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[Ref: SriramKumar’s, Ivonne’s, Gianmassimo’s talk]
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Why inflation 

The horizon problem: antipodal points in the CMB sky share the same temperature modulo 
an anisotropy of 1 parts in a million despite not being in causal contact at the time of 
decoupling. [Ref: Subhodip’s talk]




Minimally coupled scalar field driven inflation

Image source: arXiv:2303.04819

Scalar field minimally coupled to gravity driving slow-roll inflation



Slow-roll inflation
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Planck 2018: Cosmological Parameters in Inflation
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String Cosmology

Exploring String Inflation - rich structures dubbed in moduli

A unification of all the interactions? Leading candidate - String Theory  

No experimental proof— connection between ST and Cosmology is essential in fundamental 
physics. 

 Plethora of scalar fields — “moduli”— can act as inflaton — light and has gravitational 
strength interactions 

Understanding the potential energy functional is crucial — they have to be stabilised to avoid 
fifth force. [Ref: Wan’s talk]


[Ref: Sonia’s talk]




String Compactification in a nutshell

6d internal space: Topology, geometry, 
Fluxes, Local sources (D-branes, O-planes)


Compactify on a Calabi-Yau 3-fold: 
complex Ricci-flat K ̈ahler manifolds with 
SU(3) holonomy/structure group

S10[C] S4[φ]Compactification

ℳ10 → ℳ4 × X6

Current Focus: Type IIB String Theory

L R

Mpl

Ms

MKK
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String theory

10D EFT

4D EFT

16D

6D

4D

To make contact with the observed world, 10d or higher dimensional string theory needs to be 
compactified down to 4d



Moduli of Calabi-Yau 3-folds
The geometric moduli of a CY3 (X) are determined by the number of embedded 2- 3- spheres.   Massless 
deformation of  the internal manifold, massless particles on 4D
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0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="riCoVOC93GJjJwuxWNorN0IyAns=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4kJBUrfVW9OKxgv2ANpbNdtMu3WzC7kYooT/CiwdFvPp7vPlv3KYRVPTBwOO9GWbm+TFnSjvOh7WwuLS8slpYK65vbG5tl3Z2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x1czv31PpWKRuNWTmHohHgoWMIK1kdqju9Q9dqf9Utmxzxz3onqCHNvJkJGaW6khN1fKkKPRL733BhFJQio04VipruvE2kux1IxwOi32EkVjTMZ4SLuGChxS5aXZuVN0aJQBCiJpSmiUqd8nUhwqNQl90xliPVK/vZn4l9dNdFDzUibiRFNB5ouChCMdodnvaMAkJZpPDMFEMnMrIiMsMdEmoaIJ4etT9D9pVWy3aldvTsv1yzyOAuzDARyBC+dQh2toQBMIjOEBnuDZiq1H68V6nbcuWPnMHvyA9fYJ0miPQg==</latexit>

h1,1

<latexit sha1_base64="z2k/V3yX+F1uhmGSnoau+deDnWg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcJukOgx6MVjBPOAJIbZSW8yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunu8mPBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf38781hMqzSP5YCYx9kI6lDzgjBortUaPqXdRmfaLJbfszkFWiZeREmSo94tf3UHEkhClYYJq3fHc2PRSqgxnAqeFbqIxpmxMh9ixVNIQdS+dnzslZ1YZkCBStqQhc/X3REpDrSehbztDakZ62ZuJ/3mdxATXvZTLODEo2WJRkAhiIjL7nQy4QmbExBLKFLe3EjaiijJjEyrYELzll1dJs1L2quXq/WWpdpPFkYcTOIVz8OAKanAHdWgAgzE8wyu8ObHz4rw7H4vWnJPNHMMfOJ8/laCPGA==</latexit>

h1,2

<latexit sha1_base64="fOAzUnztUL5Ws5tLIzGAMpbkGzs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4r2A9oY9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWsPHzDv3Jr1S2a24M5Bl4uWkDDnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9m507IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbz2M6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtoQvMWXl0nzouJVK9X7y3LtJo+jAMdwAmfgwRXU4A7q0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AlBuPFw==</latexit>

h1,1

<latexit sha1_base64="z2k/V3yX+F1uhmGSnoau+deDnWg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcJukOgx6MVjBPOAJIbZSW8yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunu8mPBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf38781hMqzSP5YCYx9kI6lDzgjBortUaPqXdRmfaLJbfszkFWiZeREmSo94tf3UHEkhClYYJq3fHc2PRSqgxnAqeFbqIxpmxMh9ixVNIQdS+dnzslZ1YZkCBStqQhc/X3REpDrSehbztDakZ62ZuJ/3mdxATXvZTLODEo2WJRkAhiIjL7nQy4QmbExBLKFLe3EjaiijJjEyrYELzll1dJs1L2quXq/WWpdpPFkYcTOIVz8OAKanAHdWgAgzE8wyu8ObHz4rw7H4vWnJPNHMMfOJ8/laCPGA==</latexit>

h1,2

<latexit sha1_base64="W9SAVMKztja80lPOIQHiMLEnjDk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDsK42U</latexit>

b0
<latexit sha1_base64="+63+OD7qhqoCVaY2MXS6YGrIV3I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9D3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNRv8ziKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPuSY2X</latexit>

