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Topics:
1) Supersymmetry

2) (String) Dualities

3) Moduli Stabilisation with Magnetic Fluxes

4) BPS Amplitudes and Topological String Theory

5) de Sitter Vacua in SUGRA and Cosmology

6) Extra Dimensions and String Phenomenology



Supersymmetry
Karim Benakli (1994, Paris 11)

Title: Quelques aspects de la brisure de la supersymetrie en theorie des cordes  
  (Some aspects of supersymmetry breaking in string theory)

Alexandre Laugier (2002, École Polytechnique)
Title: Aspects phénoménologiques et brisure de supersymétrie en théorie des cordes à    
         basses échelles  

      (Phenomenological aspect and supersymmetry breaking in string theory at low scale)
Marc Tuckmantel (2005, ETH Zurich and CERN)

Title: Aspects of supersymmetry breaking in string theory

Panteleimon Tziveloglou (2011, Cornell University and CERN)
Title: Aspects of Effective Supersymmetric Theories

Chrysoula Markou (2018, LPTHE)
Title: Nonlinear supersymmetry, spontaneous supersymmetry breaking and  

  extra dimensions

work with: Karim Benakli, Antonio Delgado, Mariano Quirós

work with: Nicola Ambrosetti, Emilian Dudas, Dumitru Ghilencea, Jean-Pierre Derendinger 

work with: Jean-Pierre Derendinger 

Hervé Partouche (1997, École Polytechnique)
Title: Dualité en théorie des cordes
work with: Tomasz Taylor



1) Supersymmetry Breaking:
Different mechanisms and aspects considered:

-) fractional electric charged particles (FEC particles) [Antoniadis, Benakli 1992]

Single gauge group     that confines the FEC and is responsible for SUSY breaking
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-) Fayet-Iliopoulos (FI) terms [Antoniadis, Partouche, Taylor 1995]

extended            supersymmetry
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1) Supersymmetry Breaking:
Different mechanisms and aspects considered:

-) fractional electric charged particles (FEC particles) [Antoniadis, Benakli 1992]

-) Split Supersymmetry scenarios

- D-branes at angles
[Antoniadis, Benakli, Delgado, Quirós, Tuckmantel 2005,2006]

mass of the scalars (squarks, sleptons) at the (high) SUSY breaking scale 
mass of the fermions (gauginos) near the electroweak scale 

[Arkani-Hamed, Dimopoulos 2004; Giudice, Romanino 2004; Antoniadis, Dimopoulos 2004]

- type I compactifications with internal magnetic flux
[Antoniadis,Tuckmantel 2004]
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2) Nonlinear Supersymmetry:
D-brane configurations break SUSY in the bulk, but lead to a non-linear
realisation on the D-brane world-volume, i.e. transformation of Goldstino 
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Invariant action with standard kinetic term [Akulov, Volkov 1973]
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-) dim. eight operators: free parameter in four fermion coupling
[Antoniadis, Benakli, Laugier 2001]

-) coupling to SUGRA [Antoniadis, Markou 2015]

-) model dependent operators for D-branes with angles [Antoniadis, Tuckmantel 2004]

-) nonlinear MSSM [Antoniadis, Dudas, Ghilencea, Tziveloglou 2008, 2011]



(String) Dualities

Hervé Partouche (1997, École Polytechnique)
Title: Dualité en théorie des cordes

Boris Pioline (1998, École Polytechnique)
Title: Aspects non perturbatifs de la théorie des supercordes

work with: Constantin Bachas, C. Fabre, Tomasz Taylor

work with: Tomasz Taylor



1) String-String Dualities and Non-perturbative Effects:
Duality in 6 dimensions (strong-weak)
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T 4<latexit sha1_base64="JMdMIlyXXe07/3tBGFHqEufK+tc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL4KXKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5xbUSkHnEc825IB0oEglG00sPdea9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjqpkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdm7KFfuK6XqdRZHHo7gGE7Bg0uowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AF32NFQ==</latexit>

K3Type IIA on Heterotic on 



1) String-String Dualities and Non-perturbative Effects:
Duality in 6 dimensions (strong-weak)

<latexit sha1_base64="u62nFknIVZzh+qGY3WsL3296ZhM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuX5cp9pVS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w/avo2H</latexit>

T 4<latexit sha1_base64="JMdMIlyXXe07/3tBGFHqEufK+tc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL4KXKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5xbUSkHnEc825IB0oEglG00sPdea9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjqpkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdm7KFfuK6XqdRZHHo7gGE7Bg0uowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AF32NFQ==</latexit>

K3Type IIA on Heterotic on 

Compactification to 4 dimensions on 
<latexit sha1_base64="GlcFtYgPSDb/04GIx1DuNas0B2s=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS95lqXJfKVZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfXto2F</latexit>

T 2

-) used to calculate non-perturbative contributions to type II couplings

which is 1-loop exact on the heterotic side

<latexit sha1_base64="i5GLApvV6Kv18u/7+xb2/HD9s8g="></latexit>

ĨII =
F̃1

2(ImS)2
�
@µ@⌫ S̄@

µ@⌫ S̄ + @µ@⌫S @µ@⌫S
�

[Antoniadis, Pioline 1995]



1) String-String Dualities and Non-perturbative Effects:
Duality in 6 dimensions (strong-weak)

<latexit sha1_base64="u62nFknIVZzh+qGY3WsL3296ZhM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuX5cp9pVS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w/avo2H</latexit>

T 4<latexit sha1_base64="JMdMIlyXXe07/3tBGFHqEufK+tc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL4KXKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5xbUSkHnEc825IB0oEglG00sPdea9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjqpkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdm7KFfuK6XqdRZHHo7gGE7Bg0uowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AF32NFQ==</latexit>

K3Type IIA on Heterotic on 

Type II dilaton

Compactification to 4 dimensions on 
<latexit sha1_base64="GlcFtYgPSDb/04GIx1DuNas0B2s=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS95lqXJfKVZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfXto2F</latexit>

T 2

-) used to calculate non-perturbative contributions to type II couplings

which is 1-loop exact on the heterotic side

<latexit sha1_base64="i5GLApvV6Kv18u/7+xb2/HD9s8g="></latexit>

ĨII =
F̃1

2(ImS)2
�
@µ@⌫ S̄@

µ@⌫ S̄ + @µ@⌫S @µ@⌫S
�

[Antoniadis, Pioline 1995]



1) String-String Dualities and Non-perturbative Effects:
Duality in 6 dimensions (strong-weak)

<latexit sha1_base64="u62nFknIVZzh+qGY3WsL3296ZhM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuX5cp9pVS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w/avo2H</latexit>

T 4<latexit sha1_base64="JMdMIlyXXe07/3tBGFHqEufK+tc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL4KXKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5xbUSkHnEc825IB0oEglG00sPdea9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjqpkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdm7KFfuK6XqdRZHHo7gGE7Bg0uowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AF32NFQ==</latexit>

K3Type IIA on Heterotic on 

Type II dilaton

Compactification to 4 dimensions on 
<latexit sha1_base64="GlcFtYgPSDb/04GIx1DuNas0B2s=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS95lqXJfKVZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfXto2F</latexit>

T 2

-) used to calculate non-perturbative contributions to type II couplings

which is 1-loop exact on the heterotic side

<latexit sha1_base64="i5GLApvV6Kv18u/7+xb2/HD9s8g="></latexit>

ĨII =
F̃1

2(ImS)2
�
@µ@⌫ S̄@

µ@⌫ S̄ + @µ@⌫S @µ@⌫S
�

[Antoniadis, Pioline 1995]

-) triality including type I on 
<latexit sha1_base64="EF12PHRB69v0PI15o/P3AJ5dGmk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuV8uX9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx/dxo2J</latexit>

T 6

Test of the type I - heterotic duality from perturbative prepotential
[Antoniadis, Bachas, Fabre, Partouche, Taylor 1996]



1) String-String Dualities and Non-perturbative Effects:
Duality in 6 dimensions (strong-weak)

<latexit sha1_base64="u62nFknIVZzh+qGY3WsL3296ZhM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuX5cp9pVS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w/avo2H</latexit>

T 4<latexit sha1_base64="JMdMIlyXXe07/3tBGFHqEufK+tc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BL4KXKOYBSQizk9lkyOzsMtMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5xbUSkHnEc825IB0oEglG00sPdea9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjqpkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdm7KFfuK6XqdRZHHo7gGE7Bg0uowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AF32NFQ==</latexit>

K3Type IIA on Heterotic on 

Type II dilaton

Compactification to 4 dimensions on 
<latexit sha1_base64="GlcFtYgPSDb/04GIx1DuNas0B2s=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS95lqXJfKVZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfXto2F</latexit>

T 2

-) used to calculate non-perturbative contributions to type II couplings

which is 1-loop exact on the heterotic side

<latexit sha1_base64="i5GLApvV6Kv18u/7+xb2/HD9s8g="></latexit>

ĨII =
F̃1

2(ImS)2
�
@µ@⌫ S̄@

µ@⌫ S̄ + @µ@⌫S @µ@⌫S
�

[Antoniadis, Pioline 1995]

