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Even though, in four dimensions, gauge three-forms  

do not carry any propagating degrees of freedom, they can induce 
nontrivial physical effects. 

Dynamical generation of the cosmological constant: 
Possible solution to the cosmological constant problem 
(Brown, Teitelboim 1987 - Bousso, Polchinski 2000)  

Gauging the shift symmetry: 
Possible solution to the CP problem (Dvali 2003) 
New inflationary models (Kaloper, Sorbo 2008)

Three-forms in Physics
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Plan of the talk

How gauge three-forms and membranes 
can be embedded into a four dimensional 

 N=1 Supergravity theory

The UV completion: 
three-forms from flux compactification; 
membranes from wrapped higher  
dimensional branes.

based on: arXiv:1706.09422, 1712.09366, 1803.01405 
with I. Bandos, F. Farakos, L. Martucci, D. Sorokin

http://arxiv.org/abs/arXiv:1803.01405


Let us consider a simple model made up by a single chiral superfield 

with Lagrangian 

where is   a complex constant. Integrating out 

Plugging it back into the Lagrangian gives

A simple model

f
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Let us consider a simple model made up by a single chiral superfield 

with Lagrangian 

where is   a complex constant. Integrating out 

Plugging it back into the Lagrangian gives

A simple model

Positive potential: supersymmetry is spontaneously broken 
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The previous model can also be recast in terms of gauge three-forms. 

We build a new Lagrangian 

The solution to the three-form equation

A simple model: introducing three-forms

L = �@µ'̄@µ'� i �µ@µ ̄ � 1
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Plugging it back into the Lagrangian 

Also boundary terms contribute to the on-shell potential. 
The constant parameter b is here dynamically generated!
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whose components are

A simple model: three-forms in Superspace 

L =
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Three-forms and 
Membranes in Supergravity



How to insert gauge three-forms in Supergravity? 
The field content is 

with N+2 (complex) scalar auxiliary fields          .

Supergravity coupled with three-forms

M, f I
<latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit><latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit><latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit><latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit>

Gravity Multiplet + (N+1) Chiral Multiplets



How to insert gauge three-forms in Supergravity? 
The field content is 

with N+2 (complex) scalar auxiliary fields          .

Supergravity coupled with three-forms
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<latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit><latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit><latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit><latexit sha1_base64="1cYd2rXj1JVkDUbCpJg46RFTmQg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCAqCBLzoQYhgHpCsYXbSmwyZnV1mZoWw5CO8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweB67DeeUGkeywczTNCPaE/ykDNqrNS4O2lfho+3nWLJLbsTkEXizUgJZqh2il/tbszSCKVhgmrd8tzE+BlVhjOBo0I71ZhQNqA9bFkqaYTazybnjsiRVbokjJUtachE/T2R0UjrYRTYzoiavp73xuJ/Xis14YWfcZmkBiWbLgpTQUxMxr+TLlfIjBhaQpni9lbC+lRRZmxCBRuCN//yIqmflj237N2flSpXszjycACHcAwenEMFbqAKNWAwgGd4hTcncV6cd+dj2ppzZjP78AfO5w9GwI7Z</latexit>

The aim is to trade 

at the superspace level, this means

⇤F I
4

⇤F̃4J
<latexit sha1_base64="Ituz1YxJtk92V+b2OpH4H5va6rM="></latexit><latexit sha1_base64="Ituz1YxJtk92V+b2OpH4H5va6rM="></latexit><latexit sha1_base64="Ituz1YxJtk92V+b2OpH4H5va6rM="></latexit><latexit sha1_base64="Ituz1YxJtk92V+b2OpH4H5va6rM="></latexit>

M
f I

<latexit sha1_base64="gwssztLmlawwlijrvDBZC1vuPAE=">AAACDHicbVDLSsNAFJ3UV42vqks3g0VwVRIRdCUFN7oQKtgHNLVMJjft0MkkzEzEEvoBbvwVNy4UcesHuPNvnLYRtPXAwOGcc5l7j59wprTjfFmFhcWl5ZXiqr22vrG5Vdreaag4lRTqNOaxbPlEAWcC6pppDq1EAol8Dk1/cD72m3cgFYvFjR4m0IlIT7CQUaKN1C2VPR96TGQR0ZLdj+wrz8Ph7aXtgQh+RJNyKs4EeJ64OSmjHLVu6dMLYppGIDTlRKm26yS6kxGpGeUwsr1UQULogPSgbaggEahONjlmhA+MEuAwluYJjSfq74mMREoNI98kzX59NeuNxf+8dqrD007GRJJqEHT6UZhyrGM8bgYHTALVfGgIoZKZXTHtE0moNv3ZpgR39uR50jiquE7FvT4uV8/yOopoD+2jQ+SiE1RFF6iG6oiiB/SEXtCr9Wg9W2/W+zRasPKZXfQH1sc3qdCbWQ==</latexit><latexit sha1_base64="gwssztLmlawwlijrvDBZC1vuPAE=">AAACDHicbVDLSsNAFJ3UV42vqks3g0VwVRIRdCUFN7oQKtgHNLVMJjft0MkkzEzEEvoBbvwVNy4UcesHuPNvnLYRtPXAwOGcc5l7j59wprTjfFmFhcWl5ZXiqr22vrG5Vdreaag4lRTqNOaxbPlEAWcC6pppDq1EAol8Dk1/cD72m3cgFYvFjR4m0IlIT7CQUaKN1C2VPR96TGQR0ZLdj+wrz8Ph7aXtgQh+RJNyKs4EeJ64OSmjHLVu6dMLYppGIDTlRKm26yS6kxGpGeUwsr1UQULogPSgbaggEahONjlmhA+MEuAwluYJjSfq74mMREoNI98kzX59NeuNxf+8dqrD007GRJJqEHT6UZhyrGM8bgYHTALVfGgIoZKZXTHtE0moNv3ZpgR39uR50jiquE7FvT4uV8/yOopoD+2jQ+SiE1RFF6iG6oiiB/SEXtCr9Wg9W2/W+zRasPKZXfQH1sc3qdCbWQ==</latexit><latexit sha1_base64="gwssztLmlawwlijrvDBZC1vuPAE=">AAACDHicbVDLSsNAFJ3UV42vqks3g0VwVRIRdCUFN7oQKtgHNLVMJjft0MkkzEzEEvoBbvwVNy4UcesHuPNvnLYRtPXAwOGcc5l7j59wprTjfFmFhcWl5ZXiqr22vrG5Vdreaag4lRTqNOaxbPlEAWcC6pppDq1EAol8Dk1/cD72m3cgFYvFjR4m0IlIT7CQUaKN1C2VPR96TGQR0ZLdj+wrz8Ph7aXtgQh+RJNyKs4EeJ64OSmjHLVu6dMLYppGIDTlRKm26yS6kxGpGeUwsr1UQULogPSgbaggEahONjlmhA+MEuAwluYJjSfq74mMREoNI98kzX59NeuNxf+8dqrD007GRJJqEHT6UZhyrGM8bgYHTALVfGgIoZKZXTHtE0moNv3ZpgR39uR50jiquE7FvT4uV8/yOopoD+2jQ+SiE1RFF6iG6oiiB/SEXtCr9Wg9W2/W+zRasPKZXfQH1sc3qdCbWQ==</latexit><latexit sha1_base64="gwssztLmlawwlijrvDBZC1vuPAE=">AAACDHicbVDLSsNAFJ3UV42vqks3g0VwVRIRdCUFN7oQKtgHNLVMJjft0MkkzEzEEvoBbvwVNy4UcesHuPNvnLYRtPXAwOGcc5l7j59wprTjfFmFhcWl5ZXiqr22vrG5Vdreaag4lRTqNOaxbPlEAWcC6pppDq1EAol8Dk1/cD72m3cgFYvFjR4m0IlIT7CQUaKN1C2VPR96TGQR0ZLdj+wrz8Ph7aXtgQh+RJNyKs4EeJ64OSmjHLVu6dMLYppGIDTlRKm26yS6kxGpGeUwsr1UQULogPSgbaggEahONjlmhA+MEuAwluYJjSfq74mMREoNI98kzX59NeuNxf+8dqrD007GRJJqEHT6UZhyrGM8bgYHTALVfGgIoZKZXTHtE0moNv3ZpgR39uR50jiquE7FvT4uV8/yOopoD+2jQ+SiE1RFF6iG6oiiB/SEXtCr9Wg9W2/W+zRasPKZXfQH1sc3qdCbWQ==</latexit>

