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↵min bootstrap > ↵min IIB ' 0.14

<latexit sha1_base64="Ovf6t8UmULVDYFMCL35izNgZcXc=">AAACJnicbVBNSyNBEO3R9St+Zd2jl2aD4CnMiKB72CW4l81NwaiQCaGmUzGN/TF218iGIb9mL/tXvHjIsix786fYiTmo8UHB470qqupluZKe4vh/tLD4YWl5ZXWtsr6xubVd/bhz4W3hBLaEVdZdZeBRSYMtkqTwKncIOlN4md18n/iXd+i8tOachjl2NFwb2ZcCKEjd6tcUVD6Abkr4k0otDc+sJU8O8tG3Oa/ZPBnx1EuNtzyuJ4fdai2ux1PweZLMSI3NcNqtjtOeFYVGQ0KB9+0kzqlTgiMpFI4qaeExB3ED19gO1IBG3ymnb474XlB6vG9dKEN8qr6cKEF7P9RZ6NRAA//Wm4jvee2C+sedUpq8IDTieVG/UJwsn2TGe9KhIDUMBIST4VYuBuBAUEi2EkJI3r48Ty4OQl71L2eHtcbJLI5Vtss+s32WsCPWYD/YKWsxwX6xezZmf6Lf0UP0N/r33LoQzWY+sVeIHp8A+32mAw==</latexit>

↵min bootstrap = ↵min IIB ' 0.14

<latexit sha1_base64="zEMLpcMTGHG8zBDTimezKfvSd3I=">AAACJnicbVBNSyNBEO3R9WPjx2b1uJdmg+ApzIjg7kEQvehNYZMImRBqOhXT2B+z3TViGPJr9uJf8eJBkWVv/pTtfBx2Ex8UPN6roqpelivpKY7/REvLH1ZW19Y/VjY2t7Y/VT/vNL0tnMCGsMq66ww8KmmwQZIUXucOQWcKW9nt2dhv3aHz0pofNMyxo+HGyL4UQEHqVo9TUPkAuinhPZVaGp5ZS54c5KNF7+LidMRTLzX+5HE9OexWa3E9noAvkmRGamyGy271Oe1ZUWg0JBR4307inDolOJJC4aiSFh5zELdwg+1ADWj0nXLy5ojvBaXH+9aFMsQn6r8TJWjvhzoLnRpo4Oe9sfie1y6o/61TSpMXhEZMF/ULxcnycWa8Jx0KUsNAQDgZbuViAA4EhWQrIYRk/uVF0jwIedW/Xx3WTk5ncayzL+wr22cJO2In7JxdsgYT7Bd7ZM/sJXqInqLX6Pe0dSmazeyy/xC9/QX52KYC</latexit>

↵min bootstrap < ↵min IIB ' 0.14

<latexit sha1_base64="zw7PEV7bknkBd7nAlR2sMO6bLFQ=">AAACJnicbVBNSyNBEO3R9St+Zd2jl2aD4CnMiKALuxDcy+amYFTIhFDTqZjG/hi7a2TDkF+zl/0rXjxkWZa9+VPsxBzU+KDg8V4VVfWyXElPcfw/Wlj8sLS8srpWWd/Y3Nqufty58LZwAlvCKuuuMvCopMEWSVJ4lTsEnSm8zG6+T/zLO3ReWnNOwxw7Gq6N7EsBFKRu9VsKKh9ANyX8SaWWhmfWkicH+ejrnNdsnox46qXGWx7Xk8NutRbX4yn4PElmpMZmOO1Wx2nPikKjIaHA+3YS59QpwZEUCkeVtPCYg7iBa2wHakCj75TTN0d8Lyg93rculCE+VV9OlKC9H+osdGqggX/rTcT3vHZB/eNOKU1eEBrxvKhfKE6WTzLjPelQkBoGAsLJcCsXA3AgKCRbCSEkb1+eJxcHIa/6l7PDWuNkFscq22Wf2T5L2BFrsB/slLWYYL/YPRuzP9Hv6CH6G/17bl2IZjOf2CtEj0/4M6YB</latexit>

This would exclude part of (strongly coupled) string theory. It would say that strongly coupled 
string theory can not be unitarized. We don’t believe this.

This would indicate that there is room for theories which UV complete max SUGRA and which 
are not String theory.  

That would be interesting. What are those theories? Of course, perhaps other constraints 
such as multi-particle scattering could then rule them out.

This would suggest that string theory is the only UV completion. 

 
Of course, this would not be the only explanation. It could be a coincidence for instance. Or it 
could be that some non-renormalization theorems would fix min(alpha) to be always close to 
this value for any QG theory

One thing is clear: Just a number (alpha) is nice but not enough. We hope other Wilson 
coefficients to be super helpful in clarifying this physical picture [we are working on this now 
with Andrea Guerrieri and Joao Penedones]



• We studied bounded functions S(z) of one variable. An application is the study of flux tube EFTs 
[1906.08098 Guerrieri, Hebbar, Miro, Penedones, PV].  
 
The function S is the string world-sheet S-matrix.  
 
Its importance has been advocated since [1301.2325, Dubovsky, Flauger, Gorbenko] following 
[1302.6257, Aharony, Komargodski] who cleaned up the flux tube EFT. 


• We then studied bounded functions S(z,w,y) of several variables.  
 
The function S is the string target-space S-matrix.  
 
We found that the leading Wilson coefficients in this S-matrix have a minimum which seems curiously 
close to the minimum in string theory. [2102.02847, Guerrieri, Penedones, PV]

Summary and references

Recently, there has been a flurry of papers on bounds on EFT Wilson coefficients in massless 
theories [2012.15849, Arkani-Hamed, Huang, Huang], [1908.08426, Green, Wen], [2011.00037, 
Bellazzini, Elias Miró, Rattazzi, Riembau, Riva], [2011.02400, Tolley, Wang, Zhou], [2011.02597, 
Caron-Huot, Van Duong], [2102.08951, Caron-Huot, Mazac, Rastelli, Simmons-Duffin], 
[2103.12728, Bern, Kosmopoulos, Zhiboedov]… They rely mostly on perturbative unitarity (Im 
T>0) while we use full non-perturbative unitarity (Im T>|T|2). A seminal older reference on these 
ideas is [hep-th/0602178, Adams, Arkani-Hamed, Dubovsky, Nicolis, Rattazzi].


• Our 10D bound is not rigorous. It is based on a primal optimization 
formulation whereby one keeps including theories so it is sometimes 
hard to know when things converge. It is important to also have a 
dual optimization formulation where we exclude theories instead. That 
is fully rigorous. It exists for gapped theories. In 2d: [1909.06495, 
Cordova, Kruczenski, He, PV], [2008.02770, Guerrieri, Holmrich, PV]. 
In higher d: [2103.11484, Kruczenski, He], [To appear, Guerrieri, Sever]

[To appear, Guerrieri, Sever]