b1
<latexit sha1_base64="P4PS5SR5/rLC146AazIWhUcWAr0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rGgB48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD0G/2i+V3Yo7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbSqFa9Wqd1fluu3eRwFOIUzuAAPrqAOd9CAJjAYwjO8wpsjnRfn3flYtK45+cwJ/IHz+QPvzY2Y</latexit>

b2
<latexit sha1_base64="Kx+flLLN5ccfPBJKYVGqq+92/7Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseCHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mr2d++5FrI2L1gJOE+xEdKhEKRtFK90H/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaV+k8dRhCM4hlPw4BLqcAsNaAKDITzBC7w60nl23pz3RWvByWcO4Recj2/xUY2Z</latexit>

b3
<latexit sha1_base64="tKbABtJnzt08Di9qjHZHpk9C63k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHoL+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHq1au3+slK/zeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/y1Y2a</latexit>

b4

<latexit sha1_base64="j5tXKwdklSDMUetOdBUzQs+KFT0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEq8eCHjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mr2d++5FrI2L1gJOE+xEdKhEKRtFK90H/ol+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdeaV+k8dRhCM4hlPw4BLqcAsNaAKDITzBC7w60nl23pz3RWvByWcO4Recj2/0WY2b</latexit>

b5
<latexit sha1_base64="+cJDbMHoOTfUuo3GkbncmNO7Rec=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCHjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSQ9Cv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1atXZ/Wanf5nEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf13Y2c</latexit>

b6

Kahler moduli —   — 2 cycles— related to the 
overall volume of the internal space.


Complex structure moduli  —   — 3 cycles

— related to the shape of the internal space.


Axio-dilaton  — related to the string coupling

(τ) h1,1(X) = b2

(za) h1,2(X) =
b3

2
− 1

(S)

 denote Betti numbers which are 
cohomology dimensions, 
b′￼is

<latexit sha1_base64="4zwnqdece0ZXPbA+oMZEdL+nJRo=">AAACDnicbVC7TgJBFJ3FF+ILtbSZSEiwIbvGoI0J0YYSiTwSwM3s7AATZh+ZuWskm/0CG3/FxkJjbK3t/BsH2ELBk9zk5Jx7c+89Tii4AtP8NjIrq2vrG9nN3Nb2zu5efv+gpYJIUtakgQhkxyGKCe6zJnAQrBNKRjxHsLYzvp767XsmFQ/8W5iErO+Roc8HnBLQkp0vOja/7AF7gNjlXmLHPY/AyHFwI6ndcTt2G0mpc2LnC2bZnAEvEyslBZSibue/em5AI4/5QAVRqmuZIfRjIoFTwZJcL1IsJHRMhqyrqU88pvrx7J0EF7Xi4kEgdfmAZ+rviZh4Sk08R3dOj1WL3lT8z+tGMLjox9wPI2A+nS8aRAJDgKfZYJdLRkFMNCFUcn0rpiMiCQWdYE6HYC2+vExap2WrUq7cnBWqV2kcWXSEjlEJWegcVVEN1VETUfSIntErejOejBfj3fiYt2aMdOYQ/YHx+QNAAJw6</latexit>

bi = dimRH
i
dR(X)

Current Focus:  stabilised at their minima and perturbation 
around that minima to stabilise . Study inflation with a certain .

U, S
τ τ

Moduli must be stabilised! If left unstabilised then they can mediate 
fifth force or missing energy in the collider — not observed in nature.

General idea: use fluxes to generate a potential and non-zero vev 
for moduli.



Outline of the talk

Addressing moduli stabilisation problem 

Finding a dS vacuum in String Theory — based only on the perturbative 
corrections 

 If found! — YES 

Examine their interesting cosmological implications— such as Inflation.



Type IIB effective Supergravity
Basic ingredients: Superpotential  and Kahler potential .W K

The fluxes in type-IIB are:  and  and , giving us the flux induced 
superpotential of GVW type : 


-flatness conditions:                                                         stabilised but Kahler moduli not stabilised! 


Type -IIB theory’s effective Kahler potential,


The associated F-term scalar potential takes the following form, 


 

F3 = dC2 H3 = dB2 G3 = F3 − SH3
a

W (za, S)

(a) Gukov, Vafa, Witten’ 00

<latexit sha1_base64="TR36zKd9uUEnUiKVHuh5QaN5tWQ=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GITdg1Em2EoIV2RjAPyC7L7OQmGTL7YGZWiUtaG3/FxkIRW//Azr9x8ig08cCFwzn3cu89fsyZVJb1bWQWFpeWV7KrubX1jc0tc3unLqNEUKjRiEei6RMJnIVQU0xxaMYCSOBzaPj9i5HfuAMhWRTeqkEMbkC6IeswSpSWPBM3POvMYaHCznUAXeKVCg8eOXTuod0FfOmVPDNvFa0x8DyxpySPpqh65pfTjmgSQKgoJ1K2bCtWbkqEYpTDMOckEmJC+6QLLU1DEoB00/EnQ3yglTbuREKXvmms/p5ISSDlIPB1Z0BUT856I/E/r5WozqmbsjBOFIR0sqiTcKwiPIoFt5kAqvhAE0IF07di2iOCUKXDy+kQ7NmX50n9qGiXi+Wb43zlfBpHFu2hfVRANjpBFXSFqqiGKHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx+QP/j5ij</latexit>