-) triality including type I on 
<latexit sha1_base64="EF12PHRB69v0PI15o/P3AJ5dGmk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuV8uX9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx/dxo2J</latexit>

T 6

Test of the type I - heterotic duality from perturbative prepotential
[Antoniadis, Bachas, Fabre, Partouche, Taylor 1996]

duality in 4 dimensions:

[Antoniadis, Partouche 1995]

<latexit sha1_base64="aex2IA/U6ZQlmumKZCtBQpSqS/Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaGOZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yd+e1HKhWLxL2exNQL8VCwgBGsjfTQC7EeEczT2+llFfXtslNxZkDLxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip9NSL1E0xmSMh7RrqMAhVV46Sz1FJ0YZoCCS5gmNZurvjRSHSk1C30xmKdWil4n/ed1EBxdeykScaCrI/FCQcKQjlFWABkxSovnEEEwkM1kRGWGJiTZFlUwJ7uKXl0mrWnHPKrW7Wrl+lddRhCM4hlNw4RzqcAMNaAIBCc/wCm/Wk/VivVsf89GCle8cwh9Ynz/c1pIa</latexit>

N = 2

Type II on CY3 Heterotic on 
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2

Embedding of pure             SYM Seiberg-Witten theory in string theory
<latexit sha1_base64="aex2IA/U6ZQlmumKZCtBQpSqS/Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaGOZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yd+e1HKhWLxL2exNQL8VCwgBGsjfTQC7EeEczT2+llFfXtslNxZkDLxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip9NSL1E0xmSMh7RrqMAhVV46Sz1FJ0YZoCCS5gmNZurvjRSHSk1C30xmKdWil4n/ed1EBxdeykScaCrI/FCQcKQjlFWABkxSovnEEEwkM1kRGWGJiTZFlUwJ7uKXl0mrWnHPKrW7Wrl+lddRhCM4hlNw4RzqcAMNaAIBCc/wCm/Wk/VivVsf89GCle8cwh9Ynz/c1pIa</latexit>

N = 2



2) Structure of            supersymmetric gauge theories:
<latexit sha1_base64="01HGnXfk1CQEcLKTH6t0UbrdA4o=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjJ9dyEU3biSCvYB7VAyadqGZjJjkimUod/hxoUibv0Yd/6NmbaCih4IHM65l3tyvJAzpRH6sFJr6xubW+ntzM7u3v5B9vCopYJIEtokAQ9kx8OKciZoUzPNaSeUFPsep21vcpX47SmVigXiTs9C6vp4JNiQEayN5PZ8rMcE8/hmfpHvZ3PIRuVSrYAgskvIqdRqhiBUrhby0DEkQQ6s0Ohn33uDgEQ+FZpwrFTXQaF2Yyw1I5zOM71I0RCTCR7RrqEC+1S58SL0HJ4ZZQCHgTRPaLhQv2/E2Fdq5ntmMgmpfnuJ+JfXjfSw6sZMhJGmgiwPDSMOdQCTBuCASUo0nxmCiWQmKyRjLDHRpqeMKeHrp/B/0srbTtku3hZz9ctVHWlwAk7BOXBABdTBNWiAJiDgHjyAJ/BsTa1H68V6XY6mrNXOMfgB6+0T7BeSOQ==</latexit>

N = 2

hyperKähler quotient construction of.           supersymmetric gauge theories: 
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

[Antoniadis, Pioline 1996]

tests of type II/heterotic duality in the vector multiplet sector

Continued work and solution 20 years later
[Alexandrov, Louis, Pioline, Valandro 2014]

[Alexandrov, Pioline, Saueressig Vandoren 2008]

[Kachru, Vafa 1995]

idea: extend tests to the hypermultiplet sector



2) Structure of            supersymmetric gauge theories:
<latexit sha1_base64="01HGnXfk1CQEcLKTH6t0UbrdA4o=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjJ9dyEU3biSCvYB7VAyadqGZjJjkimUod/hxoUibv0Yd/6NmbaCih4IHM65l3tyvJAzpRH6sFJr6xubW+ntzM7u3v5B9vCopYJIEtokAQ9kx8OKciZoUzPNaSeUFPsep21vcpX47SmVigXiTs9C6vp4JNiQEayN5PZ8rMcE8/hmfpHvZ3PIRuVSrYAgskvIqdRqhiBUrhby0DEkQQ6s0Ohn33uDgEQ+FZpwrFTXQaF2Yyw1I5zOM71I0RCTCR7RrqEC+1S58SL0HJ4ZZQCHgTRPaLhQv2/E2Fdq5ntmMgmpfnuJ+JfXjfSw6sZMhJGmgiwPDSMOdQCTBuCASUo0nxmCiWQmKyRjLDHRpqeMKeHrp/B/0srbTtku3hZz9ctVHWlwAk7BOXBABdTBNWiAJiDgHjyAJ/BsTa1H68V6XY6mrNXOMfgB6+0T7BeSOQ==</latexit>

N = 2

Spontaneous breaking of             global supersymmetry for abelian
<latexit sha1_base64="aex2IA/U6ZQlmumKZCtBQpSqS/Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaGOZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdKO820VVlbX1jeKm6Wt7Z3dPXv/oKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yd+e1HKhWLxL2exNQL8VCwgBGsjfTQC7EeEczT2+llFfXtslNxZkDLxM1JGXI0+vZXbxCRJKRCE46V6rpOrL0US80Ip9NSL1E0xmSMh7RrqMAhVV46Sz1FJ0YZoCCS5gmNZurvjRSHSk1C30xmKdWil4n/ed1EBxdeykScaCrI/FCQcKQjlFWABkxSovnEEEwkM1kRGWGJiTZFlUwJ7uKXl0mrWnHPKrW7Wrl+lddRhCM4hlNw4RzqcAMNaAIBCc/wCm/Wk/VivVsf89GCle8cwh9Ynz/c1pIa</latexit>

N = 2
vector multiplets:

-) Fayet-Iliopoulos term for ‘magnetic’ 
<latexit sha1_base64="EtQOPFRXi6r+24Y8zoOPAbQBonc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkqMeiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd27qjceGtXmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/pZI2C</latexit>

U(1)

-) partial breaking to 
<latexit sha1_base64="Rt4g0oVd5HTn0eR63VjSiaxxhwA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPjh8Lro3jfKPCyura+kZxs7S1vbO7V94/aOooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH91mfmvMlOaRfDSTmHkhGUgecEqMlbxuSMyQEpHeT6/dXrniVJ0Z8DJxc1KBHPVe+avbj2gSMmmoIFp3XCc2XkqU4VSwaambaBYTOiID1rFUkpBpL52FnuITq/RxECn7pMEz9fdGSkKtJ6FvJ7OQetHLxP+8TmKCKy/lMk4Mk3R+KEgENhHOGsB9rhg1YmIJoYrbrJgOiSLU2J5KtgR38cvLpHlWdS+q5w/nldpNXkcRjuAYTsGFS6jBHdShARSe4Ble4Q2N0Qt6Rx/z0QLKdw7hD9DnD4Drke8=</latexit>

N = 1
[Antoniadis, Partouche, Taylor 1995]

hyperKähler quotient construction of.           supersymmetric gauge theories: 
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

[Antoniadis, Pioline 1996]

tests of type II/heterotic duality in the vector multiplet sector

Continued work and solution 20 years later
[Alexandrov, Louis, Pioline, Valandro 2014]

[Alexandrov, Pioline, Saueressig Vandoren 2008]

[Kachru, Vafa 1995]

idea: extend tests to the hypermultiplet sector



Moduli Stabilisation with Magnetic Fluxes

Tristan Maillard (2006, ETH Zurich and CERN)
Title: Aspects of moduli stabilization in string theory

Binata Panda (2012, Inst. Phys. Bhubaneswar)
Title: Phenomenology with Magnetized D-branes

work with: Karim Benakli, Alexandre Laugier, Alok Kumar

work with: Alok Kumar



String vacua depend on continuous parameter characterising e.g. the shape 
and size of the internal manifold (vevs of moduli)

different mechanisms to fix vevs and provide isolated string ground states 



String vacua depend on continuous parameter characterising e.g. the shape 
and size of the internal manifold (vevs of moduli)

different mechanisms to fix vevs and provide isolated string ground states 

Examples: type I on       or type II on           orientifold compactifications 
<latexit sha1_base64="EF12PHRB69v0PI15o/P3AJ5dGmk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuV8uX9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx/dxo2J</latexit>

T 6
<latexit sha1_base64="Mvgzu9UpfXb87SBv3n9cH4xGI4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqialVJdFNy4r9IVtDJPppB06eTAzKZTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvo7CxubW9U9wt7e0fHB6ZxycdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmd5nfnVIhWRS21CymToBHIfMZwUpLrmm2nupXgwCrseelj3O36pplq2ItgNaJnZMy5Gi65tdgGJEkoKEiHEvZt61YOSkWihFO56VBImmMyQSPaF/TEAdUOuki+RxdaGWI/EjoFyq0UH9vpDiQchZ4ejLLKFe9TPzP6yfKv3FSFsaJoiFZHvITjlSEshrQkAlKFJ9pgolgOisiYywwUbqski7BXv3yOulUK3a9UnuolRu3eR1FOINzuAQbrqEB99CENhCYwjO8wpuRGi/Gu/GxHC0Y+c4p/IHx+QO8oJMY</latexit>