AI
3

Ã3J
<latexit sha1_base64="1vOdFN+FL9AsRCmA33IYSAh5mSU=">AAACG3icbVDLSgMxFM34rPVVdekmWARXZaYVdCUtbtRVBfuATh0ymds2NJMZkoxYhv6HG3/FjQtFXAku/BvTh6CtBwKHc8+9uff4MWdK2/aXtbC4tLyymlnLrm9sbm3ndnbrKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dw++fj+qNO5CKReJGD2Joh6QrWIdRoo3k5YquD10m0pBoye6H2YpXur10XexqxgNIK0MvLV0Nsy6I4Mfj5fJ2wR4DzxNnSvJoiqqX+3CDiCYhCE05Uarl2LFup0RqRjmY4YmCmNA+6ULLUEFCUO10fNsQHxolwJ1Imic0Hqu/O1ISKjUIfeM0+/XUbG0k/ldrJbpz2k6ZiBMNgk4+6iQc6wiPgsIBk0A1HxhCqGRmV0x7RBKqTZxZE4Ize/I8qRcLjl1wro/z5bNpHBm0jw7QEXLQCSqjC1RFNUTRA3pCL+jVerSerTfrfWJdsKY9e+gPrM9vQpWhig==</latexit><latexit sha1_base64="1vOdFN+FL9AsRCmA33IYSAh5mSU=">AAACG3icbVDLSgMxFM34rPVVdekmWARXZaYVdCUtbtRVBfuATh0ymds2NJMZkoxYhv6HG3/FjQtFXAku/BvTh6CtBwKHc8+9uff4MWdK2/aXtbC4tLyymlnLrm9sbm3ndnbrKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dw++fj+qNO5CKReJGD2Joh6QrWIdRoo3k5YquD10m0pBoye6H2YpXur10XexqxgNIK0MvLV0Nsy6I4Mfj5fJ2wR4DzxNnSvJoiqqX+3CDiCYhCE05Uarl2LFup0RqRjmY4YmCmNA+6ULLUEFCUO10fNsQHxolwJ1Imic0Hqu/O1ISKjUIfeM0+/XUbG0k/ldrJbpz2k6ZiBMNgk4+6iQc6wiPgsIBk0A1HxhCqGRmV0x7RBKqTZxZE4Ize/I8qRcLjl1wro/z5bNpHBm0jw7QEXLQCSqjC1RFNUTRA3pCL+jVerSerTfrfWJdsKY9e+gPrM9vQpWhig==</latexit><latexit sha1_base64="1vOdFN+FL9AsRCmA33IYSAh5mSU=">AAACG3icbVDLSgMxFM34rPVVdekmWARXZaYVdCUtbtRVBfuATh0ymds2NJMZkoxYhv6HG3/FjQtFXAku/BvTh6CtBwKHc8+9uff4MWdK2/aXtbC4tLyymlnLrm9sbm3ndnbrKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dw++fj+qNO5CKReJGD2Joh6QrWIdRoo3k5YquD10m0pBoye6H2YpXur10XexqxgNIK0MvLV0Nsy6I4Mfj5fJ2wR4DzxNnSvJoiqqX+3CDiCYhCE05Uarl2LFup0RqRjmY4YmCmNA+6ULLUEFCUO10fNsQHxolwJ1Imic0Hqu/O1ISKjUIfeM0+/XUbG0k/ldrJbpz2k6ZiBMNgk4+6iQc6wiPgsIBk0A1HxhCqGRmV0x7RBKqTZxZE4Ize/I8qRcLjl1wro/z5bNpHBm0jw7QEXLQCSqjC1RFNUTRA3pCL+jVerSerTfrfWJdsKY9e+gPrM9vQpWhig==</latexit><latexit sha1_base64="1vOdFN+FL9AsRCmA33IYSAh5mSU=">AAACG3icbVDLSgMxFM34rPVVdekmWARXZaYVdCUtbtRVBfuATh0ymds2NJMZkoxYhv6HG3/FjQtFXAku/BvTh6CtBwKHc8+9uff4MWdK2/aXtbC4tLyymlnLrm9sbm3ndnbrKkokhRqNeCSbPlHAmYCaZppDM5ZAQp9Dw++fj+qNO5CKReJGD2Joh6QrWIdRoo3k5YquD10m0pBoye6H2YpXur10XexqxgNIK0MvLV0Nsy6I4Mfj5fJ2wR4DzxNnSvJoiqqX+3CDiCYhCE05Uarl2LFup0RqRjmY4YmCmNA+6ULLUEFCUO10fNsQHxolwJ1Imic0Hqu/O1ISKjUIfeM0+/XUbG0k/ldrJbpz2k6ZiBMNgk4+6iQc6wiPgsIBk0A1HxhCqGRmV0x7RBKqTZxZE4Ize/I8qRcLjl1wro/z5bNpHBm0jw7QEXLQCSqjC1RFNUTRA3pCL+jVerSerTfrfWJdsKY9e+gPrM9vQpWhig==</latexit>

which contain

�I
<latexit sha1_base64="T2OR+BpBPGZUd7LjqV5Ud2YsotE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpeNFbBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4up76rSemDVfy3o4TFsRkIHnEKbFOanbrQ/5w2ytXvKo3A14mfk4qkKPeK391+4qmMZOWCmJMx/cSG2REW04Fm5S6qWEJoSMyYB1HJYmZCbLZtRN84pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroMMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUMmF4C++vEyaZ1Xfq/p355XaVR5HEY7gGE7BhwuowQ3UoQEUHuEZXuENKfSC3tHHvLWA8plD+AP0+QMr7Y7W</latexit><latexit sha1_base64="T2OR+BpBPGZUd7LjqV5Ud2YsotE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpeNFbBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4up76rSemDVfy3o4TFsRkIHnEKbFOanbrQ/5w2ytXvKo3A14mfk4qkKPeK391+4qmMZOWCmJMx/cSG2REW04Fm5S6qWEJoSMyYB1HJYmZCbLZtRN84pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroMMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUMmF4C++vEyaZ1Xfq/p355XaVR5HEY7gGE7BhwuowQ3UoQEUHuEZXuENKfSC3tHHvLWA8plD+AP0+QMr7Y7W</latexit><latexit sha1_base64="T2OR+BpBPGZUd7LjqV5Ud2YsotE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpeNFbBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4up76rSemDVfy3o4TFsRkIHnEKbFOanbrQ/5w2ytXvKo3A14mfk4qkKPeK391+4qmMZOWCmJMx/cSG2REW04Fm5S6qWEJoSMyYB1HJYmZCbLZtRN84pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroMMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUMmF4C++vEyaZ1Xfq/p355XaVR5HEY7gGE7BhwuowQ3UoQEUHuEZXuENKfSC3tHHvLWA8plD+AP0+QMr7Y7W</latexit><latexit sha1_base64="T2OR+BpBPGZUd7LjqV5Ud2YsotE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpeNFbBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4up76rSemDVfy3o4TFsRkIHnEKbFOanbrQ/5w2ytXvKo3A14mfk4qkKPeK391+4qmMZOWCmJMx/cSG2REW04Fm5S6qWEJoSMyYB1HJYmZCbLZtRN84pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroMMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUMmF4C++vEyaZ1Xfq/p355XaVR5HEY7gGE7BhwuowQ3UoQEUHuEZXuENKfSC3tHHvLWA8plD+AP0+QMr7Y7W</latexit>