W0 =

Z
⌦3(za) ^G3

<latexit sha1_base64="Ugp79JQyV8x9FMRNkixg56UbiOw=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUhKR6kYo6sJlRfuAJobJdNoOnUzCzESoIR/hxl9x40IRty7c+TdO2ixq6xkGDufcy733+BGjUlnWjzE3v7C4tFxYKa6urW9smlvbDRnGApM6DlkoWj6ShFFO6ooqRlqRICjwGWn6g8vMbz4QIWnI79QwIm6Aepx2KUZKS5556ARI9TFiyVXqJY/3KG2eW0fO+E1Yt1r2zJJVtkaAs8TOSQnkqHnmt9MJcRwQrjBDUrZtK1JugoSimJG06MSSRAgPUI+0NeUoINJNRkelcF8rHdgNhf5cwZE62ZGgQMph4OvKbE857WXif147Vt0zN6E8ihXheDyoGzOoQpglBDtUEKzYUBOEBdW7QtxHAmGlcyzqEOzpk2dJ47hsV8qVm5NS9SKPowB2wR44ADY4BVVwDWqgDjB4Ai/gDbwbz8ar8WF8jkvnjLxnB/yB8fULfqKd1g==</latexit>DzaW = 0, DSW = 0

<latexit sha1_base64="eXDXSjnoYKezyG2TZUj6nNW8bVE="></latexit>

K0 = � log(S + S̄)� log

✓
�i

Z
⌦3 ^ ⌦3

◆
� 2 logV Block diagonal form

<latexit sha1_base64="q/d+6C00BEpUP8Uh/Zlde4Nq4ow="></latexit>

VF = eK

0

@
X

I,J

KIJ̄DIW0DJ̄W̄0 � 3|W0|2
1

A
Dependence on the Kahler moduli 
drops out due to block diagonal 

form of Kahler metric 
<latexit sha1_base64="MrNF5ALMJimfPPqyR1hrf+pJT4k=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxQMiuMejFhOhFPWHklcBKZocBJszOrjOzJLjhO7x40Bivfow3/8YB9qBgJZ1UqrrT3eWFnClt299Waml5ZXUtvZ7Z2Nza3snu7tVUEElCqyTggWx4WFHOBK1qpjlthJJi3+O07g2uJn59SKVigajoUUhdH/cE6zKCtZHcm/ztxX3+6QHnK23Wzubsgj0FWiROQnKQoNzOfrU6AYl8KjThWKmmY4fajbHUjHA6zrQiRUNMBrhHm4YK7FPlxtOjx+jIKB3UDaQpodFU/T0RY1+pke+ZTh/rvpr3JuJ/XjPS3XM3ZiKMNBVktqgbcaQDNEkAdZikRPORIZhIZm5FpI8lJtrklDEhOPMvL5LaScEpFop3p7nSZRJHGg7gEI7BgTMowTWUoQoEHuEZXuHNGlov1rv1MWtNWcnMPvyB9fkDD22RAw==</latexit>

I, J = S, za, Ti



Road-map

Kahler moduli completely 
undetermined

<latexit sha1_base64="GuU9AtP5P+/7dDoULbfR9tT8DfM="></latexit>

K0 = � log(S + S̄)� log

✓
�i

Z
⌦3 ^ ⌦3

◆
� 3 log(T + T̄ )

<latexit sha1_base64="IWZ9vT9HUd98p7SQStQldaiFc8w=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUhJpUqW6EohvBTYX0AU1bJtNJO3TyYGYilCGf4cZfceNCEbfd+TdO2iy09cDA4Zx7uXOOG1HChWl+a7mV1bX1jfxmYWt7Z3dP3z9o8jBmCDdQSEPWdiHHlAS4IYiguB0xDH2X4pY7vkv91hNmnISBLSYR7vpwGBCPICiU1NfPHR+KEYJUPiQ9aTsuZNJOkhvHYxDJkn2WKae9SiIvkkJfL5plcwZjmVgZKYIM9b4+dQYhin0cCEQh5x3LjERXQiYIojgpODHHEURjOMQdRQPoY96Vs2CJcaKUgeGFTL1AGDP194aEPucT31WTaQy+6KXif14nFt51V5IgigUO0PyQF1NDhEbakjEgDCNBJ4pAxIj6q4FGUFUiVJdpCdZi5GXSrJStarn6eFms3WZ15MEROAYlYIErUAP3oA4aAIFn8ArewYf2or1pn9rXfDSnZTuH4A+06Q+3UqAr</latexit>

KT T̄ =
(T + T̄ )2

3

<latexit sha1_base64="K2FaSoYMVINABeZT9MzTO2JuMeI=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHUjFHUhuKnQF7QhTKaTdujkwcxEKKFu/BU3LhRx61+482+ctFlo64FhDufcy733eDFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+vMbz9QIVkUNtQ4pk6AByHzGcFKS6550AuwGhLM0Y3baLvW5Z3bQPovuWbZqlhToEVi56QMOequ+dXrRyQJaKgIx1J2bStWToqFYoTTSamXSBpjMsID2tU0xAGVTjq9YIKOtdJHfiT0CxWaqr87UhxIOQ48XZntK+e9TPzP6ybKv3BSFsaJoiGZDfITjlSEsjhQnwlKFB9rgolgeldEhlhgonRoWQj2/MmLpHVasauV6v1ZuXaVx1GEQziCE7DhHGpwC3VoAoFHeIZXeDOejBfj3fiYlRaMvGcf/sD4/AG7UJUk</latexit>DTW0 = KTW0

<latexit sha1_base64="/ctuh04UqjVWV2DZKwxTRhGcFPg="></latexit>

VFT = eK
⇣
KT T̄DTW0DT̄ W̄0 � 3|W0|2

⌘
= 0 No scale structure

Two-step moduli 
stabilisation

Stabilise the complex structure and axio-dilaton by the GVW 
superpotential.


