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The (in-)visible Axiverse: 

Axion-photon couplings in string theory



Summary

We analyze axion-photon couplings in the type IIB axiverse and 
compare to known observational bounds.


Axion-photon couplings are more suppressed than one might think.
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Why care about axions?

1. Active ongoing experiments searching for them. 

2. Axion potentials are generated non-perturbatively, and are sensitive 
to UV physics, but are computable in string theory. 

3. Can make fairly model-independent statements about axions in 
string theory.

Axion experiments can teach us about  
where we live in the string theory landscape.
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Axions in type IIB string theory
Setup: we compactify type IIB string theory on a Calabi-Yau threefold (orientifold).
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Axions in type IIB string theory

The QCD axion, , is the one associated to  integrated over , the  
four-cycle that hosts QCD.

θQCD C4 DQCD
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DA = a four-cycle

Likewise, the QED axion, , is the one associated to  integrated over , the  
four-cycle that hosts QED (could be the same in the case of a GUT!).

θQED C4 DQED

We have: , , ,… θQCD θQED θ3 θN

Setup: we compactify type IIB string theory on a Calabi-Yau threefold (orientifold).
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: instanton energy scales

: phases set by UV physics (generally assumed O(1))
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Setup:  

• We compactify type IIB string theory on a Calabi-Yau threefold (orientifold). 

• We will not engineer a fully explicit standard model. 

• We will choose a four-cycle  to host a toy model of QCD on a stack of  
D7-branes and arrange that it reproduces the known gauge coupling at low  
energies. 

DQCD

• We will choose a four-cycle  that intersects .DQED DQCD
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Cosmological and astrophysical bounds

• Now have the capability to construct a semi-realistic axiverse from 
compactifications on Calabi-Yau threefolds. 

• Are these models ruled out by observations? 

• A first study: QCD -angles in the string axiverse θ

• I will now present some preliminary results on studying axion-photon 
couplings in this axiverse.

[Demirtas, NG, Long,McAllister, Moritz ’21]

[NG, Marsh, McAllister, Moritz WIP]
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Start with axion Lagrangian in terms of Calabi-Yau data:
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Start with axion Lagrangian in terms of Calabi-Yau data:

Goal/question: in a basis where all axions are mass and kinetic eigenstates, what are 
the couplings of those axions to ?F ∧ F
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Suppression of axion-photon couplings
Start with axion Lagrangian in terms of Calabi-Yau data:

Goal/question: in a basis where all axions are mass and kinetic eigenstates, what are 
the couplings of those axions to ?F ∧ F

Two effects conspire to suppress the axion-photon coupling:


1. Almost-diagonal Kähler metrics


2. Light axions don’t couple to photons
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See Jakob’s talk on Friday to see these suppression mechanisms in detail!

[NG, Marsh, McAllister, Moritz WIP]



Axion detection
• Primary constraints come from the axion coupling to photons:
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Axion detection
• Where do string theory axions sit on this plot?
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Axion detection
• Where do string theory axions sit on this plot?
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Lessons:


1. String theory axions fill the ALP 
parameter region 

2. Couplings don't reach current 
constraints


Preliminary data: 300 CYs with 
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Conclusions

• We constructed an ensemble of axiverses in type IIB string theory

• Hierarchies in Calabi-Yau geometries led to new expectations for the scales of 
the problem: as the number of axions increases, the decay constants 
decrease.

• In the models we studies, we also calculated the effective axion-photon 
couplings.

• We found a mechanism that generically suppresses axion-photon couplings, 
compared to the naive expectation.