T 6/Z2

with magnetised D9-branes

1) oblique (= non-commutative) magnetic fluxes
4 main ingredients of the construction:

fixes off-diagonal components of the metric 

2) magnetised D9-branes can lead to negative 5-brane tension
3) non-linear part of the DBI-action

[Antoniadis, Maillard 2004]
[Antoniadis, Kumar, Maillard 2005, 2006]
[Antoniadis, Maillard 2004]

4) non-vanishing vevs for scalar fields on some of the branes
needed for consistent model building and more general supersymmetric vacuum configurations

needed to fix the overall volume 

Stabilise complex structure and Kähler moduli and cancel 5-brane tadpole



String vacua depend on continuous parameter characterising e.g. the shape 
and size of the internal manifold (vevs of moduli)

different mechanisms to fix vevs and provide isolated string ground states 

Examples: type I on       or type II on           orientifold compactifications 
<latexit sha1_base64="EF12PHRB69v0PI15o/P3AJ5dGmk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuV8uX9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx/dxo2J</latexit>

T 6
<latexit sha1_base64="Mvgzu9UpfXb87SBv3n9cH4xGI4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqialVJdFNy4r9IVtDJPppB06eTAzKZTQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxYs6ksqxvo7CxubW9U9wt7e0fHB6ZxycdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmd5nfnVIhWRS21CymToBHIfMZwUpLrmm2nupXgwCrseelj3O36pplq2ItgNaJnZMy5Gi65tdgGJEkoKEiHEvZt61YOSkWihFO56VBImmMyQSPaF/TEAdUOuki+RxdaGWI/EjoFyq0UH9vpDiQchZ4ejLLKFe9TPzP6yfKv3FSFsaJoiFZHvITjlSEshrQkAlKFJ9pgolgOisiYywwUbqski7BXv3yOulUK3a9UnuolRu3eR1FOINzuAQbrqEB99CENhCYwjO8wpuRGi/Gu/GxHC0Y+c4p/IHx+QO8oJMY</latexit>

T 6/Z2

with magnetised D9-branes

1) oblique (= non-commutative) magnetic fluxes
4 main ingredients of the construction:

fixes off-diagonal components of the metric 

2) magnetised D9-branes can lead to negative 5-brane tension
3) non-linear part of the DBI-action

[Antoniadis, Maillard 2004]
[Antoniadis, Kumar, Maillard 2005, 2006]
[Antoniadis, Maillard 2004]

4) non-vanishing vevs for scalar fields on some of the branes
needed for consistent model building and more general supersymmetric vacuum configurations

needed to fix the overall volume 

Stabilise complex structure and Kähler moduli and cancel 5-brane tadpole

Minimal example of supersymmetric SU(5) GUT model [Antoniadis, Kumar, Panda 2007, 2009]

Non-linear SUSY of the effective D-brane action with internal magnetic fields
[Antoniadis, Derendinger, Maillard 2008]



BPS Amplitudes and Topological String Theory

Stefan Hohenegger (2008, TU Wien and CERN) with Maximilian Kreuzer
Title: Topological Amplitudes and String Effective Couplings

Ahmad Zein Assi (2013, École Polytechnique and CERN)
Title: Topological amplitudes and the string effective action

work with: Kumar Narain, Emery Sokatchev

work with: Ioannis Florakis, Stefan Hohenegger, Kumar Narain





Topological couplings in the string effective action

<latexit sha1_base64="OA6cySjS3vFkOv9JJcu3CJRg3Lc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8sLsEmYnk2TIzOwyDyEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q445Uwb3//2CmvrG5tbxe3Szu7e/kH58KilE6sIbZKEJ6oTY005k7RpmOG0kyqKRcxpOx7fzfz2E1WaJbJhJimNBB5KNmAEGyc9NnpZKGwo7bRXrvhVfw60SoKcVCBHvVf+CvsJsYJKQzjWuhv4qYkyrAwjnE5LodU0xWSMh7TrqMSC6iibXzxFZ07po0GiXEmD5urviQwLrScidp0Cm5Fe9mbif17XmsFNlDGZWkMlWSwaWI5Mgmbvoz5TlBg+cQQTxdytiIywwsS4kEouhGD55VXSuqgGV9XLh8tK7TaPowgncArnEMA11OAe6tAEAhKe4RXePO29eO/ex6K14OUzx/AH3ucP3meRDw==</latexit>

Tµ⌫with
……Riemann tensor

………graviphoton field strength tensor
<latexit sha1_base64="yWagnVgdR1yCtW5xHBAwwcfsQ3w="></latexit>

Ig =

Z
d4xFg(�)R

2 T 2g�2

…….……vector multiplet scalar
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="3PtLdN4RdLZ+vVhzMP9NEKn4kKE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjcsq9gFNCJPptB06mQnzEEvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994Tp4wq7XnfTmltfWNzq7xd2dnd2z9wD6sdJYzEpI0FE7IXI0UY5aStqWakl0qCkpiRbjy5mfndRyIVFfxBT1MSJmjE6ZBipK0UudX7KAsSE3ATyLEINDJ55Na8ujcHXCV+QWqgQCtyv4KBwCYhXGOGlOr7XqrDDElNMSN5JTCKpAhP0Ij0LeUoISrM5rfn8NQqAzgU0hbXcK7+nshQotQ0iW1ngvRYLXsz8T+vb/TwKswoT40mHC8WDQ2DWsBZEHBAJcGaTS1BWFJ7K8RjJBHWNq6KDcFffnmVdM7r/kW9cdeoNa+LOMrgGJyAM+CDS9AEt6AF2gCDJ/AMXsGbkzsvzrvzsWgtOcXMEfgD5/MHpUCU2Q==</latexit>

Rµ⌫⇢⌧

[Antoniadis, Gava, Narain, Taylor 1993]

<latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg calculated exactly as <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g -loop amplitude in type II on CY-3fold (           )
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2



Topological couplings in the string effective action

<latexit sha1_base64="OA6cySjS3vFkOv9JJcu3CJRg3Lc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8sLsEmYnk2TIzOwyDyEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q445Uwb3//2CmvrG5tbxe3Szu7e/kH58KilE6sIbZKEJ6oTY005k7RpmOG0kyqKRcxpOx7fzfz2E1WaJbJhJimNBB5KNmAEGyc9NnpZKGwo7bRXrvhVfw60SoKcVCBHvVf+CvsJsYJKQzjWuhv4qYkyrAwjnE5LodU0xWSMh7TrqMSC6iibXzxFZ07po0GiXEmD5urviQwLrScidp0Cm5Fe9mbif17XmsFNlDGZWkMlWSwaWI5Mgmbvoz5TlBg+cQQTxdytiIywwsS4kEouhGD55VXSuqgGV9XLh8tK7TaPowgncArnEMA11OAe6tAEAhKe4RXePO29eO/ex6K14OUzx/AH3ucP3meRDw==</latexit>

Tµ⌫with
……Riemann tensor

………graviphoton field strength tensor
<latexit sha1_base64="yWagnVgdR1yCtW5xHBAwwcfsQ3w="></latexit>

Ig =

Z
d4xFg(�)R

2 T 2g�2

…….……vector multiplet scalar
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="3PtLdN4RdLZ+vVhzMP9NEKn4kKE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjcsq9gFNCJPptB06mQnzEEvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994Tp4wq7XnfTmltfWNzq7xd2dnd2z9wD6sdJYzEpI0FE7IXI0UY5aStqWakl0qCkpiRbjy5mfndRyIVFfxBT1MSJmjE6ZBipK0UudX7KAsSE3ATyLEINDJ55Na8ujcHXCV+QWqgQCtyv4KBwCYhXGOGlOr7XqrDDElNMSN5JTCKpAhP0Ij0LeUoISrM5rfn8NQqAzgU0hbXcK7+nshQotQ0iW1ngvRYLXsz8T+vb/TwKswoT40mHC8WDQ2DWsBZEHBAJcGaTS1BWFJ7K8RjJBHWNq6KDcFffnmVdM7r/kW9cdeoNa+LOMrgGJyAM+CDS9AEt6AF2gCDJ/AMXsGbkzsvzrvzsWgtOcXMEfgD5/MHpUCU2Q==</latexit>

Rµ⌫⇢⌧

[Antoniadis, Gava, Narain, Taylor 1993]

<latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg calculated exactly as <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g -loop amplitude in type II on CY-3fold (           )
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

<latexit sha1_base64="O5HsamTKQJLBO5NSBi5HMJDyJiw="></latexit>

Fg =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2+
result: <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg captures the genus    partition function of the            topological string<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2