Engineering the appropriate geometric setup and calculate 
Kahler moduli-dependent quantum corrections.

Generate a non-zero vev 
for Kahler moduli

<latexit sha1_base64="aInak5f5EHOuwCl+g016bDfTxQM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGyAuSJcxOOsmQ2dnNzGwgLPkOLx4U8erHePNvnDwOmljQUFR1090VxIJr47rfTmZjc2t7J7ub29s/ODzKH5/UdZQohjUWiUg1A6pRcIk1w43AZqyQhoHARjC8n/mNMSrNI1k1kxj9kPYl73FGjZX8eid96FSnbYkj4nbyBbfozkHWibckBVii0sl/tbsRS0KUhgmqdctzY+OnVBnOBE5z7URjTNmQ9rFlqaQhaj+dHz0lF1bpkl6kbElD5urviZSGWk/CwHaG1Az0qjcT//Naiend+imXcWJQssWiXiKIicgsAdLlCpkRE0soU9zeStiAKsqMzSlnQ/BWX14n9auiVyqWnq4L5btlHFk4g3O4BA9uoAyPUIEaMBjBM7zCmzN2Xpx352PRmnGWM6fwB87nDwBGkZ0=</latexit>

VFT 6= 0



Runaway

Quantum corrections give AdS minimum

Uplift to dS using other ingredients avoiding runaway

Goal - add quantum corrections



Goal - add quantum corrections and inflate with the lifted direction

Runaway

Slow-roll inflaton

Quantum corrections give AdS minimum

Uplift to dS using other ingredients avoiding runaway



The Classification of Quantum Corrections

Perturbative 
corrections

Non-perturbative 
corrections

In inverse string tension  
  
 

In string coupling constant  

∝ α′￼/R2

∝ gs

<latexit sha1_base64="VGBemY9C+UVLcozDM+PBi2/LUsw=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvVgSleqx6MVjBfsBTSyb7bZdusmG3YlYQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5gWx4Boc59vKLSwuLa/kVwtr6xubW/b2Tl3LRFFWo1JI1QyIZoJHrAYcBGvGipEwEKwRDK7HfuOBKc1ldAfDmPkh6UW8yykBI7XtPY+IuE+O7s9OPGCPkFKp1KhtF52SMwGeJ25GiihDtW1/eR1Jk5BFQAXRuuU6MfgpUcCpYKOCl2gWEzogPdYyNCIh0346OX+ED43SwV2pTEWAJ+rviZSEWg/DwHSGBPp61huL/3mtBLqXfsqjOAEW0emibiIwSDzOAne4YhTE0BBCFTe3YtonilAwiRVMCO7sy/Okflpyy6Xy7XmxcpXFkUf76AAdIxddoAq6QVVUQxSl6Bm9ojfryXqx3q2PaWvOymZ20R9Ynz8eLZWe</latexit>

↵03 � corr
<latexit sha1_base64="Hma8WYd56QqgXub86WqUx54B69s=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXpHosevFYwX5AdynZNG1Ds8mSzBbL0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmRYngBjzv2ymsrW9sbhW3Szu7e/sH7uFR06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opGdzO/NWbacCUfYZKwMCYDyfucErBS13UDoQYXAbAnyKjSetp1y17FmwOvEj8nZZSj3nW/gp6iacwkUEGM6fheAmFGNHAq2LQUpIYlhI7IgHUslSRmJszml0/xmVV6uK+0LQl4rv6eyEhszCSObGdMYGiWvZn4n9dJoX8TZlwmKTBJF4v6qcCg8CwG3OOaURATSwjV3N6K6ZBoQsGGVbIh+Msvr5LmZcWvVqoPV+XabR5HEZ2gU3SOfHSNauge1VEDUTRGz+gVvTmZ8+K8Ox+L1oKTzxyjP3A+fwAHNJPw</latexit>

log�corr
<latexit sha1_base64="v5+Ely+o8f3dWU3Uv5+HR1s5y3Y=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7ArEj0GvXiMYB6QLGF20kmGzD6Y6Q2GJScv/ooXD4p49Ru8+TdOkj1oYkFDUdVNd5cfS6HRcb6t3Mrq2vpGfrOwtb2zu2fvH9R1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH95M/cYIlBZReI/jGLyA9UPRE5yhkTr2cRvhAdOB6A9A0S4oMTLOCCiPlJp07KJTcmagy8TNSJFkqHbsr3Y34kkAIXLJtG65ToxeyhQKLmFSaCcaYsaHrA8tQ0MWgPbS2RsTemqULu1FylSIdKb+nkhZoPU48E1nwHCgF72p+J/XSrB35aUijBOEkM8X9RJJMaLTTGhXKOAox4YwroS5lfIBU4yjSa5gQnAXX14m9fOSWy6V7y6Klessjjw5IifkjLjkklTILamSGuHkkTyTV/JmPVkv1rv1MW/NWdnMIfkD6/MHI9qZkQ==</latexit>