Thank you!
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Axions are ubiquitous in string theory
Gauge fields in 10 dimensions wrapped on 4-cycles give rise to 4D axions:
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Axions are ubiquitous in string theory
Gauge fields in 10 dimensions wrapped on 4-cycles give rise to 4D axions:
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<latexit sha1_base64="pPmEaeQMLZceMfkl2EWRYtZZ0lo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Qe0S8mm2TY0ya5JVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukdveeDyTp8V654lW9GfAy8XNSgRz1Xvmr249pKpmyVBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4qohkJshm907wiVP6OIq1K2XxTP09kRFpzFiGrlMSOzSL3lT8z+ukNroKMq6S1DJF54uiVGAb4+nzuM81o1aMHSFUc3crpkOiCbUuopILwV98eZk0z6r+RdW/O6/UrvM4inAEx3AKPlxCDW6hDg2gIOAZXuENPaIX9I4+5q0FlM8cwh+gzx/rXY/l</latexit>
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Axions are ubiquitous in string theory
Gauge fields in 10 dimensions wrapped on 4-cycles give rise to 4D axions:
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<latexit sha1_base64="d6eYQcQQKlnySx/4YqwXS4QAC6M=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBRSiLiZVd040apYGuhCWUymbZDJ5MwMxFK6MZXceNCEbc+hjvfxmmbhbb+MPDxn3M4c/4g4Uxpx/m2CguLS8srxdXS2vrG5pa9vdNUcSoJbZCYx7IVYEU5E7Shmea0lUiKo4DTh2BwNa4/PFKpWCzu9TChfoR7gnUZwdpYHXvvpoK8CrpFHhPIMczDWCt00bHLTtWZCM2Dm0MZctU79pcXxiSNqNCEY6XarpNoP8NSM8LpqOSliiaYDHCPtg0KHFHlZ5MDRujQOCHqxtI8odHE/T2R4UipYRSYzgjrvpqtjc3/au1Ud8/9jIkk1VSQ6aJuypGO0TgNFDJJieZDA5hIZv6KSB9LTLTJrGRCcGdPnofmcdU9rbp3J+XaZR5HEfbhAI7AhTOowTXUoQEERvAMr/BmPVkv1rv1MW0tWPnMLvyR9fkDuACT8A==</latexit>
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<latexit sha1_base64="9kQxm9AnltU66tgnyNRd23nwjMQ=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUmkqAhCsRuXFe0DmhAm00k7dDIJMzdCCV268VfcuFDErZ/gzr9x+lho64ELh3Pu5d57gkRwDbb9beWWlldW1/LrhY3Nre2d4u5eU8epoqxBYxGrdkA0E1yyBnAQrJ0oRqJAsFYwqI391gNTmsfyHoYJ8yLSkzzklICR/OKhC30GxOf48gq7XIKfuXe8FxllhGt+xS+W7LI9AV4kzoyU0Ax1v/jldmOaRkwCFUTrjmMn4GVEAaeCjQpuqllC6ID0WMdQSSKmvWzyyAgfG6WLw1iZkoAn6u+JjERaD6PAdEYE+nreG4v/eZ0Uwgsv4zJJgUk6XRSmAkOMx6ngLleMghgaQqji5lZM+0QRCia7ggnBmX95kTRPy85Z2bmtlKrXszjy6AAdoRPkoHNURTeojhqIokf0jF7Rm/VkvVjv1se0NWfNZvbRH1ifP04umOE=</latexit>
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<latexit sha1_base64="n5H7BqNKEbpnpooYiVADbmQl2d4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CsSAeK9gPaZeSzWbb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXpBwpo3rfjuFldW19Y3iZmlre2d3r7x/0NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GNWnfvuJKs1i+WDGCfUFHkgWMYKNlR5v0TUKUb1/3i9X3Ko7A1omXk4qkKPRL3/1wpikgkpDONa667mJ8TOsDCOcTkq9VNMEkxEe0K6lEguq/Wx28ASdWCVEUaxsSYNm6u+JDAutxyKwnQKboV70puJ/Xjc10ZWfMZmkhkoyXxSlHJkYTb9HIVOUGD62BBPF7K2IDLHCxNiMSjYEb/HlZdI6q3oXVe/+vFK7yeMowhEcwyl4cAk1uIMGNIGAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QOVzI73</latexit>