with �1

4
D2�I | ⌘ f I

<latexit sha1_base64="eMfWXeVPnsMDdh+JuQ3Fpasb0Iw=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiWJJS0JUUdGF3FewDmrRMppN26GQSZyaFEvsPbvwVNy4UcevGnX/jpM1CWw9cOJxzL/fe40WMSmVZ38bS8srq2npuI7+5tb2za+7tN2QYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9SvzkiQtKQ36lxRNwA9Tn1KUZKS13z9MzxBcLQLkMnQGqAEYPXnRJ0agPaqT5Ah9zHdAT9ThV2zYJVtKaAi8TOSAFkqHXNL6cX4jggXGGGpGzbVqTcBAlFMSOTvBNLEiE8RH3S1pSjgEg3mf40gcda6UE/FLq4glP190SCAinHgac707vlvJeK/3ntWPkXbkJ5FCvC8WyRHzOoQpgGBHtUEKzYWBOEBdW3QjxAOiOlY8zrEOz5lxdJo1S0raJ9Wy5ULrM4cuAQHIETYINzUAE3oAbqAINH8AxewZvxZLwY78bHrHXJyGYOwB8Ynz9gHJvy</latexit><latexit sha1_base64="eMfWXeVPnsMDdh+JuQ3Fpasb0Iw=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiWJJS0JUUdGF3FewDmrRMppN26GQSZyaFEvsPbvwVNy4UcevGnX/jpM1CWw9cOJxzL/fe40WMSmVZ38bS8srq2npuI7+5tb2za+7tN2QYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9SvzkiQtKQ36lxRNwA9Tn1KUZKS13z9MzxBcLQLkMnQGqAEYPXnRJ0agPaqT5Ah9zHdAT9ThV2zYJVtKaAi8TOSAFkqHXNL6cX4jggXGGGpGzbVqTcBAlFMSOTvBNLEiE8RH3S1pSjgEg3mf40gcda6UE/FLq4glP190SCAinHgac707vlvJeK/3ntWPkXbkJ5FCvC8WyRHzOoQpgGBHtUEKzYWBOEBdW3QjxAOiOlY8zrEOz5lxdJo1S0raJ9Wy5ULrM4cuAQHIETYINzUAE3oAbqAINH8AxewZvxZLwY78bHrHXJyGYOwB8Ynz9gHJvy</latexit><latexit sha1_base64="eMfWXeVPnsMDdh+JuQ3Fpasb0Iw=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiWJJS0JUUdGF3FewDmrRMppN26GQSZyaFEvsPbvwVNy4UcevGnX/jpM1CWw9cOJxzL/fe40WMSmVZ38bS8srq2npuI7+5tb2za+7tN2QYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9SvzkiQtKQ36lxRNwA9Tn1KUZKS13z9MzxBcLQLkMnQGqAEYPXnRJ0agPaqT5Ah9zHdAT9ThV2zYJVtKaAi8TOSAFkqHXNL6cX4jggXGGGpGzbVqTcBAlFMSOTvBNLEiE8RH3S1pSjgEg3mf40gcda6UE/FLq4glP190SCAinHgac707vlvJeK/3ntWPkXbkJ5FCvC8WyRHzOoQpgGBHtUEKzYWBOEBdW3QjxAOiOlY8zrEOz5lxdJo1S0raJ9Wy5ULrM4cuAQHIETYINzUAE3oAbqAINH8AxewZvxZLwY78bHrHXJyGYOwB8Ynz9gHJvy</latexit><latexit sha1_base64="eMfWXeVPnsMDdh+JuQ3Fpasb0Iw=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiWJJS0JUUdGF3FewDmrRMppN26GQSZyaFEvsPbvwVNy4UcevGnX/jpM1CWw9cOJxzL/fe40WMSmVZ38bS8srq2npuI7+5tb2za+7tN2QYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa9SvzkiQtKQ36lxRNwA9Tn1KUZKS13z9MzxBcLQLkMnQGqAEYPXnRJ0agPaqT5Ah9zHdAT9ThV2zYJVtKaAi8TOSAFkqHXNL6cX4jggXGGGpGzbVqTcBAlFMSOTvBNLEiE8RH3S1pSjgEg3mf40gcda6UE/FLq4glP190SCAinHgac707vlvJeK/3ntWPkXbkJ5FCvC8WyRHzOoQpgGBHtUEKzYWBOEBdW3QjxAOiOlY8zrEOz5lxdJo1S0raJ9Wy5ULrM4cuAQHIETYINzUAE3oAbqAINH8AxewZvxZLwY78bHrHXJyGYOwB8Ynz9gHJvy</latexit>

SI ⌘ 1

4
(D̄2 � 8R)MIJ(⌃J � ⌃̄J)

<latexit sha1_base64="zbNhO6gHVPOQAUWAjEBVNUyBh8U="></latexit><latexit sha1_base64="zbNhO6gHVPOQAUWAjEBVNUyBh8U="></latexit><latexit sha1_base64="zbNhO6gHVPOQAUWAjEBVNUyBh8U="></latexit><latexit sha1_base64="zbNhO6gHVPOQAUWAjEBVNUyBh8U="></latexit>

with �1

4
D2SI | = M̄sI � i

2
MIJ⇤F4J

<latexit sha1_base64="gksFx9hy+v8iJ5nYbhvFyhoYcRw="></latexit><latexit sha1_base64="gksFx9hy+v8iJ5nYbhvFyhoYcRw="></latexit><latexit sha1_base64="gksFx9hy+v8iJ5nYbhvFyhoYcRw="></latexit><latexit sha1_base64="gksFx9hy+v8iJ5nYbhvFyhoYcRw="></latexit>

F4I ⌘ F̃4I � ḠIJF
J
4

<latexit sha1_base64="mIbyQi13CIfIZRzdELiwzrTYKRs="></latexit><latexit sha1_base64="mIbyQi13CIfIZRzdELiwzrTYKRs="></latexit><latexit sha1_base64="mIbyQi13CIfIZRzdELiwzrTYKRs="></latexit><latexit sha1_base64="mIbyQi13CIfIZRzdELiwzrTYKRs="></latexit>

and

Gravity Multiplet + (N+1) Chiral Multiplets



The bosonic action is 

with the off-shell potential expressed in terms of gauge three-forms 

Supergravity coupled with three-forms

Sbos =

Z
d4x e

✓
�R

2
�Kij̄ @�

i@�̄|̄ � V (A3, Ã3)

◆

<latexit sha1_base64="ikBwMZFUlsmccyQxYT9DKEg7zWo="></latexit><latexit sha1_base64="ikBwMZFUlsmccyQxYT9DKEg7zWo="></latexit><latexit sha1_base64="ikBwMZFUlsmccyQxYT9DKEg7zWo="></latexit><latexit sha1_base64="ikBwMZFUlsmccyQxYT9DKEg7zWo="></latexit>

V (A3, Ã3) = T IJ⇤F̄4I
⇤F4J + e�1Lbd

<latexit sha1_base64="ic/kdy/Z8zOOxFadJEAseZ+BfFw="></latexit><latexit sha1_base64="ic/kdy/Z8zOOxFadJEAseZ+BfFw="></latexit><latexit sha1_base64="ic/kdy/Z8zOOxFadJEAseZ+BfFw="></latexit><latexit sha1_base64="ic/kdy/Z8zOOxFadJEAseZ+BfFw="></latexit>

with F4I ⌘ F̃4I � ḠIJF
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The bosonic action is 

with the off-shell potential expressed in terms of gauge three-forms 

Supergravity coupled with three-forms
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Setting the three-forms on-shell 

gives an on-shell potential 
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and computing 

Hence, the constants              are dynamically generated by the three-forms.
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One of the main advantages of having three-forms in Supergravity is 
the natural coupling to membranes.

Membranes in Supergravity



One of the main advantages of having three-forms in Supergravity is 
the natural coupling to membranes.