higher derivative corr

<latexit sha1_base64="Uqz2o8Z0t8ptrUSCWjQt+p/qyAs=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwMdyJRMugjZBGwaiQHGFvM5cs7u0eu3NiONLY+FdsLBSx9T/Y+W/cxBQafTDweG+GmXlRKoVF3//0pqZnZufmCwvFxaXlldXS2vql1Znh0OBaanMdMQtSKGigQAnXqQGWRBKuopuToX91C8YKrS6wn0KYsK4SseAMndQubbUQ7jCv12mwJ7VOqU5BUYtGqO6gXSr7FX8E+pcEY1ImY5y1Sx+tjuZZAgq5ZNY2Az/FMGcGBZcwKLYyCynjN6wLTUcVS8CG+eiLAd1xSofG2rhSSEfqz4mcJdb2k8h1Jgx7dtIbiv95zQzjozAXKs0QFP9eFGeSoqbDSGhHGOAo+44wboS7lfIeM4yjC67oQggmX/5LLvcrQbVSPT8o147HcRTIJtkmuyQgh6RGTskZaRBO7skjeSYv3oP35L16b9+tU954ZoP8gvf+BfATmD4=</latexit>

KK 1-loop open string
<latexit sha1_base64="KUdE5KCKni2uEhVCnsUHufSwB5U=">AAACCnicbVA9SwNBEN3zM8avU0ub1SDYGO5EomXQxjKCUSE5wt5mEhf3do/dOTUcqW38KzYWitj6C+z8N27iFX49GHi8N8PMvDiVwmIQfHgTk1PTM7OlufL8wuLSsr+yemZ1Zjg0uZbaXMTMghQKmihQwkVqgCWxhPP46mjkn1+DsUKrUxykECWsr0RPcIZO6vgbbYRbzG+E6grVp+GO1DqlOgVFLRonDTt+JagGY9C/JCxIhRRodPz3dlfzLAGFXDJrW2GQYpQzg4JLGJbbmYWU8SvWh5ajiiVgo3z8ypBuOaVLe9q4UkjH6veJnCXWDpLYdSYML+1vbyT+57Uy7B1EuVBphqD416JeJilqOsqFdoUBjnLgCONGuFspv2SGcXTplV0I4e+X/5Kz3WpYq9ZO9ir1wyKOElknm2SbhGSf1MkxaZAm4eSOPJAn8uzde4/ei/f61TrhFTNr5Ae8t09/u5rK</latexit>

winding 1-loop open string

D3-branes instantons 


Gaugino condensation

Present focus Addressing the stabilisation of KM in absence of NP effects

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{
<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{



correctionsα′￼3− a

(a) Becker, Becker, Haack, Louis’ 02

<latexit sha1_base64="D4v15/mtcr50laPfXPS9Z0HjI/E="></latexit>

K / �2 log

✓
V +

⇠(S + S̄)3/2

2

◆
= �2 log

 
V +

⇠

2g3/2s

!
Log-loop correctionsb,c,d

<latexit sha1_base64="9TFZ6ZXqyc4aToFZE1DHSSwUfYQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWoiGWmSO1GKLoR3FSwD+iUkklv29DMgyQjlGF+xY2/4saFIt2JP2Om7aK2Hggczjk3uTluyJlUlvVtZNbWNza3stu5nd29/QPz8Kghg0hQqNOAB6LlEgmc+VBXTHFohQKI53JouqO71G8+g5As8J/UOISORwY+6zNKlJa6ZuXh5rLk8GBQcDyihpTwuJFcxM705lhAL3FAEZwm8EIiOe+aeatoTYFXiT0neTRHrWtOnF5AIw98RTmRsm1boerERChGOSQ5J5IQEjoiA2hr6hMPZCee7pHgM630cD8Q+vgKT9XFiZh4Uo49VyfTJeWyl4r/ee1I9SudmPlhpMCns4f6EccqwGlduMcEUMXHmhAqmN4V0yERhCpdak6XYC9/eZU0SkW7XCw/XuWrt/M6sugEnaICstE1qqJ7VEN1RNELekMf6NN4Nd6NL2Myi2aM+cwx+gPj5xfqoqQJ</latexit>

K = �2 log(V + ⌘ logV)

(b) Green, Vanhove’97  (c) Antoniadis, Ferrara, Minasian, Narain’ 97 (d) Kiritsis, Pioline’97

Higher derivative correctionse, f,g

<latexit sha1_base64="DarcrvsUGu0QcEbdEgiLLSACgus="></latexit>

VF4 = ���k2|W0|4

g3/2s V4
⇧↵t

↵, where ⇧↵ =

Z

X
c2 ^D↵

(e) Ciupke, Louis, Westphal, (f) Green, Mayer, Weissenbacher, (g) Cicoli, Ciupke, de Alois, Muia

String loopsh,i,k

(h) Ciupke, Louis, Westphal, (i) Green, Mayer, Weissenbacher, (k) Cicoli, Ciupke, de Alois, Muia

<latexit sha1_base64="yzSBhWNsW5T9YIfq9BQK74eXpEE="></latexit>

V W
gs = �2k

|W0|2

V3

X

↵

CW
↵

t↵\

List of Corrections



Large Volume Scenario
Key ingredients:  inclusion of  corrections in the Kahler potential 

                              Non-perturbative instanton corrections in the superpotential 

α′￼3

<latexit sha1_base64="bGI414WP5N+6bm+FT6GbSDvOblw="></latexit>

K = �2 log

 
V +

⇠

2g3/2s

!
� log

✓
i

Z
⌦3 ^ ⌦3

◆
� log(S + S̄)