Topological couplings in the string effective action

<latexit sha1_base64="OA6cySjS3vFkOv9JJcu3CJRg3Lc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8sLsEmYnk2TIzOwyDyEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q445Uwb3//2CmvrG5tbxe3Szu7e/kH58KilE6sIbZKEJ6oTY005k7RpmOG0kyqKRcxpOx7fzfz2E1WaJbJhJimNBB5KNmAEGyc9NnpZKGwo7bRXrvhVfw60SoKcVCBHvVf+CvsJsYJKQzjWuhv4qYkyrAwjnE5LodU0xWSMh7TrqMSC6iibXzxFZ07po0GiXEmD5urviQwLrScidp0Cm5Fe9mbif17XmsFNlDGZWkMlWSwaWI5Mgmbvoz5TlBg+cQQTxdytiIywwsS4kEouhGD55VXSuqgGV9XLh8tK7TaPowgncArnEMA11OAe6tAEAhKe4RXePO29eO/ex6K14OUzx/AH3ucP3meRDw==</latexit>

Tµ⌫with
……Riemann tensor

………graviphoton field strength tensor
<latexit sha1_base64="yWagnVgdR1yCtW5xHBAwwcfsQ3w="></latexit>

Ig =

Z
d4xFg(�)R

2 T 2g�2

…….……vector multiplet scalar
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="3PtLdN4RdLZ+vVhzMP9NEKn4kKE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjcsq9gFNCJPptB06mQnzEEvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994Tp4wq7XnfTmltfWNzq7xd2dnd2z9wD6sdJYzEpI0FE7IXI0UY5aStqWakl0qCkpiRbjy5mfndRyIVFfxBT1MSJmjE6ZBipK0UudX7KAsSE3ATyLEINDJ55Na8ujcHXCV+QWqgQCtyv4KBwCYhXGOGlOr7XqrDDElNMSN5JTCKpAhP0Ij0LeUoISrM5rfn8NQqAzgU0hbXcK7+nshQotQ0iW1ngvRYLXsz8T+vb/TwKswoT40mHC8WDQ2DWsBZEHBAJcGaTS1BWFJ7K8RjJBHWNq6KDcFffnmVdM7r/kW9cdeoNa+LOMrgGJyAM+CDS9AEt6AF2gCDJ/AMXsGbkzsvzrvzsWgtOcXMEfgD5/MHpUCU2Q==</latexit>

Rµ⌫⇢⌧

[Antoniadis, Gava, Narain, Taylor 1993]

<latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg calculated exactly as <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g -loop amplitude in type II on CY-3fold (           )
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

Operators in a (twisted) 2d CFT glued 
with the Beltrami differentials of a 
genus    Riemann surface<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

<latexit sha1_base64="O5HsamTKQJLBO5NSBi5HMJDyJiw="></latexit>

Fg =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2+
result: <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg captures the genus    partition function of the            topological string<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2



Topological couplings in the string effective action

<latexit sha1_base64="OA6cySjS3vFkOv9JJcu3CJRg3Lc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8sLsEmYnk2TIzOwyDyEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q445Uwb3//2CmvrG5tbxe3Szu7e/kH58KilE6sIbZKEJ6oTY005k7RpmOG0kyqKRcxpOx7fzfz2E1WaJbJhJimNBB5KNmAEGyc9NnpZKGwo7bRXrvhVfw60SoKcVCBHvVf+CvsJsYJKQzjWuhv4qYkyrAwjnE5LodU0xWSMh7TrqMSC6iibXzxFZ07po0GiXEmD5urviQwLrScidp0Cm5Fe9mbif17XmsFNlDGZWkMlWSwaWI5Mgmbvoz5TlBg+cQQTxdytiIywwsS4kEouhGD55VXSuqgGV9XLh8tK7TaPowgncArnEMA11OAe6tAEAhKe4RXePO29eO/ex6K14OUzx/AH3ucP3meRDw==</latexit>

Tµ⌫with
……Riemann tensor

………graviphoton field strength tensor
<latexit sha1_base64="yWagnVgdR1yCtW5xHBAwwcfsQ3w="></latexit>

Ig =

Z
d4xFg(�)R

2 T 2g�2

…….……vector multiplet scalar
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="3PtLdN4RdLZ+vVhzMP9NEKn4kKE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjcsq9gFNCJPptB06mQnzEEvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994Tp4wq7XnfTmltfWNzq7xd2dnd2z9wD6sdJYzEpI0FE7IXI0UY5aStqWakl0qCkpiRbjy5mfndRyIVFfxBT1MSJmjE6ZBipK0UudX7KAsSE3ATyLEINDJ55Na8ujcHXCV+QWqgQCtyv4KBwCYhXGOGlOr7XqrDDElNMSN5JTCKpAhP0Ij0LeUoISrM5rfn8NQqAzgU0hbXcK7+nshQotQ0iW1ngvRYLXsz8T+vb/TwKswoT40mHC8WDQ2DWsBZEHBAJcGaTS1BWFJ7K8RjJBHWNq6KDcFffnmVdM7r/kW9cdeoNa+LOMrgGJyAM+CDS9AEt6AF2gCDJ/AMXsGbkzsvzrvzsWgtOcXMEfgD5/MHpUCU2Q==</latexit>

Rµ⌫⇢⌧

[Antoniadis, Gava, Narain, Taylor 1993]

<latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg calculated exactly as <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g -loop amplitude in type II on CY-3fold (           )
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

Operators in a (twisted) 2d CFT glued 
with the Beltrami differentials of a 
genus    Riemann surface<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

In the dual heterotic string theory compactified on              , the     start receiving
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2 <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg

contributions at 1-loop

<latexit sha1_base64="O5HsamTKQJLBO5NSBi5HMJDyJiw="></latexit>

Fg =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2+
result: <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg captures the genus    partition function of the            topological string<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2



Topological couplings in the string effective action

<latexit sha1_base64="OA6cySjS3vFkOv9JJcu3CJRg3Lc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8sLsEmYnk2TIzOwyDyEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q445Uwb3//2CmvrG5tbxe3Szu7e/kH58KilE6sIbZKEJ6oTY005k7RpmOG0kyqKRcxpOx7fzfz2E1WaJbJhJimNBB5KNmAEGyc9NnpZKGwo7bRXrvhVfw60SoKcVCBHvVf+CvsJsYJKQzjWuhv4qYkyrAwjnE5LodU0xWSMh7TrqMSC6iibXzxFZ07po0GiXEmD5urviQwLrScidp0Cm5Fe9mbif17XmsFNlDGZWkMlWSwaWI5Mgmbvoz5TlBg+cQQTxdytiIywwsS4kEouhGD55VXSuqgGV9XLh8tK7TaPowgncArnEMA11OAe6tAEAhKe4RXePO29eO/ex6K14OUzx/AH3ucP3meRDw==</latexit>

Tµ⌫with
……Riemann tensor

………graviphoton field strength tensor
<latexit sha1_base64="yWagnVgdR1yCtW5xHBAwwcfsQ3w="></latexit>

Ig =

Z
d4xFg(�)R

2 T 2g�2

…….……vector multiplet scalar
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="3PtLdN4RdLZ+vVhzMP9NEKn4kKE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjcsq9gFNCJPptB06mQnzEEvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994Tp4wq7XnfTmltfWNzq7xd2dnd2z9wD6sdJYzEpI0FE7IXI0UY5aStqWakl0qCkpiRbjy5mfndRyIVFfxBT1MSJmjE6ZBipK0UudX7KAsSE3ATyLEINDJ55Na8ujcHXCV+QWqgQCtyv4KBwCYhXGOGlOr7XqrDDElNMSN5JTCKpAhP0Ij0LeUoISrM5rfn8NQqAzgU0hbXcK7+nshQotQ0iW1ngvRYLXsz8T+vb/TwKswoT40mHC8WDQ2DWsBZEHBAJcGaTS1BWFJ7K8RjJBHWNq6KDcFffnmVdM7r/kW9cdeoNa+LOMrgGJyAM+CDS9AEt6AF2gCDJ/AMXsGbkzsvzrvzsWgtOcXMEfgD5/MHpUCU2Q==</latexit>

Rµ⌫⇢⌧

[Antoniadis, Gava, Narain, Taylor 1993]

<latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg calculated exactly as <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g -loop amplitude in type II on CY-3fold (           )
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

Operators in a (twisted) 2d CFT glued 
with the Beltrami differentials of a 
genus    Riemann surface<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

In the dual heterotic string theory compactified on              , the     start receiving
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2 <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg

contributions at 1-loop

<latexit sha1_base64="O5HsamTKQJLBO5NSBi5HMJDyJiw="></latexit>

Fg =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2+
result: <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg captures the genus    partition function of the            topological string<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

holomorphic anomaly equation: 
<latexit sha1_base64="O32VnOpUv+h4ZHBLbUt23XS78Zc="></latexit>

@īFg =
1

2
Cīj̄k̄ e

2K Gjj̄ Gkk̄

 
g�1X

h=1

DjFh DkFg�h +DjDkFg�1

!
[Bershadsky, Cecotti, Ooguri, Vafa 1993]