F = dC4

<latexit sha1_base64="pPmEaeQMLZceMfkl2EWRYtZZ0lo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Qe0S8mm2TY0ya5JVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukdveeDyTp8V654lW9GfAy8XNSgRz1Xvmr249pKpmyVBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4qohkJshm907wiVP6OIq1K2XxTP09kRFpzFiGrlMSOzSL3lT8z+ukNroKMq6S1DJF54uiVGAb4+nzuM81o1aMHSFUc3crpkOiCbUuopILwV98eZk0z6r+RdW/O6/UrvM4inAEx3AKPlxCDW6hDg2gIOAZXuENPaIX9I4+5q0FlM8cwh+gzx/rXY/l</latexit>
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Axions are ubiquitous in string theory
Gauge fields in 10 dimensions wrapped on 4-cycles give rise to 4D axions:
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<latexit sha1_base64="d6eYQcQQKlnySx/4YqwXS4QAC6M=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBRSiLiZVd040apYGuhCWUymbZDJ5MwMxFK6MZXceNCEbc+hjvfxmmbhbb+MPDxn3M4c/4g4Uxpx/m2CguLS8srxdXS2vrG5pa9vdNUcSoJbZCYx7IVYEU5E7Shmea0lUiKo4DTh2BwNa4/PFKpWCzu9TChfoR7gnUZwdpYHXvvpoK8CrpFHhPIMczDWCt00bHLTtWZCM2Dm0MZctU79pcXxiSNqNCEY6XarpNoP8NSM8LpqOSliiaYDHCPtg0KHFHlZ5MDRujQOCHqxtI8odHE/T2R4UipYRSYzgjrvpqtjc3/au1Ud8/9jIkk1VSQ6aJuypGO0TgNFDJJieZDA5hIZv6KSB9LTLTJrGRCcGdPnofmcdU9rbp3J+XaZR5HEfbhAI7AhTOowTXUoQEERvAMr/BmPVkv1rv1MW0tWPnMLvyR9fkDuACT8A==</latexit>
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<latexit sha1_base64="9kQxm9AnltU66tgnyNRd23nwjMQ=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUmkqAhCsRuXFe0DmhAm00k7dDIJMzdCCV268VfcuFDErZ/gzr9x+lho64ELh3Pu5d57gkRwDbb9beWWlldW1/LrhY3Nre2d4u5eU8epoqxBYxGrdkA0E1yyBnAQrJ0oRqJAsFYwqI391gNTmsfyHoYJ8yLSkzzklICR/OKhC30GxOf48gq7XIKfuXe8FxllhGt+xS+W7LI9AV4kzoyU0Ax1v/jldmOaRkwCFUTrjmMn4GVEAaeCjQpuqllC6ID0WMdQSSKmvWzyyAgfG6WLw1iZkoAn6u+JjERaD6PAdEYE+nreG4v/eZ0Uwgsv4zJJgUk6XRSmAkOMx6ngLleMghgaQqji5lZM+0QRCia7ggnBmX95kTRPy85Z2bmtlKrXszjy6AAdoRPkoHNURTeojhqIokf0jF7Rm/VkvVjv1se0NWfNZvbRH1ifP04umOE=</latexit>
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<latexit sha1_base64="n5H7BqNKEbpnpooYiVADbmQl2d4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CsSAeK9gPaZeSzWbb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXpBwpo3rfjuFldW19Y3iZmlre2d3r7x/0NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GNWnfvuJKs1i+WDGCfUFHkgWMYKNlR5v0TUKUb1/3i9X3Ko7A1omXk4qkKPRL3/1wpikgkpDONa667mJ8TOsDCOcTkq9VNMEkxEe0K6lEguq/Wx28ASdWCVEUaxsSYNm6u+JDAutxyKwnQKboV70puJ/Xjc10ZWfMZmkhkoyXxSlHJkYTb9HIVOUGD62BBPF7K2IDLHCxNiMSjYEb/HlZdI6q3oXVe/+vFK7yeMowhEcwyl4cAk1uIMGNIGAgGd4hTdHOS/Ou/Mxby04+cwh/IHz+QOVzI73</latexit>
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<latexit sha1_base64="pPmEaeQMLZceMfkl2EWRYtZZ0lo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Qe0S8mm2TY0ya5JVihL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemLa8Fg92HHCAkkGikecEuukdveeDyTp8V654lW9GfAy8XNSgRz1Xvmr249pKpmyVBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4qohkJshm907wiVP6OIq1K2XxTP09kRFpzFiGrlMSOzSL3lT8z+ukNroKMq6S1DJF54uiVGAb4+nzuM81o1aMHSFUc3crpkOiCbUuopILwV98eZk0z6r+RdW/O6/UrvM4inAEx3AKPlxCDW6hDg2gIOAZXuENPaIX9I4+5q0FlM8cwh+gzx/rXY/l</latexit>

⌃i some 4-cycle

These manifolds can have hundreds of four-cycles  hundreds of axions! →
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Axion-photon couplings