<latexit sha1_base64="vXEDuF6VSgiTBf3N/4V02Zv8ry4="></latexit>

W =

Z
G3 ^ ⌦3 +

X

i

Aie
�aTi Non-perturbative 

effect
<latexit sha1_base64="f6e+Uke4ueA3z/HVV3h/vP6/tLo="></latexit>

V = ⌧3/2L �
Nsmall=h1,1�1X

i=1

⌧3/2s

<latexit sha1_base64="kYueTrpxN/l4RdW8f+hT1+ACqu4="></latexit>

VLVS ' ↵1

V3
� ↵2⌧s

V2
e�as⌧s +

↵3
p
⌧s

V e�2as⌧s

<latexit sha1_base64="bULkeNuGD73jJU6kVMwzyYhI7E4="></latexit>

hVi '
↵2

p
h⌧si

2↵3
eash⌧si, h⌧si ' ⇠̂2/3

✓
9 ksss
8

◆1/3

.



Large Volume Scenario

Global embedding



<latexit sha1_base64="bGI414WP5N+6bm+FT6GbSDvOblw="></latexit>

K = �2 log

 
V +

⇠

2g3/2s

!
� log

✓
i

Z
⌦3 ^ ⌦3

◆
� log(S + S̄)

Perturbative Large Volume Scenario (a,b,c)

Key ingredients:  inclusion of  corrections + higher orders in the Kahler potential 

                              NO Non-perturbative instanton corrections in the superpotential 

α′￼3

<latexit sha1_base64="vXEDuF6VSgiTBf3N/4V02Zv8ry4="></latexit>

W =

Z
G3 ^ ⌦3 +

X

i

Aie
�aTi

<latexit sha1_base64="f6e+Uke4ueA3z/HVV3h/vP6/tLo="></latexit>

V = ⌧3/2L �
Nsmall=h1,1�1X

i=1

⌧3/2s

(a) Antoniadis, Chen, Leontaris’ 18, 19, (b) Antoniadis, Lacombe, Leontaris’ 20, 21, (c) Shukla, Leontaris’ 22

<latexit sha1_base64="NiC9doJ5UlVJS3z/rKCGhg1u5LY="></latexit>

V = n0 t
1t2t3 =

1
p
n0

p
⌧1⌧2⌧3, ⌧↵ = @t↵V, n0 = 2



Perturbative Large Volume Scenario
In the large volume limit with BBHL corrections plus log-loop effects

Features: Minimum exists for 


Stabilisation at large volume:  
 
 

For F-term potential, AdS-minimum

η < 0, C1 ∝ W2
0

<latexit sha1_base64="h+j/K2fllrJl7Art+mZnvgGz2ZE="></latexit>

Vmin = e
7
3+

⇠
2|⌘| ⇠ e

1
g2s

<latexit sha1_base64="2XeBAZwxJWMv3/55XBI/i5iDouE=">AAACGHicbVDNSsNAGNzUv1r/oh69BItQLzVRqR48FAXxWMGmhSaGzXbTLt1swu5GKCGP4cVX8eJBEa+9+TZu2hy0dWBhmPk+9pvxY0qENM1vrbS0vLK6Vl6vbGxube/ou3u2iBKOcBtFNOJdHwpMCcNtSSTF3ZhjGPoUd/zRTe53njAXJGIPchxjN4QDRgKCoFSSp5/UbO/22EtDwjIn5lEsI8MJOESpgyXMUieEcoggTe3s8Sy7Mj29atbNKYxFYhWkCgq0PH3i9COUhJhJRKEQPcuMpZtCLgmiOKs4icAxRCM4wD1FGQyxcNNpsMw4UkrfCCKuHpPGVP29kcJQiHHoq8n8TjHv5eJ/Xi+RwaWbEhYnEjM0+yhIqKHS5y0ZfcIxknSsCEScqFsNNISqFqm6rKgSrPnIi8Q+rVuNeuP+vNq8LuoogwNwCGrAAhegCe5AC7QBAs/gFbyDD+1Fe9M+ta/ZaEkrdvbBH2iTH0bGoJI=</latexit>

(VF )min / ⌘

V3
< 0

<latexit sha1_base64="cSYNzt6COmZDQFSXMMzBETKUjXo="></latexit>

Vf ⇡ C1
⇠ � 4⌘ + 2⌘ log(V)

V3

<latexit sha1_base64="kENipSF4RllRnjR3ntZR2MDc54U="></latexit>

K = �2

 
V +

⇠

2g3/2s

+ g1/2s
⇣(2)

⇣(3)
⇠(lnV � 1)

!

(a) Antoniadis, Chen, Leontaris’ 18, 19, (b) Antoniadis, Lacombe, Leontaris’ 20, 21, (c) Shukla, Leontaris’ 22

<latexit sha1_base64="l3+emjli9cL2V8J44YB5cPMthGc="></latexit>

gs = 0.2 ) hVi = 95593.3

gs = 0.1 ) hVi = 7 · 1016



Perturbative Large Volume Scenario
In the large volume limit with BBHL corrections plus log-loop effects+D-terms

<latexit sha1_base64="cSYNzt6COmZDQFSXMMzBETKUjXo="></latexit>

Vf ⇡ C1
⇠ � 4⌘ + 2⌘ log(V)

V3

In terms of canonical normalised fields, 

<latexit sha1_base64="kENipSF4RllRnjR3ntZR2MDc54U="></latexit>

K = �2

 
V +

⇠

2g3/2s

+ g1/2s
⇣(2)