Topological couplings in the string effective action

<latexit sha1_base64="OA6cySjS3vFkOv9JJcu3CJRg3Lc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8sLsEmYnk2TIzOwyDyEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q445Uwb3//2CmvrG5tbxe3Szu7e/kH58KilE6sIbZKEJ6oTY005k7RpmOG0kyqKRcxpOx7fzfz2E1WaJbJhJimNBB5KNmAEGyc9NnpZKGwo7bRXrvhVfw60SoKcVCBHvVf+CvsJsYJKQzjWuhv4qYkyrAwjnE5LodU0xWSMh7TrqMSC6iibXzxFZ07po0GiXEmD5urviQwLrScidp0Cm5Fe9mbif17XmsFNlDGZWkMlWSwaWI5Mgmbvoz5TlBg+cQQTxdytiIywwsS4kEouhGD55VXSuqgGV9XLh8tK7TaPowgncArnEMA11OAe6tAEAhKe4RXePO29eO/ex6K14OUzx/AH3ucP3meRDw==</latexit>

Tµ⌫with
……Riemann tensor

………graviphoton field strength tensor
<latexit sha1_base64="yWagnVgdR1yCtW5xHBAwwcfsQ3w="></latexit>

Ig =

Z
d4xFg(�)R

2 T 2g�2

…….……vector multiplet scalar
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="3PtLdN4RdLZ+vVhzMP9NEKn4kKE=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjcsq9gFNCJPptB06mQnzEEvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994Tp4wq7XnfTmltfWNzq7xd2dnd2z9wD6sdJYzEpI0FE7IXI0UY5aStqWakl0qCkpiRbjy5mfndRyIVFfxBT1MSJmjE6ZBipK0UudX7KAsSE3ATyLEINDJ55Na8ujcHXCV+QWqgQCtyv4KBwCYhXGOGlOr7XqrDDElNMSN5JTCKpAhP0Ij0LeUoISrM5rfn8NQqAzgU0hbXcK7+nshQotQ0iW1ngvRYLXsz8T+vb/TwKswoT40mHC8WDQ2DWsBZEHBAJcGaTS1BWFJ7K8RjJBHWNq6KDcFffnmVdM7r/kW9cdeoNa+LOMrgGJyAM+CDS9AEt6AF2gCDJ/AMXsGbkzsvzrvzsWgtOcXMEfgD5/MHpUCU2Q==</latexit>

Rµ⌫⇢⌧

[Antoniadis, Gava, Narain, Taylor 1993]

<latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg calculated exactly as <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g -loop amplitude in type II on CY-3fold (           )
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

Operators in a (twisted) 2d CFT glued 
with the Beltrami differentials of a 
genus    Riemann surface<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

In the dual heterotic string theory compactified on              , the     start receiving
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2 <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg

contributions at 1-loop

<latexit sha1_base64="O5HsamTKQJLBO5NSBi5HMJDyJiw="></latexit>

Fg =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2+
result: <latexit sha1_base64="42710dM9pDXsbXYx2JBHRzBbh+0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGN1O/9cS1EYl6xFHK/ZhGSoSCUbTSw20v6pUrbtWdgSwTLycVyFHvlb+6/YRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZBGvGOpojE3/nh26oScWKVPwkTbUkhm6u+JMY2NGcWB7YwpDsyiNxX/8zoZhlf+WKg0Q67YfFGYSYIJmf5N+kJzhnJkCWVa2FsJG1BNGdp0SjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGETzDK7w50nlx3p2PeWvByWcO4Q+czx8USo2t</latexit>

Fg captures the genus    partition function of the            topological string<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g
<latexit sha1_base64="SUom2Mw6+gG5NaAXWGPmzk6X6N0=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGCb5Hw</latexit>

N = 2

holomorphic anomaly equation: 
<latexit sha1_base64="O32VnOpUv+h4ZHBLbUt23XS78Zc="></latexit>

@īFg =
1

2
Cīj̄k̄ e

2K Gjj̄ Gkk̄

 
g�1X
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DjFh DkFg�h +DjDkFg�1

!
[Bershadsky, Cecotti, Ooguri, Vafa 1993]

Anti-holomorphic moduli derivatives Lower genus top. Amplitudes



Generalisation along different lines:
1)              Topological Amplitudes

<latexit sha1_base64="Dlljii6xdeYtGz2MO28nCAtRvxI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjJ9dyEU3biSCvYB7VAyadqGZjJjkimUod/hxoUibv0Yd/6NmbaCih4IHM65l3tyvJAzpRH6sFJr6xubW+ntzM7u3v5B9vCopYJIEtokAQ9kx8OKciZoUzPNaSeUFPsep21vcpX47SmVigXiTs9C6vp4JNiQEayN5PZ8rMcE8/hmflHsZ3PIRuVSrYAgskvIqdRqhiBUrhby0DEkQQ6s0Ohn33uDgEQ+FZpwrFTXQaF2Yyw1I5zOM71I0RCTCR7RrqEC+1S58SL0HJ4ZZQCHgTRPaLhQv2/E2Fdq5ntmMgmpfnuJ+JfXjfSw6sZMhJGmgiwPDSMOdQCTBuCASUo0nxmCiWQmKyRjLDHRpqeMKeHrp/B/0srbTtku3hZz9ctVHWlwAk7BOXBABdTBNWiAJiDgHjyAJ/BsTa1H68V6XY6mrNXOMfgB6+0T7x+SOw==</latexit>

N = 4

Higher derivative couplings in type II on              lead to twisted            correlator   
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2
<latexit sha1_base64="bxzN2jYPAJ0lmeTa+7Qs54RZ/fs=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowUdSMU3biSCvYB7VAyaaYNzWTGJFMoQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyT48eCa+M432hldW19Y7OwVdze2d3bLx0cNnWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj24zvzVmSvNIPppJzLyQDCQPOCXGSl43JGZIiUjvp9fVXqnsVJwZ8DJxc1KGHPVe6avbj2gSMmmoIFp3XCc2XkqU4VSwabGbaBYTOiID1rFUkpBpL52FnuJTq/RxECn7pMEz9fdGSkKtJ6FvJ7OQetHLxP+8TmKCKy/lMk4Mk3R+KEgENhHOGsB9rhg1YmIJoYrbrJgOiSLU2J6KtgR38cvLpHlecS8q1YdquXaT11GAYziBM3DhEmpwB3VoAIUneIZXeENj9ILe0cd8dAXlO0fwB+jzB4V3kfI=</latexit>

N = 4

<latexit sha1_base64="lEWaoEbXCz/yKrJ2pLrfFcb83JQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWIQKtSQlqMuiIC6r9AVNUiaTSTp08mBmIpaQD3Djr7hxoYhbP8Cdf+O0zUJbDwwczjmXufc4MSVcaNq3srS8srq2Xtgobm5t7+yW9vY7PEoYwm0U0Yj1HMgxJSFuCyIo7sUMw8ChuOuMriZ+9x4zTqKwJcYxtgLoh8QjCAopDUplk4RCdW3jwaxeD3w7regnmVm9sw2z2rLTun9az2RKq2lTqItEz0kZ5GgOSl+mG6EkwKFAFHLe17VYWClkgiCKs6KZcBxDNII+7ksawgBzK50ek6nHUnFVL2LyydWm6u+JFAacjwNHJgMohnzem4j/ef1EeBdWSsI4EThEs4+8hKoiUifNqC5hGAk6lgQiRuSuKhpCBpGQ/RVlCfr8yYukU6/pZzXj1ig3LvM6CuAQHIEK0ME5aIAb0ARtgMAjeAav4E15Ul6Ud+VjFl1S8pkD8AfK5w9dBplJ</latexit>Z
d4xF (1)

g R4 T 2g�2 leads to

<latexit sha1_base64="zQrKajkCuG+Lqj/QcDAuyWiiW7k="></latexit>

F (1)
g =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2 Z
|JK3|2

Z
|JT 2 |2

+

<latexit sha1_base64="iapDWTeTGbncHdIrd97am8Bpj4E="></latexit>Z
d4xF (2)

g R2 (@@�)2 T 2g�2

<latexit sha1_base64="2J10w+Exs9XGCD9m79xeYudU+XQ="></latexit>

F (2)
g =

Z

Mg+1

*�����

3g�1Y

a=1

G�(µa) J
��
K3 (µ3g) 3(↵)

�����

2+

leads to

[Antoniadis, SH, Narain 2006]



Generalisation along different lines:
1)              Topological Amplitudes

<latexit sha1_base64="Dlljii6xdeYtGz2MO28nCAtRvxI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjJ9dyEU3biSCvYB7VAyadqGZjJjkimUod/hxoUibv0Yd/6NmbaCih4IHM65l3tyvJAzpRH6sFJr6xubW+ntzM7u3v5B9vCopYJIEtokAQ9kx8OKciZoUzPNaSeUFPsep21vcpX47SmVigXiTs9C6vp4JNiQEayN5PZ8rMcE8/hmflHsZ3PIRuVSrYAgskvIqdRqhiBUrhby0DEkQQ6s0Ohn33uDgEQ+FZpwrFTXQaF2Yyw1I5zOM71I0RCTCR7RrqEC+1S58SL0HJ4ZZQCHgTRPaLhQv2/E2Fdq5ntmMgmpfnuJ+JfXjfSw6sZMhJGmgiwPDSMOdQCTBuCASUo0nxmCiWQmKyRjLDHRpqeMKeHrp/B/0srbTtku3hZz9ctVHWlwAk7BOXBABdTBNWiAJiDgHjyAJ/BsTa1H68V6XY6mrNXOMfgB6+0T7x+SOw==</latexit>