Axion-photon couplings

• Generically, axions can couple to photons via the coupling 
 
  <latexit sha1_base64="/lL57oraOiRfwp2IEQ6Y6H0PGps=">AAACMHicbVDLSgMxFM34tr6qLt0Ei+CqzIioy6KgLlwoWBU6pdxJb9tgMjMkd4QyzCe58VN0o6CIW7/C9LHwdSDkcM69JOdEqZKWfP/Fm5icmp6ZnZsvLSwuLa+UV9eubJIZgXWRqMTcRGBRyRjrJEnhTWoQdKTwOro9GvjXd2isTOJL6qfY1NCNZUcKICe1yiehBuoJUPlZ0coh7ILWwEdXwUMrNe/+o1MPCfixI1K1MT8uWuWKX/WH4H9JMCYVNsZ5q/wYthORaYxJKLC2EfgpNXMwJIXCohRmFlMQt9DFhqMxaLTNfBi44FtOafNOYtyJiQ/V7xs5aGv7OnKTg3j2tzcQ//MaGXUOmrmM04wwFqOHOpnilPBBe7wtDQpSfUdAGOn+ykUPDAhyHZdcCcHvyH/J1U412KsGF7uV2uG4jjm2wTbZNgvYPquxU3bO6kywe/bEXtmb9+A9e+/ex2h0whvvrLMf8D6/AA9jqi0=</latexit>
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Axion-photon couplings

• Generically, axions can couple to photons via the coupling 
 
 

• Can hope to detect axions this way via conversion to photons in a magnetic 
field 

<latexit sha1_base64="/lL57oraOiRfwp2IEQ6Y6H0PGps=">AAACMHicbVDLSgMxFM34tr6qLt0Ei+CqzIioy6KgLlwoWBU6pdxJb9tgMjMkd4QyzCe58VN0o6CIW7/C9LHwdSDkcM69JOdEqZKWfP/Fm5icmp6ZnZsvLSwuLa+UV9eubJIZgXWRqMTcRGBRyRjrJEnhTWoQdKTwOro9GvjXd2isTOJL6qfY1NCNZUcKICe1yiehBuoJUPlZ0coh7ILWwEdXwUMrNe/+o1MPCfixI1K1MT8uWuWKX/WH4H9JMCYVNsZ5q/wYthORaYxJKLC2EfgpNXMwJIXCohRmFlMQt9DFhqMxaLTNfBi44FtOafNOYtyJiQ/V7xs5aGv7OnKTg3j2tzcQ//MaGXUOmrmM04wwFqOHOpnilPBBe7wtDQpSfUdAGOn+ykUPDAhyHZdcCcHvyH/J1U412KsGF7uV2uG4jjm2wTbZNgvYPquxU3bO6kywe/bEXtmb9+A9e+/ex2h0whvvrLMf8D6/AA9jqi0=</latexit>
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Axion-photon couplings

• Generically, axions can couple to photons via the coupling 
 
 

• Can hope to detect axions this way via conversion to photons in a magnetic 
field 

• Can place bounds on  using axion detector experiments such as CAST 
and CHANDRA 

gaγγ

<latexit sha1_base64="/lL57oraOiRfwp2IEQ6Y6H0PGps=">AAACMHicbVDLSgMxFM34tr6qLt0Ei+CqzIioy6KgLlwoWBU6pdxJb9tgMjMkd4QyzCe58VN0o6CIW7/C9LHwdSDkcM69JOdEqZKWfP/Fm5icmp6ZnZsvLSwuLa+UV9eubJIZgXWRqMTcRGBRyRjrJEnhTWoQdKTwOro9GvjXd2isTOJL6qfY1NCNZUcKICe1yiehBuoJUPlZ0coh7ILWwEdXwUMrNe/+o1MPCfixI1K1MT8uWuWKX/WH4H9JMCYVNsZ5q/wYthORaYxJKLC2EfgpNXMwJIXCohRmFlMQt9DFhqMxaLTNfBi44FtOafNOYtyJiQ/V7xs5aGv7OnKTg3j2tzcQ//MaGXUOmrmM04wwFqOHOpnilPBBe7wtDQpSfUdAGOn+ykUPDAhyHZdcCcHvyH/J1U412KsGF7uV2uG4jjm2wTbZNgvYPquxU3bO6kywe/bEXtmb9+A9e+/ex2h0whvvrLMf8D6/AA9jqi0=</latexit>
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Axion-photon couplings