⇣(3)
⇠(lnV � 1)

! <latexit sha1_base64="1Z37FCtxgevIfoyT1UD65JMHUaQ=">AAACKnicbVDLSgMxFM3UV62vqks3g0UQhDJjpboRqm5cVrAP6LTlTibThmYeJBmhhPkeN/6Kmy6U4tYPMX0o2nogcHLOvTc3x40ZFdKyxkZmZXVtfSO7mdva3tndy+8f1EWUcExqOGIRb7ogCKMhqUkqGWnGnEDgMtJwB3cTv/FEuKBR+CiHMWkH0AupTzFILXXzN850huLES88ckQRd5QCL+3Btpx1VSh2fA1bet5qmypGQ/Fw7pbSbL1hFawpzmdhzUkBzVLv5keNFOAlIKDEDIVq2Fcu2Ai4pZiTNOYkgMeAB9EhL0xACItpqumZqnmjFM/2I6xNKc6r+7lAQCDEMXF0ZgOyLRW8i/ue1EulftRUN40SSEM8e8hNmysic5GZ6lBMs2VATwJzqXU3cBx2O1OnmdAj24peXSf28aJeL5YeLQuV2HkcWHaFjdIpsdIkq6B5VUQ1h9Ixe0Rt6N16MkTE2PmalGWPec4j+wPj8Au+8qW8=</latexit>

+
3X

↵=1

d↵
⌧3↵

<latexit sha1_base64="aINQ1C80Nq9lFu7EBakQge13n4w=">AAACHXicbVDLSsNAFJ34rPVVdekmWAQXUhIp1Y1QdOOygn1AU8vNdGIHJ5M4c1MoIT/ixl9x40IRF27Ev3H6ENR6YOBwzrncucePBdfoOJ/W3PzC4tJybiW/ura+sVnY2m7oKFGU1WkkItXyQTPBJasjR8FasWIQ+oI1/dvzkd8cMKV5JK9wGLNOCDeSB5wCGqlbKHsDUHGfX6ceiLgP2akXKKCpm6WevlOYHmWZJ6SHkHS/I4fdQtEpOWPYs8SdkiKZotYtvHu9iCYhk0gFaN12nRg7KSjkVLAs7yWaxUBv4Ya1DZUQMt1Jx9dl9r5RenYQKfMk2mP150QKodbD0DfJELCv/3oj8T+vnWBw0km5jBNkkk4WBYmwMbJHVdk9rhhFMTQEqOLmrzbtg2kHTaF5U4L79+RZ0jgquZVS5bJcrJ5N68iRXbJHDohLjkmVXJAaqRNK7skjeSYv1oP1ZL1ab5PonDWd2SG/YH18AQwfo8M=</latexit>

'↵ =
1p
2
ln ⌧↵,

<latexit sha1_base64="H8fu/u4QouUika86lECKRif5OQY="></latexit>

�1 =
1p
3
('1 + '2 + '3) =

r
2

3
ln(

p
n0V),

<latexit sha1_base64="58aHQ35cHns+ORsbjg83u3oZ5EM=">AAACF3icbZDLSsNAFIYn9VbrLerSTbAIdWFJglQ3QtGNywr2Ak0sk+mkHTqZxJlJoYS8hRtfxY0LRdzqzrdx0kbQ1gMDH/9/DmfO70WUCGmaX1phaXllda24XtrY3Nre0Xf3WiKMOcJNFNKQdzwoMCUMNyWRFHcijmHgUdz2RleZ3x5jLkjIbuUkwm4AB4z4BEGppJ5edaIhubMvHJ9DlFhp4oh7LhM7TSvOGPLMtE5+yD7u6WWzak7LWAQrhzLIq9HTP51+iOIAM4koFKJrmZF0E8glQRSnJScWOIJoBAe4q5DBAAs3md6VGkdK6Rt+yNVj0piqvycSGAgxCTzVGUA5FPNeJv7ndWPpn7sJYVEsMUOzRX5MDRkaWUhGn3CMJJ0ogIgT9VcDDaFKSKooSyoEa/7kRWjZVatWrd2cluuXeRxFcAAOQQVY4AzUwTVogCZA4AE8gRfwqj1qz9qb9j5rLWj5zD74U9rHN9+An74=</latexit>

�2 =
1p
2
('1 � '2)
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Perturbative Large Volume Scenario - a dS with D-terms and no NP effects

Extremisation conditions yield the following relations

(a) Bera, Chakraborty, Shukla, Leontaris’ 24

To ensure single-field inflation and a dS minimum imposes the following constraint 
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Perturbative Large Volume Scenario - a dS with D-terms and no NP effects

Re-defining some parameters —  takes care of the uplifting now onx
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The potential features several extremas: 

(a) Bera, Chakraborty, Shukla, Leontaris’ 24



A benchmark model
The inflationary observables are the following:
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A benchmark model
The inflationary observables are the following:
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In the presence of BBHL corrections plus log-loop effects plus string loop and higher derivative 
corrections — after integrating out the two moduli, the potential becomes
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Robustness of Perturbative Large Volume Scenario 
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In the presence of BBHL corrections plus log-loop effects plus string loop and higher derivative 
corrections — after integrating out the two moduli, the potential becomes
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Robustness of Perturbative Large Volume Scenario 
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Robustness of Perturbative Large Volume Scenario 
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Global Embedding of Fibre Inflation

(a) Bera, Chakraborty, Leontaris, Shukla’ 24

The Model:    and a toroidal like volume form 
 
The ansatz: 
 
 
 
The Potential: 
 
 
The parameters:   

h1,1 = 3
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Global Embedding of Fibre Inflation

(a) Bera, Chakraborty, Leontaris, Shukla’ 24

The Potential: 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The Potential: 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Conclusion
Presented the global embedding of the inflationary model in the context of 
perturbative LVS in a K3 fibred CY — global toroidal like structure.  
 