N = 4

Higher derivative couplings in type II on              lead to twisted            correlator   
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2
<latexit sha1_base64="bxzN2jYPAJ0lmeTa+7Qs54RZ/fs=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowUdSMU3biSCvYB7VAyaaYNzWTGJFMoQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyT48eCa+M432hldW19Y7OwVdze2d3bLx0cNnWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj24zvzVmSvNIPppJzLyQDCQPOCXGSl43JGZIiUjvp9fVXqnsVJwZ8DJxc1KGHPVe6avbj2gSMmmoIFp3XCc2XkqU4VSwabGbaBYTOiID1rFUkpBpL52FnuJTq/RxECn7pMEz9fdGSkKtJ6FvJ7OQetHLxP+8TmKCKy/lMk4Mk3R+KEgENhHOGsB9rhg1YmIJoYrbrJgOiSLU2J6KtgR38cvLpHlecS8q1YdquXaT11GAYziBM3DhEmpwB3VoAIUneIZXeENj9ILe0cd8dAXlO0fwB+jzB4V3kfI=</latexit>

N = 4

<latexit sha1_base64="lEWaoEbXCz/yKrJ2pLrfFcb83JQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWIQKtSQlqMuiIC6r9AVNUiaTSTp08mBmIpaQD3Djr7hxoYhbP8Cdf+O0zUJbDwwczjmXufc4MSVcaNq3srS8srq2Xtgobm5t7+yW9vY7PEoYwm0U0Yj1HMgxJSFuCyIo7sUMw8ChuOuMriZ+9x4zTqKwJcYxtgLoh8QjCAopDUplk4RCdW3jwaxeD3w7regnmVm9sw2z2rLTun9az2RKq2lTqItEz0kZ5GgOSl+mG6EkwKFAFHLe17VYWClkgiCKs6KZcBxDNII+7ksawgBzK50ek6nHUnFVL2LyydWm6u+JFAacjwNHJgMohnzem4j/ef1EeBdWSsI4EThEs4+8hKoiUifNqC5hGAk6lgQiRuSuKhpCBpGQ/RVlCfr8yYukU6/pZzXj1ig3LvM6CuAQHIEK0ME5aIAb0ARtgMAjeAav4E15Ul6Ud+VjFl1S8pkD8AfK5w9dBplJ</latexit>Z
d4xF (1)

g R4 T 2g�2 leads to

<latexit sha1_base64="zQrKajkCuG+Lqj/QcDAuyWiiW7k="></latexit>

F (1)
g =

Z

Mg

*�����

3g�3Y

a=1

G�(µa)

�����

2 Z
|JK3|2

Z
|JT 2 |2

+

<latexit sha1_base64="iapDWTeTGbncHdIrd97am8Bpj4E="></latexit>Z
d4xF (2)

g R2 (@@�)2 T 2g�2

<latexit sha1_base64="2J10w+Exs9XGCD9m79xeYudU+XQ="></latexit>

F (2)
g =

Z

Mg+1

*�����

3g�1Y

a=1

G�(µa) J
��
K3 (µ3g) 3(↵)

�����

2+

leads to

[Antoniadis, SH, Narain 2006]

<latexit sha1_base64="XSDwOdHr2ZcXB23m3HZ8zDpgXUY="></latexit>

✏ijk`Dij,ADk`,BF
(2)
g = 4D++,AD++,BF

(2)
g�1 � 4(g + 1) �AB F (2)

g

Holomorphic anomaly equation generalised to harmonicity relations, e.g. for the
contribution in heterotic string theory on 

<latexit sha1_base64="EF12PHRB69v0PI15o/P3AJ5dGmk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+VXrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdK8KHuV8uX9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx/dxo2J</latexit>

T 6 [Antoniadis, SH, Narain, Sokatchev 2007]



2) Refined Topological String
Generalisation to higher derivative couplings

with
<latexit sha1_base64="V7R2NomMQ1/vrQO8vjt/pj77De4="></latexit>

Ig,n =

Z
d4xFg,n R

2
� T 2g�2

� F 2n
+

<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+…(self-dual) part of the field strength
of a vector multiplet gauge field

[Antoniadis, SH, Narain, Taylor 2010]
[Antoniadis, Florakis, SH, Narain, Zein Assi 2013]

Appear at 1-loop in heterotic and type I string theory compactified on 
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2



2) Refined Topological String
Generalisation to higher derivative couplings

with
<latexit sha1_base64="V7R2NomMQ1/vrQO8vjt/pj77De4="></latexit>

Ig,n =

Z
d4xFg,n R

2
� T 2g�2

� F 2n
+

<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+…(self-dual) part of the field strength
of a vector multiplet gauge field

[Antoniadis, SH, Narain, Taylor 2010]
[Antoniadis, Florakis, SH, Narain, Zein Assi 2013]

Appear at 1-loop in heterotic and type I string theory compactified on 
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2

For the right choice of       (het: partner of     modulus) the field theory limit of  
<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+
<latexit sha1_base64="Gri4HxiMme+XJmbrTvtfL6JhXkA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V+gVtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ/dzvPHFtRKyaOE24H9GREqFgFK3U6QdUZ83ZoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8W5M3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/1MqCRFrthyUZhKgjGZ/06GQnOGcmoJZVrYWwkbU00Z2oRKNgRv9eV10r6qetfV2mOtUr/L4yjCGZzDJXhwA3V4gAa0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPH3Ayj6Y=</latexit>

T̄
<latexit sha1_base64="BQ6U7vbmpU0OU8qPvV6G9pyr88w=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY9FQTxWsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrte562eBcTXqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/Nzp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjtZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLQheIsvL5PmRcW7rFQfquXaTR5HAY7hBM7AgyuowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBD+aPZw==</latexit>

Fg,n

reproduces correctly the perturbative part of the Nekrasov partition function on 
the    -background.

<latexit sha1_base64="MW8hrJAgFL8OnIEy2q7X4HirfQc=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBRPb8/r9Su8ziK6Agdo1MUoEtUQ7eojhqIokf0jF7Rm6e8F+/d+5i3Frx85hD9gff5A2IfjwQ=</latexit>

⌦



2) Refined Topological String
Generalisation to higher derivative couplings

with
<latexit sha1_base64="V7R2NomMQ1/vrQO8vjt/pj77De4="></latexit>

Ig,n =

Z
d4xFg,n R

2
� T 2g�2

� F 2n
+

<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+…(self-dual) part of the field strength
of a vector multiplet gauge field

[Antoniadis, SH, Narain, Taylor 2010]
[Antoniadis, Florakis, SH, Narain, Zein Assi 2013]

Appear at 1-loop in heterotic and type I string theory compactified on 
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2

For the right choice of       (het: partner of     modulus) the field theory limit of  
<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+
<latexit sha1_base64="Gri4HxiMme+XJmbrTvtfL6JhXkA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V+gVtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ/dzvPHFtRKyaOE24H9GREqFgFK3U6QdUZ83ZoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8W5M3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/1MqCRFrthyUZhKgjGZ/06GQnOGcmoJZVrYWwkbU00Z2oRKNgRv9eV10r6qetfV2mOtUr/L4yjCGZzDJXhwA3V4gAa0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPH3Ayj6Y=</latexit>

T̄
<latexit sha1_base64="BQ6U7vbmpU0OU8qPvV6G9pyr88w=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY9FQTxWsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrte562eBcTXqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/Nzp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjtZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLQheIsvL5PmRcW7rFQfquXaTR5HAY7hBM7AgyuowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBD+aPZw==</latexit>

Fg,n

reproduces correctly the perturbative part of the Nekrasov partition function on 
the    -background.