Membranes in Supergravity

We shall consider a single flat three-
dimensional membranes localized at        ; 
These are 1/2-BPS objects: on their 
worldvolume, they preserve one half of the 
bulk supersymmetry; 
At the bosonic level they can be coupled 
via some minimal coupling 
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Membranes can be naturally embedded into a Supergravity theory by adding the 
following contribution 

with

Coupling Supergravity to Membranes
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<latexit sha1_base64="r6cYsoKMazUUi4Kp6QUa056O50E=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIQVdScKEbpaJ9YBPCZDpth04mcWZSKCE/4sZfceNCERduxL9x0mZRqwcGzpxzL/fe40eMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3mjKMBSYNHLJQtH0kCaOcNBRVjLQjQVDgM9Lyh+eZ3xoRIWnI79Q4Im6A+pz2KEZKS55ZvfUSJ0BqIILkKk0d8hDTEZwRW/dpejTzv75IU88sWxVrAviX2Dkpgxx1z/x0uiGOA8IVZkjKjm1Fyk2QUBQzkpacWJII4SHqk46mHAVEusnkuhQeaKULe6HQjys4UWc7EhRIOQ58XZntKOe9TPzP68Sqd+omlEexIhxPB/ViBlUIs6hglwqCFRtrgrCgeleIB0ggrHSgJR2CPX/yX9I8rthWxb6plmtneRxFsAf2wSGwwQmogUtQBw2AwSN4Bq/gzXgyXox342NaWjDynl3wC8bXD/Eto6g=</latexit><latexit sha1_base64="r6cYsoKMazUUi4Kp6QUa056O50E=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIQVdScKEbpaJ9YBPCZDpth04mcWZSKCE/4sZfceNCERduxL9x0mZRqwcGzpxzL/fe40eMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3mjKMBSYNHLJQtH0kCaOcNBRVjLQjQVDgM9Lyh+eZ3xoRIWnI79Q4Im6A+pz2KEZKS55ZvfUSJ0BqIILkKk0d8hDTEZwRW/dpejTzv75IU88sWxVrAviX2Dkpgxx1z/x0uiGOA8IVZkjKjm1Fyk2QUBQzkpacWJII4SHqk46mHAVEusnkuhQeaKULe6HQjys4UWc7EhRIOQ58XZntKOe9TPzP68Sqd+omlEexIhxPB/ViBlUIs6hglwqCFRtrgrCgeleIB0ggrHSgJR2CPX/yX9I8rthWxb6plmtneRxFsAf2wSGwwQmogUtQBw2AwSN4Bq/gzXgyXox342NaWjDynl3wC8bXD/Eto6g=</latexit><latexit sha1_base64="r6cYsoKMazUUi4Kp6QUa056O50E=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIQVdScKEbpaJ9YBPCZDpth04mcWZSKCE/4sZfceNCERduxL9x0mZRqwcGzpxzL/fe40eMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3mjKMBSYNHLJQtH0kCaOcNBRVjLQjQVDgM9Lyh+eZ3xoRIWnI79Q4Im6A+pz2KEZKS55ZvfUSJ0BqIILkKk0d8hDTEZwRW/dpejTzv75IU88sWxVrAviX2Dkpgxx1z/x0uiGOA8IVZkjKjm1Fyk2QUBQzkpacWJII4SHqk46mHAVEusnkuhQeaKULe6HQjys4UWc7EhRIOQ58XZntKOe9TPzP68Sqd+omlEexIhxPB/ViBlUIs6hglwqCFRtrgrCgeleIB0ggrHSgJR2CPX/yX9I8rthWxb6plmtneRxFsAf2wSGwwQmogUtQBw2AwSN4Bq/gzXgyXox342NaWjDynl3wC8bXD/Eto6g=</latexit><latexit sha1_base64="r6cYsoKMazUUi4Kp6QUa056O50E=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIQVdScKEbpaJ9YBPCZDpth04mcWZSKCE/4sZfceNCERduxL9x0mZRqwcGzpxzL/fe40eMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3mjKMBSYNHLJQtH0kCaOcNBRVjLQjQVDgM9Lyh+eZ3xoRIWnI79Q4Im6A+pz2KEZKS55ZvfUSJ0BqIILkKk0d8hDTEZwRW/dpejTzv75IU88sWxVrAviX2Dkpgxx1z/x0uiGOA8IVZkjKjm1Fyk2QUBQzkpacWJII4SHqk46mHAVEusnkuhQeaKULe6HQjys4UWc7EhRIOQ58XZntKOe9TPzP68Sqd+omlEexIhxPB/ViBlUIs6hglwqCFRtrgrCgeleIB0ggrHSgJR2CPX/yX9I8rthWxb6plmtneRxFsAf2wSGwwQmogUtQBw2AwSN4Bq/gzXgyXox342NaWjDynl3wC8bXD/Eto6g=</latexit>



Membranes can be naturally embedded into a Supergravity theory by adding the 
following contribution 
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which is the Wess-Zumino term and 
dictates the coupling of the membrane. 
Here  

are super three-forms, whose lowest 
components are ordinary three-forms  
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3 , Ã3I | ⌘ Ã3I
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which is the Nambu-Goto term and 
determines the dynamics of the 
membrane. Here, the chiral superfields 
are double three-form multiplets. 
Its form is fully determined by kappa-
symmetry. 
The tension can be readily read off 
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The Wess-Zumino coupling term 

modifies the solution to the equations of motion as

Influence of the Membrane over the Effective Potential
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This reflects on the on-shell expression of the potential

V (A3, Ã3)|on-shell =
(
V (e,m) for y < 0

V (e� q,m� p) for y > 0
<latexit sha1_base64="JXbp+E6XlPq4SLG+IHp0zfNmOo4="></latexit><latexit sha1_base64="JXbp+E6XlPq4SLG+IHp0zfNmOo4="></latexit><latexit sha1_base64="JXbp+E6XlPq4SLG+IHp0zfNmOo4="></latexit><latexit sha1_base64="JXbp+E6XlPq4SLG+IHp0zfNmOo4="></latexit>

2Re
�
T IJ⇤F4J

�
= mI � pI⇥(y) , 2Re

�
GIJT JK⇤F4K

�
= eI � qI⇥(y)

<latexit sha1_base64="2l+H0qqAEIQ/KqL8gF3daga3KQI="></latexit><latexit sha1_base64="2l+H0qqAEIQ/KqL8gF3daga3KQI="></latexit><latexit sha1_base64="2l+H0qqAEIQ/KqL8gF3daga3KQI="></latexit><latexit sha1_base64="2l+H0qqAEIQ/KqL8gF3daga3KQI="></latexit>



The potential changes once the membrane is crossed. 

Scanning the Landscape
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The potential changes once the membrane is crossed. 

Scanning the Landscape

V (A3, Ã3)|o↵-shell
<latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit><latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit><latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit><latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit>

V (e,m)
<latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit><latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit><latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit><latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit>

V (e� q,m� p)
<latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit><latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit><latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit><latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit>

y =
0

<latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit><latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit><latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit><latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit>

on-shell

y = 0
<latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit><latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit><latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit><latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit>



The potential changes once the membrane is crossed. 

Scanning the Landscape

V (A3, Ã3)|o↵-shell
<latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit><latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit><latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit><latexit sha1_base64="iNhpx69a1AW4NehDnQsPKXF7rB4="></latexit>

V (e,m)
<latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit><latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit><latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit><latexit sha1_base64="Q2TDf48URJoWOlOhFGrK9nlGiMo="></latexit>

V (e� q,m� p)
<latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit><latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit><latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit><latexit sha1_base64="DnwVxt3t1ZG+vcBfOQ+aOqBablE="></latexit>

y =
0

<latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit><latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit><latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit><latexit sha1_base64="D5nuaehE43C7+vtTxRV4v3as9po="></latexit>

on-shell

y = 0
<latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit><latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit><latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit><latexit sha1_base64="yRAJ5GkFZSMxaoYBuzETcYHyIl8=">AAACFXicdVBLSwMxGMz6rPVV9eglWAQPZcn6rAel4MVjBfuA7VKyabYNzT5IskJZ9k948a948aCIV8Gb/8Z0uwsqOhAYZuZLvowbcSYVQp/G3PzC4tJyaaW8ura+sVnZ2m7LMBaEtkjIQ9F1saScBbSlmOK0GwmKfZfTjju+mvqdOyokC4NbNYmo4+NhwDxGsNJSv1JLetklthi6ToLME2Sdn6IaMlGGjNStIyudXKC0X6kWCVgkYJGAVq5UQY5mv/LRG4Qk9mmgCMdS2haKlJNgoRjhNC33YkkjTMZ4SG1NA+xT6STZQinc18oAeqHQJ1AwU79PJNiXcuK7OuljNZK/van4l2fHyqs7CQuiWNGAzB7yYg5VCKcVwQETlCg+0QQTwfSukIywwETpIsu6hOKn8H/SPjQtZFo3x9XGZV5HCeyCPXAALHAGGuAaNEELEHAPHsEzeDEejCfj1XibReeMfGYH/IDx/gW985q5</latexit>

New domain wall solutions are generated, 
which connect the vacua on the two sides



The UV completion:
three-forms and membranes 

from compactifications



We consider Type IIA String Theory compactified over a Calabi-Yau three-fold 
Y with orientifold 

The field content of the closed string sector is 
Gravity 
Scalar Sector 

Kahler moduli 
                         with 
These are the lowest components of some superfields  
Complex structure moduli and axio-dilaton 
                         with 
and they are 

