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Key Takeaways

3

Cosmic strings from pure YM theory

• Cosmic Superstrings Formation: Cosmic 
strings with a low reconnection probability 
emerge following the confinement phase 
transition in pure YM theory.  

• Dark Matter Candidate in SO(2N): In 
scenarios with SO(2N), dark matter can be 
explained by a "baryonic glueball."
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Cosmic strings from pure YM theory

- Characteristics of cosmic strings in diverse gauge groups

Masaki Yamada



Cosmic Strings: U(1) Symmetry Breaking

Masaki Yamada
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Figure from Daisuke Yamauchi's slide

• Formation of cosmic strings: Cosmic strings arise through the spontaneous 
breaking of U(1) symmetry. 

Cosmic strings from pure YM theory

Cosmic string

Figure from Hiramatsu et.al. '13



Cosmic Strings: SU(N) Confinement
• SU(N) gauge theory: The confinement phase transition leads to the connection 
of quarks and anti-quarks by a color flux tube. 
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• This duality further suggests that color flux tubes can form even in the absence 
of quarks.  

color flux tube       

high T: Deconfinement phase      
low T: Confinement phase       
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• Duality between strong and weak coupling: Based on the duality between strong 
and weak coupling theories, the color flux tube is recognized as a cosmic string.
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Cosmic Strings: SU(N) Confinement

Seiberg, Witten '94, 



• Large N limit argument: The reconnection probability of color flux tubes can 
be estimated by the Euler number of a diagram                       , leading to the 
relationship               .
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• Electric-Magnetic Duality: Based on the duality, cosmic strings, which are 
macroscopic color flux tubes, emerge during the confinement phase transition. 

• String Tension: The string tension     is on the order of the dynamical scale 
squared,  

• Large N Limit Argument: Considering the large N limit, the probability of 
reconnection between two cosmic strings is notably suppressed, with               . 

• Holographic Dual Descriptions: In the context of holographic dual descriptions, 
these cosmic strings correspond to fundamental (F-) strings or superstrings in the 
realm of gravity theory.
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Cosmic strings from pure YM theory

P ⇠ N�2
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Cosmic Strings in Diverse Gauge Groups
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Cosmic strings from pure YM theory
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• Exploring Different Gauge Groups: While we've primarily focused on SU(N) and 
cosmic F-strings, SO(2N) gauge theory introduces a distinct variety of cosmic 
strings known as D-strings.  

• One-Form Symmetry Classification: We can classify the properties of these 
cosmic strings using one-form symmetry, which imposes restrictions, particularly on 
composite states of cosmic strings.
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Dynamics of cosmic strings and GW signatures

Masaki Yamada



Dynamics of Cosmic Strings
• Evolution of Long Strings: Over time, long strings evolve by shortening themselves 
through self-reconnection processes.
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This results in a roughly constant number of long 
strings per unit horizon volume, typically of the 
order O(1) for the case of P = 1.

Cosmic strings from pure YM theory Masaki Yamada

Figure from Hiramatsu et.al. '13



Dynamics of Cosmic Strings
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• (energy loss rate) = (reconnection probability) × (density of strings)  
×(# of colliding strings per unit time) 
×(energy loss per reconnection event)
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• Evolution of Long Strings: Over time, long strings evolve by shortening themselves 
through self-reconnection processes.



Dynamics of Cosmic Strings
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• Statistical Modeling: The statistical characteristics of the cosmic string network can 
be effectively described by a set of equations, often referred to as the VOS model.
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• Gravitational Wave Production: The dynamics of string loops give rise to the 
generation of gravitational waves.
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Gravitational Waves: Signatures of Cosmic Strings
• Gravitational Wave Production: The dynamics of string loops give rise to the 
generation of gravitational waves.
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Gravitational Waves: Signatures of Cosmic Strings
• Gravitational Wave Production: The dynamics of string loops give rise to the 
generation of gravitational waves.
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Baryonic glueball as a dark matter candidate

Masaki Yamada



DM Candidate: Baryonic Glueball in SO(2N)
• Post-Confinement Entities: Confinement 
gives rise to both glueballs and cosmic strings. 

• "Baryonic Glueball" in SO(2N): In SO(2N) 
gauge theory, the "baryonic glueball" is a 
standout candidate for DM, thanks to its long 
lifetime driven by an accidental symmetry in the 
large N limit.
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DM Candidate: Baryonic Glueball in SO(2N)
• Post-Confinement Entities: Confinement 
gives rise to both glueballs and cosmic strings. 

• "Baryonic Glueball" in SO(2N): In SO(2N) 
gauge theory, the "baryonic glueball" is a 
standout candidate for DM, thanks to its long 
lifetime driven by an accidental symmetry in the 
large N limit. 

• Abundance Estimation: We estimate the 
abundance of "baryonic glueball" using the 
Kibble-Zurek mechanism.
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DM Candidate: Baryonic Glueball in SO(2N)
• Post-Confinement Entities: Confinement 
gives rise to both glueballs and cosmic strings. 

• "Baryonic Glueball" in SO(2N): In SO(2N) 
gauge theory, the "baryonic glueball" is a 
standout candidate for DM, thanks to its long 
lifetime driven by an accidental symmetry in the 
large N limit. 

• Explaining Dark Matter Abundance: This 
model offers a potential explanation for both 
the observed DM abundance and the signals 
detected in PTA simultaneously!
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• Formation of cosmic strings: Cosmic (super)strings emerge post-confinement in 
pure Yang-Mills theory.  

• String characteristics: The string tension (          ), reconnection probability           , 
and the dynamics of cosmic strings have been explored, extending the VOS model to 
calculate the gravitational wave spectrum. 

• Baryonic glueballs for DM: In SO(2N) gauge theory, baryonic glueballs have been 
highlighted as a potential explanation for dark matter.

In Conclusion: Key Insights
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P ⇠ N�2
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