<latexit sha1_base64="MW8hrJAgFL8OnIEy2q7X4HirfQc=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBRPb8/r9Su8ziK6Agdo1MUoEtUQ7eojhqIokf0jF7Rm6e8F+/d+5i3Frx85hD9gff5A2IfjwQ=</latexit>

⌦

Gauge theory instanton corrections can be calculated from disc-contributions in 
type I and precisely reproduce the full ADHM action on the     -background 

<latexit sha1_base64="MW8hrJAgFL8OnIEy2q7X4HirfQc=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBRPb8/r9Su8ziK6Agdo1MUoEtUQ7eojhqIokf0jF7Rm6e8F+/d+5i3Frx85hD9gff5A2IfjwQ=</latexit>

⌦
[Antoniadis, Florakis, SH, Narain, Zein Assi 2013]



2) Refined Topological String
Generalisation to higher derivative couplings

with
<latexit sha1_base64="V7R2NomMQ1/vrQO8vjt/pj77De4="></latexit>

Ig,n =

Z
d4xFg,n R

2
� T 2g�2

� F 2n
+

<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+…(self-dual) part of the field strength
of a vector multiplet gauge field

[Antoniadis, SH, Narain, Taylor 2010]
[Antoniadis, Florakis, SH, Narain, Zein Assi 2013]

Appear at 1-loop in heterotic and type I string theory compactified on 
<latexit sha1_base64="IypJjdBB5AS4c8v1FjfjNJAsjR4=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKezGoB6DXgQvEfKC7BpmJ7PJkNkHM71CCPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W7m19Y3Nrfx2YWd3b/+geHjU0nGqGG+yWMaq41PNpYh4EwVK3kkUp6Evedsf3c789hNXWsRRA8cJ90I6iEQgGEUjufcXLoqQa9J4rPSKJbtsz0FWiZOREmSo94pfbj9macgjZJJq3XXsBL0JVSiY5NOCm2qeUDaiA941NKJmkTeZ3zwlZ0bpkyBWpiIkc/X3xISGWo9D33SGFId62ZuJ/3ndFINrbyKiJEUescWiIJUEYzILgPSF4gzl2BDKlDC3EjakijI0MRVMCM7yy6ukVSk7l+XqQ7VUu8niyMMJnMI5OHAFNbiDOjSBQQLP8ApvVmq9WO/Wx6I1Z2Uzx/AH1ucP8JWQ+w==</latexit>

K3⇥ T 2

For the right choice of       (het: partner of     modulus) the field theory limit of  
<latexit sha1_base64="QTDSIkaKvFmJ6Vi7GBvaRLV8JJM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMCuIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHm67Z91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97F+XKfaVUvc7iyMMRHMMpeHAJVbiDGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPuUuNcQ==</latexit>

F+
<latexit sha1_base64="Gri4HxiMme+XJmbrTvtfL6JhXkA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V+gVtKJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ/dzvPHFtRKyaOE24H9GREqFgFK3U6QdUZ83ZoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8W5M3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/1MqCRFrthyUZhKgjGZ/06GQnOGcmoJZVrYWwkbU00Z2oRKNgRv9eV10r6qetfV2mOtUr/L4yjCGZzDJXhwA3V4gAa0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPH3Ayj6Y=</latexit>

T̄
<latexit sha1_base64="BQ6U7vbmpU0OU8qPvV6G9pyr88w=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY9FQTxWsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrte562eBcTXqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/Nzp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjtZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLQheIsvL5PmRcW7rFQfquXaTR5HAY7hBM7AgyuowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBD+aPZw==</latexit>

Fg,n

reproduces correctly the perturbative part of the Nekrasov partition function on 
the    -background.

<latexit sha1_base64="MW8hrJAgFL8OnIEy2q7X4HirfQc=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBRPb8/r9Su8ziK6Agdo1MUoEtUQ7eojhqIokf0jF7Rm6e8F+/d+5i3Frx85hD9gff5A2IfjwQ=</latexit>

⌦

Strong evidence that the         provide a world-sheet description of the refined
<latexit sha1_base64="BQ6U7vbmpU0OU8qPvV6G9pyr88w=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY9FQTxWsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrte562eBcTXqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/Nzp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjtZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLQheIsvL5PmRcW7rFQfquXaTR5HAY7hBM7AgyuowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBD+aPZw==</latexit>

Fg,n

topological string theory.

Gauge theory instanton corrections can be calculated from disc-contributions in 
type I and precisely reproduce the full ADHM action on the     -background 

<latexit sha1_base64="MW8hrJAgFL8OnIEy2q7X4HirfQc=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF29GMA9IljA76U3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWaQoMqrnQ7IgY4k9CwzHJoJxqIiDi0otHN1G89gTZMyQc7TiAUZCBZzCixTmp27wQMSK9c8av+DHiZBDmpoBz1Xvmr21c0FSAt5cSYTuAnNsyItoxymJS6qYGE0BEZQMdRSQSYMJtdO8EnTunjWGlX0uKZ+nsiI8KYsYhcpyB2aBa9qfif10ltfBVmTCapBUnni+KUY6vw9HXcZxqo5WNHCNXM3YrpkGhCrQuo5EIIFl9eJs2zanBRPb8/r9Su8ziK6Agdo1MUoEtUQ7eojhqIokf0jF7Rm6e8F+/d+5i3Frx85hD9gff5A2IfjwQ=</latexit>

⌦
[Antoniadis, Florakis, SH, Narain, Zein Assi 2013]
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Obtain (metastable) de Sitter vacua in 4dim            SUGRA with
<latexit sha1_base64="Rt4g0oVd5HTn0eR63VjSiaxxhwA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPjh8Lro3jfKPCyura+kZxs7S1vbO7V94/aOooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH91mfmvMlOaRfDSTmHkhGUgecEqMlbxuSMyQEpHeT6/dXrniVJ0Z8DJxc1KBHPVe+avbj2gSMmmoIFp3XCc2XkqU4VSwaambaBYTOiID1rFUkpBpL52FnuITq/RxECn7pMEz9fdGSkKtJ6FvJ7OQetHLxP+8TmKCKy/lMk4Mk3R+KEgENhHOGsB9rhg1YmIJoYrbrJgOiSLU2J5KtgR38cvLpHlWdS+q5w/nldpNXkcRjuAYTsGFS6jBHdShARSe4Ble4Q2N0Qt6Rx/z0QLKdw7hD9DnD4Drke8=</latexit>

N = 1

-) infinitesimally small, tuneable (positive) cosmological constant
-) gravitino mass in the TeV range

Field content of proposed minimal model: [Villadoro, Zwirner 2005]
[Antoniadis, Knoops 2004]

-) supergravity multiplet
-) vector multiplet for            gauge symmetry
-) chiral multiplet (dilaton    ) on which            acts as a shift:<latexit sha1_base64="sHlBn3nzuTgUhUT0HUHU6PWCiko=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALETjOA=</latexit>

S

<latexit sha1_base64="WeuvMh6bE9Mj2DQKAetkfcSi0LQ=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JriHokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xB0ZdM8vLeTGbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTscX8/89iNVmklxbyYJDWI8FCxiBBsrtfyqd9q/65crbs2dA/0lXk4qkKPZL3/2BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0YpUBiqSyJQyaqz8nMhxrPYlD2xljM9LL3kz8z+umJroMMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2//Je0zmreea1+W680rvI4inAEx1AFDy6gATfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGQamORw==</latexit>

U(1)R
<latexit sha1_base64="WeuvMh6bE9Mj2DQKAetkfcSi0LQ=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JriHokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xB0ZdM8vLeTGbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTscX8/89iNVmklxbyYJDWI8FCxiBBsrtfyqd9q/65crbs2dA/0lXk4qkKPZL3/2BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0YpUBiqSyJQyaqz8nMhxrPYlD2xljM9LL3kz8z+umJroMMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2//Je0zmreea1+W680rvI4inAEx1AFDy6gATfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGQamORw==</latexit>

U(1)R
<latexit sha1_base64="4kPj4yTs2v3iTjQ2BtYeOi5yv2g=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBRS2JFHVZdOPCRaX2AU0ok8mkHTp5MDMRSij4K25cKOLW73Dn3zhts9DWAwOHc+5h7j1ewplUlvVtLC2vrK6tFzaKm1vbO7vm3n5LxqkgtEliHouOhyXlLKJNxRSnnURQHHqctr3hzcRvP1IhWRw9qFFC3RD3IxYwgpWWeuZhw1Exapwxp0ycMnLudNTHPbNkVawp0CKxc1KCHPWe+eX4MUlDGinCsZRd20qUm2GhGOF0XHRSSRNMhrhPu5pGOKTSzabrj9GJVnwUxEK/SKGp+juR4VDKUejpyRCrgZz3JuJ/XjdVwZWbsShJFY3I7KMg5UhfPOkC+UxQovhIE0wE07siMsACE6UbK+oS7PmTF0nrvGJfVKr31VLtOq+jAEdwDKdgwyXU4Bbq0AQCGTzDK7wZT8aL8W58zEaXjDxzAH9gfP4AHiSUUQ==</latexit>

S ! S � i c⇤



Obtain (metastable) de Sitter vacua in 4dim            SUGRA with
<latexit sha1_base64="Rt4g0oVd5HTn0eR63VjSiaxxhwA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZE1I1QdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPjh8Lro3jfKPCyura+kZxs7S1vbO7V94/aOooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH91mfmvMlOaRfDSTmHkhGUgecEqMlbxuSMyQEpHeT6/dXrniVJ0Z8DJxc1KBHPVe+avbj2gSMmmoIFp3XCc2XkqU4VSwaambaBYTOiID1rFUkpBpL52FnuITq/RxECn7pMEz9fdGSkKtJ6FvJ7OQetHLxP+8TmKCKy/lMk4Mk3R+KEgENhHOGsB9rhg1YmIJoYrbrJgOiSLU2J5KtgR38cvLpHlWdS+q5w/nldpNXkcRjuAYTsGFS6jBHdShARSe4Ble4Q2N0Qt6Rx/z0QLKdw7hD9DnD4Drke8=</latexit>