• Generically, axions can couple to photons via the coupling 
 
 

• Can hope to detect axions this way via conversion to photons in a magnetic 
field 

• Can place bounds on  using axion detector experiments such as CAST 
and CHANDRA 

gaγγ

<latexit sha1_base64="/lL57oraOiRfwp2IEQ6Y6H0PGps=">AAACMHicbVDLSgMxFM34tr6qLt0Ei+CqzIioy6KgLlwoWBU6pdxJb9tgMjMkd4QyzCe58VN0o6CIW7/C9LHwdSDkcM69JOdEqZKWfP/Fm5icmp6ZnZsvLSwuLa+UV9eubJIZgXWRqMTcRGBRyRjrJEnhTWoQdKTwOro9GvjXd2isTOJL6qfY1NCNZUcKICe1yiehBuoJUPlZ0coh7ILWwEdXwUMrNe/+o1MPCfixI1K1MT8uWuWKX/WH4H9JMCYVNsZ5q/wYthORaYxJKLC2EfgpNXMwJIXCohRmFlMQt9DFhqMxaLTNfBi44FtOafNOYtyJiQ/V7xs5aGv7OnKTg3j2tzcQ//MaGXUOmrmM04wwFqOHOpnilPBBe7wtDQpSfUdAGOn+ykUPDAhyHZdcCcHvyH/J1U412KsGF7uV2uG4jjm2wTbZNgvYPquxU3bO6kywe/bEXtmb9+A9e+/ex2h0whvvrLMf8D6/AA9jqi0=</latexit>
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[CAST ’17, Reynolds, Marsh, Russell, Fabian, Smith, Tombesi, Veilleux ’20]



Cosmological and astrophysical bounds summarized

Experimentally allowed region

# of axions

Too much dark matter

Too many axions 
produced in stars



Cosmological and astrophysical bounds summarized

Too much dark matter

Too many axions 
produced in stars

Experimentally allowed region

# of axions



The strong CP problem



The strong CP problem

The QCD Lagrangian can, in principle, include a CP-violating term:

<latexit sha1_base64="EQm90si8qmTegv/73bE4fYYcUPY="></latexit>
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The strong CP problem

The QCD Lagrangian can, in principle, include a CP-violating term:

Experiments provide upper bounds on the neutron electric dipole moment, 

which show

θ < 10−10
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The strong CP problem

The QCD Lagrangian can, in principle, include a CP-violating term:

Experiments provide upper bounds on the neutron electric dipole moment, 

which show

θ < 10−10

Strong CP problem: why is this number so small?

<latexit sha1_base64="EQm90si8qmTegv/73bE4fYYcUPY="></latexit>
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The Peccei-Quinn solution to strong CP



The Peccei-Quinn solution to strong CP
Promote  to a dynamical field—an axion.  θ [Peccei, Quinn 1977]



The Peccei-Quinn solution to strong CP
Promote  to a dynamical field—an axion.  θ
QCD instanton effects generate a potential for the axion:

[Peccei, Quinn 1977]
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The Peccei-Quinn solution to strong CP
Promote  to a dynamical field—an axion.  θ
QCD instanton effects generate a potential for the axion:

If this is the sole contribution to the QCD axion potential, then  and the  
strong CP problem is solved: the axion dynamically relaxes the neutron EDM.

⟨θ⟩ = 0

[Peccei, Quinn 1977]
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The Peccei-Quinn solution to strong CP
Promote  to a dynamical field—an axion.  θ
QCD instanton effects generate a potential for the axion:

If this is the sole contribution to the QCD axion potential, then  and the  
strong CP problem is solved: the axion dynamically relaxes the neutron EDM.

