPah0EyaiWIOgi0WDmGMd4jQG3GcSqOZTQwiVzNyK6YhIQrUJK2tC+PoU/08aXt4t5L27Yq56vYwjg47RCTpDLiqjKrpFNVRHFE3QA3pCz1ZiPVov1uuidcVazhyhH7DePgH1pJM5</latexit>

�end = MP
4
p
2n

(⇠ � 1)
p
r

<latexit sha1_base64="6XfmftWAGTkr3Zv/KV2+V5PoVfY="></latexit>

THE NUMBER OF e-FOLDS  Nk
<latexit sha1_base64="g76hPmRYqcsQ9Q0WMS/6glL4DK0=">AAAB7HicdVBNS8NAEJ3Urxq/qh69LBbBU0nS2tZb0YsnqWBqoS1ls920SzebsLsRSulv8OJBEa/+IG/+GzdtBRV9MPB4b4aZeUHCmdKO82HlVlbX1jfym/bW9s7uXmH/oKXiVBLqk5jHsh1gRTkT1NdMc9pOJMVRwOldML7M/Lt7KhWLxa2eJLQX4aFgISNYG8m/7o9tu18oOqXzetU785BTcpyaV65mxKtVvDJyjZKhCEs0+4X37iAmaUSFJhwr1XGdRPemWGpGOJ3Z3VTRBJMxHtKOoQJHVPWm82Nn6MQoAxTG0pTQaK5+n5jiSKlJFJjOCOuR+u1l4l9eJ9VhvTdlIkk1FWSxKEw50jHKPkcDJinRfGIIJpKZWxEZYYmJNvlkIXx9iv4nLa/klkveTaXYuFjGkYcjOIZTcKEGDbiCJvhAgMEDPMGzJaxH68V6XbTmrOXMIfyA9fYJ8i+OIA==</latexit>

Nk = � 1

M2
P

Z �end

�k

V (�)

@�V (�)
d�

<latexit sha1_base64="Epdz+Tm2wMmJPDEMFyXPmGYpxYc="></latexit>



STEP 2:  

STEP 1 DOES NOT DEPEND ON THE REHEATING  PERIOD.  HOWEVER , 

THE CMB OBERVABLES MEASURE THE  PRIMORDIAL PERTURBATION  (WITHIN

THE INFLATION 

PARADIGM), THAT LEFT THE (EVENT) HORIZON                             

(CAUSALY CONNECTED PART OF THE UNIVERSE) DURING INFLATION WITH THE 
WAVELENGTH

H
�1 / (

p
V (�))�1

<latexit sha1_base64="hsbosJ5FMEpmj4S8OYZl8vYL6Pg="></latexit>

�
00
phys = ak⇤/k⇤ / H

�1
k⇤<latexit sha1_base64="U9WryBFMDWqfV7bD9UWskO28AgI="></latexit>



dnDM

dt
+ 3HnDM =< �v > (n2

EQ � n
2
DM )

<latexit sha1_base64="gvUiYf7n8mND0uZnKLsW7RwZFMs="></latexit>

BOLTZMANN EQUATION

FOR COMOVING PARTICLE DENSITY Y ⌘ nDM/s
<latexit sha1_base64="RFgoOGY9rlFsbHjwtcxK4N5zrYQ=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZO0tnVX1IUboYJ9SFvKZDpph04mcWZSKKF/4saFIm79E3f+jZO2gooeuHA4517uvceLGJXKtj+MzNLyyupadj23sbm1vWPu7jVkGAtM6jhkoWh5SBJGOakrqhhpRYKgwGOk6Y0uUr85JkLSkN+qSUS6ARpw6lOMlJZ6pnnXIfcxHUPeSy6vpyeyZ+Zt66xSck9daFu2XXYLpZS45aJbgI5WUuTBArWe+d7phzgOCFeYISnbjh2pboKEopiRaa4TSxIhPEID0taUo4DIbjK7fAqPtNKHfih0cQVn6veJBAVSTgJPdwZIDeVvLxX/8tqx8ivdhPIoVoTj+SI/ZlCFMI0B9qkgWLGJJggLqm+FeIgEwkqHldMhfH0K/ycN13IKlntTzFfPF3FkwQE4BMfAAWVQBVegBuoAgzF4AE/g2UiMR+PFeJ23ZozFzD74AePtE29Yk4o=</latexit>

Y /
T 2d�1
⇥
⇤2d
DM

<latexit sha1_base64="FXNmkwaH8JuMYyZhO7IBveKAuj4="></latexit>

⌦DM = 0.2(
mDM

1TeV
)(

YDM

10�13
)

<latexit sha1_base64="aktosdbphj+DWYg/mtK5dXHDXS0="></latexit>

⌦DMh2 = 0.12
<latexit sha1_base64="6vta+AxRZf+a0YofZMProwfsipw=">AAAB/HicdVDLSgMxFM34rPVV7dJNsAiuhpm0tnUhFHXhRqxgH9COQyZN29DMgyQjlKH+ihsXirj1Q9z5N2baCip64MLhnHu59x4v4kwqy/owFhaXlldWM2vZ9Y3Nre3czm5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRWeq37qiQLAxu1Diijo8HAeszgpWW3Fy+e+XTAXaT88vJ8BadWKaN3FzBMo+rZXSEoGVaVgUVyylBlRIqQlsrKQpgjrqbe+/2QhL7NFCEYyk7thUpJ8FCMcLpJNuNJY0wGeEB7WgaYJ9KJ5keP4EHWunBfih0BQpO1e8TCfalHPue7vSxGsrfXir+5XVi1a86CQuiWNGAzBb1Yw5VCNMkYI8JShQfa4KJYPpWSIZYYKJ0Xlkdwten8H/SRKZdNNF1qVA7nceRAXtgHxwCG1RADVyAOmgAAsbgATyBZ+PeeDRejNdZ64Ixn8mDHzDePgEx5JPU</latexit>

DEMANDING                                         ONE GETS               

AS A FUNCTION OF                  FOR A CHOSEN MODEL OF INFLATION

mDM versus ⇤DM
<latexit sha1_base64="nPwY+7dyjBa4rM2RogP/SDldJ3k="></latexit>

T⇥
<latexit sha1_base64="g5idj7WL3cEFhRakCHuYS4SeN88=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadndxCTegl48RsgLkiXMTmaTIbMPZ3qFsOQnvHhQxKu/482/cTaJoKIFDUVVN91dXiy4Asv6MHJr6xubW/ntws7u3v5B8fCoo6JEUtamkYhkzyOKCR6yNnAQrBdLRgJPsK43vc787j2TikdhC2YxcwMyDrnPKQEt9VrDAfCAqWGxZJmX9apz4WDLtKyaU65mxKlVnDK2tZKhhFZoDovvg1FEk4CFQAVRqm9bMbgpkcCpYPPCIFEsJnRKxqyvaUj0Ejdd3DvHZ1oZYT+SukLAC/X7REoCpWaBpzsDAhP128vEv7x+An7dTXkYJ8BCulzkJwJDhLPn8YhLRkHMNCFUcn0rphMiCQUdUUGH8PUp/p90HNMum85tpdS4WsWRRyfoFJ0jG9VQA92gJmojigR6QE/o2bgzHo0X43XZmjNWM8foB4y3T3gwkEM=</latexit>

(MODELS OF DM PRODUCTION ARE TESTED BY CMB OBSERVABLES)