Moduli stabilisation is addressed in presence of only perturbative - BBHL+ log-loop 
type corrections  
 
Robustness of inflationary model is checked — volume inflation is studied — small 
field inflation — satisfying distance conjecture.  
 
Improvement over previous constructions — is it again robust against anther type of 
log-loop effects? — what are the implications of water fall fields?


 Global embedding of fibre inflation — in absence of exceptional del-pezzo divisor — 
devoid of non-perturbative effects.


 Viable inflation without a geometric Kahler cone bound on the field excursion.  
 



Thank you!



Fibre Inflation revisited

<latexit sha1_base64="kaky9IttIXSUsB6LD7Cp9t6o/sI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+DGOqOiboSiG5cKthU6dbiTZtpg5mFyRyjD/I4bf8WNgqJu/RHTsYJWLwROzrmH5Bw/kUKjbb9ZY+MTk1PTM7OlufmFxaXy8kpDx6livM5iGatLHzSXIuJ1FCj5ZaI4hL7kTf/6ZKA3b7nSIo4usJ/wdgjdSASCARrKK9fcELDHQGaN/MiVxtgBL6AuQur51NU3CrPiEuRb37IuCH2V7W7v5F65YlftYuhf4AxBhQznzCs/uZ2YpSGPkEnQuuXYCbYzUCiY5HnJTTVPgF1Dl7cMjCDkup0VSXO6YZgODWJlToS0YH86Mgi17oe+2Rzk0qPagPxPa6UYHLYzESUp8oh9PRSkkmJMB7XRjlCcoewbAEwJ81fKeqCAoSm3ZEpwRiP/BY2dqrNf3T/fq9SOh3XMkDWyTjaJQw5IjZySM1InjNyRB/JMXqx769F6td6/VsesoWeV/Brr4xMhkKfH</latexit>

V = �f⌧b
p
⌧f � �s⌧

3/2
s

Features: ✦ The CYs are “weak” Swiss-cheese which have  
 

✦  Overall volume and  are fixed by standard LVS, leaving  as a flat 
direction — serves as inflaton.


✦  Inclusion string-loop corrections lifts the  direction— giving the 
leading order scalar potential as
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Global Embedding of Fibre Inflation

(a) Bera, Chakraborty, Leontaris, Shukla’ 24

The Model:    with a dP and a toroidal like volume form 
 
The ansatz: 
 
 
 
The Potential: 
 
 
The parameters:   
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Conclusion
Presented the global embedding of the inflationary model in the context of 
perturbative LVS in a K3 fibred CY — global toroidal like structure.  
 
Moduli stabilisation is addressed in presence of only perturbative - BBHL+ log-loop 
type corrections  
 
Robustness of inflationary model is checked — volume inflation is studied — small 
field inflation — satisfying distance conjecture.  
 
Improvement over previous constructions — is it again robust against anther type of 
log-loop effects? — what are the implications of water fall fields?


 Global embedding of fibre inflation — in absence of exceptional del-pizza divisor — 
devoid of non-perturbative effects.


 Viable inflation without a geometric Kahler cone bound on the field excursion.  
 



The Source of Quantum Corrections (perturbative)
The tree-level 10D action of type IIB supergravity action is given by
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The corrections from higher derivatives operators,
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How does the potential arise?
A 5-d scalar field compactified on  with  splits into an infinite number of 
scalar fields.

ℳ = ℝ4 × S1 x5 ∈ [0,2πR)

The action:
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Since the 5d scalar is compactified, we can expand the scalar field into Fourier series:
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correctionsα′￼3− a
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Log-loop corrections

(a) Green, Vanhove’97  (b) Antoniadis, Ferrara, Minasian, Narain’ 97 (c) Kiritsis, Pioline’97

Correction sourced via fourth power of curvature and KK-exchange induce correction to the 
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Higher derivative corrections
 terms from 10D  term sources the following potential α′￼3F4 R2G4

3
a

(a) Ciupke, Louis, Westphal, (b) Green, Mayer, Weissenbacher, (c) Cicoli, Ciupke, de Alois, Muia
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String loops
KK+ winding 1-loop open string corrections  in terms of 2-cycle volumea,b,c
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Global model — master formula — in terms of Kahler moduli 

Parameters: Stringy 
details 

τ′￼is : scalar fields
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Volume Inflation
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Parameters: Stringy details 
ϕ : scalar fields Fibre Inflation



Extra dimensional 
topology

Left Image source: P.J. Steinhardt, Scientific American , Vol. 304, No. 4 (April 2011)
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Why inflation 

The resolution



The horizon Problem
τ

τ = 0

Lights from A and B met on Earth today were not in contact at the time of Big Bang.



Why inflation 
τ

τ = 0

τ = − ∞

Inflation taking place between  can make the forward light cone and 
backward light cone of same size, solving the horizon problem.

τ = − ∞ → τ = 0