Type IIA String Theory

i = 1, . . . , h1,1
� (Y )

<latexit sha1_base64="2j8Rvn6NBx6JgFn2wVP22Yxltik=">AAACA3icdVDLSgMxFM3UV62vqjvdBItQoQ5JLVgXSsGNywr2IW0tmUymDc08SDJCGQpu/BU3LhRx60+4829MH4KKHrjcwzn3ktzjRIIrjdCHlZqbX1hcSi9nVlbX1jeym1t1FcaSshoNRSibDlFM8IDVNNeCNSPJiO8I1nAG52O/ccuk4mFwpYcR6/ikF3CPU6KN1M3ucHgKcaEt3FCrAuzfJLiAR93D/PVBN5tDNioflfEJRHbRABUNKZleKkNsowlyYIZqN/vedkMa+yzQVBClWhhFupMQqTkVbJRpx4pFhA5Ij7UMDYjPVCeZ3DCC+0ZxoRdKU4GGE/X7RkJ8pYa+YyZ9ovvqtzcW//JasfbKnYQHUaxZQKcPebGAOoTjQKDLJaNaDA0hVHLzV0j7RBKqTWwZE8LXpfB/Ui/aGNn4spSrnM3iSINdsAfyAINjUAEXoApqgII78ACewLN1bz1aL9brdDRlzXa2wQ9Yb591XZV5</latexit><latexit sha1_base64="2j8Rvn6NBx6JgFn2wVP22Yxltik=">AAACA3icdVDLSgMxFM3UV62vqjvdBItQoQ5JLVgXSsGNywr2IW0tmUymDc08SDJCGQpu/BU3LhRx60+4829MH4KKHrjcwzn3ktzjRIIrjdCHlZqbX1hcSi9nVlbX1jeym1t1FcaSshoNRSibDlFM8IDVNNeCNSPJiO8I1nAG52O/ccuk4mFwpYcR6/ikF3CPU6KN1M3ucHgKcaEt3FCrAuzfJLiAR93D/PVBN5tDNioflfEJRHbRABUNKZleKkNsowlyYIZqN/vedkMa+yzQVBClWhhFupMQqTkVbJRpx4pFhA5Ij7UMDYjPVCeZ3DCC+0ZxoRdKU4GGE/X7RkJ8pYa+YyZ9ovvqtzcW//JasfbKnYQHUaxZQKcPebGAOoTjQKDLJaNaDA0hVHLzV0j7RBKqTWwZE8LXpfB/Ui/aGNn4spSrnM3iSINdsAfyAINjUAEXoApqgII78ACewLN1bz1aL9brdDRlzXa2wQ9Yb591XZV5</latexit><latexit sha1_base64="2j8Rvn6NBx6JgFn2wVP22Yxltik=">AAACA3icdVDLSgMxFM3UV62vqjvdBItQoQ5JLVgXSsGNywr2IW0tmUymDc08SDJCGQpu/BU3LhRx60+4829MH4KKHrjcwzn3ktzjRIIrjdCHlZqbX1hcSi9nVlbX1jeym1t1FcaSshoNRSibDlFM8IDVNNeCNSPJiO8I1nAG52O/ccuk4mFwpYcR6/ikF3CPU6KN1M3ucHgKcaEt3FCrAuzfJLiAR93D/PVBN5tDNioflfEJRHbRABUNKZleKkNsowlyYIZqN/vedkMa+yzQVBClWhhFupMQqTkVbJRpx4pFhA5Ij7UMDYjPVCeZ3DCC+0ZxoRdKU4GGE/X7RkJ8pYa+YyZ9ovvqtzcW//JasfbKnYQHUaxZQKcPebGAOoTjQKDLJaNaDA0hVHLzV0j7RBKqTWwZE8LXpfB/Ui/aGNn4spSrnM3iSINdsAfyAINjUAEXoApqgII78ACewLN1bz1aL9brdDRlzXa2wQ9Yb591XZV5</latexit><latexit sha1_base64="2j8Rvn6NBx6JgFn2wVP22Yxltik=">AAACA3icdVDLSgMxFM3UV62vqjvdBItQoQ5JLVgXSsGNywr2IW0tmUymDc08SDJCGQpu/BU3LhRx60+4829MH4KKHrjcwzn3ktzjRIIrjdCHlZqbX1hcSi9nVlbX1jeym1t1FcaSshoNRSibDlFM8IDVNNeCNSPJiO8I1nAG52O/ccuk4mFwpYcR6/ikF3CPU6KN1M3ucHgKcaEt3FCrAuzfJLiAR93D/PVBN5tDNioflfEJRHbRABUNKZleKkNsowlyYIZqN/vedkMa+yzQVBClWhhFupMQqTkVbJRpx4pFhA5Ij7UMDYjPVCeZ3DCC+0ZxoRdKU4GGE/X7RkJ8pYa+YyZ9ovvqtzcW//JasfbKnYQHUaxZQKcPebGAOoTjQKDLJaNaDA0hVHLzV0j7RBKqTWwZE8LXpfB/Ui/aGNn4spSrnM3iSINdsAfyAINjUAEXoApqgII78ACewLN1bz1aL9brdDRlzXa2wQ9Yb591XZV5</latexit>

'i = vi + ibi
<latexit sha1_base64="1QNVxVJTCC/IIF857Ykr5AOM5oQ=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCIAyZWnBcKAU3LivYB7TTkkkzbWgmMySZQhm78FfcuFDErb/hzr8xfQgqeuByD+fcS25OkHCmNEIf1sLi0vLKam4tv76xubVt7+zWVJxKQqsk5rFsBFhRzgStaqY5bSSS4ijgtB4MriZ+fUilYrG41aOE+hHuCRYygrWROvZ+a4hl0mdtBi/gsM1OIINBm3XsAnKQd+q55xA5RQNUNKRkesmDroOmKIA5Kh37vdWNSRpRoQnHSjVdlGg/w1Izwuk430oVTTAZ4B5tGipwRJWfTe8fwyOjdGEYS1NCw6n6fSPDkVKjKDCTEdZ99dubiH95zVSHnp8xkaSaCjJ7KEw51DGchAG7TFKi+cgQTCQzt0LSxxITbSLLmxC+fgr/J7Wi4yLHvSkVypfzOHLgAByCY+CCM1AG16ACqoCAO/AAnsCzdW89Wi/W62x0wZrv7IEfsN4+AYzAlSI=</latexit><latexit sha1_base64="1QNVxVJTCC/IIF857Ykr5AOM5oQ=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCIAyZWnBcKAU3LivYB7TTkkkzbWgmMySZQhm78FfcuFDErb/hzr8xfQgqeuByD+fcS25OkHCmNEIf1sLi0vLKam4tv76xubVt7+zWVJxKQqsk5rFsBFhRzgStaqY5bSSS4ijgtB4MriZ+fUilYrG41aOE+hHuCRYygrWROvZ+a4hl0mdtBi/gsM1OIINBm3XsAnKQd+q55xA5RQNUNKRkesmDroOmKIA5Kh37vdWNSRpRoQnHSjVdlGg/w1Izwuk430oVTTAZ4B5tGipwRJWfTe8fwyOjdGEYS1NCw6n6fSPDkVKjKDCTEdZ99dubiH95zVSHnp8xkaSaCjJ7KEw51DGchAG7TFKi+cgQTCQzt0LSxxITbSLLmxC+fgr/J7Wi4yLHvSkVypfzOHLgAByCY+CCM1AG16ACqoCAO/AAnsCzdW89Wi/W62x0wZrv7IEfsN4+AYzAlSI=</latexit><latexit sha1_base64="1QNVxVJTCC/IIF857Ykr5AOM5oQ=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCIAyZWnBcKAU3LivYB7TTkkkzbWgmMySZQhm78FfcuFDErb/hzr8xfQgqeuByD+fcS25OkHCmNEIf1sLi0vLKam4tv76xubVt7+zWVJxKQqsk5rFsBFhRzgStaqY5bSSS4ijgtB4MriZ+fUilYrG41aOE+hHuCRYygrWROvZ+a4hl0mdtBi/gsM1OIINBm3XsAnKQd+q55xA5RQNUNKRkesmDroOmKIA5Kh37vdWNSRpRoQnHSjVdlGg/w1Izwuk430oVTTAZ4B5tGipwRJWfTe8fwyOjdGEYS1NCw6n6fSPDkVKjKDCTEdZ99dubiH95zVSHnp8xkaSaCjJ7KEw51DGchAG7TFKi+cgQTCQzt0LSxxITbSLLmxC+fgr/J7Wi4yLHvSkVypfzOHLgAByCY+CCM1AG16ACqoCAO/AAnsCzdW89Wi/W62x0wZrv7IEfsN4+AYzAlSI=</latexit><latexit sha1_base64="1QNVxVJTCC/IIF857Ykr5AOM5oQ=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCIAyZWnBcKAU3LivYB7TTkkkzbWgmMySZQhm78FfcuFDErb/hzr8xfQgqeuByD+fcS25OkHCmNEIf1sLi0vLKam4tv76xubVt7+zWVJxKQqsk5rFsBFhRzgStaqY5bSSS4ijgtB4MriZ+fUilYrG41aOE+hHuCRYygrWROvZ+a4hl0mdtBi/gsM1OIINBm3XsAnKQd+q55xA5RQNUNKRkesmDroOmKIA5Kh37vdWNSRpRoQnHSjVdlGg/w1Izwuk430oVTTAZ4B5tGipwRJWfTe8fwyOjdGEYS1NCw6n6fSPDkVKjKDCTEdZ99dubiH95zVSHnp8xkaSaCjJ7KEw51DGchAG7TFKi+cgQTCQzt0LSxxITbSLLmxC+fgr/J7Wi4yLHvSkVypfzOHLgAByCY+CCM1AG16ACqoCAO/AAnsCzdW89Wi/W62x0wZrv7IEfsN4+AYzAlSI=</latexit>
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The four dimensional effective field theory is a 
N=1 Supergravity
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They determine: 
Kähler potential 
In the large volume and constant warping approximation, the Kähler potential is 
 