⟨θ⟩ = 0

[Peccei, Quinn 1977]
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Axion particles are excellent candidates for dark matter and dark energy!
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Standard Model-like fields in string theory
Stacks of N membranes on four-cycles  in string theory give rise to 

SU(N) gauge theories

Σi
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Standard Model-like fields in string theory
Stacks of N membranes on four-cycles  in string theory give rise to 

SU(N) gauge theories

Σi

The gauge coupling of the theory is controlled 
by the volumes of these cycles:

<latexit sha1_base64="Pb2Yzg5+ibr42IfPYGkJ6pHLb5M=">AAACFnicbVBNS8NAFNzU7/pV9ehlsQh6sCQi6lH04kVQtLXShLDZbtqlm2zYfSmWkF/hxb/ixYMiXsWb/8ZtzUFbBxaGmfd4OxMkgmuw7S+rNDU9Mzs3v1BeXFpeWa2srTe0TBVldSqFVM2AaCZ4zOrAQbBmohiJAsFug97Z0L/tM6W5jG9gkDAvIp2Yh5wSMJJf2ev42d1Fjt1EyQQkdkNFaObkmQvsHrK+FPmOe807EfH5bu5XqnbNHgFPEqcgVVTg0q98um1J04jFQAXRuuXYCXgZUcCpYHnZTTVLCO2RDmsZGpOIaS8bxcrxtlHaOJTKvBjwSP29kZFI60EUmMmIQFePe0PxP6+VQnjsZTxOUmAx/TkUpgKb/MOOcJsrRkEMDCFUcfNXTLvEFAOmybIpwRmPPEka+zXnsOZcHVRPTos65tEm2kI7yEFH6ASdo0tURxQ9oCf0gl6tR+vZerPef0ZLVrGzgf7A+vgGKY+gAA==</latexit>
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Standard Model-like fields in string theory
Stacks of N membranes on four-cycles  in string theory give rise to 

SU(N) gauge theories

Σi

The gauge coupling of the theory is controlled 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We will not explicitly engineer the SM in this work: 
rather, we will simply choose a cycle  and ensure 
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observe.
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compactifications on toric hypersurfaces.

θ

• We found that in the geometric regime, for  the strong CP 
problem is almost always solved.

h1,1 ≳ 17,

• In the models we studies, we also calculated the axion dark matter relic 
abundances and effective axion-photon couplings.

• We found a mechanism that generically suppresses axion-photon couplings, 
compared to the naive expectation.
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1. What is ?   what is the scale of SUSY breaking? W0 ←

2. What is    ?    what is the KK scale? ←

3. What are the ?    actions of contributing instantons?qA and associated TA ←
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Kähler cone
locus where  gives  

correct :  

vol(DQCD)

αs
1
αs mcutoff

= vol(DQCD)

“tip of the stretched Kähler cone”: where all curve volumes are .≥ 1
condition on the divisors having volumes  (the geometric regime). ≥ 1

How to choose moduli?
We would like to remain agnostic about moduli stabilization: our approach is to  
choose a representative point in the moduli space and assume that the moduli can  
be stabilized (at least perturbatively) there.
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A first test: -angles in type IIB string theoryθ

• Goal: calculate upper bound on  in a large set of Calabi-Yau 
compactifications of type IIB string theory. 
 

θ

• The search space: 32,040 Calabi-Yau manifolds obtained as triangulations of 
4d reflexive polytopes with  randomly selected from the Kreuzer-
Skarke database.

h1,1 ≤ 491
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[Georgi, Randall ’86]

Demirtas, NG, Long

McAllister, Moritz ‘21



High-scale instantons
CP-breaking operators of dimension 6 or higher in SMEFT can lift  
fermion zero modes, e.g. 

With



With SUSY breaking:

Matching the gauge coupling at the mass of the Z:

Plugging in numbers:
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Vector-like matter

Vector-like pairs modify the

-function of QCD:β

Can give lower bound on   
in order to not spoil PQ

MSUSY
n=1

n=3

n=2

M = Mpl

M = 108 GeV
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Caveats and assumptions
• We are treating all the axions in our models as independent oscillators. Effects of axion 

mixing can be important, and should (and will!) be treated in a dedicated analysis. 
 

• Our expression for the axion dark matter abundance is an estimate. To get precise 
results a numerical simulation of the coupled equations of state is needed. 

• The amount of axion dark matter depends on the choice of moduli. However, the 
moduli are tightly constrained so that we don’t expect much of a change in the 
conclusions.

With this in mind, we will now move on to calculating the 

axion dark matter relic abundance.
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Axion-photon couplings in the string axiverse
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Axion-photon couplings in the string axiverse
New careful calculation (WIP):
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c.f. [Agrawal, Nee, Reig ’22]