N = 1

-) infinitesimally small, tuneable (positive) cosmological constant
-) gravitino mass in the TeV range

Field content of proposed minimal model: [Villadoro, Zwirner 2005]
[Antoniadis, Knoops 2004]

-) supergravity multiplet
-) vector multiplet for            gauge symmetry
-) chiral multiplet (dilaton    ) on which            acts as a shift:<latexit sha1_base64="sHlBn3nzuTgUhUT0HUHU6PWCiko=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALETjOA=</latexit>

S

<latexit sha1_base64="WeuvMh6bE9Mj2DQKAetkfcSi0LQ=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JriHokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xB0ZdM8vLeTGbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTscX8/89iNVmklxbyYJDWI8FCxiBBsrtfyqd9q/65crbs2dA/0lXk4qkKPZL3/2BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0YpUBiqSyJQyaqz8nMhxrPYlD2xljM9LL3kz8z+umJroMMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2//Je0zmreea1+W680rvI4inAEx1AFDy6gATfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGQamORw==</latexit>

U(1)R
<latexit sha1_base64="WeuvMh6bE9Mj2DQKAetkfcSi0LQ=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JriHokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xB0ZdM8vLeTGbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTscX8/89iNVmklxbyYJDWI8FCxiBBsrtfyqd9q/65crbs2dA/0lXk4qkKPZL3/2BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0YpUBiqSyJQyaqz8nMhxrPYlD2xljM9LL3kz8z+umJroMMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2//Je0zmreea1+W680rvI4inAEx1AFDy6gATfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGQamORw==</latexit>

U(1)R
<latexit sha1_base64="4kPj4yTs2v3iTjQ2BtYeOi5yv2g=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBRS2JFHVZdOPCRaX2AU0ok8mkHTp5MDMRSij4K25cKOLW73Dn3zhts9DWAwOHc+5h7j1ewplUlvVtLC2vrK6tFzaKm1vbO7vm3n5LxqkgtEliHouOhyXlLKJNxRSnnURQHHqctr3hzcRvP1IhWRw9qFFC3RD3IxYwgpWWeuZhw1Exapwxp0ycMnLudNTHPbNkVawp0CKxc1KCHPWe+eX4MUlDGinCsZRd20qUm2GhGOF0XHRSSRNMhrhPu5pGOKTSzabrj9GJVnwUxEK/SKGp+juR4VDKUejpyRCrgZz3JuJ/XjdVwZWbsShJFY3I7KMg5UhfPOkC+UxQovhIE0wE07siMsACE6UbK+oS7PmTF0nrvGJfVKr31VLtOq+jAEdwDKdgwyXU4Bbq0AQCGTzDK7wZT8aL8W58zEaXjDxzAH9gfP4AHiSUUQ==</latexit>

S ! S � i c⇤

Kähler and superpotential take the form
<latexit sha1_base64="tuD5hJU8v+CqTJcelDVsm2S1K1Y="></latexit>

L =

Z
d4✓K(S + S̄) +

Z
d2✓W (S) +

Z
d2✓̄ W̄ (S̄) with

<latexit sha1_base64="JL7i7a0qv/ixzDxRjcHpswrAlSc=">AAACGHicbVDLSsNAFJ34rPUVdekmWISKWpNS1I1QdCO4qWAf0NRyM520QyeTMDMRSshnuPFX3LhQxG13/o3Tx0JbDwwczrmXO+d4EaNS2fa3sbC4tLyymlnLrm9sbm2bO7s1GcYCkyoOWSgaHkjCKCdVRRUjjUgQCDxG6l7/ZuTXn4iQNOQPahCRVgBdTn2KQWmpbZ65AageBpbcpVenri8AJ8U0cfsQRfBYTN0Tl/G8PHY9EIlMj9pmzi7YY1jzxJmSHJqi0jaHbifEcUC4wgykbDp2pFoJCEUxI2nWjSWJAPehS5qacgiIbCXjYKl1qJWO5YdCP66ssfp7I4FAykHg6clRDDnrjcT/vGas/MtWQnkUK8Lx5JAfM0uF1qglq0MFwYoNNAEsqP6rhXugy1G6y6wuwZmNPE9qxYJzXijdl3Ll62kdGbSPDlAeOegCldEtqqAqwugZvaJ39GG8GG/Gp/E1GV0wpjt76A+M4Q+quaAp</latexit>

K = � 2

2
ln(s+ s̄)

<latexit sha1_base64="t6AHooTj7CtRdto5n3pCfjoY1/w=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJSSaFEvQtGLxwq2FZq0TLbbdukmWXY3QgkF/4oXD4p49Xd489+4bXPQ1gcDj/dmmJkXCM6UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSeS0DqJeSwfAlCUs4jWNdOcPghJIQw4bQbDm4nffKRSsTi61yNB/RD6EesxAtpIHfugeeUNQQhon3kl8Eq0nQZq3LGLTtmZAi8SNyNFlKHWsb+8bkySkEaacFCq5TpC+ylIzQin44KXKCqADKFPW4ZGEFLlp9Pzx/jYKF3ci6WpSOOp+nsihVCpURiYzhD0QM17E/E/r5Xo3qWfskgkmkZktqiXcKxjPMkCd5mkRPORIUAkM7diMgAJRJvECiYEd/7lRdI4Lbvn5cpdpVi9zuLIo0N0hE6Qiy5QFd2iGqojglL0jF7Rm/VkvVjv1sesNWdlM/voD6zPH02clRU=</latexit>

W = 3 a ebs

Locally stable de Sitter minimum of the scalar potential at
<latexit sha1_base64="EG056Ir14zKaDFaK0pfa2XtPscI=">AAACBnicbVDLSgMxFM34rPU16lKEYBHcOMyUWl0W3bisYB/QGUsmzbShSWZIMkIZunLjr7hxoYhbv8Gdf2PazkJbD9zL4Zx7Se4JE0aVdt1va2l5ZXVtvbBR3Nza3tm19/abKk4lJg0cs1i2Q6QIo4I0NNWMtBNJEA8ZaYXD64nfeiBS0Vjc6VFCAo76gkYUI22krn3kRxLhDN2Xx1mITfcV5fDs3HWqVbfctUuu404BF4mXkxLIUe/aX34vxiknQmOGlOp4bqKDDElNMSPjop8qkiA8RH3SMVQgTlSQTc8YwxOj9GAUS1NCw6n6eyNDXKkRD80kR3qg5r2J+J/XSXV0GWRUJKkmAs8eilIGdQwnmcAelQRrNjIEYUnNXyEeIJOLNskVTQje/MmLpFl2vKpTua2Uald5HAVwCI7BKfDABaiBG1AHDYDBI3gGr+DNerJerHfrYza6ZOU7B+APrM8fuCCXVw==</latexit>

a2

bc2
⇠ �50.6602
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b(s0 + s̄0) ⇠ �0.183268

Properties maintained under addition of MSSM-like sector
[Antoniadis, Ghilencea, Knoops 2004]



Type IIB/F-theory framework and moduli stabilisation:

intersecting 7-branes generate an F-term potential for the Kähler moduli

[Antoniadis, Chen, Leontaris 2018,2019]

with anomalous         symmetries 
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U(1)

Uplift the potential and generate a dS minimum with all Kähler moduli stabilised

(logarithmic higher loop corrections ) and Fayet-Iliopoulos D-terms associated
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see also George’s talk

Study of inflation within this model [Antoniadis, Chen, Leontaris 2018]
[Antoniadis, Lacombe, Leontaris 2018]

(logarithmic higher loop corrections ) and Fayet-Iliopoulos D-terms associated
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Higgs Inflation: calculation of relevant Higgs tree-level scattering amplitudes
[Antoniadis, Guillen, Tamvakis 2020]
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[Antoniadis, Benakli, Quiros 1999]

First predictions of collider signatures of Kaluza-Klein modes of gauge fields

Limits on the size of extra dimensions [Antoniadis, Benakli 2000,2001]

Physics of extra dimensions at the LHC [Antoniadis, Benakli 2015]

see also the talk by Mariano
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First predictions of collider signatures of Kaluza-Klein modes of gauge fields

Limits on the size of extra dimensions [Antoniadis, Benakli 2000,2001]

Physics of extra dimensions at the LHC [Antoniadis, Benakli 2015]

see also the talk by Mariano

KK compactification of a 5 dimensional graviton-dilation system on 
[Antoniadis, Markou, Rondeau 2021]
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S1/Z2

with linear dilation background:
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-)            supersymmetric extension
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N = 2
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N = 2

Embedding of the Standard Model into D-brane configurations with gauged 
lepton number: produce KK modes that can explain g-2 discrepancy
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U(1)

that extends along at least one large extra dimension [Antoniadis, Rondeau 2021]

see also the talk by Dieter
[Anchordoqui, Antoniadis, Huang, Lüst, Rondeau, Taylor 2022]
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