and the Kähler and complex structure moduli manifolds factorize 

Superpotential  
The Superpotential originating from compactification is 
 
 
which is of the same as the one we considered before for the choice of 
prepotential  
 
with 

Type IIA String Theory

K(�, T, �̄, T̄ ) = K(�, �̄) +K(T, T̄ )
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Gauge Sector (neglecting the NS sector) 
In the democratic formulation all the even field strengths are taken into 
account 
 
 
where                     and with the constraint 
We can also consider internal fluxes 
 
which thread the compactification space and are quantized 
 
 
with                     .  
The total fluxes can then be collected into a single polyform 

Type IIA String Theory

F0 , F2 , F4 , F6 , F8 , F10
<latexit sha1_base64="tJo5TfLs3TVn56EWSfzjIwS9Igk=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK4KGVSinZZFIrLCvYBTQiT6aQdOpmEmYlQQv/Ajb/ixoUibt2682+cpllo64U5HM65lzv3+DGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cjP3ew9ESBrxezWNiRuiEacBxUhpyTPPWx50KpWWV8uwnuFlho0MUxvOnIpnlmEVZmWtEjsnZZBX2zO/nGGEk5BwhRmScmDDWLkpEopiRmYlJ5EkRniCRmSgKUchkW6a3TOzzrQytIJI6MeVlam/J1IUSjkNfd0ZIjWWy95c/M8bJCpouCnlcaIIx4tFQcIsFVnzcKwhFQQrNtUEYUH1Xy08RgJhpSMs6RDs5ZNXSbdWtWHVvquXm9d5HEVwAk7BBbDBFWiCW9AGHYDBI3gGr+DNeDJejHfjY9FaMPKZY/CnjM8fU3iYbg==</latexit><latexit sha1_base64="tJo5TfLs3TVn56EWSfzjIwS9Igk=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK4KGVSinZZFIrLCvYBTQiT6aQdOpmEmYlQQv/Ajb/ixoUibt2682+cpllo64U5HM65lzv3+DGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cjP3ew9ESBrxezWNiRuiEacBxUhpyTPPWx50KpWWV8uwnuFlho0MUxvOnIpnlmEVZmWtEjsnZZBX2zO/nGGEk5BwhRmScmDDWLkpEopiRmYlJ5EkRniCRmSgKUchkW6a3TOzzrQytIJI6MeVlam/J1IUSjkNfd0ZIjWWy95c/M8bJCpouCnlcaIIx4tFQcIsFVnzcKwhFQQrNtUEYUH1Xy08RgJhpSMs6RDs5ZNXSbdWtWHVvquXm9d5HEVwAk7BBbDBFWiCW9AGHYDBI3gGr+DNeDJejHfjY9FaMPKZY/CnjM8fU3iYbg==</latexit><latexit sha1_base64="tJo5TfLs3TVn56EWSfzjIwS9Igk=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK4KGVSinZZFIrLCvYBTQiT6aQdOpmEmYlQQv/Ajb/ixoUibt2682+cpllo64U5HM65lzv3+DGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cjP3ew9ESBrxezWNiRuiEacBxUhpyTPPWx50KpWWV8uwnuFlho0MUxvOnIpnlmEVZmWtEjsnZZBX2zO/nGGEk5BwhRmScmDDWLkpEopiRmYlJ5EkRniCRmSgKUchkW6a3TOzzrQytIJI6MeVlam/J1IUSjkNfd0ZIjWWy95c/M8bJCpouCnlcaIIx4tFQcIsFVnzcKwhFQQrNtUEYUH1Xy08RgJhpSMs6RDs5ZNXSbdWtWHVvquXm9d5HEVwAk7BBbDBFWiCW9AGHYDBI3gGr+DNeDJejHfjY9FaMPKZY/CnjM8fU3iYbg==</latexit><latexit sha1_base64="tJo5TfLs3TVn56EWSfzjIwS9Igk=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK4KGVSinZZFIrLCvYBTQiT6aQdOpmEmYlQQv/Ajb/ixoUibt2682+cpllo64U5HM65lzv3+DGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK6NEYNLBEYtE30eSMMpJR1HFSD8WBIU+Iz1/cjP3ew9ESBrxezWNiRuiEacBxUhpyTPPWx50KpWWV8uwnuFlho0MUxvOnIpnlmEVZmWtEjsnZZBX2zO/nGGEk5BwhRmScmDDWLkpEopiRmYlJ5EkRniCRmSgKUchkW6a3TOzzrQytIJI6MeVlam/J1IUSjkNfd0ZIjWWy95c/M8bJCpouCnlcaIIx4tFQcIsFVnzcKwhFQQrNtUEYUH1Xy08RgJhpSMs6RDs5ZNXSbdWtWHVvquXm9d5HEVwAk7BBbDBFWiCW9AGHYDBI3gGr+DNeDJejHfjY9FaMPKZY/CnjM8fU3iYbg==</latexit>

F2n = ⇤F10�2n
<latexit sha1_base64="ahBF2xltu8hesJ49wqb0vYeSmwk=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsggiWmSLoRigK4rKCvUA7DJk004ZmMkOSEepQfBU3LhRx63u4821M21lo9YfAl/+cQ07+IOFMacf5sgoLi0vLK8XV0tr6xuaWvb3TVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJrUW/dUKhaLOz1KqBfhvmAhI1gby7f3rv2sKsboAh0jg65zYm6+XXYqzlToL7g5lCFX3bc/u72YpBEVmnCsVMd1Eu1lWGpGOB2XuqmiCSZD3KcdgwJHVHnZdPsxOjROD4WxNEdoNHV/TmQ4UmoUBaYzwnqg5msT879aJ9XhuZcxkaSaCjJ7KEw50jGaRIF6TFKi+cgAJpKZXREZYImJNoGVTAju/Jf/QrNacZ2Ke3tarl3mcRRhHw7gCFw4gxrcQB0aQOABnuAFXq1H69l6s95nrQUrn9mFX7I+vgFtJ5NC</latexit><latexit sha1_base64="ahBF2xltu8hesJ49wqb0vYeSmwk=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsggiWmSLoRigK4rKCvUA7DJk004ZmMkOSEepQfBU3LhRx63u4821M21lo9YfAl/+cQ07+IOFMacf5sgoLi0vLK8XV0tr6xuaWvb3TVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJrUW/dUKhaLOz1KqBfhvmAhI1gby7f3rv2sKsboAh0jg65zYm6+XXYqzlToL7g5lCFX3bc/u72YpBEVmnCsVMd1Eu1lWGpGOB2XuqmiCSZD3KcdgwJHVHnZdPsxOjROD4WxNEdoNHV/TmQ4UmoUBaYzwnqg5msT879aJ9XhuZcxkaSaCjJ7KEw50jGaRIF6TFKi+cgAJpKZXREZYImJNoGVTAju/Jf/QrNacZ2Ke3tarl3mcRRhHw7gCFw4gxrcQB0aQOABnuAFXq1H69l6s95nrQUrn9mFX7I+vgFtJ5NC</latexit><latexit sha1_base64="ahBF2xltu8hesJ49wqb0vYeSmwk=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsggiWmSLoRigK4rKCvUA7DJk004ZmMkOSEepQfBU3LhRx63u4821M21lo9YfAl/+cQ07+IOFMacf5sgoLi0vLK8XV0tr6xuaWvb3TVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJrUW/dUKhaLOz1KqBfhvmAhI1gby7f3rv2sKsboAh0jg65zYm6+XXYqzlToL7g5lCFX3bc/u72YpBEVmnCsVMd1Eu1lWGpGOB2XuqmiCSZD3KcdgwJHVHnZdPsxOjROD4WxNEdoNHV/TmQ4UmoUBaYzwnqg5msT879aJ9XhuZcxkaSaCjJ7KEw50jGaRIF6TFKi+cgAJpKZXREZYImJNoGVTAju/Jf/QrNacZ2Ke3tarl3mcRRhHw7gCFw4gxrcQB0aQOABnuAFXq1H69l6s95nrQUrn9mFX7I+vgFtJ5NC</latexit><latexit sha1_base64="ahBF2xltu8hesJ49wqb0vYeSmwk=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsggiWmSLoRigK4rKCvUA7DJk004ZmMkOSEepQfBU3LhRx63u4821M21lo9YfAl/+cQ07+IOFMacf5sgoLi0vLK8XV0tr6xuaWvb3TVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJrUW/dUKhaLOz1KqBfhvmAhI1gby7f3rv2sKsboAh0jg65zYm6+XXYqzlToL7g5lCFX3bc/u72YpBEVmnCsVMd1Eu1lWGpGOB2XuqmiCSZD3KcdgwJHVHnZdPsxOjROD4WxNEdoNHV/TmQ4UmoUBaYzwnqg5msT879aJ9XhuZcxkaSaCjJ7KEw50jGaRIF6TFKi+cgAJpKZXREZYImJNoGVTAju/Jf/QrNacZ2Ke3tarl3mcRRhHw7gCFw4gxrcQB0aQOABnuAFXq1H69l6s95nrQUrn9mFX7I+vgFtJ5NC</latexit>

Ḡ0 , Ḡ2 , Ḡ4 , Ḡ6 ,
<latexit sha1_base64="ukaJ6qLatmNsfYm1kYLXdG++3Dw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuCglKUVdFl3osoK9QBvCZDpph04uzEyEEvoSbnwVNy4UcSu4822ctpFq6w8DH/85hzPn92LOpLKsLyO3srq2vpHfLGxt7+zumfsHTRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhleTeuueCsmi8E6NYuoEuB8ynxGstOWapa6HBbp2rW7pBytzrM7xTKNrFq2yNRVaBjuDImSqu+ZntxeRJKChIhxL2bGtWDkpFooRTseFbiJpjMkQ92lHY4gDKp10etUYnWinh/xI6BcqNHV/T6Q4kHIUeLozwGogF2sT879aJ1H+hZOyME4UDclskZ9wpCI0iQj1mKBE8ZEGTATTf0VkgAUmSgdZ0CHYiycvQ7NStq2yfVst1i6zOPJwBMdwCjacQw1uoA4NIPAAT/ACr8aj8Wy8Ge+z1pyRzRzCHxkf360em1s=</latexit><latexit sha1_base64="ukaJ6qLatmNsfYm1kYLXdG++3Dw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuCglKUVdFl3osoK9QBvCZDpph04uzEyEEvoSbnwVNy4UcSu4822ctpFq6w8DH/85hzPn92LOpLKsLyO3srq2vpHfLGxt7+zumfsHTRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhleTeuueCsmi8E6NYuoEuB8ynxGstOWapa6HBbp2rW7pBytzrM7xTKNrFq2yNRVaBjuDImSqu+ZntxeRJKChIhxL2bGtWDkpFooRTseFbiJpjMkQ92lHY4gDKp10etUYnWinh/xI6BcqNHV/T6Q4kHIUeLozwGogF2sT879aJ1H+hZOyME4UDclskZ9wpCI0iQj1mKBE8ZEGTATTf0VkgAUmSgdZ0CHYiycvQ7NStq2yfVst1i6zOPJwBMdwCjacQw1uoA4NIPAAT/ACr8aj8Wy8Ge+z1pyRzRzCHxkf360em1s=</latexit><latexit sha1_base64="ukaJ6qLatmNsfYm1kYLXdG++3Dw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuCglKUVdFl3osoK9QBvCZDpph04uzEyEEvoSbnwVNy4UcSu4822ctpFq6w8DH/85hzPn92LOpLKsLyO3srq2vpHfLGxt7+zumfsHTRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhleTeuueCsmi8E6NYuoEuB8ynxGstOWapa6HBbp2rW7pBytzrM7xTKNrFq2yNRVaBjuDImSqu+ZntxeRJKChIhxL2bGtWDkpFooRTseFbiJpjMkQ92lHY4gDKp10etUYnWinh/xI6BcqNHV/T6Q4kHIUeLozwGogF2sT879aJ1H+hZOyME4UDclskZ9wpCI0iQj1mKBE8ZEGTATTf0VkgAUmSgdZ0CHYiycvQ7NStq2yfVst1i6zOPJwBMdwCjacQw1uoA4NIPAAT/ACr8aj8Wy8Ge+z1pyRzRzCHxkf360em1s=</latexit><latexit sha1_base64="ukaJ6qLatmNsfYm1kYLXdG++3Dw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuCglKUVdFl3osoK9QBvCZDpph04uzEyEEvoSbnwVNy4UcSu4822ctpFq6w8DH/85hzPn92LOpLKsLyO3srq2vpHfLGxt7+zumfsHTRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhleTeuueCsmi8E6NYuoEuB8ynxGstOWapa6HBbp2rW7pBytzrM7xTKNrFq2yNRVaBjuDImSqu+ZntxeRJKChIhxL2bGtWDkpFooRTseFbiJpjMkQ92lHY4gDKp10etUYnWinh/xI6BcqNHV/T6Q4kHIUeLozwGogF2sT879aJ1H+hZOyME4UDclskZ9wpCI0iQj1mKBE8ZEGTATTf0VkgAUmSgdZ0CHYiycvQ7NStq2yfVst1i6zOPJwBMdwCjacQw1uoA4NIPAAT/ACr8aj8Wy8Ge+z1pyRzRzCHxkf360em1s=</latexit>

F2n = dA2n�1
<latexit sha1_base64="jda8B6BNhevdN0YCNCn/ywkS6Vo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSRF0I1SEcRlBfuANoTJZNoOnZmEmYlQQjZu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57gphRpR3n21pYXFpeWS2tldc3Nre27Z3dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Dr32w9EKhqJez2OicfRQNA+xUgbybcPbvy0JjJ4AXsc6aHkaZjBq1w7cTPfrjhVZwI4T9yCVECBhm9/9cIIJ5wIjRlSqus6sfZSJDXFjGTlXqJIjPAIDUjXUIE4UV46+SKDR0YJYT+SpoSGE/X3RIq4UmMemM78VDXr5eJ/XjfR/XMvpSJONBF4uqifMKgjmEcCQyoJ1mxsCMKSmlshHiKJsDbBlU0I7uzL86RVq7pO1b07rdQvizhKYB8cgmPggjNQB7egAZoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifP8N5l3A=</latexit><latexit sha1_base64="jda8B6BNhevdN0YCNCn/ywkS6Vo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSRF0I1SEcRlBfuANoTJZNoOnZmEmYlQQjZu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57gphRpR3n21pYXFpeWS2tldc3Nre27Z3dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Dr32w9EKhqJez2OicfRQNA+xUgbybcPbvy0JjJ4AXsc6aHkaZjBq1w7cTPfrjhVZwI4T9yCVECBhm9/9cIIJ5wIjRlSqus6sfZSJDXFjGTlXqJIjPAIDUjXUIE4UV46+SKDR0YJYT+SpoSGE/X3RIq4UmMemM78VDXr5eJ/XjfR/XMvpSJONBF4uqifMKgjmEcCQyoJ1mxsCMKSmlshHiKJsDbBlU0I7uzL86RVq7pO1b07rdQvizhKYB8cgmPggjNQB7egAZoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifP8N5l3A=</latexit><latexit sha1_base64="jda8B6BNhevdN0YCNCn/ywkS6Vo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSRF0I1SEcRlBfuANoTJZNoOnZmEmYlQQjZu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57gphRpR3n21pYXFpeWS2tldc3Nre27Z3dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Dr32w9EKhqJez2OicfRQNA+xUgbybcPbvy0JjJ4AXsc6aHkaZjBq1w7cTPfrjhVZwI4T9yCVECBhm9/9cIIJ5wIjRlSqus6sfZSJDXFjGTlXqJIjPAIDUjXUIE4UV46+SKDR0YJYT+SpoSGE/X3RIq4UmMemM78VDXr5eJ/XjfR/XMvpSJONBF4uqifMKgjmEcCQyoJ1mxsCMKSmlshHiKJsDbBlU0I7uzL86RVq7pO1b07rdQvizhKYB8cgmPggjNQB7egAZoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifP8N5l3A=</latexit><latexit sha1_base64="jda8B6BNhevdN0YCNCn/ywkS6Vo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSRF0I1SEcRlBfuANoTJZNoOnZmEmYlQQjZu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57gphRpR3n21pYXFpeWS2tldc3Nre27Z3dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6Dr32w9EKhqJez2OicfRQNA+xUgbybcPbvy0JjJ4AXsc6aHkaZjBq1w7cTPfrjhVZwI4T9yCVECBhm9/9cIIJ5wIjRlSqus6sfZSJDXFjGTlXqJIjPAIDUjXUIE4UV46+SKDR0YJYT+SpoSGE/X3RIq4UmMemM78VDXr5eJ/XjfR/XMvpSJONBF4uqifMKgjmEcCQyoJ1mxsCMKSmlshHiKJsDbBlU0I7uzL86RVq7pO1b07rdQvizhKYB8cgmPggjNQB7egAZoAg0fwDF7Bm/VkvVjv1se0dcEqZvbAH1ifP8N5l3A=</latexit>

G = dA+ Ḡ
<latexit sha1_base64="rzwZeUEAPr6dQ/bNr84MQYpKQ+s=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJKIohul4kKXFewDmlAm00k7dCYJMxOhhHyJG3/FjQtFBFf6N07SiNp6YODMOfdy7z1exKhUlvVplObmFxaXysuVldW19Q1zc6slw1hg0sQhC0XHQ5IwGpCmooqRTiQI4h4jbW90mfntOyIkDYNbNY6Iy9EgoD7FSGmpZx47HKmh5ydXKTyD+UfwpJ/Cb/0ihQfQ8ZBIfirTnlm1alYOOEvsglRBgUbPfHf6IY45CRRmSMqubUXKTZBQFDOSVpxYkgjhERqQrqYB4kS6SX5eCve00od+KPQLFMzV3x0J4lKOuacrsxXltJeJ/3ndWPmnbkKDKFYkwJNBfsygCmGWFexTQbBiY00QFlTvCvEQCYSVTrSiQ7CnT54lrcOabdXsm6Nq/byIowx2wC7YBzY4AXVwDRqgCTC4B4/gGbwYD8aT8Wq8TUpLRtGzDf7A+PgCcqWirA==</latexit><latexit sha1_base64="rzwZeUEAPr6dQ/bNr84MQYpKQ+s=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJKIohul4kKXFewDmlAm00k7dCYJMxOhhHyJG3/FjQtFBFf6N07SiNp6YODMOfdy7z1exKhUlvVplObmFxaXysuVldW19Q1zc6slw1hg0sQhC0XHQ5IwGpCmooqRTiQI4h4jbW90mfntOyIkDYNbNY6Iy9EgoD7FSGmpZx47HKmh5ydXKTyD+UfwpJ/Cb/0ihQfQ8ZBIfirTnlm1alYOOEvsglRBgUbPfHf6IY45CRRmSMqubUXKTZBQFDOSVpxYkgjhERqQrqYB4kS6SX5eCve00od+KPQLFMzV3x0J4lKOuacrsxXltJeJ/3ndWPmnbkKDKFYkwJNBfsygCmGWFexTQbBiY00QFlTvCvEQCYSVTrSiQ7CnT54lrcOabdXsm6Nq/byIowx2wC7YBzY4AXVwDRqgCTC4B4/gGbwYD8aT8Wq8TUpLRtGzDf7A+PgCcqWirA==</latexit><latexit sha1_base64="rzwZeUEAPr6dQ/bNr84MQYpKQ+s=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJKIohul4kKXFewDmlAm00k7dCYJMxOhhHyJG3/FjQtFBFf6N07SiNp6YODMOfdy7z1exKhUlvVplObmFxaXysuVldW19Q1zc6slw1hg0sQhC0XHQ5IwGpCmooqRTiQI4h4jbW90mfntOyIkDYNbNY6Iy9EgoD7FSGmpZx47HKmh5ydXKTyD+UfwpJ/Cb/0ihQfQ8ZBIfirTnlm1alYOOEvsglRBgUbPfHf6IY45CRRmSMqubUXKTZBQFDOSVpxYkgjhERqQrqYB4kS6SX5eCve00od+KPQLFMzV3x0J4lKOuacrsxXltJeJ/3ndWPmnbkKDKFYkwJNBfsygCmGWFexTQbBiY00QFlTvCvEQCYSVTrSiQ7CnT54lrcOabdXsm6Nq/byIowx2wC7YBzY4AXVwDRqgCTC4B4/gGbwYD8aT8Wq8TUpLRtGzDf7A+PgCcqWirA==</latexit><latexit sha1_base64="rzwZeUEAPr6dQ/bNr84MQYpKQ+s=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0UQhJKIohul4kKXFewDmlAm00k7dCYJMxOhhHyJG3/FjQtFBFf6N07SiNp6YODMOfdy7z1exKhUlvVplObmFxaXysuVldW19Q1zc6slw1hg0sQhC0XHQ5IwGpCmooqRTiQI4h4jbW90mfntOyIkDYNbNY6Iy9EgoD7FSGmpZx47HKmh5ydXKTyD+UfwpJ/Cb/0ihQfQ8ZBIfirTnlm1alYOOEvsglRBgUbPfHf6IY45CRRmSMqubUXKTZBQFDOSVpxYkgjhERqQrqYB4kS6SX5eCve00od+KPQLFMzV3x0J4lKOuacrsxXltJeJ/3ndWPmnbkKDKFYkwJNBfsygCmGWFexTQbBiY00QFlTvCvEQCYSVTrSiQ7CnT54lrcOabdXsm6Nq/byIowx2wC7YBzY4AXVwDRqgCTC4B4/gGbwYD8aT8Wq8TUpLRtGzDf7A+PgCcqWirA==</latexit>

m0,mi, ei, e0 2 Z
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Plenty of four-form field strengths appear in the 
four dimensional effective field theory!
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Plenty of four-form field strengths appear in the 
four dimensional effective field theory!

Along with the Kähler moduli, they organize into chiral multiplets 

which are endowed with gauge three-forms in their auxiliary components. 
These are the multiplets which build up the four-dimensional EFT.

�I = {'I , I↵, ⇤F I
4 ,

⇤F̃4I}
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The tension is given by the volume of the wrapped Lagrangian cycle 

Upon using some calibration conditions and the expanding                               
we get 

coherently with its four dimensional counterpart.

⌃ = qI⌃
I � pI⌃̃I
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In Type IIB, consider a D5-brane wrapping a Special Lagrangian three-cycle in the internal 
space 
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We have seen an effective four-dimensional N=1 Supergravity theory 
which 

includes gauge three-forms as auxiliary fields; 
naturally allows for the coupling with membranes, enriching the 
landscape; 
is coherent with its ultraviolet completion.

Conclusion and future outlook
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Conclusion and future outlook

Further developments 
inclusion of NS and open string sector in the effective theory; 
implementing the tadpole cancellation condition directly in four-
dimensions; 
extension to N=2 case.



Thank you!


